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Foreword

Academia: By Dr Sheikha Al-Misnad, President of Qatar University With am-
bitious plans to transition to a knowledge-based economy, Qatar is witnessing tre-
mendous growth in the industrial and information sectors. Strategically, the country 
has made significant investments in establishing a modern education system, draw-
ing on international best practices while firmly rooted in local needs. The Qatar 
National Vision 2030 presents a model national vision that articulates the focus on 
building human capacity. With a national mandate to support and strengthen sci-
ence, technology, engineering, and mathematics (STEM) disciplines, the focus on 
engineering is now stronger than ever.

The College of Engineering at Qatar University has been one of the leading 
colleges in the region in terms of its investment in the engineering education cur-
riculum, practice, and scholarship. The College of Engineering first attained Ac-
creditation Board for Engineering and Technology (ABET) accreditation in 2005 
as a testament to its quality of teaching, research, and scholarly activity. Since then, 
there has been significant growth in engineering teaching and learning innovations, 
K–12 outreach projects, education research funding, and scholarly publications in 
the area of engineering education. This book is the college’s contribution to raising 
awareness in the Middle East and North Africa (MENA) of the significance of engi-
neering education. It stands as one of the very few available scholarly compilations 
of advances in engineering education in the MENA region, and Qatar University is 
tremendously proud of this seeding contribution.

I want to thank the authors and editors of the book for their efforts. I am also 
grateful to Qatar Petrochemical Company (QAPCO) for supporting this milestone 
initiative, trusting this book makes a valuable addition to the advancement of engi-
neering education in the MENA region and beyond.

Industry: By Dr Mohammed Al-Mulla, Vice Chairman and Chief Execu-
tive Officer, Qatar Petrochemical Company (QAPCO) The economy of Qatar as 
well as many other neighboring countries depends to a larger extent on engineering. 
Regional engineering colleges provide a main source of engineering graduates, and 
hence the quality and outcomes of engineering education in MENA engineering 
colleges are of significant importance to the MENA industrial sector. From an in-
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vi Foreword

dustrial perspective, engineering graduates are needed with both technical and soft 
skills. Competencies such as teamwork, communication, leadership, and project 
management are as important as sound knowledge in engineering and sciences fun-
damentals. Furthermore, the industry sector urges engineering colleges to embed 
higher levels of experiential and industrially linked practices into the engineering 
curriculum. Industry increasingly demands for engineers with higher levels of in-
ter- and multidisciplinary knowledge and experience; in particular, in the Middle 
East and North Africa, the latter assertion is of significant importance. As industry, 
we believe that a systematic innovation in engineering education driven by contex-
tual needs, scholarly research, and highly linked with industrial stakeholders could 
drive the quality of engineering graduates to significantly higher levels. This book 
contribution is a significant initial step in sharing best practices and innovations in 
engineering education in the MENA region, and is an eye-opener on the emerging 
field of engineering education research in a region where it is not that popular. We 
are pleased in QAPCO to have collaborated with a national engineering college, the 
College of Engineering at Qatar University, to bring various regional innovations in 
engineering education into a scholarly book. We hope this could be a starting point 
where both industry and academia in the region work together on systematic and 
sustainable scholarship and research in engineering education for meeting contex-
tual and global needs.
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Chapter 1
Purpose of the Book and Editorial Perspectives

Mahmoud Abdulwahed, Mazen O. Hasna and Jeffrey E. Froyd

1.1  Purpose of the Book

Engineering and engineering education play an essential role in the Middle East. 
Global debates regarding roles of engineering and required transformations in engi-
neering education have been extensive during the past few years. The past decade 
has witnessed the emergence of engineering education research as an independent 
field, led by tremendous investment in the USA. Some institutions have started 
embracing radical and transformative approaches to engineering education and cur-
riculum design driven by recent research findings and pressing national needs, for 
example, Georgia Tech., Olin College, and Singapore University of Technology 
and Design. Parallel to this, engineering education in the Middle East has witnessed 
significant shifts, both quantitatively and qualitatively. For instance, many national 
institutions have standardized their curricula through Accreditation Board for En-
gineering and Technology (ABET) accreditation, many international universities 
have opened branch campuses in various Middle Eastern countries, and the num-
ber of new universities is rapidly increasing in many countries (e.g., Saudi Arabia, 
Turkey, and United Arab Emirates). Furthermore, engineering continues to be a 
preferred higher education choice for a significant portion of Middle Eastern stu-
dents compared to the trends currently witnessed in the West. Nevertheless, apart 
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from seeking ABET accreditation, efforts to innovate in engineering curricula and/
or adopt/adapt novel approaches in the Middle East seem to be isolated, and depend, 
to a large extent, on instructors’ choice.

Lack of systematic, comprehensive documentation on undergraduate engineer-
ing curricula, practices for teaching and curriculum development, and the status 
of engineering and engineering education in the Middle East hampers construc-
tive conversations about how to improve engineering education in the Middle East. 
Without clearer pictures of the current state, progress to envisioned, future states is 
more difficult. This book aims to help address this gap in the literature on engineer-
ing education, and to stimulate intellectual and critical discourse on the next wave 
of engineering innovation and education in the Middle East.

The book provides a set of recent innovations in engineering education in the 
Middle East spanning four dimensions: (1) learning and teaching, (2) curriculum 
development, (3) assessment and accreditation, and (4) challenges and sustainabil-
ity. This has been preceded by introductory and concluding shorter sections. At 
the end of the book, a set of recommendations for implementations in engineering 
education and engineering colleges is provided.

1.2  Perspectives on Engineering Education in the Middle 
East

Engineering education in the Middle East and North Africa (MENA) region can 
be rooted to the eleventh and twelfth centuries when the advancement in several 
sciences was booming in this part of the world (Al-Hassani 2012). At that time, dif-
ferentiation between disciplines was not clear, and it was common to find scholars 
who studied medicine, astronomy, chemistry, etc. Engineering was not known as a 
discipline with such a title, and formal education did not exist at that time. Rather, 
what is called today as “applied sciences” was studied and practiced as a discipline. 
Scientists at that time managed to discover many scientific theories and put them 
into practice. Formal documentation of modern engineering education in the MENA 
region is also missing and scattered, and this can be a mega project on its own. Most 
engineering colleges in the region started in the middle of the twentieth century and 
have been evolving ever since. In most cases, the colleges followed the engineering 
education models of those countries that occupied their states in the past.

In the Gulf region, attention to engineering sciences started with the discovery 
of oil in the beginning of the twenty-first century. Initially, countries relied on 
foreign international companies to take care of the business. In Qatar, for ex-
ample, it was till 1980 when the first engineering school started. Prior to that, 
Qatar Petroleum (or Qatar General Petroleum Corporation as it was called) relied 
on sending very few students to pursue engineering studies abroad, mainly in 
the USA. In 1980, a male-only engineering college started as part of the Qatar 
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University (QU), comprising four disciplines: electrical, mechanical, chemical, 
and civil engineering. It comes as a surprise that petroleum engineering is missing 
from this college, but at the point of time that the college was created, this disci-
pline was suffering from an overflow in the market need worldwide. The college 
followed an American model of studies (credit hours based), and so did most, if 
not all, engineering colleges in the Gulf region. On the contrary, most engineering 
schools in the rest of the MENA region followed a yearly system of studies with 
predefined modules for each year.

The College of Engineering at QU started with less than 30 students. In parallel, 
the scholarship program of the government continued to send students to pursue en-
gineering outside Qatar. Engineering education in Qatar did not witness any major 
change in both quantity and quality until the late 1990s when there was a decision 
to pursue ABET accreditation following the newly developed criterion promoting 
outcome-based assessment (EC2000). In few years, another major change hap-
pened in Qatar when the Qatar Foundation (QF) signed an agreement with Texas 
A&M in 2003 to open a branch in Qatar. The agreement included establishing four 
coed engineering programs in electrical, mechanical, chemical, and petroleum dis-
ciplines. Parallel to that, QU has been going through a uniform process that affected 
the engineering college, and computer science was moved from the science college 
to join engineering. More interestingly, two new engineering programs were es-
tablished targeting female students only, namely, computer engineering and indus-
trial and systems engineering. Following that, both Texas A&M University at Qatar 
(TAMUQ) and College of Engineering at QU have been growing while adding pro-
grams on electrical and chemical engineering for females at QU.

Up to almost 2010, engineering education in Qatar focused on “education” only 
with little research component and no graduate studies. In 2011, the first PhD pro-
gram in Qatar as a whole was introduced in QU and in the engineering discipline. 
Following that, many master’s programs were introduced in both QU and TAMUQ. 
The research component has grown substantially also with the establishment of the 
Qatar National Research Fund (QNRF) in 2008 through which most of the funding 
has gone to engineering topics so far.

With the release of Qatar National Vision 2030, the role of engineering has 
come to the focus again due to the core role engineering plays in transforming and 
maintaining a knowledge-based economy (KBE; Abdulwahed et al. 2013). A new 
university (Hamad Bin Khalifa University) was established with engineering, and 
design is one of the focus areas. It is expected that this new college will focus more 
on graduate studies in engineering than undergraduate degrees.

Looking ahead, the future of engineering education in the MENA region looks 
promising. ABET accreditation (or equivalent) is no longer thought of as a prestige, 
and most reputable engineering schools in the region have that seal now. The expan-
sion now is twofold: first, an increased focus on research and graduate studies to 
serve the KBE transformation and, second, a relook at the effectiveness of under-
graduate degrees with a trial to have a deeper professional component.
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1.3  Perspectives on Engineering Education in North 
America

Since 1900, five significant shifts in engineering education that have occurred or are 
occurring have been documented (Froyd et al. 2012): (1) dominance of engineering 
science over engineering practice (Grinter 1955; Seely 1999), (2) accreditation of 
engineering programs based on student achievement of learning outcomes (Pra-
dos et al. 2005), (3) escalating resurgence of engineering design (Seely 1999), (4) 
increasing application of research on learning and teaching (Froyd and Lohmann 
2014; Singer et al. 2012), and (5) growing importance of computing, information, 
and communication technologies in engineering education (e.g., massive open on-
line courses (MOOCs) and personal response systems (Kay and LeSage 2009)). 
The first two shifts have been accomplished and the implications for engineering 
education are well understood. However, influences of the last three shifts, in both 
North America and the entire world, are less clear because these shifts are still in 
progress. Implications of the last three shifts will be considered in the remainder of 
this introductory chapter.

The first of the three shifts still in progress, increasing emphasis on engineering 
design (Dym et al. 2005) has encouraged engineering educators to explore ways 
to assess and develop engineering design skills. The most common way that engi-
neering students encounter design is the capstone engineering course(Dutson et al. 
1997; Howe 2010; Todd et al. 1995). Another common curriculum feature that em-
phasizes engineering design is one or more design courses in the first year (Brannan 
and Wankat 2005; Sheppard and Jennison 1997). However, few 4-year engineering 
curricula feature an emphasis on engineering design in the second or third year 
(Sheppard et al. 2008). However, instructional strategies, such as problem-based 
learning, project-based learning, inquiry-based learning, service learning, and other 
approaches that have been described as inductive teaching strategies (Prince and 
Felder 2006), are being explored to increase emphasis on developing engineering 
design knowledge and skills, especially where there are not explicit courses on en-
gineering design in the second and third years. Litzinger et al. have synthesized 
“the literature on development of expertise, students’ approaches to learning, stu-
dents’ responses to instructional practices, and the role of motivation in learning 
[to formulate] a set of instructional practices that are most likely to elicit learn-
ing that supports the development of expert professional practice” (Litzinger et al. 
2011), including design. Complimenting broadening implementation of inductive 
instructional strategies is the development of approaches to assessing and evaluat-
ing development of design knowledge and skills (Davis et al. 2002). Formative as-
sessment and evaluation can provide feedback to students (Black and Wiliam 1998) 
that they can use to improve the way they approach engineering design problems.

The second shift, employing research on learning and teaching, has developed 
multiple instructional strategies that promote student engagement with content 
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(Smith et al. 2005), such as various approaches to active learning (Bonwell and 
Eison 1991), peer instruction (Mazur 1997), cooperative learning (Johnson et al. 
2006), peer-led team learning, formative assessment (Nicol and Macfarlane-Dick 
2006), and team-based learning (Michaelsen and Sweet 2011). Efficacy of these 
approaches has been demonstrated in multiple studies conducted in diverse learn-
ing environments over the last 20 years (Freeman et al. 2014; Hake 1998; Hoffman 
et al. 2006; Olson and Riordan 2012; Prince 2004; Springer et al. 1999; Tien et al. 
2002; Woods et al. 1997). The major challenge over the next decade will be broad-
ening implementation of instructional approaches that have demonstrated results 
with respect to learning that are superior to the results obtained via lectures (Froyd 
et al. 2008). Some studies have provided information on the extent to which adop-
tion of research-based instructional strategies has occurred (Borrego et al. 2010; 
Froyd et al. 2013; Henderson et al. 2012; Prince et al. 2013).

Continuing developments in computing, information, and communication 
technologies have been used to develop instructional approaches such as blended 
learning (Derntl and Motschnig-Pitrik 2005; Garrison and Kanuka 2004), hybrid 
learning, just-in-time teaching (Novak and Patterson 1998), and flipped classrooms 
in which students are expected to have engaged with course content, often prior to 
coming to physical classrooms. The same technologies have also been applied to 
offer courses and degree programs completely online. The current culmination of 
online courses has been MOOCs, which provide widespread access to course con-
tent. All of these instructional and assessment approaches now offer engineering 
educators diverse, and sometimes overwhelming, options for course design. One of 
the challenges for engineering educators in using instructional approaches and ap-
plying developments in computing, information, and communication technologies 
is that many of the examples focus on delivery of content to students. However, a 
major task for engineering educators is evaluation of the extent to which students 
have achieved course learning outcomes. Classroom response systems provide one 
excellent example of the use of instructional technologies for formative assess-
ment. Another example is the use of learning analytics, systematic analysis of stu-
dent learning activities (e.g., attendance, submission of homework problems, quiz 
scores, and examination scores) to identify patterns (e.g., what students are more 
likely at risk to do poorly in a course) that can guide interventions. One example of 
products that support learning analytics is Civitas (Civitas Learning 2013). More 
examples of technology-enabled assessment methods are needed.

Implications of the three shifts still in progress—(1) increased emphasis on engi-
neering design, (2) increasing application of research on learning and teaching, and 
(3) increasing application of technological developments in communications, com-
puting, and information—have broadened the scope of possibilities that engineering 
educators around the world can use while designing or redesigning their courses. 
One of the motivations for this book is to examine how engineering educators in 
the Middle East and North Africa have been responding to the increasing range of 
instructional and assessment approaches.
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Chapter 2
Developments in Engineering Education and 
Engineering Education Research in Europe

Erik de Graaff

2.1  Introduction

Our civilisation is highly dependent on engineering. We need engineers to design 
and manage the tools that our lifestyle requires, from mechanised agriculture to 
electronic gadgets. Without exaggeration, we can say that engineering education is 
the key to future success. This chapter aims to present an overview of the develop-
ment of engineering education in Europe. The cultural diversity of so many different 
nations results in a fragmented picture of the historical developments with examples 
from just a few countries. The original economic-driven initiative of the European 
Union (EU; The European Coal and Steel Community, ECSC) established in 1951 
paved the way for a political union and a desire to extend the collaboration to other 
areas including higher education.

An important step in this development was the signing of the Bologna declara-
tion by the ministers of education of 29 European countries on 19 June 1999. The 
Bologna declaration propositioned a European Higher Education Area in which stu-
dents and graduates could move freely between countries, using prior qualifications 
in one country as acceptable entry requirements for further study in another. In the 
wake of the Bologna declaration, an ambitious tuning project was started aiming to 
equate the different systems of higher education while maintaining the rich diver-
sity of European education and the independence of academic and subject special-
isms. As a result, Europe is more and more able to set uniform goals and to develop 
a common policy in promoting Europe as a knowledge society.

Furthermore, this chapter presents an overview of the present situation of engi-
neering education and the development of engineering education research (EER), 
which is subsequently analysed to provide a foundation for a vision of future de-
velopments.

© Springer International Publishing Switzerland 2016
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and North Africa, DOI 10.1007/978-3-319-15323-0_2
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2.2  A Historical Perspective on Engineering in Europe

2.2.1  Introduction

Engineers have built Europe. All over Europe, man-made structures dominate the 
landscape. Without engineers, half of the country of the Netherlands would disap-
pear below the waves of the North Sea. Europe also played a major part in the 
development of engineering. After a few early engineering feats, like the pyramids 
in Egypt, the hanging gardens in Babylon or the great wall in China, the initiative 
moved to Greece and later Rome. The Greek contributions to mathematics greatly 
helped the development of engineering. In the sixth century B.C., with the applica-
tion of geometry principles, the Greek engineer Eupalinos managed to dig a tunnel 
through Mount Kastro at Samos, starting from the two ends and meeting in the 
middle.

Engineering accomplishments are a hallmark of civilisation. However, besides 
grave monuments and temples, most practical engineering throughout the ages has 
been carried out in a military setting. For instance, the Roman army employed engi-
neers to construct roads, bridges, fortified campsites and war machines. To intimi-
date the Germans, Julius Caesar made it a point to build a bridge across the river 
Rhine, just to show he could.

2.2.2  Emergence of Higher Engineering Education

In many Western countries today, engineering education still has a background in 
the military. For instance, in Holland the first engineering school was established in 
1600 at Leiden University on the initiative of the military leader of the young Dutch 
republic Prins Maurits. Under the name ‘Duytsche Mathematicque’, the school 
aimed to train land surveyors and builders of fortifications.

In France, the Ecole Polytechnique was established in 1794, named ‘Ecole 
Centrale des Travaux Publics’. When Napoleon came into power, he adapted the 
regime at this engineering school, introducing military discipline. Since then, the 
Ecole Polytechnique developed as a place where the French military and policy 
elite received their schooling. Years later, the French engineer and mathematician 
Poincarė analysed the functionality of the French system of engineering education 
in order to explain the loss of the French in the war against Germany (Galison 
2003). At the other side of the Atlantic, the third president of the USA, Thomas 
Jefferson, established the first engineering program in America at the military acad-
emy West Point in 1802.

The transfer to the civil environment and the establishment of an academic sta-
tus took quite some time. The development of Delft University of Technology (TU 
Delft) in the Netherlands can serve as an example. On 8 January 1842, King Willem 
II founded the ‘Royal Academy for the education of civilian engineers, for serving 
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both nation and industry, and of apprentices for trade’. The academy also educated 
civil servants for the colonies and revenue officers of the Dutch East Indies. Just 
over 20 years later, the Royal Academy was transformed into a polytechnic school, 
bringing the school under the influence of the rules applying to secondary educa-
tion. This school went on to educate architects and engineers in the fields of civil 
works, shipbuilding, mechanical engineering and mining during the rest of the nine-
teenth century. It was not before 22 May 1905 that an act was passed, acknowledg-
ing the academic level of the school’s technical education—it became a Technische 
Hogeschool, or an institute of technology. The institute was granted corporate rights 
by an act passed on 7 June 1956. Recognition of the institute as a university of tech-
nology had to wait until 1986.

Engineering is foremost a practical profession. In the old days, the way to learn 
a craft was to start working as apprentice to an established craftsman. The mas-
ter–apprentice system was formalised in medieval times. A student had to stay in 
the service of the master for a fixed period before he could prove his skills with a 
master-test and become a full member of the guild. This way, the guild protected the 
quality of their profession. Institutionalisation of engineering education in Europe 
dates back to the eighteenth century. Research and science were closely connected 
in the formation of technology and were the basis in engineering education. In the 
nineteenth century, when the most engineering schools were established, there was 
a clear pedagogical idea: to teach science and to present research.

2.3  The Current Status and Impact of Engineering 
Education Research

2.3.1  Introduction

Since the end of World War II, participation in higher education—including en-
gineering education—increased substantially. As a consequence, higher education 
changed dramatically, from highly individualised personal study plans to pro-
grammes for mass education and lecture theatres with several hundred seats. Pres-
ently, engineering education in Europe is developing towards a common market. 
A specific goal of the Bologna declaration is to promote mobility among (engi-
neering) students in Europe. As a consequence, universities are also engaging in 
an international competition to attract students. It is not surprising that presently 
we observe an increasing interest for improvement and innovation in engineering 
education. All over Europe, ‘Centres of Expertise in Learning and Teaching’ within 
universities are being established or, in case of older existing institutes, reinstated. 
The position of such institutes in the university organisation is by no means clear, 
and also the tasks and responsibilities vary widely from one university to the next.

In most cases, the position within the organisation is not stable and varies with 
every change in local university politics. For instance, at TU Delft in the Nether-
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lands, originally an educational service centre was created in the central univer-
sity staff bureau. In the mid-1980s, a scientific department was established, headed 
by a full professor on university teaching and educational development in higher 
education. When the professor left, just before the turn of the century, the depart-
ment started to dwindle. Finally, the section was split up in a research group and a 
teacher-training centre (De Graaff and Sjoer 2006). A few years later, the research 
group was discontinued, and the last member of the original group left TU Delft at 
the end of 2011.

The conclusion of the cycle of events depicted above is twofold: First, a univer-
sity of technology needs expertise on educational innovation in higher education, 
and second, it is not clear where this educational expertise should be positioned in 
the organisation. Below, different organisational positions of educational expertise 
centres at Dutch universities will be explored from a historical perspective (De 
Graaff and Sjoer 2006).

2.3.2  Research and Development Centres in the 1960s

Europe has a respectable tradition of social scientists researching engineering edu-
cation (de Graaff and Borri 2006). During the 1960s, the number of students enroll-
ing in higher education increased dramatically. As a consequence, universities had 
to adjust their teaching methods in order to deal with mass higher education (Wieg-
ersma 1989). Innovation and improvement soon became keywords in dealing with 
this issue. In a scientific environment, it seems natural that research plays a major 
part in order to establish a solid foundation for quality improvement. However, in 
order to achieve that, a major gap needs to be bridged. As it was put by a reporter 
at the end of the first national convention on Research of Higher Education in the 
Netherlands, Eindhoven, 27–28 April 1966: ‘If one wants to improve the quality 
of teaching in higher education, then, first of all it is necessary to establish contact 
between the following two groups of people: those who are concerned with the 
teaching of science and those who are engaged with the science of teaching’ (Vroei-
jensteijn 1981).

At the beginning of the increase in interest for research on higher education, the 
Dutch schools of technology played a central part. The third national convention on 
Research of Higher Education was organised in Delft, 15–16 January 1976 (Vroei-
jensteijn and van Woerden 1976). At the opening of this conference, the minister 
of higher education addresses the position of the Research of Higher Education (in 
Dutch, Research van het Wetenschappelijke Onderwijs, RWO) centres. The min-
ister points out that the position of the RWO institutes differs markedly from that 
of other research institutes because their finances are drawn directly from the uni-
versity funds. Although the financial position of the RWO institutes is sound, the 
positioning of these institutes into the university organisation is difficult. The gap 
between research and application of the outcomes is one of the problems singled out 
by the minister. Since the average university professor does not have enough time 
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to study educational science along with his own profession, the minister states: ‘it 
is not surprising that it is hard to implement new educational insights in the practice 
of higher education’.

One might say that Research on Higher Education became a booming business 
during the 1980s. The respective institutes were allowed to hire more and more 
researchers. The various educational centres joined forces in an informal network 
of Centres for Research on Higher Education (CRWO). The network includes both 
general universities and universities of technology. The CRWO network continued 
to organise study conferences (Bartelds et al. 1987). Also, a section Higher Educa-
tion was established as a thematic group operating within the national framework 
of educational researchers. The CRWO has played a major part in the start of edu-
cational research in the Netherlands. More recently, the CRWO transformed into a 
society of professional educational consultants in higher education (EHON).

By the time of the fourth national convention on Research in Higher Education 
in 1981, research institutes were established at or in close relation to most universi-
ties. Although some of these institutes were strictly service oriented (notably the 
educational service at TU Delft), most were research departments with their own 
scientific staff, fitting to the trend in industry of establishing ‘Research and Devel-
opment Centres’. Table 2.1 lists the organisational positions of educational units in 
the mid-1980s.

The classification above is not beyond debate. In some cases, staff units style 
themselves as research group. The presence of a professor with an assignment of 
research in higher education is taken as primary criterion. Such professors were ap-
pointed at the scientific departments and at some of the research institutes, but not 
at a staff unit. However, starting with this grouping, in the next section, we can have 
a look at the changes taking place in the following years.

Table 2.1  Educational units in Dutch higher education during the mid-1980s
Scientific department in one of the faculties
 Rotterdam
 Maastricht
Scientific department with professional teacher training
 Utrecht
 Leiden
Research institute with an affiliation to the local university
 Amsterdam
 Nijmegen
 Groningen
Educational centres as part of the administrative university staff
 Amsterdam (free university)
 Delft (technical university)
 Enschede (technical university)
 Eindhoven (technical university)
 Tilburg
 Wageningen
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2.3.3  Emerging of Consultancy and Training Centres

Despite the initial optimism, the problem of a deficient connection between re-
search outcomes and educational practice in higher education only became bigger. 
In part because the researchers tended to become more and more involved in their 
own theories and in part because the teachers did not apply the same sound scien-
tific methods they used for their own professional field to their teaching tasks (van 
der Vleuten 1997). The logical consequence of this gap was a growing pressure on 
the RWO institutes from their financers to spend less time on scientific research 
and invest more in innovation projects with a concrete and measurable outcome. 
Gradually, the institutes drifted apart. Some institutes even adapted to the style of 
commercial consultancy firms and managed to continue the growth process. Oth-
ers turned into research institutes drawing on research funds; the ones who were 
more dependent on the primary stream of university funding tended to lean more 
heavily on consultancy and training. In some cases, the research-oriented depart-
ments were curtailed and repositioned within the universities’ administrative staff. 
An example of this development is Rotterdam where the Erasmus University first 
closed down its department of educational research completely. A few years later, 
a new institute was founded, focusing on consultancy rather than on research. As 
related in the introduction, something to the same effect happened in Delft. Also at 
Twente University, a successful educational unit was downgraded in size as well as 
in organisational position. In Eindhoven, the Educational Service Centre was finally 
closed down. It is interesting to note that a recent study could not find evidence 
supporting a relationship between satisfaction with the operation of the institute 
and particular positioning in the organisation. Apparently, each solution has its own 
benefits. Table 2.2 summarises the situation in 2006.

Educational research institutes that acquire their main funding out of research 
grants tend to operate rather independently of the host university. University man-
agement appears to be unhappy with this independent position; consequently, they 
prefer to organise the educational consultants as a staff unit with limited or no re-
search tasks. As a consequence, scientific research in higher education is cut short. 
What started out as research-based institutes aiming to sustain innovation in higher 
education through scientific research ended up as consultancy units supporting ex-
isting practice. Yet, if you aim for the highest quality, educational innovation based 
on applied research of higher education is needed (de Graaff and Kolmos 2013).

2.3.4  Revival of Educational Research

In the past years, EER has been on the rise once more all around the world (Borrego 
and Bernhard 2011). Engineers more and more often carry out their own education-
al research. In the USA, the book Scholarship Reconsidered (Boyer 1990) had a big 
impact. Ernest Boyer argued that the intellectual rigor of scholarly activities should 
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be extended to encompass four interrelated activities: discovery, integration, ap-
plication and teaching. The Scholarship of Teaching and Learning aims to improve 
student learning and is usually motivated by a teacher’s interest in how students in 
their own classrooms are learning (Huber and Hutchings 2005).

In the USA, the National Science Foundation (NSF) makes substantial funds 
available for EER. Universities like Stanford, Purdue and Virginia Tech have fast-
growing departments for research on engineering education. Also in Australia and 
Asia, the trend to strengthen engineering education through research and innovation 
is manifest. The contributions of the USA (and Australia) dominate the worldwide 
network on Research in Engineering Education (REES).

As we have seen, many universities in Europe have their own locally funded ed-
ucational support centres. However, as most of these centres focus on consultancy 
and training, there is not much room for research. Altogether, it appears to be harder 
to raise funds for educational research in Europe than it is in the USA. Apparently, 
the financing system of the European projects does not favour the topic of EER. 
An explanation can be found in the EU system of applying for funding. Brussels 
provides ample funding for European projects aiming to improve research and edu-
cation in Europe each year. However, research and education are administered by 
two different directorates: the Directorate General (DG) for Education and Culture 
and the DG for Research and Innovation. The topic of EER has the misfortune to 
fall between these two directorates. In the long run, this could mean Europe runs the 
risk of falling behind compared with the rest of the world in a research area where 
it once had the lead.

Table 2.2  Educational units in Dutch higher education in 2006
Scientific department or institute
 Utrecht
 Leiden
 Maastricht
 Amsterdam (free university)
 Groningen
 Heerlen (open university)
Consultancy or research institute with affiliation to the local university
 Amsterdam (UvA)
 Nijmegen
 Rotterdam
 Enschede (technical university)
Educational centres as part of the administrative university staff
 Tilburg
 Eindhoven (technical university)
 Wageningen
 Delft (technical university)
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2.4  Methods of Engineering Education Research

2.4.1  Methodological Diversification

In the beginning, research on higher education was conducted by social scientists, 
employing their own set of research methods (see Sect. 3.1). As engineering educa-
tion develops as a field of applied research in its own right, more and more teachers 
with a background in technology and the natural sciences are involved. A character-
istic of a fully developed branch of science is an all-embracing research methodol-
ogy. The following criteria define a scientific discipline:

• Well-established chairs
• A public debate on research methodology
• A coherent theory, distinct from other domains

Presently, engineering education fulfils the first criterion. There are chairs in en-
gineering education established around the world. The other two criteria appear as 
yet to be more difficult. The debate on research methodology is starting both in the 
international engineering education journals and in conferences and seminars.

Presently, practitioners of EER either have a background in natural sciences or 
in social sciences, or in both disciplines. As a consequence, EER uses methods both 
from the natural sciences and from the social sciences. Researchers will have to mo-
tivate their choice between quantitative and qualitative, as well as mixed methods 
research designs. The choice of methods depends on the worldview and of course 
on the research questions. In general, quantitative research implies that there are 
some well-developed theories that need further confirmation. Qualitative and mixed 
methods research aims at building theoretical understanding from a more diffuse 
starting point (Creswell 2009).

2.4.2  A Taxonomy Proposal for Engineering Education Research

EER is a rich field of investigation. It covers research on learning and teaching in 
all engineering disciplines and also in supporting sciences, like physics, chemistry, 
computing and mathematics, which form the scientific base of engineering research 
(Malmi et al. 2012). Furthermore, EER also applies theories and research method-
ologies from social sciences, like education, psychology and sociology, to inves-
tigate many-faced aspects of learning and teaching engineering. In order to get an 
overview of the whole field, there is a need to look at both: what is being researched 
and how the research is carried out.

Different types of studies require a different selection of methods. The literature 
reports an abundance of research strategies, suitable for various purposes. As a con-
sequence, it can be hard to compare research outcomes and relate different studies 
to each other. In order to gain an overview of the research in a particular field—and 
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to take notice of gaps in the topics covered—taxonomy is needed. In a joint initia-
tive of the Société Européenne pour la Formation des Ingénieurs (SEFI) working 
group EER and Line B of the EU project EUGENE, a series of workshops were 
organised aiming to construct a taxonomy for EER from a European perspective 
(de Graaff and Kolmos 2010). The resulting proposal for a taxonomy was tested on 
conference and journal contributions (Malmi et al. 2010, 2012). Based on these pa-
pers, the section below summarises the outline of the European taxonomy for EER.

The taxonomy could be used as a measurement tool to reveal differences be-
tween various publication forums, thus giving suggestions for authors where to 
submit certain types of papers. Furthermore, it could make visible hidden trends 
or emerging research paradigms in the field. By clarifying the difference between 
case reports and research papers, we can also point out how the scientific level of 
papers should be increased when we aim at more generalisable results and deeper 
insights. The taxonomy could also be used as a reference when the publication fo-
rums are defining review criteria for different types of papers. At the moment, we 
see it clearly problematic that the review criteria in many conferences and also in 
some journals do not give clear enough guidelines both for authors and for review-
ers concerning what is expected for the papers.

Finally, as EER is gradually gathering recognition as an emergent field moving 
from the margins to the mainstream (Streveler and Smith 2010, NEERC 2006), a 
taxonomy can help to provide a map of the terrain for new scholars entering the 
field. We expect the results of this analysis to provide us with data supporting the 
goal of building recommendations to improve scientific writing in the EER com-
munity (Table 2.3).

2.4.3  Publication on Engineering Education Research

An active research field requires a platform for publication of research findings. In 
the beginning, the social-science-based researchers used to publish their findings 
primarily in their own professional journals and conferences. This habit emphasised 
the gap between the researchers and the field of practice. Only on special occa-
sion—for instance, with an invitation as guest speaker at an engineering education 
conference—would they address the community of engineering educators directly.

In Europe in the 1970s, this community started to organise itself. The first inter-
national society aiming at uniting engineering teachers was Internationale Gesell-
schaft für Ingenieurpädagogik (IGIP), founded in 1972 at the University of Kla-
genfurt (Austria). In the German language, IGIP stands for Internationale Gesell-
schaft für Ingenieurpädagogik. A year later, the European Society for Engineering 
Education, known as SEFI (the French acronym for Société Européenne pour la 
Formation des Ingénieurs), was established in Belgium. Both societies offer the 
opportunity to present experiences, ideas and research on teaching and learning in 
engineering at annual conferences. A few times, these conferences have even been 
organised jointly, allowing members of both societies to mingle. Shortly after its 
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foundation, in 1975, SEFI initiated the publication of a quarterly publication. At 
the start, the journal was a mixture between a society newsletter and a platform for 
scholarly articles on engineering education. Since 1975, European Journal of Engi-
neering Education (EJEE) gradually became more focused on research papers and 
review articles with a theoretical foundation.

In the USA, the American Society for Engineering Education (ASEE) Journal of 
Engineering Education (JEE) has a much longer history, publishing on engineering 
education for over 100 years (Wankat 2004). A third journal, with no ties to a spe-
cific organisation, is the International Journal of Engineering Education. Presently, 
there are also several other national journals on engineering education, for instance 
in Australia and Brazil.

International recognition indicates that JEE and EJEE have developed into lead-
ing journals in the field of engineering education (Osorio and Osorio 2004).

Recently, this was confirmed by the keynote presented by Phil Wankat at the 
40th Annual SEFI conference in Leuven. Together with a few colleagues, he made a 
bibliometric analysis comparing the US-based JEE with the EJEE. The paper based 
on the text of the keynote is published in the EJEE (Wankat et al. 2014).

The analysis clearly demonstrates that both journals gradually developed a more 
pronounced research orientation: ‘Initially there were little or no research papers in 
the 70’s and 80’s and then there was gradually increasing research content’ (Wankat 
et al. 2014). The conclusion of the study states that both journals became more fre-
quently cited and that there was a qualitative evolution in breath of scholarship with 
increasingly interdisciplinary research articles with more collaboration and more 
references. While the international character of both journals also evolved over the 
40 years, geographical spread is notably broader in EJEE.

During the past years, several new conferences and symposia created new oppor-
tunities for presenting studies on engineering education, like the international Re-
search in Engineering Education Network (REEN) and the International Research 
Symposium on Problem-Based Learning (IRSPBL). Also a number of online jour-
nals emerged, further enriching the possibilities of engineering education research-
ers to publish their work. In any case, nowadays there are ample opportunities for 
publishing.

2.5  The Future of Engineering Education and Research 
in Europe

2.5.1  Introduction

To achieve the political ambitions of Europe as a knowledge society, we need many 
engineers with leadership skills and creativity who are capable of coping with the 
increasing complexity of the technological foundations of our society. To train engi-
neers who can meet these challenges, we need to innovate our approaches to teach-
ing and learning at the universities of technology and polytechnic schools.
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Participation in higher education is expected to remain at a high level. A lot of 
efforts are made trying to attract more young people to choose a career in engineer-
ing. Engineering could possibly attract more female students, and most importantly, 
as some people say that the present day half-life of technical knowledge is said to 
be less than 5 years, modern engineering requires a lifelong study. As a consequence 
of this development, the ability to access and manage information becomes more 
important than knowledge per se.

A fundamental change of the process of teaching and learning is the result. In 
fact, this may be one of the most striking factors of change in the present era. Tradi-
tionally, the primary task of teachers is transfer of knowledge. A teacher possesses 
expert knowledge or skills in a particular field, which consists of the basis of teach-
ing. For a long period of time, lecturing has been the dominant educational format 
in higher education. As a dispenser of knowledge, the lecturer used to be respon-
sible for both the content and the structure of teaching.

Due to the rapid developments of information and communication technology 
(ICT) over the past decades, the old-fashioned method of lecturing is now all but 
obsolete. The increased use of ICT leads to an increase in the dynamism of or-
ganisations. Consequently, people in those organisations will have to learn to deal 
with new and unexpected situations. Teachers in higher education for instance will 
have to face the fact that they do not hold the monopoly on knowledge anymore. 
Information is freely available and can be accessed from anywhere at all times. 
Moreover, in many areas, the state of the art is changing so rapidly that it is hard for 
teachers even to keep up with their students.

All over the world, institutes in higher education have seen this change coming, 
and they have tried to adjust to it in various ways. Internet and e-mail are widely 
used as means for communication between teachers and students. Learning content, 
full text as well as supporting slides, is available online.

Following the example of the open courseware project of Massachusetts Insti-
tute of Technology (MIT), several universities make learning content of their study 
programmes available for free on the Web. Materials may comprise streaming video 
lectures, interactive Web demonstrations, homework problems and exams. A recent 
trend is to offer massive online open courses (MOOCs).

Nowadays, students can exercise their skills in many ways supported by soft-
ware packages rather than by a teacher. However, several people already recognised 
that it does not suffice simply to transfer the old content to the new media. To take 
full advantage of the opportunities offered by the ICT technology, the learning en-
vironment needs to be redesigned completely.

2.5.2  Scenarios for Future Developments

The challenge for the field of higher education is to take full advantage of the wealth 
of opportunities that are opened through the new teaching and learning tools. In 
order to prepare a policy for dealing with higher education/research relations in 
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Europe, a Strategic Analysis of Policy Issues - European Technology Assessment 
Network (STRATA–ETAN) expert group was set up by the EU in December 2001 
with the mission to prepare a Foresight report. The 21 members of the expert group, 
chaired by Maurice Godelier and rapporteur Etienne Bourgeois, come from a wide 
variety of countries (EU states members, Accession countries and Canada) and dis-
ciplinary background. Each one of them wrote ‘issue papers’. In 2002, the final 
report of the STRATA–ETAN Expert Group on Foresight for the Development of 
Higher Education/Research Relations was presented (Bourgeois 2002). The follow-
ing section draws upon the issue paper I prepared for the STRATA–ETAN Expert 
Group (De Graaff 2002).

In this issue paper, I propose two scenarios depicting projected developments 
in higher education. The focus of the first scenario is on the potential of individual 
freedom and self-direction in learning. The second scenario highlights the collec-
tive aspect of collaboration and communication in teams. A development that is 
deemed unavoidable is a further differentiation in the tasks of a teacher. In both sce-
narios, three different teacher roles will be identified: the facilitator, the educational 
designer and the assessor.

Scenario 1: The Individualist
As a result of the rapid technological development, an increasing number of 

tools are available that reduce our dependency on other people. In order to prepare 
a text for printing, an author used to need at least a dozen people, skilled in typeset-
ting, layout, correction, etc. Presently, anyone with a PC can easily deliver a cam-
era-ready print proof, corrected for spelling errors and grammar. An example even 
closer to the school can be found in the widely available software packages that 
support learning to speak a foreign language. Until recently you needed an expert, 
preferably a native speaker, to correct your pronunciation—a tiring exercise, boring 
both for the students and for the teacher. Nowadays, a student can do these exercises 
whenever and as many times he wants. The advantage of not needing anyone will 
tempt some people to isolate themselves. They can get whatever they need and they 
can do whatever they want without having to see anyone.

The Individualist as a Facilitator As a facilitator, the individualist has a hard time. 
He will have to focus his attention on the interaction process among learners, and, in 
a sense, act as an expert in group dynamics. The individualist tends to feel uncom-
fortable in this position, and he will easily fall back in the old role of the expert pro-
viding the answers. It is not so much that the individualist is incapable of fulfilling 
this task; he will probably not enjoy doing it.

The Individualist as an Educational Designer In the role of a designer, the indi-
vidualist probably feels more at home. However, the present-day educational design 
projects usually involve teamwork. Even if the creative spark of the individual con-
stitutes an essential element in the design process, the filial of each member’s con-
tribution depends on the ability to communicate and co-operate. The individualist 
will have to learn to compromise in this respect in order to become an effective 
team member.
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The Individualist as an Assessor The role of the assessor also involves a strong 
element of communication. However, in this position the individualist retains the 
authority of the content expert. In order to be successful in this task, it is important 
that the individualist learns to be specific with respect to the criteria that he applies. 
Such criteria specifying the core characteristics of expertise within a particular 
domain are at the same time concrete learning objectives for the students.

Scenario 2: The Team Player
As a result of the rapid technological development, things get so complicated 

that you cannot virtually do anything on your own anymore. A single person nev-
er will possess all relevant information. Therefore, in order to achieve something 
worthwhile, you need the participation of others. Each individual tends to focus 
on his own specialty. Sharing the own expert information with other team mem-
bers becomes a crucial skill. Presently, organisational structures are becoming more 
flexible, and teams within organisations are only temporary structures. The ideal 
team member is adapted to the volatile interpersonal relationships within a network 
structure.

The Team Player as a Facilitator The team player usually feels quite comfortable 
in the role of a facilitator. The main risk with this type of person is that he becomes 
too much involved in achieving the objectives. When there are problems in the 
group, he may tend to give practical solutions rather than helping the group to find 
their own way out. When the group is doing fine without his advice, such a person 
may feel obsolete and frustrated. However, a natural team player has the ability to 
enjoy the sharing of experiences in the team, including his own.

The Team Player as an Educational Designer Present-day educational design is a 
typical team task. This teamwork calls for specialist expertise in particular domains, 
creative ideas and critical reflection on the input of others. As a member of such a 
team, a teacher who is a natural team player can fully blossom.

The Team Player as an Assessor The role of the assessor will be less easy for a team 
player. Judging others is usually not the best way to inspire collaboration within a 
team. A team player will tend to emphasise the feedback value of an assessment 
and hesitate before taking pass/fail decisions. A common error in project work, for 
instance, is the tendency to focus on the collective group product and to neglect the 
individual contributions. Another problem in this respect is that the assessor may 
feel insufficiently equipped to judge the overall performance, as this will go beyond 
his own area of expertise. However, in general, team players can operate satisfac-
tory as assessors, provided they feel the assessment does justice to the individual 
team member.

Maybe at first glance, the two scenarios depicted above appear to be mutually 
exclusive. However, it is possible to regard the scenarios as the two extreme ends 
of a bipolar scale. Training teachers to operate effectively within the emerging new 
structure of higher education involves getting them to know themselves. The sce-
narios could be used as a point of reference.
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2.6  Concluding Remarks

For a long time, Europe dominated the world in political and economic respect as 
well as in culture and science. France, Germany, England, Italy and even a small 
country as the Netherlands competed mostly among themselves. The Industrial 
Revolution started in Europe and spread around the world from there.

It was a bit of shock to recognise the increasing impact of former colonies like 
the USA at the beginning of the last century. For some, it may have lasted until after 
the World War II before they could accept the fact that Europe was no longer at the 
centre of world power.

With the political and economic power, the centre of gravity of science and 
technology also shifted. For years now, the five highest-ranking universities in the 
category Engineering and Technology of the Times Higher Education World Uni-
versity Ranking are situated in the USA. Different ranking systems show a slightly 
different picture. In the Shanghai ranking, the top 11 positions are taken by US 
institutes. However, the Quacquarelli Symonds (QS) ranking allows three universi-
ties from the UK, two from Switzerland and one from Singapore in their top ten. 
The QS ranking is also the one that most clearly shows the on-going worldwide 
development, with increasingly high rankings for universities from China and other 
countries in Asia. The power balance is shifting again, and science and technology 
seem to follow.

In the meantime, these past years we have experienced a period of economic 
crisis. In particular, Europe appears to have been hit hard, spreading from banks to 
governments. As a result, now all over Europe, budgets for higher education are be-
ing cut. When things get difficult, people tend to play safe. Universities, like com-
mercial companies in trouble, tend to choose to layoff tenured staff. As the Delft 
professor of economics of innovation Alfred Kleinknecht (2013) points out in his 
farewell lecture, letting go people too easily is detrimental for innovation.

Unsurprisingly, the funding of research on higher education has become prob-
lematic. Yet, in order to increase the efficiency of our universities, we still need 
research to find out what really determines the effectiveness of learning in higher 
engineering education. Economising by sending away the experts that can direct 
this research may prove highly inefficient in the long run. As far as engineering 
education is concerned, Europe is truly becoming the land of the setting sun, unless 
we manage to build a machine to reverse the tide.
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Chapter 3
Engineering Education in Southeast Asia: 
Practice and Research
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3.1  Introduction

Engineering education is viewed as a crucial field throughout the world, with ef-
forts in improving and dissemination of knowledge through various means, which 
includes conferences and journal publications. These efforts have started even as 
early as the beginning of the twentieth century; the Journal of Engineering Educa-
tion, for example, was first published in 1911. By the end of the twentieth century, 
there were intensive efforts on engineering education in North America, Europe, 
Australia, and South Africa.

In Asia, particularly in the southeast, efforts to create interest in engineering 
education started off at the turn of the twenty-first century. While initial efforts were 
created through conferences in collaboration with associations that include Austra-
lia, such as the United Nations Educational, Scientific and Cultural Organization 
(UNESCO) Centre for Engineering Education (CEE) based in the University of 
Melbourne, Australia, the interest started to take hold through local efforts, espe-
cially with the advent of the Washington Accord (WA) membership and challenges 
of the changing requirements in the twenty-first century.

This chapter focuses on the rapid emergence of engineering education practice 
and research in Southeast Asia, with particular emphasis on the experience of Ma-
laysia, as one of the early adopters in the region to embrace and integrate engineer-
ing education practice with research. Activities that promote engineering education 
in East Asia, such as Korea, Hong Kong, and Japan, will also be briefly discussed to 
reflect the extent of interest that has been growing rapidly around the region.
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3.2  Creating Interest in Engineering Education

Interest in engineering education had been slow to start in Asia and likewise in 
Southeast Asia. While there were sporadic, isolated interested parties, their net-
work would mostly come from those in North America, Europe, or Australia. In 
the twentieth century, and even now at times, many engineering academics, and 
sometimes even associations or bodies in Southeast and East Asia, define engineer-
ing education simply as the technical engineering content in itself that are taught in 
universities at the undergraduate or graduate levels. Thus, when engineering educa-
tion research is mentioned, some would refer to it as research in the engineering 
field, rather than using educational research methods for improving how we educate 
engineers. This confusion was manifested in the early emergence of engineering 
education seminars and conferences, where purely technical papers from various 
engineering fields were submitted and at times accepted for presentation.

The twenty-first century brought about major challenges through numerous 
changes in how industries and businesses function throughout the world. The current 
challenges are marked by rapid development in technology, explosion in information, 
borderless economy, sustainability and security concerns, and many other complex, 
novel problems that have never been seen before, causing various sectors, such as 
businesses, industries, governments, and various entities, to change their modus ope-
randi (NAE 2005; Duderstadt 2008). The need to change to meet these challenges, 
and improve the quality of graduates, are also strongly felt, even in Southeast and 
East Asia, resulting in several nations from the region to become members of the WA 
in the first decade of the twenty-first century, such as Japan, Korea, Singapore, and 
Malaysia. This move, as a consequence, affects the accreditation of engineering pro-
grams, transforming the programs into the outcome-based approach (OBA) to abide 
by the accord. The impact of accreditation in enhancing the quality of engineering 
education in Malaysia is discussed further in one of the following sections.

3.2.1  Engineering Education Societies and Organizations

Engineering education societies and organizations are spreading the interest and are 
building a community of practice in engineering education. These societies are nor-
mally able to consolidate efforts, at least at the national level, to plan and organize 
bigger events to garner the support of stakeholders. More importantly, the societies 
would have more resources and harness the necessary support from the interna-
tional community to enhance engineering education at the national level.

There are a several engineering education societies in Southeast and East Asia, 
such as in South Korea, Japan, and Malaysia. Japan established its Japanese Society 
for Engineering Education as early as 1952 (JSEE 2014). The Korean Society for 
Engineering Education (KSEE) was established in 1993 (IFEES 2013) and holds 
annual conferences that gathered academics and industries in engineering education. 
The KSEE is a platform for the industries and academics in engineering to meet 
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and discuss the direction and future of engineering education in South Korea. The 
KSEE and the JSEE are members of the Association for Engineering Education in 
Southeast and East Asia and the Pacific (AEESEAP), which was established in 1970 
(AEESEAP 2014). In other countries, however, members of the AEESEAP consist 
of only certain member universities, usually just one university from one country. 
For example, in Singapore, the member university is the National University of Sin-
gapore, while in Malaysia, the member country is the University of Malaya. China 
had also established the Chinese Society for Engineering Education (CSEE; IFEES 
2014).

In Malaysia, the Society for Engineering Education Malaysia (SEEM) was es-
tablished in 2007 (CEE 2012e) to promote engineering education in Malaysia. The 
SEEM was initiated by the Malaysian Council of Engineering Deans through a 
pro-tem committee in 2005. Activities under the SEEM are done independently, or 
in collaboration with other groups or centers of engineering education in Malaysian 
universities. These activities consist of training programs on engineering education 
for academic staff, engineering education conferences, seminars, and exhibitions. 
There are also other engineering associations that have engineering education sec-
tions or divisions, such as the Institution of Engineers Malaysia (IEM), the Malay-
sian Society for Engineering and Technology (MySET), the Institution of Chemi-
cal Engineers (IChemE) Malaysia, and the Institution of Electrical and Electronic 
Engineers (IEEE) Malaysia.

Many of the engineering education societies form international linkages and co-
operation. These are normally established in the form of Memorandum of Under-
standing (MoU). One such example in the region is the MoU between the KSEE and 
the SEEM, which was signed in 2012 (CEE 2012d). Through this MoU, representa-
tives from the SEEM are invited to attend the KSEE annual conference and speak at 
the plenary session while representatives from the KSEE are invited to conferences 
organized by the SEEM. On a larger platform, engineering education societies from 
various countries can join and network through the International Federation of En-
gineering Education Societies (IFEES). The SEEM, KSEE, JSEE, and CSEE are 
also members of the IFEES.

3.2.2  Conferences, Seminars, and Symposiums in Engineering 
Education

Conferences in engineering education play an important role in giving awareness 
of the importance of engineering education. This can be seen through the annual 
conferences organized by the KSEE and the JSEE, which gathered big crowds of 
participants from the industries and academics every year. In 2014, the JSEE is 
organizing its 62nd annual conference (JSEE 2014), while the KSEE its 21st. Inter-
national participants were invited to speak or attend the conferences (CEE 2012d). 
The AEESEAP which was established in 1970 (AEESEAP 2014) also held confer-
ences in several member countries, such as Japan, Malaysia, Korea, Australia, etc. 
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However, sometimes, the papers of the AEESEAP conferences are mixed between 
technical research and engineering education sessions. The KSEE conference, 
though, is solely for engineering education papers. Lately, the number of papers 
submitted has been increasing, showing evidence of growing interest in engineering 
education among Korean academics.

In Malaysia, among the first conferences devoted solely to engineering education 
was the Conference on Engineering Education organized by Universiti Teknologi 
Malaysia (UTM) on 14–15 December in 2004. Although other engineering con-
ferences had papers on engineering education, most were mixed with engineering 
papers. Realizing the importance of engineering education in the region, the fol-
lowing conference in 2005 was upgraded to become the Regional Conference on 
Engineering Education (RCEE). To attract audience to the conference as well as 
provide expert input that was very much needed in outcome-based education, Prof. 
Richard Felder and Dr. Rebecca Brent were invited to hold pre- and post-conference 
workshops as well as deliver a keynote address during RCEE 2005. From then on, it 
became a requirement for the conference to have internationally renowned speakers 
in engineering education to instill awareness to practitioners in engineering educa-
tion on the importance of scholarship as well as rigorous research in engineering 
education (RREE). RCEE 2007 had Prof. Karl Smith from the University of Minne-
sota and Purdue University, USA, as the keynote and workshop speaker, where the 
focus was on pedagogies of engagement, especially on cooperative learning. RCEE 
2010 had Profs. Karl Smith and Ruth Streveler from Purdue University as the joint 
keynote and workshop speakers, where the focus was on systematic curriculum 
design and RREE. To introduce the rigorous research aspect of engineering educa-
tion, RCEE was renamed as the Regional Conference on Engineering Education 
and Research in Higher Education (RCEE and RHEd). The aim is for engineering 
those who do rigorous research in higher education to network and learn from one 
another, which could hopefully lead to collaboration that involves RREE. RCEE 
and RHEd 2012 had several invited speakers including Prof. Dr. David Radcliffe, 
head of the School of Engineering Education, Purdue University, Prof. Dr. Duncan 
Fraser, from the University of Cape Town in South Africa and also the chair of the 
Research in Engineering Education Network Governing Board, and Prof. Dr. Susan 
Oh, from the Korean Society of Engineering Education. Pre- and post-conference 
workshops were given by experienced researchers in RREE, such as Assoc. Prof. 
Dr. Johannes Stroble and Assoc. Prof. Dr. Heidi Diefes-Dux, both from Purdue 
University, and Assoc. Prof. Dr. Elliot Douglas from the University of Florida (CEE 
2012g). Thus far, up until 2014, six conferences had been organized in the series, 
which was held once every 2 years. Since 2012, the conference was held in col-
laboration with the SEEM and the Higher Education Leadership Academy under 
the Ministry of Education. The quality of papers has also steadily increased, from 
experience sharing to scholarly based implementations and research papers in en-
gineering education.

These activities led to higher-quality research-based conferences hosted by UTM 
and the SEEM, such as the 2013 International Research Symposium on Problem-
based Learning (IRSPBL 2013) and the 2013 Research in Engineering Education 
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Symposium (REES 2013), which was held back-to-back in July in Putrajaya, Ma-
laysia. Both these conferences were held for the first time in Asia, after being hosted 
in the USA, Europe, and Australia. The stringent vetting of papers at the conference 
ensured high-quality research papers. Though there were many papers from all over 
the world, 40–50 % of the papers from both conferences came from Malaysia and 
the Southeast Asian region. This enabled local participants to share and get valuable 
feedback from other presenters as well as learn and network with those in the in-
ternational engineering education research community. The REES drew a big com-
munity of experts in engineering education research to come to the conference, and 
it is an eye-opening experience for many new researchers in engineering education 
in Asia, especially in Malaysia. Further discussion on the impact of REES will be 
included in Sect. 3.4.

Lately, with interest in engineering education on the rise in the region, there are 
other conferences hosted solely by local universities and organizations as well as 
conferences hosted by universities in collaboration with organizations and universi-
ties from other countries. Since 2009, the International Conference on Engineering 
Education (ICEED) was organized annually in Malaysia by Universiti Teknologi 
MARA under the IEEE Malaysia Engineering Education Chapter. In 2012, Uni-
versiti Kebangsaan Malaysia (UKM) collaborated with Sharjah University, United 
Arab Emirates, to host the 6th International Forum on Engineering Education in 
Kuala Lumpur. Another newly started IEEE conference in the region is the IEEE 
Teaching, Assessment, and Learning in Engineering (TALE), which had its first 
conference in Hong Kong in 2012, and the second in Bali, Indonesia, in 2013. In 
2014, UTM and Uppsala University, Sweden, collaborated to host the RCEE and 
RHEd in conjunction with the Learning and Teaching in Computing and Engineer-
ing (LaTiCE), which is a conference affiliated with the IEEE Computing Education 
Society, in Kuching, Sarawak. In 2012, LaTiCE was held in Macau, and in 2016, 
it will be held in Taiwan. From the number of conferences happening around this 
region, there is clearly rapidly rising interest among engineering educators on en-
gineering education.

3.3  Engineering Education Practice

Engineering education practice is of utmost importance among Southeast and East 
Asian Nations. The meteoric rise of the economy of nations in this part of the world 
can be mostly attributed to advancements in industries which require engineering 
knowledge and expertise. While many of the nations in this region provided schol-
arships for their qualified and selected citizens to study engineering in countries, 
such as the United States of America, the United Kingdom, and other European na-
tions, they also developed their engineering programs in parallel while strategically 
increasing the number of students, and thus graduates, as the capacity to educate 
engineers increase.
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With the increasing importance of engineering education, demand on quality 
also increased. There is also a need to uphold the sanctity of the engineering profes-
sion. This brought in the need for accreditation of engineering programs to preserve 
and ensure that graduates have the required foundation to practice as engineers.

In the twenty-first century, the shift is now from creating awareness to the need 
for increasing and ensuring quality of engineering education to ensure that this re-
gion has a pool of capable engineers. Many see the need to shift the practice of 
engineering education from the traditional mode to those that are more fitting in 
preparing graduates to face up to twenty-first-century challenges. From the forma-
tion of accrediting bodies, signing up for WA membership to providing the required 
training of auditors and engineering educators in the OBA, nations in this region 
can be seen to actively invest efforts to upgrade their practices to be scholarly and of 
high academic quality. This section discusses engineering education practice, with 
particular emphasis on ensuring academic quality and accreditation.

3.3.1  Accreditation and Accrediting Bodies

Various accrediting bodies were formed at the national level in Southeast and East 
Asian nations in the first decade of the twenty-first century, with many of them be-
coming signatories of the WA. This is in contrast to other nations in Asia that take 
up accreditation by foreign accrediting bodies, such as the American Accredita-
tion Board of Engineering and Technology (ABET). For example, the Accreditation 
Board for Engineering Education of Korea (ABEEK) started accrediting engineer-
ing programs in 2001 and became a member of the WA in 2007 (ABEEK 2014). 
The Japanese Accreditation Board (JABEE) was established in 1999 and became 
a member of the WA in 2005 (JABEE 2014). In Singapore, the Engineering Ac-
creditation Board was established in May 2002 under the Institution of Engineers 
Singapore (IES). They became a member of the WA in June 2006 (IES 2014).

Engineering accrediting bodies became signatories of the WA to ensure that ac-
credited programs from the country are at par with those of member countries. Ja-
pan, Korea, Singapore, and Malaysia are WA signatories in the Asian region. The 
graduates of accredited programs are recognized in member countries, such as the 
USA, Australia, Germany, South Africa, Canada, etc., and therefore can practice as 
engineers globally. A very important requirement under the WA is that the curricu-
lum of accredited programs must embrace outcome-based education, which results 
in major changes of how programs are designed, implemented, and assessed. While 
accreditation is voluntary in Japan and Korea, in Malaysia it is compulsory. This is 
because in Malaysia, graduates from engineering programs that are not accredited 
are not legally allowed to practice as an engineer. Further details of the history of 
academic quality assurance and accreditation of engineering programs in Malaysia 
are elaborated in the next section.
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3.3.2  Accreditation and Quality Assurance: The Malaysian 
Experience

In Malaysia, the engineering education quality assurance initiatives at the public 
institutions of higher learning can be traced to as early as in 1957 when the Public 
Services Department (JPA), a body that was given the mandate to carry out the 
accreditation exercise, audited engineering programs to ensure that graduates are 
acceptable for entry into the government service. In 1959, the IEM also carried out 
a similar exercise following the UK and Australia model. But after the Engineering 
Act was passed by the parliament in 1967, the Board of Engineers took over the 
responsibility and carried out joint accreditation with the IEM.

The increase in the number of private institutions of higher learning in the 1990s 
has led to the formation of the National Accreditation Board (LAN), which was 
responsible to accredit programs at private institutions. Then in 1997, the Malay-
sian Qualifications Agency (MQA) was established to accredit all programs both 
at the public and private higher learning institutions. However for the engineering 
programs, there is a provision that the professional bodies will continue to accredit 
the engineering programs. Consequently, in 2000, the Engineering Accreditation 
Council (EAC) comprising of the Board of Engineers Malaysia (BEM), IEM, the 
MQA, and JPA was established. The BEM stipulated clearly the attributes that are 
necessary in preparing for engineering practice such as the ability to apply math-
ematics, science, and engineering in solving engineering tasks; the ability to under-
stand environmental, economic, and community impacts on development; and the 
ability to communicate effectively and ethically in discharging duties. However, 
the main portion of the accreditation exercise was carried out quantitatively such as 
looking at numbers of credits, number of courses, and students to staff ratio. These 
are clearly evident in the September 1999 version of the BEM guidelines.

However, as Malaysia aspires to be an educational hub in Asia, international 
recognition of engineering programs is deemed necessary. Therefore, in 2003, the 
EAC, which is under the BEM, was admitted as a provisional member of the WA. 
By being a member, all signatory countries will recognize substantial equivalency 
of an accreditation system within a country. This assures that graduates of accred-
ited programs in their countries are prepared to practice engineering at the entry 
of the profession. For the EAC, the route to be a WA signatory was a long and 
arduous 6-year journey. This is mainly due to the major paradigm shift from the 
teacher-centered, traditional approach to the student-centered OBA for the institu-
tions of higher learning as well as the shift from quantitative to a more qualitative 
approach of accreditation exercise that emphasizes on continuous quality improve-
ments. Consequently, major changes had to be made not only at the higher learn-
ing institutions, but even the EAC was expected to improve and benchmark with 
international practice.

This drastic jump in the requirement and framework for academic quality exert-
ed by the EAC made the OBA to prevail as a basis for accreditation for engineering 
programs in Malaysia. Well-established engineering programs in Malaysian institu-
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tions of higher learning had to comply strictly to the 2007 EAC Manual that have 
since evolved several times. These efforts bore the desired fruit, when Malaysia, 
in 2009, was accepted to be a full signatory member of the WA. Nevertheless, the 
transition had not been easy for engineering programs in Malaysia. During that time 
frame, none of the engineering programs was accredited for 5 years, the most was 
3 years. As an example, of all the electrical and electronic engineering programs 
audited between 2009 and 2012, 69 % were only granted a 2-year accreditation, 
while 19.6 % were granted a 3-year accreditation, out of a maximum of 5 years 
accreditation (Liew and Puteh 2014). The accreditation evaluation of the engineer-
ing programs defined that a program can get 5 years accreditation if it satisfies the 
minimum accreditation requirement with no shortcomings and has addressed all the 
requirements effectively. However, in the transition to fulfill the new accreditation 
requirements, there was a period where the program owners, as well as the audi-
tors from the side of the EAC, were uncertain about the definition of the standards. 
This confusion results in some accreditors taking an overly strict definition of the 
minimum standard, causing inconsistencies during the accreditation process, which 
led to inconsistencies in the outcome of the accreditation. Not surprisingly, this 
caused an uproar among program owners and within the Ministry of Education. 
Nonetheless, these are transitional problems that were brought to the attention of 
the Engineering Accreditation Department under the Board of Engineers and were 
resolved with the guidance from the various WA mentors. For example, to tackle the 
problem of inconsistencies, a newly required moderation process is now instituted, 
resulting in a more moderate and facilitative approach by the EAC auditors in the 
recent accreditation process.

The current changes in the EAC manual in 2012 to comply the latest WA re-
quirements show that the EAC is in-line with the latest development and practiced 
continuous quality improvement. These new requirements reflect the needs and 
challenges of the twenty-first century which engineering programs need to pre-
pare graduates for in the university, which is actually a push towards increasing the 
quality of engineering programs. While engineering program owners are now well 
versed in the OBA, the latest requirements include challenging outcomes, such as 
complex problem-solving skills and complex engineering activities (EAC 2012), 
and pose another challenge in increasing the quality of teaching and learning for de-
veloping students. Consequently, Malaysian institutions of higher learning, which 
are now wiser after going through the initial changes, are making a lot of effort to 
comply with the EAC 2012 manual. With the continuous efforts to improve the 
quality of accreditation required under the WA, the EAC is directly responsible to 
ensure compliance by engineering programs. Therefore, in Malaysia, membership 
in the WA, which shaped the current accreditation process, has also managed to 
exert pressure on institutions of higher learning to change and improve engineering 
programs to meet the new requirements for accreditation and thus pushed program 
owners to think, discuss, and implement required measures to enhance the quality 
of engineering education in the country.
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3.3.3  Engineering Education Centers

During the past decade, centers for engineering education were established across 
several Asian countries. Some of these countries include Korea, Hong Kong (Chi-
na), and Malaysia. Although these centers focus on different areas, the main aim 
is to enhance engineering education, especially in their own respective countries 
and institutions. Several areas of focus include innovation in teaching and learn-
ing in engineering, research in engineering education, engineering service learning, 
women in engineering, developing the talent pipeline, and engineering faculty de-
velopment through training and mentoring.

In South Korea, the commitment of the government towards engineering educa-
tion can be seen in the funding of 65 Centers for Innovative Engineering Education 
(CIEE) in different universities across the country, which are affiliated to five hub 
centers. Each hub center has different focus, such as globalization, multidisciplinary 
design, accreditation, industry driven programs, etc. (Song 2012). In 2014, howev-
er, the number of CIEE in Korea has risen to more than 70. For example, Pusan Na-
tional University under its Innovation Center for Engineering Education (PICEE) 
has been organizing international service learning to produce global engineers by 
collaborating the program with Politeknik Elektronika Negeri Subaraya (PENS), 
Indonesia, and UTM (CEE 2013a). The hub centers are also active in organizing 
workshops, seminars, and competitions. Sung kyun kwan University (SKKU) Hub 
Centre for Innovative Engineering Education organized the International Workshop 
on Innovative Engineering Education, inviting international speakers and experts 
with participation among the member centers in November 2011 and January 2013 
(CEE 2012a). In November 2013, the Pusan National University Hub Centre orga-
nized the Capstone Design Fair (E2Festa), which is a capstone design competition 
among engineering students in Korea and several partner institutions from other 
countries. In conjunction with E2Festa, there was also a seminar on engineering 
design education with a section for invited speakers from all over the world.

In Hong Kong, the Hong Kong University for Science and Technology (HKUST) 
under the Centre for Engineering Education Innovation (E2I) plays an important 
role in improving the teaching and learning of engineering for HKUST. Workshops 
and training are given to engineering lecturers, and resources for engineering educa-
tion are readily accessible on the center’s website (Centre for Engineering Educa-
tion Innovation 2014). E2I also carries out research among the students and lecturers 
of HKUST on some specific areas that can impact the engineering education of 
HKUST such as team working skills and assessment in engineering education. The 
center also organizes Workshop on International Innovative Engineering Education, 
where participation was by invitation only.

In Malaysia, there are two centers that focus on different aspect of engineering 
education: the UKM’s Centre for Engineering Education Research (CEER) and the 
UTM Centre for Engineering Education (CEE). The UKM CEER, which was estab-
lished in 2009, focuses on research in engineering education in various topics since 
its formation was initially from the engineering education research group (CEER 
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2014). CEER emphasized their activities on research, publication, and conferences 
in engineering education. Some research areas of CEER members are action re-
search, quantitative research using the Rasch model, project learning, and topics 
related to teaching, learning, assessment, industrial training, and curriculum.

The UTM CEE was established in 2011 to consolidate the various efforts in engi-
neering education that had been going on in UTM since the early 2000. CEE gives 
emphasis on both engineering education research and improving engineering edu-
cation among engineering lecturers and students through training and educational 
programs. The tagline for CEE, “Training and Research in Engineering Education 
(TREE),” aptly summarizes the thrust of the center. To ensure high-quality research 
as well as train others in conducting research in engineering education, CEE of-
fers postgraduate studies in engineering education that can further strengthen the 
research in engineering education. CEE promotes the virtuous cycle of research 
(VCR; Phang and Mohd-Yusof 2013) to ensure that the research is grounded in edu-
cational theories and carried out through rigorous educational research methodol-
ogy. By doing so, the research results can be used to improve the teaching and learn-
ing of engineering. These findings are disseminated not only through seminars and 
publications but also through training sessions with engineering academics. This is 
in-line with the recommendation by Jamieson and Lohman in the 2012 ASEE re-
port, Innovation with Impact (Jamieson and Lohman 2012). Elaboration on research 
in engineering education will be elaborated in the following section.

In looking at all the engineering education centers in the various countries in this 
region, most are promoting good scholarly efforts in engineering education through 
seminars, workshops, sharing sessions, and systematic training. Many conferences 
are also organized by the centers, which aims to disseminate efforts in engineering 
education to a large audience. However, concerted efforts to offer regular work-
shops and training, which normally cater to a smaller number of audiences com-
pared to conferences, are necessary to systematically train and upgrade the skills of 
engineering academics throughout the region to encourage the implementation of 
scholarly good practices in engineering classrooms.

Currently, training is very much localized at the institutional or national level. 
As mentioned earlier, there are centers in Korea, as well as in Hong Kong, which 
conduct regular workshops and training. Similarly, the UTM CEE conducts regu-
lar training that can also be offered in-house at the request of specific institutions. 
In Malaysia, training at the national level is also offered by the Higher Education 
Leadership Academy, under the Malaysian Ministry of Education, although they are 
not solely conducted for engineering academics.

Undoubtedly, having dedicated centers for engineering education expedites the 
promotion and enhancement of quality in engineering education practice. Many 
of these centers assist their own institutions as well as form part of national level 
initiatives to provide support for fulfilling accreditation requirements, such as train-
ing and multidisciplinary project offerings. The numerous varied activities, plus the 
linkages among some of these centers, encourage the sharing and dissemination of 
scholarly practices among practitioners as well as create interest among new engi-
neering academics.
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3.4  Engineering Education Research

The aim of research in engineering education is to improve the practice of engineer-
ing education for the betterment of teaching and learning in engineering. Hence, 
research and practice in engineering education go hand in hand, and it is easier 
to use the term engineering education to refer to both the research in engineering 
education (including those that are rigorous) and practices in teaching engineering. 
Engineering education is now a knowledge discipline of its own where rigorous and 
meaningful research is conducted through VCR (Phang and Mohd-Yusof 2013). 
The VCR is essentially a study on ideas or issues where the research output can be 
used to inform and improve current practice. This will in turn generate new ques-
tions and ideas, which can then be further researched on to further improve the 
implementation. More elaboration on the VCR is in the following section.

In the Asian region, engineering education research was introduced through 
various means, namely postgraduate studies in engineering education, research 
and innovation centers for engineering education, societies for engineering educa-
tion, conferences in engineering education, and improvement activities related to 
accreditation exercise. However, the most effective approach to ensuring rigorous 
engineering education research is through the postgraduate programs in engineering 
education, such as the master of philosophy and the doctor of philosophy in engi-
neering education. This is because of the academic rigor of such programs would 
require expert input and reviews as well as the assessment of the research conduct-
ed. In addition, most countries, such as Malaysia, have its own quality assurance 
requirements. Having the postgraduate program is also a productive way of having 
experts in engineering education research, who can understand and be the middle 
people in explaining engineering as well as rigorous educational research require-
ments to those from engineering and also those from education. Further elaboration 
will be provided in the following section.

3.4.1  Virtuous Cycle of Research in Engineering Education

Publications in engineering education basically can be divided into two: experience 
sharing (scholarly and non-scholarly) and research papers. Most of the papers are 
experience sharing because RREE introduced by Streveler and Smith (2006) is not 
a common practice among some active participants of the engineering education 
community in this region. The ASEAN Journal of Engineering Education (AJEE) 
tried to accommodate the community by accepting both scholarly experience shar-
ing and research papers as a means to encourage engineering educators to publish 
in engineering education while simultaneously introducing and exposing readers to 
elements of RREE.

The idea of RREE was first introduced to the Southeast Asian community during 
the 2007 Regional Conference in Engineering Education in Johor Bahru, Malaysia, 
by Prof. Karl Smith from Purdue University, USA, during a preconference work-
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shop session. This idea was further expanded to include the VCR during the 2010 
Regional Conference on Engineering Education and Research in Higher Education 
(RCEE and RHEd 2010) in Kuching, Sarawak, Malaysia, during the keynote by 
Smith and Streveler (2010). Phang and Mohd-Yusof (2013) then further promoted 
the VCR in engineering education to the Asian community, arguing that innova-
tions and new ideas implemented should be studied to determine their impact and/
or other questions that may arise and can lead to improvements. Conducting engi-
neering education research that becomes VCR ensures that the research done is of 
significant importance in engineering education. This idea of VCR has been encour-
aged through trainings courses held by the UTM CEE to help enhance the quality of 
engineering education in the region. The CEE also provides training workshops on 
conducting RREE, which leads to VCR.

As most of the participants in the engineering education research community 
in the region are trained in the engineering background, VCR relates the cycle of 
research using the similar steps in most of the scientific research, which are (Phang 
and Mohd-Yusof 2013):

a. Identify the problem
b. Review literature and established theories to connect the problem with ground-

ing principles
c. Design the methodology
d. Analyze data
e. Find meaning to conclude and generalize

Following the initial idea given by Phang and Mohd-Yusof (2013), the VCR can 
be simplified as shown in Fig. 3.1. The research problems must come from the cur-
rent practice such as problems in learning certain engineering topics and innovative 
teaching and learning approaches. Some examples are:

1. Chemical process control (Mohd-Yusof et al. 2011, 2013b; Helmi et al. 2013)
2. Engineering education for sustainable development (Abdul Aziz et al. 2013a, 

2013b; Mohd-Yusof et al. 2013c)
3. Problem-based learning, problem solving, and cooperative learning (Mohd-

Yusof et al. 2011, 2013a; Mohammad-Zamry et al. 2011; Phang et al. 2012; 
Helmi et al. 2011, Helmi et al. 2013)

4. First-year experience (Abdul Aziz et al. 2013c; Mohd-Yusof et al. 2014)
5. Thermodynamics (Mulop et al. 2013; Mulop et al. 2014)
6. 3-D CAD (Adnan et al. 2013)

After the problem is identified, it needs to be clearly formulated into a researchable 
framework. This has been explained by Phang and Mohd-Yusof (2013). The next 
step is to review the literature of the existing theories from the past and current 
research or practice reports. This is to ensure that the research is well grounded in 
strong educational principles or theories (Streveler and Smith 2006).

The steps of research methodology and data analysis must draw from sound 
research methodology. This has been explained in Phang and Mohd-Yusof (2013) 
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with a few examples of research methods guidebooks. Research methodology 
ranged from the objectivist paradigms (e.g., postpositivism, empericism) to the sub-
jectivist paradigms (e.g., interpretivism, constructivism; Crotty 1998). In the objec-
tivist paradigms, researchers tend to answer research questions through deductive 
approach and employ research strategies that aim at testing and confirming existing 
theories, such as survey and experimental research. Usually, statistical analysis is 
used to analyze the data to accept or reject certain hypotheses, and generalization is 
made as a conclusion of the research. Sometimes, it is more convenient to label this 
as quantitative research approach (Creswell 1994).

On the other hand, the subjectivists favor inductive approach to generate theories 
that can explain phenomena in an educational setting by using research methodol-
ogy like grounded theory (Glaser and Strauss 1967), ethnography (Hammersley 
and Atkinson 1995), case study (Stake et al. 2005), action research (McNiff 1988), 
and so on. Usually, in-depth analysis is employed to understand and explore the 
questions of how and why in order to produce rich description or explanation of a 
phenomenon. This approach is usually coined as the qualitative research approach.

Despite the debate and competition between the two major paradigms, the se-
lection of a sound research methodology also depends on the research questions 
and the nature of the research problems. As the research questions stem from the 
research problems (Phang and Mohd-Yusof 2013), a researcher should not plan how 
to do the research (and select the research methodology) prior to the formulation of 
research problems and research questions. Research questions that require answers 

Iden�fy 
Problems 

Literature 
Review 

Research 
Methodology Data Analysis 

Conclusion 

Current Prac�ce & Exis�ng Theories  

Sound Research Methodology 

Fig. 3.1  Virtuous cycle of research (VCR) in engineering education
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using statistical data should be answered using the quantitative research methods, 
while research questions that require rich and in-depth explanation should opt for 
the qualitative research methods.

The quantitative research methods collect quantitative data (numbers), while the 
qualitative research methods collect qualitative data (texts). The quantitative re-
search methods may include close-ended questionnaire survey, test, interview, and 
observation using checklists that collect quantitative data. The qualitative research 
methods may include open-ended questionnaire survey, interview, observation us-
ing field note, artifact analysis, and so on that collect qualitative data.

Research data collection should follow as close as possible to the research 
method procedure to ensure the validity and reliability of the data. This should be 
followed by the correct and appropriate data analysis method. Quantitative data 
analysis methods usually involve calculation and the use of statistics, either descrip-
tive or inferential statistics. It may be aided with computer software, such as Mi-
crosoft Excel, Statistical Package for Social Sciences (SPSS), R Project for Statisti-
cal Computing (R-Statistics), Winsteps, AMOS, and so on. In the qualitative data 
analysis methods, there are constant comparative method (from grounded theory 
methodology; Strauss and Corbin 2008), Miles and Huberman (1994) qualitative 
data analysis, content analysis (Krippendorff and Bock 2008), thematic analysis 
(Braun and Clarke 2006), and so on. Some computer software may assist the quali-
tative data analysis in terms of managing the large quantity of data, such as NVivo, 
Atlas, Computer-Assisted Qualitative Data Analysis Software (CAQDAS), MAX-
QDA, and so on.

A good engineering education researcher should have some basic knowledge 
of a wide variety of research methodologies and methods in engineering education 
research and master a few of them. Most importantly, a researcher should know 
how to secure the validity and reliability (Cohen et al. 2007) of the data collection 
and analysis. Validity refers to the accuracy of measurement, and interpretation of 
the data represents what the researcher intends to measure. It is the appropriateness, 
meaningfulness, and usefulness of the specific inferences a researcher makes based 
on the data collected. For example, if we intend to measure conceptual understand-
ing of dynamics among engineering students, we should ensure that the questions 
asked in the conceptual test are actually testing their conceptual understanding, not 
problem solving or factual memorization.

On the other hand, reliability is the consistency of the data obtained. This basi-
cally means that every time the data are collected from the respondents, same or 
similar data should be obtained. For example, a test is given to a group of students 
today, and x mean score is obtained after the analysis. If the test is repeated to the 
same group of students tomorrow, the same or similar x mean score should be ob-
tained as well. This shows that the measurement and instrument are reliable and can 
be used to make generalized conclusion. It should be noted that the research results 
should yield a certain level of confidence to the practitioners to be able to accept the 
conclusion of the research. This is because, ultimately, the research conclusion will 
be used to make educational decisions that may change how engineering should be 
taught.
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Furthermore, in making a conclusion from the data, it should be able to match 
with the current practice as the problem initially came from the current practice. 
Sound educational decisions can be made through recommendations that are drawn 
from the valid interpretation of the data. The conclusion may provide new insights 
into the existing theories.

3.4.2  Postgraduate Studies in Engineering Education

UTM is the first university in Asia that offered a doctoral study in engineering 
education in the year 2008 (Mohd-Yusof et al. 2012). Some of the other universities 
that offer a PhD in the engineering education program in the world are Purdue Uni-
versity (USA), Virginia Tech University (USA), Utah State University (USA), and 
Aalborg University (AAU; Denmark). Later, UKM joined the bandwagon to offer a 
full research doctoral program in the year 2013.

Establishing PhD in the engineering education program is not a simple matter 
because it is a multidisciplinary program that requires expertise in engineering as 
well as educational principles and research methods. In addition, there are not that 
many engineering education programs to learn from and benchmark against. Since 
the candidates for PhD in engineering education programs are from an engineering- 
and technology-related background, proper support in learning and understanding 
the fundamental theories of education and educational research methods must be 
given. Otherwise, most of them will be overwhelmed in their effort to unravel the 
mountains of information that they have to digest if no guidance were given. There-
fore, offering PhD in the engineering education program requires careful thought 
and planning; simply offering the program without much thought will make it very 
difficult for the students, as they try to do their research.

In Malaysia (and Asia), there are two universities offering PhD in the engineer-
ing education program: UTM and UKM. UTM have produced more than 12 PhD 
graduates since its inception. In addition, UTM offers the MPhil study that focuses 
on engineering education research. UTM’s PhD program in engineering education 
is conducted in full research mode with some compulsory supplementary courses 
that help engineers or engineering educators who enroll into the program to cope 
with the transformation from technical sciences to interdisciplinary sciences (tech-
nical and social sciences). Thus far, from the students’ feedback the courses were 
useful in providing a broad overview that support students with good starting points 
for understanding at a deeper level. For the program to be truly interdisciplinary, it 
is governed by the CEE, not by a faculty or school that is usually limited to single 
disciplinary. Finding the examiners for the students are not that easy because in Ma-
laysia, and even in Asia, there were not that many experts in engineering education 
research. Having experts in the field as the external examiners is crucial because 
they reflect the trustworthiness of the quality of research and the graduates. For the 
first cohort of students, their viva sessions were attended by external examiners who 
are experts in engineering education from universities that offer PhD in engineering 
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education, such as Profs. Karl Smith, Johannes Strobel, and Heidi Deifus-Dux from 
Purdue University and Prof. Anette Kolmos from AAU (Mohd-Yusof et al. 2012).

UTM also offers a joint PhD in the engineering education program with AAU, 
Denmark. Students have to be in both universities for at least 6 months within the 
normal duration of 3 years and enroll in specified courses. They will also have at 
least one supervisor from each university. Those who graduate from the program 
will receive a certificate with the seal of both universities. The strength of this joint 
program is the cross-cultural experience that students can experience and the sup-
port of supervisors and access to facilities from UTM and AAU. In addition, this 
program can also provide expertise in the development of problem-based learning 
implementation at various levels in engineering programs, especially in the South-
east Asian region.

The PhD in the engineering education program in UTM has a diverse student 
body consisting of students not only from Malaysia but also from the USA, Paki-
stan, Iran, and Nigeria. The students come from a variety of backgrounds, such 
as engineering academics, engineers, technical education teachers, matriculation 
teachers, mathematics lecturers, computer scientists, and so on. This PhD research 
in engineering education contributes to the body of knowledge and serves to en-
hance implementation in UTM and Malaysia as well as in Asia in general.

The theses are based on RREE that covers a wide range of educational areas, 
such as self-regulation in learning statics, conceptual knowledge in 3-D CAD, prac-
ticing engineers’ training needs, accreditation standards in engineering programs, 
courseware design for the teaching and learning of thermodynamics, the impact 
of cooperative problem-based learning towards engineering students’ motivation, 
problem solving and learning, electrical engineering students’ conceptual under-
standing of electrical circuits, and so on. The research conducted by the students 
were also published in international academic journals and presented at engineering 
education conferences worldwide.

3.4.3  Publication and Dissemination of Research Findings

The advancement of RREE in Malaysia really took off with the advent of PhD in 
engineering education programs. The increasing number of research activities as 
well as funding and the positive outcomes from the research conducted managed to 
attract engineering academics to not only participate in the research teams but also 
properly learn educational research methods and the related grounding theories. 
Nevertheless, there is still a lot to be done, especially in terms of journal publica-
tions.

Contribution in the form of research publications is still very low from the re-
gion, although the number of experience sharing papers is on the rise. A lot more 
high-quality research on significant areas of study must be conducted and pub-
lished to bring out the Asian experience and perspective of engineering education in 
scholarly, research-based journals. This will disseminate research findings based on 

mbishawi@birzeit.edu



513 Engineering Education in Southeast Asia: Practice and Research

Asian context that will further provide suitable models and frameworks for impact-
ful innovations and advancement in Asian engineering education.

The development of the engineering education research community in Southeast 
Asia received support from the international community in 2013, when both the 
International Research Symposium on Problem-Based Learning (IRSPBL) and the 
REES were held back-to-back in Malaysia. This is the first time both conferences 
were held in Asia hosted by the UTM CEE in collaboration with the UNESCO 
Chair on PBL in engineering education, which is based in AAU in Denmark, and 
the Research in Engineering Education Network (REEN), which is an international 
network of communities that promote research in engineering education. Known 
for the close-knit community of practitioners and researchers, both symposiums and 
the workshops held in conjunction with the events gave a chance for the Asian, and 
especially the Malaysian, community to learn and network with participants who 
are passionate in engineering education research and promoting good practices in 
the area. By having both symposiums in the region, the local community was able to 
gauge the standard of their own practice and research and thus enhance the quality 
to be at par with those at the international level. The PhD students who were still 
learning and developing their research were also able to get their work critiqued 
and verified; those who participated felt that the symposiums were an immense op-
portunity and learning experience.

Having the IRSPBL and REES in Malaysia in 2013 was indeed an eye-opening 
experience for most of the Asian participants. Many of them did not have the op-
portunity to join the active engineering education research communities in North 
America, Europe, and Australia. The extent of rigor and the conducive and support-
ive environment during the paper discussion sessions relayed the passion and com-
mitment of the community on the importance of engineering education research. 
While other conferences in the region were mostly at the experience-sharing level, 
the requirements and examples given through both symposiums illustrated the kind 
of effort, planning, and rigor needed in conducting research in engineering edu-
cation that can inform and improve practice. Thus, the determination and all the 
energy invested to host the IRSPBL 2013 and REES 2013 by the UTM CEE were 
indeed worth the effort because the aim of providing interest and enhancing the 
quality of research and publication in the region was indeed fulfilled.

3.5  Bridging Research and Practice

There is a very strong movement within the engineering education community to 
bridge theory, research, and practice. This is also the aim of the VCR in engineering 
education. Unfortunately, many of the researches conducted were not translated into 
practice. On the other hand, many innovations in engineering education are made 
without proper study of evidence, or even scholarly foundation. For this reason, 
the 2012 ASEE report by Jamieson and Lohmann, “Innovation with Impact,” high-
lights the need for a culture of systematic innovation with impact—systematically 
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gathering evidence of impact is highly needed to determine the effectiveness of an 
innovation in engineering education, and not just simply carrying out the innovation 
without knowing the impact.

It is clear, therefore, that research and practice should go hand in hand. Imple-
menting the VCR would be ideal within a certain group or institution, but the find-
ings from the research should also be published and disseminated in other manners 
to have a larger impact, not only on the local community but also at a larger global 
level.

For this reason, training of engineering academics based on scholarly and re-
search-based knowledge and practices is seen as crucial and is therefore a thrust 
activity for the UTM CEE. Other than developing research ability of the engineer-
ing education students, training is also given as part of continuous professional 
development for engineering academics who are already teaching in engineering 
schools or faculties, many with PhD degrees in engineering. Among the variety of 
training given are those included which impart pedagogical knowledge and skills, 
problem solving, assessment, course design and research in engineering education. 
The courses given include sound principles in the area as well as the evidence of 
impact in engineering education. Participants are also encouraged to share their 
scholarly experiences through publication and conference presentations, before per-
haps moving on to systematic studies. Through writing and sharing of experience, 
the training workshop participants can also become reflective practitioners, who 
can continuously improve their practice.

Like other regions in the world, translating research into practice is still elusive 
in Southeast Asia. With the current approach to research and training embraced in 
the CEE, it is hoped that this model can facilitate the translation of research into 
practice in Malaysia and the Southeast Asian region.

3.6  Conclusion

Formal education of engineers had been taking place in Southeast Asia for more 
than 100 years. However, interest in engineering education as a field throughout the 
region has only increased in the early twenty-first century. The advent of outcome-
based education as required by the WA and the requirement for accreditation of en-
gineering programs drove more institutional and governmental support for deeper 
involvement among academic staff into the field. The OBA has also driven some 
institutions to take a more scholarly approach to move beyond the initial documen-
tation phase.

Since the early twenty-first century, numerous events have been regularly held 
to disseminate and gain interest in engineering education hosted by different orga-
nizations and bodies. While most of the current conferences and seminars consist 
of experience-sharing papers, there are efforts to increase the quality by requiring 
scholarly implementation. In fact, some conferences had insisted on proper research 
papers on engineering education. The increased quantity and quality of activities 
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have contributed to further interest in the area, especially towards enhancing the 
quality of engineering education in the region.

Nevertheless, the Southeast Asian region has still a long way to go in implement-
ing systematic, scholarly, and evidence-based approaches to enhance engineering 
education. With the numerous challenges that engineering graduates have to face, 
engineering education leaders in the region realize that meaningful innovations with 
impact in engineering education is necessary for the region to remain competitive 
and rise up to the challenges ahead. Therefore, despite the slow start to embrace en-
gineering education as a field, the realization of its importance is pushing a rapid in-
crease in efforts to organize and participate in engineering education events, ensur-
ing that the region is well poised for producing quality future engineering graduates.
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4.1  Introduction

4.1.1  Twenty-First-Century Engineering Skills: Skills Gaps 
Throughout the World

Engineering education stakeholders, from academic institutions, professors, and 
alumni to private sector industries, governmental education agencies, and accredi-
tation bodies universally agree that current engineering graduates lack the critical 
skills essential for the twenty-first century’s interconnected dynamic world that is 
rapidly being transformed by information explosion and monumental scientific and 
technological advances. The National Academy of Science in the USA identifies 
five essential twenty-first century skills: adaptability, complex communication/
social skills, nonroutine problem-solving, self-management/self-development, and 
systems thinking (National Academy of Sciences 2010). These competencies are 
echoed in the UNESCO report “Learning: The Treasure Within: Education for the 
Twenty First Century” (UNESCO’s Report 1999) and in a recent European Commu-
nity report, which identifies eight key competences essential in a knowledge-based 
society (European Communities 2007). The EU report emphasizes that these skills 
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are not only critical in providing the labor force flexibility that allow for quick adap-
tation to dynamic changes but also serve as foundations for innovation, productiv-
ity, and competitiveness; proficiencies highly valued in a globalized economy and 
many economically struggling member countries (European Communities 2007).

Research shows that the inadequate preparation of engineers in key competen-
cies in fact extends internationally. A recent UNESCO report (Skills Gaps Through-
out the World: An Analysis for UNESCO Global Monitoring Report 2012) warns 
that skills gaps are constraining companies’ ability to grow, innovate, deliver prod-
ucts and services on time, meet quality standards, and meet environmental and so-
cial requirements in countries where they operate. The report identifies the lack of 
available talent and trained resources in the Middle East as the greatest threat for 
sustainable development of the region. Gulf leaders are among the least satisfied 
with the supply of employable graduates including engineers, with only 37 % citing 
their satisfaction (Maktoum Foundation 2012). Employability skills were classi-
fied into four categories (technical, cultural, interpersonal, and intrapersonal) and 
included 15 specific skills: independent task execution, appropriate approach to 
problem-solving, ability to monitor and evaluate own activities, ability to relate 
specific issues to wider contexts, ability to apply knowledge to new situations, abil-
ity to devise ways to improve own actions, ability to deal with different cultural 
practices, openness and flexibility, negotiation and mediation skills, self-motivation 
and initiative, ability to network, creativity and innovation, ability to relate to a 
wide range of people, team participation, and sense of identity and self-confidence 
(UNESCO Report 2012). Misalignment between education and employers’ needs 
was cited as one of the main reasons behind the skills gap.

The current engineering curriculum, delivered by the vast majority of institutions 
worldwide including the Middle East, continues to follow the traditional science 
model of engineering education in which the first 2 years are typically devoted to 
basic sciences and mathematics, with minimal exposure to “real-world” engineer-
ing problems (Froyd and Ohland 2005; Dym et al. 2005b; Sheppard et al. 2009; 
Khalaf et al. 2013a). Furthermore, engineering curricula continue to be mostly de-
livered by traditional passive lecture mode in which instructors start with theories 
and mathematical models, and then move to textbook examples, which may or may 
not ultimately extend to real-world applications (Kardash and Wallace 2001; Prince 
2004; Prince and Felder 2006). The combination of the traditional model of engi-
neering education, which clearly delays student exposure to engineering integra-
tive thinking and experience, with deductive passive course delivery leads to the 
current mismatch between the traditional structure of the engineering disciplines 
and the emerging complexities of modern engineering systems (Creed et al. 2002; 
Dutson et al. 2007; Dym 2004; Evans et al. 1990; Litzinger et al. 2011). Research 
shows that students will not develop the aforementioned competencies by follow-
ing mostly theoretical, disconnected curricula while sitting passively in lecture 
halls, taking notes, and memorizing content (Newstetter et al. 2012). Even more 
interactive methods such as Personal Response Systems or Student-Centered Ac-
tive Learning Environments for Undergraduate Programs (SCALE-UP; Beichner 
et al. 2000), both of which promote greater student interaction, are not specifically 
designed to help students develop these competencies because the nature of the 
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problems given to students in traditional engineering classes, while a first step in 
becoming a successful engineer, is not sufficiently complex to allow students to 
practice essential twenty-first century skills (Cheville and Bunting 2011; Newstet-
ter et al. 2012). These challenges in developing countries, such as the United Arab 
Emirates (UAE), have more severe implications, given that the industrial sector is 
in its infancy and hence has an even higher need for problem solvers, critical think-
ers, and independent learners.

4.1.2  Is Problem-Driven Learning (PDL) Culturally 
Transferrable?

In response to the need for fostering the critical skills for successful modern en-
gineers mentioned above, various inductive learning models have started to make 
inroads into engineering education (Prince and Felder 2006), joining a broad reform 
movement across many disciplines in tertiary education towards outcomes-based 
education (OBE). For example, many of the principles of OBE are now reflected in 
criteria-based accreditation standards, such as the famous Accreditation Board for 
Engineering and Technology (ABET) 2000 “a–k” engineering student outcomes 
criteria (ABET 1997). A necessary process, inherent to any curriculum or subject 
reform towards OBE, is constructive alignment (Biggs and Tang 2007), where 
learning tasks and assessments that engage students with constructing their own 
knowledge are made logically consistent with the chosen learning outcomes. Con-
sequently, traditional, passively attended lecture instruction and multiple-choice 
summative assessments are nearly impossible to reconcile with the requirements 
of OBE, regardless of discipline or context. Alternative (and often superior) peda-
gogical models, however, are quite diverse, often tailor-made to suit a particular 
program in a particular institution. These models include a wide spectrum of peda-
gogies ranging from discovery learning and case-based learning to problem- and 
project-based learning, active and cooperative learning, and just-in-time lectures. 
The main feature shared by these models is the presentation of a specific challenge 
or complex problem to the students as the initial point of learning after which they 
are coached to self-learn upon recognizing the need for theories, facts, skills, and 
concepts (Prince and Felder 2006). Problem-based learning (PBL), as defined by H. 
S. Barrows, who was one of the pioneers who developed and implemented PBL in 
medical education over three decades ago, is the learning method based on using 
problems as a starting point for the acquisition and integration of new knowledge 
(Barrows and Tamblyn 1980). As a pedagogy centered around solving of complex 
problems, PBL inherently aids constructive alignment in engineering curricula and 
offers engineering educators innovative and effective means to successfully engage 
students deeply with content to acculturate them into the practices of a particular 
community. Students in PBL courses practice specific skill sets such as spoken and 
written communication, assume responsibility to be self-directed and lifelong learn-
ers, and develop the necessary analytical skills needed to tackle the multifaceted, 
twenty-first-century engineering challenges.

mbishawi@birzeit.edu



62 S. Balawi et al.

For our purposes, we adopt a slightly different term—problem-driven learning 
(PDL). We take this term from the research we have been doing on trying to under-
stand reasoning, problem solving, and learning in authentic sites of interdisciplinary 
practice—university research labs (Osbeck et al. 2010). Over the last 10 years, we 
have investigated a tissue-engineering lab, a neuroengineering lab, and two inte-
grated systems biology labs using ethnographic research methods. We then sought 
to translate our findings on learning in those sites into new models for engineering 
education (Newstetter et al. 2010). We found in these sites of authentic engineering 
activity that learning is powered by the need to solve complex problems. PDL fuels 
advances in knowledge and lab breakthroughs. However, the laboratory problems 
look nothing like textbook problems. They are complex, ill structured, and ill con-
strained. They require the integration of knowledge and skills across the bioscience/
engineering divide. Adapting to new and changing conditions both in terms of per-
sonnel problem types and the ever-present impasses encountered in frontier science 
is a fact of life. Researchers need to navigate what, when, and how they learn; they 
work collaboratively when the intractability of the problem demands a collection 
of heads and hands. Our investigations of these laboratories illuminated why BME 
majors need to practice early and often the skills of tackling, defining, constraining, 
and working through complex, interdisciplinary problems to be able to effectively 
participate as complex problem solvers in industry or research. Thus, the mantra of 
an introductory course in biomedical engineering (BME) needs to proclaim: Em-
power students to be agents of their own learning, who are fearless in the face of a 
complex problem.

In addition to the skill deficiencies that engineering students suffer from on a 
global level (see Introduction), students in a particular culture may require promo-
tion/validation of certain skills, equally important for the modern engineer, yet lack-
ing in that culture. One example is the empowerment of women in the UAE and the 
Arab world. Females in this part of the world typically attend all-girl schools and 
aside from their male relatives, do not interact socially with men. The PBL course 
is one of the first experiences in coed institutions and cross-gender professional 
engagement and hence provides an opportunity to promote women empowerment 
and leadership, through research on achievements of other women as related to the 
core problems, as well as particular focus on team and communication skills in a 
coed environment.

Another important skill that was particularly reinforced at KU is “learning to 
learn” or autonomous self-directed learning. Inherent to PBL, this skill is critical 
yet nonstandard to a culture that mostly adheres to passive learning didactic lecture 
models and in which many students, particularly females, are the first generation in 
their family to attend college. Student teams were empowered to assume initiative 
and responsibility for their learning and were engaged in the selection, manage-
ment, and assessment of their learning activities. The main goal is to train life-long 
learners and independent thinkers equipped to undertake a leading role in a future 
knowledge-based economy.
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4.1.3  Cultural Transfer of Pedagogical Reform in STEM

Over the past 20 years, educational research across all science, technology, engi-
neering, and mathematics (STEM) disciplines has revealed traits common to many 
of the most successful pedagogical innovations; those that feature learning contexts 
that enable rich peer interactions (e.g., Crouch et al. 2007) and learning tasks that 
present students with real-world, ill-posed problems (e.g., Barrows 1998) produce 
the most substantial learning gains in their students (e.g., Hake 1998). North Ameri-
can pedagogical reforms that have enabled effective, complex problem-solving and 
rich peer interactions have done so, for example, by doing away with passive lec-
tures (e.g., Laws 1991; Beichner et al. 2007), assigning students to engage in learn-
ing tasks in structured teams (e.g., Heller and Heller 1999), and by using challenges 
or complex, realistic, ill-posed problems (e.g., Barrows 1998). These innovative 
reforms are increasingly allowing for the progressive evolution in the traditional 
student and teacher roles, where the students or “apprentices” are empowered to 
assume increasing responsibility for their learning, while the instructor assumes the 
role of a facilitator or “master tradesman” coaching and scaffolding expert problem-
solving strategies (Barrows 1998; Newstetter 2006; Litzinger et al. 2011).

In many cases, the chance to “construct one’s own knowledge” is well received 
by students, while reliance on fickle teammates negatively violates the expectations 
of many (Gaffney et al. 2010). These consequences of pedagogical reform have 
a clear, causal impact on learning gains (Adams et al. 2006). Further refinements 
to pedagogies in the West increasingly come from research into related “affective 
factors”: motivations, expectations, and self-efficacy. This state of affairs raises im-
portant questions for the developing world. How will pedagogical innovations and 
educational reforms, designed for Western cultures, function when implemented in 
a novel context, particularly in the Middle East? To what degree does optimizing 
pedagogy, designed based on the motivations and expectations of Western students, 
make it incompatible elsewhere? What is the effect of implementing such pedago-
gies in the Middle East, in particular? What are the mechanics of the pedagogical 
innovation transfer across cultures in light of encountered challenges and opportu-
nities?

Factors associated with the classroom context are not the only ones causal in 
successful pedagogical reform efforts. The large body of data on secondary imple-
mentations for reformed pedagogies in STEM courses has revealed that institutional 
(departmental, faculty, and course) factors are, in fact, as important (Wieman et al. 
2010). Important departmental factors include authority and support of pedagogi-
cal reform by the chair/head of program; scale and breadth of faculty involvement 
and support, presence, and integration of STEM education specialists within the 
department/program; and the consistency of reward structures for improved teach-
ing. Important faculty factors include beliefs about and satisfaction level with stu-
dent learning, level of prior exposure to educational research findings, and overall 
importance of teaching in their personal interests. Important course factors include 
workload structures, staff support, and physical resources (Henderson and Dancy 
2007).
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The broader national and ethnocultural values of the society a university serves 
can have a strong influence on both the state of student and institutional factors listed 
above and over how easily they can be changed in an effort to reform pedagogy. In 
the framework of expectancy violation theory (Burgoon 1978, 1995), this influence 
stems from students’ respective prior experiences and the expectations and value 
judgments about the learning environment that those prior experiences engender. 
For example, suppose a student has learned physical science by passive attendance at 
lectures, rote memorization of formulae, formative assessment and feedback through 
fill-in-the-blank worksheets, and summative assessment through identically struc-
tured worksheets-as-final exams. At university level, what does this student expect 
of his/her first physics course? A reasonable hypothesis would be that they would 
expect similar instructional design but one featuring more challenging topical con-
tent. But if the student arrives on the first day to a 20 × 20 m studio with round tables, 
lab equipment, and no projectors or white boards and they are tasked to spend the 
semester designing experiments to answer fundamental questions, how would they 
react? What kind of value judgment would they make about the difference? Their 
expectations have very likely been violated. It is at this point that culture will play a 
powerful role as it would most likely shape how the student would cope with the ex-
pectancy violation. What does a student expect a learning task to be like? What kind 
of relationship does he/she expect to have with peers in the course and with the in-
structor? What do faculty expect of their interactions with students? Should students 
actively engage in class or challenge the instructor’s interpretation of a topic? Many 
of these questions have been investigated in pedagogical reforms in North American 
cultural contexts (e.g., Gaffney et al. 2010 in undergraduate physics pedagogy) and 
expectations in these contexts have been shown to be causal in student learning (e.g., 
Adams et al. 2006), but much less has been done to characterize possible confound-
ing influences in cross-cultural pedagogical reforms.

These considerations also reveal one of the fundamental operational differences 
between traditional lecture-centered instruction and that based on alternative peda-
gogy. Instructional strategies derived from effective alternative pedagogies inher-
ently have much larger design spaces, whereas the instructional strategy for a tra-
ditional lecture course is essentially one-dimensional or singular. In essence, there 
is really only one way to run a course that is lecture-centered; the “talk-and-chalk” 
instructional strategy (Goodwin 1978). Put differently, while traditional lecture ap-
pears to function poorly on metrics, such as pre-/post-gain on a concept inventory 
(see Adams and Wieman 2010 for review), across a wide variety of contexts, al-
ternative pedagogy that shows superior performance to traditional lecture in one 
context, may or may not exhibit the same performance in another context. To be 
successful, course reformers must design instructional strategies that operationalize 
a chosen alternative pedagogy in a manner that matches the needs and respects the 
constraints of the context, including student and other stakeholder expectations, into 
which the reformed course is to be implemented.

Figure 4.1 presents a simple working model of a course reform process, whereby 
the choice of alternative pedagogy is primarily driven by learning outcomes, consis-
tent with the process of constructive alignment (Biggs and Tang 2007), though this 
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process by itself does not determine the optimal instructional strategy. The model 
is inspired by and, hence, highly reminiscent of the general engineering design pro-
cess and shows that the emphasis of the present work is on the “second-order” 
design problem that must be solved when implementing an instructional strategy, 
developed and aligned to similar outcomes in a US cultural and institutional set-
ting but now being adapted into a different cultural context. Alternative pedago-
gies are categorized using the scheme of Prince and Felder (2007) and listed in 
order of overall difficulty, with simple inquiry typically being the least difficult to 
implement and hybrid problem-/project-based being most difficult. This excludes 
the additional difficulty imposed by requiring students to navigate learning tasks in 
teams, as opposed to individually. As Prince and Felder clearly explain, “If instruc-
tional objectives are at a low cognitive level…there is no reason to use an inductive 
method.”

A best practice in any kind of design is to begin with a careful study of the 
design’s end-user or client needs, and curriculum is no exception. A deep under-
standing of the students for whom the course reform should benefit is necessary 
for determining many objectives and constraints for the design of the instructional 
strategy. In addition to that, a pre-reform baseline or benchmarking, to quantify and 
evaluate consequent changes as part of the reform, is extremely valuable.

Starting in the fall of 2009, when KU opened its Abu Dhabi campus, we began 
gathering a wide variety of data on student background and performance in a tra-
ditional, lecture-centered implementation of courses. Table 4.1 shows some of the 
most salient features of the KU student demographics and course performance. The 
differences with the typical US engineering major population are remarkable and 

Examine or Determine 
Course Learning Outcomes

Select Appropriate 
Alternative Pedagogy

Alternative Pedagogies
1. Simple Inquiry
2. Case-Based
3. Project-Based
4. Just-in-Time
5. Problem-based
6. Hybrid (problem/project-based)Design Problem: Create an 

Instructional Strategy that 
Operationalizes the Chosen 
Alternative Pedagogy for 

the Context of the 
Implementing Institution

Pilot a Course Prototype Analyze Data from Key 
Metrics for the Design

Refine the Instructional 
Strategy

Fig. 4.1  A simple model of the course reform process. The case study for Collaborative workshop 
physics focuses on the design problem part of the process
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serve to emphasize the importance of a careful conceptual design for any instruc-
tional strategy; the instructional strategies published in US educational research 
literature were designed for very different student populations.

Table 4.1 shows the striking differences between the KU undergraduate engi-
neering student population and their average counterpart population in the USA. We 
distinguish further between two major components in the KU population, directly 
and conditionally admitted students, because of the large and significant differences 
between them. By percentage, conditionally admitted students make up 70–80 % 
of the total undergraduate student population. Therefore, to design a pedagogy that 
best serves the largest number of students, it was important for us to focus our ef-
forts on this group’s particular learning needs and challenges.

The conditionally admitted student population has several important learning 
needs, critical for the design of an instructional strategy. While approximately one 
third are women (KU is a gender-integrated campus), 90 % of conditionally admit-
ted students are Emirati nationals and culturally are not accustomed to working in 
mixed-gender situations outside of the family. For most of them, KU is the first 
place where they have to sit alongside students of the opposite gender since age 10. 
Furthermore, KU policy states that no student can be forced to work in a mixed-
gender situation if they have a conscientious objection to doing so. With women 
making up such a large fraction of the conditionally admitted population, this often 
combinatorically frustrates instructor-selected team formation. Aside from gender 
issues, the conditionally admitted student population is also essentially 100 % Eng-
lish language learners (ELLs). The fact that English is the language of instruction 
places further cognitive burdens on students when tackling learning tasks. Last, 
conditionally admitted students, being mostly Emirati nationals, are often the first 
generation in their close family to have attempted advanced study. Many Emirati 
students live with their families who, without an understanding of the demands and 

Table 4.1  Some salient student demographic and baseline data
Demographic 
trait

US engineering 
majorsa

KU direct admissionb KU conditional 
admissionb

Gender 19.5 % women 70 % women 35 % women
Ethnic majority 82 % Caucasian or 

Asian
80 % other MENA 
nationals

90 % Emirati nationals

Under rep. 
minority

13 % Black or Hispanic 20 % Asian or 
SS-African

10 % Asian or 
SS-African

Family education 1 in 5 first generation 
college

1 in 5 first generation 
college

1 in 5 first generation 
sec. school

Citizenship 1 in 9 not a US citizen 9 in 10 not a UAE citizen 1 in 10 not a UAE 
citizen

Language 17 % ELLs 90 + % ELLs 100 % ELLs
Proficiency (8.0 + IELTS is 

“native”)
6.5 IELTS average 5.7 IELTS average

KU Khalifa University, MENA Middle East and North Africa, ELL English language learner, 
IELTS International English Language Testing System
a Atman et al. 2010
b Hitt et al. 2014
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challenges of advanced study, often do not know how to best support and enable 
their children’s university education.

The combination of social anxiety caused by gender-mixing, cognitive overload 
caused by studying science and mathematics in a foreign language, and potential 
societal and family pressures associated with being the first university student in 
the family all make for a very challenging learning experience for KU’s condition-
ally admitted students. It comes as no surprise that as many as 50 % of condition-
ally admitted students drop/fail/withdraw (DFW) from many core courses in their 
traditional, lecture-centered form. More worrying, students taking the traditional, 
lecture-centered version of these courses often show no measurable positive impact 
on their conceptual understanding of the courses’ core concepts.

4.2  KU’s Three Course Reform Projects

In this section, we closely examine the case of KU in Abu Dhabi and three course 
reform projects case studies designed to introduce such pedagogical innovations 
to its largely Gulf Arab student body. These three are (1) the Engineering Problem 
Solving Course offered by the Departments of Aerospace and Mechanical Engi-
neering, (2) the University Physics I course offered by the Department of Applied 
Mathematics and Sciences, and the (3) Introduction to Biomedical Engineering of-
fered by the Biomedical Engineering Department. All three were implemented in 
experimental formats, making significant to exclusive use of project-based learn-
ing, collaborative learning, or problem-based learning, respectively.

4.2.1  Case Study 1: The Engineering Design-and-Build Course

4.2.1.1  Background

The Engineering Design-and-Build course at KU is an innovative, interdisciplin-
ary course created to improve placement, content, and pedagogy for introductory 
engineering design education. Infused at the freshman level, the course aims to 
promote expert design thinking by using PBL as the mode of delivery. The course 
is structured to actively engage the students in the various phases of a prescriptive 
design-and-build cycle using ill-structured, open-ended problems inspired from in-
dustry and is supported by technological tools such as robotics kits and rapid proto-
typing machines. One of the main contributions is the integration of the prescriptive 
design cycle with PBL to promote effective inquiry and the systematic, iterative 
interplay between divergent and convergent questioning in the engineering design 
process. The inherent alignment of PBL pedagogy and the prescriptive design cycle 
enhances students’ ability to tackle complex challenging problems and reach op-
timal solutions by following an iterative loop of divergent–convergent processing 
and decision-making.
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The Engineering Design-and-Build course at KU presents to students an inno-
vative incorporation of design pedagogy and classroom technologies, infused at 
the freshman level of their curriculum, to confront and overcome these challenges 
and to enable realistic and holistic design education, including a deep emphasis on 
hands-on conceptual design and engineering design thinking. Three major class-
room technologies: (1) LEGO Mindstorms Robotics Kits, (2) a C++ programming 
interface, and (3) a 3D rapid prototyping printer enable students to quickly and 
repeatedly “turn the bend” from conceptual design to preliminary design, the most 
challenging and difficult-to-implement part of the design cycle. The pedagogical 
mode of delivery is PBL, rather than lecture-centered, and is delivered in a stu-
dio format to enhance the engagement of students, the relevance of design in their 
worldview, and the retention of information.

Traditional engineering design curricula often suffer from a very weak treat-
ment of conceptual design. Often, this is due to several difficult challenges: (1) the 
fact that there is no standard singly accepted definition of design, (2) that reforms 
attempting to improve design education often confuse mathematical rigor with de-
sign, adding difficulty but not necessarily enhancing design, and (3) that conceptual 
design without prototyping, without real fabrication (which is difficult to add to a 
course), does not have a significant impact on student design thinking. Many cur-
ricula are designed to avoid rather than solve this problem of hard-to-define, hard-
to-realize conceptual design education by offering computer-aided drafting (CAD) 
courses or freshman survey courses about engineering under the label of “design.” 
But students do very little designing themselves in such courses. Rather, they read 
or render other people’s designs, but they do not design or, more importantly, learn 
how to think as designers. Figure 4.2 represents the current multiple hands-on ex-
periences of the complete design cycle that are enabled by replacing lectures with 
PBL pedagogy and tasking students to tackle design challenges in teams. Emphasis 
on the complete design cycle at the freshman level enables its repeated and effective 
use in later stages of a vertically integrated engineering design curriculum.

4.2.1.2  Course Objectives

Tables 4.2 and 4.3 present the goals and the constraints of the design course, respec-
tively. They also present the motivations behind them. Each goal or constraint may 
have different requirements as presented in the tables.

4.2.1.3  Course Constraints

4.2.1.4  Course Structure

The main components taken into consideration when managing the Engineering 
Design-and-Build course are team formation, student performance and account-
ability assessment, instructor supervision, and equipment and assets as shown in 
Fig. 4.3.
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Team members are selected by the instructors for all projects except for the fi-
nal one, where the students are asked to form their own teams. The size of each 
team is three to four members and in all cases does not exceed four members. The 
instructors select the teams, balancing gender, ethnicity, and academic level as 
recommended in problem-based collaborative learning (Newstetter 2006). From 
instructors’ perspective, it is challenging to select students solely based on grade 
point average (GPA). For example, team dynamics may be different based on their 
analytical abilities versus their experience in hands-on projects. So, the teams were 
selected based on a combination of the GPA, team dynamics, and instructors’ previ-
ous observations of team members’ performance. The authors plan to look further 
into the issue of team formation. Most of the time, the formation is based on internal 
discussions between instructors reflecting team dynamics in previous courses and 
projects. The first project is usually assigned a lower-grade weight compared with 
the following projects.

Client/Stakeholder’s 
Problem Statement 

Problem Framing 
1. Engage users, clarify 

objectives 
2. Establish metrics for 

objectives 
3. Identify constraints 
4. Revise the problem statement 

Conceptual Design 
5. Establish required 

functions 
6. Establish means for 

functions 
7. Generate design 

alternatives 
8. Apply metrics to 

alternatives 
9. Choose a design 

Preliminary Design 
10. Model and analyze chosen design 
11. Test and evaluate chosen design 

Detailed Design 
12. Optimization of chosen 

design 
13. Assign and fix design 

details 

Design Communication 
14. Document final design 
15. Report and present to 
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Typical Engineering Design Cycle Vertically Integrated Design Curriculum 
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Entrepreneurship 

Embedded 
Disciplinary Design 
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Math & Sciences, 
Disciplinary Core 
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Design 
Communication: 
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Fig. 4.2  Students taking the freshman Engineering Design-and-Build course experience the itera-
tive design cycle multiple times. Experiencing the complete design cycle is enabled by implement-
ing pedagogical learning practices and the use of advanced classroom technologies, such as LEGO 
Mindstorms Robotics kits and 3D rapid prototyping printer
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Table 4.3  Design course constraints with their motivations and required means for achievement
No. Constraints Motivation for setting constraint Requirements
C1 Cannot change the 

contact time model
“2 + 1” model (2 credit h lecture + 1 h 
(3 contact h) lab) enshrined in policy, 
needs greater credibility to change

Adapted to “2 + 1” contact 
time

C2 Cannot hire new 
teaching staff

As a start-up in a developing coun-
try, successful hiring searches are 
typically 18+ months

“Low-effort” methodologya 

C3 Cannot buy new lab or 
classroom technology

As in C2, purchasing and customs 
clearance times are long and 
unpredictable

No additional lab equip-
ment needed

C4 Must use traditional 
geometry classroom 
and lab spaces

The small, start-up campus build-
ing is a capacity, expansions and 
new construction are only in plan-
ning phases

Allow for small-scale 
modifications of the lab 
space

C5 Must create effec-
tively single-gender 
learning situations

Avoid severe negative expectancy 
violation, acceptable compromise

Demonstrated efficacy in 
single-gender settings

C6 Use of lower-end 
hand tools and power 
tools

Not enough time for proper train-
ing for higher end tooling

Keep tooling require-
ment low and done under 
instructors’ supervision

a “Low-effort” designation given to pedagogies created by small iterative changes to the traditional 
lecture model

Fig. 4.3  Design course management tree

 

Table 4.2  Design course goals with their motivations and required means for achievement
No. Goal Motivation for setting goal Requirements
G1 Lower attrition rates Align to university recruitment and 

retention priorities
Efficacy with “at-risk” 
students

G2 Increase awareness of 
engineer’s role

Helping students make the right 
informed decisions about their 
future major

Increases familiarity with 
mechanical and aerospace 
engineering fields

G3 Provide hands-on lab Most students have no laboratory 
experience from secondary school

Includes effective lab 
projects

G4 Introduce the design 
cycle

Limit criticism that gains are 
due to use of “easier” conceptual 
questions

Increases traditional 
problem-solving skill

G5 Develop team work 
skills

Team management as a require-
ment for modern engineering 
practice in the industry

Using MS Project to 
develop WBS and other 
team management tools

G6 Develop communica-
tion tools, oral and 
written

To be able to express ideas orally 
using presentations and posters as 
well as written reports

Using MS Office for edit-
ing and generating posters 
and reports

WBS work breakdown structures
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A special lab/studio is set for the course. The layout of the lab is presented in 
Fig. 4.4. The lab is equipped with hand tools, hardware (LEGO kits and 3D printer), 
and PCs for the controlling and interfacing with the LEGO kit sensors. Each stu-
dent group has a storage space for their LEGO kits and designs. The PCs are also 
equipped with Pro/Engineer solid modeling software. The two main pieces of hard-
ware used in the laboratory are the LEGO Mindstorms kits and a 3D printer, both 
of which add value in delivering hands-on project experience. Access to the lab 
equipment is not restricted to class or lab times. Students have the opportunity to 
continue their work at their convenience. A lab log is kept to keep track of the time 
spent in the lab. Each team is assigned a LEGO kit, which they sign for and label 
at the beginning of the course. The students are fully in charge of all their tools and 
kits and have to do a full inventory at the end of the course. This enhances their self-
direction, sense of ownership as well as engagement in the learning process. Before 
prototyping (3D printing), students are required to get approval of the instructor to 
ensure that they have systematically undergone the necessary design iterations prior 
to prototyping.

A team of instructors facilitate and supervise the course (two professors and one 
lab instructor from three different engineering disciplines). All problems/projects 
are solved a priori to anticipate any potential problems. The instructors’ main role 
is as facilitators who monitor teams’ progress and provide them with the necessary 
feedback, scaffolding expert problem-solving strategies as needed. This is done to 
verify that all the members understand and participate in the various design stages 
of each project (individual accountability) and to ensure that the teams are able to 
deliver the project’s requirements (team accountability). Discussions are triggered 
mainly through questions posed by instructors in a Socratic style, guiding the team’s 
thinking and analytical process towards achieving the target while allowing them 
to self-direct and manage. The instructors also motivate the students to be fully 
engaged by planning peer-evaluated demos, competitive events, and challenges.

4.2.1.5  Assessment

In order to access students’ performance, two metrics are introduced: the Prob-
lem-Solving Attitudes Survey score and the correlation of design-knowledge with 

Fig. 4.4  Schematic diagram for the course lab layout
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design-performance. The survey was designed and conducted on freshman design 
students (Khalaf et al. 2010). Due to the lack of well-defined design concept inven-
tory similar to the physics Force Concept Inventory (FCI; Hestenes et al. 1992), 
the current Problem-Solving Attitudes Survey is designed for the use of the current 
work. This survey needs to be developed even more to check on its validity and 
reliability. We also see evidence of good external reliability for the problem-solving 
survey as successive classes of students are consistent with one another; the average 
responses of design students surveyed in 2010 and 2011 are consistent with each 
other, as are those of non-design students surveyed in the same years. Regarding the 
survey’s internal reliability, we have calculated Cronbach’s α-scores for the eight 
statements of the problem-solving portion of the survey. From the professional en-
gineers’ perspective, the problem-solving portion of the survey appears to clearly 
measure a coherent cognitive construct. However, the less initiated into engineering 
design the subject population (design course students post instruction, then all other 
engineering students, respectively), the lower the Cronbach’s α-scores (see Table 3 
in Khalaf et al. 2013a). The same survey is used to compare various modes of de-
livery (see Table 1 in Khalaf et al. 2013b), and it consistently distinguished between 
responses of the above subject populations.

To briefly summarize the survey design, the survey is designed to measure the 
degree to which students possess expert-like attitudes towards engineering design. 
The motivation for measuring attitudes rather than skills is twofold. First, such an 
instrument is currently missing from the engineering education literature, but there 
is a clear need for it (e.g., Reed-Rhodes and Imbrie 2008). Second, measuring stu-
dent attitudes should not be hindered by a lack of technical engineering knowledge, 
making it an attractive measure of course effectiveness for freshman students. The 
measurement target of the survey is conveniently described in terms of three core 
dimensions (see Table 1 in Khalaf et al. 2010). Each of the dimensions: (1) problem-
solving, (2) teamwork, and (3) communication is probed by asking students to reg-
ister their agreement or disagreement on a five-point Likert scale (strongly agree, 
agree, neutral, disagree, strongly disagree) with statements that describe an example 
behavior or belief. This question format for the survey is inspired by similar atti-
tudes instruments in physics education, such as the Maryland Physics Expectations 
(MPEX) survey (Redish et al. 1998), the Views About Science Survey (VASS; Hal-
loun 1997), the Epistemological Beliefs Assessment for Physical Science (EBAPS; 
Elby 1998), and the Colorado Learning Attitudes About Science Survey (CLASS; 
Adams et al. 2006). To maximize the utility of the design course survey in this 
capacity, statements have been carefully worded to avoid as much professional en-
gineering jargon as possible so as to make it conceptually accessible to freshmen 
students who may yet have no exposure to engineering concepts. This makes the 
design course survey very different from a standard end-of-course/instructor evalu-
ation and potentially much more informative.

Student design performance is measured by their grades that are based on three 
types of performance assessment: self-assessment, peer assessment, and instructor 
assessment. In self-assessment, the students mark themselves and their other group 
members in terms of % contribution to the group effort. Peer assessment involves 
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the students evaluating other team designs in terms of functionality and creativity 
on a Likert scale. Students are also asked to challenge other teams’ designs, who 
in turn are asked to defend their designs. The results of the self- and peer evalua-
tions are partly taken into consideration when instructors evaluate team projects. 
Instructors also follow up on the Moodle discussions when the team is not in the lab. 
Based on the contributions and the involvement in the team discussions, the highly 
motivated team members and contributors are rewarded.

4.2.1.6  Example

PBL is best explained by case study, as we now show with the “Deployable Can-
tilever Beam Project” from the Engineering Design-and-Build course. The meth-
odology of the course is closely aligned with the engineering design cycle shown 
in Figs. 4.1 and 4.2 and is prescribed for students. First, student teams read and 
analyze the client’s problem statement, after which they proceed to the conceptual 
design stage, during which various tasks/milestones are used to generate concepts 
in the form of design alternatives or potential acceptable designs:

Client Statement A deployable beam, cantilevered to a provided wall, is needed 
to carry loads up to 250 g at the tip. The tip deflection from the horizontal plane 
should not exceed ± 2 mm at any load case. The cantilever beam must be initially 
packed within a volume of max. 15 cm × 15 cm × 20 cm, then deployed to a length 
of at least 50 cm, measured from the wall (see Fig. 4.5a, b). The deployment phase 
must be carried out by a mechanism within the volume (i.e., no external forces by 
humans). Control system of deployment (such as the NXT brick for on/off, etc.) can 
be outside the volume (Fig. 4.5b).

For this problem, the students were asked for the following deliverables:

• A report including the brainstorming exercise, objective tree, function mean tree, 
morphological chart, decision selection matrix as well as any other brainstorm-
ing and decision-making exercises.

a b

Fig. 4.5  Illustration of client design constraints for the Deployable Cantilever Beam Project case 
study. The mounting bracket requirement a and the volume constraints b 
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• Drawings of all alternative designs using CAD drawings, hand sketches, and any 
other means.

• Code used in C++ that deploys the system, including the closed-loop control 
system for the tip deflection.

• Drawings of any custom-made parts to be prototyped using the 3D printer in 
integration with parts from the LEGO kit.

We now show highlights from one student team as they solved this problem and 
take their work as queues to describe the learning process. Students are first taught 
to critically read client problem statements and expand upon them through client 
interview and several conceptual design tools such as “objective trees”, “pair-wise 
comparison charts”, and more. The objective tree created by Team #1 is shown in 
Fig. 4.6.

Objective trees help students brainstorm on specific goals for a design that are 
gleaned from the broad goals present in the client problem statement. Students then 
create a pair-wise comparison chart to determine, by team consensus, what the pri-
orities are associated with each objective, as is shown by Team #1 in Table 4.4. 
Summed ranks in the right column give an estimate of importance.

Students are then tasked to return to and revise the client problem statement 
based on the results of these and other exercises. This form of intensive critical 
reading and writing deepens students’ concern for client/user perspectives and val-
ues and helps establish motive for later coursework in the social sciences. Follow-
ing these and other exercises, Team #1’s revised statement reads:

Revised Problem Statement The client is asking us to design a deployable cantilever 
beam. This beam should be packed in a box that has 15 cm × 15 cm × 20 cm dimen-
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Fig. 4.6  A flowchart representation of the objective tree as presented by Team #1
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sions. The beam has to be mounted in the wall by four bolts with equal distance 
between them that are 10 cm. The beam should have a minimum length of 500 mm 
when it is unpacked from the box. It has to withstand a 250-g load as maximum. 
The load should be stable while being on the beam, and it should not slide or fall 
off the beam. If the maximum deflection of the tip of the beam exceeded ± 2 mm, 
the beam should adjust its situation automatically and alter this deflection. At least 
two functional parts (not dead loads) have to be designed using PRO/E and printed 
using the 3D printer. The period of time in which the design should be ready is 4 
weeks starting from 12 October 2011 until 16 November 2011. Good results should 
be obtained from testing more than once.

Student teams next move to the often-neglected conceptual design phase of the 
engineering design cycle. Teams are coached in a “divergent-convergent” thinking 
process, whereby means for functions and entire design alternatives are imagined 
without criticism or constraint. This phase offers many opportunities for instructors 
to teach sketching and other graphical communication skills as team members vie 
with one another to communicate their ideas. The culmination of this phase is the 
conception of at least three substantially different design alternatives and a metrics-
based, evidence-based analysis (called a “decision matrix”) of which alternative 
shows the most promise as a candidate for prototyping and preliminary design. 
Concept drawings and a decision matrix created by Team #1 is shown in Fig. 4.7 
and Table 4.5, respectively.

One of the key innovations of the engineering design-and-build course is the in-
tegration of important technological enablers for the classroom environment. These 
are LEGO Mindstorms Robotics Kits, a C++ programming interface, and a 3D 
printer, all of which allow for teams to rapidly prototype their conceptual designs. 
Figure 4.8 shows four design alternatives that were physical fabricated by Team #1 
using these classroom technologies.

From this stage in the design process, teams are then able to select a preliminary 
design based on evidence from their own experimentation and testing. This then 
enables more quantitative modeling and optimization as students prepare for a live, 
in-class demonstration of their design solutions and compose a design report to re-
port their work and results to the client. Design demonstrations are qualified based 
on adherence to constraints. Successful designs are distinguished based on the de-
gree to which client objectives are obtained. Design reports also require students to 

Table 4.4  Pair-wise comparison chart as presented by Team #1
Objective Safe Accurate Within size 

limit
Smart Stable Tolerates 

weight
Does not 
deflect

Total

Safe XXX 0 1 1 0 0 0 2
Accurate 1 XXX 0 1 0 0 0 2
Within size limit 0 1 XXX 1 0 0 0 2
Smart 0 0 0 XXX 1 0 0 1
Stable 1 1 1 0 XXX 0 0 3
Tolerates weight 1 1 1 1 1 XXX 0 5
Does not deflect 1 1 1 1 1 1 XXX 6
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develop relevant written communication skills. Table 4.6 shows the criteria for a 
team’s design report, in line with the design process they have been guided through.

In summary, the methodology of the course teaches students engineering de-
sign thinking and the engineering design process experientially. Students are able to 
complete the entire design process largely because of the clear definition of design 

Table 4.5  Decision matrix for conceptual designs as presented by Team #1
Design constraints Zigzag design Wood slider 

design
Open up bridge 
design

The size should fit the box (15 × 15 × 20) Y Y Y
It should be simple N Y Y
Design should be 50 cm in length Y Y Y
Design should be stiff to resist deflection N Y Y
Design should be safe with no sharp edges Y Y Y
Design must oppose maximum moment N Y Y
Design objectives Score Score Score
Stability 40 80 90
Safety 100 100 100
Length 100 100 100
Simplicity 50 85 75
Manufacturability 60 40 80
Tolerates weight 50 80 80
TOTAL 400 485 525

Fig. 4.7  Alternative conceptual designs as presented by Team #1
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and the explicit effort (through the above milestones/deliverables) to promote de-
sign thinking, the project-based pedagogical model, and the technological enables 
that allow them to quickly prototype their conceptual designs. Student teams are 
reshuffled at the conclusion of each project and the beginning of the next, allowing 
all students to experience as interdisciplinary of a mixture of skill sets and perspec-
tives as is possible among freshman students. Students complete five such projects, 
each lasts 3–5 weeks, during the semester, ensuring that repeated exposure to the 
complete design cycle maximizes their opportunities to learn and to master it as a 
way of thinking: systematic design thinking.

Fig. 4.8  Alternative prototype designs as presented by Team #1

 

Table 4.6  Example content criteria for student design reports
Design report components Weight
Going through the prescriptive five-stage design process, identify the inputs, tasks, 
and output of each stage

25

Clearly present the objective tree similar to Figs. 3.1 and 3.2 (Dym and Little 2003) 10
A pair-wise comparison chart similar to Tables 3.2–3.4 (Dym and Little 2003) 10
Construct your revised project statement 15
Identify the constraints for your design 5
You have to present your alternative using free-hand or computer sketches that show 
at least three alternative designs

15

Present all of your work in a report format 20
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4.2.2  Case Study 2: Collaborative Workshop Physics

Physics education research conducted primarily in North American university and 
K–12 school contexts over the last 20 years has created a rich literature of assess-
ment instruments, pedagogies, instructional strategies, and reform project success 
stories. Collaborative Workshop Physics (CWP) is an instructional strategy de-
signed to adapt and implement best practices and content from this corpus of work 
to an introductory calculus-based physics course for engineering undergraduate stu-
dents at KU of science, technology, and research in the UAE.

4.2.2.1  Background

The earliest and most extensive work in physics education research (PER) in North 
America is focused on large-enrollment, calculus-based, introductory mechanics 
courses (Hake 1998; McDermott and Reddish 1999). These courses are founda-
tional in typical second- or third-semester study plans for STEM majors the world 
over. The majority of undergraduate engineering programs suggest students take 
introductory mechanics in the second semester of their freshman year but this is 
not always the case. Topical content of these courses vary considerably, particularly 
in the last few weeks of the syllabus, but all typically begin with the traditional 
sequence of kinematics, forces, Newton’s Laws for linear motion, work and energy, 
mechanical conservation laws, rotational kinematics and dynamics, and statics. Past 
this point in the sequence, different courses diverge on content coverage and are 
equally likely to focus on fluid mechanics, thermal physics, or waves and oscilla-
tions (or even a survey of all of the above and more).

Much contemporary PER on the introductory, calculus-based mechanics course 
has its origins in two highly cited studies: (1) the publication of the FCI by David 
Hestenes and colleagues (Hestenes et al. 1992) and (2) the large-scale compara-
tive study by Richard Hake of FCI data gathered from more than 6000 students 
across dozens of US high schools, colleges, and universities (Hake 1998). In the 
first paper, Hestenes et al. introduced a 30-question multiple-choice instrument for 
measuring the respondent’s conceptual expertise through simple, everyday classical 
mechanics problems. The key innovation in the instrument’s design was the use of 
“distracters”; incorrect options created on the basis of extensive open-ended inter-
view of likely respondents (students) trying to answer and explain their reasoning to 
the same questions. Wrong answers produced in interviews are codified, associated 
frequencies are determined, and those occurring most frequently are adopted as al-
ternative answers in the multiple-choice version of the same question. The finished 
multiple-choice version of the instrument is, in a classical testing sense, a highly 
discriminating instrument, able to reliably detect expertise or diagnose misconcep-
tions in the respondent.

The second paper, by Hake, definitively established the superiority of pedagogi-
cal alternatives to traditional, passive-audience lecturing on the basis of a large 
body of FCI data. R. Hake’s data set included class-averaged FCI scores gathered 
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prior to and following calculus-based mechanics instruction from the same respon-
dents, more than 6000 in total, for dozens of high school, college, and university 
courses in the USA. Comparisons were made using a now widely accepted measure 
of normalized learning or “gain” g on closed-form tests:

where angle brackets denote class averages taken over the student responses in a 
given course offering and Si and Sf  refer to the pre-instruction and post-instruction 
scores on the instrument, respectively. The normalization factor 1(1 )iS

−−  weighs 
the improvement f iS S∆ = −  on the basis of maximum possible improvement, 
eliminating the advantage low-pretest-scoring populations have for producing large 
Δ values. This procedure allows for side-by-side comparison of student learning 
across populations with widely varying levels of prior knowledge. In his study, 
Hake found that for traditionally taught introductory, calculus-based mechanics 
courses (i.e., those featuring (1) lecture instruction to passive audiences, (2) algo-
rithmic end-of-chapter style homework and exam questions, and (3) verification or 
“recipe” labs), the average gain on FCI is gtrad. = 0.22 ± 0.02 (standard error in mean 
σ / N ). For courses using any one of a variety of alternative pedagogies (collec-
tively labeled “interactive engagement” (IE) by Hake), the average gain on FCI is 
gIE = 0.48 ± 0.14.

The larger deviation in the set of IE course gains is indicative of both the in-
herently greater variety of instructional techniques among alternative pedagogies 
and the lower reliability achievable for successful implementations thereof. More 
recently, these performance variations among pedagogically reformed physics 
courses have become the subject of close study. While the number of well-known 
PER-based instructional strategies is just over a dozen, the number of departments 
and institutions that have attempted secondary implementations of these course de-
signs is likely in the hundreds (Beichner 2007). For the introductory calculus-based 
mechanics courses, the rich and growing body of data produced from secondary im-
plementations has revealed several traits that the successful cases have in common.

In the context of student learning tasks and classroom norms, successful second-
ary implementations must establish certain classroom norms that are core functions 
of the originating institution’s design. These norms have broadly been identified 
under the categories of (1) rich student–student interactions, (2) equality in teacher–
student interactions concerning learning tasks, and (3) the superiority of sense-mak-
ing over answer-making in student work (Dancy and Henderson 2010; Turpen and 
Finkelstein 2010). In each of these three categories, classroom practice that elevates 
value (i.e., students’ belief that the learning task itself is important) and expectancy 
(i.e., students’ belief that the learning outcome for the task can be achieved) for 
these categories of norms are strongly associated with, among other measures, large 
normalized gains on instruments like FCI.
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To elaborate and to provide an example, suppose an instructor adopts the well-
known instructional strategy of peer instruction (PI; Mazur 1997) for reforming 
pedagogy in their course. This PER-based instructional strategy uses a relatively 
easy-to-implement recipe for making traditional lectures more interactive. Reading 
assignments are given several days before the associated lecture content is deliv-
ered. Using a learning management system (LMS), students are quizzed on their 
understanding of the reading before attending the lecture. The instructor uses that 
data to organize the topics to be emphasized during coverage. During the lecture, 
the instructor periodically shows a multiple-choice conceptual question and asks 
students, using index cards, personal response systems (i.e., clickers or other sys-
tems), or a show of hands, to give an individually reasoned answer to the question. 
The instructor, either visually or electronically, determines the distribution of an-
swers in the room and, if there is a large deviation from the correct response, grants 
5 min for everyone to convince their neighbors “that they are correct.” Following 
debate and discussion, students are then prompted to respond again. The instructor 
then shows his or her own reasoning through the question and reflects upon the key 
concepts and major principles used in their reasoning. At face value, this approach 
operationalizes the three necessary types of norms. There is opportunity for stu-
dent–student interaction several times throughout every lecture; the teachers lay out 
their reasoning about the learning task just as the students do (implying equality of 
their perspectives); and the task is conceptual, where the important outcome neces-
sarily is correct reasoning, not correct numbers.

The underlying mechanism of PI’s widespread success in secondary implemen-
tations (Lasry et al. 2008) can be undermined by failing to build value and ex-
pectancy for these classroom norms (Turpen and Finkelstein 2010). As reported 
by Turpen and Finkelstein, some secondary implementers of the PI instructional 
strategy display the correct answer after student discussion but do not consistently 
present their reasoning for the consideration or critique of students. This omission 
communicates to students the sense that the instructor has the “final word” and that 
the correct answer should be believed on authority rather than on correct reasoning. 
Consequently, the students’ sense of value for the task is undermined, and they wait 
instead for the instructor to tell them the right answer. This further encourages stu-
dent belief that the answer is more valuable than the reasoning, thereby undermin-
ing sense-making over answer-making. Turpen and Finkelstein conclude that the 
subtle behavioral and psychological shifts caused by classroom practices like this 
can lead to a course that is superficially reformed pedagogically, but in reality never 
breaks with or quickly reverts to the values and norms of traditional instruction.

In the present case under study, CWP is the instructional strategy designed to 
operationalize an alternative pedagogy for calculus-based introductory physics at 
KU. In what follows below, we will work through the decision-making process fol-
lowed through each of the steps in the simple course reform model show in Fig. 4.1. 
The first step is to select an alternative pedagogy as the basis for the course reform 
that is justified by the course learning outcomes. As is the case in most institutions, 
freshman-level core math and science courses for STEM majors have rigidly im-
posed learning outcomes, and such is the case for PHYS-121 (University Physics) 
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at KU. The course’s learning outcome is that “At the end of the course, students 
would be able to”:

1. Apply Newton’s laws to find equations of motion for simple mechanical systems
2. Understand and use important physical concepts, such as force, work, energy, 

momentum, and mechanical equilibrium
3. Use energy and momentum concepts to analyze simple mechanical systems
4. Analyze simple harmonic motion
5. Calculate properties of one-dimensional waves

These learning outcomes mostly suggest middle- to high-cognitive-level objec-
tives for the course. Outcome 2 and 3, in particular, requiring the use of abstract 
concepts such as energy and momentum in analytical problem-solving, easily rank 
in the top third of Bloom’s taxonomy for skills in the cognitive domain (Bloom 
1956; Anderson et al. 2000). These learning outcomes also clearly emphasize an-
alytical problem-solving competency. Therefore, given the requirement to dem-
onstrate mid- to high-level cognitive skills in solving analytical problems, just-
in-time teaching, problem-based, or hybrid (problem-/project-based) pedagogies 
are appropriate alternative pedagogies for the course reform. As is well known, 
just-in-time teaching is the least difficult to implement among the pedagogies in 
this subset. However, at the time of the conceptual design of CWP, KU did not 
have the prerequisite LMS to administer pre-lecture quizzes, leaving the latter two: 
problem-based and hybrid problem-/project-based. The decision between these 
two pedagogies emerged from stakeholder engagement and user (student) charac-
terization, as discussed below.

4.2.2.2  Course Objectives

Normalized gain on FCI and course DFW rate are two key metrics that emerged 
from our baseline and benchmarking study of students taking the traditional, lec-
ture-centered version of the course. On these metrics, the performance of Emirati 
nationals who are conditionally admitted to KU are a particularly important con-
stituency, given that they account for a large fraction of the overall student body and 
are particularly at risk for course failure. Table 4.7 summarizes the results of similar 
considerations for goals of the CWP instructional strategy. The first column codifies 
the goal (G1, G2, etc.), and the second, third, and fourth columns concisely state 
the goal, give the underlying motivation for adopting it, and give the requirements 
that the goal places on an acceptable PER-based instructional strategy, respectively.

4.2.2.3  Course Constraints

Similar to Table 4.7, Table 4.8 summarizes constraints placed on the design of a 
new instructional strategy for the PHYS-121 course at KU. The first column gives 
a label for the constraint (C1, C2, etc.), and the second, third, and fourth columns 
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concisely state the constraint, give the motivation for adopting the constraint, and 
give the requirements the constraint places on an acceptable PER-based instruc-
tional strategy, respectively. Clearly, many of the motivations for these constraints 
are associated with departmental and institutional factors, which are typically the 
case in any university. The notable exception is the need to create effective single-
gender learning situations (C6), which is directly motivated by student and ethno/
national cultural factors. In many US institutions, this would be an unacceptable 
constraint, given the long documented evidence of performance-based gender gaps 

Table 4.7  Collaborative Workshop Physics (CWP) design goals with their motivations and 
required means for achievement
No. Goal Motivation for setting goal Requirements on a PER 

method
G1 Lower course failure 

rate
Align to university recruitment and 
retention priorities

Efficacy with “at-risk” 
students

G2 Increase FCI gains Key performance indicator for the 
reform project

Increases FCI (or FMCE) 
gains

G3 Provide hands-on lab Critical IE norm, also most stu-
dents have no lab experience from 
secondary school

Includes effective lab 
curriculum

G4 Increase “end-of-
chapter” problem-
solving skill

Limit criticism that gains are 
due to use of “easier” conceptual 
questions, exam rules preclude  
multiple choice (MC) quest

Increases traditional 
problem-solving skill

G5 Increase engineering 
course performance

Build credibility with the College 
of Engineering for future reform 
efforts

Retains engineers, improves 
student performance in stat-
ics, dynamics, etc.

G6 Enable rich peer 
interactions

Critical IE norm and assumption 
that prior-knowledge and language-
level diversity enhances learning

Effective for mixed ethnic-
ity teams

G7 Avoid high faculty 
skepticism

Limit course management inter-
vention that could spoil experimen-
tal controls in a reform pilot study

Can leave lecture unchanged 
(in the event that faculty not 
part of the reform project 
are assigned some of the 
lecture sections to teach)

G8 Minimize student 
anxiety

Same as R1 Has “traditional” course 
components

G9 Avoid loose integra-
tion of IE elements

Main cause of failure to achieve 
G2 (Finkelstein and Pollock 2005)

Course components and 
tasks are tightly integrated 
by design

G10 Avoid lack of 
PER-based teaching 
experience

Limit risks to the reform project 
pilot, PER literature indicates that 
most reform efforts go through a 
period of mediocre performance 
as faculty adjust to unanticipated 
complications

KU faculty that are involved 
in the reform project have 
some prior experience

PER physics education research, FCI Force Concept Inventory, FMCE Force-Motion Concept 
Evaluation, IE interactive engagement, KU Khalifa University
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in STEM courses and the strong evidence that gender-mixed (and even female-ma-
jority) groups outperform and post greater learning gains than single-gender groups 
working on the same learning tasks. However, as has been demonstrated previously 
(Hitt et al. 2014), there is little or no significant evidence that such a performance-
based gender gap exists for the KU undergraduate student population in PHYS-121. 
Furthermore, evidence of greater gains among gender-mixed groups in US studies 
is a perfect example of a performance feature that is strongly context dependent. 
The negative violation of expectations and social anxiety that mixed-gender team-
ing creates among KU students is more likely to paralyze learning than to enable it.

4.2.2.4  Course Structure

Given the long history of course reforms for introductory calculus-based mechan-
ics in PER from US institutions, it is reasonable to begin the process of generating 
design alternatives for a KU instructional strategy with a careful examination of 
the prior US-based designs. Table 4.9 shows six of the published, well-studied 

Table 4.8  Collaborative Workshop Physics (CWP) design constraints with their motivations and 
required means for achievement
No. Constraints Motivation for setting constraint Requirements on a 

PER method
C1 Cannot change the 

contact time model
“3 + 1” model (3 credit h lecture + 1 h (3 
contact h) lab) enshrined in policy, need 
greater credibility to change

Adapted to “3 + 1” 
contact time

C2 Cannot hire new 
teaching staff

As a start-up in a developing country, 
successful hiring searches are typically 
18+ months

“Low-effort” 
methodologya

C3 Cannot buy new lab or 
classroom technology

As in C2, purchasing and customs clear-
ance times are long and unpredictable

No additional lab 
equipment needed

C4 Must use traditional-
geometry classroom 
and lab spaces

The small, start-up campus building is a 
capacity, expansions and new construc-
tion are only in planning phases

Does not require radi-
cally different rooms/
physical geometry for 
classroom spaces

C5 Must deliver same 
topical content

External accrediting bodies and internal 
curriculum oversight make topical 
changes time-consuming and difficult, 
limit criticism of the reform project that 
improvements are achieved by narrow-
ing the scope of the course

No coverage reduction 
in topical contents

C6 Must create effec-
tively single-gender 
learning situations

Avoid severe negative expectancy viola-
tion, acceptable compromise given no 
evidence of gender gap in FCI pre-test 
or gain scores

Demonstrated efficacy 
in single-gender 
settings

PER physics education research, FCI Force Concept Inventory
a “Low-effort” designation given to pedagogies created by small iterative changes to the traditional 
lecture model
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Goal Means to achieve goal Published evidence that a method has 
provided the needed means
CGPS MI SCALE- 

UP
SDI  
Labs

UW  
Ttls

WP

G1 Efficacy with “at-risk” students b h n o ? ?
G2 Increases FCI normalized gains c i n i q s

G3 Includes effective lab curriculum d j n p r t

G4 Increases traditional problem-solving skill e k n ? ? ?
G5 Retains engineers, improves student  

performance in statics, dynamics, etc.
? l n o ? ?

G6 Effective for mixed-ethnicity teams f ? ? ? ? ?
G7 Can leave lecture unchanged e j n o r u

G8 Has “traditional” course components g j n o r u

G9 Tight integration of tasks, etc. by design g j n o ? t

G10 KU faculty have prior experience      
Const. requirement on a PER-method
C1 Adapted to “3 + 1” contact time g ? n o r t

C2 “Low-effort” methodologya g m n o r t

C3 No additional lab equipment needed d j n o r t

C4 Use traditional geometry class/lab space    p r u

C5 No coverage reduction g j n p r t

C6 Effective for single-gender teams b h n ? ? ?
Total positive excess ( − ( + ?)): + 8 + 1 0 0 + 2 − 7

CGPS Cooperative Group Problem Solving, MI Modeling Instruction, SCALE-UP Student-
Centered Active Learning Environments for Undergraduate Programs, SDI Labs Socratic-Dia-
log-Inducing Labs, UW Ttls University of Washington’s Tutorials in Introductory Physics, WP 
workshop physics, FCI Force Concept Inventory, KU Khalifa University, PER physics education 
research
a “Low-effort” designation given to pedagogies created by small iterative changes to the traditional 
lecture model
b Etkina et al. 1999
c Cummings et al. 1999
d Heller and Heller 2007a
e Heller et al. 1992
f Heller and Hollabaugh 1992
g Heller and Heller 2007b
h Brewe et al. 2010
i Hake 1998
j Hestenes 1987
k Malone 2008
l Brewe et al. 2009
m http://modeling.asu.edu
n Beichner 2008
o Hake 1992
p http://www.physics.indiana.edu/_sdi/
q Kost et al. 2009
r McDermott and Shaffer 2002
s Saul and Reddish 1997
t Laws 2004
u Laws 1991

Table 4.9  Evaluation matrix of prior USA-based instructional strategy designs, possible inspira-
tions for the Collaborative Workshop Physics (CWP) design
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PER-based instructional strategies that operationalize problem-based or hybrid 
problem-/project-based pedagogy, mostly in team formats. These six are:

1. Cooperative Group Problem Solving (CGPS; Heller and Heller 2007a, b)
2. Modeling Instruction (MI; Hestenes 1987, and see http://modeling.asu.edu)
3. SCALE-UP (Beichner 2007)
4. Socratic-Dialog-Inducing Labs (SDI Labs; Hake 1992, and see http://www.

physics.indiana.edu/_sdi/)
5. University of Washington’s Tutorials in Introductory Physics (UW Ttls; McDer-

mott and Schaffer 2002)
6. Workshop Physics (WP; Laws 2004)

Rows in Table 4.4 list either the goals or constraints for the CWP design space. 
The table is an evaluation matrix, used to analyze existing PER-based instructional 
strategy designs for their usefulness in the KU context, as modeled by these goals 
and constraints. Entries in the evaluation matrix are populated with literature ref-
erences where the PER-based method has demonstrated evidence that it provides 
the needed means for a goal or meets the requirements imposed by a constraint. If 
the evidence is positive, the citation is preceded by a () symbol. If the evidence 
is negative or none could be found, the citation is preceded by a () or a (?), re-
spectively. The last row of Table 4.9 shows the total positive excess of evidence 
calculated as N − ( N + N?). Comparing this quantity between the various existing 
PER-based strategies gives some qualitative indication, which ones, if any, should 
be examined more closely as possible inspirations for the CWP instructional strat-
egy design.

There are two important conclusions drawn based on the exercise represented 
in Table 4.9. First, all of the PER-based methods examined either explicitly break 
constraints or do not evidence that they meet at the requirements imposed by the 
constraints. This necessarily means that no published PER-based instructional strat-
egy can be used at KU in a “turn-key” or “off-the-shelf” manner. Any one of these 
methods, if adopted, will require some degree of modification. Alternatively, this 
means the CWP method must contain new innovations in order to deliver on creat-
ing important PER-based classroom norms, measure well on our goals, and con-
form to our constraints. The encouraging outcome of the exercise represented in 
Table 4.9 is large lead the CGPS holds over other methods. It is for this reason that 
the CGPS instructional strategy was more closely examined and used as an inspira-
tion and basis upon which we made our own instructional innovations.

We now briefly review the main features of the CGPS instructional strategy, giv-
en its prominence in our survey of prior designs in Table 4.9. CGPS was designed at 
the University of Minnesota by Heller and Heller (Heller and Heller 2007a, b) and 
was meant to provide institutions delivering large-enrollment, traditional physics 
courses a manageable and iterative way to slowly transform to a fully alternative 
pedagogy. Their reform project began in the problem-solving tutorial sessions, and 
later the labs, only moving to redesigning the large lecture experience long after 
improvements produced by the first two changes had been sustainably established 
and provided improvements necessary to increase the reform project’s credibility 
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within the department. A similar approach, to leave the lecture sessions alone at 
first, seemed very attractive for our case as well, given goals G7 and G8 and con-
straints C1 and C5. Therefore, we turned our attention exclusively to reforming the 
3-h laboratory session only.

The central feature of CGPS is the “context-rich group problem” learning task. 
A “context-rich” problem bears much in common with good design problems in 
engineering education; they should be “ill-posed,” “under-defined,” “realistic,” and 
generally have multiple satisfactory solutions (Dym et al. 2005b). Also, similar to 
design problems, they must be tackled in teams, as the University of Minnesota 
group explicitly designed them to operationalize cooperative learning principles in 
the physics domain. Team members propose solutions and debate with one another, 
but only one solution can be submitted and it must represent the team consensus. 
At the University of Minnesota, however, this strategy was first implemented in 2-h 
problem-solving/tutorial/recitation sessions. This session did not exist in the KU 
“schedule foot-print” for the PHYS-121 course, which turned our attention to the 
CGPS labs curriculum (Heller and Heller 2007b). The CGPS labs curriculum also 
employs the “context-rich” group problem scheme; however, a constraint-breaking 
drawback is the frequent use of video cameras and video motion analysis systems 
(Heller and Heller 2007b), equipment that KU did not have at the time of the initial 
CWP design. This meant that almost none of the laboratory measurements pre-
scribed in the CGPS lab manual could be duplicated without new equipment pur-
chases.

On a pedagogical level, the CGPS labs and context-rich problems also seemed 
too difficult for KU students, on the basis of instructor experiences at the time, 
without significant additional scaffolding. The very first CGPS lab exercise re-
quires students to meet in groups prior to class and predict the shape of kinematical 
graphs for the lab scenario described in the lab problem (Heller and Heller 2007b). 
However, many KU students could not complete a similar task without one-on-one 
coaching. It was this point that drew attention to UW Ttls; McDermott and Schaf-
fer 2002) and its reasonable showing in the Table 4.9 evaluation exercise. UW Ttls 
were specifically designed to demonstrate and coach students in the use of represen-
tations, in both conceptual reasoning and quantitative problem-solving (McDermott 
and Schaffer 2002). This initiated an exploration into a hybrid instructional strat-
egy using UW Ttls and CGPS, but by themselves, neither provided the necessary 
kinesthetic experience for students that all effective reformed lab curricula feature 
(G3). Kinesthetic experience is particularly important because of the sensory-motor 
nature of novices’ mechanical misconceptions and the need to queue them and chal-
lenge them in the same way in which they were formed (kinesthetic experience). To 
mitigate this, we took inspiration from the “box-of-probes” philosophy of workshop 
physics and the equipment already available on-site. The simplest way to replace 
existing recipe labs and to make them CGPS-like was to narrow the goals of the 
experiments in our traditional lab manual, take away the given procedures, and pose 
them as open-ended questions.
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Figure 4.9 shows a flowchart representation of the CWP instructional strategy 
prototype that emerged from the above considerations. From Table 4.9, the remain-
ing issue was with G9: tight integration of learning tasks. Tight integration is en-
abled in CWP instructional strategy by structuring the 3-h CWP session around a 
small cluster of concepts, then presenting students with progressively more open-
ended and less-scaffolded learning tasks, where skills or concepts introduced in 
early tasks are built upon by later tasks. Students first work through a modified UW 
Tutorial activity that is heavily scaffolded and intended to introduce a useful phys-
ics representation (kinematic graphs, energy bar chart, etc.) Next, student teams are 
presented with an experiment question where they must design a simple experi-
ment using a “box-of-probes” available from the lab equipment. The phenomenon 
on display in the experiment problem is chosen such that it is one that is most 
conveniently analyzed using the representation taught in the preceding tutorial. In 
a further effort to promote conceptual transfer and abstract understanding of new 
concepts, the concluding context-rich problem features a question involving the 
same underlying physics principles as the experiment problem but one having novel 
situations and/or objects.

4.2.2.5  Assessment

As is suggested by goal G4 and others that are similarly motivated by the need to 
limit criticisms of the reform project, the assessment scheme was kept unchanged 
from that of the original, traditional PHYS-121 course. This serves the dual purpose 

Fig. 4.9  A flowchart representation of the learning tasks used during a typical Collaborative 
Workshop Physics (CWP) studio session
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of lowering the difficulty for the instructors to implement the new instructional 
strategy and allows for a more direct comparison of pre- versus post-reform student 
performance on course exams. For PHYS-121, the course grade is composed of 
final exam (40 %), mid-semester exams (1 or 2 tests, 20 % total), lab reports (9–12 
experiment reports, 20 % total), and quizzes/other class work (20 % total). In the tra-
ditional form of the course, final exam questions were appropriately categorized as 
moderately difficult “end-of-chapter”-styled problems (Hsu et al. 2004), typically 
modeled on problems in the course textbook. This tradition was left unchallenged 
on purpose so that student performance on exams before and after the initial reform 
could be compared side by side in a straightforward manner. Multiple-choice ques-
tions (often the format of choice for conceptual problems) are not allowed on final 
exams by university policy, and in the initial reform, this too was left purposefully 
unchallenged.

The nature of laboratory assessment, however, was radically changed to properly 
measure and incentivize the CWP session. Prior to the reform, lab exercises took the 
traditional form of a “verification” or “recipe” lab (Domin 1999). The report assess-
ment was little more than a worksheet, requiring students to follow an established 
procedure, log data into tables and plotting spaces provided, and complete several 
short-answer questions in conclusion. Reports were not written “from scratch” and 
were by no means “writing intensive.” Introduction and background theory was ex-
plained in the given procedure, and the student was not required to demonstrate an 
understanding of it or to even repeat it in writing in their own words. Consequently, 
the lab session was widely viewed as the least effective portion of the traditional 
PHYS-121 instructional strategy.

4.2.2.6  Example

Figures 4.10, 4.11, and 4.12 provide some examples of how learning tasks imported 
from the three preexisting instructional strategies (UW Ttls, WP-style experiment 
problems, CGPS context-rich problems) were modified to achieve conceptual co-
herence and tight integration across the activity sequence. This example is from the 
course’s unit on 1D motion under constant acceleration and the core concepts being 
taught included: (1) parabolic form of the trajectory, (2) independence of orthogonal 
components of motion, (3) freedom of choice in selection of axes, (4) relationship 
between trajectories and the direction of velocity and acceleration vectors, and (5) 
the ways in which the acceleration vector can be independent from the velocity 
vector and trajectory. Consequently, as shown in Fig. 4.10, the representations intro-
duced in this CWP session were vector diagrams and kinematic graphs.

The common misconceptions intended for queuing and confrontation in this 
CWP session included the belief that (1) the acceleration vector is always parallel 
to the velocity vector, (2) equations of motion are determined by the units of the 
kinematic quantity (e.g., the units of velocity are [distance]/[time], thus the equation 
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Fig. 4.10  A schematic of how University of Washington Tutorials pretest tasks are adapted for use 
in Collaborative Workshop Physics (CWP) sessions

 

Fig. 4.11  A schematic of how Collaborative Workshop Physics (CWP) experiment problems are 
crafted using existing laboratory manual content and laboratory equipment
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for velocity is “d/t”), (3) the closely related misconception that all velocities are 
average velocities, and (4) that the acceleration of an object is always zero when it 
is momentarily at rest (Rosenblatt and Heckler 2011). Consequently, as shown in 
Fig. 4.11, an experimental problem was crafted from the typical kinematics recipe 
lab that featured (as in the Tutorial) motion under constant acceleration, which then 
plays havoc on the above misconceptions about motion when students attempt to 
rationalize the motion. Note that the representation taught in the Tutorial is directly 
useful for designing an experiment to answer the question posed in the experimental 
problem and that the source of constant acceleration is altered, from a component 
of gravity on the incline in the Tutorial to tension in a string from a hanging mass in 
the experiment problem, to exercise students in migrating the representation across 
superficial changes in the problem features.

Last, as shown in Fig. 4.12, students are tasked to solve a CGPS context-rich 
problem, which again features the same underlying principles as the experiment 
problem and is analyzable most straightforwardly using the representation taught in 
the tutorial. As before, care is taken to choose a context-rich problem that features 
the same underlying physics as the other activities in the session but that features a 
difference context; now the motion is 1D under constant acceleration, but it is free-
fall motion, not horizontal motion or motion on an incline. This is to help instructors 
determine if students are developing problem-solving strategies that are naively 
connected to superficial features of the particular problem or ones that are rooted in 
physics principles.

The above basic recipe is repeated for constructing all CWP session activities: 
(1) a set of core concepts for instruction are identified, (2) literature is reviewed 
for research-based investigations of known misconceptions, (3) a UW Tutorial is 
selected and modified for teaching relevant physical representations, (4) an experi-
mental problem is distilled down from an existing traditional laboratory exercise 
and features a demonstration of motion that confounds associated misconceptions, 
and (5) a University of Minnesota context-rich group problem is given to exercise 
abstraction and transfer of the newly taught concepts.

Fig. 4.12  An example of a context-rich group problem developed at University of Minnesota that 
would make a complete Collaborative Workshop Physics (CWP) session with the tasks shown in 
Figs. 4.3 and 4.4. Context-rich problems were most often used “as-is” from (Heller and Heller 
2007a) with little or no modifications
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None of the above process is useful without the proper instructor execution and 
formation of classroom norms. It is critically important that instructors do not lec-
ture during the 3-h session. Student teams are repeatedly reminded that the session 
is for them to read, comprehend, and do the activities sequence. Instructors are there 
to ask questions, not answer them. Consistent with the University of Minnesota 
approach and training (Heller and Heller 2007a), instructors are trained to give no 
opening lecture, but to spend just 5 min making students aware of resources avail-
able to them during the session. Thereafter, instructors periodically come around 
the room to examine teams’ work and ask probing questions. Questions are more 
straightforward and student follow-up is not graded during the tutorial activity to 
help students learn the representation with additional pressure. However, once the 
experimental problem and context-rich problem begin, teams are graded on-the-fly 
by the visiting instructor on the basis of how well they are addressing questions 
asked in earlier visits. Combined, an instructor typically visits and questions ev-
ery team two to three times during the experiment problem and twice during the 
context-rich problem.

4.2.3  Case Study 3: Biomedical Engineering Problem-Driven 
Course

The PDL course is an introductory course in BME designed and developed at KU in 
Abu Dhabi in collaboration with Georgia Institute of Technology (GT) in Atlanta. 
Although the core of the PBL problems and scaffolding approach were adopted 
from GT, as well as the general course structure, the open-ended, ill-structured 
problems were specifically designed to “custom-fit” the KU and the UAE culture 
(Newstetter et al. 2012; Khalaf et al. 2013c).

4.2.3.1  Background

Biomedical Engineering: A Discipline Under Construction
The field of BME lies at the intersection of engineering, medicine, and the biosci-
ences. As such, in addition to the typical challenges encountered in STEM and en-
gineering education as mentioned above, BME education entertains its own unique 
challenges. Newstetter et al. (2010) summarize the challenges as ones encountered 
on two main fronts: the educator front and the student front. From the perspective of 
educators, BME education needs to bridge the gap between engineering and medi-
cine and hence must combine the design and problem-solving skills of engineer-
ing with medical and biological sciences knowledge and skills. And yet, to date, 
almost no textbooks specifically targeting BME exist at the undergraduate level. 
The learning challenges on the student front are significant. Learners must master 
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three traditionally distinct intellectual faculties: (1) modeling and quantitative skills 
required for engineering, (2) qualitative systems analysis skills integral to the life 
sciences, and (3) clinical sensibilities inherent in medicine. It is, therefore, obvious 
that biomedical engineering educators need to foster in students the cognitive flex-
ibility inherent in true integrative thinking and system analysis in order to embrace 
the merging of these distinct practices and historically separated disciplines (New-
stetter et al. 2010).

An additional set of challenges in the highly interdisciplinary BME education 
stems from the dynamic nature and fast pace of evolution of this young discipline. 
Educators and students alike operate in a discipline with continuously shifting 
grounds and highly dynamic boundaries and constraints. The typical biomedical 
engineer of the 1970s and 1980s whose main training was in electrical or mechani-
cal engineering with a few “picked up as needed” courses in biology and physiology 
did not need the skills crucial for today’s tissue engineer who works on design-
ing entire organs from stem cells and hence faces a whole range of engineering, 
biological, clinical, and ethical complexities. The twenty-first-century set of skills 
and competencies is critical here not only for innovation, productivity, and com-
petitiveness but more importantly for maintenance and enhancement of the ultimate 
machine—the human body.

4.2.3.2  Course Objectives

Table 4.10 summarizes the PDL class design goals, motivations, and requirements 
similar to case study 1. The first column codifies the specific goal (G1, G2, etc.), 
while the remaining columns concisely state the goals, give the underlying motiva-
tion for adopting it, and list the required means for achievement.

4.2.3.3  Course Constraints

Similar to Table 4.10, Table 4.11 summarizes constraints placed on the design of 
the PDL course in BME (BMED 101). The first column gives a label for the con-
straint (C1, C2, etc.) and the second, third, and fourth columns concisely state the 
constraint, give the motivation for adopting the constraint, and give the require-
ments the constraint places on an acceptable instructional strategy, respectively. 
Similar to the first case study, noticeably many of the motivations for these con-
straints are associated with departmental and institutional factors, which is typi-
cally the case in any university, except for C6 (the need to create effective single-
gender learning situations), which is directly motivated by student and ethno/
national cultural factors.
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No. Goal Motivation for set-
ting goal

Requirements

G1 Tackle a complex 
real-world problem

Build engineering 
skills

Define the problem and identify the problem 
goals
Explore the problem statement to identify 
critical problem features
Develop provisional models and hypotheses 
that frame problem-solving
Plan an attack strategy
Carry out strategy and evaluate it

G2 Conduct self-
directed inquiry

Build self-learning 
skills

Recognize inadequacies of existing 
knowledge
Identify learning needs
Set specific learning objectives
Make a plan to address these objectives
Evaluate inquiry
Assess reliability of sources
Digest findings and communicate effectively 
to self and others
Apply knowledge to problem

G3 Demonstrate effec-
tive group skills

Build modern  
engineering skills

Help group develop team skills
Willingly forego personal goals for group 
goals
Avoid contributing excessive or irrelevant 
information
Express disappointment or disagreement 
directly
Give emotional support to others
Demonstrate enthusiasm and involvement
Complete tasks on time
Monitor group progress
Facilitate interaction with other members
Assess group skills of self and others

G4 Build knowledge in 
disciplines relevant 
to BME

Build interdisci-
plinary BME skills

Digest findings and communicate them effec-
tively to others
Identify deep principles for organizing 
knowledge
Construct an extensive knowledge base in all 
problem aspects
Ask probing questions to propel further 
analysis of problem

G5 Communicate solu-
tions of problems

Build communica-
tion skills

Written reports
Oral presentations

BME Biomedical engineering

Table 4.10  Problem-driven learning (PDL) design goals with their motivations and required 
means for achievement
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4.2.3.4  Course Structure

PDL Model at GT—The Development of “Generic” Cross-Cultural Core 
Problems
The development of a PDL curriculum at Georgia Tech commenced in 2000 as the 
newly founded Department of Biomedical Engineering was accepting its first PhD 
students. Faculty began by creating a first-year graduate course that used the white 
board scaffolding found in medical PBL in the context of six problems representa-
tive of the varied branches of BME. Special PBL rooms were commissioned for 
the new BME building. In the following year, the first undergraduate course titled 
Problems in Biomedical Engineering I was piloted. Over the next 3 years, a num-
ber of new problems for this course were developed and run with student teams to 
determine their appropriateness and relevance for an introductory course in BME. 
In time, three problems emerged from an iterative process of prototyping, running, 
analyzing, and redesigning that we now consider as cores over which different skins 
can be affixed. To illustrate, the first problem focuses on screening or treatment in 
the context of disease (see example problem in Appendix). The problem brings 
together probability statistics (sensitivity/specificity/positive predictive value) in 
health screening, issues of scale and systems in disease, and the development of 
quantitative methods of analysis for evaluation/decision-making in the face of con-
flicting and changing information. A significant intended learning outcome for the 
whole course generally, but for this problem very specifically, is the development of 
efficient/effective inquiry skills, which are very much needed when sifting through 
the peer-reviewed journal articles. Each term, a new disease can be explored. Gen-

Table 4.11  Problem-driven learning (PDL) and institutional design constraints with their motiva-
tions and required means for achievement
No. Constraints Motivation for setting constraint Requirements
C1 Cannot hire new 

teaching staff
As a start-up in a developing country, 
successful hiring searches are typi-
cally 18 + months

Extra workload for 
BME faculty

C2 Cannot buy new lab or 
classroom technology

As in C1, purchasing and cus-
toms clearance times are long and 
unpredictable

No additional lab equip-
ment needed

C3 Must deal with 
language barriers, 
particularly in medical 
terminology

Most incoming freshman students 
struggling with English as a second 
language and having to additionally 
deal with medical terms

Specified time for prob-
lem comprehension
Peering weak students 
with strong ones

C4 Must create effec-
tively single-gender 
learning situations

Avoid negative expectancy violation Demonstrated efficacy 
in single-gender settings

BME biomedical engineering
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erally, cancer of one kind or another has been used, but more recently, endometrio-
sis and sickle cell disease have been the problem skins.

The second problem has experimental design at its core, and the third has math-
ematical modeling and computer simulation. These core problems offer enough 
flexibility that each semester is very different for both students and faculty. For 
example, through modeling and simulation, students were asked one semester to 
determine what steps the campus should take to prevent the spread of H1N1, while 
the next semester, they looked at the potential for experimental viral traps to halt 
the spread of HIV. This potential to “re-skin” the core problem each term with a 
different story line, a story line that often comes from current health and science 
news, keeps the course fresh and current for both faculty and students. Importantly, 
students really have the sense that they are working alongside other biomedical 
researchers on significant problems rather than just doing homework sets from text-
books.

In conjunction with problem development, a rubric laying out the intended 
course learning outcomes and student behaviors was developed for facilitators to 
use in observing student behaviors on the teams and for students to self- and peer 
assess. Rubrics for scoring each problem presentation and report as well as writing 
guidelines for each problem were also developed. This collection of materials scaf-
fold student activities across the problem, making it possible for freshman teams 
to take on significant authentic problems. Finally, a strategy for a final exam was 
developed, piloted, evaluated, and redesigned using the same “skin” concept as the 
problems. Prior to collaboration with Khalifa, the Georgia Tech team had reached 
a steady state whereby more than 150 students were going through this experience 
every term facilitated by 12 or more faculty and postdocs a term.

Cross Cultural Globalization—The Development of “Cultural-Specific” Skins
The PDL model adopted at the BME Department at KU is based on the system 
designed by GT in terms of “the core” problems described above. As previously 
mentioned, other attributes such as the scaffolding approach, the three problems per 
semester structure as well as the general course structure were also maintained. On 
the other hand, what we refer to as “skins” or outer shells affixed to these open-end-
ed, ill structured, and poorly constrained core problems were specifically designed 
to “custom-fit” the KU and the UAE culture.

The following elements were incorporated in the process of the cross-cultural 
system transfer:

1. Problem Topics—Cultural Relevance: Motivation and Constraints

The topics were carefully selected based on cultural and societal relevance, em-
phasizing current health challenges in Abu Dhabi and the UAE. For example, as 
mentioned above, a typical core problem used at GT for the first problem is the 
identification of optimal methods for disease screening. In alignment with GT, this 
problem was selected due to the large amount of inquiry involved towards the so-
lution ranging from the disease mechanisms at the molecular level to the physics 

mbishawi@birzeit.edu



96 S. Balawi et al.

behind imaging technologies, to the protocols involved in a various screening, and 
to the highly experimental research that has the potential to create new screening 
paradigms (Newstetter et al. 2010).

At KU, fresh skins were affixed to the core such that a cultural relevance and 
benefits were clearly established. For example, the following two health challenges 
were selected at KU for problem 1:

• Diabetes mellitus type 2: The UAE has the second highest rate of type 2 diabetes 
prevalence in the world (19.6 %), projected to increase to 63 % by the year 2030.

• Obesity: The UAE has one of the world’s highest rates in overweight and obesity 
(71 % of men and women being either overweight (34 %) or obese (36 %)).

On the other hand, topics such as HIV, drug abuse, or life support were avoided due 
to cultural constraints.

The main objective of the second core problem, which is typically related to 
investigating the accuracy of a particular (medical) device, lies in the design of an 
experiment meant to test a hypothesis. The team has to use the literature to develop 
a testable hypothesis. Then, they need to develop an experimental protocol for col-
lecting data to either verify or disprove their hypothesis. They must also design and 
set up an experiment so as to determine whether the results are statistically signifi-
cant or not. Further, they need to determine what an appropriate sample size will be 
to achieve significance. And finally, every team member has to individually become 
institutional review board (IRB)-certified, and the group must get IRB approval 
beforehand (Newstetter et al. 2010).

An example of a skin affixed to such a problem at KU based on cultural rel-
evance is the design and testing of an intelligent speed control system. Relevance is 
immediately established when the text of the problem states that Abu Dhabi has one 
of the highest rates of road deaths in the world, amounting to an alarming 27.4 of 
100,000 people as compared to 15.2 in the USA and 11.9 in the EU (HAAD health 
statistics 2011).

2. Skill-based focus to promote metacognitive learning that is of particular impor-
tance, yet nonstandard to culture

4.2.3.5  Assessment

Cultural-Specific Assessment—What Works Best in Line of Cultural Values 
and Constraints
Assessment in the PBL classes at GT targets four specific areas: self-directed inqui-
ry, knowledge building, collaboration skills, and problem-solving strategies. Vari-
ous alternative assessment methods are used cumulatively at GT towards assess-
ing these skills through the semester. These include inquiry updates, post-problem 
self- and peer evaluations, concept maps, written and oral presentations, and written 
assessment. While all of these are useful tools to monitor and assess the four target 
areas, cultural constraints may again play a role in the success of these assessment 
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tools. For example, the concepts for peer and self-assessment at KU proved quite 
challenging as specific cultural values resulted in systematic underestimation of the 
students of their own performance and overestimation of that of their peers. The 
solution (affixed skin) was to share the assessment rubric with the students and have 
them quantify each of the categories by developing “skill lines” as an instrument 
to gauge the progress. The students were, hence, engaged in the skill assessment 
and quantification throughout the problem cycle for each of the three problems in a 
quantitative manner that helped them overcome the cultural assessment constraint. 
This engagement helped them learn to calibrate and objectively gauge skills (both 
self and team members). Table 4.12 summarizes the assessment rubric used for the 
post-problem self- and peer evaluations, while Fig. 4.13 depicts the skill line that 
the students used in the skill assessment process using an example of inquiry skills.

4.2.3.6  Example

 Case Study: BMED 101 Problem 1: Road Safety in Abu Dhabi: The Design of an 
Intelligent Speed Control System

Client Statement
According to the Health Authority Abu Dhabi (HAAD), Abu Dhabi has one of the 
highest rates of road deaths in the world amounting to an alarming 27.4 of 100,000 
people as compared to 15.2 in the USA and 11.9 in the EU (HAAD health statistics 
2011). In fact, the data show that over the past 2 years, fatal injuries related to road 
accidents were the main cause of death in the Emirate of Abu Dhabi and the main 
cause of death among children 0–14 years old.

In response to the alarming statistics and recognizing the need for greater aware-
ness about road safety, HAAD has launched a road safety initiative “Drive Safe 
Save Lives” to educate the public, with Sheikh Khalid Al Qassimi as their spokes-
person.

Your team has been selected by the HADD to evaluate the current strategies 
implemented by HAAD to deal with this enormous health challenge. You are ex-
pected to evaluate HADD’s existing program and propose an engineered system to 
decrease the rate of fatalities due to traffic accidents in Abu Dhabi. You will also 
quantitatively analyze and predict the expected outcomes of your system.

Problem
This problem was chosen as the first problem due to its cultural and societal rel-
evance and in line with the recommended selection criteria for the first problem in 
an introductory BME PBL class (Newstetter 2006). Clearly, the problem requires a 
fair amount of inquiry on the part of students. The inquiry spans societal and techni-
cal domains. It can range from assessing and analyzing road safety in Abu Dhabi to 
establishing some fundamental reasons behind the alarming rates of fatal road ac-
cidents, to critically assessing the proposed strategies by the HAAD for addressing 
this challenge, to proposing technical engineering systems and solutions that may 
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Exceptional (A) Proficient (B) Fair (C) Poor (D)
Inquiry skills Actively looks for 

and recognizes 
inadequacies of 
existing knowledge

Recognizes inad-
equacies of exist-
ing knowledge

Occasionally 
claims areas of 
inquiry but mostly 
takes what’s left

Takes whatever 
is left for inquiry

Consistently seeks 
and asks probing 
questions

Generally asks 
probing questions

Occasionally asks 
questions

Rarely, if ever, 
asks questions

Identifies learn-
ing needs and sets 
learning objectives

Utilizes appro-
priate search 
strategies

Uses search 
engines like 
Google to find 
easily available 
information of 
questionable reli-
ability/appropri-
ateness

Fails to recog-
nize limits of 
understanding/
knowledge

Utilizes advanced 
search strategies

Mostly evaluates 
inquiry by assess-
ing reliability and 
appropriateness of 
sources

Fails to assess 
the reliability or 
appropriateness 
of sources

Always evaluates 
inquiry by assess-
ing reliability and 
appropriateness of 
sources

Utilizes effective 
search strategies

Demonstrates 
unsystematic 
search strategies

Knowledge 
building

Thoroughly digests 
findings and 
communicates 
effectively to self 
and others

Digest findings 
and communicates 
to self and others

Reads inquiry 
results to group 
without thorough 
understanding of 
material

Fails to under-
stand or be able 
to communicate 
inquiry findings

Consistently identi-
fies deep principles 
for organizing 
knowledge as evi-
denced in research 
notebook

Identifies deep 
principles for 
organizing 
knowledge

Learns own area 
of inquiry but not 
those of others

Rarely, if ever, 
asks questions

Constructs an 
extensive and thor-
ough knowledge 
base in all problem 
aspects

Constructs a thor-
ough knowledge 
base in most 
problem aspects

Occasionally asks 
questions

Fails to use 
the problem to 
develop/enhance 
BME knowledge

Continually asks 
probing questions

Asks probing 
questions

Problem-
solving

Repeatedly 
explores the 
problem statement 
to identify critical 
features

Explores the 
problem statement 
to identify critical 
features

Relies on group 
to identify critical 
features

Fails to define 
problem

Table 4.12  Assessment rubric used for the post-problem self- and peer evaluations
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Exceptional (A) Proficient (B) Fair (C) Poor (D)
Defines/redefines 
the problem and 
identifies problem 
goals

Seeks to under-
stand problem 
goals

Lets group iden-
tify problem goals 
and then follows 
along

Articulates no 
problem goals

Breaks problem 
down into appropri-
ate parts

Identifies criteria Sometimes 
applies inquiry to 
problem-solving

Never uses the 
white boards

Identifies and 
defines appropriate 
criteria

Uses inquiry in 
problem-solving

Fails to apply 
inquiry to 
problem

Frequently uses 
white boards 
to assist in 
problem-solving

Uses white 
boards to assist in 
problem- solving

Never suggests a 
plan of attack

Consistently applies 
inquiry results to 
problem

Occasionally 
develops models/
hypotheses

Fails to develop 
analytic 
framework

Develops models 
and hypotheses

Team skills Actively helps 
group develop team 
skills

Supports group 
goals

Goes along with 
the group

Does not help in 
developing team 
skills

Willingly foregoes 
personal goals for 
group goals

Avoids contribut-
ing irrelevant 
information

Follows but does 
not lead

Gives no emo-
tional or intel-
lectual support to 
the team

Always avoids 
contributing exces-
sive or irrelevant 
information

Expresses dis-
agreement directly

Avoids confronta-
tion even when 
angry or frustrated

Lets group down 
by failing to 
complete tasks

Consistently 
expresses disap-
pointment or dis-
agreement directly

Gives emotional 
support to others

Engages in limited 
interaction with 
other members

Observes silently 
contributing little 
to process

Consistently gives 
emotional support 
to others

Demonstrates 
enthusiasm and 
involvement

Occasionally 
comes unpre-
pared with no 
explanation

Shows little or 
no enthusiasm or 
involvement

Clearly demon-
strates enthusiasm 
and involvement

Facilitates interac-
tion with other 
members

Monitors group 
progress and facili-
tates interaction 
with other members

Completes tasks 
on time

Always completes 
tasks on time

BME biomedical engineering

Table 4.12 (continued)
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be implemented in order to decrease the rate of fatalities, and to quantitatively as-
sessing the expected outcomes of implementing such as system.

Aside from the provided statistics for motivating the students and establishing 
the significance of the problem, the problem was designed to be open-ended, ill 
structured, and poorly constrained. It was deliberately formulated to present mini-
mal information about the situation in order to promote self-directed inquiry and 
learning as well as systematic knowledge-building skills. The technical engineer-
ing component was added to further promote critical thinking and problem-solving 
abilities. The complexity of the problem and its multifaceted nature required all 
team members to be involved in the iterative processes of inquiry, knowledge build-
ing, and problem-solving.

Team and Action Plan
Team 1 was composed of seven females of four nationalities (4 Emiratis, 1 Jorda-
nian, 1 Pakistani, and 1 Sudanese). They started by establishing the magnitude of 
the problem in Abu Dhabi and at the university among their professors and peers. 
Towards this goal, they did interviews at the police department who provided them 
with information about the scope of the problem, the latest statistics, and some 
current strategies that they use to deal with this challenge. The students also did a 
survey on campus with 60 faculty, staff, and students and analyzed the data. Based 
on police data and their own survey results, they established that speed was the main 
cause of traffic accidents and fatalities due to these accidents in Abu Dhabi (60 % 
based on police data and 53 % according to university data). They also concluded 
that the majority of the accidents are caused by young drivers (95 % of fatal acci-
dents involve drivers between the ages of 18 and 25).

System
Accordingly, the students worked on the design of an intelligent system to control 
vehicle speeding in Abu Dhabi. Their main design objectives were to: (1) design an 

Fig. 4.13  Example of a skill line used to monitor and assess students’ skills by instructor, peers, 
and self
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intelligent system that has continuous monitoring and feedback of speed and that 
is capable of communicating with radars and the police department, (2) ensure that 
the system has a user-friendly high-tech interface, which appeals to young drivers, 
and (3) establish a reward system as an incentive for safe driving as opposed to the 
current penalty system, which does not seem to operate very well.

Upon an iterative process of research and inquiry and several meetings with ex-
perts (IT professors and engineers), the students decided to base their system design 
on vehicular ad-hoc network (VANET). VANET is a technology that uses moving 
cars as nodes in a network to create a mobile network in which participating ve-
hicles are turned into a wireless router or node. The student team built their system 
using three components: (1) recycled generic tablets, (2) built-in global positioning 
system (GPS), which detects the speed of each road, and (3) sensors connected to 
car speedometers.

The system compares the speed of the road with the speed of the car (from the 
speedometer). If the car is over-speeding, the system allows the driver a cushion of 
X km/h above the speed limit for 1–2 min. If the driver does not slow down, the 
system will record a point. This point will be displayed on the screen as well as 
recorded inside the memory of the car computer. Whenever the car passes by the 
radar, the radar will be detected by the VANET sensors and the point information 
will be transferred to the radar as signals. This information will be sent directly to 
the police headquarters for evaluation (Figs. 4.14 and 4.15).

Implementation: Incentive Versus Penalty System
Based on the number of points, monthly and annual incentives will be given to the 
drivers. These incentives may include free gas, free toll cards, discount on car regis-
tration, discount on insurance, etc. The drivers will be informed about the incentives 
through short messaging service (SMS) messages or e-mail, for example, “Congrat-
ulations, You have no speeding points this month, please collect your ticket online 
from this website, www.xyz.com.”

The students calculated the cost for building the system prototype as approxi-
mately AED 700 (about US$200). They anticipate that production in mass quanti-
ties would lower this cost substantially. Furthermore, the cost is insignificant com-
pared with the total amount of money spent by the Abu Dhabi Police Department 

Fig. 4.14  Flowchart of pro-
posed intelligent system
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annually in dealing with traffic accidents (Every year, the UAE government spends 
around DHS 3.5 billion on car crashes and injuries in the Emirate of Abu Dhabi). 
They also worked on a proposed timetable to implement the system in Abu Dhabi 
through the Police Department by enforcing it as part of the annual registration 
process of each car.

Mathematical Model
The students also did a mathematical model that predicts the correlation between 
speed and car accidents and predicts the reduction in accidents as a result of reduc-
tion in speed. The model was built based according to a statistics done by the Abu 
Dhabi Transport Authority and the World Health Organization (WHO).

4.3  Discussion

In the context of the requirements of revamped accreditation criteria and the calls 
from various engineering education stakeholders regarding the skills needed in 
modern engineering graduates, it would appear that these demands are not likely 
to be met by a traditional engineering curriculum and “chalk and talk” pedagogy. 
Towards bridging the skills gaps and key competencies critical to engineers in the 
UAE and the region, KU is at the forefront of engineering education reform. This 
work presents three different classroom experiments in engineering education de-
signed and implemented at KU in the past 3 years. The primary goal was to equip 
the students with essential twenty-first-century skills and minimize the current mis-
alignment between engineering education and employers in the Gulf. The authors 
of this work were involved in the design and implementation of these reformed 
courses. In the process, they explored how these pedagogical innovations and edu-
cational reforms, designed for Western cultures, will function when implemented 
in a novel context, such as the Middle East, and what it would take to successfully 
adapt them to the UAE/Middle East culture.

Fig. 4.15  Prototype of the 
designed intelligent speed 
control system (ISCS)
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In the case of KU, we find that problem-based, project-based, and collaborative 
learning modalities adopted from Western peer educational models can be imple-
mented with minimal modification to their core features. Our research results show 
that learning gains or favorable attitudinal gains in the three pilot courses studied 
are all improved relative to the traditional, lecture-centered version of the same 
courses and with the same student body. While there is still a gap between these and 
similar Western counterpart courses, evidence shows that the differences are likely 
due to pre-instruction factors, particularly second-language issues, and not to the 
effect of the adopted pedagogy or instructional strategies.

Efficacy
In each of the above case studies, a variety of measures of efficacy were applied to 
determine the efficacy of the instructional strategy.

For example, the Engineering Design-and-Build course has two significant posi-
tive impacts on students: (1) as measured by a newly developed design attitudes 
survey, course graduates are 20 ± 5 % more likely than other engineering students 
to express attitudes consistent with professional engineers (Perkins et al. 2004) re-
garding problem-solving practices in the engineering design process (Fig. 4.16), (2) 
a measure of teams’ adherence to the course’s prescribed design cycle is moderate 
to strongly correlated ( ρ ~ 0.66, > 90 % confidence) with the quality of the finished 
design as measured by live, in-class demonstrations (Fig. 4.17).

These two metrics, the Problem Solving Attitudes survey score (Fig. 4.16) 
and the correlation of design knowledge with design performance, as depicted in 

Fig. 4.16  Favorable versus unfavorable plot for the eight-statement problem-solving section of 
the survey. Favorable score (%) is the percentage of statements where respondents answered as the 
survey creators would, and vice versa for unfavorable score (%). No score was assigned to neutral 
or blank responses, which is why the two scores do not sum to 100 % and therefore fall below the 
diagonal boundary line. Scores are an average for each group surveyed; professional engineers 
(blue diamond), students who have taken the freshman design course (red squares), and students 
who have not taken the course (green triangles)
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Fig. 4.17, are clear indications that (1) as a result of the course, students perspec-
tives on engineering design are more like expert engineers as compared with their 
peers who did not take the course. Engineering Problem-Solving course students are 
significantly more likely to think like an engineer when faced with a design prob-
lem. And (2), thinking like an engineer and systematically, conceptually following a 
realistic design cycle, as indicated by report scores, leads to greater demonstration 
performance in a live demonstration of real, fabricated designs. For Engineering 
Problem-Solving course students, design thinking leads to design performance!

For another example of reform project efficacy in the KU university physics 
course, the new CWP instructional strategy was specifically designed to (1) im-
prove retention of engineering students, (2) increase conceptual learning, (3) in-
crease traditional problem-solving skill, and (4) be particularly beneficial for “at-
risk” (conditionally admitted, CA) students. Table 4.13 below summarizes these 
metrics for efficacy, the measures used, and a comparison with the same measures 
of the course prior to the pedagogical reform.

Based on measures of efficacy in Table 4.13, the success of the CWP session 
reform of KU University Physics I is mixed. Clearly, the new instructional strat-
egy has positively and significantly impacted DFW rates and traditional problem-
solving performance, and does so particularly for CA students. However, the im-
provements in conceptual learning, as measured by FCI normalized gain, are far 
lower than anticipated. As a reminder, Hake reported that successful alternative 
pedagogies used in introductory mechanics courses produce FCI normalized gains 

Fig. 4.17  Emerging cor-
relation ρ in the student 
population, between design 
demonstration performance 
SD and a measure SR of their 
adherence to the course’s 
prescribed design cycle as 
shown on design reports. SD 
standard deviation of design 
scores, SR standard deviation 
of report scores
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of 0.48 ± 0.14 (Hake 1998). The CWP session result of 0.14 ± 0.04 (Hitt et al. 2014) 
is approximately 2.5 standard deviations below this value.

Sustainability
Ultimately, the CWP session use was ceased because of a failure to adequately plan 
for the staffing needs in light of attrition and enrollments. After fall semester 2011, 
it was determined that there were insufficient human resources available to continue 
its use, and the lab portion of the University Physics I course reverted to its tradi-
tional form beginning in the spring semester of 2012. This is in spite of efforts to 
purposely design the CWP instructional strategy to be a “low effort” methodology 
and to require no additional equipment purchases or staff hires. Large and unpre-
dictable increases in student enrollments and registrations into the course, however, 
eventually made new staff hires critically necessary. The easiest way to cope with 
these changes was to revert to traditional instruction, which allows a larger number 
of students to fit into the lab room and does not require an instructor to be present 
for the full duration of the session.

By contrast, both the PDL course in BME and the Freshman Engineering Design-
and-Build course were able to adequately deal with the institutional and staffing 
constraints. In fact, the design-and-build course expanded to include all engineering 
majors at the university and evolved as the first step towards a vertically integrated 
design-based curriculum (Fig. 4.2, see Balawi et al. 2013 for further details).

Common Challenges
Gender integration in the Gulf Arab context presents a unique challenge for alterna-
tive pedagogies that rely heavily on student teaming and engagement. All three of 
the course reform case studies presented in this chapter used team-based pedago-
gies. All three also used instructor-prescribed teams to varying degrees. At KU, 
70–80 % of students are UAE nationals and as a result of history and culture, have 

Table 4.13  Measures of pedagogical efficacy for the Collaborative Workshop Physics (CWP) 
session compared to the pre-reform baseline
No. Measures of efficacy Metric Pre-reform value 

( N = 221 students)
Post-reform value 
( N = 78 students)

1 Improve retention by low-
ering course failure rate

DFW rate (%) 37 % 23 %

2 Increase conceptual 
learning

Normalized FCI gain 
(FCI < g >)

0.08 ± 0.05 0.14 ± 0.04

3 Increase “end-of-chap-
ter”/traditional problem-
solving skill

Exam performance, 
mid-semester (%)

61 ± 3 % 77 ± 2 %

Exam performance, 
final (%)

56 ± 3 % 70 ± 2 %

4 Differentially beneficial 
for CA students

CA-DFW rate (%) 50 % 24 %
CA-FCI < g > 0.03 ± 0.03 0.13 ± 0.04
CA-exam 
performance

47 ± 4 % 74 ± 5 %

DFW drop/fail/withdraw, FCI Force Concept Inventory, CA conditionally admitted
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not regularly interacted with members of the opposite gender outside of their fam-
ily, prior to joining the university. KU policy states that no student may be forced 
to work in a mixed-gender situation if they are not comfortable with it. As a result, 
instructor-prescribed teaming can be over-constrained and combinatorically frus-
trated. For large-enrollment courses, teaming may require software-based solutions 
to reduce the time required to converge on a set of teams. In the case of the Univer-
sity Physics I course reform, the CWP sessions often registered 25–30 students per 
section, with 3–4 sections and with approximately 1:1 male–female ratio. Students 
were reteamed once every 4 weeks, a job that, when done by hand and respecting 
those students who object to mixed-gender teams, required an entire day of the 
instructor’s time. Eventually, a software-based solution was necessary, bringing the 
time required for teaming students down to a more tractable 60–90 min.

Language proficiency was a ubiquitous challenge in all of the above three case 
studies. As shown in Table 4.1, approximately 100 % of KU students are ELLs. 
However, the language of instruction for the three courses under consideration is 
English. There is a diversity of ways in which language proficiency was planned for 
among the reformed course designs. In the case of the CWP session and PDL cours-
es, the teaming recipe explicitly relied on International English Language Testing 
Service (IELTS) data to place students into teams. Student teams were constructed 
so as to include at least one member with an IELTS score in the top third of the 
distribution within the section. The intention behind this was to increase the likeli-
hood that, should a lesson present difficult jargon for a student, someone in their 
team could assist in giving a clear interpretation into Arabic and that the student, 
now having a clearer understanding of the task, would be more likely to learn new 
concepts during instruction.

One would then anticipate that if a measure of conceptual improvement, like FCI 
normalized gain in the CWP example, were plotted against IELTS score for both 
pre-reform and post-reform student populations, the two curves would differ by an 
overall shift, signifying that the new pedagogy and teaming recipe improved learning 
for all students regardless of language proficiency. Yet, in the final analysis, this ap-
proach appears to have had the reverse effect. As shown in Fig. 4.18, only those stu-
dents with the very-highest-level English language proficiency (IELTS overall score 
of 7.0) appear to have attained the degree of conceptual learning gains seen in North 
American case studies (Hake 1998). FCI normalized gain for the CWP case study is 
0.08 ± 0.05 and 0.14 ± 0.04, pre-reform versus post-reform respectively, only a mod-
erately significant difference. However, for those students with IELTS overall score 
7.0, the pre- versus post-reform performance on FCI is 0.16 ± 0.10 and 0.47 ± 0.08, 
respectively. One might consider this as evidence that those with high English pro-
ficiency were the only students who were engaged effectively in the course, but this 
overlooks the fact that in the CWP teaming recipe, for example, students with high 
IELTS scores were always distributed. These students never worked with each other. 
Given the well-documented importance of rich student–student interactions for pro-
ducing high conceptual learning gains, it seems unreasonable to imagine that these 
students were doing all the thinking in their teams alone. This then is reasonable 
evidence that there is likely a fundamental effect of language ability on measures 
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of conceptual learning and that pedagogy that is effective may not register the same 
“signal” on instruments as FCI does in North America. Presently, it is unclear if there 
is a primary effect on learning that is connected with language or if IELTS scores are 
merely a reliable proxy for some other influential factor, such as student motivation 
or academic aptitude. It is likely that both influences are important to account for.

In implementing the PDL in the BME course, language proficiency was also a 
particular challenge as the course is more qualitative than quantitative and is the first 
course where students are inherently exposed to medical jargon and terminology. In 
the instructional strategy, students were also purposefully teamed to ensure at least 
one proficient English language speaker per team. The instructor, a native speaker 
herself, who mainly played the role of coach in the problem-solving instructional 
studio, often reverted to helping translate the medical terms during the first prob-
lem. This translation role was gradually decreased as the students progressed from 
the first to the third problem moving positively on the skill line and enhancing their 
independence and self-learning efficacy (Fig. 4.13).

Common Opportunities
Reforming pedagogy in any course presents the opportunity to reconsider what 
knowledge and skills are central to the discipline of the course. In each of the three 
cases studies at KU, the considerations of reformers, when in the conception and 
planning stages of the reform, converged on ways in which the traditional course 
did not introduce or enforce important knowledge or skills in the associated disci-
pline. In the case of the University Physics I course, in its traditional form, students 
did not learn how to design physical experiments or apply theoretical knowledge to 
complex, realistic problems, and yet this is essential for those who practice physics 
professionally. In the case of the PDL and problem-solving courses, both were cre-
ated to teach students skills for complex real-world problem-solving and conceptual 
design, something that engineers must do, but in traditional curricula, many do not 
learn until senior capstone experiences.

Fig. 4.18  Reproduction of 
Fig. 4.9 from Hitt et al. 2014. 
Force Concept Inventory 
(FCI) normalized gain is 
plotted for students with a 
given International English 
Language Testing Service 
(IELTS) score. Students 
taking the university physics 
I course in the traditional 
form (KU-T, blue squares) 
and compared to those taking 
the reformed Collaborative 
Workshop Physics (CWP) 
version (KU-CWP, red 
diamonds)
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Exportability
The strong dependence of measures of conceptual learning on language proficiency 
offers some important lessons to pedagogical reformers in the Middle East, par-
ticularly to institutions like KU, where instruction is in English. Our data show 
that it is possible to construct the classroom norms necessary for effective alterna-
tive pedagogy. However, measures of conceptual learning may not be the best key 
performance indicators (KPIs) for this, and reformers are warned to select KPIs for 
their reform projects carefully as it appears that research-based conceptual assess-
ments are not applicable to ELL students in a straightforward way.

The PDL course in BME may be considered as a conceptual design of an ex-
portable pedagogical system for transfer across cultures (Khalaf et al. 2013c). The 
system is based on the development of “generic core” problems that are specifi-
cally designed to promote, through scaffolded metacognitive apprenticeship, the 
critical skills uniquely needed for biomedical engineers, but that are then adapted 
for smooth and effective cross-cultural transfer and relevance by affixing salient 
surface features or “cultural skins” to these problems.

4.4  Conclusions

This chapter has demonstrated that pedagogical reform in university-level STEM 
education should and can be done in the Middle East and North Africa (MENA) 
region. We have examined three course reform projects at KU, UAE as evidence. 
Certainly, every institution has its own idiosyncrasies, which must be anticipated 
by educational innovators on the ground, so this result is not a simple “recipe-for-
success” in similar institutions in the Gulf or broader MENA region. What is dem-
onstrated is that anticipation of student cultural factors and adaptation to them is 
possible. In all three cases presented, instruction was carefully redesigned to the 
particular needs of the student population, and in all three cases, there have been 
substantial improvements in student attitudes, self-efficacy, conceptual learning, 
problem-solving performance, and core disciplinary skills. These improvements are 
consistent over multiple course offerings and multiple year groups of students, with 
multiple instructors, and on multiple campuses. This is proof of principle that con-
tributes significantly to dispelling the beliefs that alternatives to traditional, lecture-
based instruction are impossible to implement or that they could never be fruitful 
for student learning in the Gulf Arab context. The dramatic differences between US 
and KU engineering student populations have reliably pointed the way in designing 
effective pedagogy, but there is little evidence that cultural and gender factors have 
any further predictive power over improved learning. There is no unreachable part 
of the student demographic. Indeed, in this regard, second-language acquisition ap-
pears far more important than demographics (Table 4.14).

When considering the long-term success and sustainability of course reforms, 
it is institutional and departmental factors, rather than student cultural factors, that 
appear most important. There is a clear relationship between the level and quality of 

mbishawi@birzeit.edu



1094 Leveraging Pedagogical Innovations for Science, Technology …

institutional support and the health of each of the above three course reforms. There 
is also strong resonance with the findings of other large STEM pedagogy reform 
efforts in the USA on these institutional factors, of which Wieman et al. (2010, 
p. 11) identify six that are critical. In the case of the university physics reform, the 
CWP project faced all six of the six most negative conditions on these factors: no 
permanent department chair, only two junior faculty driving the reform, no science 
education specialist consulting the project, last-minute teaching assignments, high 
skepticism among other faculty in the department, and an expectation of autonomy 
in teaching style (Wieman et al. 2010, p. 11). Consequently, CWP did not survive 
beyond its first year pilot due to staffing concerns. The Engineering Design-and-
Build (ED & B) course had many of these negative factors in common with the 
CWP project and it was expanded to become a college-wide required course, dra-
matically increasing the enrollment and staff requirements. However, the teaching 
assignments for the course were planned several months further in advance of the 
physics course, and the department had a permanent chair to lend weight to the 
reforms. This course continues at present and is receiving regular attention and rein-
vestment. At the opposite end of the spectrum, the BMED PDL course is clearly the 
healthiest of the three course reforms and is running stably at present. In the post-
analysis, this course has benefited from a variety of positive conditions on Wieman, 
Perkins, and Gilbert’s six institutional factors: a supportive, respected chair driving 
the reform vision; broad faculty support within the department; a science education 
expert advising the reform; and teaching assignments planned months in advance.

The most important conclusion to be drawn about pedagogical reform in the 
MENA region from the KU case is the importance of departmental and institutional 
support. Student cultural factors do prevent Western pedagogy and instructional 

Table 4.14  Indicators of institutional support from Wieman et al. (2010) p. 11 applied to KU case 
studies
Factors facilitating change CWP ED & B BMED PDL Factors inhibiting change
Supportive, respected 
chair/head with authority

   Unsupportive, inactive, or 
powerless chair/head

Broad faculty support and 
involvement

   Effort limited to a few core 
faculty

Science education special-
ists involved and respected

   Science education specialist 
not integrated into reform

Reward structure for 
reform-related activities 
and superior teaching

   Last-minute teaching 
assignments

Senior and junior faculty 
leaders who promote the 
project

   Departmental culture that 
does not respect education 
research

Newly formed department 
in need of a curriculum

/ /  Departmental culture that 
expects individual freedom in 
teaching

CWP Collaborative Workshop Physics
 support factor present,  inhibiting factor present, / both factors present
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strategies from being used in an “off-the-shelf” fashion, but with thoughtful analy-
sis of the population and redesign of the instructional strategy, Western-born alter-
native pedagogies can be reliably adapted for use in the Arab world. If the instruc-
tional design is done well, the important determining factor in the long-term success 
and sustainability of a course reform project is departmental and institutional sup-
port. From the KU case, we find that the factors identified by Wieman et al. (2010) 
are highly valid and predictive of the life span and health of our course reforms. 
We are certain that these case studies and this result forms a highly valuable report 
for the course design considerations of persons and institutions considering similar 
educational reforms in similar contexts.

We recommend that any institution considering similar reforms in the MENA 
region take several steps to increase the efficacy of their reform process: (1) care-
fully select a small number of high-impact courses for reform and make sure they 
are “owned” by chairs or program managers who strongly believe there is a need 
and a possibility for improvement, (2) gather baseline data on the performance of 
students in the course prior to the reform so that there is a point of reference for 
comparison later in the reform project, (3) give faculty designers of the new ver-
sion of the course 6–12 months to create the new course design and engage others 
(through seminars, colloquia, workshops, etc.) in the department before rolling out 
the new course or involving the designing faculty in that course’s teaching rotation, 
and (4) perhaps most importantly, work as an institution to achieve predictive power 
over student enrollment and use it to create teaching assignments and teaching rota-
tions for all faculty in the department or program that also extend 6–12 months in 
advance so that there is time for the reform effort to broadly engage them during the 
course design process.
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5.1  Introduction

According to the Royal Academy of Engineering in the UK, “No factor is more 
critical in underpinning the continuing health and vitality of any national economy 
than a strong supply of graduate engineers equipped with the understanding, at-
titudes and abilities necessary to apply their skills in business and other environ-
ments” (2007, p. 4). This statement also applies to all countries in the Middle East 
and North Africa (MENA) region. Graduating well-qualified engineers with the 
proper skills is important for the future development of the countries in the MENA 
region since most countries in this region have just started to build the infrastructure 
to become more developed in the twenty-first century. Educational organizations 
in the MENA region must create a sense of urgency to transform themselves to 
develop high-quality and flexible engineering programs to produce graduates with 
the appropriate skills to advance MENA countries in the twenty-first century. Cur-
rently, the Middle East recruits engineers from other countries to meet its increasing 
demands (ASME 2009); however, as the MENA region continues to develop, there 
will be an increasing need for engineers. This will place tremendous pressure on 
educational organizations in MENA to transform engineering programs to educate 
more high-quality engineers to meet the demand. An important question is “How to 
make the engineering education processes more effective, more quality conscious, 
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more flexible, simpler, and less expensive?” (National Academy of Engineering 
2005). Educational organizations will have to be efficient in the curriculum devel-
opment process to react to the increasing demand for engineers and be flexible in 
their delivery methods to educate students using a variety of formats. At the same 
time, engineering programs have to make use of emerging learning technologies to 
enhance the learning process to reach students in different locations and to prepare 
engineers to work in a globalized twenty-first-century economy. Some countries in 
MENA have started to explore the use of emerging technologies in education and 
training. The state of Qatar has funded a project to research the use of mobile tech-
nology in training (Ally and Samaka 2013)1. The UAE has implemented the “tablet” 
initiative where students in colleges and universities are using tablets in their cours-
es to enhance learning (Gitsaki et al. 2013). Allowing students to complete some of 
their education in their own locations will allow them to learn in their own contexts. 
Also, the use of innovative learning technologies will make use of the technology 
to customize the instructional strategies to cater for the different learning styles and 
the new generation of students, hence improving the completion rate in engineering 
programs (Denton 1998; Patterson 2011). A recent report by the Organization for 
Economic Co-operation and Development (Kärkkäinen and Vincent-Lancrin 2013) 
states that technology-enhanced learning (TEL) could be used for “gaming, virtual 
laboratories, international collaborative projects, real-time formative assessment, 
and skills-based assessment” (p. 9).

At a recent forum on engineering education in the Middle East, members con-
cluded that engineering education in the twenty-first century is a key element of the 
wealth of any country and should be an integral component of national policy and 
economy (Shanableh and Omar 2007). Hence, engineering education must offer 
more than science and engineering knowledge but also entrepreneurship and tech-
nological advancement. There should be a paradigm shift in engineering education 
from knowledge-based to learned competencies, skills-based and outcome-based. A 
problem-based approach in engineering education should be used to allow students 
to find the relevant information to solve real-life problems. A recent study reported 
that students who used a problem-based approach to learning performed better than 
students who did not use a problem-based learning approach (Sahin 2010). The 
use of innovative learning technologies allows students to conduct research and 
interact with experts to solve problems. Because of the information explosion, stu-
dents cannot learn all of the information in an engineering discipline just in case the 
information is needed later. There must be a shift from emphasizing acquisition of 
knowledge to developing competencies and skills. Information can be available in 
time using computers, tablets, and smartphones. Information learned and knowl-
edge created should be based on real engineering applications. Engineering educa-
tion programs need to provide students with skills to function in the twenty-first 
century (Silva et al. 2009). Some of these skills can be developed using innovative 

1 This project is funded by Qatar Foundation: Qatar National Research Fund - NPRP Grant # 
4–125−5–016
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learning technologies. These include information and communication, research, and 
continuous improvement skills.

A recent report by the Organization for Economic Co-operation and Develop-
ment (Kärkkäinen and Vincent-Lancrin 2013) raised the following three important 
questions: “(1) How can technology-supported learning help to move beyond con-
tent delivery and truly enhance science, technology, engineering, and mathematics 
(STEM) education so that students develop a broad mix of skills? (2) Could innova-
tive teaching and learning approaches spark thinking and creativity, enhance stu-
dent engagement, strengthen communication, and build collaboration? (3) Would 
they make STEM teaching and learning more effective, more relevant, and more 
enjoyable?” (p. 9). This chapter will contribute to answering these questions by 
exploring the challenges facing engineering education and providing suggestions 
for improvement, the use of TEL in engineering education, and presenting a model 
to make engineering education more effective and relevant for the twenty-first cen-
tury.

5.2  Preparing Engineers for the Twenty-First Century

In the twenty-first century, there is globalization, rapid development of emerging 
technologies in engineering, information explosion, and new generation of students. 
These trends require engineering education to examine how they train students to 
function in the twenty-first century. Engineering students will require new skills 
to be effective in the twenty-first-century workplace. According to Vest (2007), 
engineering students of the future must have knowledge in the physical, life, and 
information sciences and know how to Conceive, Design, Implement, and Operate 
(CDIO) complex engineering systems of appropriate complexity. They must also be 
able to function in a globalized world and contribute to society. This is echoed by 
Olson (2012) who suggests that engineers should function in a globalized society 
and there should be a shift from solving technology problems to solving societal 
problems. Ally (2012) conducted a study to identify the skills that are required by 
students to function in the twenty-first century. Major categories of skills identified 
include communication skills, personal skills, project management, continuous im-
provement, conflict resolution, problem solving, information and communication 
technology, teamwork, interpersonal skills, emotional/social intelligence, personal 
well-being, leadership, globalization, research, and critical thinking. Other reports 
(Silva et al. 2009; Shanableh and Omar 2007; The Royal Academy of Engineering 
2007) mentioned similar skills required by engineering graduates in the twenty-first 
century. These include knowledge of engineering science fundamentals and design 
and manufacturing processes, knowledge of the context in which engineering is 
practiced, communication skills, critical thinking, creative thinking, lifelong learn-
ing, teamwork, ethical responsibilities, and ability to function in a multidisciplinary 
context. In addition, Agogino (2010) claimed that skills and characteristics that the 
2020 engineers will need to function effectively include analytical and creative 
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skills, communication skills, ability to interact with multiple stakeholders, leader-
ship skills, high ethical standards, high professionalism, lifelong learning, and prob-
lem solving. The National Research Council (2012) in the USA identified similar 
twenty-first-century skills for life and work. These include creativity/innovation, 
critical thinking, problem solving, decision-making, communication, collaboration, 
information literacy, research and inquiry, media literacy, digital citizenship, infor-
mation and communications technology operations and concepts, flexibility and 
adaptability, initiative and self-direction, productivity, and leadership and respon-
sibility. Engineering education programs in the MENA  regions need to examine 
if their training programs are providing the training for students to develop the 
twenty-first-century skills required to be competent and productive engineers. If 
not, then engineering programs must reengineer their programs to produce high-
quality graduates.

5.3  Upcoming Generation of Students

The young students who are entering engineering programs and those who will 
enter in the future have certain characteristics and learning needs that must be ca-
tered for when designing engineering programs. Characteristics of new generation 
of students are described below along with strategies to educate these students so 
that they can be successful:

• The new generation of students has a high online Internet presence. They con-
duct everyday business and socialize online from anywhere and at any time. 
Most of the young generation’s peak learning time is in the evenings and they 
expect education to be available online so that they can learn anywhere and at 
any time. All engineering courses must have an online presence so that the new 
generation of students can access course materials from anywhere and at any 
time.

• The new generation of students is referred to as the “now” generation, which 
wants information and feedback right away. If young students want to find in-
formation, they search for the information on the Internet instantly rather than 
going to the library or asking the instructor. Also, the new generations want feed-
back on their performance immediately using technology. This requires that the 
instructor provide timely feedback using information and communication tech-
nologies (ICTs), which require that instructors be proficient in using the ICTs.

• Young students are also referred to as the virtual generation. They are comfort-
able using social software to interact with each other. Engineering education 
should include strategies for virtual interaction between students and between 
instructor and student.

• Young students spend time playing computer games, which are highly interac-
tive and are of high quality. They expect learning materials to be game-like with 
a high level of interaction. Engineering programs must include education games, 
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which are appropriate to motivate students to achieve high-level learning out-
comes. Turkay and Adinolf (2012) surveyed students after they completed edu-
cation games to determine how games contributed to learning. Results showed 
that students learn social skills such as teamwork and negotiation; motor and 
spatial skills such as getting better at reflexes, navigation, and eye–hand coordi-
nation; and cognitive skills such as problem solving, estimation, languages, and 
strategy development. The skills that are developed using educational games 
are important for engineering and science students in the twenty-first century. 
Hence, it is important to include educational games as a learning strategy in 
engineering education (National Research Council 2011).

• The new generation of students is digital experts. They do not need training on 
how to use the technology, which is second nature to them, and they adapt to 
technology very quickly. Instructors in engineering programs must be technol-
ogy literate to educate the new generations who are ICT experts.

Catering for the new generation of students will motivate these students to complete 
their programs. Limited research has been conducted on how to attract and retain 
new generation of students in engineering education. Studies have been conducted 
on how to attract and retain the new generations in the workplace (Lim 2012) but 
not in engineering programs.

5.4  Problem-Based Learning for Outcome-Based 
Engineering Education

An effective strategy to help students make the transition from knowledge to the 
development of skills is to use problem-based learning, which has been used in en-
gineering and medical education. Engineering programs in MENA must implement 
problem-based learning for outcome- and skill-based learning. Research and devel-
opment is being conducted to make it easier and more user-friendly for educators to 
develop high-quality problem-based learning materials. One example is a research 
project that is being conducted in Qatar to develop a template-based system to al-
low educators to develop problem-based learning materials (Samaka et al. 2013)2. 
Research has shown that the use of problem-based learning strategies improved 
learning (Patterson et al. 2011). Sahin (2010) conducted a study to investigate stu-
dents’ performance in an engineering course that used problem-based learning com-
pared to students who did not use problem-based learning. Results of the study 
showed that students who used the problem-based learning approach performed 
better than students in the control group. In a summary report of four engineer-
ing education programs in the Middle East, the authors mentioned two important 
themes that must be addressed to improve engineering education in the twenty-first 

2 This project is funded by Qatar Foundation: Qatar National Research Fund - Grant # NPRP 
5–051–1–015
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century (Shanableh and Omar 2007). Engineering programs must educate beyond 
science and engineering knowledge and educate students on entrepreneurship and 
technological advancement. Also, there should be a shift from knowledge-based 
to skills-based and outcome-based learning. The most efficient way to encourage 
skills-based and outcome-based learning is to use problem-based learning strate-
gies.

Problem-based learning and real-life design activities should be introduced early 
in engineering programs so that students can appreciate the value of engineering 
and they will be motivated to complete their engineering programs. Rather than 
having students take theory courses in the first and second year of engineering, 
there should be some project-based courses in the first and second years to motivate 
students so that they can see the practical side of engineering and that engineers are 
important for society (National Academy of Engineering 2005). Allowing students 
to apply the theory in a practical situation right away will also result in high-level 
and meaningful learning. This is more efficient rather than having students recall 
the theory at a later time to apply. Students may not be able to apply the theory at a 
later time because of cognitive decay and inability to retrieve the theory.

5.5  Formative Feedback on Program Effectiveness

Engineering programs need to obtain ongoing feedback from students to continu-
ously improve the programs. This could include formal feedback by asking students 
to comment on the course content and delivery or informal feedback where the 
instructor conducts a debriefing session at the end of the course. Nair et al. (2011) 
surveyed 1658 students to obtain feedback on their engineering programs. Some 
of the areas where students said that they need improvements include feedback 
on progress, more explanation of course content, more feedback on course work, 
courses that must cater for individual differences, and encouragement of more dis-
cussions in the classes. In addition, engineering-program effectiveness can also 
be determined by interviewing or surveying students after they graduate and start 
working in the engineering profession. As working professionals, the graduates can 
provide feedback on whether the engineering program prepared them for the work-
place, especially the twenty-first-century skills to function effectively there. Most 
engineering programs conduct program reviews every 5 years to determine program 
effectiveness and currency. Some engineering programs may need to conduct pro-
gram reviews more often because of constant changes in the field. For example, 
computer engineering is one program that should be reviewed frequently because 
of the rapid changes in technology. The program reviews usually include businesses 
and industries that employ engineering graduates, accreditation bodies, graduates of 
the program, regulatory bodies, etc. It is critical to include businesses and industries 
in program reviews since they employ the graduates of the program and they can 
specify the skills that are required for the workplace. According to Chapman and 
Miric (2009) , one of the drawbacks of engineering education in the MENA region 
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is the lack of cooperation between industry and education. Some engineering pro-
grams also go through accreditation review by accreditation bodies to make sure 
that national and international standards are followed.

5.6  Learning in Context

To encourage outcome-based education and to allow for meaningful learning, it 
is important to teach engineering in context so that students can apply what they 
learn right away and can see the benefits of learning engineering (Patterson et al. 
2011). Learning in context allows students to experience the real environment, and 
they can use ICT to communicate with the instructor whose role is that of a tutor or 
coach. One of the major issues in engineering education is the high dropout rate of 
students because of lack of motivation. Learning in context will motivate students 
to finish their programs since they are able to see what they learn is making a differ-
ence in the world and they are contributing to society. Students should be given real 
and contextual experience so that they can be motivated, and they can see how what 
they are studying is having a positive impact on society. Giving students real-life 
experience is new to engineering programs and there are some challenges, espe-
cially in MENA where there is limited interaction between education and industry. 
The National Academy of Engineering (2012) identified three major challenges 
in implementing contextual learning. These include: lack of funding, determining 
faculty workload, and building appropriate partnerships with industries. However, 
with careful planning, these challenges can be overcome and the benefits to students 
will outweigh the investments and effort.

5.7  Technology-Enhanced Learning in Engineering 
Education

To provide flexibility in learning, facilitate contextual and problem-based learning, 
and cater for the new generations of students, technology should be used to enhance 
learning. Connection to the Internet is important to implement learning technolo-
gies in engineering education. Internet connectivity is growing faster in the Middle 
East countries than in other regions of the world (Mirza and Al-Abdulkareem 2011). 
Educational organizations should take advantage of this growth to develop and de-
liver online courses in engineering programs. Given below are the benefits of using 
TEL in engineering education:

• The use of technology to deliver education at a distance removes barriers to 
learning, especially for students with disability who cannot travel and for female 
students with family responsibilities.

• Students who live in remote locations can use ICTs to access learning materials 
and instructor support.

mbishawi@birzeit.edu



M. Samaka and M. Ally124

• Students who are working and travel frequently can use ICTs to learn from any-
where and at any time.

• A major benefit for using technology to deliver engineering education is many 
students already have the technology and they know how to use it. Engineer-
ing programs should take advantage of this and deliver learning materials using 
ICTs.

• Intelligence can be built into the delivery system to detect the learning style 
of students and deliver the appropriate learning materials based on the student 
learning style.

• In TEL, learning is more learner-centered since students determine when and 
where they want to learn, and they can access additional materials to enrich their 
learning.

• TEL allows for learning at a distance, which is more affordable than campus-
based education since learners do not have to travel to a physical location to 
access learning materials.

• For the instructor, the learning materials are easy to update since they are in 
electronic format. The instructor can change the learning materials, and students 
will be able to see the changes right away.

• TEL caters for the new generation of learners since they are technology literate 
and they are comfortable using the technology.

• Because of information explosion where information changes on a frequent ba-
sis, students can use ICTs to access current information.

• There are many initiatives around the world that are developing learning materi-
als as open educational resources. Students can use ICTs to access open educa-
tional resources. Also, the trend is for textbooks, journals, and other information 
to be in electronic format. Students can use ICTs to access the electronic materi-
als.

• Students can use ICTs to learn in context so that they can develop high-level 
skills.

• Collaborations are facilitated using ICTs. Students can collaborate to solve prob-
lems.

• Students can use ICTs to access experts in the field to discuss recent research and 
develop creative ideas.

Engineering education in the future should use a blended learning approach us-
ing TEL to facilitate student-centered education. Blended learning (Fig. 5.1) uses 
a combination of face-to-face instruction and self-directed, independent learning 
(Francis and Shannon 2013). Use of technology in learning allows students to 
be independent learners in a student-centered approach, resulting in higher level 
learning, which facilitates critical thinking (Kärkkäinen and Vincent-Lancrin 2013; 
Kashefi et al. 2012; Saadé et al. 2012). For example, a problem-based learning strat-
egy can be used where students are given a problem to solve. Students then use the 
technology to research solutions on the Internet, interact with experts in the field to 
obtain current information, collaborate with other students virtually, etc. They can 
use ICTs to access learning materials so that they can learn at their own pace with 
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access to a tutor for individual coaching when required. They can also use the tech-
nology to collaborate with peers and experts in the field, which will allow students 
to access high-level knowledge for their intellectual development (Norhayati et al. 
2012).

TEL allows students to learn in context, which results in deep and meaning-
ful learning. According to Boyle and Ravenscroft (2012), “deep learning design 
encourages the creative study of a learning problem or opportunity. It applies sub-
stantive insights from the learning disciplines to exploit the affordances of the tech-
nology in order to develop contexts that empower students to achieve educational 
goals” (p. 1225).

5.8  Use of Remote/Virtual Labs

The use of remote/virtual labs to teach engineering students is a new phenomenon 
that has great potential to allow engineering students to access remote equipment 
from anywhere and at any time using ICT (Domingues et al. 2010; Kennepohl 2010). 
For example, at Athabasca University in Canada, students studying astronomy can 
access and manipulate the telescope from anywhere in the world using ICTs. Stu-
dents can explore the universe from anywhere without having a physical telescope. 
Another example is students can manipulate a microscope from anywhere and at 
any time to view microscopic specimens. Use of remote labs is a major benefit 
to educational organizations since students can practice using the real equipment 
at a distance to improve their skills. Domingues et al. (2010) conducted a study 
to determine the effectiveness of virtual labs in a chemical laboratory technology 
course. The intent of the virtual labs was to provide web support to the traditional 
lab experiment for data analysis and report preparation. A large majority of students 

Fig. 5.1  Blended learning approach
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(95 %) said that the virtual lab portal is easy to use, 97 % said that the virtual lab 
helped them understand the concept of the experiment, and 94 % said that virtual 
lab helped in doing the actual physical experiment. Other benefits of remote labs 
include: disabled people can improve their hands-on skills without having to travel, 
the instructor can demonstrate the labs and observations to the entire class using a 
large screen, dangerous equipment can be manipulated at a distance, and less cost 
for laboratory equipment (Kärkkäinen and Vincent-Lancrin 2013; Ku et al. 2011). 
However, since remote labs in engineering are a new phenomenon, extensive re-
search should be completed to determine how to effectively implement them.

5.9  Role of the Instructor in Technology-Enhanced 
Learning

Countries in the MENA region need to use ICT to allow flexibility in learning and 
student-centered learning. However, for this to occur, instructors must make the 
shift from instructor-centered pedagogy to student-centered pedagogy (Wiseman 
and Anderson 2012). The role of the instructor will change from being a presenter 
of information to a facilitator of learning. Depending on the geographic distribution 
of students, the instructor can use synchronous or asynchronous communication 
tools to communicate and interact with students. The support using the technol-
ogy could be synchronous where the instructor and students interact in real time 
or asynchronous where the interaction is done at different times. In synchronous 
learning, support is provided in real time using two-way text, two-way audio, or 
two-way video. The student and the instructor are able to interact with each other in 
real time. In the asynchronous mode, there is a delay in the communication between 
the instructor and students. For example, in computer conferencing, students post 
their comments and other students and the instructor respond at a later time. Hence, 
as instructors start using learning technologies, their roles will change drastically to 
function effectively in the new learning environment. The instructor role will shift 
from a dominant person in front of the classroom to being a facilitator of learning 
by managing the learning process, providing one-to-one coaching to students, and 
supporting and advising students. As a result, instructors will have to be trained in 
the use of learning technologies in engineering education. Specific skills required 
by instructors to function in TEL are described below.

Instructors must be trained in how to be good facilitators of learning. The in-
structor has to facilitate learning by role-modeling behavior and attitudes that pro-
mote learning, encourage dialogues, and use appropriate interpersonal skills. The 
instructor must be trained in how to recognize different learning styles and how to 
cater for different styles. An effective instructor must recognize that students have 
different styles when learning and some students prefer certain strategies to others. 
The instructor should use techniques that will satisfy and develop different learn-
ing styles and should include activities for the different styles to allow students to 
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experience all of the learning activities. Also, appropriate learning support should 
be provided depending on the learning style of the student (Ally and Fahy 2002).

The instructor should be trained in the importance of feedback and how to pro-
vide effective and constructive feedback to students. Timely feedback is important 
in TEL for the instructor to maintain a presence in the learning process. The instruc-
tor should make students feel comfortable and should show enthusiasm about the 
course materials to keep students motivated. As a result, appropriate training on 
when and how to provide feedback to learning is critical. The instructor has to adapt 
to the student needs and provide timely feedback to students. Motivating students 
can be done by letting them know what they are learning is beneficial and then chal-
lenging students by suggesting additional learning activities.

The instructor must be a good problem solver to interpret students’ problems and 
provide solutions. This implies that the instructor must have the content expertise 
to solve content problems. The instructor solves content problems by being up to 
date in the field, interpreting students’ questions, communicating at the level of 
the student, providing remedial activities, and conducting follow-ups on the help 
provided. Interaction with students requires good oral and written communication 
skills. Also, the instructor is required to develop and revise courses on an ongoing 
basis. As part of the problem-solving process, the instructor needs good listening 
skills to understand what the student is saying in order to respond to the student. 
Most important, the instructor must be trained in how to use the learning technolo-
gies effectively to promote learning. This is critical since the instructor must model 
proper use of the technology.

5.10  Barriers to Technology-Enhanced Learning and 
How to Overcome Them

In the MENA region, TEL strategies such as e-learning, mobile learning, online 
learning, and blended learning are somewhat new. As a result, there are many barri-
ers that must be overcome to make the implementation of TEL effective in MENA. 
Below are some critical barriers and suggestions on how to overcome the barriers.

• A major barrier is getting instructors involved in TEL. Instructors are not mo-
tivated because they have been involved in campus-based education for many 
years and they have a difficult time adjusting to TEL. Also, instructors do not 
think that they have the expertise to implement TEL. Instructors work on other 
priorities rather than get involved in TEL. To overcome the motivation barrier, 
instructors must be trained in how to implement TEL, success stories should 
be shared with them, they should be provided with funding to develop learning 
materials for TEL, and awards should be given for getting involved in TEL.

• The campus-based education system was developed for face-to-face delivery, 
which is not appropriate for TEL. As a result, it is difficult to implement TEL 
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in the campus-based system. The solution is to reengineer the system for both 
campus-based learning and TEL so that blended learning can be implemented.

• The organization operations do not meet the needs of TEL. There is competition 
for resources between departments that implement TEL and other departments. 
This is a result of the budget, which was developed for face-to-face delivery 
rather than TEL. Also, the TEL instructor workload is based on face-to-face in-
structor workload. The organization should develop implementation plans for 
both TEL and face-to-face delivery. Also, enough resources should be provided 
for TEL.

5.11  Learning Theories to Guide the Development of 
Engineering Programs

There are different learning theories that should be followed when designing en-
gineering education. This section will discuss learning theories to design effective 
engineering education programs.

An important predictor of success in engineering education is students’ self-effi-
cacy, which is students’ belief that they can be successful as an engineer (Patterson 
et al. 2011). Instructors must build and enhance students’ self-efficacy so that they 
can be successful in their programs. A good model to follow to improve students’ 
motivation and self-efficacy is the motivational Attention, Relevance, Confidence, 
and Satisfaction (ARCS) model proposed by Keller (1983). Attention: Get students’ 
attention at the start of the course by presenting real-life examples or ask some 
application questions. Activities should also be used throughout the course so that 
motivation is maintained while students learn. Relevance: Inform students of the 
importance of the course and how taking the course could benefit them. Strategies 
could include describing how students will benefit from taking the course, and how 
they can use what they learn in real-life situations. This strategy helps to contextual-
ize the learning and make it more meaningful, thereby maintaining students’ interest 
throughout the learning session. Confidence: Use strategies such as designing for 
success and sequencing from simple to complex or from known to unknown, and 
use a competency-based approach where students are given the opportunity to use 
different strategies to complete the course. Inform students of the course outcome 
and provide ongoing encouragement to complete the course. Satisfaction: Provide 
feedback on students’ performance and allow them to apply what they learn in real-
life situations. Students like to know how they are doing, and they like to contextu-
alize what they are learning by applying the information in real life.

Behaviourist theory suggests looking for observable behavior in students and 
places emphasis on feedback in learning. Some guidelines for designing learning 
materials based on behaviourist theory include: (1) Inform students of the learning 
outcomes so that they can set expectations and can judge for themselves whether 
or not they have achieved the outcome of the course. (2) Evaluate students’ per-
formance to determine whether or not they have achieved the learning outcome. 
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(3) Sequence the training materials appropriately to promote learning. (4) Provide 
timely feedback to students.

Another psychological theory of learning that one should follow is the cognitiv-
ist school of learning. According to the cognitivist, instructors must use learning 
strategies that allow students to attend to the learning materials so that the informa-
tion can be transferred from the senses to the sensory store and then to working 
memory and eventually to long-term memory. The amount of information trans-
ferred to working memory depends on the amount of attention that was paid to 
the incoming information and whether cognitive structures are in place to make 
sense of the information. Instructors must check to see if the appropriate existing 
cognitive structure is present to enable the student to process the information. Also, 
because of the limited capacity of working memory, information must be chunked 
in pieces of appropriate size to facilitate processing. Information maps that show 
the major concepts in a topic and the relationships between those concepts should 
be included in the courses.

Guidelines for designing learning materials based on the cognitivist model of 
learning include: (1) Use effective strategies that allow students to perceive and 
attend to the information so that it can be transferred to working memory. (2) Infor-
mation that is critical for learning should be highlighted to focus students’ attention. 
(3) The difficulty level of the material must match the cognitive level of the student, 
so that the student can both attend to and relate to the material. This will prevent in-
formation overload during the learning process. (4) Strategies that allow students to 
retrieve existing information from long-term memory to help make sense of the new 
information must be used. (5) Provide conceptual models that students can use to 
retrieve existing mental models or to store the structure they will need to use to learn 
the details of the course. (6) Information should be chunked to prevent overload 
during processing in working memory. (7) Strategies that promote deep processing 
should be used to help transfer information to long-term storage. Strategies that 
require students to apply, analyze, synthesize, and evaluate promote higher level 
learning, which makes the transfer to long-term memory more effective. (8) Strate-
gies to allow students to apply the information on the job should also be included, to 
contextualize the learning and to facilitate deep processing. (9) Information should 
be presented in different modes to facilitate processing by different learning styles 
and transfer to long-term memory. Whenever possible, textual, verbal, and visual 
information should be presented to encourage encoding and to cater for different 
learning styles. (10) Learning strategies that facilitate the transfer of learning should 
be used to encourage application in practical situations. Simulation of the real situ-
ation, using real-life cases, should be part of the course. Also, students should be 
given the opportunity to complete projects that use real-life applications and infor-
mation. Transfer to job situations could assist students to develop personal meaning 
and contextualize the information.

A more recent theory of learning is constructivist, which suggests that students 
should be active in the learning process since knowledge is not received from the 
outside or from someone else; rather, it is the individual student’s interpretation 
and processing of what is received through the senses that creates knowledge. The 
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student is the center of the learning, with the instructor playing an advising and fa-
cilitating role. A major emphasis of constructivists is situated learning, which sees 
learning as contextual. Learning must be done in context to allow students to con-
textualize the materials during the learning process. If the information has to be 
applied in many contexts, then learning strategies that promote multi-contextual 
learning should be used to make sure that students can indeed apply the information 
broadly. According to Tapscott (1998), learning is moving away from one-way in-
struction to construction and discovery of knowledge. Guidelines for TEL based on 
the constructivists’ school of learning include: (1) Learning strategies should keep 
the students active and they should apply what they learn in practical situations to 
facilitate personal interpretation and relevance. (2) Students should be actively con-
structing their own knowledge rather than accepting what is given by the instruc-
tor. (3) For maximum benefit, learning should be made meaningful for students by 
relating to what they already know or to something personal.

5.12  Model for Developing Engineering Programs

This section presents a model for developing TEL for engineering programs so that 
students can be trained for the twenty-first-century workforce. The delivery method 
in engineering programs is primarily lectures, especially in the MENA region. There 
is the belief that for students to learn, someone must stand up in front of a large class 
and do one-way lectures. Based on learning theories, this is the least effective way 
to educate students. The students must be active in the learning process so that high-
level learning can be promoted. When developing engineering programs, learning 
theories must be followed to facilitate high-level learning and to promote transfer of 
training to the real world. Also, the learning style of students should be catered for 
and learning materials must be developed for all of the learning styles. According to 
Kolb (1984), there are four learning style types. (1) Divergers are individuals who 
have good people skills; when working in groups, they try to cultivate harmony in 
the group, to assure that everyone works together smoothly. (2) Assimilators like to 
work with details and are reflective and relatively passive during the learning pro-
cess. (3) Convergers prefer to experiment with and apply new knowledge and skills, 
often by trial and error. (4) Accommodators are risk-takers, who want to apply im-
mediately what they learn to real-life problems or situations. For example, if an 
engineering lesson is about learning how to use engineering software, activities for 
the four different learning styles can be as follows. For divergers, the lesson should 
include activities for them to work in teams and inform them why they should learn 
to use the software. The assimilators would like step-by-step instructions on how 
to use the software. The convergers like to experiment and learn on their own; so 
they should be allowed to learn the software by themselves. The accommodators are 
creative and risk-takers, and they would like to use the software creatively. Hence, 
accommodators should be allowed to use the software in real-life applications.
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5.12.1  Content Identification

The first step when developing engineering programs is to identify the content, 
which should be broken down into manageable chunks for effective delivery. One 
method to break the content into smaller chunks is shown in Fig. 5.2. Engineering 
programs are broken down into courses, which are broken down into modules. A 
course should have 5–7 modules. The learning outcomes are then identified for each 
module. A module should have 5–7 learning outcomes.

5.12.2  Components of the Model

The four major components of the model (Fig. 5.3) are: (1) preparing students for 
the learning, (2) prescribing learning activities, (3) allow for student support, and 
(4) design for transfer to the real situation. The components are developed for each 
module.

1. Prepare Students for Learning

A variety of activities can prepare students for the details of the module, and to 
connect and motivate them to learn the module. A rationale should be provided to 
inform students of the importance of taking the module and to show how it will 
benefit them. For example, in a safety course, students can be shown a video of 
what will happen if safety procedures are not followed. A concept map is provided 
to establish the existing cognitive structure, to incorporate the details of the module, 

 

Fig. 5.2  Structure of engineering program
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and to activate students’ existing structures to help them learn the details in the mod-
ule. The module concept map also gives students the big picture. Students should be 
informed of the learning outcomes of the module, so they know what is expected of 
them and will be able to gauge when they have achieved the module outcomes. An 
advance organizer should be provided to establish a structure, to organize the details 
in the module, or to bridge the gap between what students already know and what 
they need to know. Students must be told the prerequisite requirements so that they 
can check whether they are ready for the module. Providing the prerequisites to stu-
dents also activates the required cognitive structure to help them learn the materials. 
A self-assessment should be provided at the start of the module to allow students 
to check whether they already have the knowledge and skills taught in the module. 
If students think they have the knowledge and skills, they should be allowed to 
take that module’s final test. The self-assessment also helps students to organize 
the module materials and to recognize the important materials in the module. Once 
students are prepared for the details of the module, they can go on to complete the 
learning activities and to learn the details of the module (Fig. 5.4).

2. Design Learning Activities

The TEL course should include a variety of learning activities to help students 
achieve the course learning outcome and to cater for their individual needs 
(Fig. 5.5). Examples of learning activities include reading textual materials, lis-
tening to audio materials, viewing visuals or video materials, games, simulation, 
virtual experiments, hands-on experiments and activities, etc. Students can conduct 
research on the Internet or link to online information and libraries to acquire further 
information. For example, in problem-based learning, students can use the Internet 
to conduct research to find solutions to solve the problem. Having students prepare 
a learning journal will allow them to reflect on what they have learned and provide 
personal meaning to the information. Appropriate application exercises should be 
embedded throughout the course to establish the relevance of the materials. Practice 

Fig. 5.3  Components of the 
design model
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activities, with feedback, should be included to allow students to monitor how they 
are performing, so that they can adjust their learning method if necessary. To pro-
mote higher level processing and to bring closure to the course, a summary should 
be provided or students should be required to generate a course summary.

3. Types of Interaction in TEL

When engineering programs are designed for delivery using technologies, there are 
different types of interactions that must be developed (Fig. 5.6). In learner–instruc-
tor interaction, the learner must be able to interact with the instructor face-to-face 
or using communication technologies which will result in high social presence. In 

Fig. 5.4  Preparing students 
for learning
 

Fig. 5.5  Learning activities 
to promote learning
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learner–content interaction, the learner interacts with the content to achieve high-
level knowledge and skills. Hence, the content must be interactive for high-level 
learning. This will increase cognitive presence. In addition, there should be op-
portunities for learner-to-learner interaction where students can help each other and 
share ideas. This is very important in problem-based learning and will enhance 
social presence. The appropriate interface must be developed so that students can 
interact with the technology to learn. The content should be developed as learning 
activities where students interact with the content to achieve high-level outcomes. 
If students are learning in their own context away from the campus, the appropriate 
interaction with the context should be developed to personalize information and 
construct their own meaning. Finally, there must be appropriate student support 
where the instructor or outside experts are available to provide help and feedback to 
students, there is shared cognition, formation of social networks, and the establish-
ment of social presence. Also, the instructor should arrange for student-to-student 
interaction where students help each other.

5.13  Design for Transfer of Learning

Opportunities should be provided for students to transfer what they have learned 
to real-life applications, so that they can be creative and go beyond what was pre-
sented in the course (Fig. 5.7).

5.14  Conclusions

With the proliferation of computers and mobile technologies, the globalized society, 
new generation of students, and information explosion, educational organizations 
need to reinvent the way they design and deliver engineering education. In a global-

Fig. 5.6  Interactions in technology-enhanced learning (TEL)
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ized society, engineering education should train students to work locally but think 
globally, because how they function locally determines what is happening globally. 
Engineers have to be aware of advancement in their fields so that they can be ef-
fective on the job. Also, to remain competitive and to contribute to their organiza-
tions, engineers must be entrepreneurial (Sunthonkanokpong 2011). At the same 
time, distance education and online learning can be utilized to allow engineering 
graduates to learn on a continuous basis so that they can be up to date in their fields 
(National Academy of Engineering 2005).

The output of a program (graduates) will be of high quality if the input (enter-
ing students) and processes (quality of the courses and learning experience) are of 
high quality. Countries in MENA need to examine their K-12 system to make sure 
that the students graduating from K-12 are ready for engineering education. The 
education system in K-12 emphasizes rote memorization to pass exams rather than 
teach students to think critically and to be active in the learning process (Thomp-
son 2008). The K-12 system must be changed to prepare students for engineering 
programs. Also, the engineering programs should be transformed to prepare high-
quality graduates for the twenty-first century.

Research on TEL must continue to better understand how to utilize the electronic 
multimedia approaches to teaching and learning and how to successfully imple-
ment TEL in engineering education (National Academy of Engineering 2005). TEL 
in some engineering schools is new and strategies for successful implementation 
must be followed. Steps for successfully implemented TEL are: (1) Create a vision 
for TEL. (2) Establish a sense of urgency for implementing TEL. (3) Develop the 
infrastructure for TEL. (4) Implement successful TEL projects. (5) Communicate 
the successes to the organization.

Fig. 5.7  Transfer of learning 
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6.1  Background and Purpose

6.1.1  Introduction

The construction industry is growing fast in the Middle East as reflected by the 
amount of planned construction work estimated to have a budget of $2.4 trillion 
(GCC 2010). For example, the contribution of construction to the overall gross 
domestic product (GDP) in Qatar is $7.7 billion after a growth of 5.1 % (Delloite 
2013). In Lebanon, real estate investments and the construction sector constituted 
21 % of the GDP in 2012 (Project Lebanon 2013). This emphasizes the importance 
of improving construction and implementing new systems to enhance the overall 
performance of construction projects. The improvement of the construction indus-
try can start by improving the engineering education and teaching methods since 
the graduating students are the future leaders of construction projects in the Middle 
East (Fig. 6.1).

“Lean” is a production management philosophy and principle developed by 
Toyota aimed at adding value, reducing waste, and continuous improvement (Liker 
2004). The introduction of lean principles to the construction industry requires a 
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Fig. 6.1  One of many new 
construction projects in the 
Middle East and North Africa 
(MENA) region. (IQPC 
2011)

 

cultural change towards collaboration and continuous improvement since lean is 
more of a philosophy and not just techniques. Building the leaders, teams, and indi-
viduals in learning and applying lean construction are necessary to realize a growth 
in lean applications and benefits (Drysdale 2013). Results of a study on different 
cultural clusters show that the Middle Eastern cluster had low scores for the team-
oriented and participative attributes (Javidan et al. 2006). Thus, the inclusion of lean 
construction in the civil engineering curriculum is aimed at improving teamwork, 
sharing, and participation.

Questioning the effectiveness of the traditional teaching methods leads to ad-
dressing the elephant in the room, “What is wrong with a 50-minute lecture?” (Ei-
son 2010). The “traditional” teaching method is defined as “an essentially exposi-
tory form of teaching, dominated by the teacher; it relegates pupils to a passive role, 
reduces their classroom activity to the memorization of data to be recited to the 
teacher, and in particular, leads to the acquisition of skills of a lower taxonomic 
level” (Gauthier and Dembélé 2004). Teachers who often rely solely on their pre-
sentations to give information tend not to rely on learners’ life skills, formal and 
informal knowledge, and interests for meaningful information sharing (Heimlich 
and Norland 2002). Students of the new generation are growing up playing video 
games that enhance their visual attention and perception; it teaches them collabora-
tion and multitasking. The educational methods needed should take advantage of 
the strengths of this generation while compensating for their weaknesses (Taekman 
and Shelley 2010). Education should be molded to reach students in a way similar 
to their generation’s habits and preferable learning methods.

It can be argued that traditional teaching limited to lecturing may prevent the 
cognitive evolution of students. It reduces them to passive agents receiving the 
information from the notes of the lecturer and transferring it to their own notes 
without passing through the minds of either. The nature of the lecturing technique 
makes it too easy for students to divert their attention away from the lecturer just 
10–15 min into the class time (Eison 2010). The traditional teaching method places 
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the responsibility for learning squarely on students. As for teachers, they are con-
sidered as sources of knowledge instead of evolving into a network of facilitators 
(Taekman and Shelley 2010). The success of teachers is not defined by what stu-
dents know but by what they do (Cooke et al. 2006). Therefore, it can be deduced 
that all genuine learning is active, not passive: it involves the use of the mind, not 
just the memory (Adler 1987).

A curious peculiarity of our memory is that things are impressed better by ac-
tive than by passive repetition (Roediger and Butler 2011). The importance of class 
discussion and simulation exercises can thus be considered one of the integral meth-
ods to achieve an effective learning process. But a question remains unanswered: 
How effective are discussion forums and simulation exercises in improving student 
learning and understanding of lean construction concepts? This study aims at study-
ing these two methods and understanding their impact on student learning.

6.1.2  Discussion Forums

6.1.2.1  What are Discussions forums

The discussion method is defined as “a strategy for achieving instructional objec-
tives that involves a group of persons, usually in the roles of moderator and partici-
pant, who communicate with each other using speaking, nonverbal and listening 
processes” (Gall and Gillet 1980). For the discussion to be fruitful, it is important 
that the teacher provides the students with specific objectives and procedural guide-
lines for the session. This does not aim to limit students but rather to guide the dis-
cussion forward towards a desired direction with a reduced necessity to intervene 
and interrupt it (Folkestad et al. 2009). It is crucial that the teacher provides both 
a model for thinking and a structure for the class discussion. Students can then be 
asked to recall and discuss some lessons learned in class or through homework; they 
get the chance to think for themselves and internalize this new way of viewing the 
world (Ozer 2005).

6.1.2.2  Why Use Discussion Forums

People learn by using what they know to construct new understanding based on pre-
vious experience. In the process of a class discussion, the teacher can recognize if 
the students may have the knowledge to a learning situation that is not activated and 
activate it by building on students’ strengths. Moreover, teachers can identify early 
on if the students have misinterpreted new information because of previous knowl-
edge they used to construct the new understandings (National Academy of Sci-
ence 2004). Through discussion, teachers can have access to their students’ thought 
processes and can, therefore, guide them to a higher level of thinking. Once the 
concepts are rooted in the students’ minds, teachers can then aim to extend students’ 
trails of thought to stir up controversy and challenge critical intellect (Ozer 2005).
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6.1.2.3  Learning Outcomes

In a study conducted in a large, upper-division biology lecture course, discussions 
were observed to yield significantly higher learning gains and better conceptual 
understanding (Chudler 2005). The key concept in discussion is interaction that 
makes it a two-way communicative process (Pendleton 1981). It requires students 
and the teacher to talk back and forth at a high cognitive and affective level, both 
with one another and the subject matter being discussed (Larson and Keiper 2002). 
To establish a continuous discussion, however, the faculty must create a supportive 
intellectual and emotional environment that encourages students to take risks (Bon-
well and Eison 1991).

6.1.2.4  Challenges

Class activities such as discussion can be counterproductive if not implemented in 
such a way as to give adequate support for student autonomy in learning and proj-
ect a mastery orientation to learning. Thus, the way the teacher implements such 
activities for students to interpret is of paramount importance since this method 
may either reinforce or undermine students’ positive motivational beliefs (Hanrahan 
1998). Some teachers are frequently frustrated by their futile efforts to engage the 
whole class in a good and healthy discussion. To mitigate this, Young (2007) sug-
gests creating student-friendly, teacher-friendly activities that result in prepared stu-
dents, universal participation, and creative responses to the material through small 
group discussions. Small groups aim to provide student-led discussions where there 
is opportunity for legitimate disagreement or interpretation (Young 2007). Finally, 
an inclusive and democratic class discussion can inspire critical thinking, shared 
learning, and a deep appreciation and understanding of the course subject matter 
(Kenny 2008).

6.1.3  Simulation Exercises

6.1.3.1  Simulation Exercises: A Pedagogical Tool

Simulation exercises create a virtual world for users and require them to make ac-
tive decisions and come up with the best result in a certain situation to better under-
stand and prepare for what happens in real life (Zoroja 2010).

Researchers describe the stages that students pass through when learning. In tra-
ditional teaching methods, students receive the information, understand it, link it 
to a specific situation, and then learn how to use it in a general case. Alternatively, 
through simulation exercises, students start by discovering the particular applica-
tion, understand the effect of a certain decision in a particular application, link it to 
its general principle, and then apply what was learned to a different case (Coleman 
1978). However, it should be clear that simulation exercises are there to support 
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lectures, not to replace them. A study done covering seven universities teaching 
lean construction courses showed that six out of the seven instructors are employing 
simulation exercises in class as a teaching method to support their lectures (Tsao 
et al. 2013). These exercises benefit students with their practical side where the “do-
ing” part of this teaching method makes it harder for students to forget the lesson 
(Gilgeous and D’Cruz 1996). “I hear and I forget, I see and I remember, I do and I 
understand” (Chinese saying).

6.1.3.2  Why Use Simulation Exercises?

The challenging part of education is making the learner see something in the world 
in a different and new perspective (Kuhn 1970). The use of exercises is not as 
expensive as training on the actual job; it helps in experimenting with a variety 
of strategies by learning from mistakes without the fear of actual losses. The ac-
tive learning that exercises provide promotes more learning since participants can 
learn from their mistakes throughout the process. Exercises are close to reality since 
they require users to consider many variables when making decisions; this teaches 
them how to behave in real-life situations and gives them a sense of quantities (Gil-
geous and D’Cruz 1996). Introducing lean construction to an organization willing 
to implement it is easier through exercises that enable project managers to better 
understand the impacts of lean strategies on projects (Hajifathalian 2011). In addi-
tion, involving industry members to assist in running lean exercises enhances the 
educational opportunity for students (Hyatt 2014). A successful understanding af-
fects the student and his/her future organization since he/she will carry the lessons 
learned from the exercise’s situation to his/her normal business (Friblick et al. 2007; 
Rybkowski et al. 2012).

6.1.3.3  Simulation Exercises in Civil Engineering

“Simulation replaces the ‘learning about’ by the ‘taking part’” (Cullingford 
et al. 1979). While the “taking part” on large-scale construction projects to gain 
 experience is costly, exercises allow students to experience real-life situations and 
 engineering notions in a short space and time and without monetary risks or losses. 
Exercises require dividing students into small groups, thus creating a strong teach-
ing approach that includes cooperative learning, team-based learning, and peer-led 
team learning; it helps students in developing collaborative skills and team spirit 
which are necessary for future engineering professionals (Froyd 2008).

In civil engineering projects, simulations are more complex and difficult, tasks 
are highly interdependent, and they include human factors with a high number of 
staff (Long et al. 2009). Business and finance education programs, for example, 
employ special simulation exercises that focus on contracting, such as Superbid, 
the Equipment Replacement Game, the Building Industry Game, and Contract 
& Construct (AbouRizk 1992; Nasser 2002; Martin 2000; Johnson et al. 2003). 
Other exercises are also known in civil engineering, such as the Parade of Trades 
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(Tommelein et al. 1999), LEAPCON (Sacks et al. 2007), and CONSTRUCTO (Hal-
pin 1976). Some computer-based exercises are not as recent as the “Muck Game,” 
for example (Scott and Cullingford 1973), which dates back to the 1970s and is also 
known as the Dam Game. It consists of modeling a dam construction project from 
a management and planning point of view (Cullingford et al. 1978). The exercises 
train students on extensive preplanning, learning by doing, teamwork and coopera-
tion, and handling large construction projects (Long et al. 2009).

6.1.3.4  Learning Outcomes from Simulation Exercises

Many benefits are attributed to simulation exercises. They are motivational, enjoy-
able, and riskless. In addition to accelerating the learning ability of students espe-
cially for complicated lessons, they enhance analytical and problem-solving skills 
as well as the development of intuition in complex problems (Clarke 2009). Other 
outcomes of this teaching method are improving students’ management and lead-
ership skills by improving the quality of their decisions. Active learning involves 
students by making them explore, analyze, create, reflect, communicate, and use 
new information, which increases the retention of the knowledge acquired (Clarke 
2009). The improvement in decision-making is shaped by the fact that students ob-
serve the consequences of their actions, share their ideas with other participants to 
arrive at helpful conclusions, or demonstrate their ideas to other members (Clarke 
2009). Therefore, simulation is not required to provide intelligence or knowledge 
more than it is required to give the necessary support that enables learners to get the 
ultimate benefit and competence from these simulations (Thurman 1993).

6.1.3.5  Challenges

Teaching by simulation exercises is more beneficial for students and teachers; how-
ever, it requires more preparation by instructors and enthusiasm to communicate 
with students. This process needs effort and time. Moreover, exercises should be 
tailored to meet the class size because with the increasing number of students, the 
process becomes more difficult (Cullingford et al. 1979). Other challenges for im-
plementing learning technologies are being flexible to pedagogical changes, sup-
porting learning continuity and professional development, fulfilling students’ ex-
pectations, and providing the appropriate space for learning (Clarke 2009).

6.2  Purpose

Understanding the role of discussion forums and simulation exercises in enhancing 
the classroom environments, increasing student learning, and improving student 
satisfaction is crucial to convince educators to implement these methods in modern 
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education. Lean construction theory is based on collaborative techniques and team-
based management. Accordingly, it makes a lot of sense to use collaborative and 
team-based methods to teach lean construction to university students. However, 
research is required to evaluate these methods.

This research aims at understanding the impact of discussion forums and simula-
tion exercises on improving learning in lean construction education. The specific 
aims identified in this proposal include:

• Understanding the role of discussion forums and simulation exercises as class-
room learning techniques

• Understanding the need for using these methods in the classroom
• Assessing the influence of these methods on stimulating students’ participation 

and active engagement
• Assessing the improvements in learning outcomes when employing these meth-

ods

The study answers some general questions:

• How can active learning methods improve student learning in civil engineering 
education?

• What active learning methods should be employed in teaching lean construction 
to university students?

• Are discussion forums and simulation exercises appropriate methods for lean 
construction education?

This proposed research addresses some specific questions:

• Which methods help students express themselves better in class?
• Which methods contributed to student learning most?
• How did discussion forums influence in-class student learning?
• What lean construction concepts did students learn in participating in simulation 

exercises?

Answering the abovementioned questions can help educators understand the differ-
ent ways that discussion forums and in-class simulation exercises can be employed 
to improve learning, enhance student engagement, and increase student satisfaction. 
The results uncovered reasons for students’ engagement and suggested ways and 
methods to increase their motivation. This study uses students’ self-assessment data 
to advise teaching practice. Thus, it is not intended to measure the overall efficacy 
of the teaching strategy.

Based on the results of the study, educators can base their future course design 
plans to blend different teaching methods to better engage students and cater for 
different student learning styles. Educators would have access to real evaluation 
data of discussion forums and in-class simulation exercises to model their classes 
after.

6 Using Forums and Simulation Exercises …

mbishawi@birzeit.edu



146 F. Hamzeh et al.

6.3  Application

Discussion forums and simulation exercises have been used at the American Uni-
versity of Beirut in the graduate-level course CIVE 686 titled “Lean Construction 
Methods & Applications.” The different ways those were employed are detailed in 
this section.

6.3.1  Discussion Forums

In class, discussions were employed to explain new ideas and concepts. Weekly 
readings were assigned and students were asked to post questions on the course 
website. The class was organized into a discussion panel and the questions were 
used to initiate discussion. Students expressed their ideas, listened to others, and 
learned collectively. To do so, each student was required to answer at least one of 
the questions posed by another student and contribute to the discussion whenever 
she/he had an idea to share. If the answers were incomplete, other students joined 
the discussion until the questions were fully answered. The instructor’s role was to 
facilitate and regulate the discussion and intervene only when questions were not 
fully answered (Hamzeh and Jacobs 2010).

Online forums were also used for cyber discussions. Those were in the form of 
assignments where students were required to research, analyze, and discuss three 
main topics: (1) the theory of constraints and its applications in construction, (2) 
integrated project delivery (IPD) and its barriers for implementation, and (3) the 
application of time management skills to student life.

6.3.2  Simulation Exercises

The simulation exercises that were used in class are the Airplane exercise, the Pa-
rade of Trades exercise, the Red-Green exercise, the Silent Squares exercise, the 
Bottleneck Simulation exercise and the Helium Stick exercise. Simulation exer-
cises were integrated into the teaching program to help students understand the 
real-system behavior in real-life conditions, enhancing students’ critical thinking 
and analysis. All these exercises helped students acquire clearer theoretical under-
standing of lean concepts and their applications in the construction industry. Given 
below is a description of the exercises used:

• The Lean Airplane Simulation exercise illustrates to students the benefits of cre-
ating flow in the work process. By playing many rounds, participants learn to 
reduce waste of time and increase efficiency in production. It teaches them team-
work, pull production, and the impact of supply chain logistics; it trains them 
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on balancing the workflow, reducing batch size, and reducing work-in-progress 
inventories (Dukovska-Popovska et al. 2008). Figure 6.2 shows students partici-
pating in the airplane simulation exercise.

• The Silent Squares exercise is used to learn new problem-solving tools while de-
fining each member’s role and responsibility. This design management exercise 
shows students the importance of sharing incomplete information and applying 
an integrated design process.

• The Parade of Trades exercise allows participants to develop a better intuitive 
understanding of various basic production concepts, such as variability and 
throughput. A single-line processing system is used to illustrate the impact that 
variability has on the performance of construction trades and their successors. 
Using simulation and computer exercises for this system shows the possibility 
of reducing waste of resources and time by reducing the variability in work flow 
between trades (Tommelein et al. 1999).

• The Red-Green Simulation exercise introduces students to the world of risk and 
risk sharing in projects. It teaches them how to take decisions that benefit the 
whole team and, indirectly, the individuals instead of solely the individual’s ben-
efit at the expense of the team.

• The Bottleneck Simulation exercise teaches students about the theory of con-
straints (TOC) which can be applied to project scheduling and can help in man-
aging resources, project costs, and risks. It clearly simulates how the throughput 
of value is determined by the key constraints of every system (Steyn 2002).

• The Helium Stick exercise encourages students to work together as a team for a 
common purpose. It teaches them cooperation and good communication among 
each other as well as concentration and patience to attain their purpose.

Fig. 6.2  Students engaging in the airplane simulation exercise
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6.4  Design/Method/Approach

To achieve the aforementioned aims, research was performed in three main phases: 
(1) background research and preparation of surveys, (2) data collection, and (3) data 
analysis and reporting.

6.4.1  Background Research and Preparation of Surveys

The first phase of the project involved two main tasks: (1) literature review and (2) 
developing a survey, including a pilot test, to assess discussion forums and simula-
tion exercises.

6.4.1.1  Background Research

The first task involved performing a detailed literature review on discussion forums 
and simulation exercises. Due to the limited availability of literature found on spe-
cifically assessing these two methods in the classroom, the review addressed the 
available literature on the topics in general.

6.4.1.2  Survey

Task 2 involved preparing two surveys, initial and final, to assess the role of discus-
sion forums and simulation exercises in improving education and enhancing the 
quality of learning in lean construction education. The survey addressed different 
types of learning methods employed in the classroom, such as lecture, homework, 
projects and case studies, and compared them to the discussion forums and simula-
tion exercises. The survey targeted fourth-year civil engineering students as well as 
graduate students in civil engineering taking a graduate-level course on lean con-
struction methods and applications. A pilot survey was developed and administered 
among a small group of students prior to the beginning of the course for assessment 
and improvement. The survey was then adjusted based on the returned pilot surveys 
to better address the objectives of the study.

The “initial survey” was distributed at the start of the course session to learn 
about student preferences at the debut of the term and later compare them with 
the “final survey” results. The “final survey” was prepared and administered at the 
end of the course to assess the effectiveness of the different teaching strategies 
employed. Similar to the “initial survey,” there were sections that asked students 
to grade their overall satisfaction of the various teaching methods. This reflected 
the preference of each student to the different methods. Moreover, similar to the 
“initial survey,” the “final survey” included a question about the number of hours 
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per week each student worked for the course. This was used to measure the level of 
effort each student devoted to the course. To measure the effectiveness of the simu-
lation exercises done in class, questions asking students to identify the lean concept 
learned through each exercise were included. Finally, to assess the level of under-
standing of the different modern construction delivery methods taught and compare 
it before and after the course, students were asked to grade how comfortably they 
can describe and discuss the various methods in a professional environment. Be-
cause different teaching styles were used to teach the construction methods, the 
effectiveness of the former can be compared based on the degree of improvement.

6.4.2  Data Collection and Survey Analysis

As mentioned, the study employs two surveys administered at the beginning of 
the semester and towards the end of the semester to assess the change in students’ 
perception of their learning styles. The surveys also aim at assessing the impact of 
discussion forums and simulation exercises on students’ understanding, evaluating 
students’ learning styles, and weighing the desirability of active learning methods.

The “initial survey” was conducted in the first week of class to assess students’ 
perception of various learning methods, understand their preferred learning styles, 
and shed a light on their expectations. After employing the discussion forums for 
many sessions and administering five simulation exercises throughout the semester, 
the “final survey” addressing the same topics covered in the first survey was con-
ducted.

6.4.3  Data Analysis and Reporting

In this study, the data collected were analyzed to examine the changes in students’ 
assessment of the various teaching methods used in the class, including discussion 
forums and simulation exercises. The data were also used to assess the level of 
student learning when participating in simulation exercises. Comparisons between 
the levels of understanding of various course topics were performed to assess the 
impact of simulation exercises on increasing student learning. Moreover, the level 
of understanding for various course topics implied in simulation exercises was also 
analyzed to assess student learning.

Performing this analysis requires a close comparison between the student sur-
veys at the beginning and at the end of the course, arranging data in various ways 
in order to facilitate the analysis, and performing various statistical tests to measure 
performance and statistical significance.

6 Using Forums and Simulation Exercises …
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6.5  Results and Discussion

To shed light on the efficacy of active teaching methods, specifically discussion 
forums and simulation exercises, various comparisons were performed, including 
analysis of changes in students’ assessment of discussion forums and simulation ex-
ercises as teaching methods, quantitative assessment of student learning, and quali-
tative assessment of student learning using these methods.

6.5.1  Changes in Students’ Assessment of Teaching Methods

To assess the impact of employing simulation exercises and discussion forums on 
student learning, a comparison analysis of student views at the beginning of the 
course and at the end of the course was performed. Students were asked at the 
beginning of class instruction to rate the best methods for learning in class using a 
five-point Likert scale. Towards the end of the semester, students were asked to rate 
the same methods again after they have had enough experience participating in five 
different simulation exercises and engaging in several discussion forums.

When asked to rate group activities such as simulation exercises in the “initial 
survey,” students rated them as favorable methods for class instruction. The prefer-
ence of simulation exercises averaged to a rating of 4.22 out of 5. However, the stu-
dents’ assessment at the end of the course was even higher as the students expressed 
their satisfaction with this method, raising its average rating to a 4.5.

To assess the significance of this change, a paired t-test was performed for the 
rating before engaging in the simulation exercises and after for a sample of 18 stu-
dents as shown in Table 6.1. The null hypothesis is assumed to be such that there 
is no improvement in the assessment rating. However, the results show that the test 
statistic of − 2.557 has a probability of 0.0204 of occurring by chance alone even if 
the samples had the same parametric value of this statistic. It can therefore be con-
cluded that the results are statistically significant at the 0.05 level of significance 
and the null hypothesis of equality of the parametric statistics is rejected. Thus, the 
improvement is significant at the 0.05 level.

While the results shown in Table 6.1 assume that the data resemble a normal 
probability distribution, some may argue the credibility of this assumption. Hence, 
a nonparametric hypothesis testing method (the Wilcoxon signed-rank test) was em-
ployed to confirm the significance of the results, assuming the distribution of data is 
not necessarily normal. The results for the nonparametric test as shown in Table 6.2 
confirm that the results are statistically significant to the 0.01 level.

Similarly, a test was performed to evaluate the change in students’ assessment of 
discussion forums. The results before the beginning of class instruction average to 
a rating of 3.89 and the final results to an average of 4 out of 5. When performing 
the paired t-test, the results were found to be not statistically significant. However, 
the Wilcoxon signed-rank test showed that the results were statistically significant.
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Figure 6.3 shows the changes in students’ assessment of simulation exercises 
and discussion forums between the “initial survey” at the beginning of the course 
and the “final survey” towards the end of the course. It is crucial to mention that 
the initial assessment was performed after the first week and first simulation exer-
cise. That might have raised the initial assessment and reduced the significance of 
the improvements. However, the results show enough changes to claim significant 
improvements.

Two tailed test
Ho: Ud = 0.0 Before data After Data difference d
Ha: Ud    0.00 5 5 0 -0.277777778

Alpha level: 0.05 5 5 0 Sd
Claimed difference: 5 5 0 0.460888599
Mean differences: d -0.2778 4 4 0 N

Test Statistic -2.5570 5 5 0
Critical Value 2.1098 5 5 0

Decision Reject Ho 3 4 -1
4 4 0
3 4 -1

Use this area to get d and Sd

Hypothesis Test for the difference of two means: dependent sample (Paired t-
test)

Confidence Interval for paired difference
(using data in column B)

Standard deviation: S 0.4609 5 5 0 18
Sample size: n 18 4 4 0 Copy Values?

P-Value 0.0204 4 4 0

Confidence Level 0.95
4 5 -1

Confidence Interval -0.5070
3 4 -1

5 5 0
5 5 0

Yes

-x
-x

-x

≠

Table 6.1  Parametric hypothesis test using paired t-test for the difference of group activity means 
before and after participating in the simulation exercises

 

Table 6.2  Nonparametric hypothesis test using Wilcoxon signed-rank test for the difference of 
group activity means before and after participating in the simulation exercises
Group discussion before 5 5 5 4 5 4 5 5 4 3 4 3 4 3
Group discussion after 5 5 5 4 5 4 5 5 4 4 4 4 5 4
Differences 0 0 0 0 0 0 0 0 0 − 1 0 − 1 − 1 − 1
Ranks of the differences 3 3 3 3
Working with 18 pairs You have to ignore any pairs with zero difference
Sum of the positive ranks W+ 0.00 Add up the ranks for all the differences that are 

positive
Sum of the negative ranks W− 15.00 Add up the ranks for all the differences that are 

negative
W-value 0.0
Values from the tables for 
two-tailed test

5 % 40 1 % 28

Conclusion The result is significant at the 1 % 
level
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In addition to the abovementioned analysis, a test was carried out to assess the 
impact of simulation exercises on students’ understanding. This test involves com-
paring two course topics: the “Last Planner System” and “Choosing by Advantages.” 
Both methods were clearly explained in class but only the “Last Planner System” 
was included as an in-class simulation exercise. Students were asked to assess how 
comfortable they are in describing and discussing each modern construction method 
within a professional networking event. Figure 6.4 shows a comparison between the 
students rating for each course topic at the beginning and at the end of class.

To compare the two topics, the difference between before and after is calcu-
lated for each survey response. A hypothesis test for the difference between the 
two means or the unpaired test is performed on the difference results for the “Last 
Planner System” and “Choosing by Advantages.” The null hypothesis assumes no 
change in the results between the two different topics.

The results show that the test statistic of 2.317 has a probability of 0.027 of oc-
curring by chance alone even if the samples had the same parametric value of this 
statistic. The results are therefore statistically significant at the 0.05 level of sig-
nificance, and we reject the null hypothesis of equality of the parametric statistics.

Although this result does not prove any causality between the events, in other 
words, it does not necessarily prove that students rated the (“Last Planner System”) 
topic higher because of simulation exercises per se, it does show that a simulation-
supported course topic was rated higher than a nonsupported class topic.
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Fig. 6.3  Students’ assessment for simulation exercises and discussion forums at the beginning and 
at the end of the course
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6.5.2  Quantitative Assessment of Student Learning When 
Employing Simulation Exercises

One method to assess learning is to examine students on course topics and find 
out whether they have grasped certain concepts or not. The survey at the end of 
class included several questions aimed at evaluating students’ understanding of the 
concepts embodied in the simulation exercises (Airplane, Parade of Trades, Silent 
Squares, Red-Green, and Helium stick) by asking them to state the concept(s) of 
each exercise. To analyze the results, the answers were graded on the basis of a 
grading rubric that gives points for each exercise between 1 and 5. The results for 
the whole class were then aggregated as shown in Fig. 6.5. The overall means for 
the previously mentioned exercises were found to be 4.5, 3.55, 4.36, 4.5, and 4.18, 
respectively.

Although one result (Parade of Trades) leaves much to be desired, the results 
show a high level of student learning and understanding of course concepts and 
present yet another piece of evidence to support the efficacy of simulation exercises 
in classroom teaching.
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Fig. 6.4  Students’ assessment for a simulation-supported class topic (Last Planner System) and a 
nonsupported class topic (Choosing by Advantages) at the beginning and at the end of the course
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6.5.3  Qualitative Assessment of Student Learning

Student reviews of the CIVE 686 “Lean Construction Methods and Applications” 
that are included in the student evaluations can also be used to qualitatively asses the 
innovative teaching methods used. The course evaluations and students’ comments 
are good sources of evidence in finding out whether the course was able to achieve 
the overall teaching objectives, specifically when it comes to developing critical 
thinking, communication skills, and analytical skills among engineering students.

When students were asked “In what ways did the instructor enhance your learn-
ing in the course?”, for example, their answers came in support of simulation exer-
cises and discussion forums:

• “In class, exercises enhanced my communication skills and critical thinking 
which makes learning easier for me.”

• “Interaction, taking part in simulation exercises, watching lectures, and having 
the opportunity to discuss things in class definitely helps enhance the learning 
experience and helps students better visualizing lean concepts.”

• “Exercises are very helpful to illustrate the concepts” (Course Evaluations).

Not only did students acknowledge that simulation exercises and discussion forums 
improve critical thinking and overall learning skills, they have also voted the class 
to be ranked first in the Faculty of Engineering and Architecture (FEA; scoring a 
percentile of 100) on “promoting and encouraging analytical/critical thinking.” The 
overall rating of the course was 4.6 out of 5.
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Fig. 6.5  Average and Whisker plot showing the learning assessment for five simulation exercises
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6.6  Conclusions

This study addresses active learning methods and their role in enhancing students’ 
learning in engineering courses. It focuses on two such methods, namely, simula-
tion exercises and discussion forums employed to facilitate class instruction and 
increase understanding among engineering students in preparing them to enter the 
workforce equipped with a solid theoretical understanding of lean construction and 
its real-world applications.

Results from a class-run survey administered at the beginning and at the end 
of a civil engineering graduate course employing simulation exercises and discus-
sion forums highlight an increased level of student satisfaction. The statistically 
significant results are rational when factoring in the increase in student enthusiasm 
and interest when participating in tactile experiences. Similarly, discussion forums 
stimulate students’ imagination and thought process as they prepare, debate, and 
discuss course topics in a stress-free environment.

The results confirm the results of research performed on active learning methods 
presented in section 6.1. If the benefits of active learning are realized through more 
participation, more enthusiasm, and better engagement in learning, then simulation 
exercises and discussion forums should be seriously considered for addition to the 
civil engineering curricula in the Middle East and North Africa (MENA) region.

Results also show that simulation exercises may have an impact on real-life proj-
ects. For example, dividing the student groups into teams of different subcontrac-
tors or trades working together to construct a building helps the students better 
understand the role of teamwork, collaboration on construction projects, and the 
impact of variability in production planning and control.

Moreover, the assessment of students’ learning for course topics supported by 
simulation exercises showed a high level of understanding compared to topics that 
were not supported. Thus, students not only enjoy their participation in simulation 
exercises but also develop a deeper understating of class topics and their projections 
into the real world.

Student evaluations administered at the end of the course confirm the survey 
results and show that simulation exercises and discussion forums improve com-
munication skills, understanding, and critical thinking. These skills are crucial for 
engineering students in developing their careers and finding future engineering so-
lutions to various world problems.

These methods have profound impact on student satisfaction, engagement, and 
learning. Accordingly, the authors encourage educators to use multiple active learn-
ing methods in classroom education to cater for different student learning styles and 
reduce the dependence on one-way lectures that tend to limit student interaction.

As educators, we have an obligation to help students develop communication 
and critical thinking skills that will better prepare them to become the leaders of 
tomorrow. Each engineering program should evaluate its curriculum to search for 
possible areas to implement various active learning methods and prepare for the 
future challenges in engineering education.
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Chapter 7
A Framework for Developing Innovative 
Problem-Solving and Creativity Skills 
for Engineering Undergraduates

Faris Tarlochan and Abdel Magid Hamouda

7.1  Introduction

Engineering has always been, is, and will always be the backbone of the growth 
of civilization for a nation. It is a professional activity servicing the societal needs. 
Engineers are problem solvers who produce benefit solutions while keeping in mind 
the importance of ethical responsibilities, efficient and ethical usage of resources, 
and development of cost-effective solutions that are environmentally sound and 
sustainable while taking into account the entire life cycle of a system. As such, the 
engineering education of future engineers cannot be taken lightly.

However, it is no more a secret that the engineering education globally has ma-
jor deficiencies (Felder et al. 2000). With the rapid development of new technolo-
gies and development of new economic models such as innovation ecosystems, it 
is imperative that traditional engineering curriculum undergoes a major overhaul. 
Besides equipping our undergraduate students with strong fundamentals and proper 
communication skills, there is a need to foster innovative problem-solving and cre-
ativity skills through “real-world” engineering problems. These concerns are not 
new and have existed for some good 15 years, which led to the development of key 
graduate attributes such as those in the Engineering Criteria 2000 (Accreditation 
Board for Engineering and Technology (ABET)) and those listed under the Wash-
ington Accord. On comparing the graduate attributes globally, some similarities are 
found, and two of the most important generic attributes for engineering graduates 
are: (i) the ability to design a system or component and (ii) the ability to identify, 
formulate, and solve engineering problems. These, in essence, are what engineers 
do generally as professionals.

The problem with these two attributes is that the art to design, along with the 
skill to identify a problem and formulate a solution, is not usually taught to students 
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formally (Felder and Brent 2003). So much so that these skills are nonverbal activi-
ties and as such cannot be taught in the traditional sense. Faculty members continue 
to concentrate on teaching content rather than showing the processes involved in 
problem-solving and design skills. Design skill is basically linked with creativity 
or innovation skills. This is because creativity can be defined as an act of combin-
ing or synthesizing existing ideas in an innovative way for the purpose of creating 
economic value. Innovation, on the other hand, can be defined as a change that cre-
ates economic value. According to a study by Adams (Adams 2009), deficiencies 
exist in the engineering curricula, especially with the development and assessment 
of creativity within engineering. This task can be frustrating, and lack of skills may 
cause physiological inertia towards innovative solutions. On the other hand, most 
students are taught how to solve standard textbook problems where the problem has 
been well defined. Hence, the ability to identify and formulate a problem is still not 
obvious in most engineering curricula globally.

Another important element that needs to be addressed is why teach problem-
solving and creativity skills. In Europe, problem solving and creativity are pre-
sented as important competencies in the requirements for European engineer since 
these two are important drivers in economic prosperity (Lord Sainsbury of Turville 
2007). We have to understand that the current market demand is different from what 
it was 15 years ago. The product life gets shortened every year. High competition 
and high consumer demands put strong emphasis on fast innovation. A nation that 
can create more outputs from a given set of inputs will succeed. Besides this, our 
graduates are not confined to one working environment, but rather exposed to sev-
eral different working environments, at times individually and at times simultane-
ously. Looking at these constraints, our graduates need to be versatile and equipped 
with generic skills such as problem solving and creativity to assimilate different 
environments (Adams 2009; Pappas and Pappas 2003; Reidsema 2005; Kimmel 
et al. 2003) .

The next question that arises is what is the best way to instill these skills in 
students? Literature has shown that traditional teaching, particularly rote learning, 
is no longer sufficient (and was never efficient) in instilling these skills (Esquivel 
1995). An alternative form of instructional delivery is needed. In 2011, a team of 
engineering academics from Royal Melbourne Institute of Technology (RMIT), 
Australia (Steiner et al. 2011), conducted a detailed and comprehensive study on 
problem-solving skills among undergraduates from year 1 to year 4. Their study 
showed that students found problem-based learning (PBL) as an effective strategy 
to enhance their problem-solving skills. This finding is supported by the work of 
Overton reported in 2003 (Overton 2003), where PBL is often used in engineering 
as a teaching style that enforces deep approaches to learning. Besides this, another 
study conducted by the Forfás group (Expert Group on Future Skills Needs 2009) 
showed that increased usage of PBL and inquiry-based learning approaches should 
be advocated at the tertiary level of education. PBL stresses on a real engineering 
problem approach towards learning and is an effective pedagogy for improving 
problem-solving skills (Poikela and Poikela 2005). Many other studies (Hitt 2010; 
Grolinger 2011; Walsh 2007; Fink 2002; Petruska 2010) have shown the success 
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of PBL in addressing the issue of problem-solving skills among undergraduates. 
Hence, it can be summarized here that problem-solving skills are important to be 
“taught” to undergraduate students, and one of the most effective pedagogy tools 
is PBL.

In the local context of the Middle East and North Africa (MENA) region, espe-
cially in the Gulf countries, this issue of lack of problem-solving, innovative, and 
creativity skills is more apparent. In the Gulf countries, hereditary monarchies have 
created massive social safety nets such as free education and health care, subsidies 
per child, no-interest loans for home purchase, wedding grants, and artificially low 
utility rates, among others (Walters et al. 2010). The consequence of this is that 
risk-aversion culture rather than risk-taking culture is embraced, leading to safe 
governmental jobs or silent partnerships with expatriates (Walters et al. 2010). In 
addition to this, governmental schools, being mostly for citizens, are poorly oper-
ated and governed such that the students are not equipped with critical thinking and 
problem-solving skills to embrace the knowledge-based economy (Walters et al. 
2010; Ghabra 2010; Issan and Gomaa 2010) . Education has become more of a 
training (rote learning) rather than the development of problem-solving, innova-
tive, and creativity skill sets (Loveluc 2012; Sager 2007; Mrabet 2010). In order for 
the MENA region to succeed in embracing a knowledge-based economy, problem-
solving and creativity skill sets are needed.

Many believe that problem solving, creativity, and innovation are inborn traits. 
In the 1950s, Genrich S. Altshuller and his colleagues in the former Soviet Union 
proved that the skills of innovation and creativity in problem solving can be taught 
to anybody and are not inborn traits. Altshuller came up with a theory which he 
named Teoriya Resheniya Izobretatelskikh Zadatch (TRIZ; Russian) or theory of 
inventive problem solving (TIPS). He found that patented inventions from differ-
ent scientific and engineering fields usually came about by using one or more of 
about 40 fundamental principles and those solutions known to one field may be 
reinvented into another problem. The TIPS methodology claims that problems can 
be codified, classified, and solved methodically, just like other textbook problems 
(Stratton et al.).

A study conducted by Iouri Belski of RMIT, Australia (Belski 2007), has shown 
that TIPS or TRIZ changed positively most of the students’ perception of their abil-
ity of problem solving. Thirty-six engineers from mechanical and electrical back-
grounds were involved in extensive TRIZ training supervised under a study by Iouri 
Belski. The outcome of the study (Belski 2005) showed that the engineers found 
that TRIZ helped them develop solutions that had been previously unachievable. 
They also found that their own thinking had become more systematic. These studies 
have shown the power and easiness of TRIZ as a problem-solving tool.

The motivation here is how can we instill innovative problem-solving and cre-
ativity skills in engineering undergraduates in order to meet the current market de-
mands especially in the MENA region? The objective of this chapter is to develop a 
theoretical framework that addresses the need to foster innovative problem-solving 
and creativity skills in engineering undergraduates. Emphasis will be given on three 
areas—namely, content, delivery, and assessment. For the content, TRIZ will be 
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used as the knowledge-based tool. This tool will be used to educate students about 
problem-solving skills by using PBL (delivery method) as a pedagogy tool. The 
complexity of problem solving especially related to design problems arises from 
the need to integrate fundamental sciences, mathematics, engineering sciences, and 
complementary and social studies in order to fully derive the solution of a feasible 
engineering problem. This makes the role of students in preparing the solutions and 
academics in assessing the outcome fuzzy and complicated (Pop-Iliev and Platanitis 
2008). Since problem-solving skills are very subjective due to their open-ended-
ness, assessing them should be on a more qualitative scheme rather than quantita-
tive. Hence, rubrics are typically used to evaluate a broad range of subjects and 
activities in problem solving; as a result, the outcome of this proposed framework 
will be measured via rubrics-based assessment (assessment scheme).

7.2  Design of Framework

7.2.1  Defining Problem Solving, Creativity, and Critical 
Thinking

Terms such as problem solving, creativity, innovation, and critical thinking have 
been used by many without properly understanding the meaning behind these 
words. If one would search the literature, various definitions and meanings will 
be found. To bring light to these definitions, in 2011, the Association of American 
Colleges & Universities (AAC&U), through efforts by teams of faculty experts 
representing colleges and universities across the USA, developed sound definitions 
for problem solving, creative thinking, and critical thinking.

7.2.1.1  Problem-Solving Skills

Problem solving as defined by AAC&U (Rhodes 2010): is the process of design-
ing, evaluating and implementing a strategy to answer an open-ended question or 
achieve a desired goal. Problem-solving covers a wide range of activities that may 
vary significantly across disciplines. Activities that encompass problem-solving by 
students may involve problems that range from well-defined to ambiguous in a sim-
ulated or laboratory context, or in real-world settings. The focus is on the process 
and not the end-product.

The performance indicators for problem solving are shown in Fig. 7.1.
For problem solving, the engineering undergraduates in their final year should 

be able (Rhodes 2010) to

• construct clear and insightful problem statement with evidence of all relevant 
contextual factors;

• identify multiple methods for solving the problem;
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• generate one or more solutions/hypotheses through deep comprehension of the 
problem while keeping in mind the ethical, logical, and cultural dimensions of 
the problem;

• evaluate thoroughly and weigh impacts of the solution;
• ensure that solution addresses the problem thoroughly; and
• review results/performance of the solution and recommend further work.

7.2.1.2  Creative Thinking Skills

Creative thinking as defined by AAC&U (Rhodes 2010): is both the capacity to 
combine or synthesize existing ideas, images, or expertise in original ways and the 
experience of thinking, reacting, and working in an imaginative way characterized 
by a high degree of innovation, divergent thinking, and risk taking. The student must 
have a strong foundation in the strategies and skills of the domain in order to make 
connections and synthesize recognizing creative risk-taking to achieve a solution.

The performance indicators for creative thinking are shown in Fig. 7.2.
For creative thinking, the engineering undergraduates in their final year should 

be able (Rhodes 2010) to

• evaluate creative process and product using discipline-appropriate criteria;
• seek out and follow through potentially risky routes or approaches to the prob-

lem;
• develop logical plan to solve the problem;
• integrate alternative, divergent, or contradictory perspectives or ideas fully;
• extend a novel idea or product to create new knowledge that crosses boundaries; 

and
• transform ideas or solutions into entirely new forms.

Problem 
Solving

Problem 
Defini�on

Iden�fy 
Strategies

Propose 
solu�ons

Evaluate 
Solu�ons

Implement 
Solu�ons

Evaluate 
outcomes

Fig. 7.1  Performance indica-
tors/strategies for problem 
solving (Rhodes 2010)
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Creativity can be perceived as hierarchal (Liu and Schonwetter 2004). The first 
level includes expressive creativity which is basically the tendency to create with-
out emphasizing on the quality. The next level is technical creativity which is the 
proficiency to create products with consummate skills. The third level is inventive 
creativity which deals with the ability to create new things from existing ideas. The 
fourth level is innovative creativity; here the student is able to “think outside the 
box” and formulate innovative departures. The final level is called emergent cre-
ativity such as the ideation of Einstein’s work on general relativity. One important 
element of creativity is the divergent thinking skill which is strongly linked to the 
cognitive basis of creativity (Liu and Schonwetter 2004). It is the capability of pro-
ducing new and multiple solutions for a problem.

7.2.1.3  Critical Thinking Skills

Critical thinking as defined by AAC&U (Rhodes 2010): is a habit of mind char-
acterized by the comprehensive exploration of issues, ideas, artifacts, and events 
before accepting or formulating an opinion or conclusion. Success in all disciplines 
requires habits of inquiry and analysis that share common attributes.

The performance indicators for critical thinking are shown in Fig. 7.3.

Crea�ve 
Thinking

Acquiring 
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Taking Risks

Solving 
Problems

Embracing 
Contradic�ons

Innova�ve 
Thinking

Connec�ng, 
Synthesizing, 
Transforming

Fig. 7.2  Performance indicators/strategies for creative thinking (Rhodes 2010)

 

mbishawi@birzeit.edu



7 A Framework for Developing Innovative Problem-Solving … 167

For critical thinking, the engineering undergraduates in their final year should be 
able (Rhodes 2010) to

• consider critically and comprehensively all relevant information necessary for 
full understanding of the problem;

• develop a comprehensive analysis based on competent and reliable source or 
information;

• evaluate the relevance of contexts when presenting a stand; and
• conclude logically based on detailed evaluation, and put evidences and perspec-

tives in right order and manner.

Investigating these definitions further, one can come to a conclusion that innovation 
is actually a subset of creative thinking, which means that creative thinking involves 
innovation skills. Besides this, critical thinking can also be assumed to be a subset 
of creative thinking because all the activities or indicators under critical thinking 
will be carried out directly or indirectly during creative thinking. This leaves us with 
two important sets of skills that are vital to the engineering curriculum—namely, 
problem-solving and creative thinking skills. This is further evident by understand-
ing that problem-solving skills are an important outcome in the Washington Accord, 
and the importance of creativity was further substantiated by a report issued by 
Royal Academy of Engineering, UK, in 2010 (Engineering Graduates for Industry 
2010). Therefore, it has been justified that these skill sets, problem solving and 
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and 
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Fig. 7.3  Performance indicators/strategies for critical thinking (Rhodes 2010)
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creativity, are important to be taught to engineering undergraduates. The problem-
solving skills focus on the process and not the end product; however, the creative 
thinking skills focuse on the end product. Hence, both these skills work hand in 
hand, that is, problem solving is a process in which the student selects and uses 
strategies to find a solution in a creative way. Besides this, as stated at the beginning 
of the chapter, problem solving and creativity are presented as important competen-
cies in the requirements for European Engineer since these two are important driv-
ers in economic prosperity (Lord Sainsbury of Turville 2007). In addition to this, 
creativity and problem solving are highly sought-after skills by potential employers 
(Engineering Graduates for Industry 2010) and are critical in maintaining an engi-
neering edge in the industrial sector (Grand Challenges for Engineering 2012).

7.2.2  Content for Teaching Problem-Solving and Creative 
Thinking Skills: TRIZ

How would one typically solve a problem, especially a design problem? The answer 
is the traditional brainstorming, which is a common practice by many. Brainstorm-
ing is an activity which involves a group of people from different backgrounds 
sitting together and churning out ideas. Is brainstorming effective? Sad to say, 
traditional brainstorming is not effective in developing innovative solutions for 
a problem (Peace 2012). Why so? As we all know, brainstorming involves people; 
hence, the outcome of the session is only as good as the people that are together in 
the brainstorming session. If the team comprises experienced people from different 
fields and expertise, then there might be a possibility that the session may be fruit-
ful provided none of these “experienced people” are experiencing psychological 
inertia. Psychological inertia is defined as the tendency of an individual to consider 
only those solutions that fall within his or her familiar solution space as a result of 
their psychological biases (Samuel and Jablokow 2010).

TRIZ is a “modern brainstorming” method that allows systematic thinking by 
using generic solutions to guide brainstorming towards feasible/specific solutions, 
close to ideal. TRIZ facilitates the problem-solving process. A typical generic prob-
lem-solving process involves the following key elements:

• Problem identification (identifying the problem and the root cause or governing 
factors/constraints)

• Solution generation
• Solution implementation
• Evaluation and solution refinement

In general, the problem process as highlighted previously is adopted for generating 
a specific solution for a given specific problem. What happens is that the solution 
is found within the same domain. For example, if the problem is mechanical, en-
gineers will try to find solutions within the mechanical engineering domain. This, 
along with the inherent contradictions and constraints in the problem, will lead to 
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a compromised solution. Here comes the advantage of TRIZ. It takes the problem 
and converts it into a generalized problem. For this generalized problem, various 
TRIZ tools are applied to obtain a generalized solution. From this, again TRIZ tools 
are used to shape the general solutions into specific solutions while resolving any 
contradictions and conflicts inherent to the specific problem. The beauty is that the 
solution most of the time will come from a different domain than the problem.

TRIZ tools are relevant to help with the general creative problem-solving stage 
of any process (Filmore 2008a). TRIZ tools for creativity and problem solving are 
easy to use for undergraduates, and studies have shown that TRIZ has more poten-
tial in problem-solving strategies and enhances the learner’s solving abilities (Film-
ore 2006, 2007). TRIZ tools were appreciated more widely by recognizing their 
ability to overcome psychological inertia (Filmore 2007). In another study (Filmore 
2008b) for producing breakthrough solutions among engineers, TRIZ was shown 
to have the capability of an extremely effective set of tools/approach to help break 
mind-sets and psychological inertia, and thus solving problems effectively. This 
study suggests that TRIZ methodology and its tools have very important contribu-
tion to the professional engineering community and that TRIZ should not be taken 
lightly. This study goes on further to prove that TRIZ has significance in problem 
solving over tools such as failure mode and effect analysis (FMEA), Taguchi, Six 
Sigma, quality function deployment (QFD), and total quality management (TQM). 
Appendix 1 details various TRIZ tools and their capability in problem solving and 
creativity. In a nutshell, the capability of TRIZ tools (some) can be summarized in 
Fig. 7.4. The flow of problem solving in TRIZ is shown in Fig. 7.5 (general), and a 
more detailed flow is given in Fig. 7.6 (San et al. 2011a).

With reference to Fig. 7.6, the problem-solving process starts off with the initial 
problem at hand. For example, it could be high failure rate of products. This prob-
lem is vague and does not really provide enough information to solve the problem. 
Hence, the problem has to be refined further and TRIZ has tools to assist in this. The 
first stage is called the function analysis. The objective of the function analysis is 
to map out how components or elements interact with each other in the engineering 
system as shown in Fig. 7.7. The functions could either be useful, harmful, insuf-
ficient, or missing. The second stage is the cause and effect chain analysis. The 
cause and effect chain analysis helps to identify the main root cause or causes of a 
problem based on the understanding of the function analysis. The problem is elimi-
nated by using another stage in TRIZ called trimming. Trimming is used to remove 
unnecessary functions and components in a system without altering the original 
function of the device. If trimming cannot be used, then the “heavy artillery” of 
TRIZ is called in.

These TRIZ stages/tools can be classified as tools for model of problem and 
tools for model of solution as shown in Fig. 7.6. There are four classes of model 
of problem—namely, engineering contradiction, physical contradiction, function 
model, and substance-field model. For the model of solutions, we have the specific 
inventive principles, specific scientific effect, and specific standard inventive solu-
tion. The bridge between the problem and the solution is the TRIZ tools such as 
contradiction matrix, separation/satisfaction bypass, scientific effects, and system 
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of standard inventive solutions (San et al. 2011a). Only the engineering contradic-
tion route will be discussed further in detail. Model of problem is an important 
problem-solving step in TRIZ, especially with problems that have contradictions. 
For the engineering contradiction, contradiction matrix is used to generate poten-
tial inventive principles. There are a total of 40 inventive principles derived from 
a study of 200,000 patents (San et al. 2011b). To illustrate the basic principles of 
TRIZ in problem solving, an example will be used.

Is problem solving unique? Meaning, each time a problem is solved, a new 
“product” is created. The answer is yes and no. Yes because the solution is unique to 
the problem, no because the solution may have come from other relevant problems 
or field; hence, it may not be entirely “new” out from nothing. There are two cat-
egories of problem-solving schemes as described below:

• Needs are met by using either new or old systems:
− New systems: meeting specific needs by creating new technologies and new 

systems
− Old systems: bringing a few old systems together in an innovative way to 

fullfill needs
• Finding new uses for features, technologies, and functions:

− New technologies: whatever new technology or system has been created, try 
finding its usage in other fields

− Old technologies: find new uses for old technologies for different field

TRIZ adopts both of these problem-solving schemes very well as has been de-
scribed briefly in Figs. 7.4 and 7.6.

7.2.2.1  Example

A typical vacuum cleaner uses a filter to trap the dust. When the vacuum cleaner 
is used for a long time, it was found that the suction power reduces. The exercise 
is to derive a solution that could solve the issue of decreasing suction power in 
the vacuum. To better understand the problem, a function analysis will be done as 
shown in Fig. 7.8:

From the cause and effect analysis, it is observable that the dust does a harmful 
function to the filter, which is clogging it. Here lies the contradiction. The filter is 
needed to perform a useful function of trapping the dust, but the dust does a harm-
ful function by clogging the filter, which results in lower suction power. Hence, 
the problem will be modeled as an engineering contradiction and the contradiction 
matrix will be used to device a solution.

What is a contradiction matrix? This is shown in Fig. 7.9 (a portion of the matrix; 
the complete matrix is shown in the appendix). TRIZ founder Genrich S. Altshuller, 
while going through 40,000 most inventive patents, found that there are around 
1250 technical contradictions which he was able to assemble in a 39 × 39 matrix 
called the contradiction matrix. To resolve these contradictions, again through the 
40,000 most inventive patents back in 1950, Altshuller invented 40 inventive prin-
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ciples (see appendix for a complete list). These 40 principles are not a direct solu-
tion, but rather they guide the designer in the direction that best creates innovative 
solutions to resolve these contradictions. In our example, the improving parameter 
in the contradiction matrix is the capability to trap dust, but the worsening param-
eter is the decrease in suction power.
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By using the matrix, the improving parameters that can be used to resemble the 
function of trapping dust are:

• Parameter 1: weight of moving objects, Parameter 23: loss of substance

The worsening parameters that can be used to resemble the function of decreasing 
suction power are:

• Parameter 7: volume of moving object, Parameter 9: speed of air flow, Parameter 
22: loss of energy

To resolve the contradiction between parameters 1 and 7, the following inventive 
principles are suggested: 29, 2, 40, and 28. These principles are used to derive solu-
tions to resolve the contradiction, that is, solving the problem of the vacuum clean-
er. Similarly, parameters 1 and 9, 1 and 22, 23 and 7, 23 and 9, and 23 and 22 can 
be used to derive more possibilities of inventive principles. This will create more 
concepts and potential ideas to solve the problem at hand. This is summarized in 
Table 7.1.

The example here has highlighted how TRIZ tools can very easily be used to 
solve problems creatively. The tools have displayed the basic process of problem 
solving, which is problem definition and solution implementation. These two initial 
steps are the most critical in any problem-solving process. Compare this with the 
traditional brainstorming to define the problem and generate solutions. It is evident 
that indeed TRIZ tools solve problems quick and creatively. Hence, as supported by 
various studies, it is time to introduce TRIZ to the engineering undergraduates as an 
effective tool for problem solving and creativity.

7.2.3  Problem-Based Learning As the Delivery Mode

PBL will be adopted as the pedagogy tool to instill problem-solving and creativity 
skills. The framework consists of a semester-long course where the course will be 
broken up into four levels. The first level is basically learning and applying basic 
TRIZ tools to solve simple and noncomplex engineering problems. The objective 
here is to gain the motivation from students. Students need to develop the motiva-
tion in order to have confidence that problem solving is easy and fun. Basic TRIZ 
tools such as contradiction matrix and 40 inventive principles will be used. The 
instructor will share the information/knowledge by means of case studies and ex-
amples. Students will then be asked to solve simple problems individually. Later, 
the same problem will be solved in groups. The focus here is on the number of ideas 
and not the quality (divergent thinking). Once a list of solutions has been generated, 
students will be asked to rank the solutions from the most feasible to the least and 
to justify their decision.
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Level 2 consists of introduction to functional analysis, root cause analysis, and 
trimming along with the tools from level 1. Again similar to level 1, the instruc-
tor will share the information/knowledge by means of case studies and real-life 
engineering problem examples. The objective here is to introduce the students to 
systematic process for problem solving. The real-life engineering problems that the 
students have to undertake will not be too challenging, at the same time not trivial. 
The teaching method can include case studies, role-playing, and team work. For 
case studies, it will be good to use patents. Students can be taught by using TRIZ 
trimming tool to circumnavigate patents and to come up with new product without 
infringing the initial patent. At the end of level 2, students should be motivated and 
have the understanding of creative problem-solving skills.

Table 7.1  Idea generation by using the contradiction matrix tool
Improving feature Worsening feature Inventive principles Ideas/potential 

solutions
1—Weight of moving 
object

7—Volume of moving 
object

29—Pneumatics and 
hydraulics

Direct stream of air 
to remove dust from 
filter/use liquid to 
remove dust

2—Taking out Design the filter 
such that it is easily 
removed and cleaned

40—Composite 
material

Design the filter 
material such that it 
is difficult for dust to 
stay on it

28—Mechanic 
substitution

Replacing the filter 
with other means of 
mechanically remov-
ing the dust

1—Weight of moving 
object

9—Speed 15—Dynamic Filter can rotate. As it 
gets heavy with dust, 
it rotates to a new 
section

38—Strong oxidant Ionizing radiation on 
dust particles

23—Loss of substance 7—Volume of moving 
object

1—Segmentation Filter has many 
segments. Once it 
gets clogged, it can 
be rolled to a new 
segment/section

30—Flexible shell Filter made from thin 
film that can be easily 
replaced

23—Loss of substance 9—Speed 10—Preliminary 
action

To wash the filter 
before use

13—The other way 
around

To blow air from the 
riverside of the filter
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Level 3 is similar to level 2, except that here it is important to have problems that 
include global issues such as sustainability, environmental–economic trade-offs, 
and safety and regulation issues. TRIZ tools such as evolution trends and substance-
field model will be discussed and explored through real-life open-ended problems. 
After this level, students will have a clear picture of the problem-solving process, 
and they will be confident in deriving creative solutions for real engineering prob-
lems.

Level 4 is the pinnacle of the process. The objective of this level is to improve 
students’ readiness and effectiveness in solving real-life engineering problems. At 
this juncture, the instructor will only play the role of a facilitator. Students will have 
to develop hands-on approach on unsolved real-life problems which are complex 
in nature (timing, effective cost, effective material usage, optimization, etc.). The 
problems here have to be developed in consultations with relevant industry players, 
regulatory bodies, government ministries, and agencies. In this context, universities 
in the MENA region can develop projects specific to the MENA region and have the 
students solve them creatively.

The four levels discussed here can be introduced in a course for one semester or 
combining Levels 1–2 and Levels 3–4 into two semesters long courses where the 
former is the prerequisite the latter.

7.2.4  Assessment of Problem Solving and Creativity

Academicians involved in teaching creativity and innovation in the context of prob-
lem solving have great difficulties in consistently assessing students. One suggested 
method is the usage of well-defined rubrics (Peirce 2006). These rubrics will aid 
the faculty members in evaluating students consistently and efficiently, and it also 
allows students to understand how they will be assessed. Indirectly, it is a positive 
feedback to students to better understand the elements behind creativity and prob-
lem solving. Rubrics can be used to evaluate programs, courses, and individual stu-
dent assignments and projects. Rubrics in general can be classified as holistic and 
analytical (Peirce 2006). The holistic and analytical rubrics are shown in Figs. 7.10 
and 7.11, respectively.

The analytical rubric has more information than holistic rubric. The holistic ru-
bric combines different kinds of traits into a single category, whereas the analytical 
rubric separates these traits. Although analytical rubric consumes time to score, 
they can be useful to departments assessing student’s thinking skills in assignments 
and projects in multi-section courses to determine which areas of student thinking 
need more attention in the course (Peirce 2006). Hence, the proposed rubric in this 
framework will be the analytical rubric.

As discussed previously, the two essential skills are creative thinking and prob-
lem-solving skills. Hence, the rubrics to be shared here will be covering these two 
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skills only. With reference to Figs. 7.1 and 7.2, the key elements or traits for prob-
lem solving and creative thinking will be used to generate the proposed rubrics 
to assess these skills. The rubrics for creative thinking and problem solving are 
depicted in Tables 7.2 and 7.3, respectively. These rubrics were developed based on 
the rubrics developed by AAC&U (Rhodes 2010):

Fig. 7.11  Analytical rubric

 

Fig. 7.10  Holistic rubric 
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Mastering (4) Emerging (3) Growing (2) Infancy (1)
Acquiring 
competency
(acquiring 
knowledge on 
problem solving/
product develop-
ment processes)

Reflects, evalu-
ates, and confi-
dently uses the 
most appropriate 
problem-solving 
process

Uses existing 
methodologies 
confidently and 
efficiently

Uses some 
similar example 
as a basis 
for initiating 
problem-solving 
methodology

Directly 
copies an 
example

Taking risks
(ability to take risk 
for new strategies 
of solutions that are 
not a norm)

Trying out differ-
ent (risky) strate-
gies or solutions 
which an ordinary 
person will not 
dare to attempt. 
Basically, boldly 
going out of the 
boundaries of the 
project or problem

Attempts to 
incorporate new 
ideas or strategies 
which are low in 
risk, or have low 
probability of 
failure

Attempts new 
directions but 
within the safety 
zone where the 
probability of 
failure is close 
to zero

Does not 
attempt a 
new solu-
tion. Uses 
existing 
solutions 
or strategy 
with minor 
tweaking to 
fit the prob-
lem given

Solving problems
(ability to create 
sound and consis-
tent methodology 
for the problem at 
hand, and having 
the capability to 
generate and evalu-
ate solutions)

Creates a good and 
sound methodol-
ogy to solve the 
problem, generates 
potential solutions, 
and uses sound 
evaluation tools to 
select and defend 
a final decision on 
the solution to be 
adopted

Creates a logi-
cal, consistent 
plan to solve the 
problem

Somewhat cre-
ates a plan to 
solve the problem

Only a 
single 
approach is 
considered 
and is used 
to solve the 
problem

Embracing 
contradictions
(Every problem has 
a contradiction. The 
best solution is the 
one which solves the 
problem and contra-
diction simultane-
ously without having 
to strike a balance 
via optimization)

Recognizes the 
engineering and 
physical contradic-
tions to a problem, 
and solves the 
problem without 
a compromise (no 
optimization)

Recognizes the 
contradictions 
but obtains a 
solution that 
is a compro-
mise between 
the actual 
solution and 
contradictions 
(optimization)

Recognizes the 
contradiction 
but is not able to 
solve the prob-
lem due to the 
contradiction. If 
the contradiction 
was removed, the 
problem could be 
solved

Not aware of 
the existence 
of any con-
tradictions

Innovative thinking Creates a new 
or novel product 
based on the tech-
nologies of solu-
tions from different 
field or discipline

Creates a new or novel solution from 
the same field or discipline

Minor 
modification 
to existing 
ideas to 
solve the 
problem

Connecting, synthe-
sizing, transforming

Innovatively con-
necting ideas/solu-
tions to produce a 
novel stand-alone 
solution

Creates a new 
solution by com-
bining ideas

Is able to con-
nect basic ideas/
solutions to 
form a semi-new 
solution

Identifies 
and explains 
connections 
between 
ideas/
solutions

Table 7.2  Assessment rubrics for creative thinking (Adapted from Rhodes 2010)
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Table 7.3  Assessment rubrics for problem solving (Adapted from Rhodes 2010)
Mastering (4) Emerging (3) Growing (2) Infancy (1)

Define problem Ability to iden-
tify the problem 
clearly and 
design an insight-
ful problem 
statement

Able to identify 
the problem 
and capable 
of designing a 
sound problem 
statement

Able to identify 
the problem but 
has difficulty 
in creating a 
proper problem 
statement

Able to identify 
the problem but 
cannot cre-
ate a problem 
statement

Identify 
strategies

Ability to 
identify multiple 
strategies that can 
be used to solve 
the same problem 
at hand

Able to identify 
strategies, but not 
all are capable 
of solving the 
problem at hand

Able to identify 
a strategy, that is, 
capable of solv-
ing the problem 
at hand

Unable to iden-
tify a strategy, 
that is, not 
capable of solv-
ing the problem 
at hand

Propose solutions Proposes one or 
more solutions/
alternatives that 
indicate a deep 
comprehension 
of the problem 
and sensitive to 
all ethical, eco-
logical, and cul-
tural dimensions 
of the problem

Proposes one or 
more solutions/
alternatives that 
indicate com-
prehension of 
the problem and 
sensitive to one 
of the following: 
ethical, ecologi-
cal, and cultural 
dimensions of the 
problem

Proposes one 
solution/alter-
native that is 
generic and not 
specific to the 
problem

Proposed solu-
tion does not 
reflect the prob-
lem statement or 
the problem at 
hand

Evaluate 
solutions

Evaluations are 
thorough and 
insightful which 
take into account 
feasibility impact 
of the solution

Evaluations are 
sufficient which 
take into account 
feasibility impact 
of the solution

Evaluations are 
brief with minor 
examination on 
the feasibility 
and impact of the 
solution

Evaluations are 
superficial with 
little evidence 
of examination 
on the feasibility 
and impact of the 
solution

Implement 
solutions

Solution 
addresses 
thoroughly and 
deeply multiple 
contextual factors 
of the problem

Solution addresses superficially 
multiple contextual factors of the 
problem

Solution does 
not address the 
problem

Evaluate 
outcomes

Reviews results 
relative to the 
problem defined 
with thorough, 
specific consid-
erations for the 
need for further 
work

Reviews results relative to the 
problem defined with some/little 
consideration for the need for further 
work

Reviews results 
relative to the 
problem defined 
with no plans for 
further work
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For the usage of the suggested rubrics, faculty members are encouraged to assign 
a zero to any work sample or collection of work that does not meet infancy-level 
performance.

7.3  Anticipations

It is hoped that the proposed framework will be able to assist teaching faculty mem-
bers in universities to move out from traditional ways of teaching problem-solving 
and creativity skills. The proposed framework will be easy to implement and fo-
cused on outcome. Besides this, the number of patents generated by undergraduates 
should increase, creating confidence and removing any sort of physiological inertia 
towards creativity and problem solving. In particular to the MENA region, the pro-
posed framework is easy to implement and is relevant.

7.4  Conclusions

A framework is proposed to instill the skills of problem solving and creativity in 
engineering undergraduates in the MENA region. The proposed framework encom-
passes content, delivery, and assessment means for instilling problem-solving and 
creativity skills. TRIZ was selected as the content for teaching creativity and prob-
lem solving. TRIZ is an efficient problem-solving tool that has been widely used 
by international companies such as Samsung, Procter & Gamble, and Intel, to name 
a few. The delivery method will be centered on PBL. This is achieved by dividing 
the content into four levels. The four levels discussed here can be introduced in a 
course for one semester or combining Levels 1–2 and Levels 3–4 into two semesters 
long courses where the former is the prerequisite the latter. The assessment will be 
achieved via analytical rubrics. The proposed framework will most likely improve 
the level and quality of solution and reduce the time to generate solutions among 
undergraduates. This can be used as a basis to translate the findings to secondary 
and primary schools to start teaching creativity and problem solving at a younger 
age. The goal of this chapter is not to create Einstein or Thomas Edison, but rather 
to create students to be more productive and innovative in a meaningful way.

Appendices

Appendix 1: Annotated list of key TRIZ components (Souchkov 2006)
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TRIZ tool Characteristics
Theory of technical systems evolution Main theoretical foundation of TRIZ. A philosophy 

behind the theory of technology evolution is that 
every man-made product which was designed to 
deliver certain functional value tends to evolve in 
a systematic way according to generic patterns and 
trends of evolution

Laws and trends of technology evolution The TRIZ trends and laws are very powerful knowl-
edge which provides the basis to predict what will 
happen next with a selected product or a technology 
from the perspective of internal evolutionary poten-
tial of a system

Multiscreen diagram (also known as 
9 windows, or 9 screens, or system 
operator)

The multiscreen diagram of thinking specifies that 
any specific system (product, technology, organiza-
tion, etc.) can be viewed at least from three layers: 
system (the system itself within its boundaries), its 
subsystems, and supersystem. Although not easy to 
use, the multiscreen diagram of thinking is a very 
powerful tool of system analysis and forecast

Ideality Ideality of a major trend of man-made systems evo-
lution. The degree of ideality is defined as a ratio of 
the overall performance of a system (everything that 
creates value) minus harmful effects produced by the 
system (everything that diminishes its value) to costs 
necessary to achieve its performance (everything 
which is needed to create value). Ideality in TRIZ is 
a qualitative measure which is not directly calculated 
but serves as a major guideline during processes of 
problem solving and new idea generation

Ideal final result (IFR) Enables formulating target solutions in terms of 
ideality. Formulation helps to correctly set up goals, 
fight mental inertia, and design cost-effective prod-
ucts and services

Contradiction A contradiction in TRIZ is a primary problem model 
which is used to formulate inventive problems. 
Contradiction is a main feature which distinguishes 
an ordinary problem from an inventive problem

Resource analysis During problem solving, resources play a major role 
in TRIZ. The proper use of available resources helps 
to obtain more cost-effective and ideal solutions 
without complicating a system and introducing new 
expensive components and materials

Function analysis (also known as 
function-attribute analysis)

Utilizing the same basic approach to modeling exist-
ing products in terms of components and functions 
delivered by the components, FA differs from VEA 
in a way of how function is defined. In FA, the func-
tion is regarded as an effect of a physical interaction 
between two system components. FA is very useful 
to conduct a systematic analysis of products and 
formulate problems in terms required by the other 
TRIZ problem-solving techniques
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TRIZ tool Characteristics
Root conflict analysis A technique for casual decomposition of complex 

problems and invention situations into effects and 
causing conflicts (contradictions). Helps to map 
and visualize all system conflicts as well as reveal 
hidden conflicts. Root cause analysis to identify root 
problems in inventive situations

40 inventive principles for resolving 
technical contradictions

Inventive principles for technical contradiction 
elimination are used to eliminate problems repre-
sented in terms of technical contradictions. Inventive 
principles describe either solution pattern which can 
be applied to resolve the contradiction or a direction 
in which a problem has to be solved. There are 40 
inventive principles for resolving technical contra-
dictions available in TRIZ

Contradiction matrix The first technique and still the most popular. TRIZ 
states that to obtain inventive solution, the contradic-
tion has to be eliminated while no compromise is 
allowed. The necessity to eliminate contradictions 
is the driving force of technological progress. The 
matrix was designed on the basis of 39 generalized 
parameters. The same lists of parameters are placed 
along vertical and horizontal axes of the matrix. A 
point of intersection of two generalized parameters 
indicates which inventive principle(s) is to be used 
in each particular situation

Substance-field analysis Any technical system (product, machinery, technol-
ogy) or its part can be modeled as a number of 
substance components interacting with each other 
via fields. Unlike physics, TRIZ introduces six types 
of fields: mechanical, acoustic, thermal, chemical, 
electric, magnetic, and electromagnetic. Abstract 
physical modeling of the system’s part which causes 
a problem helps to identify and classify a specific 
interaction which does not meet the required speci-
fications. The unsatisfactory interaction might be of 
four types: (i) insufficient or poorly controllable to 
obtain the desired result, (ii) excessive and produces 
more action than required, (iii) harmful, when the 
interaction is necessary to obtain a positive effect but 
results in a negative side effect, and (iv) missing—an 
interaction is necessary in the system but we do not 
know how to introduce it. Substance-field model-
ing and analysis are used for problem modeling and 
further solving with 76 inventive standards

76 inventive standards In case a system is modeled in terms of physical 
components and interactions via substance-field 
modeling, and a problem is represented as an 
unsatisfactory interaction, TRIZ recommends to use 
special rules which contain abstract patterns indicat-
ing how the physical model given has to be modified 
by: (a) replacing the existing components with other 
components, (b) introducing new components, (c) 
modifying the existing components, and (d) chang-
ing a system structure
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TRIZ tool Characteristics
Algorithm for inventive problem solving 
(ARIZ)

One of the most powerful and complex analyti-
cal TRIZ techniques which helps in solving those 
problems that cannot be solved with the use of 
other TRIZ techniques. Since the abovementioned 
TRIZ techniques operate with direct modeling of a 
problem and finding a relevant solution pattern or a 
principle from the TRIZ databases, it is not always 
possible to formulate the problem directly in the 
right way. ARIZ helps to extract a core problem 
through comprehensive analysis of the problem 
conditions and fighting mental inertia

Trimming (also known as idealization) A technique which helps to make existing systems 
and products more ideal by eliminating their compo-
nents without impairing overall system’s perfor-
mance, functionality, and quality. Usually performed 
after a system is represented as a function model 
with the help of function analysis

Alternative system merging (also known 
as feature transfer, hybridization)

A technique which helps to develop new products on 
the basis of combining features of two competitive 
products. Usually competitive products are featured 
by different sets of advantages and disadvantages. 
The technique helps to design a new product that 
inherits advantages of the competitive products 
while disadvantages are eliminated. However, direct 
merging of features might be difficult due to a 
number of contradictions arising when we attempt 
to develop such product. For this reason, the TRIZ 
techniques are recommended to use after the contra-
dictions are identified

FA function analysis, VEA value engineering analysis
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Chapter 8
Active Blended Learning to Improve Students’ 
Motivation in Computer Programming Courses: 
A Case Study

Saleh Alhazbi

8.1  Introduction

Ordinarily, computer programming is a compulsory subject for computing majors. 
Moreover, it is an integral part of any engineering program to equip students with 
computer-based problem-solving skills to tackle computational problems using 
logical and numerical approaches. Recently, there has been increasing interest in 
using programming as a tool to infuse computational thinking in K-12 curricula 
as a necessary skill for everyone in the twenty-first century (Grover and Pea 2013; 
Thomas et al. 2011). However, students usually find computer programming to be a 
difficult subject. This problem has been a concern for educational institutions since 
the early 1960s. There has been much research to investigate this problem (Butler 
and Morgan 2007; Lahtinen et al. 2005; Robins et al. 2003) and to improve student 
learning through different proposed pedagogical approaches (Esteves et al. 2011; 
Estefanía et al. 2010; Merrick 2010; Yan 2009; Miliszewska and Tan 2007; Guo 
2006; Deraadt et al. 2005), subject curriculum reviews (Summet et al. 2009; Doyle 
2005), and assessment methods updates (Simon et al. 2012; Petersen et al. 2011).

8.2  Reasons for Programming Learning Difficulties

There are various reasons behind the difficulties faced by novice students when 
learning programming; these difficulties can be categorized as follows:

1. Problems related to students
 Although students, lately, come from high schools with prior computing experi-

ence and maybe some programming knowledge, they are often not well prepared 
to develop and apply problem-solving techniques to write computer programs 
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(Yan 2009). They lack the required skills to develop correct algorithms and just 
rush to write the code before thinking carefully (Gomes and Mendes 2007). 
Additionally, they are not patient enough to continue modifying the program 
and fixing errors to reach the complete and correct version. Perkins et al. (1989) 
classify novice students into two types: “stoppers” and “movers.” As the names 
imply, stoppers cannot continue when confronted with a problem, while movers 
use feedback about errors effectively and are able to progress.

 The main problem with students is their unawareness of the nature of this sub-
ject. Learning programming not only involves understanding the programming 
language, for example, syntax and data types, but also includes developing 
multiple other skills, such as analyzing problems, developing algorithms, writ-
ing code, debugging and fixing errors (Jenkings 2002). Developing such skills 
requires intensive practice of solving problems and writing programs outside the 
classroom; however, the problem is that many students believe it is enough to 
read the textbooks and understand language syntax (Gomes and Mendes 2007). 
Consequently, they are unaware of their own deficiencies (Ala-Mutka 2004). 
Milne and Rowe (2002) found that students’ awareness of their programming 
limitations is less than what teachers believe it to be; therefore, helping students 
to recognize their deficiencies results in them applying more effort to overcome 
their weaknesses and improve their learning.

2. Problems related to subject nature
 Novice learners find some programming concepts difficult to grasp, and they 

struggle to conceptualize programming conventions such as variables, memory 
addresses, and data types because such constructs do not correspond to things in 
real life (Miliszewska 2008; Dunican 2002). Another challenge of programming 
is utilizing abstract design; Qualls (Qualls et al. 2011) defines abstraction as the 
process of focusing on a problem’s major details rather than thinking of the many 
minor ones. In programming, learners need to think of the problem at different 
levels of abstraction; otherwise, they will be overwhelmed by the many details 
and become frustrated.

3. Problems related to teaching methods
 Educators bear some responsibility for the difficulties faced by students in pro-

gramming courses. Many instructors ignore the nature of this subject by focus-
ing more on syntactic details rather than on training students in problem-solving 
skills. Another problem in this regard is the teaching method: Traditional lec-
turing seems to be an ineffective method for teaching programming. Because 
teaching programming mainly focuses on problem solving, students require 
immediate feedback to help them overcome their problems and learn from that. 
Consequently, students need more personalization to address different individu-
als’ problems. Programming learners need to develop multiple skills; however, 
this might be difficult to implement in class because of time constraints and 
course sizes (Gomes and Mendes 2007). Generally, students need to practice 
programming on their own outside the classroom, which requires more support 
beyond the classroom time to keep their progress and not become frustrated 
when facing problems.
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8.3  Motivating Students to Overcome Difficulties

The difficulties in learning programming usually frustrate students and lead many 
of them to either drop out of the major or continue with fear of programming tasks 
in subsequent courses, which makes them eventually choose career paths that do 
not require programming skills (Stamouli et al. 2004). For that reason, motivating 
students in programming is very essential to improve their retention within comput-
ing majors and to enhance their learning of the subject. Motivating students can be 
defined as the process of improving their willingness to participate and be success-
ful in the learning process (Bomia et al. 1997, p. 8). Generally, motivation is an im-
portant cognitive factor for successful learning in any subject; it affects a student’s 
learning efforts, which consequently affect his/her performance. Learning motiva-
tion can be classified into two types: intrinsic and extrinsic. Intrinsic motivation 
refers to the performance of an activity because of its inherent satisfaction rather 
than external reasons such as rewards, while extrinsic motivation can be defined as 
doing the activity to attain an outcome (Ryan and Deci 2000).

In programming courses, motivation has a positive impact on students’ achieve-
ments. It was found that students with high motivation perform better in program-
ming than students with lower motivation levels (Bergin et al. 2005). The impor-
tance of motivation in computer programming course is due to the subject nature, 
which requires students to practice frequently, which cannot be sustained unless 
they are highly motivated (Jenkings 2011; Law et al. 2010; Jenkings 2002).

To promote students’ motivation, different strategies should be utilized to engage 
students actively in the learning process (Carroll and Leander 2001; Lord 1997; 
Meyers and Jones 1993; Bonwell and Eison 1991). For example, it was found that 
improving levels of interaction has been a major factor to increase students’ motiva-
tion and to create positive attitudes, which consequently enhance their performance 
(Lopez-Perez et al. 2011; Donnelly 2010; Woltering et al. 2009). Additionally, more 
support and additional learning materials help students understand the subject and 
promote their motivation (Lei 2010). Implementing such activities and support 
might be difficult during the class due to time limits; therefore, a blended learning 
environment seems the appropriate approach to combine multiple activities and to 
provide such additional support.

8.4  Blended Learning to Teach Programming

Blended learning is an educational approach that uses technology to combine face-
to-face and online teaching strategies to enhance the learning process (Bonk and 
Graham 2006; Voos 2003). The major advantage of blended learning is that it in-
corporates the strengths of both synchronous (traditional face-to-face) and asyn-
chronous (online) learning activities (Pahinis et al. 2007; Harding et al. 2005). This 
model provides the learner with socio-emotional support as a result of social pres-
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ence and interaction with the teacher and other learners. It also brings more flexibil-
ity in learning time and place. Moreover, a well-designed blended learning course 
can be used to promote personalized learning to fulfill different students’ learning 
styles. Blended learning can be categorized into different models according to the 
ratio of face-to-face and online roles in the learning process (Horn and Staker 2011). 
It can be implemented through three different approaches: providing the same class 
contents through online materials, providing online materials as supplementary re-
sources, and replacing portions of the face-to-face contents with online materials 
(Alebaikan and Troudi 2010). The common model is where most of the curriculum 
is delivered by traditional face-to-face interaction, and online learning is used as a 
supportive tool to improve student learning outside the classroom. This model has 
been increasingly adopted by higher education institutions (Sharpe et al. 2006).

Many research studies have investigated the effectiveness of using blended learn-
ing to tackle learning difficulties with this subject and to enhance students’ motiva-
tion (Deperlioglu and Kose 2013; Djenic et al. 2011; Mohorovičić and Tijan 2011; 
Hadjerrouit 2008; Boyle et al. 2003). It has been found that blended learning is the 
most suitable model for learning programming because it facilitates and advances 
the learning process better than the traditional face-to-face learning approach. Ad-
ditionally, students’ academic performances and success rates were improved, and 
their satisfaction was increased (Deperlioglu and Kose 2013; Djenic et al. 2011; 
Law et al. 2010).

8.5  Teaching Programming in the Middle East

Similarly to others around the world, students in Middle Eastern universities face 
difficulties when learning computer programming. Zualkernan et al. (2006) found 
great similarity in the learning styles of computer programming between Middle 
Eastern and American students. Only a few local research studies have investigated 
this problem and proposed a variety of approaches to enhance student learning of 
this subject. Mhashi and Alakeel (2013) conducted a case study to investigate pro-
gramming difficulties faced by students at Tabuk University, Saudi Arabia. They 
found that students find programming to be a difficult subject, and most students 
lack the skills to analyze and solve programming problems. Additionally, the Eng-
lish language represents a challenge for students when learning programming. Be-
cause of the nature of this subject, which requires much of an individual’s own 
efforts, the researchers pointed to a cultural-based reason for the difficulties, which 
was students’ level of maturity; this includes students’ responsibility to solve home-
work problems, get feedback from the lecturers, and be involved in interactive class 
discussions. Hawi (2010a) has investigated causal attribution of success and failure 
made by novice programming learners in Lebanon, and he found ten causal attribu-
tions: “learning strategy,” “lack of study,” “lack of practice,” “subject difficulty,” 
“lack of effort,” “appropriate teaching method,” “exam anxiety,” “cheating,” “lack 
of time,” and “unfair treatment.” However, “learning strategy” was the most im-
portant attribution; many students put much effort into this subject, but they fail 
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because of the inappropriate learning strategy they use. Thus, by the same effort 
and an appropriate learning strategy, they could have achieved better. Such students 
need help developing an effective learning strategy.

Different approaches have been proposed to improve students’ learning and en-
able them to overcome the difficulties. Alice, a 3D software programming envi-
ronment, was used as a teaching tool to help students understand object-oriented 
programming in Cairo University, Egypt. Although the study shows the effective-
ness of this tool in improving student learning, it suggests localizing this software’s 
characters to further improve student learning. In this context, Alice for Middle 
East, “Alice ME,” is a research project funded by the Qatar National Research Fund 
(QNRF) in Qatar, which aims to enrich this tool with animation objects that are 
relevant to the local culture. According to his experience of teaching programming 
in Notre Dame University in Lebanon, Hawi (2010b) argues that a constructivism 
approach to teaching programming is important to develop a sense of exploration 
and autonomous thinking. He emphasizes that teaching programming should be dy-
namically achieved in the classroom through a problem-solving setting and coding 
in front of students on a computer connected to a projector. Similarly to this, Herath 
et al. (2013) in the University of Bahrain used a project-based approach as a substi-
tute for the traditional lecture-based classroom to engage students in the process of 
problem solving. In Qatar, it has been proven that robotics can be an effective tool 
to help students understand programming concepts; it motivates them and makes 
learning this subject more enjoyable (Ahmed and Alsaleh 2011). In Zayed Universi-
ty, UAE, Mahmoud et al. (2011) have addressed learning difficulties by redesigning 
the structure of the programming course using multiple programming tools. Their 
objective was to motivate students for the subject by using a web context to teach 
programming concepts; students start learning programming by learning HTML 
and JavaScript.

Despite the proliferation of e-learning and its suitability for teaching program-
ming, there is not much research in the Middle East on using blended learning to 
teach programming, only the study by Boyle et al. (2003), which used a blended 
learning environment to teach programming at the Afyon Kocatepe University in 
Turkey. This research found that blended learning had improved students’ academic 
performance. Moreover, it increased students’ satisfaction because of the support 
they received through blended learning; thus, student dropout was reduced greatly.

8.6  Challenges of Blended Learning in the Middle East

Although blended learning has increasingly gained interest in the Middle East, the 
readiness for this type of learning, as part of e-learning, is varied from one state to 
another. There are still many challenges that should be considered when deciding 
to utilize this type of learning. Some of these challenges are technical, and some of 
them are cultural.

The main barrier for adopting blended learning in many countries in the Middle 
East is the low Internet penetration rate. While many countries enjoy a high rate of 
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Internet users, such as Israel, UAE, Qatar, and Bahrain, there are many other coun-
tries that have very low Internet penetration, such as Syria, Yemen, and Iraq. This 
is because of the high cost of Internet access, low speed, and quality (Mirza and Al-
Abdulkareem 2011). In such countries, usage of blended learning will be limited to 
the minimum. For example, with low-bandwidth Internet connections, students will 
not be able to see supportive multimedia or download large materials.

In addition to technical barriers, many cultural factors should be considered when 
a blended environment is implemented. According to Hofstede (2001), Middle 
Eastern people maintain a high level of power distance, which is a culture dimen-
sion that refers to how people accept and expect that power is distributed unequally. 
Students in such cultures rely on teachers to lead the learning process, and they view 
the instructor as the only authority who is responsible for transferring knowledge 
to students. This should be considered in blended learning, as the instructor usually 
needs to involve students in active learning by initiating discussion in class and on-
line forums. For group activities, he should pay much attention to how each member 
in each group is involved in the learning process, and he should attempt different 
approaches to encourage the participation of each.

Additionally, countries in the Middle East are considered high-context cultures, 
where communication between the instructor and students tends to be very formal. 
This might represent a barrier for collaborative learning, especially for online ac-
tivities where students might need to use the English language; this could result in 
them finding it difficult to express themselves clearly and formally, so they may 
prefer to use short sentences to avoid using slang words. It is the responsibility of 
the instructor to decrease the level of formality with students to make them feel 
comfortable with discussion and interaction with him. Additionally, the instructor 
should avoid criticism of a student in front of the group or online discussion to 
protect their dignity, and critical comments and student assessments should be kept 
private (Sultan el al. 2012).

Moreover, Hofstede (2001) indicates that people in the Middle East have high 
uncertainty avoidance, which means that people from these cultures are worried 
about unknown situations; thus, they need clear rules and instructions. In the learn-
ing environment, this requires an instructor to use written guidance for learning ac-
tivities that explain the objectives and describe possible approaches for conducting 
these activities. This is very important, especially for activities that students are not 
familiar with, such as online forums or using a learning journal. In blended learning, 
it is not enough to post such instructions online; they should also be discussed and 
clarified during class time.

8.7  Case Study

Currently, most universities use different tools, such as Blackboard, WebCT, or 
Moodle, to implement blended learning. However, the utilization of such systems is 
still kept to a minimum and is limited to posting lecture slides and homework sub-

mbishawi@birzeit.edu



8 Active Blended Learning to Improve Students’ Motivation … 193

missions. Usually, this is because instructors lack the pedagogical background, es-
pecially engineering instructors, to infuse active learning strategies in such blended 
learning. Our case study was aimed to develop a blended learning environment for 
teaching computer programming to improve students’ motivation and, ultimately, 
enhance their performance. To achieve this objective, students should be involved 
actively in the learning process in both aspects of the blended learning: during face-
to-face class time and outside the class through online interaction. The blended 
learning model suits the subject of programming because students need to exert 
much effort to develop their programming skills, and much of their practice will be 
performed after the class. Therefore, they need an online supportive environment to 
help them overcome the difficulties that might face them.

At Qatar University (QU), all courses are managed by Blackboard, and instruc-
tors are encouraged to use this tool effectively to promote active learning as one of 
the strategic objectives of the university. Many instructors limit the use of this tool 
to posting static materials, such as course material texts or presentation slides, and 
homework submissions. In this case study, we aim to describe how to exploit some 
available tools to infuse learning activities online and make it complementary to in-
class activities to create an active blended learning environment.

At QU, computer programming is taught using the C++ programming language. 
The subject is offered as two separate courses: theory and lab; students should en-
roll in both of them concurrently. This subject is required for students majoring 
in computer science and computer engineering. Students are expected to have no 
previous background in computer programming. Improving students’ motivation 
in this course is very important to enhance their retention in the department and to 
increase their success rate.

8.8  Pedagogical Facets of our Active Blended Learning

Our objective is to design an active blended learning environment to increase stu-
dents’ satisfaction, improve their motivation, and enhance their learning of com-
puter programming. Activities in this environment should address the causes of 
learning difficulties in this subject. The following pedagogical facets were taken 
into consideration when developing this environment:

1. Facilitating collaborative learning
 Collaborative learning is defined as a situation where some form of interaction 

between learners should be facilitated to trigger learning mechanisms (Dillen-
bourg 1999). In blended learning, technology should be utilized to increase 
interaction between learners to create a collaborative environment. Learners can 
discuss the subject problems through either face-to-face or online interaction. 
This creates positive social relationships that improve their motivation. Discus-
sion in blended learning has the advantage of both face-to-face and online dis-
cussion. It frees learners from temporal and geographical constraints, and, at 
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the same time, they do not feel isolated because discussion also occurs during 
face-to-face time. Online discussion can occur in a public discussion forum that 
is open to all students in the class or in a small group where only members of 
that group can participate (Hiltz and Turoff 2002). Particularly, discussion and 
collaborative learning address some of the difficulties of learning programming; 
they engage students in the subject materials, help them learn problem-solving 
techniques from each other, and increase their feelings of synergy and enjoyment 
(Teague and Roe 2008). Previous studies (Falkner and Munro 2009; McKin-
ney and Denton 2006) have found that collaborative learning in programming 
courses leads to higher retention and higher academic performance.

2. Enhancing interaction between the instructor and learners
 A high level of interaction between the instructor and learners is significantly 

related to student satisfaction in the learning environment (Keeler 2006; Stocks 
and Freddoline 2000). This type of interaction plays an important role in guiding 
students to correctly complete their learning activities. It can take place during 
face-to-face classroom time or online via discussion forum, email, assignment 
feedback, etc. Because of the nature of the subject of programming, more inter-
action with the instructor will encourage students to expose their problems and 
get feedback, which helps them overcome the difficulties they face when learn-
ing programming skills.

3. Utilizing timely formative assessment
 Formative assessment is an informal assessment conducted by the teacher dur-

ing the course to provide feedback to both the teacher and learner about course 
progress. This type of assessment is different from the summative type, which is 
part of the course requirements, and its purpose is certifying a student’s achieve-
ment. Formative assessment style can effectively improve students’ learning 
and increase communication with the instructor; this type of assessment helps 
students understand expectation and eventually improve their retention (Mantz 
2001). In addition to giving students feedback, formative assessments push stu-
dents to seek help when needed through discussions with the instructor or with 
peers. This helps create an active learning environment and improves the level of 
interaction. This type of feedback is essential in computer programming courses 
to help students recognize their deficiencies.

4. Supporting reflective practicing
 Reflective practicing in learning refers to learning activities that give students 

opportunities to review their own cognitive process (Lai and Land 2009). It has 
been used as a pedagogical method to engage students in the learning process 
in different disciplines. Expressive writing or journaling is a common technique 
used to train students in reflective practice. In the subject of programming, jour-
naling can be used to help students reflect on their studies to understand their 
weaknesses and obtain feedback from the instructor to guide them to the appro-
priate method of studying the subject.
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8.9  Environment Implementation

Active learning aims to engage learners in the learning process through different 
activities, such as discussion, reading, and problem solving, rather than listening to 
lectures passively. Generally, active learning excites students about the subject mat-
ter; therefore, using different strategies of active learning in a programming course 
can motivate students and help them to overcome the difficulties of the subject. 
Table 8.1 shows how each pedagogical facet is implemented in our blended learn-
ing environment.

The following are the tools used to involve active learning in our blended envi-
ronment:

1. Group work
 Students were divided to small groups to work together on a small project. Using 

the group feature on Blackboard, groups were created by the instructor, and 
students were asked to join these groups. This tool facilitates students’ online 
interactions and supports exchanging materials among group members. The 
instructor also added himself to each group to make students feel that he is part 
of the work and ready to help them when needed. This activity was implemented 
as one of the techniques to infuse collaborative learning and motivate students. 
Based on Hofstede’s (2001) categories of cultural dimension, people in the Mid-
dle East are considered collectivists who prefer group interests. Students in such 
a culture prefer to work within a group, and the purpose of their learning is to 
maintain social status. Therefore, we aim that this technique will utilize such 
cultural aspects to enhance students’ learning and motivate them to help each 
other to overcome the difficulties of this subject.

2. Case study
 Students need to know how to analyze problems and design complete solutions, 

and this is not taught to them when studying individual features of a program-
ming language. To help students overcome this part, a case study that is similar 
to a project assignment was given to the students. The case study concerns devel-
oping a software system to manage a video rental store. Students were given 
the problem description and requirements. The case study shows them how to 
analyze the problem and build the solution as a computer program. The main 
objective of this is to help students utilize all individual features they have learnt 
separately to build a solution for a specific real problem. From a cultural per-

Table 8.1  Tools to implement activities in blended learning
Pedagogical facet Tools
Collaborative learning Group work (in class and online groups), discussion (in class 

and through an online forum)
Interaction Online groups, student’s journal, class interaction
Formative assessment Weekly formative assessments
Reflective practicing Student’s journal
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spective, and because students in the Middle East need clear guidance for the 
required task, the case study aims to give students clear direction as to how to 
build a complete system. Students need to simulate this when developing their 
programming project as one of the main assessments in this course.

3. Weekly formative assessments
 Over each weekend of the semester, Blackboard’s test feature was used to post 

an exam that covered the materials of the week. These assessments aim to pro-
vide students with feedback regarding their understanding of the subject so they 
can recognize their deficiencies earlier in the semester and work on them. In 
addition, the instructor uses this tool to emphasize the importance of some of 
the materials and drive students’ attention to them, and students’ answers were 
used as an indicator of the difficulties faced by students so that the instructor can 
address them again using different strategies. By making students aware of their 
weaknesses, and with some encouragement, they seek help from the instructor or 
from their peers, which improves communication and increases learning activi-
ties. This ultimately improves student learning in general.

4. Discussion
 Discussion is an active teaching method that motivates students in educational 

subjects. It makes the class more enjoyable, improves students’ critical thinking, 
and enhances their communication skills. It is the instructor’s role to trigger and 
guide the discussion to achieve a specific outcome. In our environment, usually, 
discussion is started in the class by questions related to the previous topics to 
ensure students’ understanding of these topics, encourage all students to be part 
of the discussion, and allow debate between them. Students’ answers for the 
weekly test have been used to raise class discussion to address their mistakes. 
On the other side, the online forum on Blackboard is used to encourage students 
to participate in asynchronous discussion. While some of the students have used 
this tool to seek help, good students have participated by raising new advanced 
topics and answering others’ questions. Like class discussion, online discussion 
requires the instructor to manage the discussion and direct it toward supporting 
student learning. Additionally, many of the posts on the discussion forum were 
related to questions in the weekly tests.

5. Student journal
 Students were required to write a weekly journal entry using the journal feature 

that was introduced in a recent version of Blackboard. It is a private tool that is 
only accessible by the instructor and the student. In their weekly journals, stu-
dents specify the lessons they have studied, their goals before starting to study, 
difficulties they have faced, how they have overcome them, how they evalu-
ate themselves, and what their reflections were. Journaling was utilized by the 
instructor to guide students to the correct way of studying programming and 
to help them adjust their learning method to fit better with the subject nature, 
which mainly depends on practice rather than on just pure knowledge. Students’ 
journals reflect their attitude and motivation. It was noticed that students start the 
semester full of enthusiasm and high expectations for their achievement. It is the 
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responsibility of the instructor to use different strategies to keep this attitude as 
long as possible by pushing students for greater achievements.

8.10  Evaluation

To evaluate the effectiveness of our active blended learning, we have assessed its 
impact on students’ motivation and performance. The environment above was im-
plemented in the programming concepts course at QU in fall 2012. This subject is 
compulsory for students in computer science and computer engineering majors, and 
it is the first major course where students study the C++ programming language. 
Two types of assessments were conducted: direct assessment to investigate the ef-
fectiveness of these activities on students’ performance and indirect assessment to 
evaluate students’ motivation and satisfaction after their experience in this course.

Assess Active Blended Learning’s Impact on Students’ Performance
To assess the impact of our active blended learning environment on students’ per-
formance, we use study subjects composed of the 48 students who enrolled in the 
programming concepts course. All students were female because this study was 
conducted on a female campus. Students were enrolled in two theory sections and 
two lab sections. Both lab sessions were taught by the same instructor, while the 
theory was taught by different instructors. We applied our blended learning envi-
ronment in one of the lab sections (the treatment group) and used the other group 
as a control group. Students in the control group had access to Blackboard, but it 
was used only to post the static materials of the course, so none of the activities 
were implemented for this section. During lab sessions, both groups were required 
to solve practical questions with the help of the instructor. At the beginning of each 
lab, discussion was encouraged to review what students learnt in the theory during 
the week. Students in the treatment group had access to the online discussion forum, 
weekly online assessment, online groups, and online student’s journal. As a result of 
using these tools, more discussion was brought to the lab session, and more interac-
tion with the instructor occurred during the lab session.

Because the topics of the lab and theory are the same, we use students’ perfor-
mance in the theory classes as an unbiased indicator of the effectiveness of these 
strategies. The students enroll in the theory and lab sections freely, that is, there are 
no restrictions requiring that students who enroll in a specific theory section also 
enroll in the corresponding lab section. Thus, students who enrolled in the treatment 
section were enrolled in two different theory sections. At the end of the semester, 
we compared the performance of students in the treatment group with the others in 
the control group. We tracked the total grades of those in the theory sections who 
were taught by different instructors. Figure 8.1 shows that there is a significant dif-
ference between students’ performance in the treatment group and in the control 
group in both theory sections. For the first theory section, the average of the treat-
ment group students’ grades was 70.6, while the others’ average was 63.5. For the 
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second theory section, the average of the treatment group students’ grades was 80, 
and for the other students, it was 72. This proves the effectiveness of the strategies 
implemented in the treatment group.

As is shown in Table 8.2, there is a significant difference ( t = − 2.33, p = 0.025). 
Students in the treatment group outperformed those in the control group (77.8 vs. 
68.0).

Assess students’ motivation
At the end of the semester, students in treatment group were asked to fill in a survey 
to evaluate their attitudes toward their experience during the semester. The sur-
vey contains five Likert-scale questions and one open question. Four of the Likert-
scale questions are in the form of positive statements. Students respond to each 
one by selecting one of five options: strongly agree (SA), agree (A), neither agree 
nor disagree (NAD), disagree (D), or strongly disagree (SD). The following table 
(Table 8.3) shows the Likert-scale questions:

All students in the treatment group responded to the survey. To interpret students’ 
responses to Likert-scale questions, each response category is assigned a numerical 
value as follows: SA(5), A(4), NAD(3), D(2), and SD(1), then the average is cal-
culated to represent the overall result for each question. Generally, the respondents 
have reported very high satisfaction by positive response, with an average value of 

Table 8.2  Independent t test, difference between students’ performance in my section and others
Group n Mean SD t df p
Control group 26 68.0 14.6 − 2.33 40 .025
Treatment group 22 77.8 12.3

*p < 0.05
SD Standard Deviation, df degree of freedom

Fig. 8.1  Students’ performance
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4.3. The following figure depicts the averages of student responses for the questions 
Q1, Q2, Q3, and Q4 (Fig. 8.2).

The fifth question asked students to rank the interaction between students and 
the instructor as one of the following: excellent, good, normal, not that good, and 
no interaction. They all were significantly satisfied by the level of interaction with 
the instructor. Of the responses, 75 % ranked the interaction as excellent, and 25 % 
ranked it as good.

8.11  Discussion

The results show that students in the treatment group outperformed others in the 
control group in both theory sections. The difference between overall grades in 
both theory sections is due to the different assessments and different theory instruc-
tors. However, the superiority of treatment group students in both sections proves 
the reliability of the results and the effectiveness of this environment on improv-
ing students’ learning. This is because using different learning activities in blended 
learning satisfies diversity of students’ learning styles; while some students like 
class discussion, others find themselves more comfortable with online discussion. 
From their responses to question 1 in the survey, the majority of them agreed that 
discussion helped them to learn the subject better.

Generally, the activities in this blended learning improve students’ satisfaction, 
which can be deduced from students’ responses to questions 2 and 3. This satisfac-
tion at the end of the semester (when the survey was conducted) represents an in-

Table 8.3  Questions of the survey
Q1 Class discussion during this course helps me to learn better
Q2 I have a feeling of accomplishment from the work I have done in this class
Q3 I am happy that I enrolled in this course
Q4 When I have the opportunity in this class, I choose course assignments that I can learn 

from even if they do not guarantee a good grade
Q5 The interaction with the instructor in this course was….

Fig. 8.2  Average of students’ 
responses on the survey
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dicator of the effectiveness of this environment in motivating students during their 
study, as a result of this motivation,  the drop rate  was zero in this course. Question 
4 aims to measure students’ intrinsic motivation which represents students’ enjoy-
ment in the task itself and its inherent satisfaction regardless of any external impact. 
Although students’ response to this question has the lowest level of agreement com-
paring to other questions, the response of this question shows that most students 
had this type of motivation. Additionally, students were very satisfied by the level 
of interaction with the instructor, where the majority ranked that as “excellent.” 
This high level of interaction with the instructor encourages students to expose 
their learning difficulties, so he could address them early in the semester. Different 
tactics were used to improve interaction between students and the instructor, these 
include: discussions in class and online forums, through student’s journaling, and 
through online group discussion where the instructor was himself added as member 
of each group.

8.12  Conclusion and Future Work

The statistical results show that using different strategies to engage students ac-
tively in blended learning has a positive effect on their attitude and satisfaction, 
which motivates students in the subject of programming and improves their perfor-
mance. Careful design of the blended learning environment is necessary to utilize 
the advantages of both of its components: face-to-face and online learning. Both 
components should complement each other to create a supportive learning environ-
ment that is collaborative, provides a high level of interaction with the instructor, 
provides students with good feedback about their standing, and guides students to 
the proper way of studying the subject. Such a supportive environment is appropri-
ate to the nature of the computer programming subject to help learners overcome 
its difficulties. From our case study, blended learning improves students’ satisfac-
tion and increases their motivation, which ultimately has a positive effect on their 
performance.

However, involving students in learning activities is not an easy task for the in-
structor; it requires frequent encouragement and guidance from the instructor. This 
might be more challenging in the Middle East because of the uncertainty dimension 
of the people and culture there, where people tend to rely on formalized policies 
and show a strong resistance to change. The students are in their first year of col-
lege, and they come from a traditional learning environment in schools where the 
teacher was the sole source of learning and knowledge; they are unfamiliar with 
these learning activities and are used to thinking of the learning process as just 
studying textbooks and solving assignments. Another challenge was interpersonal 
communication skills. Many students lack communication skills and find it difficult 
to express themselves verbally through discussions or in writing through online fo-
rums and journaling. It is not only because of the use of the English language; even 
with Arabic (their native language), they experience difficulties.
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Because there is such limited research on the cultural impact of students’ learn-
ing programming, future research is needed to address these aspects. Additionally, 
there is a need for research on how to help students adjust quickly to the college 
environment and various difficulties during their first year on campus.
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Chapter 9
Women’s Specific Needs and Urban Planning 
Practices in the Middle East: The Case of 
Palestine

Manal A. Al-Bishawi

9.1  Background

Design and planning practices are mainly governed by engineering education, as 
engineers make their designs and plans according to the knowledge taught to them 
at engineering faculties. Therefore, engineering education is considered to be the 
key issue for enhancing the engineers’ awareness and knowledge about different 
issues concerning people’s use of their built environment.

In any society, women have specific needs1, including the need for privacy, se-
curity, and comfort. These may be reflected in the urban design, for example, in 
the physical layout of spaces, furnishings, pavements, lighting, and in the spaces’ 
functions. As an expression of internationalization, modern knowledge in the field 
of architecture and urban planning is generally based on identifying standard human 
needs, which are then reflected in the grouping of users according to their functions. 
For instance, users are grouped into categories such as pedestrians, vehicular traf-
fic and disabled individuals. According to this framework, the role of the designers 
and planners is to consider and fulfill these standard requirements in their designs 
and plans.

1 For this study, specific needs are cultural needs which originate from the local context. These 
needs are different from basic needs. Maslow (1943) suggests that human needs are classified into 
two types:
(a) Basic needs which are common to all humans and fundamental in motivating human behavior. 
These needs are biological and universal; they imply physiological, sociological, and psychologi-
cal needs (e.g. thirst, shelter, security, belonging, and love needs).
(b) Specific needs which are deep desires and differ from one person to another, from one culture 
to another, and from one place to another. These needs are learned and influenced by traditions 
and religion. Therefore, specific needs are cultural needs and always coexist with basic needs; they 
should not be understood as single determiners of certain kinds of behavior
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Women can be regarded as a user group of public sphere with specific needs, 
requirements, and values, issues that should be intentionally and specifically ad-
dressed in urban design and planning practices. Since women’s specific needs relat-
ed to public sphere are dependent on culture, such needs should be understood and 
designed according to the local culture. Women’s privacy in the presence of outsider 
(stranger) males is a specific need and a value that has influenced and continues to 
influence Middle Eastern societies and their built environments.

The present engineering education and accordingly planning practices, however, 
lack this focus on fulfilling women’s need for privacy in design works and planning. 
This caused women’s access to public sphere and many of the employment fields 
to be controlled. In addition, the esthetic quality of urban environment is influenced 
negatively due to its adaptation to women’s privacy by local inhabitants.

Therefore, this study aims at investigating how women’s privacy is considered 
in design and planning practices in the Middle East, in general, and in Palestine, 
in particular. The outcome of this study will contribute to enhancing the knowl-
edge in the field of architecture and planning about interaction between engineering 
and culture, in general, and between engineering, democracy, and equity among 
citizens in using their urban environment, in particular. Thus, women’s privacy in 
this regard does not mean women’s isolation from public sphere; on the contrary, 
it is an essential requirement for women to achieve their right in access to public 
sphere. This will help engineers to design and develop sustainable urban environ-
ments which are accessible by both males and females. Observations and interviews 
are the main methods used in data collection.

The traditional fabrics of Middle Eastern cities (as in the rest of the world) were 
shaped according to the local culture, particularly Arabic Islamic culture, in addi-
tion to geographical aspects. Considering women’s specific needs is historically 
part of these cities’ urban design process. The outdoor spaces, the buildings, and the 
elements all reflect different female needs, such as providing security, comfort, and 
privacy. This way of shaping cities in the Middle Eastern region continued until the 
nineteenth century, when the political and economic institutions of Middle Eastern 
cities underwent major transformations. These changes occurred particularly as a 
result of colonization after World War I. The emergent dominant powers, particu-
larly Britain and France, demolished the existing structures of the defeated Ottoman 
ruling system. Systemic shifts involved all aspects of society: law, administration, 
education, and commerce. This paradigm shift transformed local architecture and 
town planning (Nooraddin 2004).

As a consequence of these changes, a big shift has been experienced in plan-
ning practices in the Middle Eastern world. The decentralized planning process 
controlled by residents, and which was therefore governed by their cultural needs 
and values including women’s privacy, was transformed into a centralized process 
controlled by the municipalities based on functional and welfare aspects, especially 
welfare and vehicle access (Bianca 2000). This caused people to introduce their 
own changes in the physical form of their built environment to comply with their 
cultural norms, particularly concerning women’s privacy. In addition, community’s 
lifestyle has clearly changed, particularly women, as new educational and profes-
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sional opportunities in different fields were offered to them (Ahmed 1992). Within 
this change, gender issues are still important in the Middle East and they continue 
to influence women’s access to public sphere, which is still male dominant. In this 
regard, large gaps between female and male rates are evident in the Middle East 
despite several job opportunities are offered to women (Document and Publications 
Production 2013).

In this study, the focus is on Palestine, which has been selected as a representa-
tive case of the Middle Eastern countries.

9.2  The Case of Palestine

Palestine is located on the east coast of Mediterranean Sea, west of Jordan, and south 
of Lebanon (Fig. 9.1). The territory of Palestine covers almost 10,435 sq. miles, 
which includes 10,163 sq. miles of land area and the rest consists of water. The 
geography of Palestine is characterized by its diverse topography and terrain. The 
climate of Palestine, in general, is pleasant. The winter months from mid-December 
to mid-March are severe. The cool Mediterranean Sea breeze has a cooling effect 
on the very hot summers.

Fig. 9.1  Location of Palestine
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Like any Arab Middle Eastern city, Palestine has a younger population and is 
evenly split between males and females (Palestinian Central Bureau of Statistics 
(PCBS) 2012). Palestinian society is very cohesive, and the institution of the family 
plays an important role. Hence, the family plays an essential role in the economic 
and social life of the Palestinian cities. Successive occupations, particularly British 
and Israeli occupations, made the Palestinians famous for their spirit of indepen-
dence from the earliest ages.

The Palestinians are tied to their traditions and social customs, which are based 
on Arabic and Islamic values, particularly women’s privacy need which is influ-
enced by the culture of gender separation. Because gender separation is a social 
convention in Palestine, it influences women’s behavior in urban and public spaces 
as women try to expose themselves to outsider men as little as possible (Fig. 9.2).

In Palestine, which is probably not much different from other countries in the 
Middle East, many public spaces are defined as either for men’s (Fig. 9.3) or for 

Fig. 9.3  Examples of public space created for men’s use

 

Fig. 9.2  Examples of women’s behavior in Palestinian society and privacy
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women’s use (Fig. 9.4), such as governmental schools,2 shops, and sports facili-
ties. Inside public buildings too, such as restaurants, there are parts designated for 
women’s or families’ use, and are usually located far from the entrance or on the 
upper floors (Fig. 9.4).

The close-knit nature of Palestinian society has kept the towns’ traditions alive 
throughout the history. The social conservatism of the Palestinians contributes to 
women’s privacy. For example, men avoid entering to and gazing at women’s set-
tings without permission or a prior announcement. They do this for both religious 
reasons and because of social tradition. In addition, people’s emphasis on social 
rules that influence women’s privacy based on religion and tradition is stated ex-
plicitly. Because of the importance attributed to women’s privacy in the life of Pal-
estinian society, these values influence Palestinians’ attitudes toward their physical 
environment.

Like most Middle Eastern cities, the political and economic institutions of Pal-
estinian cities underwent major transformations, particularly after the British occu-
pation and the increasing commercial exchange with the exterior. Regarding urban 
planning practices, new standard and formal rules3 (British ones), which do not 
consider cultural norms including those about women’s privacy, were established to 
guide buildings and planning activities in the Palestinian cities instead of the infor-

2 In Palestine, there are two types of schools: the first type is the governmental (public) schools 
which present the majority and are specialized for either girls or boys. The second type is the 
private schools, which are mixed. Only a few of these schools exist and they are mainly used by 
rich people.
3 Formal rules are standard and written rules as building codes and planning regulations.

Fig. 9.4  Examples of public space created for women’s and families’ use. The upper floor of the 
restaurant is specialized for families’ use which controls men’s access to this floor and allows for 
women to use it comfortably
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mal rules.4 In addition to municipalities, there are several international groups, in 
the name of donors, who are involved in design and planning process. In most cases, 
the designs and the plans are made according to the desires of these donors and by 
foreign engineers who are unfamiliar to the cultural norms of the local society. Re-
garding sociocultural aspects of the society, new and modern lifestyle models were 
introduced to Palestine. In addition, new requirements and needs developed, leading 
to social, educational, economic, and legal changes within civil society, particularly 
in relation to women’s daily activities and their role in the society. However, Pales-
tinian community was among the first Middle Eastern communities where women 
assured their rights and liberation. This is reflected in a number of employment 
fields where women have equal opportunities. In addition, the increasing number of 
educated women, especially those holders of university degrees, led to enrolment 
of women in many professional activities, and led to economic growth (Palestinian 
Central Bureau of Statistics 2008). Moreover, the Israeli occupation has had a major 
effect on forcing women into the labor force to meet the rising costs of living. In 
1967, substantial changes occurred in many Palestinian cities, particularly after the 
Israeli occupation destroyed large area of the agricultural lands in these cities. Dur-
ing that period, a drop from 14.2 to 20 % of the women labor force in agricultural 
sector was witnessed (Abdulhadi 1990). Women had to bear many of their families’ 
responsibilities, since several men had left for work in Israel, or been deported or 
imprisoned by the Israeli authorities, or else forced to emigrate.

An important area where the impact of changes in both planning practices and 
sociocultural aspects of the society can be identified is the urban form of cities. The 
compact structure of cities was transformed into a scattered one, where the build-
ings are separated by setbacks. Due to the growth in population and the expansion 
of the traditional cities, new areas are created with new types and functions of ur-
ban spaces. Also, the segregation of uses has led to isolated and low-density zones 
for commercial and residential areas, which are randomly located and only linked 
by transportation facilities. On the one hand, this situation created difficulties and 
restrictions on women’s urban life and deprived many of them from their right in 
access to public sphere, since its design does not comply with cultural norms about 
privacy. On the other hand, it caused many of the inhabitants to adapt their built 
environment to comply with their cultural norms and beliefs.

9.3  Women’s Needs in Urban Design and Planning

After 1950 when women were integrated into the economy and participated in dif-
ferent fields, they began to face problems in using their cities whose physical lay-
outs were based on men’s rather than women’s needs (Little 1994; Roberts 1991; 
Lewis and Foord 1984). Women’s experiences and activities today still separate 
them from men and cause them to have more in common with other women than 

4 Informal rules are cultural norms and beliefs that govern people’s behavior and attitudes toward 
their built environment.
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they do with men (Booth et al. 1996). Studies done by Franck and Paxon (1989), 
Mozingo (1989), Bunston and Breton (1992) show that women have more special-
ized needs in cities than men. The needs for safety, security, play areas for children, 
and comfort are found to be important needs to be considered in designing public 
open spaces for women’s use. Several studies clarify how women, particularly older 
women, are more likely than men to modify their behavior to avoid the risk of crime 
and these have repercussions for their use of the public realm, return home earlier, 
or go out at night only with an escort. Women are more fearful of some crimes and 
locations than others. They feel less safe on public transport than in the general 
community (Dorfman 1997; Polk 2003; Seedat et al. 2006). Accordingly, fear of 
crime and other related factors such as darkness in the street, nature of the popula-
tion, and areas with untrimmed vegetation blocking the view are major contributors 
to the way women perceive and use the city (Kallu 2001; Tamminga and Luymes 
1995).

Accessibility to different uses in the city is an important need for women. Frank 
and Paxson (1989) explain how the segregated and randomly located functions 
make it difficult or impossible for the women to put together all that is necessary 
within the limits of available time. Greed (2005) argues that changes need to be 
made from the existing suburban pattern of low-density and segregated residential 
development to zoning that permits the development of shops in close proximity 
to residential areas. She further argues that this and other land-use changes will in-
crease the accessibility of services for women and, thus, help them balance the mul-
tiple roles related to work, household, and children by reducing their need to travel.

The need for affordable, qualified, and conveniently located childcare is one of 
the pressing concerns of contemporary family life, and much has changed in the life 
patterns of today’s society largely due to the dramatic increase of working mothers. 
She shows that childcare use has a far-reaching impact on access to care, quality of 
care, and cost of care (Ritzdorf 1990; Cohen 1987).

In addition to the above-mentioned needs, which are common (standard) for 
women all over the world, there are other specific needs for women that originated 
from the cultural contexts, such as women’s privacy need in the Middle East. How-
ever, engineering education should enhance engineers’ knowledge about both wom-
en’s standard and specific needs. On the one hand, this enhances democracy and 
equity among citizens in using their urban environment, and increases the efficiency 
of the spaces and reduces the costs required for adapting these spaces for women’s 
use. On the other hand, this complies with principles of universal design which aim 
at removing environmental barriers from urban environment and providing sustain-
able types of public spaces that meet the needs of all individuals of all ages, sizes, 
genders, and abilities in different sociocultural contexts and for different purposes, 
“without a need for adaptation or specialized design” (Welch 1995; Aslaksen et al. 
1997, p. 5). During the 1980s, there was an emphasis on involving women in design 
and management of cities as a means of reflecting their needs and values (Lansley 
et al. 1989), and several studies were done on this topic. Meeting women’s specific 
needs in the use of public spaces requires their effective participation in decision-
making about the design of these spaces (The World Commission on Environment 
and Development 1987, p. 8).
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Considering women’s needs contributes to a sustainable urban society and im-
proves urban life quality (Parfect and Power 1997), particularly as women form half 
of the community. The United Nations Conference on Environment and Develop-
ment that was held in Rio de Janeiro in 1992 affirmed women’s critical contribu-
tions to environmental management. Agenda 21, the UNCED action plan for sus-
tainable development, proposed actions to strengthen the role of women in sustain-
able development by eliminating obstacles to their equal participation, particularly 
in decision-making (Corral 2002).

9.4  Women’s Privacy in Middle Eastern Countries

Privacy is an important aspect in all societies. For Middle Eastern societies, pri-
vacy is considered a holy tradition and a way of life that should be respected and 
reflected in everyday life and, as such, adapted in architectural solutions, building 
and town planning. Although each particular city in the different Islamic nations 
has developed its own interpretation of privacy, all of them include privacy as a 
fundamental, shared concern in architectural patterns. Privacy is related to family 
life, neighborhood life, and women’s life.

Privacy involves a diversity of social relationships as individuals in relation to 
individuals, individuals in relation to a group, and so on (Altman 1975). This study 
primarily deals with women’s privacy in the presence of outsider males. Outsider 
males are stranger males who do not have a family relationship with the women 
and are eligible for marriage. Women’s privacy in this context is influenced by the 
culture of gender separation, which is based on local traditions dominant in Mid-
dle Eastern cities and Islamic religion. Gender separation is a culturally dependent 
phenomenon that influences women’s behavior. In urban spaces where women are 
exposed to outsider males, they search for a personal space and territorial control 
when engaged in different activities. Gaining such personal space enhances wom-
en’s comfort and feeling of security (based on Altman 1975; Hall 1966; Newman 
1972).

Women’s privacy is a need and a value that has influenced and continues to in-
fluence Arab societies, as well as other Islamic societies. The rules that govern this 
need are socially defined and mutable (based on Hakim 1986; Arkoun 1990; Roald 
2001). Therefore, they are practiced differently according to the cultural context, 
the period, the situation, and the women’s social status: their age, education, and in-
come level. For example, in Saudi Arabia, the rules which govern women’s privacy 
in public spaces are set out in legislation. In Palestine, on the other hand, these rules 
are defined socially. Also, younger, higher income, and better educated women are 
less concerned about privacy rules. This does not mean that these women do not 
need privacy, but the required privacy for them is less than that for other women.

Even for the same woman, her required privacy is not fixed and depends on the 
situation. For example, for activities where woman spends long time as in recre-
ational activities, she will care about privacy more than for activities where she 
spends short time as passing by. However, the influence of these status variable 
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stays small and less than the influence of the physical form of the built environment 
(Al-Bishawi 2008).

Women’s privacy in old traditional Islamic culture implies different terms of 
privacy: visual, physical, auditory, and olfactory. In other words, it means to what 
extent women should be exposed visually, physically, or in an olfactory or auditory 
sense (to what extent her voice is recognizable to outsiders) to outsider males in the 
various events that occur either in private or in public open spaces during everyday 
life activities. Many of these terms have been inherited by modern Islamic societ-
ies, and reflected in people’s behavior and in their built environment, which largely 
reflects local ways in controlling space. In the contemporary literature, the defini-
tion of defensible space shows how communities create their individual spaces that 
fit their needs and make it possible to defend their physical space (Newman 1972).

Women’s privacy need is relevant to their security need. According to Islamic 
jurisprudence, privacy rules are based on the notion that women arouse men’s sex-
ual appetite, which exposes the women to danger. Thus, privacy rules, according 
to Islam, are precaution mechanisms that decrease women’s exposure to men and 
contribute to their protection. Although the Islamic perspective may not comply 
with other Muslim or cultural perspectives, particularly as such an issue is depen-
dent on the nature of both women and men, it is relevant to women’s security in ur-
ban public spaces. Several studies about women’s use of cities show that among the 
major problems which women face in public spaces in the USA and Europe are the 
fear of harm and sexual attack (Worpole 1992; Karp et al. 1991). In general, results 
of these studies comply with the concept of women’s privacy in Islam.

However, Koranic text and tradition do not mention anything about the physi-
cal form of public spaces; they only mention behavioral rules which are related to 
women’s privacy. And because of the importance of these rules for the society, they 
have influenced the decisions and attitudes of Muslims toward their traditional and 
modern built environment.

In the traditional urban design of Middle Eastern cities, the Islamic values con-
cerning women’s privacy were applied formally, as to regulate the height of adja-
cent buildings and the placement of windows and doors, in a way allowing women 
to observe the streets without themselves being observed. Besides, the behavioral 
values concerning women’s privacy have traditionally guaranteed a secure environ-
ment for women when using these spaces (Hakim 1986). The absence of public 
facilities from dead-end streets, and the growth of markets along the main streets, 
enabled women to use these dead-end streets without being exposed much to the 
public sphere in the neighborhood structure. Also, the old fabric of Arab-Muslim 
cities enabled women to use the building’s roofs for keeping in contact with each 
other, enjoying fresh air, and observing the public sphere, all without directly using 
public open spaces (Ottoman 1988). Additionally, the different hierarchal levels of 
public spaces, their irregular form, and the separation between streets and squares 
are all components contributed to women’s privacy in public spaces (Bianca 2000). 
Features such as screened windows and the layout of houses and quarters enabled 
women to see men, but men could do that just in certain they have relationships with 
them. Also, the rules governed the element of timing, for instance, with regard to 
the use of public baths and transitional spaces were used to create divisions between 
males and females in public spaces (Abue-Lughod 1987).
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The modern urban design of Middle Eastern cities is much more influenced by 
modern values, particularly those related to functionality and general public wel-
fare. These design concepts, largely imported from other cultures, are different from 
Islamic-influenced ones and often directly contradict the residents’ cultural values 
and norms, particularly those regarding women’s privacy. This caused people to 
introduce their own changes in the physical form of public spaces. People in Saudi 
Arabia use walls, curtains, and other partitions more than in other societies, in order 
to create physical boundaries and realize their need for privacy. Abu-Gazzeh (1996) 
outlines how these boundaries became a concept, which influences the physical 
form of public spaces in Saudi Arabia. Al-Hemaidi (2001) explains how the resi-
dents transformed the walls and openings facing the adjacent streets by constructing 
plastic and steel structures on the top of the dwellings’ fences, or by sealing off the 
second-floor windows of the dwelling, to create the required privacy for women in 
residential gardens in Saudi Arabia. He also mentions that most women occupying 
the new style residences refrain to use the backyard at all, and they keep the street-
level bedroom curtains closed all the time. Eben-Saleh (1998) explained how cul-
tural norms about women’s privacy influenced the traditional urban form of Saudi 
Arabia and continues to influence people’s behavior in public spaces. Because of 
the imbalance between local Islamic and Western values (which are adopted by 
designers and planners), the foreign style of public spaces does not respond to the 
cultural needs. As a result, inhabitants become isolated.

9.5  Women’s Role in Planning Practices and Fulfillment 
of Their Needs

Involvement of women in design and management of cities is an important tool 
toward expressing needs and issues that concern women. Darke and Yeandle (1996) 
explain that involvement of women in design and management of cities is an im-
portant tool in tapping into women’s experience of the environment, and helps to 
provide knowledge of the daily patterns of women’s lives, which can produce more 
sensitive polices that take into account socioeconomic change in society and respect 
the social and cultural diversity of society. Moser (1993, p. 101) points out that 
involvement of women in development and planning processes is a means toward 
improving project results. The exclusion of women can negatively affect the out-
come of a project. According to Moser, the need to acknowledge women’s needs in 
planning not only creates better solutions but also creates more effective ones. In 
his paper “Women and the Conserver Society,” Peterson (1979) notes the hazards 
associated with having too few women involved in decision-making with regard to 
new technologies and in the related area of policy-making. He claims that the lack 
of female perspective in decision-making may lead to a neglect of basic aspects of 
women’s lives essential for analyzing the impact of new technology.

Greed (2005) has investigated the effectiveness of gender mainstreaming as a 
means of integrating the needs of women and men into spatial planning in the UK. 
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She explains that although equalities mainstreaming is widespread within local gov-
ernment, much of the emphasis is upon approaches in which gender is given limited 
attention. Women’s (and men’s) needs are not explained or defined, and spatial 
planning fails to integrate women’s actual needs into substantive, spatial policy 
considerations.

The previous studies maintain the necessity of women’s participation in deci-
sion-making to express their needs and values and raise the question: Is it true that 
legal instruments and urban design reflect women’s needs when they are decision 
makers?

Research shows that women continue to face problems in using public spaces.
Worpole (1992) wrote about problems facing women in British towns at night. 

A study in Woolwich showed that 65 % of women are afraid of going out at night 
for fear of assault. Thirty-six percent of women are afraid of mugging and robbery 
during daytime. Another study in Edinburgh showed that women feel dissatisfied 
with the town center because the streets are dirty and poorly lit, bus services and 
childcare facilities are inadequate, and the women fear sexual harassment. A study 
of nightlife in 12 British towns and cities found that women’s view of urban life 
was completely different from that of men. These studies reveal that such problems 
cannot be solved by better policing and security only, but that solutions require “a 
genuine choice of activities, entertainment and places where women can meet in 
towns and cities at night, and provision for children where necessary” (Worpole 
1992, p. 65). According to this, women’s needs differ according to the local context.

Karp et al. (1991) wrote about women’s problems and their use of public spaces 
in the USA, where the frequency of rape is seven times higher than in Europe.

The results of previous studies maintain that women’s needs, in general, are not 
met properly in public spaces even though they are, to a certain degree, involved in 
designing and managing of these spaces. This indicates that women in the decision-
making process do not themselves reflect on and express their cultural needs.

Based on the previous studies, the following questions are raised: What about 
women’s situation in urban design of cities in the Middle Eastern world? How are 
their needs and values being met in cities? What role do they have in designing 
and managing cities? These issues will be investigated in the next section which is 
concerned with women’s needs in designing Middle Eastern cities, with particular 
attention to women’s requirement for privacy.

9.6  Methodological Approach

To investigate how women’s need for privacy is considered in design of cities and 
urban planning practices, the research design is based on two sections:

• The theoretical section includes a theoretical discussion of the main topic (wom-
en’s needs in urban planning, women’s privacy and urban design of Middle East-
ern cities, and women’s involvement in decision-making process and reflection 
of their needs).
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• The practical section is a case study in Palestine to clarify issues related to the 
topic of the research as they are discussed in the theoretical section.

For data collection, both observations and interviews are used as two main meth-
ods, in addition to statistical analysis concerning women’s participation in different 
activities.

The observations were conducted by the researcher, in different urban and pub-
lic spaces in different Palestinian cities, to investigate how privacy influences the 
physical form and women’s behavior in urban spaces. Photos and written notes 
were used to document these observations.

To support the observations, interviews were conducted by the researcher with 
women and different target groups who are relevant to planning practices as fol-
lows:

Interviews with Women These interviews were conducted with female inhabit-
ants, particularly where the observations were conducted. Also, there are interviews 
which were conducted inside dwellings. The interviews were carried out by the 
researcher and face to face with women without prior arrangement. The time spent 
in these interviews was dependent on the situation. For example, interviews with 
women in the streets only took minutes (5–10 min), while in public buildings inter-
views took from 15 to 30 min. In these interviews, the researcher introduced herself 
to the selected women in different situations, and sometimes joined them in their 
activities, for example, shopping or having coffee together with women in the park 
or a restaurant. The objective of these interviews was to investigate how women’s 
privacy influences their access to public sphere and different employment fields. 
The women were asked to explain how they use their urban environments, and 
problems they face in public sphere. Also, if they participate in different events 
which take place in the streets or city centers and if they do not participate in these 
activities, they were asked to explain why. In addition, women were asked if they 
were employed in any field or not, if not why and if yes, are they comfortable or not, 
and if not why. The sets of information were recorded on separate sheets. However, 
after conducting 20 interviews, the process was stopped because most of the infor-
mation proved repetitive at this point.

Interviews with Inhabitants Interviews with inhabitants of semiprivate spaces 
(residential courtyards, gardens, etc.). The aim of these interviews was to under-
stand their attitudes toward women’s privacy and how this influenced the physical 
form of the spaces which they inhabit. Inhabitants of ten residential courtyards and 
ten residential gardens were interviewed.

Interviews with Managers Interviews with managers of different public spaces 
(restaurants, coffee shops, etc.). The aim of these interviews was to understand their 
attitudes toward women’s privacy and how this influenced the physical form of the 
spaces which they manage. Four (male) managers, two from restaurants, one from 
public bath, and one from a coffee house, were interviewed.

Interviews with Planners and Architects Interviews with planners and architects 
(both male and female) in municipalities of three cities located in the north, middle, 
and south of Palestine. The aim of these interviews was to understand how women’s 
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privacy is considered by planners and architects who are responsible for the design 
and development of cities. The aim was also to find out whether there is a difference 
between male and female planners toward women’s privacy. These interviews were 
conducted with six engineers: three males and three females who work in different 
municipalities.

9.7  Results and Discussion

Data collected from the observations and interviews are concerned with influence 
of privacy on women’s access to public sphere, and attitudes of decision makers, in-
cluding women, about design and planning process toward women’s privacy. These 
data can be categorized into three themes: The first is concerned with women’s 
access to public sphere and the influence of privacy. The second is concerned with 
attitudes of decision makers (inhabitants, managers of public spaces, planners, and 
architects) toward women’s privacy. The third is concerned with attitudes of wom-
en, as being decision makers, toward their needs, particularly privacy.

9.7.1  First: Women’s Participation in Public Life and the 
Influence of Privacy

Collected data from the observations and interviews with women showed that many 
women do not use their urban areas comfortably due to privacy reasons. For ex-
ample, in many situations as in crowded sidewalks, females are obliged to walk in 
one row behind each other to avoid physical contact with males (Fig. 9.5a). Also, 
in streets where men’s coffee houses exist and men usually sit on the sidewalks in 
front of these coffee houses, females are obliged to walk in the street and expose 
their lives to danger (Fig. 9.5b) or avoid passing by in these streets and use other 
alternatives (Fig. 9.6a)

In other situations, women are completely withdrawn from public sphere when 
it is dominant by males (Fig. 9.6)

Statistical data about individuals participating in different activities in relation to 
gender in Palestinian territories, issued by Palestinian Central Bureau of Statistics 
during the year 2012 (Table 9.1), show that percentage of females participating in 
employments is less than that of males. Also, the average time spent by females in 
participating activities outside is less than that of males. However, the table shows 
that women’s participating activities are mainly concerned with household rather 
than employments.

In Palestine, it seems that privacy need is still important for a large number of 
women despite change in women’s role and influence of modernity. For this rea-
son, women’s behavior in public spaces is restricted because the physical form of 
these spaces does not provide women with their required level of privacy. Observa-
tions and interviews with women showed that in spaces which do not comply with 
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Fig. 9.6  Examples of women’s withdrawal from public sphere. a Palestinians, mainly males, help 
themselves to a piece from the world’s largest knafeh. b Males sit in the street in front of coffee 
house. Women usually avoid passing by in this street

 

Fig. 9.5  Example of women’s use of public sphere uncomfortably. a Females walked in one line 
behind each other to avoid direct contact with males. b Men are sitting on the sidewalk of the com-
mercial street and women are coming toward them. Women left the sidewalk and walked in the 
street to avoid passing by in front of men
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women’s privacy need, women achieve their required privacy through behavioral 
components. Although behavioral components help women achieve their privacy, 
these components are restrictions rather than motivations. For example, walking 
in the street instead of on the sidewalk, walking in one row behind each other, or 
looking for alternative streets to pass by comfortably are all components that act as 
restrictions rather than motivation for making use of public space and participating 
in public life. This was confirmed during the interviews with women where many of 
them explained that when the physical layout of the space they use does not comply 
with their privacy, they are obliged to use additional behavioral components. In 
other situations, women may also be withdrawn from public life due to privacy rea-
sons. During the interviews with women, many of them explained that they do not 
participate in several activities and events in streets and city centers because they 
do not find comfortable spaces, spaces where they can sit or stand up comfortably. 
These results comply with statistical data reflected in Table 9.1, which indicate that 
women’s access to public life is still limited in comparison with men despite both 
women and men have equal opportunities in different employment fields (Odeh 
and Atallah 1999). Although the reason for this could be related to women’s per-
sonal factors or other reasons, privacy is also an important factor which restricted 

Table 9.1  Percentage of individuals practicing and average time spent in performing activities 
in hours (H) and minutes (M) by sex and activity for the year 2012. (Source: Palestinian Central 
Bureau of Statistics (PCBS) 2012)
Activity Percentage of individuals 

participating activities (%)
Average time spent in partici-
pating activities

Males Females Both sexes Males
(H:M)

Females
(H:M)

Both sexes
(H:M)

Employment in 
establishments

43.9 5.2 24.6 7:39 6:17 7:31

Primary production not in 
establishments

9.3 5.9 7.6 4:16 2:01 3:24

Services for income and other 
production of goods not in 
establishments

17.1 4.4 10.8 4:00 2:18 6:5

Household maintenance, 
management, and shopping 
for own household

39.8 90.9 65.2 1:20 4:07 3:16

Care for children, the sick, 
elderly, and disabled for own 
household

20.3 50.3 35.4 0:59 2:12 1:51

Community services and help 
to other household

7.2 10.4 8.8 2:13 1:35 1:51

Learning 23.6 22.7 23.2 6:47 7:08 6:57
Social and cultural activities 89.5 88.8 89.2 3:50 3:14 3:32
Mass media use 84.7 87.3 86 2:28 2:47 2:37
Personal care and 
self-maintenance

99.9 100.0 100.0 10:50 11:25 11:07

Other activities in the group 9.6 25.2 17.3 0:26 0:26 0:26
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women’s access to several employment fields. This was confirmed during inter-
views with women, as many of them explained that they were deprived from job 
opportunities offered to them because of privacy reasons. For example, being male 
domain or located far away outside their cities caused restriction on women’s em-
ployment. This deprived women from their right in access to public sphere without 
restrictions, which contradicts with the principle of universal design about equity 
among citizens in access to their built environments (Welch 1995). Therefore, in-
volving women’s privacy in the design of public spaces enhances women’s comfort 
and right to access these spaces.

9.7.2  Second: Attitudes of Decision Makers Toward Women’s 
Privacy

Observations and interviews with inhabitants of the dwellings showed that most of 
them care much about women’s privacy inside the semiprivate spaces. Inhabitants 
of the courtyards (Fig. 9.7) explained that they cover and divide their courtyards for 
privacy reasons, in addition to other reasons such as security and climatic ones, or 
the need for additional space.

Inhabitants of the building blocks (Fig. 9.8) explained that they divided the en-
trance to guarantee their women’s protection while they stop or clean the entrance, 
in addition to avoiding conflicts with their neighbors.

To guarantee women’s privacy while using the entrances of the houses (Fig. 9.9), 
some of the inhabitants encroach onto the sidewalks by constructing thresholds 

Fig. 9.7  Example of women’s privacy and inhabitants’ attitudes toward residential courtyards. a 
A courtyard divided by partitions. b A courtyard completely covered
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(Fig. 9.9a) or changing in the pavement of the sidewalks in front of their entrances 
(Fig. 9.9b). Also, inhabitants of residential gardens (Fig. 9.9b) explained that they 
increased the height of walls surrounding their dwellings to guarantee women’s 
protection inside these gardens. Security concerns were an additional reason.

Observations and interviews with managers of public spaces as restaurants and 
public baths (Fig. 9.10) showed that many of them designate spaces (Fig. 9.10a) 
or times (Fig. 9.10b) for the use of either women or families in the buildings they 
manage. They did this to encourage women’s use of these spaces and improve their 
profits.

Observations and interviews with architects and planners showed that women’s 
privacy influenced the decision-making process regarding the physical form of pub-
lic and urban spaces, despite the fact that building codes and regulations do not 
mention anything about women’s privacy, as shown in the following cases:

Fig. 9.9  Examples of women’s privacy and inhabitants’ attitudes toward residential gardens. a 
Stairs are constructed on the sidewalk in front of the gate. b An additional part is used above the 
walls to achieve the desired privacy

 

Fig. 9.8  An example of 
women’s privacy and inhabit-
ants’ attitudes toward a 
shared dwellings’ entrance
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The First Case (Fig. 9.11) An owner of a house wanted to transform a window on 
the second floor in his house into a door, and connect it with the public street with 
a passage.5 After the inspectors of the municipality visited the site, they found that 
building this passage would cause windows of the neighboring buildings to be over-
looked from the passage. Therefore, decision makers in the municipality ordered 
that the owner should not change the existing situation.

The Second Case (Fig. 9.12) Decision makers in the municipality decided to 
transform a private staircase which was established in the public road in the area 
112, plot 2, into a public one. The existing staircase is adjacent to the wall which 
surrounds the garden of the house. The inhabitants in this building objected as the 
passersby on the staircase would overlook their women when in the garden. There-
fore, decision makers constructed the public staircase adjacent to the existing one, 
at a 2 m distance from the wall surrounding the garden.

5 This house is located in an old neighborhood, and according to municipal legislation, any change 
in buildings of the old neighborhood should not contradict the municipality’s regulations which 
are concerned with protecting the old fabric of the city, and should not cause harm to neighbors. 
Violating their privacy is considered harmful.

Suggested passage Street 

The window which the owner wanted to 
transform into a door.

Overlooked windows in the neighboring building

Fig. 9.11  An example of women’s privacy and decision made about transformation of window 
into a door in a dwelling

 

Fig. 9.10  Examples of women’s privacy and attitudes of managers of public spaces toward these 
spaces. a A screened wall inside a coffee shop contributes to women’s privacy while sitting. b The 
written sign says that the public bath is reserved for women’s use on Tuesdays
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The Third Case (Fig. 9.13) An owner of a building opened a door that leads to 
the roof of his private garage.6 The inhabitants of the adjacent building contacted 
the municipality to object as they have become overlooked by their neighbors when 
using the roof of their garage. Decision makers in the municipality ordered the 
owner of the garage to close the door.

The Fourth Case (Fig. 9.14) Inhabitants of one of the neighborhoods were not 
convinced by the municipal architects’ design to improve the square located in their 
neighborhood. The inhabitants claimed that establishment of a green area and sit-
ting places in this square caused strangers to stay in it, detracting from the privacy 
of local women. This was a particular problem as women are the main users of the 
square. Therefore, decision makers in the municipality replaced the green area by a 
public building which is used for different social occasions.

In addition, the interviews showed that architects and planners consider wom-
en’s privacy in public spaces designed for children. They explained that when they 
design any space for children, they think about women’s use of this space. Also, 
when they design mosques, schools, or public toilets, they always separate between 
males’ and females’ spaces inside these buildings.

6 According to municipal legislation, the owner of any house is allowed to construct a garage for 
his car without a setback area from his neighbors without any access to its roof.

Staircase suggested by the 
municipality

The constructed staircase after 
objection.

Fig. 9.12  An example of women’s privacy and decision made about transformation  of  a private 
staircase in a residential area into a public one

 

The door which the 
owner of this 
building was 

ordered to close

Fig. 9.13  An example of women’s privacy and decision made about opening a door in a dwelling 
that leads to the roof of a neighbor’s private garage
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Based on the previous results, it can be said that women’s privacy is met in-
directly (informally) in the design of urban and public spaces, since there are no 
written rules concerning women’s privacy exist in building codes and regulations. 
The reason for meeting women’s privacy indirectly is seen as related to cultural rea-
sons. Planners and architects are mostly Palestinians and are influenced by notions 
of women’s privacy in their way of life. Therefore, they reflect women’s privacy 
indirectly in their design works. But, in the case of projects into which international 
institutions are involved, the foreign engineers who belong to these institutions will 
not be influenced by notions of privacy as local engineers. In these cases, informal 
rules will not contribute to women’s privacy and women will be restricted in us-
ing these projects, which contradicts with principles of universal design in creating 
spaces that meet needs of all individuals (Welch 1995). Due to the importance of 
privacy for the inhabitants, decision makers in the municipalities are obliged to ap-
prove changes in the physical form of public spaces concerning women’s privacy 
even if these changes contradict the formal rules. Meanwhile, managers of urban 
and public spaces, in most situations, specialize spaces for women and families 
inside public buildings not only to comply with women’s privacy need, but also 
to increase the number of customers. Palestinian society and public habits do not 
accept mixing males and females, particularly if they are young, in the same build-
ing. In the case of public spaces used by both males and females, many families 
may restrict their daughters’ use of these spaces because, according to them, these 
spaces are “unrespectable.” This may decrease the number of women who use these 
spaces. For this reason, most public buildings include special spaces or times for 
females’ or families’ use. Being specialized for families’ use means that the space is 
only accessible to either families or women and inaccessible to males alone.7 There-

7 Based on the researcher’s knowledge of the local context of Palestine.

Fig. 9.14  An example of women’s privacy and decision made about establishment of sitting 
places in a residential yard (Al-Yasmeeneh). a Al-Yasmeeneh yard as the municipality suggested. 
b Al-Yasmeeneh yard after the objection of inhabitants
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fore, specializing the space for families allows for women to use this space either 
with their family or alone, and in both cases it contributes to women’s privacy and 
encourages women’s use of the public space.

Although women’s privacy is met indirectly through the informal rules, results 
of this study showed that privacy need is met partially in different ways in urban and 
public spaces. This influenced negatively the esthetic quality and the sustainability 
of urban spaces. The results showed how people make changes in different urban 
and public spaces to adapt it to women’s privacy. For example, in urban spaces 
that do not comply with women’s privacy, people encroach on to these spaces and 
change its design. This led to esthetic degradation in the physical appearance of 
these spaces. Observations and interviews showed that the height of many walls 
surrounding the residential gardens has been increased by using metallic or textile 
materials for privacy reasons. Also, many residential courtyards are covered or di-
vided for privacy reasons. According to this, including women’s privacy in the de-
sign of urban and public spaces control encroachments on to these spaces and thus 
enhances their esthetic quality and sustainability (Al-Hemaidi 2001; Eben-Saleh 
1998). Moreover, adaptation of different spaces to women’s privacy costs money, 
which contradicts with the principle of universal design concerning sustainability of 
the built environment, as explained by Aslaksen et al. (1997).

Therefore, meeting privacy through the informal rules does not assure women’s 
right in access to public sphere, on the one hand, and causes degradation in the 
physical form of the built environment, on the other hand. This reveals the impor-
tance of including women’s privacy in the formal rules.

9.7.3  Third: Women’s Involvement in Design and Management 
of Public Space and Fulfillment of Privacy

Interviews with female planners and architects showed that they have the same at-
titudes as males toward their privacy needs. In other words, women do not reflect 
their privacy need in professional practice, although they are involved in the design 
process. Meanwhile, some scholars explained that involving women in design and 
development of cities helps women to reflect their needs (Darke and Yeandle 1996; 
Greed 2005; Lansley et al. 1989; Moser 1993), and others explain that women con-
tinue to face problems in using public spaces (Karp et al. 1991; Worpole 1992).

The reason for this is seen as related to two factors: first, standard knowledge 
taught to planners and architects at the universities that do not differentiate between 
standard and specific needs, including privacy.8 Second, women’s needs, including 
privacy, are not included in building codes and regulations.

The results also revealed that the number of female architects and planners is less 
than that of males, and females implement their designs and plans according to the 

8 Professional experience of the researcher as being an architect and a teacher of architectural 
engineering at Birzeit University.
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city’s master plan and in accordance with the desire of the heads of engineers in the 
municipalities, who are mostly males. This indicates that males are still dominant in 
the field of urban design and planning in both decision-making and numbers. This 
result complies with relevant literature which explains that design and management 
of cities is dominated by males (Richter 1982). The background for this situation is 
seen as related to women’s traditional role being considered housekeeping, while 
men are considered responsible for work outside the house. This probably also 
gives men the power to make decisions about designing public spaces. Females’ 
situation in the field of architecture and urban planning requires more emphasis on 
providing more opportunity for female employment similar to males, and empower-
ing of females’ roles in decision-making process about the physical environment, 
particularly as they form half of the society.

Therefore, including women’s privacy in the knowledge taught to engineering 
students, particularly architects and planners, will increase students’ awareness of 
women’s privacy and enable them to integrate it into their design works and plan-
ning project after they graduate and practice engineering profession. In addition, 
integration of women’s privacy and other cultural needs into engineering education 
can help in integrating these needs also into formal rules as many of engineering 
students will be appointed in the municipalities and ministries and become from the 
decision makers in the future.

9.8  Conclusion: Integration of Women’s Needs in 
Architecture and Urban Planning Curriculum

This study provides us with important findings about how women’s specific needs, 
particularly privacy, are considered in the design of cities and urban planning prac-
tices in Palestine in different ways: formally and informally, in traditional and mod-
ern urban design. The study revealed that women’s privacy is a cultural need that 
influences the current decisions made about the built environment, informally, since 
nothing is mentioned about it in building and planning regulations. Therefore, in-
cluding women’s needs, particularly privacy, in the formal rules, which govern the 
design and development of cities in the Middle East, can help in providing urban 
environment that meet women’s specific needs and enhance women’s participation 
in community and public life.

However, in the Middle Eastern societies where women’s privacy is important, 
architects and planners should be aware of cultural norms concerning this need in 
order to accommodate women in urban and public life; otherwise, women will be 
excluded and prevented from their rights in using the public sphere comfortably, 
including the employment fields. Therefore, it is not correct to apply standard codes 
and regulations which are imported from Western cultures as they are, and without 
implementation of our cultural needs, particularly women’s privacy, in these codes.

In order to implement women’s specific needs in the formal rules, planners and 
architects should be first aware of these needs and how they are relevant to their de-
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sign works. This can be achieved only through engineering education and integrat-
ing women’s needs into architecture and urban planning curriculum which is taught 
to students at the universities and schools of architecture and planning in general. 
This knowledge will also help in accommodating women’s privacy in formal rules.

If women’s privacy is an important need and value for the Middle Eastern so-
cieties which influenced their traditional and modern urban designs and women’s 
access to public sphere, the question to be raised here is:

Why women’s privacy has not been integrated into engineering education yet?
Engineering education, including architecture and planning, is based on standard 

knowledge which is transported from the West and is based on functionality and 
welfare. For example, students in architectural faculties are taught how to design 
buildings based on standard architects’ data available in Neufert Book. The required 
functions and dimensions for any building are considered according to Neufert, 
without linking these data to our cultural and local needs, including women’s pri-
vacy.

Also, students in planning are taught to design cities and prepare the master plans 
of these cities according to standard requirements and calculations based on the 
number of inhabitants and resources without considering the cultural needs of the 
society, including women’s privacy.

Within this situation, the question that will be raised is: “how women’s privacy 
can be integrated into engineering education?” To answer this question, two cases 
will be explained. The first case is concerned with suggestions about how to reflect 
women’s privacy in design and planning components. The second case is concerned 
with general approach about how to implement women’s specific needs in the cur-
riculum.

Regarding the first case, the following are examples showing how to integrate 
women’s privacy into design and planning concepts:

When dealing with openings’ design, students are taught to consider the dimen-
sions and types of windows and doors as mentioned in Neufert Book and other 
architectural books, which are imported mainly from the West and applied interna-
tionally. No or little attention is paid to our cultural needs, including women’s pri-
vacy, for example, how the height and the location of these openings may influence 
women’s privacy.

• Locating windows and balconies of buildings on opposite sides of the road on 
different sight lines contributes to women’s privacy and encourages women to 
use windows (Fig. 9.15).

• Providing recess areas in the windows and balconies decreases women’s expo-
sure to their surroundings (Fig. 9.16).

• Providing deep entrances for dwellings in the modern neighborhoods encourages 
women to gather in the entrances (Fig. 9.17).

• On urban level, distribution and classification of functions do not consider 
women’s privacy. For example, when dealing with residential areas, students are 
taught to differentiate between three classifications of housing A, B, and C based 
on income level of the inhabitants rather than the cultural needs. The setbacks for 
buildings in zone A are larger than in zones B and C, and the heights of building 
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is less than in zones B and C. Also, in zones B and C, it is allowed to include 
commercial and public facilities; meanwhile, it is not allowed to do in zone A. 
This is what students are taught to consider in their plans; meanwhile, there is 
no or very little focus on how the height of buildings and the location of public 
facilities may influence women’s privacy. Also, students are taught to design 
streets and differentiate between them based on the function and width, and the 
importance of sidewalks, without considering how the street networks and layout 
may influence women’s privacy. They are also taught how to design sidewalks 
(height and width) without considering how the width may influence women’s 
privacy, for example:
− More differentiation between streets and less straightness in the layout of 

these streets provide spaces where women can stop in comfortably without 
direct contact with passersby.

− Locating main public facilities on the commercial streets instead of in the res-
idential districts controls strangers’ access to residential districts and encour-
ages women to use public spaces inside their districts.

− Setbacks (yards) in front of men’s coffee houses control men’s encroachment 
onto the sidewalks and streets, allowing women to walk more comfortably 
(Fig. 9.18).

Balcony without recess area does not 
support privacy .

Window without recess areas does not
support privacy

.
Window with recess areas supports privacy.

privacy

.

Fig. 9.17  Suggestion for developing entrances of dwellings to support women’s privacy

 

Balcony without recess area does not 
support privacy .

Window without recess areas does not
support privacy

.
Window with recess areas supports privacy.

privacy

.

Fig. 9.16  Suggestion for physical layouts of windows and balconies to support privacy

 

Opposite windows and balconies which are located on 
different sight lines support privacy.

Opposite windows and balconies which are located 
on the same sight lines do not support privacy.

Fig. 9.15  Suggestion for location of windows and balconies to support women’s privacy
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− Physical barriers between sidewalks and streets prevent drivers from parking 
their cars on the sidewalks and allow for women to use the sidewalks more 
comfortably for privacy (Fig. 9.19).

− Specializing markets in commodities, particularly those with products for 
women, controls the access to these markets and encourages women to use 
these markets.

Regarding the second case, integrating women’s privacy into engineering education 
is concerned with suggesting an approach to teach women’s privacy.

For example, the architectural and urban planning curriculum in all contexts in 
the world should include compulsory courses about cultural needs of the local soci-
eties, particularly specific needs of women. This is important for raising the aware-
ness of graduate planners and architects (both male and female) regarding women’s 
specific needs. Accordingly, this will help in implementing these needs in design 
and planning project, which enhances women’s public life and participation in dif-
ferent employment fields.

In the Middle Eastern context, there is a need to include compulsory courses 
in the architectural and urban planning curriculum about women’s specific needs, 
particularly privacy, which presents an important part of the culture in this context.

Students should be educated about how women use cities and in which ways 
they differ from men in Middle East and North Africa (MENA) region countries. 
This will lead to the understanding of women’s specific needs. Moreover, reflec-
tion of women’s need in the physical layouts and functions of spaces on differ-
ent urban levels, such as land use, neighborhoods, streets, spaces, and elements in 
spaces, is also an important aspect that should be taught to the students. In other 
words, students should consider women’s needs, particularly privacy, in all their 
design and planning projects. For this purpose, the theoretical knowledge, which is 
taught to the students, should include how women’s needs can be reflected in dif-
ferent components of the space, such as physical (design), social (use), and cultural 

Sidewalk which is not seperated 
from the street  by physical 
barriers
does not support privacy.

Sidewalk which is seperated from the 
street by physical barriers supports 
privacy.

Fig. 9.19  Suggestion for controlling vehicles’ encroachment onto sidewalks of streets to support 
women’s privacy

 

Coffee shop without setbacks from the street does not 
support privacy.

Coffee shop with setbacks from the street supports privacy.

Fig. 9.18  Suggestion for development of men’s coffee houses to support women’s privacy
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(rules) components, and the relationship between these components (Al-Bishawi 
and Ghadban 2011).

Design components (physical components) include the spaces where women’s 
activities occur, their physical layouts, boundaries, shape, location, and objects. Use 
components (social components) include the activities in the spaces (type and time), 
in addition to the users of the spaces and the social relations between them. Rules 
components (cultural components) include both the formal and informal rules that 
govern the physical form of urban and public spaces. Formal rules include written 
rules that are concerned with the design and function of the space, such as written 
signs that govern the use of the space, building codes, and regulations. Informal 
rules include rules that are concerned with people’s behavior, such as religion and 
family.

Regarding the relationship between these components, students need to know 
how design meets the requirements of the rules. The most important ways are to 
include the rules which are concerned with women’s needs, particularly privacy, in 
planning codes and regulations (formal rules), so that women’s needs become an 
urban design concept. Students also need to know how design makes possible ap-
propriate and convenient use (spaces and design elements appreciated by women). 
Although the relationship between rules and use components is most appropriate 
to sociologists and anthropologists, students should also be aware of it. Rules are 
interpreted in practice, and get reinterpreted over time. And not all women behave 
the same way at any given time. Architects and planners need to be aware of current 
changes and research needs to be done regularly to contribute to the development 
of the urban design discourse.
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Chapter 10
Improving and Expanding Engineering 
Education in the Middle East and Africa Using 
Mobile Learning Technology and Innovative 
Pedagogy
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Craig Scott, Kenneth Connor and Abdurrahim Saka

10.1  Introduction

The Middle East and North Africa (MENA) region is in a period of significant edu-
cational growth and transformation according to the World Bank and others (The 
World Bank 2008; Chapman and Miric 2009). Over the past 50 years, these coun-
tries have dedicated economic resources to education at rates that are higher than 
other developing countries. This has resulted in increased enrollment at all levels, 
with a fivefold increase in higher education between 1970 and 2003. However, there 
remains much work to be done in bringing the educational achievement of many 
MENA countries on par with developing countries in East Asia and Latin America. 
A framework for proposed reforms addresses the need to improve the outcomes by 
improving inputs to the educational system, incentives, and public accountability. 
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This chapter will highlight the potential of mobile technology and innovative peda-
gogy to catalyze the reform process, with a focus on engineering education.

The use of technology in the classroom has greatly impacted engineering educa-
tion during the past 20 years. The expansion of the Internet and the use of comput-
ers, tablet PCs, smart boards, and other wired and wireless devices have proliferated 
throughout education. One thing that has not drastically changed is the traditional 
method of teaching using lectures. Today’s students expect their instructors to cre-
ate an active and engaged learning environment by delivering course content us-
ing more than one method (i.e., classroom lecture), so that they can access it from 
anywhere, at any time (Strauss and Howe 2007). Universities face an increasing 
interest in providing students with recorded class material because today’s students 
expect to have 24/7 access to online learning materials. “Millennial” students see 
technology integration in higher education as a key component of their learning 
environment because they have grown up using technology in every facet of their 
lives (Monaco and Martin 2007). The use of new portable laboratory instrumenta-
tion and other lecture capture technology has the potential to fundamentally change 
the way instructors and students interact in the classroom (Dale 2007; Educause 
Learning Initiative 2014; Harley et al. 2003). It also has the potential to change the 
classroom environment and the relationship between instructors and students, by 
shifting the role of the instructor from the “sage on a stage” to one that incorporates 
more interaction. This is one of the main reasons behind the proliferation of online 
courses and online programs in higher education. This shift is becoming evident in 
the MENA region as well as where students are using online learning for informal 
and formal education. For example, universities in Saudi Arabia are seeing increas-
ing adoption of hybrid learning, which combines classroom and online instruction 
in a single course. There is also significant government investment in e-learning and 
recognition of faculty excellence in this area (Yusuf 2013). Other countries such as 
Jordan, Oman, and Algeria report that e-learning is in the early stages. Adoption 
of best practices centered on cultural sensitivities, institutional adoption, and fac-
ulty training will ensure quality in delivery and implementation (Al-Harthi 2010; 
Benchicou et al. 2010; Altarawneh 2011).

Internationally, trends in higher education over the past 10 years have shown that 
enrollments in online courses or online degree programs have been growing sub-
stantially faster than overall higher education enrollment. A survey of online learn-
ing conducted in 2009 by the Sloan Consortium indicated that enrollment in one or 
more online courses reached 4.6 million students in 2008 (Allen and Seaman 2010). 
The 17 % growth rate for online enrollments is significantly higher than the 1.2 % 
growth rate of the overall higher education student population during the same time 
period (The Sloan Consortium 2010). A follow-up report published in 2011 (Allen 
and Seaman 2011), and other papers (Saba 2005; Joerns and Leinhardt 2006; Bach 
et al. 2007), seeks to address and provide answers to some of the fundamental ques-
tions related to the nature and extent of online education. Some of the questions ad-
dressed in the report are as follows: whether retention of students is harder in online 
courses; if the learning outcomes in online courses are comparable to face-to-face 
(F2F) courses; whether faculty acceptance of online education has increased; and 
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the impact of the current economic conditions on online education. The results of 
the surveys conducted in the study by Allen and Seaman (2011), based on the re-
sponses from 2500 colleges and universities, are summarized in Table 10.1. The au-
thors of the survey conclude their report by stating that “online enrollments in U.S. 
higher education show no signs of slowing.” Similar interest in online education (e-
learning) is growing in the MENA region. E-Learning provides an avenue to make 
educational programs more internationally competitive at a lower cost. Countries 
making significant investments must have the requisite Internet infrastructure and 
include Israel, Saudi Arabia, United Arab Emirates, and Qatar. Studies conducted 
on the effectiveness of e-learning in some MENA countries have shown this to be 
effective in improving learning outcomes and student motivation. However, there is 
caution about infrastructure, non-English interface, and limited technology literacy 
in cases where Web-based learning has not been effective (Weber 2010). The rest 
of the chapter will focus on new educational technologies, the development of an 
online course with mobile technologies at an American university, and a model for 
adaptation in developing countries.

10.2  New Educational Technologies and Paradigms

One of the transformations in higher education is possible due to the increase in 
computational resources and the increasing access to Internet and computer tech-
nologies around the globe. Several educational platforms and pedagogies support 
the delivery of e-learning and the demonstration of learning outcomes on par with 
on-campus students. Students are now able to learn from leaders in the field, with-
out leaving their home countries. They can also access instrumentation in smaller 
groups, creating a more personalized learning environment.

Table 10.1  Results from survey regarding online learning. (Allen and Seaman 2011)
Survey question Survey results
Is online learning strategic? Sixty-five percent of all reporting institutions said that online 

education is a critical part of their long-term strategy
Are learning outcomes in 
online courses comparable 
to F2F?

Sixty-seven percent of academic leaders rated their learning 
outcomes in online education to be the same to those in F2F. 
This number was 57 % in 2003

Has faculty acceptance of 
online learning increased?

Less than one third of chief academic officers (VPs or provosts) 
believe that their faculty accepts the value and legitimacy of 
online education. This number has not changed since 2003

What training does faculty 
receive for teaching online?

Seventy-two percent of institutions conduct internally run train-
ing courses, and 58 % provide informal mentoring

What is the future of online 
education-enrollment 
growth?

There is growth in fully online programs by disciplines in public 
institutions. However, private and for-profit institutions that cur-
rently have the largest enrollment are showing a slight decline

F2F face-to-face
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10.2.1  Online Courses

Globally, engineering has lagged behind all others in the development and delivery 
of online education. While there are over 340 engineering schools in the USA that 
have received accreditation from Accreditation Board for Engineering and Tech-
nology (ABET) (2005) for their undergraduate programs, only a handful of these 
schools offer engineering programs that are completely online at the graduate and/
or undergraduate level. Most online engineering programs are at the master of sci-
ence (MS) level and are targeted at engineers in professional practice, many of 
whom have received their undergraduate degrees from a campus-based program. 
The trend has started to change lately, and each year more engineering programs 
add an online component to their curriculum. The main obstacle impeding adop-
tion is that undergraduate engineering curriculums often require intensive hands-on 
laboratory components that can be challenging to implement and deliver completely 
online due to cost and inability of students to manipulate equipment remotely.

Many of the universities that offer an online engineering curriculum indicate to 
their students that their online program is separate and different from their on-cam-
pus program. Some universities, on the other hand, make no differentiation between 
their online and their on-campus degree programs. For example, the MS degrees 
in chemical engineering offered at Kansas State and North Carolina State and the 
BS degree in chemical engineering offered at the University of North Dakota are 
equivalent to the on-campus degree programs (The Sloan Consortium 2010). One 
way that universities are ensuring that their online courses and degree programs are 
on par with their on-campus programs is by implementing rigorous quality assur-
ance standards from the development to the final delivery of the courses (Endean 
et al. 2010; Oliver 2003). This implies that they have to be able to provide answers 
to the following questions (Oliver 2003) : “What quality assurance policies and 
practices does the institution have in place or in the process of development to as-
sure the quality of its teaching and learning performance? How effective and how 
fully deployed are these? What processes does the institution have to evaluate and 
monitor the quality of its outcomes? What quality-related indicators does the insti-
tution use and why?”

Universities also utilize various types of technologies to increase and enhance 
the learning experience of their online students (Bonk 2004). In addition to the use 
of learning management systems (LMSs), some institutions provide online courses 
using live video from on-campus courses via Web-conferencing and synchronous 
streaming technology, providing a degree of interaction between local and remote 
students with limited scheduling flexibility. Others provide asynchronous prere-
corded lectures, allowing online students to have a very flexible academic sched-
ule, while providing them with a learning experience that closely mirrors that of 
on-campus students. Some institutions also take into account the fact that online 
students might not have a stable and reliable Internet connectivity by providing 
them with CD-ROMs and videotapes of all the course contents. Massive open on-
line courses (MOOCs) are a new type of online courses that have taken higher 
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education by storm for the past few years. The first MOOC called “Connectivism 
and Connective Knowledge” (CCK8) was offered in 2008 by educators from the 
University of Manitoba in Canada. It was attended by about 2000 students. MOOCs 
gained national and international attention when two Stanford Professors Sebastian 
Thrun and Peter Norvig offered the course “Introduction to Artificial Intelligence” 
in 2012 to about 160,000 students, from 190 countries. This course led to the forma-
tion of a new company, Udacity (2014), by the two Stanford professors. Within 1 
year, two other start-up MOOC providers were formed: EdX (2014) and Coursera 
(2014). Other start-ups that provide MOOCs have been started in Europe, Asia, and 
Australia and include Open2Study (Australia), Veduca (Brazil), FutureLearn (Brit-
ain), Iversity (Germany), and School (Japan; International MOOC providers 2014). 
Even current providers of LMS that are used by the majority of higher education 
institutions, such as Blackboard, are joining the MOOC race. The business model 
for MOOCs is changing rapidly as it is still an evolving educational paradigm. Al-
though all MOOC providers started by offering courses free of charge, they have 
started charging fees for proctored exams and certifications. MOOCs provide an 
opportunity for students to access educational resources that may be unavailable 
in their home countries. For example, a study conducted by the Wharton Business 
of the University of Pennsylvania found that 78 % of registered participants in the 
online business course came from outside the USA. In comparison, an executive 
master of business administration (MBA) program in 2012 only attracted 14 % of 
foreign students. Part-time or flexible MBA programs attracted 10–32 % of foreign 
students, depending on the type of program. Developing countries are turning to 
MOOCs for accessible world-class training, as there are limited sources for high-
quality training and costs are prohibitive (MOOCs Won’t Replace Business Schools 
2014).

10.2.2  Virtual, Remote, and Mobile Laboratories

The use of laboratory facilities in engineering education has been evolving. Local 
and remote students are now routinely working with physical instrumentation, virtual 
interfaces to physical instrumentation, virtual instrumentation, and mobile instrumen-
tation. The use of physical instrumentation is the traditional model where the student 
has a fixed physical location where they interact with the equipment. As more instru-
mentation is becoming Web-enabled, students are able to access the instrumentation 
via a server or virtual interfaces. These remote laboratories are often designed to allow 
multiple users to access the instrumentation simultaneously (Maiti and Tripathy 2013). 
While the student may not be able to set up the experiment in this remote laboratory 
configuration, they are often able to manipulate experimental variables, collect data, 
and perform data analysis. Virtual laboratories use software tools such as Simulink or 
LabVIEW to create user interfaces that simulate specific equipment. These labora-
tory configurations are often utilized because of the expense or safety considerations. 
Within the past 5 years, the field of electrical engineering (EE) has seen the develop-
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Fig. 10.1  A quality-driven 
model for online course 
development

 

ment of inexpensive, universal serial bus (USB)-powered mobile laboratories that can 
replace much larger instrumentation such as digital multimeters, oscilloscopes, and 
power supplies. These pocket-sized laboratories can now allow students to individu-
ally build and test circuits in situations where access to equipment occurred in groups. 
This has allowed the adoption of more active learning pedagogies in the classroom. 
Within the MENA region, the use of remote laboratories is well documented. While 
some institutions access remote laboratories in the USA and Europe, other countries 
such as Jordan and Saudi Arabia have developed remote laboratories for use by their 
students and others in the region (Salah et al. 2014; Almarshoud 2011).. Use of the 
mobile laboratories is not yet well documented. Thus, there continues to exist a need 
to build partnerships between MENA and international institutions around the use of 
evolving laboratory interfaces.

10.3  Online Course Development

In an effort to provide access to a broader segment of society, the Department of 
Electrical and Computer Engineering (ECE) at Morgan State University developed 
an online curriculum of the bachelor’s degree for the past two years. Components 
utilized to support this process were an LMS, mobile laboratory hardware, lecture 
capture, video conferencing, and a robust outcomes assessment process (Fig. 10.1). 
The approach taken in the development of this curriculum includes best practices 
from other authors such as the use of a systematic process that includes analy-
sis, design, development, implementation, and assessment (Sözcü and İpek 2013). 
The ECE courses offered to online students at Morgan State University utilizes 
commercially available software and a mobile laboratory. However, we developed 
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a unique approach by utilizing a new technology—the Mobile Studio IOBoardTM—
developed at Rensselaer Polytechnic Institute (RPI), to implement the laboratory 
and design components of our undergraduate courses (The Mobile Studio Project 
2014). It should be noted that the Mobile Studio IOBoardTM has now been replaced 
by the new Analog DiscoveryTM, analog design kit that has been designed and built 
by Digilent Inc. (Digilent Analog DiscoveryTM 2013). We also supplement our on-
line courses with captured lectures of our F2F on-campus courses, using Panopto 
FocusTM software. Finally, we use the Adobe ConnectTM software for video confer-
encing, to allow online students to remotely demonstrate their projects and labora-
tory assignments to their instructors. The results of our implementation in several 
ECE courses over a 2-year period are discussed in the rest of the chapter. The use 
of this new technology and pedagogy has the potential to drastically alter the way 
engineering courses is taught and how it opens the door for exciting collaborations 
between higher education institutions in the Middle East and North Africa.

10.3.1  Pedagogy and Implementation of the Mobile Laboratory

The development of online ECE courses discussed in this chapter started about 10 
years ago with the addition of Web-based course supplements for the F2F courses 
(Astatke and Mack 1998a, b). The Web-based course supplements consisted of ad-
ditional course materials such as PowerPoint slides, animations, short video, and 
other website links that were there to help students better understand the course 
material. Students then came to the EE laboratories on campus to use the measure-
ment equipment to design, build, and demonstrate their projects and experiments to 
the course instructor. This changed in 2008, when our university joined the Mobile 
Studio project that was funded by a 5-year National Science Foundation (NSF) 
grant at RPI. The addition of the Mobile Studio IOBoardTM allowed us to redesign 
our ECE F2F laboratory courses, such that students can complete some of their 
laboratory work off campus. It should be noted that these portable devices allow 
students to tinker and experiment with their designs anywhere, and at any time. A 
similar approach called “lab-in-a-box” has been implemented at two other institu-
tions, Virginia Polytechnic Institute and State University (Virginia Tech) and Geor-
gia Institute of Technology (Hendricks et al. 2005; Williams et al. 2008). Various 
papers on the use of the Mobile Studio IOBoardTM technology and pedagogy have 
been published by the other members of the Mobile Studio project (Millard et al. 
2007; Conner et al. 2011; Astatke et al. 2011a, b). The faculty at our institution 
worked with peers at other institutions involved in the Mobile Studio project to 
redesign various laboratory and design experiments, so that they can be completed 
by the students using the Mobile Studio IOBoardTM. The key issue that we had to 
address was the fact that the Mobile Studio IOBoardTM was limited to very low 
output voltage (+/− 4 V) because it draws its power from the USB port of the laptop 
it is connected to. This implied that laboratory experiments that required a “power 
supply” or “function generator” with more than 4 V had to be redesigned to achieve 

10 Improving and Expanding Engineering Education …

mbishawi@birzeit.edu



242 Y. Astatke et al.

the same learning outcomes at lower voltages. This constraint was primarily appli-
cable to analog circuits since the use of complementary metal-oxide semiconduc-
tor (CMOS) components would satisfy this requirement for digital circuits. The 
instructors involved in the Mobile Studio project at the various institutions worked 
closely together, to develop sound pedagogy to deliver the educational content us-
ing the Mobile Studio IOBoardTM technology.

In the first phase of our University’s implementation, students enrolled in F2F 
courses were allowed to use the Mobile Studio IOBoardTM to complete laboratory 
and design projects in their dorms or the library. However, they were still required 
to see the course instructor in the office or in the ECE laboratory, to conduct a live 
demonstration of their final projects. The F2F circuits course is now taught with 
a combination of lecture and hands-on experiments that are conducted using the 
Mobile Studio IOBoardTM technology and pedagogy. This is different from a typical 
electric circuits course where students learn the theory in the classroom and perform 
hands-on experiments in the laboratory course. The addition of the Mobile Studio 
IOBoardTM technology and pedagogy allowed us to teach both theory and applica-
tions of circuits concepts at the same time, in any classroom setting. This approach 
proved beneficial to all students because the hands-on experiments allowed them 
to verify and better understand theoretical concepts covered in the course, without 
the need to wait until they conducted separate lab experiments in the lab course that 
is held on another day, at a different time. Another benefit of this new technology 
and pedagogy is that it allows universities in the MENA region that have a short-
age in laboratory equipment to offer a very sophisticated and immersing laboratory 
experience for their students, at a fraction of the cost required to deliver a laboratory 
course. Figure 10.2 shows the contents of a sample laboratory experiment that was 
redesigned using the Mobile Studio IOBoardTM technology and pedagogy.

All students have to initially complete a laboratory experiment that teaches them 
how to use the software and hardware of the Mobile Studio IOBoardTM and how 
it can be connected to circuits they design on their breadboards. Also shown in 
Fig. 10.2 is a typical laboratory experiment that has been redesigned, in order to be 
conducted, using the Mobile Studio IOBoardTM. It should be noted that the concepts 
covered in this lab experiment are the same as those conducted using the laboratory 
equipment on campus, where a power supply and a multimeter are used. The labo-
ratory experiments in the digital course did not have to be redesigned, because all 
the experiments could be conducted using the Mobile Studio IOBoardTM as long as 
the integrated circuits are CMOS, which can be powered by 3.3 V, which is avail-
able on the digital side of the IOBoardTM. To help students transition to the use of 
function generators and oscilloscopes found in most ECE laboratories, we utilize 
manufacturer-developed local area network (LAN) connection modules, to allow 
students to control every feature of the oscilloscope remotely using a Web browser 
on their personal computer (PC). The use of a virtual front panel looks and oper-
ates the same way as the physical front panel of the oscilloscopes with the same 
associated keys and knobs. This implies that students who are conducting ECE 
laboratory experiments online will have access to the same type of equipment that 
is used by the students enrolled in the F2F laboratory courses. We also developed 
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EEGR 202:  Dr. Yacob Astatke
Mobile Studio (MS) Lab 4 – Thevenin Equivalent Circuit and Max Power Transfer

1. Mobile Studio and Instrumentation Board
MS is a technology-based new learning tool comprising a tablet PC (or any PC) and an instrumentation board, which replaces most 
of the lab equipment. Therefore, MS allows for small foot -print, mobile laboratory experiments any place any time. The 
measurement by MS is possible by Windows-based software, Mobile Studio Desktop, which is already installed in the tablet PCs. 
The icon for the Mobile Studio Desktop is illustrated below.

Figure #1: Mobile Studio DesktopTM Software and Hardware Pin Layout

The instrumentation board can function as : )a( Oscilloscope, (b)Digital Multi Meter (DMM), )(c Power Supply, and (d)Function 
Generator.

There are, however, important limitations in using the Red board
(1) No direct measurement of current -- You get current indirectly (by measuring voltage across a resistor, etc), or by using a DMM.
(2) No direct measurement of resistance -- You get it indirectly or by using hand held DMM.

a

b

Fig. 10.2  Laboratory experiment showing partial laboratory description and experimental setup. a 
Laboratory experiment—Mobile Studio IOBoardTM. b Typical setup of Mobile Studio IOBoardTM
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laboratory experiments that can be conducted completely online, using the Agilent 
XSeries Oscilloscopes. Several undergraduate students tested the new laboratory 
experiments by conducting the experiments completely online.

Although we implemented the ECE online courses using the Mobile Studio 
IOBoardTM technology, there are currently several other similar portable equipment 
that can be used for the same purpose. Similar results can be obtained by conducting 
the same experiments using other portable ECE laboratory kits such as the Digilent 
“Analog DiscoveryTM,” “Electronics ExplorerTM,” and National Instrument (NI) 
myDAQTM boards (National Instruments 2014). Each ECE laboratory measure-
ment instrument has its advantages and disadvantages based on the method of use 
and the type of experiments that need to be conducted. Figure 10.3 shows the ECE 
laboratory equipment next to each other. The cheapest and smallest instrument by 
far is the Analog DiscoveryTM offered by Digilent Inc. It replaces the Mobile Studio 
IOBoardTM developed by RPI.

This implies that ECE departments can easily adopt mobile laboratory equip-
ment and make it part of the lab kit for their students because the cost is less than 
the typical engineering textbook. One of its main advantages is that it is very small 
(6 × 8 cm) and does not require an external power supply because it draws all of 
its power from the USB port of the computer or laptop that it is connected to. The 
software is free and very easy to run on any type of laptop or tablet PC. The Ana-
log DiscoveryTM comes with a two-channel 5 MHz differential oscilloscope, two 
5 MHz waveform generators, two fixed power supplies + 5 V or − 5 V (50 mA), and 
a 16-channel logic analyzer, just to name a few. It also has an audio input/output 
(I/O) port that can be used to import any sound signal for processing and export it 
for listening using speakers or headphones.

10.3.2  Converting Face-To-Face Courses to Online Courses

Once the laboratory experiments were redesigned to be offered completely online, 
the next step was to convert our F2F ECE courses into online courses. All of the 
online courses were offered to a select number of students as pilot courses for at 

Fig. 10.3  Mobile Studio IOBoardTM, myDAQTM board, Digilent Electronics ExplorerTM, and Agi-
lent X-Series Oscilloscope (left). The new Analog DiscoveryTM board by Digilent (right)
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least two semesters, to evaluate their effectiveness. All online courses were de-
signed so that students would be able to access course resources asynchronously; 
however, the pace at which the course material is to be reviewed is established by 
the instructor using the course calendar. All assignments and examinations were to 
be completed by a certain deadline. Students enrolled in the online ECE courses 
were expected to complete the same amount of course material and assignments as 
the F2F students. Course materials for all courses are available to students through 
Blackboard LearnTM, a course management and delivery platform. It is used to 
store the course documents online, such as PowerPoint lecture slides, lecture vid-
eos, handouts for homework and laboratory assignments, announcements, etc. It is 
also used to collect documents submitted by students electronically, to record and 
share student’s grades, and for student–teacher or student–student communication. 
Features of Blackboard LearnTM such as blogs, discussion boards, and virtual chat 
rooms are not utilized in the F2F sections. They are only used in the online version 
of the courses.

Morgan State University (MSU) requires all online course builders to attend an 
“Online Course Design Workshop” that is offered on campus. This course is deliv-
ered online, via Blackboard LearnTM. The course topics include the online teach-
ing environment, creating modules, the role of discussion, technology integration, 
and assessment. All online courses developed at our institution have to undergo a 
thorough evaluation process to assure that they conform to “the 2008–2010 Quality 
MattersTM (QM) Rubric” (Quality Matters 2014). This rubric outlines many of the 
practices that are generally accepted for teaching engineering courses and includes 
some items that are critical for an online student’s success (Endean et al. 2010; 
Oliver 2003; Ragan and Sax 2005). The rubric assigns points to several aspects of 
an online course to ensure a student’s success and a minimum score is required for 
approval. This is done to ensure that all online courses meet the minimum course 
development standard for the success of the students who will be enrolled in it. 
Samples of the components of the rubric used to evaluate all online courses at MSU 
are shown in Table 10.2.

10.3.3  Integrating Technology for Online Delivery

The last step in the development of online courses was the implementation of the 
lecture capture and the video conference systems. We had to carefully evaluate the 
advantages and disadvantages of synchronous and asynchronous modes of content 
delivery for our online students. Since our goal was to offer the online ECE courses 
to students from within the USA or abroad, we decided to use a tool that can offer 
both synchronous and asynchronous course contents to the online student. The use 
of lecture capture technology has the potential to fundamentally change the way 
instructors and students interact in and out of F2F and online courses (Dale 2007; 
Educause Learning Initiative 2014). The ability to access additional video course 
material from anywhere at any time plays a key role in all F2F, online courses, 
or MOOCs. In general, faculty members have the choice of using lecture capture 
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technology to change and enhance their classroom environment in one of three 
ways (Astatke et al. 2013a). First, they can use it to allow their students to preview 
the course material before class by posting prerecorded course materials. This will 
allow instructors to free up more lecture time and spend more of their classroom 
“face-to-face” (F2F), engaging students with group discussions and hands-on ac-
tivities. Second, they can use the lecture recordings to allow students to review and 
understand difficult concepts in the course outside of the classroom as often as they 
want. Finally, lecture capture software can be used by faculty to provide additional 
instructions such as demonstrations and step-by-step instructions that are important 
to understand the primary course material. After implementing and evaluating the 
new lecture capture technology in our F2F courses, we used them to enhance the 
content of our online courses.

Choosing an appropriate lecture capture system can present some challenges be-
cause there are many stakeholders, such as instructors, students, tech support staff, 
instructional designers, and others, who need to be heard in the course of making 
the proper choice. There are currently several tools in the market that can be used to 
record and stream various types of lecture content that range from free to expensive, 
such as Tegrity, Echo360, Mediasite, and Panopto. Table 10.3 shows several criteria 
to consider during selection including the type of information captured, ease of 
use, system compatibility, and support required. One of the most important factors 
related to the choice of any lecture capture software package, but is always difficult 
to quantify, is ease of use. This is a very important issue that has to be taken into 
consideration by university administrations, because the choice of the cheapest or 
most cost-effective feature-rich system will not be widely adopted if instructors 
find it too difficult to use. More information related to the different types of lecture 
capture software packages can be found in (Astatke et al. 2013a).

Table 10.2  Components of a Quality MattersTM (QM) Rubric. (Quality Matters 2014)
1 Course overview and introduction: Ensure that all instructions for students are easy 

to find including establishing expectations for the course and how to use the modules 
developed for the course

2 Learning objectives: Students are provided measurable learning objectives for each 
module and information on how to meet the objectives

3 Assessment and measurement: The course assessment must be aligned with the course 
objectives and at a level appropriate for the course. Grading criteria must be explicitly 
stated

4 Instructional materials: Course materials must allow students to meet the course and 
module objectives

5 Learner interaction and engagement: Interactions that occur between the student and the 
teacher must foster interaction between course participants and instructors

6 Course technology: The tools and media must support student learning and be accessible 
to students. Students must have access to all tools, and instructions must be provided on 
how to use these resources

7 Learner support: Students must be aware of technical, academic, and student support 
services available for the course and at the university

8 Accessibility: The course should be accessible by all students and provide alternate 
means of access
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10.3.4  Content Delivery—Video Recording

The course instructors at our institution enhanced the PowerPoint-based lesson files 
by recording lectures for each sub-module using the Panopto FocusTM lecture cap-
ture software. Some instructors used the lecture capture software to record “live,” 
the daily course lectures of their regular ECE courses, while others recorded sepa-
rate lectures for each PowerPoint lesson file outside of the regular classroom. Each 
week, the instructor evaluates the students’ performance on homework assignments 
and quizzes; records additional video updates, if necessary, to provide feedback; 
and stress the importance of certain concepts to the class. The regular video updates 
allow the students to review the instructor’s feedback from anywhere at any time, 
and make the class environment more interactive and dynamic. The lecture record-
ings were initially available to the students enrolled in the F2F ECE courses as a 
supplementary material, in order to help them learn and understand the course mate-
rial better. The students had access to daily course lectures through their Blackboard 
LearnTM software. Most students downloaded podcast versions of the daily course 
lectures and watched them as often as they wanted until they understood the topics 
covered in each lecture.

Online students were expected to complete all of their course requirements with-
out being physically present on our campus. Adobe ConnectTM software, a real-time 
video conferencing suite, was selected to facilitate live laboratory demonstrations 
because of the available features and existing installation on campus. It provides 
instructors with a virtual classroom environment for sharing their presentations and 
desktop applications with remote participants such as online students anytime, any-
where. The main advantage of the software is that it works via a Web browser and 
does not require users to download any special software to join a meeting. It also 
allows instructors to go beyond simple PowerPoint and screen sharing by providing 
with additional options such as interactive chat, quizzes/polls, and breakout rooms 
for individual interactions. Students were successful in conducting their laboratory 
and project demonstrations completely online. The main issue we faced during the 

Table 10.3  Comparison of video capture and streaming software. (University of North Texas 2012)
Category Features
Information captured Video, audio, screen activity, document camera, elec-

tronic whiteboard, records full motion video
System type Web-based (no software or hardware required), server 

supports simultaneous recording, software-based
OS compatibility Mac, PC, Linux
Accessibility Closed captioning, screen reader
Hardware Camera, computer, microphone, server
Campus and administrative support Installation, scheduling
System integration LDAP, Active Directory, CMS, SIS, Blackboard Vista

OS operating system, PC personal computer, LDAP lightweight directory access protocol, CMS 
content management systems, SIS software installation script
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online demonstrations was the difficulty in getting the software/hardware to work 
on the students’ computers due to the low quality of the webcams.

10.3.5  Results of Online Pilot Courses

The success of the pilot program was evaluated by comparing student’s perfor-
mance in pilot and F2F classes. The “Electric Circuits” and “Introduction to Electri-
cal Lab” online courses were offered for the first time as pilot courses to six ECE 
students in the summer of 2010. The two courses were also offered during the fall 
2010 semester as hybrid courses and the spring 2011 semester as completely online 
courses to 12 students. More information related to the different types of lecture 
capture software packages can be found in (Astatke and Mack 1998b). The students 
enrolled in the pilot online courses were given the same projects, homework as-
signments, and tests as the students enrolled in the F2F courses. Although the local 
students enrolled in our two pilot ECE online courses had access to all the facilities 
on our campuses, the courses were conducted as if the students were completely 
online. Therefore, they were not required to come to our campus on a daily basis to 
download and view the lecture notes, to complete their project and lab assignments, 
or even demonstrate their project results. We took this approach to ensure that the 
online courses that we developed could indeed be offered completely online to any 
student, as long as they had access to the Internet.

The data in Fig. 10.4 show the comparison of results for the 12 students enrolled 
in the online or hybrid courses offered during the fall 2010 and spring 2011 semes-
ters (green bars), versus those enrolled in the F2F courses in the fall 2010 semester 
(blue bars - N = 28), and the spring 2011 semester (red bars - N = 33). Our observa-
tions were that the success of students enrolled in online or hybrid courses depend 
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strongly on the background of the student and their commitment to the course. The 
students who performed poorly in the online courses did so because they either 
fell behind in completing the course work or missed a lot of weeks of course work 
because of various reasons. The students who performed well in the online courses 
proved that the courses were well designed and delivered because they were able to 
perform as well or even better than the students enrolled in the F2F courses.

The two pilot courses allowed us to evaluate the various strengths and weak-
nesses of our online courses. The students enrolled in the online courses had access 
to lecture recordings from the spring 2010 and fall 2010 semesters. The statistics of 
the usage of the course lectures recordings suggest that the students enrolled in the 
two online courses found the Panopto FocusTM lecture recordings very valuable to 
their success in the courses.

The course design and building phase is extremely integral to developing a suc-
cessful online program. It is important to create high-quality online courses to pro-
tect the university’s brand which means faculty need the time and training and sup-
port to plan and design courses that will be both rich in content and instructional 
strategies, with a variety of multimedia tools and technologies to encourage student 
engagement and learning. One of two strategies that needs to be considered during 
the course-building stage is to create a cadre of course builders assigned to plan and 
develop the required courses. Alternatively, a university could consider providing 
resources to hire teaching fellows or adjunct faculty, while freeing up full-time fac-
ulty to build their respective online courses.

10.3.6  Lessons Learned/Best Practices

There are a few lessons learned from the development, implementation, and pilot-
ing of these undergraduate courses:

1) Some type of certification process is essential for maintaining a consistent stan-
dard of quality.

2) It is optimistic to have faculty build and teach courses, especially when adjunct 
instructors are involved on a part-time basis. It is a good practice then to pair 
seasoned faculty with adjuncts or junior faculty, if this approach is used.

3) Resource commitment is important to ensure that the technology and equipment 
are adequate and available to support the online course delivery.

4) Pre-course training on specialized laboratory equipment and software is impor-
tant to keep the pace of online learning manageable.

5) The pace of course building must be consistent to maintain the momentum of an 
online delivery mode.

6) Course and program assessment is important to validate and authenticate online 
course content.

7) Assessment tools should be considered parallel to the course development and 
piloting phase, to allow the collection and analysis of course outcomes and 
objectives, in a seamless manner.
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8)  A Web-based assessment tool offers greater flexibility and accessibility for fac-
ulty and administrators with the added advantage of tracking student learning.

9)  Online programs offer a unique opportunity to offer courses during the sum-
mer, giving the students an extra window to stay on track and meet their gradu-
ation goals.

10) A two-plus-two EE program benefits from the cooperation of two-year colleges 
by offering at least some of the sophomore courses outside of the four-year 
institution. This approach also allows four-year institutions to focus resources 
on the upper-level core and elective courses.

10.4  Assessment

In the process of developing and delivering online courses/programs, there are four 
main components to be considered: content (course-based or program-based), de-
livery, technology, and assessment. When applied to the delivery of online courses, 
and/or programs, the role of assessment becomes crucial especially to validate and 
authenticate online course content. There is a parallel need for assessment tools that 
allow the collection and analysis of course outcomes and objectives, in a seamless 
manner (James et al. 2012). A Web-based assessment system has more potential 
in terms of access and flexibility for teachers and administrators which, in turn, 
improve the effectiveness and efficiency of producing learning analytics to guide 
pedagogical improvements (Baepler and Murdoch 2010). Assessment is about im-
provement and program assessment, which ultimately helps to focus on improving 
student learning. The introductory phase of assessment involves building a base of 
understanding about the benefits and tools of program assessment and what you 
want your department to gain from assessment. It is during this phase that you iden-
tify why you want to assess. Early in the process, the rationale for the importance 
of engaging in assessment must be clearly articulated, if success is to be achieved.

10.4.1  Performance Assessment Framework

Performance assessment refers to a variety of tasks and exercises in which stu-
dents are given opportunities to demonstrate their understanding and to thoughtfully 
apply cognitive skills in a variety of contexts (Marzano et al. 1993). The desired 
result is to measure the attainment of standards-based outcomes. Performance as-
sessments are designed to help educational institutions effectively utilize data to 
drive decision-making (Searchlight Performance Assessment Software 2014). A 
performance assessment framework (PAF) offers the means to perform program 
assessments through both direct and indirect measures of course outcomes, robust 
data collection, and analysis and the storage of observations and actions resulting 
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from the analysis. Any performance assessment software should have four main 
functions—allows data importation, creates performance assessment metrics, 
implements performance assessments, and generates performance reviews and re-
ports. The software should provide educational institutions with an assessment tool 
that will allow them to enter, generate, and analyze course or program-based perfor-
mance rubric. Formative and summative assessment should be used to help faculty 
evaluate how students are meeting the learning goals in the program, coupled with 
both direct and indirect means. Both direct and indirect methods can be mapped to 
program outcomes to ensure program objectives are being met.

10.4.2  Outcome Assessment—Program Assessments

An essential part of performance-based assessment is the use of standards upon 
which all learning outcomes are based. Accredited engineering programs typically 
follow ABET standards and guidelines. For engineering programs, ABET has de-
fined outcomes a–k, as standards for accreditation (ABET Website 2014). A sam-
ple of the program learning outcomes and the associated performance indicators 
(PI), used to assess student learning for the ECE department at MSU, is shown in 
Table 10.4.

A comparison, by outcomes, of the online courses versus the F2F courses for 
the 2010–2012 period is shown in Fig. 10.5. These charts portray information per-
taining to the equivalency of achieving learning outcomes for both laboratory and 
lecture online sections (James et al. 2013). The results indicate that, in most cases, 
the performance of students in the online section is slightly better than that of the 
F2F cohorts, for the sections evaluated. It is thought that the policy of screening for 
grade point averages (GPAs) of 3.0 and above gives online class participants a slight 
advantage over F2F cohorts. The students most likely have greater self-efficacy and 
independent work habits.

Table 10.4  Sample program outcomes and associated performance indicators (PI)
a) An ability to apply knowledge of mathematics, science, and engineering
Identifies mathematical and physical concepts needed to solve the problem (M, S)
Explains the role of mathematics as a tool for modeling systems and processes (M)
Expresses problem in terms of mathematical and scientific statements (M, S)
Uses fundamental engineering principles to solve engineering-related problems (E)
b) An ability to design and conduct experiments as well as analyze and interpret results
Develops a hypothesis and a plan (experimental method) to evaluate it using engineering prin-
ciples and practice (D)
Collects data using software and electronic test and measurement equipment (C)
Analyzes results and components of the design using engineering models (A)
Explains experimental results as they relate to theoretical results (I)
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10.5  Mobile Laboratory for Ethiopian Engineering

The lack of dependable laboratory equipment, especially in engineering education, 
has led higher education institutions in developing nations to focus more on the 
theoretical aspects of science, technology, engineering, and mathematics (STEM) 
education as compared to the practical applications. A possible solution to the prob-
lem is to develop collaborations with higher education institutions in other countries 
to provide targeted training on new pedagogy and state-of-the-art mobile laboratory 
technology that will allow universities to teach STEM subjects with hands-on ac-
tivities at a fraction of the cost of the bench equipment. The new inexpensive and 
portable laboratory instruments can easily be implemented in engineering programs 
throughout the MENA region. Their small size and low price makes them ideal for 
widespread adoption and implementation. Universities in the MENA region can 
collaborate with ECE departments in the USA in order to implement the new tech-
nology and pedagogy in their curriculum. This new approach has the potential to 
significantly change and improve EE education throughout the MENA region.

The ECE department at MSU has been collaborating with five ECE departments 
in Ethiopia to expand the use of mobile laboratory instruments in their curriculum 
(Astatke et al. 2013b). The project’s major goal was to enable hands-on explora-
tion of ECE principles, devices, and systems that have historically been restricted 
to expensive laboratory facilities that are not readily available in most engineering 
schools in developing countries. The results of the collaborations have so far been 
very promising. The institutions have been able to adopt some of the mobile labora-
tory exercises from MSU, while others have developed new laboratory exercises. 
Some ECE departments used the new equipment to allow their graduating senior 
students (5th year) to work on their capstone design projects in groups of three to 
five students. The students indicated that the availability of the new technology 

Fig. 10.5  All courses—comparison of F2F & Online 2010–2012. (James et al. 2013)
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allowed them to expand the application of their projects and tackle more advanced 
topics. One example is the “Clamp Activated Switch” capstone project completed 
by students from Addis Ababa Institute of Technology (AAiT). The students used 
the spectrum analyzer function of the Mobile Studio BoardTM to analyze the clap 
waveforms picked up by an electret microphone (Fig. 10.6). It allowed them to ob-
serve the sampled audio input from the microphone and analyze its general proper-
ties in the frequency domain. They were able to correctly determine the frequency 
range where the clap waveforms were concentrated, and were able to design a band-
pass filter that minimized false triggering of the circuit.

The ECE department of another University in Ethiopia used the Mobile Stu-
dio BoardTM to expand the laboratory equipment used in sophomore and junior 
level courses. Prior to the availability of the MSIOBoards, students were forced 
to work in groups of 10–20 students to conduct basic ECE laboratory experiments 
(Fig. 10.7, left side). The addition of ten new Mobile Studio BoardTM allowed the ECE 
department to triple its laboratory workstation benches and accommodate fewer stu-
dents (4–5) per station to conduct their laboratory experiments (Fig. 10.7, right side).

Fig. 10.6  AAiT students working on their Clamp Activated Switch Project ( left side), Spectrum 
Analyzer Function of MS-IOBoard showing sound signal in the frequency domain ( right side) 

 

Fig. 10.7  iOTech-HU students working on their laboratory experiments before using the Mobile 
Studio IOBoard (left side), and after using the Mobile Studio IOBoard (right side)
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10.6  Developing a MENA–US Collaboration Model: 
Online Education in Turkey

The number of universities offering online programs in Turkey has increased sig-
nificantly in the past three years. In fact, the notion of online education has resulted 
in opening of so many new online universities and the shifting of traditional uni-
versities toward offering online courses and programs. Many of the universities in 
Turkey offer distance education. The new and highly competitive market has led to 
many innovative choices that the online universities are taking towards LMSs and 
content management Systems (CMS) choices. Some universities are adopting well-
known LMSs such as Moodle and Blackboard, while others are developing their 
own LMSs because of the cost of purchasing commercial software. Three success-
ful locally developed platforms are introduced in this section. Major universities 
that offer online classes utilize their own in-house LMSs, but there is not a lot of 
published information.

Since 1996, several universities in Turkey have offered distance education op-
portunities, such as Istanbul Teknik University, Middle Eastern Technic University, 
and Anadolu University. By 2001, more universities started offering online courses. 
This boom in online education in Turkey resulted in the creation of an online edu-
cation commission by the Department of Education. Later, in 2010, Istanbul Uni-
versity started an online learning school, and by 2013 over 50 online universities 
started to operate in Turkey. Several foreign partnerships have been developed to 
offer courses, certificates, and degree programs from European and American uni-
versities. Figure 10.8 shows the distribution of online programs in Turkey by 2009.

There is widespread use of e-learning technologies in Turkey. Commonly used 
learning systems include both international, open source, and locally developed 
offerings, including Moodle, Adobe Connect, ENocta, Web-CT, BlackBoard, Olat, 

Fig. 10.8  Location of universities with online programs in Turkey
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Dokeos, TinyLMS, Preculus, Advancity LMS: ALMS and Vedubox (Learning 
Management Systems 2014). Several local universities, such as Ankara University 
and Middle East Technical University, play an important role in online education in 
Turkey. These universities provide online access to certificate programs—namely 
associates, bachelors, and masters programs. However, there are limited opportuni-
ties for online engineering degrees. This provides opportunities for collaboration 
with universities and education brokers to provide online engineering education 
opportunities to local students.

Partnerships between MENA universities around online engineering education 
are not well documented. One model that is used involves an education broker to 
assist students with registration and sometimes provides support during enrollment. 
Kure Educational Institute is an institution that provides students with the oppor-
tunity to earn degrees at universities in Turkey and abroad (Academic Partnerships 
2014). Students apply for acceptance to the international program via the Kure 
website. At this stage, prospective students will only provide preliminary docu-
mentation to validate their eligibility for application. Once the number of appli-
cants reaches the threshold that is set by the partner university, Kure will request 
additional and detailed documentation from the students in order to process their 
applications. Once the application for each student is complete, the documents will 
be forwarded to the partner university for final evaluation. If the partner university 
accepts the students, Kure Educational Institute will be notified and the registration 
process will start. Registration fees and tuitions will be determined and also be col-
lected by the partner university.

Once the students register for the classes, Kure Institute assigns a coordinator 
for a group of students. This coordinator is tasked with being in close contact with 
his/her students during their study. This could be accomplished through one of the 
several available student retention solution platforms, such as Starfish or via a per-
sonalized channel such as e-mails or phone calls. The coordinator will also conduct 
frequent surveys from the students about the quality of the program and instructors 
and will relay their feedback to the program directors for program adjustments. 
Assessment methods will be determined with the partner university. Kure has ar-
rangements with test centers throughout Turkey and, if requested, testing could be 
done within these centers. There will be two program coordinators: one from Kure 
and the other from the partner university. These individuals will work out the details 
and will kick start the program using F2F and online meetings. The program coor-
dinators are also responsible for the quality of the program and student and faculty 
satisfaction.

Although the course notes and textbooks can be in English, the teaching lan-
guage can be in English or Turkish. This seems to be the new international collabor-
ative approach used between the international and Turkish universities. This model 
provides a modular application structure that can be easily deployed in any of the 
MENA countries. As an example, in 2013–2014, the International Struga University 
started offering courses in Turkish, and 200 Turkish students applied within the first 
semester. They have an ongoing partnership with three international institutions: 
the American Heritage University and the Schiller International University from the 
USA, and the London City College.
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10.7  Summary and Conclusion

The growth in higher education enrollment and online learning in MENA provides 
opportunities to integrate new technologies with a focus on assessing the impact on 
educational outcomes. Our ECE department has successfully launched its online 
undergraduate program using new technology and pedagogy. We have learned from 
the experiences of the pilot courses and have taken additional steps to improve cur-
rent and future online ECE courses offered at our institution. The availability of 
inexpensive and portable laboratory instruments has enabled new pedagogical ap-
proaches in the teaching of theoretical concepts and design practices in EE. Faculty 
members at our university are working very closely with their colleagues at univer-
sities in the USA and Africa to take advantage of these new tools and incorporate 
hands-on experimental activities into existing lecture courses. This new approach 
has led to the implementation of restructured EE courses that utilize problem-based 
learning with a focus on student-centered learning rather than instructor-centered 
lectures.

The work we have been conducting for the past 5 years has allowed us to evalu-
ate whether a student-centered learning environment can stimulate a deeper un-
derstanding and increase student engagement. Assessment of student’s learning 
at partner institutions has shown that students’ response to the hands-on learning 
activities, regardless of the model of implementation, has been extremely posi-
tive. Results indicate that the greatest impact of hands-on learning is the concep-
tual understanding by students who had the weakest grasp of the material after 
lecture-based instruction. Students also express a higher degree of confidence in 
their ability to be engineers because the hands-on activities have helped develop 
their abilities to design solutions to meet specifications in the projects. This new 
approach represents a major paradigm shift in the way higher education institutions 
can approach delivering engineering education. We hope that this contemporary de-
livery modality method will open the door to many students who are candidates for 
joining the STEM workforce from around the world or for students from the MENA 
region who are simply interested in trying out ECE courses from abroad.
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Chapter 11
Inclusion of Construction Health and Safety 
in Engineering Programs in the MENA Region: 
Assessment and Potential Enhancement

Munjed A. Maraqa, Amr M. I. Sweedan and Essam Zaneldin

11.1  Introduction

The construction industry has the most dismal record of safety among all industrial 
segments (WorkCover NSW 2001; Teo et al. 2005; Choudhry et al. 2008; Al-Hu-
maidi and Tan 2010), with a risk of fatality that is about five times higher than in 
any other industry (Davies and Tomasin 1996). The higher rate of accidents and fa-
talities in the construction industry could be due to the nature of the work. However, 
several factors have been identified in the literature that could affect construction 
safety (see, for example, Sawacha et al. 1999; Teo et al. 2005; Choudhry and Fang 
2008; Choudhry et al. 2009; Maraqa and Mohamed 2013). Among these factors is 
the provision of construction safety education to engineering students.

Szymberski (1997) noted, “today we are at a juncture where, if owners and en-
gineers will work actively with construction organizations and safety professionals, 
further meaningful inroads will be made in creating safe working conditions during 
construction.” It is also believed that there is a greater ability to influence safety on a 
project earlier in the project’s life cycle, and such ability diminishes as the schedule 
moves from conceptual design toward start-up as illustrated in Fig. 11.1 (Szymber-
ski 1997). Thus, provision of construction safety education to engineering students 
will have benefits both for the project design and later in the procurement stage.

The importance of formal education with regard to construction safety has also 
been recognized by Davies and Tomasin (1996) when they stated, “It is recom-
mended that time is devoted at universities to the subject of health and safety in 
the construction industry. This should cover an outline of safety legislation and the 
duties of employers and employees. It should describe the hazards that professional 
staff face in their work and outline the problems facing designers in ensuring that 
their work is safe to build, operate and maintain.”
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While there is a close relationship between education and labor conditions 
(Haupt 2003), there is generally a lack of specific education in occupational safety 
for engineering professionals (Kavianian et al. 1993; Bryan 1999; Ferjencik 2007; 
Petersen et al. 2008; Pellicer and Molenaar 2009). It has been suggested that such 
deficiency be resolved at the university level. For that, four different approaches 
have been considered or proposed to enhance safety in engineering curricula in-
cluding (1) development of a new degree of safety engineering (Alhemood 2004; 
Vincent 2005), (2) development of a new course in an existing degree (Moccaldi 
et al. 2005; Ferjencik 2007), (3) development of relevant topics or a cross-field sub-
ject in several courses of the current curriculum (Lemkowitz 1992; Al-Mufti 1999; 
Pellicer et al. 2003; Hill and Nelson 2005; Petersen et al. 2008), or (4) development 
of relevant topics in one specific course of the current curriculum (Kauffman 1987; 
Levitzky 1988; Phillis and Wheway 1991).

In general, construction safety education for engineering students involves two 
main aspects: (1) construction site safety and (2) design for construction safety 
(DfCS). While there has been some progress made in the developed countries to 
incorporate safety in the engineering education, it is not known to what extent the 
engineering students at universities in the Middle East and North Africa (MENA) 
region receive safety in their construction-related courses. Thus, one of the objec-
tives of this study was to survey construction-related courses in the MENA uni-
versities and highlight the extent to which safety has been incorporated in these 
courses. Another objective was to determine what construction safety knowledge 
practitioners have received at university and what safety knowledge they would 
expect in newly hired engineering graduates. Based on the results of the two types 
of surveys, the authors proposed modification to the current engineering curriculum 
to enhance the level of construction safety education and outlined approaches that 
could be undertaken to DfCS. Before starting with the methodology used in this 
study, an overview of safety in the construction industry is first presented, followed 
by a review of the literature pertinent to the role of engineering education in con-
struction site safety and DfCS.

High

Low
Start date End date

Conceptual Design

Detailed Engineering

Procurement    

Construction  

Start-up

Project Schedule

Ability to 
Influence 
Safety

Fig. 11.1  Project schedule versus ability to influence safety. (Szymberski 1997)
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11.2  Health and Safety in the Construction Industry

As mentioned earlier, the level of health and safety implied by the construction 
industry records is significantly lower compared to that in other industries. For ex-
ample, the incidence of injury in the construction industry throughout Australia is 
50 % higher than all other industry rates (Breslin 2004), and the construction-related 
injuries in the USA reach 21 % of all work-related injuries (Zarges and Giles 2008). 
Overall, an estimated 350,000 workers die every year in labor accidents. Of these 
accidents, 60,000 occur in construction (Rubio et al. 2005), representing more than 
17 % of all workers. The higher rate of accidents in the construction industry is 
probably due to the nature of the work, lack of construction safety precautions, or 
lack of construction safety education. Nonetheless, factors such as poor planning, 
inadequate safety training, lack of safety incentives, and insufficient incident inves-
tigation are likely to amplify the problem. Although the workers’ health is invalu-
able, the estimated cost realities of accidents in the construction industry ranges 
between 8–15 % of the construction cost (Rowlinson 2003).

Several previous studies have been conducted to identify the important factors 
that affect health and safety in construction sites (Sawacha et al. 1999; Teo et al. 
2005; Choudhry and Fang 2008; Choudhry et al. 2009; Maraqa and Mohamed 
2013). While there are some similarities in what controls construction safety in 
different countries, there are some factors that could be more specific or important 
than others in certain countries or for certain projects (Maraqa and Mohamed 2013). 
Nonetheless, the different construction parties could have an influence on the safety 
of construction workers. Contractors and subcontractors are undoubtedly the piv-
otal party to control jobsite safety (Levitt and Samelson 1993; Hinze and Figone 
1988; Hinze and Talley 1988). Designers can reduce safety hazards in the working 
environment by considering worker safety issues in their design decisions (Small-
wood 1996; Gibb et al. 2004; Behm 2005; Weinstein et al. 2005). The involvement 
of owners, on the other hand, has been regarded as an essential requirement for a 
zero-injury objective (Hinze and Gambatese 1996; Liska et al. 1993).

Table 11.1 lists major causes of death in various countries due to construction 
activities. For the USA, 21.7 % of the major injury cases in the construction indus-
try during 1991–1998 were fall related, and 16.8 % were due to being run over by 
equipment or a vehicle. The UK Labor Force Survey (LFS) data on self-reported 
major injury during 2003–2007 cited slipping and tripping as the most frequent 
cause of major injury (38 %), followed by handling, lifting, or carrying (15 %); fall-
ing or moving objects (12 %); and falling from a height (12 %) (UK HSE 2013).

Health and safety in construction is an international concern. In Denmark, the 
number of registered accidents in the construction sector in 1994 was 27.1 per 1000 
construction workers (Arbejdstilsynet 1996). A higher number of 220/1000 workers 
injured in 1996 were reported in Hong Kong (Wong et al. 1999). As for the fatality 
rate, Europe had a fatality incidence rate of 10.4 per 100,000 in 2001 (Karjalainen 
2007), and for the same year, there were 13.3 deaths per 100,000 construction work-
ers in the USA (US Department of Labor 2001). However, a significant drop in the 
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fatality rate of construction workers has been observed in the UK as a result of the 
strict regulations imposed in the last 20 years (see Fig. 11.2).

The construction industry in the MENA region employs a large proportion of the 
employed population. The percent of employed population in the industry varies 
among different countries (Fig. 11.3) but averages to 16.5 % of the employed labor 
force. Records on construction injuries in the MENA region are greatly lacking, 
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Fig. 11.2  Fatal injury rates in the construction sector in the UK. (Al Palumbo 2010)

 

Table 11.1  Causes of major injuries (%) in construction. (Maraqa and Mohamed 2013)
Incident 
Type

1991–
1998 USA
(ENR 
2001)

1999 USA
(ENR 
2001)

UK LFS
(UK HSE 
2013)

Kuwait
(Kartam 
and Bouz 
1998)

Kuwait
(Al-Humaidi 
and Tan 
2010)

UAEa

(Barss 
et al. 
2009)

UAE
(McGrath 
2009)

Falls 21.7 23.8 12.0 41.2 33.0 51.0 12.0
Falling 
objects

12.0 10.2 25.0 15.0 8.3

Run over 16.8 21.1 8.7
Powered 
machinery

12.5 9.9 18.0 11.0 5.7

Collapse of 
structure

4.3 5.0 8.5

Slipping and 
tripping

38.0 7.5

Lifting or 
carrying

5.4 15.0

ENR Engineering News Record, HSE Health and Safety Executive, LFS Labour Force Survey, 
UAE United Arab Emirates
a Includes all occupational safety cases reported at Al-Ain Hospital from March 2003 to April 2005
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however. As noted by Habib (2007), not all MENA countries have regular statistics, 
and some of the countries face a problem of underreporting of work-related acci-
dents because reporting and notification are poorly implemented. Somavia (2005), 
on the other hand, reported that work-related deaths in the Middle East were esti-
mated at 19,000 in 2005. Meanwhile, Habib (2007) reported that 70 % of all injuries 
and fatalities that occurred in Lebanon in 2003 were construction related.

Based on an analysis of construction-related accidents in Kuwait city during 
1996–2007, Al-Humaidi and Tan (2010) found that falls are the major type of ac-
cident (33 %) followed by being crushed or struck by a falling object (25 %), and 
then by use or misuse of tools (18 %). Furthermore, these authors reported that 
almost 83 % of the victims of construction accidents in Kuwait sustain permanent 
disabilities. For United Arab Emirates (UAE), 51 % of the occupational injuries are 
due to falls, 15 % are due to falling objects, 11 % are due to powered machines, and 
6 % are due to burns (Barss et al. 2009).

Although no comprehensive study has been conducted on the status of construc-
tion health and safety in the MENA region, the study by Habib (2007) should be 
useful to have a perspective of the situation. The author studied the status of oc-
cupational safety and health (OSH) in 18 Arab countries, comprising Algeria, Bah-
rain, Egypt, Iraq, Jordan, Saudi Arabia, Kuwait, Lebanon, Libya, Morocco, Oman, 
Palestine, Qatar, Sudan, Syria, Tunisia, UAE, and Yemen. Results showed that the 
Arab countries vary in their OSH conditions, with some showing serious deficien-
cies in OSH mechanisms and performance. The main obstacles for improvements, 
as reported by the author, include (1) delayed ratification of the OSH conventions 
set by the International Labor Organization, (2) lack of detailed and comprehensive 
OSH provisions in the local legislations, (3) absence of national OSH policies and 
programs, and (4) weak enforcement of OSH regulations. Additional obstacles 
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Fig. 11.3  Percentage of construction labor force in some Middle East and North African (MENA) 
countries. KSA Kingdom of Saudi Arabia, UAE United Arab Emirates. (Data from Habib 2007)
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include insufficient reporting, lack of accurate and comprehensive data related to 
occupational accidents and diseases, failure to incorporate OSH advisory bodies in 
the decision-making process on OSH-related matters, and insufficient local OSH 
expertise in many countries. The author recommended that Arab countries should 
establish a proper OSH legislative framework necessary for OSH promotion and 
should evaluate their OSH situation by preparing an exhaustive OSH national pro-
file. The author further recommended that research and educational institutes should 
undertake OSH studies, and proficient OSH specialists and inspectors should be re-
cruited and provided with the facilities necessary to enforce regulations.

While Habib’s report shows lack of a real OSH system in many Arab coun-
tries, some initiatives to improve the situation have been undertaken since then. 
The Abu Dhabi Emirate, for example, issued Decree 42 in 2009 for development 
of the emirate Environment, Health, and Safety (EHS) Management System across 
all sectors including the construction sector. All entities in the construction sector 
in the emirate are expected to implement their developed systems by 2020 as part 
of their operational activities (Maraqa and Mohamed 2013). According to Maraqa 
and Mohamed (2013), the Abu Dhabi EHS management system, if successfully 
implemented, could serve as a model for developing a safety culture in the construc-
tion industry in other emirates within the UAE and in other countries in the region. 
Maraqa and Mohamed (2013) indicated, however, that a successful safety manage-
ment system should demonstrate leadership and management responsibilities and 
provide the tools to implement the safety policy. In addition, significant changes 
in cultural norms and accountability are required among employers and employ-
ees where safety considerations in project design and delivery are given a priority, 
rather than being viewed as a burden.

11.3  Review of Education Role in Construction Health 
and Safety

11.3.1  Construction Site Health and Safety Education

The need for construction site health and safety education is now a consensus issue 
among construction educators and the industry for its enormous contribution toward 
the reduction in number and costs of accidents (Banik 2005). As such, incorporation 
of construction site safety in university curricula has been the topic of several prior 
research studies. In 1995, Suckarieh and Diamantes (1995) surveyed construction 
management programs in the USA that are accredited by the American Council for 
Construction Education (ACCE). The authors indicated that safety has not influ-
enced construction education to any significant extent. They stated that the time 
devoted to construction safety for construction engineering students is lacking, but 
formal training could have a significant impact on their performance as soon as they 
graduate. The authors found that courses dedicated solely to construction safety 
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existed in only about 50 % of the surveyed construction management programs. The 
common elements of the lower division safety courses included introduction to the 
Occupational Safety and Health Act, Occupational Safety and Health Administra-
tion (OSHA) Standards, administration in the field, craft education requirements, 
filing forms and accidents reports, keeping hazardous materials information, and 
preparing for OSHA inspections. On the other hand, the upper division courses 
included motivational factors, incentives programs, safety program effectiveness, 
and new initiatives. The authors concluded that a plan for formal education in con-
struction safety can be either a stand-alone course or, where appropriate, integrated 
into all elements of the curriculum by covering the material in several courses in a 
coordinated fashion.

Coble et al. (1999) conducted a survey to obtain information about the extent 
that safety was integrated into 4-year, university-level, construction programs. The 
survey covered ACCE-accredited programs in the USA. Data were obtained on how 
many programs teach construction safety, the materials used to teach safety, the 
extent and level at which the subject is covered, and the portion of coverage that is 
devoted to the OSHA Standards for Construction. Based on a total of 55 responses, 
it was found that some construction programs were very proactive in their safety 
education while others were not. Of the responding programs, 45 % indicated that a 
course is offered within their curriculum that is wholly devoted to safety. While not 
all programs offered a course in safety, many respondents indicated that there was a 
definite effort to include safety as a mandatory requirement.

The study of Coble et al. also revealed that safety courses are offered primarily at 
the junior and senior levels, and, if a safety course is offered, it is typically required 
as part of the curriculum. Meanwhile, all of the safety courses that are offered ad-
dress the OSHA Standards for Construction, and an OSHA Outreach Training cer-
tificate is earned in 44 % of the safety courses. Moreover, 75 % of all programs, 
including those that offer a separate safety course, address construction safety in 
other courses within the construction program.

It should be noted that the ACCE did not incorporate specific requirements for 
safety content and coverage in accredited programs before 2002. However, the cur-
rent ACCE guidelines (ACCE 2012) require construction safety as part of the cur-
riculum. ACCE requires 4-year programs to devote at least one credit hour of the 
curriculum to construction safety. The credit can be earned in a single course, or 
as part of other courses taken in the curriculum. Furthermore, ACCE describes the 
typical curriculum content on safety to include (1) safe practices; (2) mandatory 
procedures, training, records, and maintenance; and (3) compliance, inspection, and 
penalties.

Gambatese (2003) studied the inclusion of construction safety in both construc-
tion and civil engineering (CE) academic programs in the USA. All the surveyed 
programs were either Accreditation Board for Engineering and Technology (ABET) 
or ACCE accredited. The author found that none of the responding ABET-accred-
ited CE programs offers a course wholly devoted to safety. This was attributed to 
the fact that ABET accreditation stresses design and does not require coverage of 
construction site safety. Nonetheless, the author found that construction safety is 
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covered to some extent in other courses in the CE curricula of 64 % of the respond-
ing programs. As to the surveyed construction programs, the author found that 
safety is addressed in the curricula to a greater extent than that of the surveyed CE 
programs. Again, this was attributed to the accreditation requirements for construc-
tion programs as 70 % of these programs were ACCE accredited. Results of the 
survey of the construction programs also revealed that (1) 90 % of these programs 
offer a course fully devoted to construction safety, and these programs require such 
a course to be taken by all their students; (2) safety courses that are offered are typi-
cally 3 credit hours and are taught at the junior or senior level about once a year; (3) 
the OSHA Standards for Construction are utilized in half of the safety courses; (4) 
OSHA training certification is commonly earned for completing the safety course; 
(5) the OSHA Standards for construction and safety management topics are covered 
in all safety courses, with the OSHA Standards being the primary course content; 
and (6) 80 % of the programs cover safety in other construction program courses. 
The author concluded that there is specific safety knowledge that the construction 
industry believes newly hired university graduates should possess, but the means by 
which this knowledge is communicated, and both the depth and breadth of cover-
age, differ among institutions.

In the UK, most universities incorporate construction site safety at relevant 
points throughout the undergraduate CE curriculum as opposed to addressing it in 
a separate course (Al-Mufti 1999). Coverage of safety in this manner is due in part 
to the 1994-mandated Construction (Design and Management) Regulations in force 
throughout the UK. Al-Mufti (1999) indicated that CE programs should provide 
students with adequate knowledge and an enhanced awareness of safety in con-
struction. The author suggested that the approach to teaching construction safety 
should comprise safety as an integral part of all other teaching as opposed to an in-
dividual course devoted to the topic. The reason for not having a separate course de-
voted solely to safety, as suggested by the author, is that offering a separate course 
may lead to problems of timing, fragmentation, and students developing a passive 
view of the subject as nontechnical, unimportant, and a subject to pass, forget, and 
never revisit in their career. Al-Mufti further suggested that the integrated approach 
of teaching construction safety should consider the different components including 
technical, nontechnical, social, and psychological aspects.

As in the UK, the inclusion of construction site safety into engineering program 
curricula in Canada is mandated by the Canadian Engineering Accreditation Board 
(CEAB). CEAB, an organization that accredits Canadian undergraduate engineering 
programs, requires considerations of worker safety and health in the CE programs 
(Christian 1999). However, Christian (1999) observed that teaching a class such as 
safety is sometimes difficult as students regard its regulatory nature as “boring.”

In a different approach, Smith and Arnold (1999) conducted a survey to deter-
mine what safety knowledge practitioners would expect in newly hired engineering 
graduates in the USA. The purpose of their study was to establish a baseline for a 
construction site safety course content to be offered for undergraduate engineering 
students. Responses were received from 27 construction firms operating predomi-
nantly in the northeastern USA. Out of 14 safety responsibility areas identified by 
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the authors, knowledge of how to perform 9 of these areas was identified by the re-
spondents as the most important for newly hired engineers. These areas are (1) con-
duct a pre-project hazard analysis, (2) prepare accident reports, (3) conduct toolbox 
meetings, (4) participate in project safety meetings, (5) perform hazard analysis, 
(6) recognize common hazards, (7) conduct site safety audits, (8) maintain material 
safety data sheet (MSDS) files, and (9) obtain safety permits.

Banik (2005) noted that safety education on many projects is inadequate and 
ineffective especially for field managers and workers. As a possible solution to this 
problem, the author suggested the inclusion of innovations in safety education and 
more involvement by the industry in the safety education process. As such, the au-
thor distributed a questionnaire in the southeastern USA to get input from the con-
struction industry on the content of a safety course for undergraduate construction 
students. Thirty-five contractors completed the survey form, with a response rate 
of about 47 %. Based on the survey results, the author concluded that construction 
safety education cannot be accomplished by teaching only the fundamental require-
ments of the OSHA 10- h course. The author identified the topic areas that had the 
greatest amount of agreement (70 % or more) among the contractors surveyed and 
that they suggested should be covered in the safety course. These areas include (1) 
general safety and health, (2) personal protective and lifesaving equipment, (3) fire 
protection and prevention, (4) electrical, (5) scaffolding, (6) fall protection, (7) ex-
cavation, (8) stairways and ladders, and (9) toxic and hazardous substances.

Haupt (2003) indicated that graduates from construction-related programs at uni-
versities need to be able to recognize, avoid, and prevent unsafe conditions on their 
construction sites. The author conducted exploratory studies of safety and health 
education at higher education institutions in the Western Cape province of South 
Africa. Preliminary results suggest that construction-related programs do not ad-
equately prepare students to be able to ensure the safety and health of workers in 
construction sites. Courses make scant reference to the provisions of the South Af-
rica Occupational Health and Safety Act and responsibility of employers for worker 
safety. Later, Smallwood (2010) indicated that South African construction manage-
ment programs address construction safety to varying degrees. Those that do so to 
a lesser degree invariably focus on legislation and do not address procurement and 
other relevant dynamic issues. The author conducted a survey among a group of 
“health and safety better practice” general contractors to determine the important 
issues relative to a construction safety curriculum. Findings of the survey indicated 
that construction management and CE predominate in terms of the importance of 
the inclusion of construction safety in the tertiary education programs among nine 
built environment disciplines. Results also revealed that construction safety should 
be included as a separate subject and as a module in various subjects. Among 24 
construction management health and safety curricula subject areas listed in the sur-
vey form, 4 areas were predominantly selected by the respondents, namely (1) man-
agement of subcontractors, (2) role of management, (3) worker participation, and 
(4) the Occupational Health and Safety Act.

Pellicer et al. (2003) reported a lack of academic education in construction safety 
in the CE programs in Spain. To remedy this, the authors suggested adjustment 
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of some courses to incorporate construction safety. The authors also proposed an 
educational guide in construction safety which introduces the culture of health and 
safety in the CE curricula. Later, Rubio et al. (2005) analyzed the course require-
ments of CE programs at eight universities in Spain. The authors found no course 
specifically devoted to health and safety, but a chapter is dedicated to health and 
safety taught within a course on procedures of construction and machinery, but 
not at all universities. In an earlier study conducted by the authors, they sought the 
opinion of 96 currently employed civil engineers (19 project supervisors, 21 coordi-
nators, and 56 site managers) in Spain concerning the health and safety training they 
had received. Results showed that on average 61 % of the interviewed personnel 
did not receive any training. However, more than 95 % of the interviewed person-
nel thought it would be appropriate to include course material specific to health 
and safety in the requirements for CE programs. Cortes et al. (2012) conducted a 
study to define a framework for including occupational risk-prevention education 
in the new engineering syllabi in Spain. A questionnaire was distributed to a panel 
of 59 experts. Survey results indicated that education in occupational risk preven-
tion is essential for improving the safety culture within a company or workplace. 
The experts concurred that this subject should be a separate mandatory course in 
all engineering degree programs. The participants recommended that an optional 
course should be considered only if a mandatory course is not approved. It was also 
deemed desirable to integrate occupational risk prevention as a cross-field subject 
in other technological courses even if the curriculum already includes some related 
courses.

11.3.2  Design for Construction Safety

DfCS, also referred to as prevention through design (PtD), is a process that incor-
porates hazard analysis at the beginning of a design project. The process does not 
address methods to make construction safer but how to make a project safer to build 
(i.e., safe constructability). In other words, safe constructability considers worker 
safety in the design of a facility rather than the traditional design aspects that fo-
cus only on the safety of the “end user,” such as the building occupant or facility 
operator. DfCS is a structured process in the planning and design phases of the 
project that starts with hazard identification. Engineering measures are then applied 
to eliminate the hazard or reduce the risk. If the hazard cannot be eliminated, then 
safety devices are incorporated. If some risk still exists, then warnings, instruction, 
and training should be used as a last resort.

Traditionally, designers have been under no obligation to inform contractors 
of hazards resulting from the design. However, designers could play an important 
role in ensuring how safety of construction workers is considered during the proj-
ect design process. Competent designers can draw from their own experience and 
published information to comply with the duties of reducing hazards and appreciate 
the risk in their design. In fact, designing to eliminate or avoid hazards is consid-
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ered the preferable means for reducing risk in the hierarchy of controls (Manuele 
1997). It should be emphasized that reducing injuries and fatalities and improving 
worker health are not the only benefits associated with DfCS. Addressing safety in 
the conceptual or early design stages could yield other measurable benefits such 
as improved productivity, a decrease in operating costs, avoidance of expensive 
retrofitting to correct design shortcomings, and significant reductions in injuries, 
illnesses, environmental damage, and attendant costs.

Implementation of DfCS in engineering practice depends on several major fac-
tors such as change in designer mindset toward safety, existence of a motivational 
force to promote designing for safety, incorporation of construction safety knowl-
edge in the design phase, designers’ knowledge about design-for-safety concepts, 
and making design-for-safety tools and guidelines available for use and reference.

There is evidence that careful consideration of safety during the design stage 
could have eliminated or reduced injuries and fatalities in some construction proj-
ects (European Foundation 1991; Smallwood 1996; Christensen and Manuele 1999; 
Suraji et al. 2001; Gibb et al. 2004; Reese and Eidson 2006). For example, the 
European Foundation (1991) found that 60 % of the accidents it surveyed could 
have been eliminated or reduced with careful thought during the design stage. Gibb 
et al. (2004) reviewed many construction accident cases and found that in 47 % of 
these cases, changes in the design would have reduced the likelihood of accidents. 
Similarly, Behm (2005) found that design was linked to accident in about 22 % of 
226 injury incidents that occurred in California, Oregon, and Washington during 
2000–2002, and in 42 % of 224 fatality incidents occurred in the USA during the 
period 1990–2003. Moreover, contractors responding to a survey of the construc-
tion community in South Africa ranked design as the highest out of all components 
identified that negatively affect safety (Smallwood 1996).

Weinstein et al. (2005) demonstrated how injury prevention efforts in the con-
struction of a semiconductor manufacturing facility can begin upstream by involv-
ing designers, engineers, and trade contractors in preconstruction processes. On 
the other hand, Driscoll et al. (2008) reported that 37 % of 210 workplace fatalities 
that occurred in Australia during July 2000–June 2002 definitely or probably had 
design-related issues involved, and the circumstances in another 14 % were sugges-
tive that design issues were involved.

Recognizing the importance of DfCS, the European Union enacted the “Control 
of Hazards on Temporary and Mobile Construction Sites” directive that requires 
member states to adopt national laws to formalize a process to ensure that construc-
tion site safety is considered during the design process. This legislation has led to 
important efforts in design for safety (Gibb 2004). Meanwhile, the UK Construction 
Regulations of 2007 (UK CDM 2007) place a duty on the designer to identify and 
eliminate hazards and reduce likely risks from hazards where elimination is not pos-
sible. Similarly, the American Society of Civil Engineers (ASCE) Policy Statement 
Number 350 on construction site safety states that “engineers shall have responsi-
bility for recognizing that safety and constructability are important considerations 
when preparing construction plans and specifications.”
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While the merits of DfCS are evident, numerous barriers to its implementation 
have been cited (Toole 2004). Among these barriers are limited availability of tools, 
guidelines, and procedures for preventive design, and the limited education which 
engineers receive on issues of construction worker safety and on how to design for 
safety. Gambatese et al. (2008) listed several key changes that need to be under-
taken which could significantly impact the implementation and the outcomes of de-
sign for safety including (1) change designer mindset toward safety, (2) establish a 
motivational force to promote design for safety, (3) increase designer knowledge of 
the concept and incorporate construction safety knowledge in the design phase, (4) 
utilize designers who are knowledgeable about design-for-safety modifications, (5) 
make the design-for-safety tools and guidelines available, and (6) mitigate designer 
liability exposure. Despite these challenges, the viability of designing for safety 
provides an incentive to move forward. Implementation of the concept should be 
promoted to increase its use in practice. Meanwhile, continued exposure will in-
crease designer knowledge of the concept and initiate the development of best prac-
tices for its implementation. Gambatese and Hinze (1999) gathered suggestions for 
improving construction worker safety while in the design phase. Using these design 
suggestions, the authors developed a safety design tool to assist designers in iden-
tifying project-specific safety hazards and to provide best practices to eliminate the 
hazards.

The extent to which the engineering academic programs responded to the need 
for inclusion of DfCS varies but some progress has been noticed over the last 15 
years. In 2001, Carpenter et al. (2001) reported that the construction undergraduates 
in the UK had a poor level of knowledge of and a poor attitude toward health and 
safety in construction. The authors discovered that the requirements for academic 
coverage of health and safety risk management in construction-related degrees var-
ied considerably among the accreditation bodies that were responsible for setting 
the requirements for all construction-related degree programs. These accreditation 
bodies include the Chartered Institute of Building (CIOB), the Joint Board of Mod-
erators (JBM), the Architects Registration Board (ARB), and the Royal Institute 
of Chartered Surveyors (RICS). The authors concluded that accreditation require-
ments of health and safety risk management were neither coherent nor consistent. 
They suggested that it was unreasonable for academia alone to be expected to re-
spond to the challenge of improving the performance of health and safety in the 
construction industry without increased support and guidance from the accredita-
tion bodies and the industry.

Later, Carpenter et al. (2004) reported that the requirements of the accreditation 
bodies had improved significantly in both approach and detail and that academia 
had developed good links with industry. However, the concept of health and safety 
risk management had not been sufficiently accepted or integrated into courses be-
cause of a lack of support from the heads of construction departments and a lack 
of cohesion among academic staff. Consequently, the authors concluded that the 
key issue had shifted to enabling and ensuring that the higher education institutions 
delivered these requirements. Furthermore, Carpenter et al. (2004) recommended 
that accreditation bodies should request higher education institutions ensure that 
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the external examiner is sufficiently briefed to assess course content and health and 
safety risk management.

Progress in DfCS in the USA did not move as fast as it did in the UK. Gamba-
tese (2003) found that DfCS is covered only in less than 7 % of the courses of the 
surveyed construction programs in the USA. Weinstein et al. (2005) indicated that 
the current political and legal environment in the USA rules out any prospect of a 
safety-in-design requirement being enacted. These authors believe that the idea is 
likely to diffuse in the USA when owners, designers, and constructors see tangible 
evidence that safety-in-design processes lead to reduced risks on construction work-
sites. Nonetheless, the ASCE has entered into an alliance with OSHA to improve 
construction worker safety, which would more directly involve design engineers 
in the process in future. The purpose of the initiative was to raise safety awareness 
within the construction community and to promote the resources offered by OSHA. 
A key step, as indicated by Toole (2004), is to develop model safety programs that 
can be used by engineers and architects in their designs. Gambatese et al. (2008) in-
dicated that the implications of the DfCS for education of design engineers requires 
(1) a shift in mindset, (2) a holistic view, (3) exposure to DfCS fundamentals, (4) 
offering of training in system-specific DfCS opportunities, and (5) development of 
engineering course-specific DfCS modules.

11.4  Construction Health and Safety Requirements by 
Accreditation Organizations

The ABET is the primary organization for accreditation of university engineering 
programs in the USA. Several universities outside the USA have been accredited 
by ABET in recent years. The criteria required of ABET-accredited engineering 
programs is described in the ABET document titled “2013–2014 Criteria for Ac-
crediting Engineering Programs” (ABET 2012). This document describes the pro-
gram criteria that should be applied to engineering programs. The general criteria 
for baccalaureate level programs, Part (c) of Criterion 3, which is related to student 
outcomes, state that students must demonstrate “an ability to design a system, com-
ponent, or process to meet desired needs within realistic constraints such as eco-
nomic, environmental, social, political, ethical, health and safety, manufacturability, 
and sustainability.” However, with the exception of the construction engineering 
programs, the ABET criteria for curricula for other construction-related programs 
(such as architectural, civil, electrical, or mechanical engineering) do not explicitly 
emphasize construction site safety or even suggest it as a curriculum component. 
Rather, these programs are required to be primarily focused on design and the de-
sign professional. The absence of health and safety in the accreditation require-
ments of these programs is perhaps a reflection of the traditional role that architec-
tural and civil engineers play as designers without responsibility for construction 
means and methods.
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The ACCE (2012), Document 103, defines the standards and criteria for ac-
creditation of construction education programs. According to ACCE (2012), the 
curriculum of baccalaureate degree programs should address health and safety in 
the construction courses related to project execution. ACCE (2012) requires that at 
least one semester credit (1.5 quarter credits) must be devoted to safety. This credit 
can be covered either in a single course or in multiple courses. Safety content must 
include safe practices; mandatory procedures, training, records, and maintenance; 
and compliance, inspection, and penalties.

Contrary to ABET, inclusion of health and safety in engineering programs was 
mandated by the CEAB that was established in 1965 by the Canadian Council of 
Professional Engineers to accredit Canadian undergraduate engineering programs 
that meet or exceed educational standards acceptable for professional engineering 
registration in Canada. The CEAB (2011) accreditation criteria demand that gradu-
ates should be able to produce designs that meet specified needs with appropriate 
attention to health and safety risks. The graduates are expected to have an under-
standing of the interactions that engineering has with the economic, social, health, 
safety, legal, and cultural aspects of society; the uncertainties in the prediction of 
such interactions; and the concepts of sustainable design and development and en-
vironmental stewardship. The CEAB (2011) mandates that the curriculum content 
and quality should be designed to assure that graduates can produce engineering de-
signs that meet specific needs and constraints that relate to several factors including 
health and safety. According to CEAB (2011), the curriculum must include studies 
in different major areas including health and safety.

11.5  Study Methodology

The MENA countries include a total of 22 countries, namely Algeria, Bahrain, Cy-
prus, Egypt, Iraq, Iran, Israel, Jordan, Saudi Arabia, Kuwait, Lebanon, Libya, Mo-
rocco, Oman, Palestine, Qatar, Sudan, Syria, Tunisia, Turkey, UAE, and Yemen. In 
the current study, two types of surveys were conducted in order to assess the extent 
to which construction health and safety is incorporated in the engineering curricula 
in the MENA region and the need for graduating engineers to acquire construction 
health and safety education during their study. The first type of survey targeted 
practitioners (mainly engineers) working in the construction sector. Meanwhile, the 
second survey focused on the extent that construction health and safety is currently 
integrated in engineering programs in the MENA region. Targeted departments 
comprise CE, architectural engineering (AE), construction management, and con-
struction engineering as these programs are expected to offer construction health 
and safety in their curriculum. The practitioners’ survey form was distributed either 
as a hard copy or as a digitized pdf file, while the engineering program survey form 
was circulated as a digitized pdf file. It should be noted that the survey forms were 
not distributed to all MENA countries. This issue will be discussed in more detail 
in Sect. 11.5.2. Additionally, the countries where the survey forms were distributed 
and collected from will be indicated so that overgeneralization is avoided.
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Many of the questions in the survey forms are of a stated-preference nature. In 
some of these questions, respondents were asked to choose one answer from a given 
list. In some other questions, respondents were requested to choose all applicable 
answers from a given list. In the analysis of the results of the former set of ques-
tions, the authors will refer to the answers in terms of number of respondents, with 
the total number of respondents equal to the sample size. However, in the analysis 
of the second set of questions, the authors will refer to the answers in terms of num-
ber of responses, which exceeds the sample size.

11.5.1  Practitioners’ Survey

The practitioners’ survey included 17 questions and was divided into two main parts. 
The first part (Questions 1–9) was intended to identify the extent that engineering 
graduates from the MENA region received construction health and safety educa-
tion/topics during their study. The second part of the survey (Questions 10–17) was 
designed to collect opinions on the importance of incorporating construction health 
and safety education in the engineering curriculum. Some of the respondents did 
not graduate from the MENA region although they work in the region, or have a 
nonengineering degree from the MENA region. These respondents (graduates of 
Australia, France, India, Malaysia, Philippines, South Africa, South Korea, and the 
UK) were not considered in the analysis of the results of the first part of the survey 
but were considered in the analysis of the second part. The number of respondents 
that are considered in the second part of the survey is 401, while the total number 
of respondents that were included in the analysis of the first part of the survey form 
is 318.

The first five questions of the practitioners’ survey form collected background 
information about the respondents including nationality, specialization, university, 
and country from which they graduated and year of graduation. Questions 6–8 col-
lected information about the type of courses, if any, through which the respondents 
received construction health and safety education during their bachelor degree pro-
gram, while Question 9 requested practitioners to rank the level of construction 
health and safety education they received during their undergraduate studies.

Questions 10–12 asked for information regarding the countries the respondents 
have worked in after graduation, the number of years they have been working in 
the construction field, and the positions in the field that they have been involved in. 
Question 13 inquired if the respondent thinks there is a need for more construction 
health and safety education at the university level in the region, while Question 
14 and 15 asked about the form that could be utilized to offer construction health 
and safety knowledge to university students. Question 16 asked if the respondent 
thinks graduating students should pass a construction health and safety examina-
tion by a certified board in the country before being able to practice engineering. 
Question 17 requested the respondents to indicate (on a scale from 0 to 10) the need 
for graduating engineers to acquire some stated safety aspects. Fifteen safety as-
pects were included in the survey, namely incorporation of safety in design courses 
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(SA1); hazard identification/risk assessment (SA2); controlling and preventing 
hazards (SA3); safety regulations (SA4); record keeping (SA5); general safety 
and health provisions (SA6); electrical safety (SA7); falls-from-height protection 
(SA8); falling objects protection (SA9); personal protective equipment (SA10); ma-
terials handling, storage, use, and disposal (SA11); working on scaffolds (SA12); 
cranes, hoists, elevators, and conveyors (SA13); excavations/burial under earth falls 
(SA14); and working/standing on stairways and ladders (SA15). Respondents were 
also asked to provide comments or suggestions on how to improve construction 
safety in the engineering curriculum in the MENA region.

11.5.2  Engineering Programs Survey

The engineering program survey form consisted of 15 questions. The first five ques-
tions of the form collected information about the name of the department, its loca-
tion (university and country), average number of students enrolled every year, and 
the number of faculty members in the department. Question 6 asked if the program 
is accredited by ACCE, ABET, CEAB, or any other organization. Questions 7–11 
requested some details about the part of the curriculum in which construction health 
and safety is covered (i.e., core course (CC), technical elective, internship, or in-
tegral part of offered courses) and the title of the course(s) in which construction 
health and safety is being fully or partially covered in the curriculum. Question 12 
inquired about the extent of overall coverage of construction health and safety in 
the curriculum. Question 13 asked about the construction health and safety topics 
(to be selected from a given list) that are covered and the extent of coverage of these 
topics in the curriculum. These topics are (1) legislations/regulations; (2) safety 
management; (3) risk identification; (4) safe practices and risk reduction; (5) hazard 
assessment; (6) hazard control and prevention; (7) mandatory procedures, training, 
records, and maintenance; (8) compliance, inspection and penalties; and (9) incor-
poration of construction safety in design courses. Question 14 asked about the ma-
terials that are used to teach construction safety in the curriculum (i.e., US OSHA 
Standards, UK Construction (Design and Management) Regulations, the country’s 
construction safety regulations, materials developed in-house, or others). Question 
15 inquired if the construction health and safety courses offered in the department 
are structured so that students receive certification upon successful completion of 
these courses.

The survey form was emailed to the heads of the target programs in 15 selected 
countries among the 22 countries in the MENA region (Table 11.2). It should be 
noted that seven MENA countries were not contacted due to difficulties and/or un-
availability of means of communications. Meanwhile, the contacted programs were 
selected through an extensive web search to represent the 15 countries listed in 
Table 11.2. The total number of distributed survey forms was 79. Only 17 responses 
were received, representing about 22 % of the total programs contacted. Due to 
this relatively low response rate, additional relevant information was collected by 
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searching the web for the courses that include construction safety in the programs 
from which responses were not received to further substantiate the research find-
ings.

11.6  Results and Discussion

11.6.1  Practitioners’ Feedback

11.6.1.1  Health and Safety Education Received

Figure 11.4 shows the countries from which the respondents to the practitioners’ 
survey graduated along with their nationalities. A large portion (about 40 %) of the 
surveyed practitioners graduated from the UAE. This is attributed to the fact that 
the authors were able to assign individuals to distribute and collect the survey form 
in the UAE where they are residing. It should be noted that some of the surveyed 
engineers are nationals of countries outside the MENA region, but they graduated 
from universities in the MENA and worked in the region. Figure 11.4 also shows 
that a large fraction of the respondents (> 65 %) graduated in the year 2000 and 
afterwards. Therefore, the overall opinion of the surveyed engineers about the re-

Table 11.2  Countries and programs that were surveyed (in alphabetical order)
Country Number of programs 

contacted
Number of responses received
CE program AE program

Bahrain 4 – 1
Cyprus 7 1 –
Egypt 12 2 –
Iran 12 1 –
Jordan 1 – –
Kingdom of Saudi Arabia 5 1 + 1a –
Kuwait 1 – –
Lebanon 8 1 –
Morocco 2 – –
Oman 4 – –
Palestine 2 1 –
Qatar 1 1b

Sudan 1 – –
Turkey 7 1 –
United Arab Emirates 12 4 + 1c 1

CE civil engineering, AE architectural engineering
a A reply has been received indicating inapplicability of the survey to the program
b The program combines both CE and AE
c The program has been recently launched
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ceived construction safety education is likely to reflect the current situation in terms 
of construction health and safety education. With regard to specialization, 57 % of 
the surveyed engineers have a degree in CE, followed by those with a degree in AE 
(about 22 %). The remaining respondents (21 %) have a degree in either electrical 
engineering (EE), mechanical engineering (ME), or other engineering disciplines 
that were not specified. Moreover, a few respondents did not answer the question 
related to specialization.

When asked if they have taken any construction health and safety courses or 
have received construction safety education as part of their courses during their 
undergraduate education, 69 % of the respondents answered “No,” 30 % answered 
“Yes,” and 1 % did not answer this question. This reflects a deficiency of construc-
tion health and safety education in the current engineering curriculum in the sur-
veyed MENA countries.

Those who received construction health and safety education during their study 
(97 out of 318) were requested to mark the type of course(s) in which they received 
safety education. Almost half of these respondents received such education through 
internship (training), while less respondents received it through regular university 
courses (i.e., core, elective, or capstone courses) as depicted by Fig. 11.5.

When requested to rank the level of construction health and safety education 
received during their undergraduate studies, almost half of the respondents who 
received safety education ranked such level as being “Average.” Meanwhile, about 

Fig. 11.4  Background information about the surveyed engineers. AE architectural engineering, 
CE civil engineering, EE electrical engineering, ME mechanical engineering, KSA Kingdom of 
Saudi Arabia, UAE United Arab Emirates
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40 % of those who received safety education (representing about 12 % of all of the 
surveyed practitioners) were satisfied with the level received (Fig. 11.6).

11.6.1.2  The Need for Construction Health and Safety Education 
(Practitioners’ Viewpoints)

The 401 surveyed practitioners held different positions, such as being designers/
consultants, project managers, site engineers/supervisors, contractors, etc., as illus-
trated in Fig. 11.7. Other positions held by some of the respondents include safety 
specialist, project engineer, quality assurance/quality control specialist, inspector, 
sales engineer, client/owner, project planning/control, urban planner, surveyor, ma-
terial engineer, supplier, and temporary work designer. As indicated in Fig. 11.7, 
more than 50 % of the surveyed practitioners have 5 years of experience or more 
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in the field. Meanwhile, the surveyed practitioners worked in 18 different countries 
within the MENA region.

When inquired about the need for more construction health and safety educa-
tion at the university level, 85 % of the surveyed practitioners reported “Yes,” 6 % 
indicated “No,” 8 % answered “Don’t know,” and 1 % did not answer the question. 
The large proportion of respondents that agreed that there is a need for more safety 
education emphasized the importance of incorporating construction safety in the 
engineering curriculum.

When asked about the method through which construction health and safety 
should be given to the students, the highest number of respondents indicated that it 
should be given through internship (Fig. 11.8). A slightly lesser number indicated 
that construction health and safety should be offered as a separate course or inte-
grated within other existing courses. Only 61 respondents indicated that construc-
tion safety should be given as part of the graduation project (GP) course.

The surveyed practitioners were also asked about their opinion of having gradu-
ating students pass a construction health and safety examination by a certified body 
before being able to work. More than half answered “Yes,” but a significant pro-
portion (32 %) responded “No,” and 11 % replied “Don’t know,” as presented in 
Fig. 11.9. The implied support for the idea of having fresh engineers pass a safety 
exam indicates a necessity for fresh graduates to acquire.

To plan for inclusion of construction health and safety education in the engineer-
ing curriculum, one needs to know the safety aspects that are considered important 
to the engineering program under consideration. As such, surveyed practitioners 
were asked to rank 15 suggested construction health and safety aspects that should 
be gained by graduating engineers using a scale of 0–10 (where 0 indicates not 
needed at all and 10 indicates mostly needed). Fifteen construction health and safety 
aspects were identified in the survey, comprising incorporation of health and safety 
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in design courses (SA1); hazard identification/risk assessment (SA2); controlling 
and preventing hazards (SA3); safety regulations (SA4); record keeping (SA5); gen-
eral safety and health provisions (SA6); electrical safety (SA7); falls-from-height 
protection (SA8); falling objects protection (SA9); personal protective equipment 
(SA10); materials handling, storage, use, and disposal (SA11); working on scaf-
folds (SA12); cranes, hoists, elevators, and conveyors (SA13); excavations/burial 
under earth falls (SA14); and working/standing on stairways and ladders (SA15). It 
should be noted that the first three safety aspects (SA1–SA3) are related to DfCS, 
while the other ones (SA4–SA15) are related to construction site health and safety.

Practitioners’ response were averaged and plotted in Fig. 11.10. The upper part 
of Fig. 11.10 represents the average score on a scale of 0–10, while the lower part 
represents the number of respondents who answered “Don’t know” on a particular 

Fig. 11.10  Construction health and safety aspects that should be gained by graduating engineers 
based on the practitioners’ opinion
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safety aspect. The average score of any of the stated health and safety aspects fell in 
the range of 7.5–8.5, with 95 % confidence limits that range from 0.19 to 0.23. The 
slight variations in the average score and associated confidence limits of the differ-
ent health and safety aspects suggested that all stated aspects are equally important 
according to the surveyed practitioners.

Sixty-five respondents provided comments in the survey form. Most of these 
comments were in support of including construction health and safety in the engi-
neering curriculum. Some practitioners even stated that health and safety should be 
among the engineer’s responsibilities. However, respondents’ comments differed 
in the way that health and safety education should be incorporated (i.e., as a core 
course, integrated with other courses, or/and as part of the internship). Many of the 
comments emphasized the need to couple lectures with practice and extensive site 
visits. Some also suggested that students should attend training workshops and sem-
inars conducted by safety professionals. Few respondents stated that construction 
health and safety for engineering students should be cultivated as a culture within 
the curriculum, not just as a topic to pass. This is probably one of the reasons that 
about 30 % of the respondents were not in favor of the idea of having graduating 
students pass a safety exam by a certified body.

11.6.2  Engineering Academic Programs Feedback

As was mentioned earlier, a total of 17 programs responded to the survey, among 
which one response indicated that the questionnaire is not applicable to their pro-
gram, while another program did not respond as it was recently launched. The 15 
engineering programs who filled the survey form indicated that the student enroll-
ment in these programs ranges from 23 to 500. It was noted, however, that the en-
rollment in the majority of these programs is in the range of 23–100. About 47 % of 
these programs are accredited by ABET, while 20 % of them are accredited by other 
accreditation agencies such as the Quality Assurance Agency for Higher Education 
(QAA) in the UK, the European Credit Transfer System (ECTS), and the UAE 
Ministry of Higher Education Commission for Academic Accreditation (CAA). The 
remaining 33 % of the respondent programs are not accredited.

11.6.2.1  Nature and Extent of Construction Health and Safety Coverage in 
the Curriculum

A major coverage of construction health and safety was shown to be either as an 
integral part of a core course or through the internship program as reflected by 
about 67 % of the received respondents presented in Fig. 11.11. A relatively signifi-
cant coverage is also provided by offering construction health and safety topics as 
integral parts of technical elective courses with a 40 % response rate (Fig. 11.11). 
Addressing construction health and safety issues through GPs provides about 13 % 

mbishawi@birzeit.edu



M. A. Maraqa et al.284

coverage as depicted in Fig. 11.11. It is evident from the surveys that assigning an 
entire course (either as a core course or a technical elective course) for construc-
tion health and safety coverage is not common in the MENA region as reflected by 
the significantly low 7 % response shown in Fig. 11.11 for both core and technical 
elective courses. In such rare cases, construction health and safety is addressed by 
3-credit-hour courses. Whenever the program offers technical elective courses that, 
fully or partially, cover construction health and safety, it was implied in 70 % of 
the responses that these courses are offered once a year. By contrast, a very limited 
number of responses indicated lower course offering frequency of once every 3 or 
5 years. The level of enrolment in these courses typically varies between 11–15 
students (29 % of the responses) and 21–25 students (57 % of the responses). In rare 
cases, the enrolment exceeds 25 students (14 % of the responses). Another observa-
tion is that construction health and safety is included in less than 15 % of the GP 
courses offered by the responding programs. This may indicate a high deficiency of 
inclusion of DfCS in the curriculum.

While 13 % of the responding programs indicated that no coverage of construc-
tion health and safety is provided at all, 33 % of the respondents confirmed offering 
one course to fully or partially cover construction health and safety topics, as shown 
in Fig. 11.12. Also, 20 % of the responses implied that such coverage is provided by 
two or three courses. Rarely this coverage is provided by four courses as evident in 
the 13 % response presented in Fig. 11.12.

Figure 11.13 depicts the extent of overall coverage of construction health and 
safety in the surveyed curriculum expressed by the total number of lecturing hours. 
It is worth noting that the total number of lecturing hours for a typical 3-credit-hour 
course over an entire semester is about 45 h. From Fig. 11.13, it can be seen that 
in about 60 % of the responses, the coverage extent varies between 1 and 5 credit 
hours. A more intensive coverage (6–10, 11–15, or more than 30 lecture hours) is 
provided in only 7 % of the cases. More programs offer 21–25 credit hours coverage 
with a ratio that reaches 13 % of the responses received.
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11.6.2.2  Construction Health and Safety Topics and Standards

Nine basic construction health and safety topics are identified in the survey, name-
ly legislations/regulations (T1); safety management (T2); risk identification (T3); 
safe practices and risk reduction (T4); hazard assessment (T5); hazard control and 
prevention (T6); mandatory procedures, training, records, and maintenance (T7); 
compliance, inspection, and penalties (T8); and incorporation of construction-
safety-in-design courses (T9). The extent of coverage of these topics is presented 
in Fig. 11.14. It can be seen that all respondents indicated that topics T1 and T7 
represent no more than 20 % of the covered construction health and safety topics, 
while about 74 % of the responses indicated that T2 and T4 represent no more than 
20 % of the covered topics. However, 13 % of the responses indicated that T2 and 
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T4 may represent up to 40 % or even 60 % of the covered material. Furthermore, 
the majority of the responses (93 %) imply that T5, T8, and T9 represent no more 
than 20 % of the covered construction health and safety material, and the remaining 
responses (about 7 %) indicated that coverage does not exceed 40 %.

About 74 % of the responses show that topics T3 and T6 represent no more than 
20 % of the covered construction health and safety material. But 7 % of the respons-
es indicated that these topics may represent up to 40 % of the covered material, and 
another 7 % believe that these topics may represent as much as 60 % of the covered 
topics as shown in Fig. 11.14. As obvious, some programs give more emphasis to 
certain topics of construction health and safety, but the overall coverage of all topics 
is generally less than adequate.

The survey response shows that OSHA Standards and in-house developed mate-
rials are the most common data sources for teaching construction health and safety 
as evident by the 60 and 53 % response ratios, respectively, shown in Fig. 11.15. The 
country’s local regulations come next as a main source of teaching material with 
a response ratio of 40 % (Fig. 11.15). The UK construction regulations and others 
were used the least in teaching the topics, with a response ratio of 7 % for each of 
them as presented in Fig. 11.15.

11.6.2.3  Certification Received upon Completion of Construction Health 
and Safety Courses

All programs offering construction health and safety courses indicated that no certi-
fication is granted to students upon successful completion of these courses.
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11.6.3  Construction Health and Safety Courses from Program 
Websites

A web search was conducted for the CE and AE programs (other than those present-
ed in Table 11.2) in the 15 selected MENA countries to investigate the courses that 
offer construction health and safety education partially or fully. The number of pro-
grams included in the web search is 42. It should be noted that some programs (such 
as those in Egypt and Cyprus) offer several courses that cover construction health 
and safety, while the majority of the programs have only one course (Table 11.3). It 
is also worthwhile mentioning that it was hard to find information related to course 
description in several MENA countries. This is because either no information was 
available on the websites or because it was written in a language that the authors 
were unable to interpret. As shown in Table 11.3, CE programs offer more construc-
tion health and safety education than AE programs, with only a few AE programs 
offering courses that cover the subject in their curriculum. The title and description, 
when available, of the vast majority of these courses indicate that offered topics 
focus only on safety of construction site. By contrast, very little attention is given 
to DfCS. Besides, about 50 % of the construction-health-and-safety-related courses, 
especially the CCs, are of 100, 200, or 300 level as evident by the posted course 
number. This implies that these courses are not covering DfCS since students design 
background, at such levels of courses, does not allow for incorporating relevant 
design topics in the safety courses.

11.6.4  Proposed Curriculum Modifications

Academic institutions in the MENA region should respond to the needs of their so-
cieties and must contribute with their scientific knowledge and experience to the de-
velopment of better health and safety conditions in the construction sector. Here, the 
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authors propose several actions that should be implemented to enhance health and 
safety education for engineering students and to overcome the current deficiency. 
One action is to incorporate a core course related to construction health and safety. 
Another action is to integrate DfCS topics in traditional design courses. The main 
objective of such enhancement is to provide students with the theory and essential 
elements in the field through which they can identify, select, evaluate, and compare 
safety provisions in their career.

11.6.4.1  Incorporating a Core Course in Construction Health and Safety

Construction health and safety education for engineering students in the MENA 
region could be improved by incorporating a core course in the curriculum. The 
suggested separate core course could be offered to both CE and AE students. A 
suggested course outline is shown in Table 11.4. The suggested course contains 
five main topics, which were mainly deduced based on the results of the conducted 
practitioners’ survey. These topics cover safety analysis, legal issues, safety man-

Table 11.3  Programs that offer construction health and safety education (other than those pre-
sented in Table 11.2)
Country University Number of courses

CE program AE program
Cyprus A 2 (1 elective and 1 capstone) –

B 1 (core) –
C 1 (core) –
D 1 (core) –

Egypt A 3 (2 core and 1 elective) –
B 4 (2 core and 2 electives) 1 (core)
C 4 (2 core and 2 electives) –
D 2 (core) –
E – 2 (core)

Jordan A 1 (core) 1 (core)
Kingdom of Saudi Arabia A 2 (core) 3 (2 core and 1 

capstone)
B 1 (core) –
C 1 (core) –

Kuwait A 2 (core) –
Lebanon A 2 (core) –

B 1 (core) –
Qatar A 1 (core) 2 (electives)
Sudan A 1 (core) –
Turkey A 1 (core) –

B 1 (core) –
United Arab Emirates A 1 (core) –

CE civil engineering, AE architectural engineering
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agement, hazards on construction sites, and temporary work. The course could be 
offered either as a 3-credit-hour course covering the five suggested topics or as a 
2-credit-hour course covering only the first four topics. In terms of course offering 
within the study plan, it is recommended that students take the course before their 
internship and before taking design courses.

It should be noted that adding this course to the program may require reviewing 
the entire curriculum in order to accommodate the extra credit hours of the sug-
gested core course. It may also involve a slow administrative process for adoption 
at some universities. Another important point to consider is the possibility that some 
of the current engineering educators may lack the necessary qualifications needed 
to efficiently deliver this course (Singh 1992). To remedy this, faculty members 
teaching construction health and safety may seek help from senior engineers and 
construction safety professionals to improve their knowledge in the field.

Several relevant books have been published that could serve as a textbook for 
this course including “Construction Safety” by Hinze (2006), “Principles of Con-
struction Safety” by Holt (2001), “Construction Safety Management” by Levitt 
and Samelson (1993), “Construction Safety Handbook” by Davies and Tomasin 
(1996), “Construction Safety and Health Management” by Coble et al. (2000), 

Table 11.4  Suggested outline for a core course in construction safety
Topic Lecture hours Topic Lecture hours
1. Safety analysis 5 4. Hazards on construction sites
Case histories 2 Ergonomic hazards 2
Causes of accidents 2 Toxic and hazardous material 1.5
Cost of accidents 1 Confined spaces 1.5

Fire 1
2. Legal Issues 5 Fall 1.5
Laws, regulations, and 
standards

1.5 Electrical 1

Liability 1.5 Cranes, hoists, elevators, and 
conveyors

2

Legal implications/
compensation

2 Heat stress, noise, and vibration 1.5

3. Safety management 10 Fieldtrip 2
Risk assessment/hazard 
control

2

Planning 2 5. Temporary work 15
Meetings 1.5 Site procedure, layout, and 

planning
2

Training 1.5 Excavations and trenches 3
Personal protective 
equipment

1 Stabilization and piling 2

Record keeping 1 Formwork design 5
Reporting 1 Falsework and scaffolding 2
Fieldtrip 1 Fieldtrip 3
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“Construction Safety Management and Engineering” by Hill (2003), “Construction 
Safety Manual” by Heberle (1998), among others. A recently published book titled 
“Construction Equipment and Methods-Planning, Innovation, Safety” by Bernold 
(2013) provides an overview of how to prevent accidents with used equipment in 
the construction industry. The book also presents methods for the safe design of 
trenches, formwork, and temporary structures.

Besides, construction safety videos could be utilized in the course as an integral 
part of the learning process to enhance students’ interest and understanding. Sev-
eral video clips have been produced by the Construction Safety Council (CSC) in-
cluding those that demonstrate equipment inspections, operation and maintenance, 
hazards of working with and around electricity, proper use of personal protective 
equipment, elimination and control of lead exposures, excavation hazards, fall pro-
tection hazards, and oversight of a safe work practice (CSC 2013). Meanwhile, a 
large number of videos are available on YouTube including “Scaffolding Safety” by 
Stagehandspace Company, “Emergency Response” by Premier Corporate Training, 
“Confined Spaces” by WorkSafeBC, “Dangers of Hot Work” by Chemical Safety 
Board (CSB), “Personal Protective Equipment” by Caterpillar, “Heat Stress in the 
Construction Environment” by MARCOM, “Hook up to Safety” by Workplace 
Safety and Health (WSH) Council, among many others.

As noted by Banik (2005), the content and approach of teaching safety courses in 
different schools vary according to the background of the faculty and the available 
resources of the department. Meanwhile, Christian (1999) observed that teaching a 
class like safety is sometimes difficult as the students regard its regulatory nature as 
“boring.” To avoid this, instructors need to conduct a course assessment and collect 
feedback from students on how to improve the course delivery method and course 
content. For example, a large number of the surveyed students in the work of Haupt 
(2003) felt that spending time on construction sites and observing safety practices 
during the execution of construction activities would be the most beneficial action 
to take in preparing them to contribute to improving construction worker safety. 
This is also in line with the suggestions made by the interviewed contractors in 
the work of Banik (2005). These contractors suggested that a safety class would 
be made more interesting if students visited the actual site of construction as many 
times as possible to show the practical nature of work and to identify the common 
safety hazards. They also suggested demonstration of some safety tools in the class 
to show how important they are for the specific safety hazards and how effectively 
they can be used to minimize that hazard. For these reasons, the authors suggest the 
inclusion of several fieldtrips as an essential component in this course. The number 
of fieldtrips could be either two or three, depending on the number of credit hours 
allocated for the course. The first fieldtrip should be related to safety management, 
the second should focus on hazard identification in a construction site, and the third 
should be related to safety of temporary work.

To increase students’ exposure to the practical nature of the course, students 
could be divided into groups (each of three to four students) and requested to work 
on a term project as part of the course activities and requirements. Students should 
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be asked to submit a written report and to do a presentation about their project in 
class. Topics that could be suitable for a term project include:

• Identify the most common hazards on a specific construction project and outline 
the corrective measures that can be taken to reduce those hazards.

• Analyze incident scenarios.
• Attend project safety meetings.
• Identify possible safety incentive schemes on a construction site.
• Evaluate the health and safety management system adopted by a construction 

company.
• Investigate the attitude of workers toward construction site health and safety.

Other possible term projects include:

• Review the impact of accidents on morale and productivity.
• Review the impact of accidents on scheduling and total cost.
• Determine direct and indirect costs of accidents.

In the delivery of the course, it is important that the instructor develops a link with 
the industry in order to coordinate and facilitate some of the activities of the course 
including fieldtrips and term projects undertaken by the students in the class. This 
is emphasized by Banik (2005), who suggested more involvement by the industry 
in the health and safety education process. Also, it is important to involve the in-
dustry in the process of course evaluation and also seek feedback on the level of 
health and safety education acquired by the trainees or the graduates. Meanwhile, 
guest lecturers could be chosen among relevant professionals to highlight aspects 
of construction health and safety that are not sufficiently covered by the program. 
Guest speakers could include a lawyer specialized in health and safety issues to 
cover legal aspects of accidents on construction sites, a professional hygienist to 
cover health issues, or others.

11.6.4.2  Incorporating DfCS in the Curriculum

The authors believe that it is crucial to introduce the DfCS principles to senior un-
dergraduate students. The difference between the traditional design approach that 
targets end-user safety and DfCS that addresses safety of workers during construc-
tion and maintenance stages should be clearly outlined and explained to the stu-
dents. Nonetheless, DfCS could be incorporated in most of the currently offered 
traditional design courses. Several suggested topics for possible inclusion in tra-
ditional design courses are listed in Table 11.5. The incorporation of the suggested 
topics requires careful planning and design of the outline of the target courses to 
ensure that DfCS issues are raised, discussed, and addressed in a smooth manner 
that does not negatively impact the flow of information that is originally targeting 
end-user safety. In fact, any DfCS-specific design requirements should be based 
upon theoretical and design backgrounds of the traditional end-user safety aspects. 
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Table 11.5  Suggested topics for teaching DfCS. (Gambatese et al. 1997; Behm 2005; Weinstein 
et al. 2005; Toole et al. 2006)
Suggested topic Objectives Course to include the topic
Specify primers, sealers, and 
other coatings that do not emit 
noxious fumes

Reduce noxious fumes Engineering materials

Allow adequate clearance 
between structure and power 
lines

Avoid contact of operating 
cranes with overhead power 
lines

Construction management

Disconnection, reduction of 
voltage, or rerouting power 
lines before work begins

Reduce or eliminate electrical 
hazards when operating cranes

Construction management

Design of prefabricated units 
that can be built on the ground 
and erected in place

Reduce worker exposure to 
falls and being struck by falling 
objects

Reinforced concrete design

Ensure that spacing between 
top reinforcing steel bars does 
not exceed 0.15–0.20 m

Provide workers with a 
safe walking surface during 
construction

Reinforced concrete design

Design roof parapet walls 
1.10 m high

Eliminate the need for addi-
tional fall protection guardrails

Reinforced concrete design/
structural steel design

Design window sills to be at 
least 1 m above the floor level

Eliminate the need for fall pro-
tection during construction and 
future maintenance

Reinforced concrete design/
structural steel design

Design permanent guardrails 
around skylights

Prevent workers from falling 
through skylight

Reinforced concrete design/
structural steel design

Design floor perimeter beams 
and beams above floor and 
roof openings

Prevent workers from falling 
and hazard of falling objects

Reinforced concrete design/
structural steel design

Design permanent anchorage 
points

Provide tie-off points for 
attaching fall protection devices 
during construction and future 
maintenance

Structural steel design

Design cable type lifeline 
system for tower structures

Allow workers to hook onto 
the structure and move up and 
down during future maintenance

Structural steel design

Shop-welded connections in 
place of bolted connections

Avoid dangerous positions for 
welders during construction

Structural steel design

Avoid field welding of 
connections

Reduce site fire hazard and to 
avoid dangerous positions for 
welders during construction

Structural steel design

Carefully locate and detail 
field connections

Ensure safe access to connec-
tions during construction

Structural steel design

Locate column splices at 
reasonable heights above floor 
level

Prevent workers from falling 
and hazard of falling objects

Structural steel design
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However, this may require modifications in the already existing courses to accom-
modate the suggested additional construction safety topics.

Enhancement of DfCS could also be achieved by making it a requirement in 
capstone courses like GPs, where students demonstrate how the concept is applied 
during their project design stage. In some universities (like the UAE University), 
all engineering students undertaking GPs are required to attend supporting lectures 
related to project management and cost estimation. One or two lectures could be 
devoted to DfCS where speakers specialized in this area are invited to share their 
experience with senior students. A major challenge in the incorporation of DfCS 
in design courses is related to the ability and willingness of the instructor to do so.

Material to support DfCS has been developed by several organizations. For ex-
ample, the Construction Industry Institute (CII) developed an interactive software 
by which designers or students can address construction worker safety in their de-
signs (CII 2013). The software contains a database of over 400 design suggestions 
or “best practices” that can be implemented during the project planning and design 
phases. Design suggestions not only focus on construction phase safety but can also 
be applied to the start-up, maintenance, and decommissioning phases of a proj-
ect. The UK Health and Safety Executive (UK HSE) developed several documents 
that aid designers in designing for safety (UK HSE 2013). The European Network 
Education and Training in Occupational Safety and Health (ENETOSH) was es-
tablished to find and to promote ways of improving the quality of education and 
training by intensifying and systematizing the exchange of knowledge and experi-
ence regarding mainstreaming occupational health and safety into education and 
training in Europe (ENETOSH 2013). Safety professionals in Australia developed a 
tool called Construction Hazard Assessment Implication Review (CHAIR) (Work-
Cover NSW 2001). The goal of this tool is to identify risks in a design at the early 
stages. The Australian Safety and Compensation Council (ASCC) also developed a 
document to support elimination of hazards at the design stage as part of an effort 
devoted to achieve one of the priorities set by the National Occupational Health and 
Safety Strategy 2002–2012 (ASCC 2006).

11.6.4.3  Emphasizing Health and Safety During Internship

Recall that about 14 % of the surveyed practitioners indicated that they received 
some construction health and safety education during their internships. Construc-
tion health and safety education of engineering students could further be enhanced 
if health and safety become an essential part of the internship. To emphasize this, 
students (trainees) should be requested to write a section in their final report about 
all the health and safety aspects they encountered during their training period. These 
aspects should cover those related to health and safety management, hazard identifi-
cation, and corrective measures undertaken. Students should also be encouraged to 
highlight how the design could have been made safer.
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11.7  Conclusion

The current study assessed the extent to which engineering students at universities 
in the MENA region receive construction health and safety education during their 
undergraduate study. A survey form was designed and distributed to engineering 
practitioners in the MENA region. The survey was implemented to assess the need 
for including construction health and safety education in the engineering curricu-
lum. The study showed that only 30 % of the surveyed practitioners received con-
struction health and safety education during their university study. Around 50 % 
of them indicated that they received this knowledge during internship. Fewer re-
spondents indicated that they received such knowledge through core and/or elec-
tive courses. The study results revealed that the majority of the surveyed practi-
tioners believe that it is important to increase the level of construction health and 
safety education offered at the undergraduate level. The study suggested a total 
of 15 health and safety aspects to be acquired during undergraduate engineering 
education. Results also show that 95 % of the surveyed practitioners believe that all 
suggested health and safety aspects are important to very important. Another survey 
was conducted to investigate the extent to which construction health and safety is 
currently integrated in engineering programs in the MENA region. Targeted depart-
ments included CE, AE, construction management, and construction engineering. 
The responses received indicated that about 47 % of these programs are accredited 
by ABET, 20 % by other accreditation bodies, and the remaining 33 % are not ac-
credited. The study revealed that the majority of the programs do not have a sepa-
rate course devoted for construction health and safety education. About 40 % of the 
surveyed programs indicated that construction health and safety topics are included 
as a part of elective courses. On the other hand, most of the surveyed programs 
have construction health and safety education either as an integral part of a core 
course or during the internship. It can be also concluded that construction health 
and safety is included in less than 15 % of the GP courses offered by the surveyed 
programs. This indicates a major deficiency in inclusion of DfCS in the curriculum. 
The study showed also that OSHA Standards and in-house developed materials are 
the most common sources for teaching construction health and safety, followed by 
the country’s local regulations. Finally, the study suggested several modifications to 
enhance the current level of construction health and safety education in the MENA 
region. These enhancements include incorporating a core course in the curriculum 
that is devoted to construction health and safety. The main topics of this course were 
also presented. In addition, several topics of DfCS were suggested to be included 
in traditional design courses in order to address this crucial issue in design courses.
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Environmental Engineering Education in the 
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12.1  Introduction

Environmental engineering education (E3) is an essential supporting component 
of environmental protection in any country. The main goal of E3 is to provide an 
appropriate technical background, but with a vision rather than just skills aiming at 
producing graduates capable of making positive amendments to the environment for 
the benefit of mankind. To achieve such a goal, E3 must hold an interdisciplinary 
flavor to cover various disciplines such as biology, geology, ecology, public health, 
management, and economics, in addition to the common topics related to water, 
air, and soil (Tansel 2008). Therefore, assessments of E3 aim achievement must 
be conducted continuously (e.g., Yaghubi et al. 2006). In general, the E3 programs 
have the same aim of sustainability (Gutierrez-Martin and Huttenhain 2003). Once 
viewed as subsets of civil or chemical engineering, they have also mushroomed 
to include all aspects of human and terrestrial environments. In addition, there are 
movements to enhance engineering disciplines with an environmental component 
(Gutierrez-Martin and Huttenhain 2003).

Continuous improvement in the educational systems is a necessity. Many coun-
tries are adapting this philosophy to meet the rapid developments in science and 
technology (Chang and Chiu 2005). Different previous studies focused on compar-
ing E3 in different countries. For example, Ujang et al. (2004) compared E3 among 
industrialized, fast-industrializing, and slow-industrialized countries. In Japan, for 
example, students at the University of Tokyo enrolled for the undergraduate pro-
grams in sanitary and environmental engineering are expected to spend 1.5 years 
studying general and fundamental subjects in arts and sciences, before moving to 
more specialized subjects offered by the Department of Urban Engineering (Mino 
2000). In this university, sanitary engineering subjects form a major part of the 
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curriculum, while at Hokkaido University applied chemistry and chemical engi-
neering is the primary focus, yet the main concern within the environmental engi-
neering (EnE) curriculum at Kyoto University is toxicology and radioactive waste 
management. Mino (2000) concluded that several environmental topics are lacking 
in all three universities including environmental impact assessment (EIA), environ-
mental economics, and ecology. The basic components of EnE programs at univer-
sities in Canada include science (e.g., chemistry, math, biology), applied science 
(e.g., environmental chemistry, thermodynamics), engineering (e.g., engineering 
design, hydrology, etc.), EnE (e.g., principles of EnE, wastewater treatment, etc.), 
public and environmental health (e.g., water quality, environmental protection), and 
environmental law and policy (e.g., EIA, resource management) (Smith and Biswas 
2001; Ghaffari and Talebbeydokhti 2013).

E3 is mostly offered as part of the traditional undergraduate civil engineering 
program in Europe (Alha et al. 2000). Recently, many educational institutions have 
started offering full EnE degrees or specialized postgraduate degrees (Alha et al. 
2000). In Germany, for example, the system of engineering education is defined 
to have two types of programs, namely scientific-oriented programs at university 
level and application-oriented programs at “school of engineers” level (Schmitt and 
Wilderer 1996).

E3 in North American universities has a similar trend of departmental evolu-
tion (Bishop 2000). The criteria of the Accreditation Board for Engineering and 
Technology (ABET) ensures that graduates of accredited engineering programs 
are adequately qualified to enter professional work life. EnE is now accredited by 
ABET, and it is a well-recognized degree program in the USA. ABET goals are to 
guarantee quality graduates from the engineering programs, to adequately provide 
graduates with skills, and to motivate improvements in the engineering education. 
The 2010–2011 ABET EnE program criteria related to curriculum and faculty are 
listed below (ABET; www.abet.org).

Curriculum The program must demonstrate that graduates have proficiency in 
mathematics through differential equations, probability, and statistics; calculus-
based physics; general chemistry; an earth science, for example, geology, meteorol-
ogy, soil science, relevant to the program of study; a biological science, for example, 
microbiology, aquatic biology, toxicology, relevant to the program of study; fluid 
mechanics relevant to the program of study; introductory-level knowledge of 
environmental issues associated with air, land, and water systems and associated 
environmental-health impacts; an ability to conduct laboratory experiments and to 
critically analyze and interpret data in more than one major EnE focus areas, for 
example, air, water, land, environmental health; an ability to perform engineering 
design by means of design experiences integrated throughout the professional com-
ponent of the curriculum; proficiency in advanced principles and practice relevant 
to the program objectives; and understanding of concepts of professional practice 
and the roles and responsibilities of public institutions and private organizations 
pertaining to EnE.
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Faculty The program must demonstrate that a majority of those faculty teaching 
courses which are primarily design in content are qualified to teach the subject 
matter by virtue of professional licensure or by education and equivalent design 
experience.

The main focus of E3 at universities in developing countries, on the other hand, 
is on the basic infrastructure, water supply, wastewater, and solid-waste manage-
ment. Ujang et al. (2004) also indicated that there are several universities in Europe 
and in the USA that have been active in E3 research related to developing countries. 
Examples of such universities are the Universities of Newcastle, Loughborough, 
Leeds, and Surrey in England, the International Institute for Infrastructural, Hy-
draulic and Environmental Engineering (IHE)-Delft in the Netherlands and the De-
partment for Water and Sanitation in Developing Countries (SANDEC) at the Swiss 
Federal Institute for Environmental Science and Technology in Switzerland (Ghaf-
fari and Talebbeydokhti 2013). On the other hand, several universities in develop-
ing countries initiated E3 collaboration programs with universities from Europe, 
the USA, Australia, and Japan (Ghaffari and Talebbeydokhti 2013). For instance, 
Universiti Teknologi Malaysia (UTM), Malaysia, has been actively participating 
with University of Newcastle, England, and the Technical University of Denmark 
(Ghaffari and Talebbeydokhti 2013). Additionally, in the year 2000, the Malaysian 
University Consortium on Environment and Development (MUCED) was estab-
lished, funded by the Danish government, to undertake collaborative effort on E3 
at M.Sc. level (Ghaffari and Talebbeydokhti 2013). Such collaboration will indeed 
contribute to the advances in E3 worldwide.

Gutiérrez-Martín and Dahab (1998) discussed the concepts of sustainability and 
pollution prevention and their roles in E3. They argued that EnE science and educa-
tion must be reoriented to focus primarily on pollution prevention technologies as a 
mechanism for attaining the goal of sustainability (Jassim and Coskuner 2007). Al-
though it is acknowledged that traditional pollution control will remain as an inte-
gral part of environmental science and engineering education, the shift toward pol-
lution prevention should be completed in order to achieve the goal of sustainability. 
Gutiérrez-Martín and Dahab (1998) presented two case studies at the University 
of Nebraska-Lincoln (USA) and at the Universidad Politécnica de Madrid (Spain) 
where efforts were made to reorient E3 to promote the concept of sustainability as 
the primary goal of environmental management.

There seems to be no lack of expertise in either environmental or conventional 
technology; what is limited is a holistic approach to E3, one that incorporates the en-
vironment into the mainstream of technological application (Gutierrez-Martin and 
Huttenhain 2003). Environmental engineers need skills of integration, communica-
tion, and conceptualization in addition to a traditional engineering background (Jas-
sim and Coskuner 2007). Such a complex knowledge and skill mix is best promoted 
by a specially designed program. The main challenge, therefore, is to integrate these 
new technologies into E3 (Lemkowitz et al. 1996). An EnE degree program must 
impart the required knowledge and skill base and promote the intellectual versatility 
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to develop appropriate technical solutions to environmental problems within exist-
ing ethical, ecological, and legal frameworks (Jassim and Coskuner 2007). There 
is also an increased emphasis on minimization and reuse and on some pedagogical 
methodologies, which are particularly suitable (e.g., project-based learning) (Alha 
et al. 2000). Gutierrez-Martin and Huttenhain (2003) reviewed efforts to promote 
the concepts of sustainability in eco-management. They concluded that environ-
mental training is an efficient means to improve graduates’ capability of dealing 
with the multidimensional aspects of the environment.

12.2  Importance of E3 in the UAE

The UAE is located within the arid zone of the southeastern part of the Arabian Pen-
insula, with a coastline of 1318 km in length (Brook and Dawoud 2005). The annual 
rate of rainfall in the country averages 100 mm (Ministry of Economics 2007), while 
the rate of evaporation generally exceeds 2000 mm/year (Jones and Marrei 1982). 
The country has developed rapidly since its establishment in 1971. This develop-
ment, which is expected to continue in the future, requires careful consideration of 
the environment on both the construction and institutional levels. The government 
of the UAE realizes the importance of the environment to the people of the country 
and, therefore, shows clear devotion to the environmental awareness and obligation 
toward the natural world. For example, in March 1999 a law was passed aimed at 
reducing air pollution. The regulations limit excessive use of harmful gases. Other 
regulations are also under discussion for controlling the use of leaded fuel which 
produces harmful emissions. Meanwhile, the UAE enforces strict laws governing 
the use of chemical insecticides in agriculture to protect public health and reduce 
the negative impacts on the environment. It has banned the importation of many 
chemical insecticides, permitting only the importation of those products which are 
already licensed for agriculture use in the USA, Canada, Japan, and the European 
Union (EU). Another example is the UAE’s participation in the Global Learning 
and Observation to Benefit the Environment (GLOBE) agreement in June 1999.

Over the years, a number of government organizations have been established in 
the UAE with the role of studying and protecting the environment. In addition, there 
are other regional departments which have their own programs for environment 
protection, wildlife protection, and, most importantly, for increasing public aware-
ness. An indubitable demonstration of this devotion is the words of Late Sheikh 
Zayed bin Sultan Al Nahyan in his speech on the occasion of the UAE’s first En-
vironment Day, 4 February 1998. He said, “With God’s will, we shall continue to 
work to protect our environment and our wildlife, as did our forefathers before us. 
It is a duty—and, if we fail, our children, rightly, will reproach us for squandering 
an essential part of their inheritance and of our heritage.” Late Sheikh Zayed bin 
Sultan Al Nahyan also received the Gold Panda award in 1999 from the World 
Wide Fund (for which he was the first sitting head of state to be so honored) for his 
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services to the environment. The institutional structure, supported by legislation, is 
now in existence in the UAE, although further legislation is still required. However, 
in the authors’ opinion, the supporting role of environmental education has not yet 
received the same attention.

12.3  Environmental Challenges in the UAE

The rapid social and economic development in the UAE places a growing pres-
sure on its available resources. According to the Living Planet Report 2006 (WWF 
2006), the UAE has the highest ecological footprint of 12 global hectares/person, 
while the world average is 1.8 global hectares/person. The ecological footprint is 
an index of global area per head from which a person consumes natural resources.

The UAE, similar to the rest of the Gulf countries, is increasing its oil and gas 
export capacities to meet the rising global demand. This requires more navigational 
activities in the Gulf which might increase the incidents of oil spillage and hence 
puts the marine environment at a greater risk. The estimated oil pollution in the Gulf 
is about 3 % of the global total or nearly 50 times the average for a marine environ-
ment of its size (Golob and Bruss 1984). Pollution of the Arabian Gulf is further 
complicated due to the physical characteristics and semi-enclosed nature of the Gulf 
(Smith et al. 2007), which provides ideal conditions for entrapment of pollutants. 
Aside from oil spillage, several pollutants are induced into the Gulf including those 
resulting from offshore exploration processes, ballast water discharge, reject brine 
discharge, dredging activities, and stormwater runoff. Meanwhile, the UAE is de-
veloping mega coastal construction projects and coastal industrial facilities. The 
consequences of such developments on the ecosystem could be severe and long 
lasting (Van Lavieren et al. 2011). Marine pollution is further aggravated by the 
fact that most urban developments in the country occurs along the coastal zone. The 
frequent occurrence of harmful algae blooms on the coastal shores of the UAE in 
the past few years could be due to enrichment of marine water with nutrients that 
could have resulted from illegal discharge of untreated sewage or from discharge 
of ballast water.

Another environmental concern that faces the UAE is related to the substantial 
increase in water demand as a result of rapid population growth coupled with large 
foreign population influx. In the past, groundwater was a major source for water 
supply, but overexploitation of this source caused loss of quantity and deteriora-
tion of its quality in some locations (Rizk et al. 1997). Nowadays, desalination is 
used extensively to cover the domestic-water-supply requirement. The pressure on 
provision of water supply in the country is further amplified by a high per capita 
water-consumption rate as compared to that in other countries (Conference Board 
of Canada 2008). As indicated by Al-Homoud (2003), the three dominant fac-
tors that affect water resources in the UAE are water shortages, degradation and 
depletion of these resources, and public and private sector resource-management 
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performance. Therefore, future plans set to meet the country’s rising water demand 
should incorporate exploration of several alternatives such as adoption of conserva-
tion programs, development of groundwater resources, installation of new desali-
nation plants, expansion in wastewater treatment, reuse of treated wastewater, and 
reuse of greywater. Parallel to that, there should be an expansion in the infrastruc-
ture facilities to meet expected water needs. An important issue that also needs to be 
considered is a change in the water policy from one that is mainly based on increas-
ing supply to a policy that mainly focuses on managing demand.

The third environmental challenge that faces the country lies in the high rate of 
energy consumption. The country is already facing international pressure to reduce 
its CO2 emission rate by adopting energy-conservation programs. This will drive 
new initiatives to reduce water consumption, improve design for higher energy ef-
ficiency in buildings, use of alternative and renewable energy sources, adopt clean 
technologies in the industrial sector, and shift to a sustainable transportation system. 
However, successful implementation of these initiatives cannot be achieved without 
raising public awareness and enhancing public responsibility.

Many of the abovementioned challenges and others have been realized by the 
UAE government. As reported by the Environment Agency—Abu Dhabi (EAD 
2012), the consensus among different stakeholders is that “the seven key envi-
ronmental system components (biodiversity, marine, land, energy, water, air and 
climate change, and waste) demonstrate subpar performance, well below global 
averages, and four are in critical condition.” Consequently, environmental priori-
ties have been set in some of the emirates. For example, the EAD has developed 
the agenda for the Abu Dhabi Environment Vision 2030 policy as an integral part 
of a holistic policy agenda framework that is intended to steer the emirate toward 
sustainable development. Five priority areas have been identified that provide the 
framework for policy development and action, and these form the core of the Abu 
Dhabi Environment Vision 2030. The priority areas include (1) climate change; (2) 
clean air and noise pollution; (3) water resources; (4) biodiversity, habitats, and 
cultural heritage; and (5) waste management.

12.4  E3 in Higher Education Institutes in the UAE: The 
Review

There are more than 20 public and private universities in the UAE (Table 12.1). 
Not all of these universities have colleges of engineering; of those few have civil or 
chemical engineering departments.

The Higher Colleges of Technology (HCT) was established in 1988 and is the 
largest institution of higher learning in the UAE with over 18,200 students. During 
the 2009–2010 academic year, there were 11,700 female and 6,500 male students 
enrolled at 17 campuses and 92 programs throughout the country. More than 30,000 
UAE nationals are graduates of the institution. The HCT provides postsecondary 
education in business, education, engineering technology, information technology, 
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communications technology, and health sciences. Examples of courses related to 
EnE offered by different departments at the HCT are CHEM N2325 Environmental 
Monitoring and Control; ELME N2130 Occupational Health, Safety, and Environ-
ment; SFTY N0215 Health Safety and Environmental Awareness; CIVL N455 En-
vironmental Engineering; MECH N430 Health, Safety, and Environment; EGEN 
N302 Health, Safety, and Environment; and ECVL N405 Environmental Engineer-
ing.

Abu Dhabi University (ADU) was established in 2003. ADU provides both un-
dergraduate and postgraduate study programs and consists of three colleges along 
with the English Language Institute, the College of Arts and Sciences, the College 
of Business Administration, and the College of Engineering and Computer Science. 

Table 12.1  Higher education institutes in the UAE
University or college With environ-

mental subject(s)
With environmental engi-
neering (EnE) program(s)

Abu Dhabi University √ X
Ajman University of Science and Technology X X
Al Hesn University X X
Al Ain University for Science and Technology X X
Al Ghurair University X X
American College of the Emirates X X
American University of Asia X X
American University in Dubai √ X
American University of Sharjah √ X
British University in Dubai X X
Birla Institute of Technology and Science, 
Dubai

X X

Fujairah College X X
Gulf Medical College, now Gulf Medical 
University

X X

Hamdan Bin Mohammed e-University √(NE) X
Heriot-Watt University Dubai √(NE) X
Higher Colleges of Technology √ X
Ittihad University X X
Paris-Sorbonne University Abu Dhabi X X
Petroleum Institute in Abu Dhabi √ X
Rochester Institute of Technology-Dubai X X
United Arab Emirates University √ √(G)
University of Sharjah √ X
University of Wollongong in Dubai X X
Zayed University √(NE) X
Canadian University of Dubai √(NE) X
NYU Abu Dhabi X X
Masdar Institute of Technology (Abu Dhabi) X √(G)

NE none engineering courses, G Graduate program, NYU New York University
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There is a civil engineering program at ADU that offers courses related to water 
resources and EnE. An example of these courses is the EnE course offered by the 
Civil and Environmental Engineering Department.

The Ajman University of Science and Technology (AUST) is a technology-
oriented university in Ajman. The university was founded in 1988 as a university 
college. Although AUST contains a college of engineering, this college does not 
include civil or chemical engineering departments. There is an institute for water 
environment and energy but offers only M.Sc. degree in groundwater engineering 
and management. Al Ghurair University is a private higher educational institution 
that was founded in 1999. Al Ghurair University is licensed by the UAE Ministry of 
Higher Education and Scientific Research. The university’s educational programs 
include engineering and applied science program with emphases on electrical and 
computer science only. No EnE courses are offered at this university.

The American University in Dubai (AUD) is a private institution of higher edu-
cation. AUD was founded in 1995 as a branch campus of the American InterConti-
nental University in Atlanta, Georgia, but it has turned into a private university in 
2007. AUD is accredited regionally by the Southern Association of Colleges and 
Schools. AUD contains engineering schools offering B.Sc. degrees in civil, comput-
er, and electrical engineering. Courses related to EnE are offered through the civil 
engineering program. An example of these courses is the ECVL 340 Environmental 
Engineering course offered by the civil and environmental engineering department. 
This course covers topics related to all aspects of water, air, land pollution, sustain-
able technologies, risk assessment, and climate change.

The American University of Sharjah (AUS) is an independent higher educational 
institution in Sharjah. AUS was founded in 1997. The College of Engineering at 
AUS offers B.Sc. degrees in computer science, chemical engineering, civil engi-
neering, computer engineering, electrical engineering, and mechanical engineering. 
EnE courses are offered through the civil and chemical engineering departments. 
Ittihad University (IU) is the first private university located in the emirate of Ras Al 
Khaimah. IU was founded in 1999. The university is divided into four undergraduate 
colleges one of which is the School of Engineering. This school offers B.Sc. in com-
puter engineering and computer science only and, therefore, does not have an EnE 
program—neither does it offer EnE courses. The University of Sharjah is a semigov-
ernmental higher educational institution founded in 1997. More than 1366 students 
are currently enrolled in the five degree programs at the College of Engineering, 
namely, architectural engineering, civil and environmental engineering, computer 
engineering, electrical and electronics engineering, and industrial engineering and 
management. These five programs are offered through four departments. Both the 
University of Sharjah and AUS offer an EnE course for the undergraduate students 
in their civil and environmental engineering departments. This course covers topics 
in water and air pollution. Another course related to wastewater technologies is of-
fered at the University of Sharjah as an elective course. Meanwhile, a course called 
physical and chemical processes in environmental engineering is offered as an elec-
tive course at the AUS. The Petroleum Institute (PI) was created in 2001. There is a 
College of Engineering at the PI that offers a B.Sc. degree in chemical engineering 
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but not in civil engineering. A course that covers topics related to water treatment is 
offered in the Chemical Engineering Department.

The United Arab Emirates University (UAEU) is the oldest of the three govern-
ment-sponsored institutions of higher learning in the UAE. The other two are the 
HCT and Zayed University. The UAEU was established in 1976, with probably the 
largest faculty of engineering in the country. There are five engineering departments 
including architectural engineering, chemical and petroleum engineering, civil and 
environmental engineering, electrical engineering, and mechanical engineering. 
These five departments offer seven programs, namely, architectural engineering, 
chemical engineering, petroleum engineering, civil engineering, electrical engineer-
ing, communication, and mechanical engineering. Both the civil and environmental 
engineering and the chemical and petroleum engineering departments offer courses 
related to EnE. Examples of these courses are CIVL 270 Introduction to Environ-
mental Engineering and CIVL 375 Water and Waste Water Technology which are 
core courses; and CIVL 520 Special Topics in Water Resources and Environmental 
Engineering, CIVL 522 Advanced Environmental Engineering, CIVL 524 Geo-en-
vironmental Engineering, which are elective courses. These courses cover a wide 
range of topics in EnE such as air, water, solid-waste management, environmental 
microbiology, environmental chemistry, all aspects of water and wastewater treat-
ment, EIA, air pollution, and solid- and hazardous-waste management. Addition-
ally, there are several master programs at the UAEU, of which the water resources, 
the environmental sciences, the petroleum sciences, and the civil engineering offer 
courses related to EnE. In addition, the recently commenced Ph.D. program in civil 
engineering at the UAEU offers graduate-level courses in EnE.

The University of Wollongong in Dubai (UOWD) is a private university that was 
established in 1993. This independent institution is affiliated with the University 
of Wollongong, Australia. UOWD offers a bachelor of engineering and, therefore, 
does not contain special engineering departments and programs. Zayed University 
(ZU) is a higher educational institution that was established in 1998 and named in 
honor of Late Sheikh Zayed bin Sultan Al Nahyan, the country’s first president. ZU 
is organized academically into five colleges: arts and sciences, business sciences, 
communication and media sciences, education, and information technology. The 
Canadian University of Dubai (CUD) is an institution of higher education which of-
fers undergraduate and graduate programs. The CUD was established in 2006 with 
no more than 100 students. Currently, the university serves over 1700 students. The 
university does not offer degrees in engineering; however, it offers B.Sc. in envi-
ronmental health management through the School of Environment and Health. The 
New York University in Abu Dhabi (NYU Abu Dhabi) is a private university that 
was established in 2007. This independent institution is affiliated with the NYU, 
USA. The university offers a general degree in engineering but does not have spe-
cial engineering departments or programs.

The Department of Chemical and Environmental Engineering (CEE) at Masdar 
Institute is strongly multidisciplinary. The research focus of the department is on 
advanced desalination technology, high-efficiency water distribution and use, in-
tegrated water and energy policy, climate impacts on health, bioinformatics, urban 
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climate, bioprocess engineering and carbon capture and sequestration, and others. 
The CEE Department does not offer undergraduate degrees but offers two M.Sc. 
degrees, namely, M.Sc. in water and environmental engineering and M.Sc. in chem-
ical engineering.

It is evident from the previous discussion that none of the higher education in-
stitutes in the UAE offers undergraduate program in EnE. Some of the UAE uni-
versities integrate E3 into the undergraduate programs through a chemical or civil 
engineering curriculum. The curriculum of chemical engineering covers non-san-
itary components of E3, and the civil engineering syllabus covers subjects related 
to water supply, sewage distribution systems, and domestic-wastewater-treatment 
technologies. The Civil and Environmental Engineering Department at the UAEU 
offers an elective specialization option in EnE and water resources. Other smaller 
private universities in the UAE focus on information technology and business man-
agement with fewer numbers of students.

12.5  UAE Market Needs for E3: The Survey

12.5.1  Survey Form and Respondents

To evaluate the market needs for E3 in the UAE, a survey form (Appendix A) was 
distributed to target individuals. Recipients of the survey can be categorized into 
five main groups according to their workplace. These are (1) ministry of environ-
ment and water, local environmental agencies in each emirate, city directorates; 
(2) companies related to water and wastewater management; (3) oil industry; (4) 
engineering consulting firms; and (5) academic and research institutions. The sur-
vey form consists of nine questions. The first four questions were designed to ob-
tain information about the respondent’s background and experience. The respon-
dents were then asked about the importance of EnE to their organization/company 
(Q.5) and how they classify E3 in the UAE (Q.6). The respondents were also asked 
about the areas of EnE that are highly needed by their organization/company (Q.7). 
Respondents were then asked about the demand of their organization/company to 
graduates with different EnE degrees (Q.8). Respondents were asked (Q.9) to scale 
potential job opportunities in the UAE that require knowledge of EnE at 11 em-
ployer groups (see Appendix A).

For most of the questions the respondent selected from a list of choices. How-
ever, the respondents were asked (Q.10) to write any comment they may have re-
lated to E3 in the UAE. In addition, respondents were allowed to suggest areas of 
EnE other than those listed in Q.7 that are needed by their organization/company. 
Respondents were further asked to indicate job opportunities that would exist at 
other potential recruiters beside those listed in Q.9. The form was distributed to 
more than 100 individuals, but 70 responses were received from the targeted groups 
as follows: ministry of environment and water, local environmental agencies, and 
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city directorates (31 %); companies related to water and wastewater management 
(27 %); oil industry (9 %); engineering consulting firms (21 %); and academic and 
research institutions (11 %). In the authors’ opinion, the response rate is very good, 
and the collected information should capture the opinion of the wide range of em-
ployers with interest in EnE in the UAE. The academic background of the respon-
dents varies, but most of them have a degree in engineering (64 %), followed by 
management (16 %), science (11 %), and environmental, health, and safety (EHS; 
9 %). As to their academic level, 4 % of the respondents have diploma, 47 % have 
B.Sc. degrees, 31 % have M.Sc. degrees, and 14 % have Ph.D. degrees. Also, the 
majority of the respondents (91 %) have at least 2-year experience working in the 
UAE, while 35 % of them have an experience of more than 10 years.

12.6  Results and Discussion

Most of the respondents indicated that EnE is important (32 %) or very important 
(65 %) to their organization, with only 3 % of the respondents considering EnE not 
important to their workplace (Fig. 12.1).

Classification of E3 in the UAE varies among the respondents as shown in 
Fig. 12.2. However, a significant fraction of the respondents (41 %) classified E3 in 
the country as weak, and some classified it as strong (23 %). Of notice is that 26 % 
of the respondents do not know how to classify E3 in the UAE.

About 60 % of the respondents considered solid-waste management, water 
management, wastewater management, and risk assessment as highly needed by 
their organization/company (Fig. 12.3). Other highly needed EnE areas such as air 
pollution assessment and control, land pollution, and modeling of environmental 
systems were selected by a lesser fraction of respondents (about 40 %). The least 
highly needed EnE area selected was cleaner production (20 %). Overall, these re-
sults emphasize the importance of E3 in nearly all its fields to the UAE market. 
Some respondents indicated other EnE areas that are needed by their organization/

Not 
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32% Very 
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65%

Fig. 12.1  Importance of 
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ing (EnE) to respondents’ 
organization/company
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company including sustainability design requirements, impact of marine activities 
on coastal areas, hazardous-waste management, EIA, and environmental manage-
ment planning.

In response to the question about the anticipated UAE market demand to EnE 
specializations, graduates with a B.Sc. degree in engineering and a minor in EnE or 
with a B.Sc. degree in EnE will have a moderate to high demand (i.e., 3.7 and 3.4 
on a scale of 5) as shown in Fig. 12.4. Those with M.Sc. degree in EnE will have a 
moderate demand (3.1 on a scale of 5), and those with a diploma or a Ph.D. degree 
in EnE will have a low demand (2.3 on a scale of 5). It should be noted that this 
demand is rather descriptive. Quantitative evaluation of the demand for EnE spe-
cializations in the UAE is not known and could be a topic of a future study.

Figure 12.5 illustrates that good job opportunities that require specialization in 
EnE at the recruiter groups listed in Q9 of the survey form (Appendix A) would 

0 10 20 30 40 50 60 70

Solid waste management

Air pollution assessment and control

Land pollution

Water management

Wastewater management

Cleaner production

Risk assessment

Modeling environmental systems

Respondents (%)

Fig. 12.3  Areas of environmental engineering (EnE) highly needed in the United Arab Emirates 
(UAE)

 

0 10 20 30 40 50

Very strong

Strong

Weak

Very weak

Don't know

Respondents (%)

Fig. 12.2  Classification of environmental engineering education (E3) in the United Arab Emirates 
(UAE)

 

mbishawi@birzeit.edu



31312 Environmental Engineering Education in the UAE

exist. Of these recruiter groups, environmental ministry/agencies, and city direc-
torates (G1), water and wastewater management connected to city municipalities 
(G2), oil and petrochemical industry (G3), and consulting firms that prepare EIA 
studies or perform risk assessment (G8) would be the main recruiters. For the other 
recruiter groups, job opportunities for graduates with knowledge of EnE would be 
above moderate. Also, respondents added other potential recruiters for graduates 
specializing in EnE, including energy companies, infrastructure developers, aca-
demic sector, and facility management.

Several respondents made some comments about E3 education in the UAE. 
Some stressed on the need to graduate EnE and EHS professionals to meet current 
and anticipated demands created by regulatory requirements and several initiatives. 
Lately, Abu Dhabi emirate recognized EHS as a priority among different sectors 
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in the emirate. Moreover, sustainability is a main pillar of the UAE government 
policy (i.e., Agenda 2030). Also, top managers in the oil and gas industry call for 
zero-flaring. All of this makes the environmental field with all its disciplines in high 
demand for the foreseeable future. As such, respondents requested that universities 
must respond to this demand by offering relevant courses and graduate capable 
people to face current and future challenges.

Some respondents suggested that focus should be on innovative environmental 
education and training systems to develop sustainable technologies and promote the 
needed cultural changes. Other respondents thought that more EnE courses within 
the civil engineering curriculum are needed or an EnE division within the civil en-
gineering department should be established. Others thought that all engineering dis-
ciplines should receive some E3. Some even thought that the environmental educa-
tion should expand, by different extents, to all colleges so that graduates are aware 
of the environmental issues facing the society which then could be transferred to 
their surroundings. Some respondents suggested that current engineers should seek 
environment and safety diplomas/certification from recognized institutions as this 
will add values to their careers.

12.7  Proposed Modification of the Engineering 
Curriculum

Several changes to the current engineering curriculum, based on the review and sur-
vey conducted in this chapter, are proposed in this section. These alterations could 
be implemented on two phases. In the first phase, it is proposed to add an EnE minor 
track in the concerned engineering departments (e.g., civil, chemical, or mechani-
cal engineering). This track will focus more on E3 by offering courses to interested 
students that will help them later to excel as environmental engineers and satisfy 
the market needs as discussed in the survey section of this chapter. Implementation 
of this first phase should not require huge alteration to the current curriculum of-
fered by these departments and, in the meantime, shall not require many additional 
resources. Existing faculty members, laboratories, and other resources could be uti-
lized to suit the requirements of this new track. Therefore, implementation of this 
track could be a practical immediate response to the market needs of E3 graduates, 
especially in universities with limited resources. A long-term response, in the au-
thors’ opinion, should include establishment of a separate EnE department as a sec-
ond phase. Implementation of this second phase, however, will require additional 
resources and, therefore, needs appropriate long-term planning. In the following 
section, we will propose a plan of a minor in EnE as the first phase of curriculum 
change in engineering education.
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12.8  Minor Track in EnE

This minor in EnE aims at achieving the following objectives:

1. Prepare environmental engineers for industry and government agencies con-
cerned with sustainable engineering technologies coupled with environmental 
security.

2. Increase the pool of well-prepared students applying for the M.Sc. program in 
environmental sciences, who have strong background in EnE.

3. Train students in interdisciplinary programs with emphasis on:
(a) Enhancing the student’s abilities in scientific methodologies for collecting 

and analyzing environmental data
(b) Preserving environmental resources

To fulfill these specific objectives, it is proposed that the designed program should 
provide courses that cover the areas of

1. basic fundamentals in science such as engineering computing, chemistry, math-
ematics, project engineering, fluid mechanics, and geotechnical engineering;

2. data collection and analysis;
3. environmental managements, such as environmental law, policy, impact assess-

ment, and economy; and
4. terrestrial environment such as geo-environmental engineering, groundwater 

hydrology, and land and water management.

12.8.1  Additional Elective Courses

In the final year of the program, more specialized courses should be offered in 
aquatic processes, coastal and marine waters, environmental management, and ter-
restrial environment. For example, a student in the EnE track must successfully 
complete three courses from the specialized elective courses. Examples of these 
courses could be:

(1) Special topics in EnE
(2) Air pollution Control
(3) Environmental management systems
(4) Environmental law and impact analysis
(5) Solid- and hazardous-waste management
(6) Hydrology
(7) Water structures
(8) Hydraulic systems
(9) Coastal engineering
(10) Water desalination
(11) Groundwater contamination

mbishawi@birzeit.edu



316 M. M. Mohamed and M. A. Maraqa

12.9  Fulfillment of ABET Requirements

To demonstrate the fulfillment of ABET requirements by adopting an EnE track, 
we considered the cases of the civil engineering program at the UAEU. The ABET 
requires that civil engineering students acquire proficiency in mathematics through 
differential equations, probability and statistics, calculus-based physics, and general 
chemistry. It also requires that students graduate with proficiency in a minimum of 
four recognized major civil engineering areas. Graduates of the proposed program 
would have the opportunity to attain proficiency in five major civil engineering 
areas, namely: structural engineering, surveying and transportation, EnE, water re-
sources, and geotechnical and construction management. Examples of the courses 
offered in these five areas at the Department of Civil and Environmental Engineer-
ing at the UAEU are as follows:

Structural Engineering 

1. Statics
2. Concrete technology
3. Computer-aided drawing
4. Structural analysis
5. Structural design
6. Reinforced concrete

Surveying and Transportation Engineering 

1. Surveying
2. Highway engineering

Environmental Engineering 

1. Basic microbiology
2. Introduction to EnE
3. Geo-environmental engineering
4. Environmental law and impact analysis
5. Water and wastewater treatment
6. Technical elective I
7. Technical elective II
8. Technical elective III

Water Resources 

1. Fluid mechanics I
2. Water resources
3. Technical elective IV

Geotechnical and Construction Management 

1. Construction management
2. Soil mechanics
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12.10  Summary and Conclusions

This chapter presented a review of the current status of E3 in the UAE higher educa-
tion institutes. The review showed that none of the higher education institutes in the 
UAE provides specialized undergraduate E3. E3 is rather provided through courses 
offered in the civil or chemical engineering programs in few of these institutes. The 
UAE market’s need for graduates with E3 is also assessed in this chapter through 
a survey. It was found that the UAE market is in high need of graduates from this 
field. Based on the results of the review and the survey, it is recommended to initi-
ate programs of E3 to be offered in major public higher education institutes in the 
UAE. Such programs could be implemented over the short term in the form of an 
EnE track within the civil, chemical, or mechanical engineering departments. These 
tracks could be converted to stand-alone departments on the long term.
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Appendix A

Dear evaluator: A research team at the Department of Civil and Environmental Engineering at the UAE 
University is evaluating the market needs for environmental engineering education in the UAE. We would 
therefore appreciate your valuable input by taking few minutes to fill out this survey. 

Opinion Survey*
Needs for Environmental Engineering in the UAE

Organization/Company Name and Location: _________________________________________
Evaluator Name (optional): _______________________________________________________
Position: _________________________Contact e-mail (optional):________________________
Tel (optional):_____________________Fax (optional):_________________________________

1. How many years of work experience in the UAE do you have? ________________________

2. What is the highest degree you hold?
 Diploma  B. Sc.  M. Sc. Ph. D. others (please indicate)____

3. What is your area of specialty? _________________________________________________

4. Approximately, how many engineers from all specialties are currently employed in your 
organization/company? ___________________________________________________

5. How important is environmental engineering to your organization/company?
Very important  Important  Not important

UNITED ARAB EMIRATES UNIVERSITY
Faculty of Engineering

Department of Civil and Environmental Engineering
P.O. Box 17555  Al Ain  UAE• •
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6. How do you classify the environmental engineering education in the UAE?
 Very Strong  Strong  Weak  Very weak  Don’t know

7. Which area of environmental engineering is highly needed by your organization/company 
(please mark whichever applies)?

 Solid waste management  Air pollution assessment and control  Land pollution 
 Water management  Wastewater management  Cleaner production
 Risk assessment  Modeling environmental systems
 Others (please indicate)__________________________________________________ 

8. In your opinion, how will be the demand of your organization/company in the next 5 years to 
graduates with the following degrees (0 means none and 5 means very high)? 
Degree 0 1 2 3 4 5

A diploma in environmental engineering
A bachelor degree in environmental engineering
A bachelor degree in engineering (civil, chemical, etc) with a minor in 
environmental engineering
A master degree in environmental engineering
A Ph.D. degree in environmental engineering

10. Please write any comment you may have related to environmental engineering education in the UAE.

Thank you for your corporation

* All information provided in this survey will be kept confidential, and will be used only to evaluate the need for 
environmental engineering education in the UAE. 
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13.1  Introduction

Several teaching and learning approaches have been trialed, practiced, and modi-
fied over the years. These techniques can be grouped into traditional and modern 
methods. Traditional teaching methods involve conventional lectures followed by 
tutorial and/or lab sessions, predominately in isolated time segments (Nepal and 
Jenkins 2011). A direct flow of information from instructors to students is the cen-
tral aspect of traditional approaches. Students are considered cognitively active, 
but physically inactive (except for taking notes). According to Cangelosi (2003), 
most students cannot maintain such attention and behavior for a long period of 
time. The traditional method lacks sufficient interactions between students and in-
structors and among students, and considers students as passive learners (Nepal 
and Jenkins 2011; Steinhorst and Keeler 1995). On the other hand, modern teach-
ing methods are cognitive science based, and they encourage students to construct 
knowledge rather than piling it on as it is disseminated (Cross 1998, 1999). The 
modern methods involve contemporary teaching and learning practices using proj-
ect- and program-based learning, work-integrated learning, and integrating learning 
approaches. Students are encouraged to use real-world concepts, tools, experiences, 
and technologies; they work in groups to identify, acquire, and share knowledge to 
solve real problems. Among modern methods, the project-based learning (PBL) is 
recognized as a collaborative, progressive, student-centered, interactive, dynam-
ic, and deep-learning approach, especially for engineering education (Nepal and 
Jenkins 2011). Benefits of PBL approaches in engineering education have been 
portrayed in several previous studies (Mills et al. 2005; Napal and Jenkins 2011; 
Perrenet et al. 2000; Gibson 2003; Mills and Treagust 2003; Ribeiro and Mizukami 
2005). The PBL approach is thought to promote active and deep learning through 
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engaging students in a real-world issue in a collaborative environment. The goal of 
a PBL approach is to expose students to experiential learning. In engineering educa-
tion, problem-solving skill is essential for students; therefore, students are required 
to be exposed to real-world problems (Helle et al. 2006). The driving questions or 
problems help students to drive activities in creating the final product that addresses 
the questions or problems (Blumenfeld et al. 1991).

Both approaches of instruction (traditional and modern) possess merits and de-
merits. Some engineering students dislike the modern PBL approach as they neces-
sitate to conduct a self-directed learning strategy to complete often unclear and 
open-ended tasks. Their individual learning styles and requirements may be dis-
similar to the team learning needs. The challenges required in implementing suc-
cessful PBL are related to time and efforts, instructor’s content knowledge, and lack 
of experience of instructors and students as well as the demand to develop special-
ized material for off-campus study (Yam and Rossini 2010). In some instances, 
students rate the PBL approach lower than the traditional approach in spite of their 
improved learning and course performance (Nepal and Stewart 2010; Nepal and 
Panuwatwanich 2011). Because of resource intensiveness, academic institutions of-
ten hesitate to embrace a PBL approach (Nepal and Jenkins 2011).

University teaching requires the emergence and evolution of teaching methods 
consistent with the learning techniques of students (Ewell 1997). Instructors play 
important roles in the implementation of PBL through motivating students and by 
creating a classroom environment favorable for students’ learning (Yam and Burger 
2009). Collaboration among students, instructors, and community is significantly 
important so that knowledge can be shared and spread among the stakeholders. 
Knowledge of students’ learning styles and instructors’ teaching styles is of par-
ticular importance for developing successful PBL in engineering education. The 
savvy about how learning information is treated and presented provides clues on 
how specific teaching method can be effectively used to maximize students’ learn-
ing process (Boles et al. 2009). Mismatch between students’ learning styles and 
instructors’ teaching approaches provides a barrier for successful learning and PBL 
implementation.

The United Arab Emirates University (UAEU) is a public university with an 
enrollment of approximately 16,000 students. The university consists of nine ac-
ademic colleges (schools) along with the University General Requirements Unit 
(UGRU) as a foundation-level program within the university. The College of En-
gineering (COE) was introduced in 1980 and there are five academic departments 
in COE (civil, mechanical, chemical and petroleum, architectural, and electrical 
engineering). The full figure of students is about 16,000; the percentage of male and 
female students is about 24 and 76 %, respectively. The enrollment at COE is about 
9.5 % of the total students. The percentage of male and female students at COE 
is about 53 and 47 %, respectively. About 90 % of the total students are generally 
considered as first-generation university students, whose parents have no college 
or university experience (Bielenberg 2005). The total number of faculties at the 
university (in all colleges, including UGRU) were about 1000 (based on estimation 
in the fall 2012–2013 semester). The percentage of male and female college facul-
ties is about 84 and 16 %, respectively. About 87 % of these faculties hold a Ph.D. 
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degree. In terms of age distribution of faculty members, 8 % faculties are below 35 
years, 60 % are between 35 and 49 years, and about 32 % are above 50 years of age 
(CETL 2012a). The UGRU is a developmental program that equips students with 
the relevant knowledge and skills required to serve as a competent member of the 
university and society (Gillway and Bielenberg 2006). In the fall 2003–2014 semes-
ter (September to January), a set of curriculum competencies was adopted within 
the UGRU. The selected competencies were learner training, communication, in-
formation literacy, thinking skills, and application of knowledge. It is considered 
that the adoption of PBL in the first-year programs provides a unique opportunity 
to focus more on the process of learning. In the fall 2004–2005 semester, a team of 
volunteer teachers from all subject areas (English, mathematics, and Information 
and Communications Technology (ICT)) was brought together and began work on 
developing scenarios, materials, and assessment tools for PBL. The initial PBL ex-
perience was piloted in the spring 2004–2005 semester (February to June) and the 
experience was fully implemented in the fall 2005–2006 semester. In the COE, a 
few engineering courses are instructed based on the PBL approach. Very recently, 
the university has started implementing smart technologies (iPad, iPhone, iTunes 
U, etc.) in some engineering courses in order to engage students more interactively. 
Like many other universities in the Middle Eastern region, the university does not 
allow coeducation at the undergraduate level.

Achieving quality and excellence in engineering education is high on the agenda 
of Middle East regional universities, where religion and culture play a crucial role 
(Shanableh and Omar 2007). According to Al-Maati and Damaj (2010), talking 
about ethics without linking it in one way or another with religious/cultural affairs 
is not coherent in the division. Universities in the region must balance tradition 
and innovation in planning and presenting educational programs. Achieving the 
balance between invention and tradition must be reckoned as an opportunity that 
adds unique values to educational programs but not an obstacle that hinders devel-
opment. Shanableh and Omar (2007) identified four critical issues in the Middle 
East universities that differ significantly from Western universities. The issues are 
(a) pace of change and evolution—engineering education in the region generally 
evolves slowly, (b) technical and generic engineering education—engineering edu-
cation at the undergraduate level in this region tends to focus on feeding technical 
information only, (c) partnership with stakeholders—in the region, a serious rift 
exists between engineering colleges and the community in terms of science and ap-
plied technology, and (d) integration of faculty activities—the level of integration 
of teaching, research, and community service in regional universities is reflective of 
the technology generation activity in the area.

Considering the sociocultural practices of the country and the anticipated shift 
of teaching approach to a more technology-based interactive way, this chapter pro-
vides how a PBL approach in engineering education may be tailored to address the 
diversity of students’ learning and instructors’ teaching styles. Learning styles of 
engineering students, teaching approaches of engineering instructors, role of tech-
nologies, and their applications in the implementation of PBL in engineering edu-
cation are discussed. Overall, the potential and challenges of PBL in engineering 
instruction at the UAEU are delineated.
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13.2  Project-Based Learning (PBL)

The PBL concept promotes students to develop knowledge and skills with their 
own activities, rather than a transmission of knowledge from instructors to students 
(Biggs and Tang 2007). PBL organizes learning around projects (Thomas 2000). 
PBL projects are designed based on challenging questions or problems that involve 
students in project design, problem-solving, decision-making, and investigative ac-
tivities, and provide students the opportunity to work independently over an extend-
ed period of time (Thomas 2000; Thomas et al. 1999). Thomas (2000) proposed five 
criteria for a project to be considered in PBL. These are centrality, driving question, 
constructive investigations, autonomy, and realism.

a. Centrality: PBL projects are central to the curriculum. The project serves as 
the central teaching strategy; it is expected that students learn the central con-
cepts of the curriculum through the project work. According to this criterion, an 
application project that serves to provide illustrations, examples, and practical 
applications for the material taught in traditional lecture–tutorial approach is not 
considered to be the PBL project.

b. Driving question: PBL projects focus on questions or problems that drive stu-
dents to the central concepts and principles of curriculum. Projects are designed 
in such a way that it makes a connection between student activities and the 
underlying conceptual knowledge of the curriculum. This can be done with a 
driving question or a vague problem.

c. Constructive investigations: PBL projects engage students in a constructive 
investigation that involves inquiry, knowledge building, and perseverance. 
Transformation and construction of knowledge are the central activities of the 
project. According to this criterion, an exercise project where the students car-
ried out central activities by application of already learned information or skills 
is not considered a PBL project.

d. Autonomy: PBL projects are significantly student-driven projects; they must not 
be instructor directed, scripted or packaged like laboratory exercises. They do 
not follow a predetermined path or end up at a predetermined outcome. They 
incorporate and encourage more student autonomy, unsupervised work time, and 
responsibility than traditional instruction and traditional projects.

e. Realistic: PBL projects need to be realistic, so that it provides a feeling of authen-
ticity to students. The project incorporates real-life challenges and the solutions 
have the potential to be implemented. The project can include the topic, the 
tasks, and the roles that students play, the context within which the work of the 
project is carried out, the collaborators who work with students on the project, 
the products that are produced, the audience for the project’s products, or the 
criteria by which the products or performances are judged.

Teamwork is the central part of PBL. In teamwork projects, students work together 
to solve a complex and authentic problem and thereby develop content knowledge 
and graduate attributes such as problem-solving and communication skills. Students 
learn from each other while they work together in a team (Bloxham and West 2004). 
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According to Dyball et al. (2007), benefits of teamwork are opportunities to work 
on comprehensive assignments; an insight into group dynamics and processes; de-
velopment of interpersonal and communication skills; exposure to the viewpoints 
of others; preparation for the real viewpoint; and promoting reflection and discus-
sion. Teamwork has some disadvantages as well. Disadvantages of teamwork are 
interpersonal conflict among team members leading to the incompletion of the task; 
unequal workload distribution; possibility of reduction of mental effort through 
shirking tasks, thus debilitating learning; and students’ negative reactions to group-
learning experiences (Walker 2001; Spalding et al. 1999).

The PBL experience in a first-year engineering program can move and engage 
students to a larger level than traditional lecture–tutorial-based courses. Participa-
tion in the PBL project enables students to make a variety of connections between 
different subjects (mathematics, ICT, English, study skills, etc.), connections to 
the real world, connections among participants, and connections to the knowledge, 
skills, and dispositions (Gillway and Bielenberg 2006). The drawbacks of team-
work can be minimized by taking up some techniques such as peer assessment and 
PBL training of students (Willey and Gardner 2009). The PBL process adopted in 
the foundation program (UGRU) of UAEU is shown in Fig. 13.1. The PBL initia-
tive at UAEU is found to incite and engage students and to offer opportunities to 
develop curriculum competencies (CETL 2012a). Students were followed to get 
a number of associations that support their learning throughout their university 
training and beyond. Both students and instructors identified that the PBL course 
strongly contributed to the development of the curriculum competencies. Among 
different curriculum competencies (stated in the introduction section), information 
literacy (learning how to access information) and learner training (learning to lead 
in a group, admitting responsibility for one’s study, and organizing one’s work) 
were ranked most highly by both teachers and students.

Orientation
(understanding of PBL 

and teamwork)

Session 1
(group formation, role distribution, 
understanding of task and grading 

policy and self-assessment about PBL)
(out of class activities: checklist of what 

you know and need to know)

Session 2
(sharing of knowledge and opinions, 
development of research questions, 
search plan development, sharing 

responsibilities and assessing member’s 
contributions) (out of class activities: 

taking notes and information)

Session 3
(presentation of information to the team, brainstorming of 

possible solutions to the problem, identification of 
information gap, development of work plan and assessing 

team’s progress) (out of class activities: completion of work 
plan developed in session 3)

Session 4
(sharing of individual’s work, organization of 
information for the final product, schedule of 

meeting times and responsibilities and assessing 
team’s progress) (preparation of draft final 

product as out of class activities)

Session 5
(feedback on other teams’ final product, 
planning for presentation) (out of class 

activities: finalization of product and 
development of presentation)

Session 6
(final presentation, self-assessment of 

group presentation and evaluation of PBL 
course)

Fig. 13.1  The PBL process adopted in the foundation program of United Arab Emirates University

 

mbishawi@birzeit.edu



328 R. K. Chowdhury

13.3  Learning Styles of Students

Students’ engagement is one of the central views of the PBL approach. Therefore, 
the success of a PBL method significantly depends on students’ learning behaviors 
and techniques. Teaching methods followed in a university need to be consistent 
with students’ learning techniques (Ewell 1997). Students learn in different ways; 
they focus on different types of information; they operate on the perceived informa-
tion in different ways; and they achieve understanding at different rates (Boles et al. 
2009). Coffield et al. (2004) stated: “A knowledge of learning styles can be used to 
increase the self-awareness of students and tutors about their strengths and weak-
nesses of learners. In other words, all the advantages claimed for meta-cognition 
(i.e. being aware of one’s own thoughts and learning processes) can be gained by 
encouraging all learners to become knowledgeable about their own learning and 
that of others.” Learning styles refer to the ways students prefer to receive, process, 
and present information and ideas. Some students may prefer to see a new concept 
by reading a textbook; some others choose a graphical explanation. Students may 
vary in how they most effectively show their understanding: graphically, verbally, 
or in writing (Mills et al. 2005). Kolb (1984) identified the four basic types of learn-
ing styles and observed that engineering students usually study in a convergent 
learning style. Kolb’s learning styles are:

a. Convergent style: good at problem-solving, decision-making, and the practical 
application of ideas

b. Divergent style: good imaginative ability and awareness of meaning and values
c. Assimilative style: good at inductive reasoning and making theoretical models
d. Accommodating style: efficient in carrying out plans and getting involved in new 

experiences

Various factors influence students’ preferred learning modes. Some of these factors 
are gender, cultural issues, and age influences on learning styles (Anderson 1991; 
Beyer 1993; Harding 1996). It is therefore significantly important to understand 
the gender, age, and cultural differences in a university before implementing a PBL 
technique in engineering education. This is also important for equity reasons and 
to support international students having diverse cultural settings. Holt and Solomon 
(1996) pointed out that since engineering education concentrates on problem-solv-
ing and engineering science (convergent and assimilative learning styles), it tends 
to exclude divergent and accommodative learners from effective learning and limits 
the opportunities of all learners to develop their skills in design and invention (di-
vergent approach) and business management (accommodative approach).

Felder and Silverman (1988) argued that learning styles of most engineering stu-
dents and teaching ways of most engineering instructors are mismatched in several 
dimensions. Engineering students are predominantly visual, sensing, inductive, and 
active, while most engineering education is auditory, abstract (intuitive), deductive, 
passive, and sequential. The mismatches lead to poor student performance, pro-
fessorial frustration, and a loss to society of many potentially excellent engineers. 

mbishawi@birzeit.edu



32913 Potential and Challenges of Project-Based Learning in Engineering …

Felder (1999) has developed a learning style model, particularly for engineering 
education. The model assesses students on four dimensions of preferences by utiliz-
ing a questionnaire study that involves 44 questions. The questionnaire is available 
at http://www.engr.ncsu.edu/learningstyles/ilsweb.html. The four dimensions of 
learning preferences are:

a. Active/reflective: This dimension is about processing of information. Active 
learners prefer trying things out and working with others. Reflective learners 
prefer to think things out and work alone. Active experimentation involves doing 
something in the external world with the information—discussing, explaining, 
or testing it in some way, whereas reflective observation involves examining 
and manipulating the information introspectively. Active learners work well in 
groups, and reflective learners work better by themselves. Active learners tend 
to be experimentalists, whereas reflective learners tend to be theoreticians. Engi-
neers are more likely to be active than reflective learners. The reflective observ-
ers are the theoreticians, the mathematical modelers, the ones who can define 
the problems and propose possible solutions. The active experimenters are the 
decision-makers who evaluate the ideas and concepts, carry out the experiments, 
and ascertain the solutions that work. An effective technique for reaching active 
learners is to have students organize themselves in groups and periodically come 
up with collective answers to questions posed by the instructor.

b. Sensing/intuitive: This dimension is about receiving information. Sensors like 
facts, data, and experimentation, whereas intuitors prefer principles and theo-
ries. Sensors like solving problems by standard methods and dislike surprises, 
whereas intuitors like innovation. Sensors are good at memorizing facts, and 
intuitors are good at grasping new concepts. Most engineering courses other 
than laboratories emphasize concepts rather than facts and use primarily lectures 
and readings (words and symbols) to send information, thereby favor intuitive 
learners. On the other hand, the majority of engineering students are sensors. 
Engineering tasks require the awareness of surroundings, attentiveness to detail, 
experimental thoroughness, and practicality (character of sensors) as well as 
creativity and theoretical ability (character of intuitors). Therefore, an effective 
engineering education should reach both types, rather than directing itself pri-
marily to intuitors.

c. Visual/verbal: This dimension is about the ways of perceiving information. 
Visual learners like graphs, images, flowcharts, and diagrams, whereas verbal 
learners enjoy reading and lectures. Visual learners remember best what they 
see, and verbal (auditory) learners remember much of what they hear and then 
say. Verbal learners prefer verbal explanation to visual demonstration, and learn 
effectively by explaining things to others. Lecture presentations that use both 
visual and verbal explanations reinforce learning for all students. According to 
Stice (1987), students retain 10 % of what they read, 26 % of what they hear, 
30 % of what they see, 50 % of what they see and hear, 70 % of what they say, 
and 90 % of what they say as they do something.
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d. Sequential/global: This dimension is about progress toward understanding. 
Sequential learners prefer logical steps toward an outcome, whereas global learn-
ers grasp the big picture quickly and work out the steps later. Most formal edu-
cation involves the presentation of material in a logically ordered progression; 
sequential learners learn by mastering the material more or less as it is presented. 
Sequential learners follow linear reasoning processes when working problems, 
and global learners make intuitive leaps and may be unable to explicate how they 
came up with answers. Sequential learners are strong in convergent thinking and 
analysis, whereas global learners are better at divergent thinking and synthe-
sis. Global learners are the synthesizers, the multidisciplinary researchers, and 
the systems thinkers. In order to reach global learners, students should be given 
the freedom to devise their own methods of solving problems rather than being 
forced to adopt a specified strategy.

At the UAEU, learning styles of engineering students were assessed during the fall 
and spring 2012–2013 and spring 2013–2014 semesters for two courses, the CIVL 
270 Introduction to Environmental Engineering course (2 credit hours) offered for 
civil and environmental engineering students and the GENG 315 Engineering Prac-
tice and Entrepreneurship, a general engineering course (3 credit hours) offered to 
all students. The Felder (1999) questionnaire was applied. The total number of stu-
dents assessed was 118 (males 42 and females 76). The scoring system ranges from 
11a to 11b for each of the four dimensions where “a” and “b” indicate first- and 
second-learning preference, respectively (e.g., “a” is active and “b” is reflective). A 
learner may be located at any point between these two extremes. Scores from 1 to 
3, 5 to 7, and 9 to 11 are considered mild, moderate, and strong preference, respec-
tively. For instance, a score of 9b–11b for the active/reflective dimension indicates a 
substantial penchant for a reflective learning style. Figure 13.2 depicts the learning 
styles of surveyed engineering students at the UAEU.

It is evident from Fig. 13.2 that students’ learning preferences are diverted to-
ward active (57 %), sensory (71 %), visual (83 %), and sequential (68 %) styles. The 
median scores for all preferences were found mild except for the visual preference 
where the median score is moderate. A maximum score of 11 (strong preference) 
was observed for both intuitive and visual styles, whereas a maximum score of 
9 (strong preference) was found for active, sensory, sequential, and global styles; 
for other styles (reflective and verbal), the maximum score of 7 (mild preference) 
was found. It is broadly recognized that engineering students experience a vari-
ety of learning styles, but in reality, few courses are structured to consider these 
variables. When teaching is planned in such a way to accommodate all learning 
styles, student outcomes and satisfaction will increase significantly. In terms of the 
process of information (active/reflective), balanced learning styles are observed 
among the respondents. Regarding reception of information, sensory learning style 
is predominant over the intuitive way. I can state that most students prefer facts, 
data, experimentation, and problem-solving by standard methods rather than un-
derstanding the underpinning principles, theories, and innovation. Approximately 
83 % respondents prefer the visual learning style, which is really obvious because 
most engineering students prefer graphs, images, flowcharts, and diagrams as their 
means of perceiving information. The majority of respondents were found sequen-
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tial (68 %), which indicates they prefer logical steps toward an outcome and they are 
strong in convergent thinking. Engineering projects generally require the awareness 
of surroundings, attentiveness to detail, experimental thoroughness, and practical-
ity (character of sensors) as well as creativity and theoretical ability (character of 
intuitors). Therefore, an effective engineering education should reach both sensory 
and intuitive types, rather than directing to a single preference. Because of students’ 
preferred sequential and sensory learning styles at UAEU, it is very important to 
emphasize the PBL process so that students can understand how PBL works and 
how they can set out to solve a problem. The PBL instructions shown in Fig. 13.1 
can be considered as an attempt to adopt the PBL in engineering education.

13.4  Teaching Styles of Instructors

Appropriate teaching styles of engineering instructors are needed for motivating 
students and for creating a classroom environment favorable for students’ learning 
styles. Sufficient interaction between students and instructors, and student engage-
ment are essential for promoting a collaborative learning environment. A mismatch 
between students’ learning styles and instructor’s teaching methods provides a bar-
rier for a successful PBL implementation. Grasha (1994) proposed five categories 
of teaching styles: these are expert, formal auditory, personal model, facilitator, and 
delegator. All instructors have each of the lineaments of the teaching styles in vary-
ing levels. Four clusters of teaching styles were classified in Grasha (1994), and it 

Fig. 13.2  Learning styles of engineering students at UAEU assessed during the fall and spring 
2012–2013 and spring 2013–2014 semesters for two courses CIVL 270 and GENG 315; positive 
and negative scores indicate “a” and “b” preference, respectively (total number of respondents 
were 118: males 42 and females 76)
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was suggested that instructors prefer one cluster to others or stick with a combina-
tion of clusters. Different teaching styles and the clusters are shown in Tables 13.1 
and 13.2, respectively.

Teaching 
style

Characteristics Advantage Disadvantage

Expert Instructors possess knowledge and 
expertise that students need and main-
tain the status as experts by displaying 
detailed knowledge. The style focuses 
on information transmission and ensures 
that students are well prepared

Information, 
knowledge, 
and skills that 
the instructor 
possesses

Overuse may be 
unfavorable to less 
experienced students, 
and instructors may 
not always show the 
underlying thought 
processes that pro-
duced answers

Formal 
auditory

The style focuses on offering both posi-
tive and negative feedback, establishing 
learning goals, outlooks, and conven-
tions of behavior for students. Instruc-
tors are concerned with the correct, 
acceptable, and standard ways to do 
things and with providing students with 
the structure they need to learn

Clear expecta-
tion and accept-
able ways of 
managing things

Can lead to rigid, 
standardized, and 
less flexible ways of 
managing students

Personal 
model

They believe in teaching by personal 
example and establish a prototype for 
how to think and behave. They oversee, 
guide, and direct students by showing 
how to do things, encourage students to 
observe, and then emulate the instruc-
tor’s approach

Emphasis on 
direct observa-
tion and follow-
ing a role model 
is the primary 
advantage of 
this style of 
teaching

Some instructors 
may believe that 
their approach is the 
best way, leading 
some students to feel 
inadequate if they 
cannot live up to such 
standards

Facilitator Emphasizes the personal nature of 
teacher–student interactions. They guide 
and direct students by asking questions, 
exploring options, suggesting alterna-
tives and encourage students to develop 
criteria to make informed choices. The 
overall goal is to develop students’ 
capacity for independent action, initia-
tive, and responsibility. They work with 
students on projects in a consultative 
fashion and try to provide as much 
information and encouragement as 
possible

The advantages 
are the personal 
flexibility, focus 
on students’ 
needs and 
goals, and the 
willingness to 
explore options 
and alterna-
tive courses of 
action

The style is often 
time-consuming and 
is sometimes applied 
when a more direct 
approach is required. 
Students become 
uncomfortable if not 
used in a confident and 
affirmative way

Delegator They are concerned with developing 
students’ capacity to function in an 
autonomous fashion. Students work on 
projects independently, and teachers are 
available at the request of students as 
resource persons

The style 
helps students 
to perceive 
themselves as 
independent 
learners

Disadvantages are 
misreading of student’s 
readiness for indepen-
dent work, and some 
students may become 
anxious in an autono-
mous environment

Table 13.1  Teaching styles of instructors. (Based on Grasha 1994)
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The Teaching Style Inventory (Grasha 1994) was conducted among a group of 
24 engineering faculty members in order to see their teaching styles. Academic 
staff members were taken randomly from different academic departments within 
the COE. The inventory involves 40 questions, and the academics were asked to an-
swer each query using a score range of 1–7 (1 and 7 represents strongly disagree and 
strongly agree, respectively). Teaching styles of surveyed engineering faculty mem-
bers are depicted in Fig. 13.3. It is noted that all staff members possess high score 
in expert style. About 71 and 29 % of respondents exhibit high and moderate scores 
in delegator teaching style, respectively. In terms of facilitator model style, about 
42 and 58 % respondents exhibit high and moderate scores, respectively, whereas 
in the personal model style, about 67 and 33 % of respondents show moderate and 
high scores, respectively. Regarding the formal auditory style, around 54 % of the 
respondents exhibit high scores and 46 % exhibit moderate scores.

Figure 13.3 shows that surveyed faculty members display a combination of 
teaching styles, and they can be categorized as cluster 4 (Table 13.2), where primary 
styles are expert and delegator. The strong preference for expert teaching style has 
the benefit of information transmission to well-prepared students. The preference 
for delegator teaching style is important for developing students’ capacity to func-
tion in an autonomous fashion. Particularly for the PBL, students work on projects 
independently, and faculty members are available at the request of students as re-
source persons. The moderate (58 %) and high scores (42 %) in facilitator teach-
ing style presents the personal nature of faculty and student interactions. Faculty 
members as facilitators guide and direct students by asking questions, exploring 
options, suggesting alternatives, and encouraging students to develop criteria to 
make informed choices. The overall goal of the facilitator-type teaching style is 
to develop students’ capacity for autonomous action, initiative, and responsibility, 
which are indispensable for successful implementation of PBL in engineering train-
ing. Faculty members having formal auditory teaching style (54 % high score) are 
concerned with the correct, acceptable, and standard ways to do things that may 
be favorable to sequential students (68 % students), who prefer logical steps and 
convergent thinking. Moderate preference for the personal model teaching style 
is observed in about 67 % of respondents. The style is preferable for students who 
desire to follow a role model. Yet, the function of role model-type teaching style is 
really limited in the PBL approach.

Felder and Silverman (1988) provided the dimension of learning styles and the 
corresponding teaching styles as presented in Table 13.3. They recommended a list 
of teaching techniques in order to address all learning styles of pupils. Further ex-
planations of these techniques are listed below:

Table 13.2  Cluster of teaching styles. (Based on Grasha 1994)
Cluster Primary styles Secondary styles
1 Expert/formal auditory Personal model/facilitator/delegator
2 Expert/personal model/formal auditory Facilitator/delegator
3 Expert/facilitator/personal model Formal auditory/delegator
4 Expert/facilitator/delegator Formal auditory/personal model
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a. Motivate learning as much as possible, relate the material being presented to 
what has come before and what is still to come in the same course, to material in 
other courses, and particularly with the students’ personal experience (inductive/
global).

b. Offer a balance of concrete information (facts, data, real or hypothetical experi-
ments, and their outcomes) (sensing) and abstract concepts (principles, theories, 
and mathematical models) (intuitive).

c. Balance material that emphasizes practical problem-working methods (sens-
ing/active) with material that emphasizes fundamental understanding (intuitive/
reflective).

d. Provide explicit illustrations of intuitive patterns (logical inference, pattern 
recognition, and generalization) and sensing patterns (observation of the sur-
roundings, empirical experimentation, and attention to detail), and encourage all 
students to exercise both patterns (sensing/intuitive). Do not expect either group 
to be able to do the other group’s processes immediately.

e. Follow the scientific method in presenting theoretical material. Offer concrete 
examples of the phenomena the theory describes or predicts (sensing/ inductive); 
then develop the theory or formulate the mold (intuitive/inductive/ sequential); 
establish how the theory or mold can be validated and deduce its consequences 
(deductive/sequential); and present applications (sensing/deductive/sequential).

Fig. 13.3  Distribution of 
scores among different 
teaching styles (based on a 
group of 24 academic staff 
members from the College of 
Engineering)

 

Table 13.3  Dimensions of learning and teaching styles. (Felder and Silverman 1988)
Preferred learning styles Corresponding teaching styles
Sensory Perception Concrete Content
Intuitive Abstract
Visual Input Visual Presentation
Auditory Verbal
Inductive Organization Inductive Organization
Deductive Deductive
Active Processing Active Student participation
Reflective Passive
Sequential Understanding Sequential Perspective
Global Global
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f. Use pictures, schematics, graphs, and simple sketches liberally before, dur-
ing, and after the presentation of verbal material (sensing/visual). Show films 
(sensing/visual). Provide demonstrations (sensing/visual), hands-on, if possible 
(active).

g. Use computer-assisted instruction—sensors respond very well to it (sensing/
active).

h. Do not fill every minute of class time lecturing and writing on the board. Provide 
intervals—however brief—for students to think about what they have been told 
(reflective).

i. Provide opportunities for students to do something active besides transcribing 
notes. Small-group brainstorming activities that take no more than 5 min are 
extremely effective for this purpose (active).

j. Assign some drill exercises to provide practice in the basic methods being taught 
(sensing/active/sequential) but do not overdo them (intuitive/reflective/global). 
Also provide some open-ended problems and practices that call for analysis and 
synthesis (intuitive/reflective/global).

k. Provide students the choice of collaborating on homework assignments to the 
greatest possible extent (active). Active learners generally learn best when they 
interact with others; if they are refused the opportunity to get along, they are 
being divested of their most efficient learning tool.

l. Applaud creative solutions, even wrong ones (intuitive/global).
m. Talk to students about learning styles, both in advising and in classes. Students 

are reassured to find their academic difficulties may not entirely be due to per-
sonal inadequacies. Explaining to struggling sensors or active or global learn-
ers how they learn most efficiently may be an important step in helping them 
reshape their learning experiences so that they can be successful (all types).

During consultation with surveyed faculty members, most of them expressed 
that they prefer to be a delegator or facilitator in conducting the PBL project. Sever-
al of them hinted that an overview of the task at the start of the semester and regular 
monitoring of the project progress (weekly or fortnightly) are very important for the 
success of PBL. Some of them preferred that students should use different applica-
tion software in their project, particularly for engineering design-related courses. 
Faculty members also expressed that for the success of PBL, students’ engagement 
needs to enhance through collaborative learning and group interaction, by using 
different communication technologies (blogs, discussion forums, podcasts, etc.).

13.5  Technology-Supported Learning Environment

Very recently, the UAEU has introduced smart technologies (iTune, iPad, etc.) in 
teaching. Adoption of new technologies in teaching requires support to both stu-
dents and instructors. The Center for Excellence in Teaching and Learning (CTEL) 
at the UAEU conducted a survey among faculties in fall 2012–2013 semester in 
order to understand their skill and knowledge on familiarity with technology in 
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pedagogy. A total of 719 faculties were surveyed. Among them, about 70 % were 
college faculties, and the remaining 30 % were UGRU instructors. Responses on 
the familiarity of instructors in using technology in teaching are shown in Fig. 13.4. 
Their responses on views of using technologies are provided in Table 13.4. It is 
mentioned that higher familiarity and skill is reported in using smart multimedia 
Blackboard, web-based sharing of documents, and communication with students 
using social web tools. Most of these areas are regularly used for teaching purposes 
or for social purposes. Unfamiliarity is observed in using blogs, podcasts, graph-
ics, programming, and installing iPad applications. Table 13.4 demonstrates that 
while most faculties enjoy using new technologies, they grow nervous in taking 
on new technologies. Most faculties (89 %) choose to combine traditional and new 
technologies in their instruction. Nearly 76 % of respondents show willingness to 
apply new technologies after having training courses. In general, it is discovered 
that faculty members at UAEU showed very positive attitude toward using technol-
ogy in teaching. This definitely demonstrates a positive advance in developing PBL 
at UAEU. However, both students and instructors, and particularly students, need 
to improve their skill in blogs and podcasts, since the PBL approach utilizes these 
tools for online discussion and seeks feedback from instructors.

Instructors were asked about the aspects of infrastructure underpinning edu-
cational technology at the UAEU. Responses from respondents are presented in 
Table 13.5. Nearly 79 % of respondents felt that their approach to technology is 
sufficient at UAEU. Because of the freely accessible wireless Internet facility, 94 % 
respondents agreed that they had sufficient access to the Internet on campus. About 
37 and 21 % respondents expressed their satisfaction and dissatisfaction, respective-
ly, regarding the supports they received from the university, and 34 % respondents 
agreed that they do not possess adequate time for discovering new technologies. 
Nearly half of respondents (53 %) agreed that training opportunities are available 
for the integration of technology into instruction. Regarding the institutionaliza-
tion of using new technologies in teaching, leadership is critical in motivating and 
supporting innovation and cultural change within systems. Approximately 87 % re-
spondents agreed that the UAEU administration encourages the role of new tech-
nologies in instruction.

Fig. 13.4  Familiarity of faculty members in using technology in teaching (number of respondents 
719, survey conducted by CETL in fall 2012–2013 semester)
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The success of using technology in teaching also depends on students’ attitude 
and capability to cope with technologies. A total of 1617 students were asked to 
answer how often they use different technologies in educational purposes. Their 
answers are presented in Table 13.6. Students were also asked to indicate as many 
learning resources as they thought were useful to them. The results of their re-
sponses are shown in Fig. 13.5. It is observed that students at UAEU have access 
to and are capable of using technologies in education. In a day, about 80 and 76 % 
of students use the Internet and smartphone, respectively. About 52 % students use 
electronic media and technology for their educational resources. From the view-
point of PBL, these are definitely supportive for the development of PBL at UAEU. 

Table 13.4  Views of faculty members in using technology in teaching (total respondents 719, 
survey conducted by CETL in fall 2012–2013 semester)
Questions related to technology uses in teaching Agree (%) Disagree (%)
Online social networking helps students better their communica-
tion skills

65 12

I am nervous using new technology in class 83 7
I find using new technology enjoyable 84 4

Technology can help faculty improve their teaching 55 14
New technology in the class improves instruction 79 5
Online learning is not as effective as classroom learning 55 31
Blackboard is useful for giving class information and assignments 91 4
There is generally too much focus on technology in education 60 18
Mixing new technology and traditional methods increases student–
faculty interaction

89 3

I use technology often when I teach 82 7
Experience in online environments increases student motivation 
for the course

63 26

If there was more support for me to take new technology, I would 
apply it in my teaching

76 17

Table 13.5  Assessment of technology support to faculties at UAEU. (CETL 2012b)
Questions related to technology support Agree (%) Disagree (%) No view (%)
Sufficient access to the technology that is needed 
at UAEU

79 9 12

Adequate time to learn technological skills 46 34 20
Sufficient level of technical support at UAEU for 
iPads and associated technologies

37 21 42

Sufficient access to the Internet on campus 94 6 0

The administration encourages the use of technol-
ogy in the classroom

87 3 10

Enough training opportunities for the integration 
of technology into teaching

53 18 29
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It is generally believed that when students use technology as a tool or a support for 
communicating with others in a PBL project, they are in an active role rather than 
the passive function of a receiver of information transmitted by a staff member. 
Students are actively involved in making choices about how to generate, obtain, 
manipulate, or display information.

13.6  Conclusions

The chapter delineated the potential and constraints of PBL in engineering educa-
tion at the UAEU by assessing the learning styles of engineering students, teaching 
styles of engineering instructors, and assessment of technology used in teaching. 
Discussion on mismatches of learning and teaching styles was included along with 

Fig. 13.5  Students’ learning resources at UAEU. (CETL 2012b)

 

Table 13.6  Frequency of technology uses in educational purposes by UAEU students. (CETL  
2012b)
Technologies Frequency of use (%)

Never Rarely Sometimes Often Daily
Personal 
computer

11 31 28 17 13

Laptop 6 10 18 29 37
iPad 18 17 18 16 31
iPod 34 24 17 12 13
Internet 1 1 4 14 80
Smartphone 11 3 5 5 76
Blackboard 48 18 16 11 7
Podcast 32 19 20 15 14
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a description of how the incorporation of learning and teaching styles in PBL can 
improve its effectiveness. Research on learning styles suggests that in engineer-
ing courses, learning is optimized by the application of different learning styles. 
Yet, most engineering instructors assume not only that all students adopt (or should 
adopt) a uniform learning style, they expect the same learning style to be applied 
to all areas of engineering studies (Felder 1993; Holt and Solomon 1996). There is 
considerable evidence from previous studies to show that instructors’ assumptions 
about “typical” learning styles of engineering students are inaccurate and that a 
wide range of learning styles will actually exist within any engineering class. Ac-
cording to Felder and Silverman (1988), how much a given student learns in a class 
is governed not only in part by that student’s native ability and prior preparation, 
but also by the compatibility of his or her learning style and the instructor’s teach-
ing style.

Learning styles of most engineering students and teaching styles of most en-
gineering instructors are incompatible in several dimensions. Many or most engi-
neering students are visual, sensing, inductive, and participating (some exceptional 
creative students are global), whereas most engineering education is verbal (au-
ditory), abstract (intuitive), deductive, passive, and sequential. These mismatches 
lead to poor student performance, professorial frustration, and a loss to society of 
many potentially excellent engineers (Felder and Silverman 1988). The situation 
of UAEU also reflects this. Most engineering students are observed to be active, 
visual, sensory, and sequential, whereas a surveyed group of instructors exhibits an 
expert and delegator style of teaching as their most preferred styles. Teachers also 
exhibit a firm preference for the facilitator style of instruction. The PBL approach 
prefers the facilitator style of instruction rather than expert or delegator styles. The 
sequential and sensory learning styles demand sufficient training of students on the 
PBL system at the start of the semester. On the other hand, teaching styles of sur-
veyed engineering instructors were found very supportive of the implementation of 
the PBL approach in engineering education. Both students and staff members were 
found very effective in applying innovative technologies in teaching. However, 
there was a lack of the use of online discussion forums, which is really important 
for collaborative learning through the PBL project.

It is thus important to raise the consciousness of teachers responsible for en-
gineering education about the possible effects of mismatches of students’ learn-
ing styles and instructors’ teaching styles. The primary requirements for improved 
teaching and learning in this area are improved knowledge and understanding of 
learning styles, and reflection on practice, followed by any necessary modifications 
to practice in the light of this knowledge. It is important to include learning styles 
information in the course booklet along with the course website (Blackboard), giv-
ing students and instructors continuing access to information on all aspects of learn-
ing styles. Instructors need not apply all the techniques in every class, but rather 
pick several that look feasible and try them, keep the ones that work, drop the oth-
ers, and try a few more in the next course. In this way a teaching mode that is both 
efficient for students and comfortable for the instructor will develop naturally, with 
a potentially dramatic effect on the caliber of learning that subsequently happens.
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Effective Alignment of Disciplinary and 
Institutional Accreditation and Assessment: 
A UAE Computing Case Study

Kevin Schoepp, Maurice Danaher and Leon Jololian

14.1  Introduction

As a means of assuring quality in their programs, institutions of higher education in 
recent times have moved to accreditation and to establishing and assessing learning 
outcomes. Besides assuring quality and beginning the cycle of continuous improve-
ment, this move has been designed to satisfy government or other legislative bod-
ies, employers, students and prospective students, and other key stakeholders. The 
major impetus for the shift towards learning outcomes has been the requirement 
set by accreditation bodies, compelling institutions to adopt that approach (Hernon 
et al. 2006).

Adopting the learning outcomes approach promulgated by accreditors may in-
volve considerable effort because institutions with multiple accreditations must an-
swer to a number of organizations which have slightly different expectations. If not 
well managed, these processes can seem overwhelming and, at times, duplicative. 
In the Middle East and North Africa, the challenge is even greater as, according 
to the Organisation for Economic Co-operation and Development (OECD 2013), 
institutions have more quality issues than those in more developed nations. This is 
partially due to the rapid expansion of education, often at the expense of quality. 
To set up and maintain an institutional assessment system and also to go through 
the steps involved to achieve accreditation from a number of accreditors is very 
demanding on time and resources. Indeed, it is a daunting task to institutions with 
insufficient resources and can be a deterrent to seeking accreditation.
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In this chapter, we describe the processes developed at Zayed University (ZU) 
to assess learning outcomes for institutional quality assurance purposes and for the 
purposes of accreditation. These processes have provided an effective system for 
institutional assessment and have enabled the institution to achieve Middle States 
Commission on Higher Education (MSCHE) accreditation and Accreditation Board 
for Engineering and Technology (ABET) accreditation for the College of Techno-
logical Innovation (CTI).

Based on an analysis of our existing processes, we have designed a new model. 
The new model, which we are proposing for institutions, accommodates the needs 
of institutional assessment and various accreditation bodies simultaneously. The 
goals of the model are efficiency, sustainability, and quality. The model incorporates 
several key elements:

• An alignment of institutional learning outcomes with the programmatic learning 
outcomes

• An alignment of the institutional and programmatic learning outcomes with the 
learning outcomes of the accreditation body

• Standardized internal processes that constitute the assessment program
• A centralized structure that coordinates the various ongoing accreditation and 

assessment efforts within the institution

The model facilitates accreditation from multiple accreditation bodies and is built 
around the ethos of continuous improvement. It fosters an institutional culture of 
assessment as much of it is faculty-driven, a key to faculty buy-in (Gannon-Slater 
et al. 2014).

14.2  Zayed University

The UAE is a small petroleum-rich nation bordering Saudi Arabia, which has been 
developing at breakneck speed. Founded in 1971 and one of the last Gulf countries 
to modernize, in just over one generation it has transitioned from an impoverished 
nation to a place with immense wealth and privilege (Heard-Bey 2004). The coun-
try’s growth and development has been mirrored by the rapid development of the 
higher education sector. The first public university, United Arab Emirates Univer-
sity, was launched in 1976, and ZU was opened in 1998.

ZU is a rapidly expanding public university, with campuses in Dubai and Abu 
Dhabi, which serves approximately 8500 undergraduate male and female Emirati 
students in a gender-segregated environment. Though only 15 years old, ZU has 
been accredited by the MSCHE since 2008 and its CTI accredited by ABET since 
2012. Accreditation from the MSCHE was prioritized early on by the institution’s 
leadership because it provided international recognition of quality and because 
when the university was launched, the country lacked a national accreditation and 
quality assurance body. As part of the institution’s maturation process, the 2009 
strategic plan “Destined to Lead” prioritized disciplinary accreditation across the 
university—again as a way to ensure quality that is international in scope. The CTI 
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was the first of the colleges to obtain disciplinary accreditation, which was accom-
plished for its bachelor’s degrees in Information Systems and Technology Manage-
ment and Security and Network Technologies. For both MSCHE and ABET, the 
assessment and analysis of student learning outcomes, which is part of a cycle of 
continuous improvement, is the keystone of accreditation.

14.3  Learning Outcomes at Zayed University

The launch of ZU occurred at a time when the learning outcomes and learning 
outcomes assessment movements were just becoming established. In 1997, ABET 
released Engineering Criteria 2000 (2011a) and later Ewell (2001) published the 
Council for Higher Education Accreditation (CHEA) occasional paper Accredita-
tion and Student Learning Outcomes: A Proposed Point of Departure. The shift to a 
student- and learning-centered ethos was clearly underway, and ZU was influenced 
by this movement. Though the percentage of programs having student learning out-
comes in US undergraduate education is now around 84 % (Kuh et al. 2014), at the 
time ZU was developing its institutional learning outcomes and associated rubrics, 
this approach was still in its infancy.

One of the benefits of being a young institution is that there is significant op-
portunity to achieve milestones because there is a lack of history, sentiment, or bias 
that can limit progress. Though there is much to do, there is opportunity to have an 
impact on the organization. The creation of the institution-wide learning outcomes 
known as the ZU Learning Outcomes (ZULOs) is one such example of where fac-
ulty achievements can be substantial at new institutions.

In the 2001–2002 academic year, faculty working groups were formed to de-
velop a set of institution-wide learning outcomes to form the foundation of the 
university’s undergraduate program. Learning outcomes developed in a collabora-
tive manner such as this have a much better chance of being accepted by faculty as 
meaningful (AAC&U 2010; MSCHE 2007; US Department of Education 2006). 
The ZULOs represent the best thinking of faculty as to what should be the main 
outcomes of a quality undergraduate education. Though they have been altered and 
modified over the years, the major concepts included in them remain very similar 
today. The ZULOs in their current form are:

• Language: ZU graduates will be able to communicate effectively in English and 
Modern Standard Arabic, using the academic and professional conventions of 
these languages appropriately.

• Technological Literacy: ZU graduates will be able to effectively understand, use, 
and evaluate technology both ethically and securely in an evolving global soci-
ety.

• Critical Thinking and Quantitative Reasoning: ZU graduates will be able to use 
both critical and quantitative processes to solve problems and to develop in-
formed opinions.

• Information Literacy: ZU graduates will be able to find, evaluate, and use ap-
propriate information from multiple sources to respond to a variety of needs.
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• Global Awareness: ZU graduates will be able to understand and value their own 
culture and other cultures, perceiving and reacting to differences from an in-
formed and socially responsible point of view.

• Leadership: ZU graduates will be able to undertake leadership roles and respon-
sibilities, interacting effectively with others to accomplish shared goals.

Similar to the model that was later employed in designing the American Association 
of Colleges and Universities’ (AAC&U’s) Valid Assessment of Learning in Under-
graduate Education (VALUE) rubrics (AAC&U 2010), each ZULO comes with a 
rubric which has a set of performance indicators and descriptors for the students’ 
level of attainment. The attainment levels are described for first year (Beginning), 
second and third years (Developing), near or at graduation (Accomplished), and an 
aspirational level (Exemplary), which is not an expectation for our students.1 The 
institutional expectation is that students will graduate at the Accomplished level. 
What this means is that students, faculty, or other stakeholders can read the ZULO 
rubric at the Accomplished level and get an understanding of the abilities of ZU 
graduates. This closely follows the MSCHE learning outcome guidelines, where 
they state that well-articulated learning outcomes make it clear to learners, faculty, 
and the public what graduates will be able to accomplish (MSCHE 2007).

In addition to the ZULOs, each of the colleges or departments has a set of Ma-
jor Learning Outcomes (MALOs), which are the disciplinary interpretation of the 
ZULOs. Each MALO is aligned with one or more ZULO and provides the needed 
disciplinary lens, which enables faculty understanding and acceptance. Within the 
CTI, the MALOs are:

• Critical Thinking and Quantitative Reasoning in IT: College graduates will be 
able to use critical thinking and quantitative processes to identify, analyze, and 
solve problems and evaluate solutions in an IT context.

• Information Technology Application: College graduates will be able to select ex-
isting and cutting-edge IT tools and procedures to develop modules and systems.

• Information Technology Management: College graduates will be able to assess 
and determine information resource requirements to develop solutions suitable 
for IT and business managers operating in a multinational and multicultural en-
vironment.

• Information Technology Professional Practice: College graduates will be able 
to work effectively in individual and group situations, understand how groups 
interact, be able to assume a leadership role when required, and understand the 
fundamentals of professional and ethical conduct.

• Information Technology Systems Theory and Practice: College graduates will be 
able to understand and communicate the fundamentals of systems theory in the 
development of appropriate systems that function in a global environment.

• Technical Communication (Bilingual): College graduates will be able to express 
themselves effectively and efficiently in both English and Arabic while using the 
correct IT terms for each language.

1 Each complete ZULO rubric can be found online at http://www.zu.ac.ae/main/en/_assessment_
resource/learning_outcomes.aspx.
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Similar to the ZULOs, the MALOs have rubrics which describe students’ expected 
abilities at three levels—Beginning, Developing and Accomplished—again corre-
sponding to entry, mid, and exit points in CTI’s bachelor programs. The alignment 
or mapping between ZULOs and MALOs is shown in Table 14.1, and the rationale 
for the mapping is provided in Table 14.2.

14.4  International Accreditation and Assessment

International accreditation is considered a seal of approval of quality that many 
higher education institutions the world over seek to attain in order to demonstrate 
the effectiveness of their programs. From its most recent data, the CHEA claimed 
that US accreditors had accredited more than 850 international institutions in 70 
countries (University Affairs 2013). Within ABET alone, there are 345 internation-
ally accredited programs (ABET 2013). On one hand, accreditation ensures that an 
institution is in line with the best practices for the development of their educational 
offerings, and on the other hand, it demonstrates to the institution’s stakeholders the 
quality of education they are providing to students. By attaining accreditation from 
one of the many agencies that exist worldwide, an institution is perceived as achiev-
ing suitable standards. According to ABET, “accreditation is value. Reaching into 
our public, private, and professional lives, accreditation is proof that a collegiate 
program has met certain standards necessary to produce graduates who are ready to 
enter their professions” (2011b, p. 1).

Table 14.1  ZULO to MALO mapping
ZULO Information 

literacy
Information 
technology

Critical 
thinking

Global 
awareness

Leadership Language

MALO
Critical 
think-
ing and 
quantitative 
reasoning

✓

IT 
application

✓ ✓

IT 
management

✓ ✓

IT profes-
sional 
practice

✓ ✓

IT systems 
theory and 
practice

✓ ✓

Technical 
communi-
cation

✓

ZULO Zayed University Learning Outcome, MALO Major Learning Outcome
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As the reach of accreditation has expanded, assessment has expanded at its side, 
and the two terms have become almost synonymous with each other. According to 
Ewell (2009, p. 6), “assessment has become a condition of doing business for col-
leges and universities because of accreditation requirements.” Kuh et al. (2014), 
reporting on a large US study about assessment of student learning, found likewise 
that the prime driver of assessment is accreditation. Accreditors realize this, so in 
recognition of the leading role learning assessment plays in accreditation, the CHEA 
in the USA gives their annual prize in one category only—outstanding institutional 
practice in student learning outcomes. The award criteria include articulating learn-
ing outcomes, assessing the learning outcomes, and using the assessment results to 
foster improvement (CHEA 2014).

Table 14.2  Rationale for mapping between ZULOs and MALOs
MALO Justification of mapping to ZULO
IT critical thinking and 
quantitative reasoning

ZULO Critical Thinking and Quantitative Reasoning: Both sets 
of learning outcomes address the development of critical thinking 
and quantitative reasoning

ITA ZULO IT: This ZULO strives for the development of basic IT 
skills in all university graduates. The ITA MALO requires stu-
dents to develop higher-level IT skills
ZULO Global Awareness: Both learning outcomes strive for 
developing student skills in the use of IT applications that are 
universal

ITM ZULO Information Literacy: This ZULO strives for the develop-
ment of basic information literacy skills for finding relevant 
information for given tasks. The ITM MALO requires students 
to develop higher-level IL skills for identifying appropriate 
resources for IT projects
ZULO Global Awareness: Both learning outcomes strive for 
developing student skills in the use of IT tools and resources 
based on international standards

ITPP ZULO Information Technology: This ZULO strives for the devel-
opment of basic IT skills in all university graduates. The ITPP 
MALO requires students to engage in the professional practice 
of IT
ZULO Leadership and Teamwork: The ITPP MALO requires 
students to have developed skills in leadership and teamwork

ITSTP ZULO Information Literacy: This ZULO strives for the develop-
ment of basic IT skills in all university graduates. The ITSTP 
MALO requires students to have knowledge of IT to develop 
complex systems
ZULO Critical Thinking and Quantitative Reasoning: The devel-
opment and understanding of complex systems required by this 
MALO demands higher order of critical thinking and quantitative 
reasoning skills

IT technical communication ZULO language: Both learning outcomes require the develop-
ment of the language skills. The MALO focuses on the language 
skills within an IT context

ZULO Zayed University Learning Outcome, MALO Major Learning Outcome, IT information 
technology, ITA IT application, ITM IT management, ITPP IT professional practice, ITSTP IT 
systems theory and practice, IL information literacy
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Increasingly, higher education institutions are pursuing multiple accreditations 
to achieve a much more comprehensive level of alignment with best educational 
practices that targets different aspects and levels of the institution, from the orga-
nizational and operational structure to the individual educational programs. More-
over, institutions will often have to work towards compliance with the various ac-
creditation requirements, including assessment, simultaneously. This can put con-
siderable stress on existing institutional resources that are often already stretched 
to a great extent. A certain level of coordination must be established between the 
ongoing accreditation and assessment efforts within an institution not only to ensure 
operational efficiency by reducing duplication of efforts but also to ensure that the 
goals and objectives emanating from compliance with various accreditation efforts 
are aligned and in harmony with one another.

14.4.1  ABET and MSCHE Learning Outcomes

With the release of their EC2000 document in 1997, ABET changed the focus of 
accreditation criteria from what was taught to what was learned and placed the 
continuous improvement process at its core (ABET 2011a). This philosophical shift 
has become the modus operandi of accreditors the world over and is also reflected 
within the MSCHE. Though there are differences in the language used and indi-
vidual standards and criteria differ, the underlying principles are the same for both 
ABET and MSCHE. For example, ABET states through their Student Outcomes 
Criteria (Criterion 3) that “the program must have documented student outcomes 
that prepare graduates to attain the program educational objectives” (ABET 2009, 
p. 9) and through Continuous Improvement (Criterion 4) that “the program must 
regularly use appropriate, documented processes for evaluating the extent to which 
both the program educational objectives and the student outcomes are being at-
tained. The results of these evaluations must be utilized as input for the continuous 
improvement of the program” (ABET 2009, pp. 10–11).

In a very similar manner, MSCHE states that “assessment of student learning 
demonstrates that, at graduation, or other appropriate points, the institution’s stu-
dents have knowledge, skills, and competencies consistent with institutional and 
appropriate higher education goals” (MSCHE 2009, p. 63). They describe the four-
step assessment process as:

1. Developing clear and measurable learning outcomes
2. Providing learning opportunities where students can achieve the learning 

outcomes
3. Assessing student achievement of the learning outcomes
4. Using the results of the assessments to improve student learning (MSCHE 2009)

ABET (2009, pp. 2–3) also puts forth a set of learning outcomes that students should 
be able to achieve by the time of graduation, which in the Computing Accreditation 
Commission context are:
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a. An ability to apply knowledge of computing and mathematics appropriate to the 
discipline

b. An ability to analyze a problem and identify and define the computing require-
ments appropriate to its solution

c. An ability to design, implement, and evaluate a computer-based system, process, 
component, or program to meet desired needs

d. An ability to function effectively in teams to accomplish a common goal
e. An understanding of professional, ethical, legal, security, and social issues and 

responsibilities
f. An ability to communicate effectively with a range of audiences
g. An ability to analyze the local and global impact of computing on individuals, 

organizations, and society
h. Recognition of the need for and an ability to engage in continuing professional 

development
i. An ability to use current techniques, skills, and tools necessary for computing 

practice
j. An ability to use and apply current technical concepts and practices in the core 

information technologies
k. An ability to identify and analyze user needs and take them into account in the 

selection, creation, evaluation, and administration of computer-based systems
l. An ability to effectively integrate IT-based solutions into the user environment
m. An understanding of best practices and standards and their application
n. An ability to assist in the creation of an effective project plan

These outcomes are not truly prescriptive because programs are free to have their 
own learning outcomes. Programs only need to demonstrate that these ABET learn-
ing outcomes are being covered. The assessment program at ZU is able to meet the 
assessment requirements of both accreditors.

14.4.2  MALOs and ABET Student Outcomes Alignment

The MALOs of the CTI are in line with the 14 student outcomes of ABET given 
above. The mapping between the MALOs and ABET’s student outcomes is shown 
in Table 14.3, and a justification of the mapping is included. Due to the alignment 
between the MALOs and ABET’s student outcomes, students that achieve a sat-
isfactory standard in the MALOs are automatically meeting the requirements of 
ABET.

14.5  Assessment Structures and Processes

Of critical importance in having a sustainable, reliable, and valid assessment pro-
gram is to ensure that proper structures and processes are put in place. The learning 
outcomes assessment program at ZU is centrally managed through the Office of 
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Educational Effectiveness (OEE). The responsibilities of the office include accredi-
tation and learning outcomes assessment, and the office is headed by the director 
of educational effectiveness. The presence of this office is clear evidence that the 
institution recognizes the importance of supporting assessment and accreditation 
efforts in line with best practice (Fu et al. 2014). The director chairs the University 
Learning Assessment Committee (ULAC), which provides oversight and guidance 
for assessment at the institution. It comprises two faculty representatives from each 

Table 14.3  Mapping between MALOs and ABET’s student outcomes
MALO ABET’s students outcomes Mapping rationale
Critical 
thinking and 
quantitative 
reasoning in IT

(b) An ability to analyze a problem and iden-
tify and define the computing requirements 
appropriate to its solution

A clear direct mapping for 
skills using critical thinking 
and quantitative reasoning

Information 
technology 
application

(a) An ability to apply knowledge of com-
puting and mathematics appropriate to the 
discipline
(i) An ability to use current techniques, skills, 
and tools necessary for computing practices
(l) An ability to effectively integrate IT-based 
solutions into the user environment

The student outcomes (a), 
(i) and (l) address the skills 
involved in the application 
and integration of technology

Information 
technology 
management

(k) An ability to identify and analyze user 
needs and take them into account in the selec-
tion, creation, evaluation, and administration 
of computer-based systems
(m) An understanding of best practices and 
standards and their application
(n) An ability to assist in the creation of an 
effective project plan

The student outcomes (k), (m) 
and (n) address the manage-
ment and deployment of 
technology solutions

Information 
technology 
professional 
practice

(d) An ability to function effectively on teams 
to accomplish a common goal
(e) An understanding of professional, 
ethical, legal, security, and social issues and 
responsibilities
(h) Recognition of the need for, and an 
ability to engage in, continuing professional 
development

The student outcomes (d), 
(e), and (h) address the skills 
required to function effec-
tively in the workplace

IT systems 
theory and 
practice

(c) An ability to design, implement, and 
evaluate a computer-based system, process, 
component, or program to meet desired needs
(g) An ability to analyze the local and global 
impact of computing on individuals, organiza-
tions, and society
(j) An ability to use and apply current techni-
cal concepts and practices in the core informa-
tion technologies

The student outcomes (c), 
(g), and (j) address the skills 
required to analyze and 
develop complex systems 
according to international best 
practices

Technical 
communication

(f) An ability to communicate effectively with 
a range of audiences

A clear direct mapping for 
communication skills in the 
workplace

MALO Major Learning Outcome, ABET Accreditation Board for Engineering and Technology
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academic program along with a select few others who participate in assessment, 
such as student affairs and institutional research professionals. These are the people 
responsible for assessment within their college or department. This group meets 
approximately 12 times per year and is the key venue for process and procedural 
refinement, professional development, and the sharing of best practices. It is these 
ULAC members who steer the overall assessment program at the university and 
lead assessment within their academic programs.

Part of what the ULAC has done over the past few years is to establish a set of 
agreed-upon processes built around an annual assessment calendar. The key events 
of the assessment calendar are the template-based assessment plan and report. At 
the start of each academic year, programs submit an annual learning assessment 
plan that includes information about which outcomes will be assessed, in which 
courses they will be assessed, and the methods of assessment that will be utilized. 
To ensure a sustainable assessment regime, we only require the assessment of two 
learning outcomes per year. According to Blaich and Wise (2011), the Wabash2 
national study found that this is the absolute threshold for the maximum number of 
outcomes that could be assessed with an expectation of meaningful actions towards 
continuous improvement being implemented. The majority of the assessments that 
we utilize are course-embedded direct measures because we believe that the cur-
ricular alignment offered by such instruments increases faculty buy-in and owner-
ship (Suskie 2009). However, we also use a number of non-course-embedded direct 
measures such as the International English Language Testing Service or our Col-
lege of Business’s Assurance of Learning Examination because of the trustworthi-
ness of the instruments (Suskie 2009). Besides these direct measures, the programs 
also receive the annual results from the Graduating Senior Survey and the Intern-
ship Survey for triangulation purposes. These instruments have had their questions 
mapped to the ZULOs, so they can be a meaningful addition to the assessment of 
the learning outcomes.

In the CTI, as mentioned earlier, three achievement levels are used with the 
MALOs—Beginning, Developing, and Accomplished. A rubric has been defined 
for each of the MALOs, which provides guidance for instructors to develop assess-
ment tools to measure the learning outcome at each of the three levels.3 The assess-
ment of a MALO is undertaken by faculty under the guidance of the assessment 
coordinator (a ULAC member from the college). Faculty agree upon the method of 
assessment and the task to be used for conducting the measurement. A task-specific 
rubric is developed, following a standard format within the college, in which the 
performance indicators are clearly described. An example of a task-specific rubric 
is shown in Appendix A. This rubric, which was for measurement of Critical Think-
ing and Quantitative Reasoning at the Beginning level, was developed around a 
Cisco skills exam as part of a networking course.

2 The Wabash study was a large-scale national project to investigate critical factors that affect 
outcomes.http://www.liberalarts.wabash.edu/study-overview/.
3 The MALO rubric can be found online at: http://www.zu.ac.ae/main/files/contents/assessment_
resource/malos/IT_MALO_Matrix.pdf.
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Every year, near the end of the second semester, programs are required to submit 
an annual Learning Assessment Report, which is a status update on the assessments 
conducted the previous academic year. Because a program may choose to utilize a 
spring semester final exam or project for their learning outcomes assessment, they 
are given the summer, the fall semester, and some of the spring semester to interpret 
their data and promulgate actions for improvement. This process usually involves 
having the data analyzed and presented in a standard format and then having it 
entered into TracDat, our current institutional assessment software. Once this is 
done, program faculty are brought together to discuss the results and develop plans 
for improvement. Similar to the Wabash findings (Blaich and Wise 2011), gaining 
faculty consensus on how to improve student learning can be an arduous and chal-
lenging process. Nonetheless, under the ethos of continuous improvement, action-
able solutions are brought forth. As the key events in the assessment calendar, it is 
the annual assessment plans and reports which provide the major milestones to keep 
the assessment processes moving forward.

In the CTI, the findings from the MALO assessment are presented to all faculty 
at a college meeting. The findings are discussed, and then over the next few weeks, 
faculty give thought to how student performance could be improved in relation to 
the MALO in question. Faculty need to think deeply about where and how improve-
ments can be made in the program. Faculty are required to draft their proposals and 
email them to the dean for inclusion in the next college meeting. In their write-up, 
they should justify their proposal—they must provide sound argument on how the 
action they are proposing will bring about improvement. It is important that the 
proposed actions are practical, specific, and achievable. At the college meeting, the 
proposals are discussed and debated. Following thorough consideration, a number 
of actions are agreed upon. As an example, two of the actions that were agreed upon 
in fall 2012 for the Technical Communication MALO were:

1. The International English Language Testing System (IELTS) score will be 
embedded into a final year course and make up 20 % of the final grade so as to 
motivate students to improve. The IELTS testing will be moved from semester 8 
to semester 7 in order to facilitate this.

2. The Technical Writing course will be modified, and the emphasis will be placed 
on English communication rather than on only English writing. New topics will 
be introduced on communication in IT workplaces, new communication technol-
ogies, and how to use them effectively. The title will be changed from Technical 
Writing to Technical Communication.

The actions that are agreed upon, as in the above example, are implemented over the 
following 12 months. In a subsequent college meeting, these actions are reviewed. 
Any issues in relation to the implementation of the actions are discussed and follow-
up actions, if required, are planned.
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14.6  Creating a Culture of Assessment

Establishing an assessment program that is effective, sustainable, and meets the 
needs of various accreditors has meant that we needed to move beyond a purely 
bureaucratic process to one which is infused into the culture of the institution. While 
a bureaucratic process has its merits and certainly assists in making the workload 
sustainable, to be truly effective, faculty need to engage and understand the assess-
ment process and value its contribution to programmatic improvement. To embed 
this into the culture of the institution, we turned to Bolman and Deal’s (2003) four-
frame model, which is composed of the structural, human resource, political, and 
symbolic frames. Use of most, or all, of the frames is thought to improve decision-
making, and knowledge of the frames should offer guidance as to when a particular 
frame should be dominant as different situations demand different solutions.

A summary of the four frames follows. First, the structural frame is about the 
organizational chart and organizational hierarchy. Through this frame, issues are ex-
amined with the belief that organizational restructuring offers solutions to improve 
performance. Second, the human resource frame views an organization as a family 
and tries to match the strengths and desires of the employee to an appropriate role. 
It can be especially appropriate when morale is low or motivation is an issue. The 
third frame is political, and although the term often carries with it negative conno-
tations, this perspective recognizes that there are competing factions and agendas 
within an organization that must be successfully navigated. This is a particularly apt 
frame when there is institutional conflict or resources are scarce. The final frame 
is symbolic. This frame views organizations as cultures that are defined by their 
vision, stories, and ceremonies to a greater degree than their organizational chart 
or regulations. The symbolic frame is useful when team-building is needed. Inte-
gration of these concepts and the understanding that “the use of multiple frames 
permits leaders to see and understand more…” (Bolman and Deal p. 433) facilitates 
the development of an assessment program that is effective, sustainable, and meets 
the needs of various accreditors.

The application of Bolman and Deal’s (2003) four-frame model to the develop-
ment of ZU’s assessment program is manifested in many ways and will be demon-
strated accordingly. Though this will be presented frame-by-frame, it is clearly rep-
resentative of multi-frame thinking, which increases the opportunities for success.

Since it remains the dominant lens through which organizations are analyzed, the 
structural frame is the first to be presented. At the institutional level, the first major 
structural initiative put forth was the creation of the OEE with responsibilities to-
wards learning outcomes assessment, accreditation, and program review. Once the 
office was established with a director, institutional effectiveness officer, and admin-
istrative assistant, the organization established the ULAC and its steering group to 
develop and guide the assessment program at the university. At the college level, the 
CTI has an assessment committee and an assessment coordinator. The assessment 
committee is concerned with various aspects of the MALOs such as measuring the 
level of attainment and advising and helping faculty. Two members of the college 
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committee sit on the ULAC. Another way in which the institution has made a com-
mitment structurally is through the launch of the Center for Educational Innovation. 
The center is the faculty development department of the university, and part of its 
mandate is to support faculty in their assessment work. Early on in the work of 
ULAC, it became clear that faculty needed and wanted professional development 
around effective assessment, so the center was born and is now colocated with the 
OEE. The final structural decision that was made occurred at the graduate level. 
Though ZU is primarily an undergraduate institution, there is a rapidly expanding 
graduate program. The existing structure provided by the graduate program coor-
dinators has been co-opted to also form the graduate assessment committee, which 
has implemented an assessment program nearly identical to the undergraduate level 
to aid in sustainability.

Within the human resources frame, many steps have been taken which dem-
onstrate institutional commitment to assessment. Over the previous 2 years, the 
ULAC has conducted a number of in-house professional development workshops 
and retreats. These helped educate ULAC members and established the expecta-
tions, processes, and procedures that guide the current program. This past year, a 
major 3-day ABET professional development assessment workshop was hosted by 
the university that involved upwards of 80 faculty. Though ABET was contracted to 
lead the workshops, the sessions were in no way specific to engineering and com-
puting. ABET was brought in because of their established leadership role in assess-
ment, which can easily cross disciplinary boundaries. The university’s commitment 
to the financial and temporal costs of these workshops was a demonstration of the 
priority placed on the development of faculty. Two other ways in which the human 
resources frame has been acted upon include conference funding and partnering for 
a publication opportunity. For example, the CTI agreed to fund a faculty member’s 
attendance and presentation at the 2013 ABET Symposium, and the director of the 
OEE collaborated with another faculty person to write an assessment article submit-
ted for publication.

The political frame is an area where large strides have been made over the past 
few years, but more needs to be done. The director of the OEE reports directly to 
the associate provost and has regular access to the provost, so within the political 
realm, this demonstrates the requisite level of access and authority to be perceived 
as an institutional priority and have the needed political clout. This is reinforced 
through regular presentations at university leadership meetings as well as through 
one-on-one semester-based meetings with the deans to review the progress of their 
college. New faculty are inculcated with the importance of both assessment and 
accreditation as part of their orientation process, while veteran faculty have it re-
inforced through regular presentations at the monthly university faculty and staff 
meetings. An area that needs to be strengthened is the existing faculty reward struc-
ture. Faculty are evaluated according to the traditional metrics of teaching, research, 
and service, but assessment and accreditation work, even if done in a sustainable 
manner, can be fairly time-intensive for a dedicated faculty member. Assessment 
and accreditation work needs to be recognized as a significant service contribution 
to the institution.
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In a busy institution with many competing priorities, the symbolic frame, though 
often neglected, can take on an especially vital role because it demonstrates institu-
tional priority. At ZU, the symbolic frame has been used to emphasize assessment 
and accreditation through both awareness and recognition programs. In terms of 
assessment program recognition, a concerted effort has been put forth to be recog-
nized by external bodies as an international leader and a purveyor of best practices. 
The university has been recognized by the National Institute of Learning Outcomes 
Assessment (NILOA) for our outstanding assessment website,4 by the Commission 
for Academic Accreditation (CAA) as “Good Practice,”5 by TracDat as an exemplar 
case study,6 and by SunGard Higher Education7 for our contribution to outstanding 
assessment of student learning. Within the institution itself, we have had a long-
term awareness campaign surrounding the ZULOs through the website, banners, 
and electronic signboards, and we also produce a biannual assessment newsletter. 
Suskie’s (2009) advice to value and appreciate faculty assessment efforts is done 
by giving an annual award to deserving faculty. Accreditation has also been given 
extremely high visibility as it is a standard discussion item at the monthly faculty 
and staff meetings and always included in the assessment newsletter. It is clear to 
any visitors to the university that both assessment and accreditation are top institu-
tional priorities.

14.7  Assessment Enhancements

There are a number of steps to be taken to further enhance the assessment program 
and better weave it into the fabric of the institution. The first major initiative un-
derway is to transition the entire assessment process to a more formal peer review  
process to increase the rigor and trustworthiness of assessment as well as further 
develop the internal assessment expertise. Academics are comfortable and accus-
tomed to the concept of peer review, so a small subgroup from the ULAC will be 
established to review the annual assessment plans, the assessment reports, and the 
accompanying assessments themselves. Faculty are becoming empowered as as-
sessment leaders, a crucial element of success (Suskie 2009). Second, as part of 
increasing the rigor of the assessments themselves, we are looking to participate 
in international benchmark exams such as the recently completed Assessment of 
Higher Education Learning Outcomes (AHELO)8 project from the OECD and to 
implement more internationally recognized externally validated exams. We feel 
there is an added level of credibility to such exams, and we are interested in the 

4 NILOA http://www.learningoutcomeassessment.org/FeaturedWebsiteZayedU.html.
5 CAA https://www.caa.ae/caa/Images/gp_8.pdf.
6 TracDat http://nuventive.com/2013/02/14/zayed-university/.
7 SunGard is now Ellucian, a higher education software solutions company http://www.ellucian.
com/.
8 The initial phase of AHELO is complete http://www.oecd.org/site/ahelo/, but Zayed University 
has expressed an interest to participate in a second phase.
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international benchmarking process. Benchmarking is one of the key components 
set forth in the Guidelines for Assessment and Accountability in Higher Education 
(New Leadership Alliance for Student Learning and Accountability 2012). Finally, 
we plan to continue to build a scholarship of assessment at the institution because 
we too believe that it “holds great promise for engaging faculty in activities to docu-
ment and improve teaching effectiveness and student learning quality that are both 
institutionally and individually valuable” (Angelo 2002, p. 191).

14.8  Proposed New Model

While previous research by Saulnier (2014) has put forth a seven-step process to 
meet the learning assessment requirements for multiple accreditors, it did not de-
scribe the alignment between the different bodies nor what organization might be 
required to achieve a sustainable and effective program. Our model outlines the 
preferred approach to manage the diverse institutional and programmatic require-
ments to achieve the university’s goals towards assessment and accreditation. This 
section describes an approach and a model designed to provide universities with a 
high-level road map that will help in streamlining all the activities related to accred-
itation on an ongoing basis. The model advocates a proactive approach that allows 
universities to respond to the challenges of accreditation in a timely, systematic, 
and consistent way. The model makes the handling of multiple and simultaneous 
accreditation efforts manageable and achievable.

At the core of the model is the establishment of an Office of Institutional and 
Educational Effectiveness (OIEE) to institute, organize, and coordinate all activi-
ties within the university that provides context and support for best practices for 
administration and teaching and learning. As institutions are often dealing with 
multiple accreditations, oftentimes overlapping, it is important that the simultane-
ous management of all activities involved in each accreditation is done consistently, 
efficiently, and in a timely manner. Meeting accreditation standards is often not 
substantially different from demonstrating that the institution and the academic 
programs are meeting their mission and goals. Accreditation standards are often 
defined in such a way so as not to be prescriptive but to allow each institution to 
demonstrate their effectiveness and adherence to standards by taking the context 
and sometimes unique circumstances of an institution into consideration as they 
make their own evaluation. For example, accreditation bodies have a set of core 
standards that they require almost uniformly of institutions. These standards are 
aligned and easily mapped into the mission and goals of the university. Similarly, 
accreditation bodies dealing with academic programs have a set of core require-
ments and standards to which programs must adhere to. The programmatic accredi-
tation requirements are expectedly aligned and can easily be mapped into the edu-
cational objectives of the programs. An example of such programmatic standards is 
listed in Table 14.4. The table is based on the 14 MSCHE standards. The first seven 
standards are categorized under the institutional effectiveness column, and the re-
maining seven are listed under the educational effectiveness column.
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14.8.1  Mapping Between Institutional and Educational 
Effectiveness and Accreditation Requirements

Currently, the need for accreditation drives the process of gathering, evaluating, 
analyzing, and preparing the required information that will be presented in a self-
study report as part of the accreditation requirements. The process that universities 
follow in most cases is a reactive rather than a proactive one. The process of gather-
ing the information that is required starts at the time that the decision for seeking 
accreditation is taken. Putting together all the information that is needed becomes a 
time-consuming process that involves faculty and administrators at all levels. It cre-
ates an added burden on everyone involved to meet all that is required in a limited 
time while they are expected to go on performing their regular duties.

The recommended approach advocated by our model is for institutions to main-
tain a database of all the information that is relevant to accreditation in general on an 
ongoing basis. It can be argued that maintaining this database should be considered 
as an integral part of what institutions should be doing as a way of documenting 
their own institutional status vis-à-vis their mission and goals. The advantage of 
having this database created and updated on a regular basis is that it becomes the 
source of much of the information that is needed for accreditation. The task of writ-
ing the self-study report becomes a matter of extracting the required information 
from the database and formatting it for inclusion in the report.

As an example, if the information listed in Table 14.4 had already been created 
and maintained in the database, the information required by the ABET accreditation 
would be readily available by a simple query to the database. Table 14.5 provides 
a mapping between the information that is to be maintained in the database and the 
information that is required by MSCHE and ABET.

Maintaining information about institutional and educational effectiveness will 
allow the institution or the academic unit to respond to their respective accredita-
tion. If and when the institution decides to go after any new accreditation, be it 
institutional or programmatic, the same database can provide most of the relevant 
information that will be required. The advantage in this case is that the institution 
will have the ability to produce this information with minimal effort as it is already 
stored and maintained in the database. What will be required then is mainly custom-
izing and formatting the information to the task at hand.

Table 14.4  Criteria for institutional and educational effectiveness
Institutional effectiveness Educational effectiveness
Mission and goals Admission and retention
Planning and resource allocation Student support services
Institutional resources Faculty
Leadership and governance Educational offering
Administration General education
Integrity Related educational objectives
Institutional assessment Assessment of student learning
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14.8.2  The Office of Institutional and Educational Effectiveness

Increasingly, universities are recognizing the need to establish an office to facili-
tate the assessment of institutional and educational effectiveness and to promote 
and support a culture and processes for continuous analysis and enhancement of 
institutional effectiveness. Such an office usually goes by the name of Office of 
Assessment and Educational Effectiveness, or in our model, the OIEE. The mission 
of the OIEE is to support academic departments and units assessing undergradu-
ate and graduate student learning. It provides technical support and services that 
promote the implementation of systematic assessment of student learning and in-
stitutional improvement. The OIEE includes or collaborates closely with the Office 
of Institutional Research to document research and findings about institutional and 
educational effectiveness. Some of the areas of responsibilities under OIEE include 
support for:

• The analysis of strengths and weaknesses of the curriculum
• Comparing stated learning objectives with evidence of student learning
• Alignment of institutional and programmatic learning outcomes
• Strategic and operational planning and assessment of administrative and aca-

demic units

In addition, OIEE helps academic units:

• Collect data throughout the program curriculum for measuring learning outcomes
• Assist faculty in the review and analysis process of the findings from the col-

lected data about student learning

Table 14.5  Mapping of institutional and educational effectiveness and accreditation requirements
Institutional data MSCHE ABET
Student learning outcomes ✓ Student outcomes (Criterion 3)
Improvement of student learning ✓ Continuous improvement (Criterion 4)
Related educational objectives ✓
General education ✓ Curriculum (Criterion 5)
Educational offering ✓ Curriculum (Criterion 5)
Faculty ✓ Faculty (Criterion 6)
Student support services ✓ Students (Criterion 1)
Admission and retention ✓ Students (Criterion 1)
Institutional assessment ✓ Program educational objectives (Criterion 2)
Integrity ✓
Administration ✓
Leadership and governance ✓ Institutional support (Criterion 8)
Institutional resources ✓ Facilities (Criterion 7)
Planning and resource allocation ✓ Continuous improvement (Criterion 4)
Accreditation planning
Mission and goals ✓ Program educational objectives (Criterion 2)

MSCHE Middle States Commission on Higher Education, ABET Accreditation Board for Engi-
neering and Technology
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• Help faculty identify the potential areas of improvement to the curriculum
• Develop and maintain a yearly assessment plan that is based on results obtained 

from the previous year and outlining strategies to improve results for the follow-
ing year

In order to achieve its objectives, the OIEE must adhere to the following criteria:

• Alignment: Whenever possible, do not replicate efforts or create redundancies, 
especially surrounding accreditation.

• Sustainability: Define processes that are simple and an integral part of opera-
tional requirements to ensure that these processes do not become a heavy burden 
or an obstacle for improvement.

• Effectiveness: It should be easy to demonstrate that the model provides efficien-
cies through guidelines which make the process and its outcomes effective.

In relation to the process of accreditation discussed above, the OIEE will act as the 
coordinator and maintainer of the database of information. Figure 14.1 shows the 
relationship between OIEE and the university’s organizational side on one hand and 
the academic units on the other. OIEE becomes the focal point for coordinating and 
keeping track of all data that relate to (1) describing the operation and effectiveness 
of the university as an institution in supporting academic activities and (2) main-
taining a repository for academic units for information that will be of relevance for 
accreditation.

14.9  Conclusion

The model that has been put forth demonstrates how the assessment and accredita-
tion requirements of diverse accrediting agencies can be made to operate in align-
ment with one another. Using accreditation as a lever, an assessment program can 
be implemented that meets the needs of the different disciplines and eliminates 

Fig. 14.1  Office of Institutional and Educational Effectiveness
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duplication of effort. A centrally managed, faculty-driven assessment program can 
accentuate the similarities across disciplines by being built around sound learning 
outcomes and emphasizing the cycle of continuous improvement. Indeed “the aim 
of assessment is not compliance with accreditors—its goal is informed action that 
enhances student learning” (Walvoord 2010, p. 27).

Appendix A – Assessment Rubric

College of Information Technology, Zayed University
Assessment Rubric

MALO: Critical Thinking and Quantitative Reasoning in IT (Beginning Level)
Course: CIT 255 Networks and Telecommunications

Student Name and Number: 
Campus, Semester/year:  AUH, Spring 2012 Instructor Name:

MALO Defini�on: IT College graduates will be able to use crical thinking and quantave processes to 
idenfy, analyze and solve problems, and evaluate soluons in an IT context.
Beginning Level: With assistance recognizes some important basic characteriscs of simple problems and 
produces acceptable soluons.
Indicator: Ability to apply install, configure and test computer networks.
Task: CCNA1E Skills Exam, including subne�ng a class C skills to design, IP address to meet customer 
specificaons, installaon, cabling, configuraon and tesng of the specified network.
Performance Target:      80% of Students Achieve 3.0 or Greater

Unsatisfactory Developing Satisfactory Exemplary
Performance 

Indicators
1 2 3 4

Designs a 
networking 
solution

Does not 
demonstrate any 
ability to subnet a 
Class C address.

Demonstrates, but 
with significant 
errors, the ability to 
subnet a Class C 
address, identifying 
the subnet mask 
correctly.

Mostly correctly 
subnets a Class C 
address space, 
identifying the 
subnet mask and 
most of the 
addresses correctly.

Correctly subnets a 
Class C address 
space, identifying 
the first and last host 
IP address, network 
address and subnet 
mask for each subnet

Relates theoretical 
diagrams to 
practical solution

Does not select or 
connect appropriate 
cabling.

Demonstrates the 
ability to select 
mostly appropriate 
cabling but not the 
ability to connect the 
devices according to 
provided logical 
diagram.

Demonstrates the 
ability to select 
appropriate cabling 
and mostly correctly 
connect the devices 
according to 
provided logical 
diagram.

Demonstrates the 
ability to select 
appropriate cabling 
and connect the 
devices according to 
provided logical 
diagram.

Applies design to a 
practical network

Does not 
demonstrate the 
ability to configure 
host PCs and routers.

Demonstrates, but 
with significant
errors, the ability to 
configure host PCs 
and routers.

Demonstrates the 
ability to configure 
host PCs and routers, 
with some minor 
errors.

Demonstrates the 
ability to configure 
host PCs and routers 
without errors.

Practical problem 
solving

Does not 
demonstrate an 
ability to test for 
network problems or 
troubleshoot them.

Demonstrates some 
ability to test for 
network problems 
but only a limited 
ability to 
troubleshoot them.

Demonstrates the 
ability to test for 
network problems 
and troubleshoot 
them with some 
limitations.

Demonstrates the 
ability to test for 
network problems 
and troubleshoot 
them.
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15.1  Introduction

Higher education, and more specifically engineering education, in northwest Mid-
dle East and North Africa (MENA) countries, namely, Algeria, Morocco, and Tu-
nisia, has been considerably influenced by the French higher education system for 
strong historical reasons (Teferra and Altbachl 2004). These three countries were 
colonized by France for several decades, and Morocco and Tunisia regained their 
independence during the mid-1950s and Algeria during the early 1960s, for which 
the French colonization lasted more than a century. The main engineering educa-
tion system established in these countries is based on the French “Grandes Écoles” 
system, which is quite different from other engineering education systems world-
wide and more specifically from the one that prevails in the USA and many other 
countries. There are several dissimilarities between these two systems at different 
levels. Actually, this system is based on a 5-year program after the high school; in 
some engineering schools, the first 2 years are spent in special schools’ “prepara-
tory classes” during which the students are exposed to extremely intensive math and 
physics courses besides other courses such as computer science and French. At the 
end of this 2-year very intensive curriculum, the students have to go through a na-
tionwide competition whose main objective is to rank all the candidates according 
to their records in this contest, which will make them eligible to enter an engineer-
ing program in a prestigious and very elitist engineering school “Grande École.” 
This is a really very selective and elitist process considering the total number of 
candidates and the number of available seats in the different engineering programs 
offered in these engineering schools for which they are competing. Since the dura-
tion of these programs is 3 years, the overall number of years required to obtain 
the engineer’s degree is 5 years if we consider the other 2 years that are spent in 
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the “preparatory classes.” Therefore, in terms of number of years, this engineering 
program is equivalent to the master of engineering degree in many other countries. 
Indeed, it is the case since holders of this degree automatically obtain such recog-
nition in the three countries as is the case in France, from which the system was 
borrowed, and by doing so, they can directly apply for a PhD program offered by 
the universities in these countries and in France. However, according to the students 
and the program outcomes defined by the Accreditation Board for Engineering and 
Technology (ABET), it is not clear if these programs meet the criteria set even for 
ABET-accredited bachelor of engineering programs since there are no real quality 
assurance (QA) systems involved in their accreditation or implementation.

Though this engineering system is very intensive and competitive in math, phys-
ics, and other sciences, it is facing many challenges today, such as:

• The national policies of these countries aiming at increasing the number of en-
gineers graduating from these schools to meet the growing demand of domes-
tic and international offshore companies and industries for engineers despite, 
in many cases, the limited number or even the lack of the required qualified 
graduates.

• The need to engage in a radical reform of the pedagogical paradigms and ap-
proaches of engineering education to embrace novel and more efficient ap-
proaches such as project-based and problem-based learning (Felder and Silver-
man 1988; Mills and Treagust 2004).

• The need to turn the engineering education into a successful technology innova-
tion and entrepreneurial machine (Creed et al. 2002), which will help these coun-
tries develop knowledge-based economies that will contribute effectively to har-
ness the competitiveness of their small and medium-sized enterprises (SMEs), 
industries, and economies and contribute to wealth and jobs generation. This will 
also help reduce unemployment rates among their young populations, which is 
one of the big challenges they are facing today.

• The use of French as the main and exclusive learning and communication lan-
guage in engineering education in these countries is a strong “isolation” fac-
tor that drastically limits cooperation and development opportunities for their 
engineering education system in the mainly English-speaking technology and 
engineering globalized world. Therefore, the integration of the engineering edu-
cation system within the global education engineering ecosystem requires a re-
inforcement of English communication skills among their schools’ faculty and 
graduates.

• The implementation of real QA standards, such as the ones provided through 
international accreditation from international accreditation bodies such as ABET 
(ABET accreditation 2013), is a very important challenge that would bring lots 
of benefits to the engineering programs provided in these schools. In the current 
situation, no real QA management systems are implemented, and these engineer-
ing programs go through a very light accreditation process which lacks any QA 
management systems and is performed within departments and services of the 
ministries of higher education of these countries.
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• The weakness, and even the lack, of entrepreneurship and innovation-based 
engineering education activities in this system represents a very limiting fac-
tor towards the establishment of entrepreneurial engineering schools in these 
countries that actively contribute to their economic and social development and 
welfare, and thereby to their integration in the knowledge-based economy in the 
framework of globalization.

This chapter will shed some light on the strengths and weaknesses of engineering 
education in northwest MENA countries. It will also give some recommendations 
about possible improvement paths for this system to enable it to face the challenges 
of globalization and the knowledge-based economy raised by the twenty-first cen-
tury. The most important recommendations in this regard can be stated as follows:

1. The need to establish real engineering education QA and quality management 
systems, such as the one offered through ABET accreditation

2. The need to implement technology innovation and entrepreneurship education 
paradigms, such as project-based learning

3. The need to reinforce English communication skills among both faculty and 
students

15.2  Engineering Education System in Northwest MENA 
Countries

Engineering education systems in northwest MENA countries (i.e., Algeria, Moroc-
co, and Tunisia; Berrah 2004; Gharbi and Regragui 2004; Elleuch and Bouzid 2004) 
are based on the French engineering education system. In France, although the Com-
mission des Titres d’Ingénieurs (i.e., Engineering Degrees Commission; Commis-
sion des Titres d’Ingénieurs 2013) was established in 1934, it was not until 2007 
that this organization developed policies and procedures to carry out program-based 
accreditation of engineering education. Therefore, even in France, real accreditation 
processes such as QA and quality management systems are relatively new, and they 
are not as rigorous as the ones implemented in the USA (e.g., ABET) or UK.

The duration of the engineering programs offered through this system is 5 years. 
Actually, there are two kinds of engineering schools offering these programs, 
namely:

1. Engineering schools with 3-year programs, which are the main and the most 
prestigious among the engineering schools in these countries and even in France, 
such as National Polytechnic School in Algeria, Mohammadia School of Engi-
neering in Morocco, and National Engineering School of Tunisia in Tunisia. 
These schools, referred to as “Grandes Écoles,” offer the last 3 years of the 
5-year engineering program in specialized engineering programs (e.g., electrical 
engineering, computer engineering, mechanical engineering, civil engineering). 
The first 2 years are provided in/outsourced to high schools in the framework of 
an undergraduate program called preparatory classes. Access to these classes is 
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very selective and is open to students holding the baccalaureate degree, which 
is equivalent to K12 in the US education system. The main objective of these 
classes is to prepare the students for a nationwide, very selective competition, 
allowing access to the “Grandes Écoles” through a very intensive, heavy, and 
strong curriculum whose main components are math, physics, chemistry, engi-
neering science (i.e., electrical and mechanical engineering), and French.

2. Engineering schools with 5-year programs such as the National Schools of 
Applied Sciences (ENSAs) in Morocco, which follow the French National Insti-
tutes of Applied Sciences (INSA) schools’ model. These schools offer the whole 
5-year engineering program. Access to the first year of this program is open to 
students holding the high school baccalaureate degree.

15.2.1  Accreditation and Quality Assurance

Contrary to many engineering education systems where accreditation and QA and 
quality management systems are very rigorous and well developed, in northwest 
MENA countries, it is relatively a very light process. There are no independent ac-
creditation agencies, and the accreditation of higher education programs in general 
is carried out and performed in departments or administrations within the ministries 
of higher education. However, since these programs recruit the best students in 
math and physics who have in general very good communication skills in French, 
which is the exclusive language used in teaching science and engineering, many 
programs’ outcomes are satisfactorily achieved. However, the students are still de-
ficient in many skills and competencies.

Accreditation of engineering programs (Berrah 2004; Gharbi and Regragui 
2004; Elleuch and Bouzid 2004) is granted for a period of 4–5 years based on rela-
tively light portfolios presenting, mainly, descriptions of the programs’ objectives, 
outcomes, curriculum, faculty members, and admission and evaluation conditions 
and criteria. Only one relatively very light self-assessment study of the program is 
required at the end of the accreditation term. However, these countries are aware of 
the importance of independent accreditation agencies in setting a real framework 
for QA and quality management of higher education and more specifically for en-
gineering education. All these countries are currently in the process of establishing 
such agencies.

15.3  Twenty-First-Century Engineering Education 
Challenges and Opportunities

In the framework of globalization and knowledge-based economy posed by the 
twenty-first century, the challenges and opportunities of engineering education 
in these countries are quite similar to what is happening in other countries of the 
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world. A most recent highly quoted report focusing on engineering problems pub-
lished by the US National Academy of Engineering lists 14 engineering grand chal-
lenges (Grand Challenges for Engineering 2008), most, if not all, of them related to 
engineering, technology, and science, namely:

 1. Make solar energy economical
 2. Provide energy from fusion
 3. Develop carbon sequestration methods
 4. Manage the nitrogen cycle
 5. Provide access to clean water
 6. Restore and improve urban infrastructure
 7. Advance health informatics
 8. Engineer better medicines
 9. Reverse engineer the brain
10. Prevent nuclear terror
11. Secure cyberspace
12. Enhance virtual reality
13. Advance personalized learning
14. Engineer the tools of scientific discovery

In addition to the grand challenges listed above, the world of today and tomorrow 
confronts other challenges of an ever-changing technology landscape and informa-
tion, knowledge production, and the result of faster, efficient, and new modes of 
communication and interconnectedness.

High-quality and pertinent engineering education are imperatives for creating a 
knowledge-based economy. Engineering education must respond to local challeng-
es as well as global opportunities. During the past 10–15 years, a significant amount 
of resources have been spent worldwide innovating engineering curricula (Morell 
2010). In the USA, for example, some of the most prominent initiatives occurred 
during the mid-1990s when National Science Foundation (NSF) funded some engi-
neering coalitions such as the “Synthesis Engineering Education Coalition” (www.
synthesis.org). These coalitions focused primarily on engineering curricula inno-
vation, integrating outcomes assessment, using complementary technology, and 
implementing new learning strategies. Although these efforts were successful, they 
have not permeated the engineering education ecosystem the way the sponsors and 
participants thought they would. The engineering education culture—the model for 
training the next generation of engineers—is still the same. Notwithstanding the 
current global economic crises, the fact remains that the economic progress and 
achievements of many countries are rooted in their science and engineering talent. 
The workplace demands new engineers to be technically qualified, flexible, and dy-
namic thinkers, but their classrooms are not necessarily and systemically supplying 
them with these tools.

Perhaps the lack of attention to the educators themselves is the key oversight 
in this system. About 50 % of industry and academia respondents in an Engineer-
ing 2020 survey (Palmer et al. 2011) dissent from the assertion that the current 
undergraduate engineering education is sufficiently flexible to adequately meet the 
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needs of twenty-first-century engineers. The new professional not only needs to be 
knowledgeable in his/her own discipline but also needs a new set of soft, profes-
sional skills and competencies. There are many engineering professional societies’ 
surveys and accreditation criteria which have listed the engineering professional 
skills and competencies of the engineering graduate. Nevertheless, what the new 
world order and local/regional challenges require are quite novel. In a world of 
volatility, uncertainty, complexity, and ambiguity, there will be danger as well as 
opportunity; thus, leaders must learn new skills to address these and make a new 
future. Most of the skills envisioned for the twenty-first-century technology profes-
sionals are described in Table 15.1 (Palmer et al. 2011).

There are five main actions required to reduce the gap between professionals 
graduating from universities and the needs of society and private/public enterprises, 
namely:

1. Innovate: reform the engineering curriculum and the learning experience.
2. Focus on learning, not on teaching.
3. Foster creativity and innovation across the ecosystem.
4. Implement continuous assessment and accreditation to drive excellence.
5. Educate the engineering professor of the future.

According to a survey (Morell 2010), the profile and general characteristics of the 
ideal engineering professor should be:

• Superior communicator
• Effective teacher and mentor
• Technical expert
• Engineering practitioner
• Committed to global citizenship

Table 15.1  Technical leaders’ twenty-first-century skills
Skills Description
Mobility Ability to work in large groups; talent for organizing and collaborating with 

many people simultaneously
Influency Ability to be persuasive in multiple social contexts and media spaces; 

understanding that each context and space requires a different persuasive 
strategy and technique

Ping quotient Responsiveness to other people’s requests for engagement; propensity and 
ability to reach out to others in a network

Multi-capitalism Fluency in working with different kinds of capital: natural, intellectual, 
social, financial, etc.

Protovation Fearless innovation in rapid, iterative circles
Open authorship Creating content for public consumption and modification
Emergensight Ability to prepare for and handle surprising results and complexity
Longbroading Thinking in terms of higher-level systems and cycles
Signal/noise Filtering meaningful information, patterns, and commonalities from mas-

sively multiple streams of data
Cooperation radar Ability to sense, almost intuitively, who would make the best collaborators 

on a particular task
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Therefore, the engineering professor of today and tomorrow needs to be a blend of 
the two professions, engineer and educator. He/she must be an individual who

• is competent in his/her own discipline, engineering fundamentals, and problem 
solving;

• is current in his/her research, publishes, networks, communicates effectively, 
and keeps up with trends in his/her discipline; and does all of the above with an 
entrepreneurial spirit;

• is an effective teacher, knows about learning and outcomes assessment, facili-
tates learning using learner-centered strategies, keeps up with developments in 
engineering education, studies and uses them effectively, cares about the stu-
dents and their learning, and enjoys being a mentor;

• understands the role that the profession has in society, both locally and globally, 
practices it as a part of his/her career development as well as leads, serves, and 
participates in forums to promote policy-making and excellence in engineering 
education and research/innovation; and

• aims at developing the skills and competencies engineers should possess through 
practice and experience in order to better serve society and be a role model for 
students.

15.4  Improvement Paths for Engineering Education in 
Northwest MENA

There are several improvement paths for the engineering education system in north-
west MENA countries (i.e., Algeria, Morocco, and Tunisia) that are also valid for 
many similar systems. These recommendations stem from the comparative study 
with other successful systems such as the ones based on ABET accreditation which 
offers a very good framework for QA and quality management system for engineer-
ing education. It also provides a reference of skills that should be acquired by the 
students and the different assessment metrics of the program and students outcomes. 
Therefore, a key recommendation for these countries is the need to establish inde-
pendent national accreditation bodies for engineering education which implement 
real accreditation criteria and processes including QA and management systems.

The other important recommendation concerns the engineering education ap-
proach that should be implemented throughout the region to foster innovation and 
creativity in order to meet the different challenges raised by the twenty-first-century 
globalized knowledge-based economy. This would also help create jobs and wealth 
that would contribute to its technological, industrial, economic, and social develop-
ment. When it comes to promoting innovation and creativity within engineering 
schools, project-based learning seems to be one of the best engineering education 
approaches together with the setting up of incubators and technology parks in the 
engineering schools and/or linking them to existing ones such as Casablanca Tech-
nopark and Rabat Technopolis in Morocco and El Gazala Technopark in Tunisia.
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Other important measures that may contribute significantly to the improvement 
of engineering education are based on different solutions and applications enabled 
by information technology and the Internet such as social networks, e-learning 
platforms, massive open online courses (MOOC; Massive Open On-line Courses 
2013), and web-based experiments (Ko et al. 2001).

Engineering education in Algeria, Morocco, and Tunisia, as is the case with the 
French engineering education, is based on the very old classroom-intensive ap-
proach which requires students, on average, to attend around 35 class hours per 
week. This is a very excessive class load which leaves very little time for them to di-
gest the material they get in these classes and do more important things, developing 
innovation and leadership skills such as projects. This might be one of the reasons 
why universities and engineering schools adapting this system are lagging behind 
when it comes to innovation and other performance metrics in different interna-
tional university rankings such as Shanghai Academic Ranking of World Universi-
ties (Academic Ranking of World Universities (Shanghai) 2013) and Times Higher 
Education (Times Higher Education 2013).

15.5  Conclusions

Engineering education in northwest MENA countries (i.e., Algeria, Morocco, and 
Tunisia) suffers from several deficiencies and shortcomings which are mainly due 
to the lack of real accreditation processes implementing QA and managements 
systems. The lack of good English communication skills also contributes to the 
problems they are facing and limits drastically their ability to benefit fully from 
the numerous opportunities offered by the quasi-exclusively English-speaking glo-
balized science, technology, industry, and economy of the twenty-first century. In 
order to overcome most of these problems and to improve engineering education 
performances in these countries, several recommendations are proposed, namely:

• Implementation of a real accreditation process with a QA management system 
of engineering education through independent national accreditation bodies that 
should be established in these countries

• The improvement of technology entrepreneurship and innovation performance 
of this system by reinforcing these skills in the engineering programs and by 
establishing incubators and technology parks in engineering schools and/or con-
necting them with already existing ones

• The reform of the engineering education paradigms through novel education ap-
proaches such as project- and problem-based learning and e-learning, MOOCs, 
and blended learning

• The reinforcement of English communication skills within engineering schools’ 
faculty and students to help engineering education and its graduates in these 
countries benefit fully from the numerous opportunities offered by the mainly 
English-speaking globalized technological, industrial, and economic world of 
the twenty-first century
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These recommendations are also valid for any engineering education system wish-
ing to provide world-class engineers for the globalized world of the twenty-first 
century.
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Chapter 16
Perspectives on Engineering Education Quality 
in Tunisia After 50 Years of Statehood

Jennifer DeBoer

16.1  Introduction

Tunisia’s 50th anniversary of statehood and its subsequent 2011 revolution inspire 
a reflection on how this small, diverse country has developed. Tunisia’s historically 
liberal and secular social environment contrasts with its centralized national gov-
ernment, which has oversight of the large primary, secondary, and tertiary public 
school system. The confluence of liberal social values with a palpable, integrated 
government presence and a changing cultural environment has created an interest-
ing sociological context for education, which permeates the engineering education 
(EE) sphere. For example, strong legal protections for gender equality guarantee 
women and men similar rights to participate in the labor force, including those in en-
gineering fields; these are enacted through numerous high-stakes exams throughout 
training and for entry into government engineering work. However, the proportion 
of women and men working in public-sector jobs versus those in the engineering 
industry is far from equal. Added to this complex educational and social setting are 
Tunisia’s historical connections to France, the country’s newly developing private 
sector, and numerous other characteristics that make it a provocative case study. 
This case study demonstrates a unique and fluctuating situation, but it can serve to 
inform some of the major questions of higher education policy around the globe.

The chapter begins with background information on the Tunisian EE system. It 
proceeds with a description of the research design and methods and a description of 
the people and questions that comprise the dataset. The study then details themes 
that emerge from respondents’ interviews, beginning with their references to his-
torical touch points, their view of the curriculum, the theme of regulation, and the 
theme of tension between internal and external pressures. Respondents address in-
ternationally comparative issues such as the French inheritance in Tunisia’s system, 
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comparisons to the Anglo-American model, and international student exchange pro-
grams, and they enunciate differing opinions on how well this system delivers on its 
mission to its students and its country. The chapter concludes with a brief case study 
that illustrates the emergent themes from participant responses.

16.2  Background

This chapter highlights recent developments and stakeholder perspectives on the 
current structure of the engineering diploma in Tunisia. Beyond describing how 
the system works, the chapter focuses on how well it is working in the eyes of 
the constituent Tunisians who are part of it. Interviews with professors, students, 
administrators, and industry leaders yield a broad spectrum of opinions of what is 
effective and what is unproductive about the Tunisian EE system. Does this system 
of educating engineers answer to the needs of Tunisians? The chapter begins with a 
section of background information and relevant literature.

16.2.1  Higher Education and National Priorities

Education has been a topic of high importance since the inception of Tunisian sov-
ereignty. Tunisia’s first president, Habib Bourguiba, emphasized the development 
of the national primary, secondary, and tertiary education system as a top-priority 
engine for the new nation. Historically, Tunisia has devoted a large amount of its 
financial resources to education (approximately 7.5 % GDP (UNESCO 2003)). This 
means that, as the “top national priority,” more than 20 % of the annual government 
budget goes to education (Hamdy 2007). Due to its strong institutional inheritance 
from and continued linkage to France, Tunisia’s tertiary system closely parallels the 
university system of the former colonial occupier. As the chapter will discuss, one 
major issue in Tunisian EE that respondents identify is the number of remnants of 
the French colonial system that still exist today. It is doubtful whether these factors 
have been adapted to fit the diverging needs of this particular country, particularly 
in the engineering sector.

EE in Tunisia is a fertile ground for investigation. Tunisian policy-makers are 
conscious of national priorities for training proficient engineers to answer the Mil-
lennium Development Goals (UN 2005) as well as to increase competitiveness in 
the contemporary knowledge economy (World Bank 2007). The country is cur-
rently trying to define how universities themselves can serve as jumping-off points 
for business development. Selectivity and prestige of the field, rigor of the training, 
and curriculum balance between theory and practice have been major parts of this 
debate (e.g., World Bank 2010; Catusse et al 2010). As this chapter will demon-
strate, stakeholders in Tunisia note that the country needs to decide what fields are 
the most vital for its own development.
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16.2.2  Educational Data and Accountability

In addition to making the education system a top fiscal priority, Tunisia has dem-
onstrated its desire to gather educational data and serve as an educational policy 
entrepreneur in the region. For example, Tunisia has shown itself to be a unique 
educational testing environment at the primary and secondary levels in the Mid-
dle East and North African (MENA) region. Tunisia is the only African country to 
participate in PISA, the Programme for International Student Assessment (OECD 
2010). Tunisia, as a policy entrepreneur in the region, was one of the first North Af-
rican countries to participate in the Trends in International Math and Science Study 
(TIMSS) in 1999. This international assessment now occurs every 4 years, and, two 
rounds later, all but Libya in the North African region participated in TIMSS, as did 
most of the MENA region. Tunisia’s experiment may have helped to give the policy 
the necessary foothold in that region to allow it to spread (DeBoer 2012).

At the tertiary level, Tunisian national policies have also reflected an interest in 
educational data, testing, and cross-national alignment. The government put forth 
a set of policies under the heading of a Development Program for Higher Educa-
tion and Support for Quality ( Programme de Développement de l’Enseignement 
Supérieur et d’Appui à la Qualité), supported in part by the World Bank (World 
Bank 2013). Among the policies included in this program were efforts to increase 
access and efficiency through support for institutional autonomy and instructor sup-
port for improved teaching methods. Tunisia is one of numerous Maghreb countries 
that have advanced large-scale structural and accountability system changes in line 
with the Bologna process (Buckner 2011). However, the LMD structure has not 
been applied to engineering programs, similar to the choice France has also made; 
interestingly, although the Tunisian government has taken steps to align educational 
research and practice with broad international activities, the country’s governmental 
policies often align more closely with the direction of French higher education than 
with the rest of Africa or even with other MENA countries.

16.2.3  Demographic Trends

Contemporary demographic shifts highlight the importance of this topic and this 
study, both at the time of data collection (2007) and at the time of publication 
(2014). The shifting demographics and employment status of young adults and col-
lege graduates were a large driver of Tunisia’s spark of the “Arab Spring” in late 
2010 and 2011; at the time of research design and data collection, the strains of a 
young population bubble were becoming apparent. Youth unemployment was rising 
from 16.9 % in 2006, the year prior to this work, up to 21.9 % in 2009 (Gassab and 
Ben Ouada Jamoussi 2011). While Tunisia as a socioeconomic entity continued to 
develop and urbanize, the universities remained firmly on their own track (Haddad 
2009). On one hand, “massification,” or the drastic increase in access to higher 
education, was seen as a major success by national policy-makers, broadening par-
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ticipation in tertiary educational opportunities. However, this was combined with 
economic strain and mismatch between graduate preparation and employer needs, 
meaning that graduate unemployment became widespread. Tunisian universities 
and the Tunisian Ministry of Higher Education, Research, Science, and Technology 
(MESRST, whose name and acronym recently changed to the Tunisian Ministry 
of Higher Education and Scientific Research (MESRS)) broadly responded by in-
vesting even more in centralized public institutions. However, the implications of 
increased public higher education purview as well as the outcomes of other solu-
tions to address the oversupply of qualified graduates remain unclear (Melonio and 
Mezouaghi 2010). Public expenditure on higher education has steadily increased, 
but it may not be sufficient to buttress against threats to quality due to demographic 
shifts (Abdessalem 2011). Engineering graduates, in particular, are often perceived 
as immune to this kind of demographic bubble, but, as this chapter discusses, the 
oversupply of engineering and technical diplomas has affected the Tunisian EE sys-
tem as well.

That oversupply, combined with other demographic and economic trends, 
reached a breaking point in 2011. With the recent change in political power and the 
Tunisian Revolution, higher education has taken on an even higher priority accord-
ing to numerous groups (Ben Othman 2011). Interestingly, the revolution was both 
driven by students and young people and made use of new social media technolo-
gies (e.g., YouTube) when traditional media channels were stifled (Arif 2014). This 
chapter draws on information on Tunisian higher education directly from students 
who were experiencing changing demographics in 2007. In addition, the chapter 
incorporates data directly from the responsible ministry. This objective informa-
tion is openly available from MESRST as well as from individual institution sites 
(Republic of Tunisia; MESRST 2005). The chapter also draws on the overview of 
the field provided by Ben Sedrine and Gobe (2004), which details all aspects of pro-
fessional engineers—the historical politics behind their education, the job market, 
and the changing economy over the years—to inform the semi-structured interview 
protocol. Ultimately, the chapter presents shared and contrasting perspectives of 
diverse stakeholders. The concentration of activities in Tunis, the capital, belies 
the diversity of experiences of Tunisian students, teachers, and engineers across 
the country. The country is multilingual (with many students and EE stakehold-
ers speaking Arabic, French, English, and some Italian) and diverse in numerous 
dimensions throughout its small geography. This chapter highlights the opinions of 
numerous varied stakeholders.

Is the system in a given country effective for its respective body of engineering 
students? This chapter goes directly to the source and asks participants in the field 
of EE to describe the effectiveness of Tunisia’s system for its respective body of en-
gineering students. The Tunisian system of educating engineers has been in constant 
flux for the past 15 years. It is becoming more aligned with international systems 
but has yet to maximize the potential of the Tunisian students abroad or the global 
community in Tunisia.

mbishawi@birzeit.edu



38116 Perspectives on Engineering Education Quality in Tunisia After …

16.2.4  Recent Reforms

Figure 16.1 summarizes the recent structural reform to the Tunisian engineering 
diploma. In 1992, the structure of the diploma had three main tracks post bacca-
lauréat (“bac”). One track led to a technical degree after 2 years, one to a basic 
engineer’s qualification after 4 years, and a third to a prestigious, theoretical en-
gineering degree after 6 years of study (Fig. 16.1). After major changes in 1992 
and further adaptation towards quality improvement and the LMD system in 2006, 
structural reforms responded to supply as well as demand needs and combined the 
two engineer’s degrees into a 5-year diploma while further allowing a pathway 
from the technician’s degree to further engineering study. The upper-level engineer-
ing studies were further reformed to allow for increasing practical application. The 
1992 change and subsequent World Bank support throughout the 1990s fostered the 
creation and connection of institutes for technical studies (Salmi 2013).

16.3  Methods

16.3.1  Research Design and Rationale

The investigation employs qualitative methods to gather the direct perspective of 
current participants in the Tunisian EE system. In this study, qualitative data and 
stakeholder narratives generate broader hypotheses about the current state and fu-

Fig. 16.1  Broad summary of diploma structure reforms (from descriptions available on MESRS 
2014)
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ture possibilities for Tunisian EE. Participant groups were first selected to cover 
perspectives from important stakeholder groups and then sampling frames includ-
ing key demographics. The interview protocol was created to unearth the respon-
dents’ own experiences with the Tunisian EE system as well as their respective 
perceptions of the system’s characteristics, success, and trajectory.

Interviews were conducted over a period of approximately 3 months during the 
early summer of 2007, and this chapter presents varied stakeholders’ perspectives. 
In addition to interview analysis, the chapter contextualizes common responses and 
notable anomalies in responses within the framework of Tunisian EE. Finally, two 
short case examples highlight university-level development from USA’s perspec-
tive.

16.3.2  Sample and Sampling Frame

Participants in the study were identified via a purposive sample of four stakeholder 
groups: academia, industry, government, and students. The sampling frame of aca-
demic representatives included instructors—university faculty of varying ranks—
as well as school administrators. The sampling frame of industry representatives in-
cluded both public- and private-sector employers. The government sampling frame 
comprised officials from MESRST and other ministries that oversee engineering 
degrees (e.g., agriculture) and administrators. The sampling frame included any 
officially recognized subdisciplines of engineering study conceived broadly, which 
includes information technology (IT) degrees. The particular respondents in this 
study were first identified through convenience sampling via the contact networks 
of key leaders of an international engineering organization with headquarters in 
Tunis. Additional contacts were developed through the author’s relationships with 
other EE leaders. Snowball sampling then helped to identify additional respondents.

The final sample comprised 26 interviewees. Interviews were primarily conduct-
ed in French by the author, though six interviews were conducted in English due to 
the respondents’ comfort with the language and their preference during the inter-
view. Interview quotes provided in this chapter have been translated from French 
where necessary (Table 16.1).

While the sampling frame was restricted to institutions that grant the diplôme 
d’ingénieur (the current 5-year engineering diploma mentioned above), respondents 
included representatives from classic engineering écoles (prestigious universities) 
as well as tertiary institutions under the supervision of both the Ministry of Higher 
Education (MESRST) and another ministry (such as the Ministry of Agriculture), 
and recently created private universities.

16.3.3  Data Collection

Twenty-six interviews were conducted from April through June 2007. Interviews 
lasted from 50 to 90 min (typically 80–90 min), and each was tape recorded. In-
terviews were organized as in-depth, semi-structured conversations in which the 
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respondent described at length his or her own experiences and perceptions. Initial 
interviews helped to develop the overall structure of the interviews and the semi-
structured topics used for the protocol. Appendix A comprises the protocol includ-
ing more detail on the broad areas that guided the semi-structured interviews. These 
broad areas included the following: structural perspectives, perceptions of quality, 
student qualifications, teacher qualifications, industry connections, cultural context, 
social context, and political context. The focus of the study was on the traditional 
5-year diplôme d’ingénieur. However, questions related to the technicien supérieur 
(advanced technical postsecondary degree) were included as related to discussions 
about the engineering diploma.

Within each broad area listed above, the interview focused more in-depth on 
questions and follow-up probes pertinent to the respondents’ respective profiles, 
demographics, and professions. Professors, on “the front lines” of the education 
process, offered valuable input regarding the recruitment and classroom experienc-
es of students. Industry perspectives, especially in EE, are important drivers of the 
conversation around the required skill sets of engineering graduates (e.g., Hundley 
et al. 2013). For this project, a number of industry employers in both the private and 
the large Tunisian public sector and across multiple subdisciplines were interviewed 
about the competence and qualities of newly graduated engineers from Tunisian 
universities. Finally, students gave their own opinions on how well the system was 
serving them at a critical point in their studies, close to graduation.

16.3.4  Analysis

Respondents provided their respective personal experiences and perceptions. Their 
stories are aggregated using a grounded theory approach (Creswell and Plano-Clark 
2007) in order to uncover emergent patterns across respondents. Using inductive 

Table 16.1  Final sample characteristics
Sampling frame Demographics included Rank/positions included
Academic Male, female; currently 

working across the 
country (inside and 
outside of Tunis)

Tenured faculty, untenured faculty, visiting faculty 
from France, USA; university founders/directors; 
research group and lab directors; directors of 
studies; preparatory high school directors; faculty 
with and without international experience, either 
studying and/or working abroad (USA, France, 
Germany, Canada); deans

Government Male; based in Tunis Industry liaisons, trade association directors, 
national utilities directors, ministry officials

Industry Male, female; Tunis Industry advisors for apprenticed students; techni-
cal managers; company associate directors; CEOs; 
practicing engineering project directors (subdisci-
pline of construction)

Students Male, female; Tunis Fourth- and fifth-year engineering diploma 
students
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methods, recurrent themes are constructed from aggregated stories, combining con-
vergent trends into broader and broader categories and analyzing the resulting mac-
ro-perspectives to understand the story and answer the research questions at hand.

The sample includes multiple respondents in the same stakeholder group by de-
sign, both to provide additional, different perspectives and to serve as a way of 
triangulating the information from respondents. The analyses include participant 
language verbatim accounts, highlighting discrepant data (Bashir et al. 2008) to 
increase validity. There are, however, some limitations to this study. In selecting 
respondents, the researcher found participants who would be the most willing and 
able to participate in an interview. Such participants might provide biased perspec-
tives that are not indicative of the experiences of Tunisian EE stakeholders in gen-
eral. Further, respondents who were referred by others via snowball sampling might 
contain their own biases. As this study employs qualitative methods, there is no 
attempt made to generalize findings here; they are provided to shed light on diverse 
perspectives and suggest hypotheses that could be further explored in subsequent 
quantitative data-gathering and analysis stages.

To support the statements made here, multiple respondents have concurred with 
these opinions, and where their opinions were divided, their divisions are indicated, 
and the respondent’s profile is indicated to give an idea of the genesis of different 
perspectives on the Tunisian system. Statistics provided by the MESRST as well as 
by prior quantitative research studies support some of the responses given by the 
study participants. By talking to numerous representatives of the different groups 
who contribute to the education of the country’s engineers, the overall picture be-
gins to emerge.

16.4  Results

Results are organized into six major themes that emerged from participant inter-
views: history, curriculum, regulation, differentiation, external pressures, and per-
ceived quality. First, nearly all participants situate their responses within a historical 
perspective; the importance of a historical lens forms a major theme across inter-
views. The chapter proceeds to a discussion of the respondents’ focus on the EE 
curriculum, where they point out the mismatch between skills required of gradu-
ates and the training they receive. There are ostensible opportunities for hands-on 
preparation, but in practice, this is not very frequent. Respondents note a continuing 
tension between theory and practical classes. The next theme that is discussed ad-
dresses the conundrum of regulation in Tunisian EE. Respondents see regulation as 
highly centralized, though they also point out the diffuse centers of power in differ-
ent universities and faculties. Quality control and increasing privatization are seen 
as threats to the traditional mechanisms of regulation. In the subsequent section, 
respondents discuss the complex challenges and opportunities of the differentiated 
Tunisian EE pipeline. The theme of notable external pressures is cited by numerous 
respondents, as are perceptions of quality. The chapter closes with a brief case study 
comparison of two new universities and possible future directions for Tunisian EE.

mbishawi@birzeit.edu



38516 Perspectives on Engineering Education Quality in Tunisia After …

16.4.1  Historical Perspective

Many interviewees reference Tunisia’s first president, Habib Bourguiba, in their re-
sponses. One of Bourguiba’s main priorities for the nascent country was education, 
and this emphasis on education as a key to Tunisia’s future has continued through 
the subsequent administration and into the new leadership established in 2011. The 
historical reference to education as an elemental priority seems to ground perspec-
tives on Tunisian EE in a deep and valued history.

Respondents frequently reference the hierarchy between the levels of the pre-
vious engineering degree, a historically trichotomous structure. The engineering 
diploma was previously structured to create two “types” of engineer and one “type” 
of technicians. Those who studied in the technical program for 2 year after the 
bac exam (BAC +2) were given the diploma of technicien supérieur; those who 
pursued a basic engineering degree for 4 years after the bac (BAC +4) were given 
the diploma of ingénieur technique; and those who studied for 6 years after the bac 
(BAC +6) were given the diploma of ingénieur de concepte. This hierarchy bred 
discontent (discussed further in the section on Differentiation and the subtheme of 
Prestige).

In 1992, a major change was made to the pedagogical structure of engineer-
ing training. Purportedly to try and combat the problems that arose from having a 
more elite corps of engineers, the two engineering diplomas were combined into 
one degree of 5 years after the bac (BAC + 5). The formation of technicians is 
still entirely separate from that of engineers, except where now 10 % of spots go-
ing into the cycle de spécialisation are reserved for those who finished their five 
semesters of technician studies and apply for the exam as the engineering students 
do. Before, according to respondents, three times as many engineers as technicians 
were being produced; now that statistic is reversed. The major reform years serve 
as important landmarks around which respondents structured their answers. Other 
smaller changes were tried over the past 40 years of Tunisian EE. For example, 
a more rigorous accreditation system was reportedly tried in the 1980s, but only 
lasted 2–3 years. These historical reference points, primarily the major structural 
reforms, frequently differentiate eras and serve as milestones in respondents’ narra-
tives, providing a longitudinal comparison and a sense that Tunisian EE is continu-
ing to improve.

16.4.2  Curriculum

Respondents designate the rigorous EE curriculum as rigid and difficult to change. 
Perspectives on quality in the curriculum bring out subthemes around the skills re-
quired of engineering graduates and the training they actually receive. The tension 
here is consistently between theoretical training and practical skill demands in the 
workplace.
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16.4.2.1  Professional and Interpersonal Knowledge, Skills, and Attitudes

Employers repeatedly note that engineers still require a lot of training when they 
enter a job. Public-sector employers convey satisfaction with the current system, 
while private-sector employers appear dismissive of Tunisian graduates’ abilities. 
According to one professor, the purpose of engineering pedagogy is to make engi-
neers capable of learning. One employer points out that they are looking for work-
ers—whether engineers or technicians—whoever could learn. According to private-
sector employers, they are not as sensitive to differences between the engineering 
and technical degrees; their priority is what the employees could do.

Unfortunately, local companies do not have many resources to support trainers 
for new workers; they need engineers with the right, targeted skills. According to 
numerous industry respondents, “Private enterprises look for engineers who are 
directly operational…” Private companies demand an engineer who is employable 
right away; to have this gift, they may need to invest more in training the engineers 
while they are in university than they currently are (according to academic respon-
dents).

In general, employers feel that the interns they have and the engineers they do 
ultimately hire are unprepared. Deficiencies that are cited included hands-on or 
practical knowledge, a lack of “soft” skills, and a need for multilingual training (not 
only in French but also often in English, Italian, or German) to participate in the 
regional and global economies. Most laboratory funding comes from the govern-
ment to the schools; according to respondents, part of the reason instruction is very 
theoretical is a lack of equipment. Some highly successful faculty can circumvent 
this obstacle by obtaining other funding: “At universities (I know of the Engineer-
ing University of XYZ), improvement is a direct result of ability to obtain outside 
funding [for labs and practical tools]” (note added by author). Given some of the 
limits of laboratory availability, some recent studies suggest online/blended learn-
ing and remote lab opportunities as one way to mitigate resource constraints (Nad-
dami et al 2014). Using remote laboratories may also facilitate university networks 
and consolidation in the Middle East and North Africa (Salah et al. 2014).

Because of the “lack of practical experience” cited by industry employers and 
the general need for an engineer to undergo much training on the job, state-run 
public-sector employers are more willing to take on new student engineers. Accord-
ing to numerous respondents, they have the time and resources to invest in training 
them during their first year on the job. For large public enterprises, engineers have 
to be versatile and know multiple domains. For public enterprises, research is not a 
priority; the job is to give continued service. Despite more openness to new gradu-
ates and a lack of focus on research, employment in the public sector is strongly 
related to higher educational attainment (Pekkarinen and Pellicer 2013). This “mis-
allocation” of talent may hamper the growth of both private and public elements of 
the Tunisian economy.

In the faculty of an engineering institution, respondents report that efforts are 
made to occasionally bring industry into the classroom to teach a module or a class. 
This is an efficient and effective way of incorporating industry professionals and 
innovative perspectives into the schools. However, it is reportedly difficult to find 
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industry people ready to teach for more long-term assignments. Additionally, from 
the industry’s perspective, teaching staff are “very academic and not open to collab-
orate or do work for industries.” Although each respective university might claim 
that its graduates are slightly more suitable for employment, one employer sees 
little difference between the abilities of graduates from public and private schools.

16.4.2.2  Hands-on Opportunities for Practice

There are hands-on work opportunities built into the engineering diploma—appren-
tice-like opportunities for students as they finish their degrees—and respondents 
pointed to these as the few existing connections between academic curricula and 
early industry experiences. Each of the 3 years in the final cycle of the diplome 
d’ingénieur also comprises a specific kind of project for the student, which gets 
progressively longer and more independent in each respective year. Summer intern-
ships also contribute to the student’s real-world experience. The first year, a small 
project is done, which normally takes about a month. The second year, the projet 
de fin d’année (end-of-year project) is slightly longer, normally 2 months. During 
the third year, the projet de fin d’études (senior project) takes up most of the final 
semester of study. To find these internships and subjects for their projects, students 
must often turn to their own resources. The MESRST demands practical experience 
internships and reportedly encourages the collaboration of universities and indus-
tries. However, respondents point out the disconnect between theory and reality, 
as these internships often end up being completed within the university rather than 
“in the field.” Respondents feel that few companies have comprehensive internship 
programs. Respondents note that students had to go door to door, since industry 
“does not approach students.” Students who are already active in different student 
organizations make some contacts through informal networks, but universities often 
end up providing the resources, lab space, and topics for internships or research 
projects. Here, again, respondents highlight the importance of organic and informal 
networks.

These internships give students the opportunity to observe practices in industry. 
Moreover, the third extended project during their final year challenges them to take 
on a real-world problem provided by an engineering company. Sometimes, students 
proceed from their internship to employment at that same company, though respon-
dents say that, in reality, this is rare. The mismatch between the skills required and 
students’ preparedness for industry seems to be a missed opportunity for realizing 
theoretical best practices in teaching engineering.

16.4.2.3  The Potential of Technoparks

Technopoles, or “technoparks” that physically juxtapose small and medium enter-
prises (SMEs) and university campuses, were set up just before the new millennium 
to “constitute the nerve centers of a national network of scientific and technical 
research…” (Republic of Tunisia, MESRST 1999). Respondents see these Tunisian 
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technopoles as an attempt to bring together the three facets of engineering: industry, 
education, and research. However, technopoles are also seen as an import from 
the American EE ecosystem, and respondents perceive that it is more the case that 
foreign businesses take up residence at the parks. Professors perceive the techno-
poles as useful for internships for their students, though employers themselves do 
not concur; corporate respondents saw the major benefit of the technopole as the 
discussion between different stakeholder groups at the administrative level and vis-
ibility for the companies, not recruiting.

From the industry side, respondents report an “immense effort” to get “alternat-
ing” education. This method would alternate students’ schedules between class-
room work and industry internships. This kind of schedule reportedly “works al-
ready” with technical high schools that prepare students for practical technical jobs. 
However, higher education is said to want a contract that is “overly demanding” so 
that industry representatives have not succeeded in forming a mutually satisfactory 
arrangement. Some more flexible (usually private) universities experiment with al-
ternating education for its senior projects in recent years. Students attend classes for 
3 days and work at their internships for 3 days. They have a number of complaints 
about this arrangement, saying that the changes back and forth were too frequent 
for them.

16.4.2.4  Innovative Capacity and Entrepreneurship

Research and innovation are cited as potential benefits of close industry/univer-
sity collaboration. However, the private sector gives no more concrete support for 
research and innovation than the public enterprises do. According to most respon-
dents, little research and development (R&D) is done at the university. The univer-
sity is said to end up supporting the private sector with its own resources. Former 
president Ben Ali and his administration are described as actively engaged in foster-
ing the development of private enterprises, a goal made even more pressing as the 
Tunisian market was opened in 2004. At the time of interviews, industry “fabric” 
was only in its formative stages. Between 2004 and 2009, 2000 enterprises were 
planned for creation. The push for individual entrepreneurship was part of this same 
initiative. In 2003, President Ben Ali advocated for universities training “creators 
of enterprises and not just demanders of employment” (Mabrouk 2007). For this 
development to occur, the government would need to assist in bringing the private 
sector into the education system as well; respondents perceive this to be at a nascent 
stage and not yet really happening.

Entrepreneurship skills are nominally required in all tertiary degrees as inte-
grated activities for any discipline, as required by the 2002 Educational Reform 
Act (Gyimah-Brempong and Ondiege 2011). However, these courses are barely 
mentioned, and students do not feel prepared to practice entrepreneurship. There are 
numerous business schools in Tunisia, and student evaluations show some satisfac-
tion with the experience, mixed with a need for more institutional self-assessment 
and improvement (Belhaj et al. 2013). More recently, incubators are springing up as 
potential vehicles for innovation, although one study noted that such local systems 
of innovation were still emergent (Fayolle et al. 2010).
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A large number of engineers are employed by state-run or semi-state-run public 
companies. Beyond their roles as employers, these companies are seen as doing 
little to encourage innovation. These semi-state-run companies want “studies” from 
apprenticed students rather than “real research projects.” There is said to be not a 
culture of R&D—instead, it is reported to be more of a service and commercial mar-
ket. Often, employers do not see the value of R&D. There is, therefore, little indus-
try lab funding. While academic and industry respondents see different reasons for 
this lack of industry investment in innovative capacity, both admit this is the case. 
Interestingly, however, the number of researchers for the size of the country is large 
(UIS 2014). Respondents anecdotally note this, another example of an oversupply 
of highly qualified human capital.

16.4.3  Regulation

Respondents nearly universally describe facing challenges in trying to innovate in 
a strict system serving multiple regulatory rulers. Some academic tasks are highly 
centralized, while at the same time, certain organizations enjoy a great deal of au-
tonomy. Both before and subsequent to the overthrow of the Ben Ali regime, this 
has led to perceptions of corruption and integrity challenges throughout primary 
and secondary education and into tertiary education (Milovanovitch 2014). Teacher 
quality is a major concern for administrators and students alike. The perception of 
increasing privatization and autonomy provokes uncertainty from respondents as to 
how this will ultimately change the EE system. Respondents are not sure if regula-
tory changes will indeed persist.

16.4.3.1  Centralization Versus Autonomy of Some Tasks

Respondents describe the education system as highly federal and concentrated, 
with a council made up of representatives from all of the universities overseeing 
individual institutions from within the MESRST itself. Despite extensive central-
ized standards, implementation is rather autonomous, and university faculties are 
bonded together rather loosely. Acceptance and instruction for the engineering di-
ploma are done on the part of the numerous school faculties within each university, 
or établissements (approximately analogous to a college within an American uni-
versity). Each of the établissements is governed by a faculty counsel from within 
the school. The university system serves an almost purely organizational purpose, 
as opposed to the classic university campus system seen in North America. Classes 
almost never overlap, and there is no notion of a liberal arts curriculum. Often, 
different faculties are not even in the same city. For this study, respondents rarely 
referenced their école as their institution, more frequently describing their établisse-
ment, with some also discussing their specific departments.

Tunisia’s main professional organization for engineers is the Conseil de l’Ordre 
des Ingénieurs. This group is a loose affiliation, in which membership is often re-
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quired for employment. There are smaller organizations, but they are not as active. 
As one respondent says, it is easy to form such societies but difficult to have them 
play a large role. Besides professional societies, there are scientific societies, which 
are older and more numerous. These scientific societies organize conferences and 
communicate with international peer organizations. Both the professional societies 
and individual academic departments operate on their own, but their members (fac-
ulty and students) still feel dominated by the national authority body.

16.4.3.2  Quality Control for Faculty

Respondents see “quality control” as a new concept for the Tunisian system, rec-
ognizing that de facto self-policing was the accepted norm. As long as national 
regulations were met, schools could operate independently. Teacher quality is seen 
by nearly every respondent as a key obstacle for the Tunisian EE system. The idea 
of student surveys is foreign, and numerous instructors themselves even cite dif-
ficulties to train the reticence out of their students to respond to questionnaires. The 
stimulus for these kinds of measures exists, but it has not yet been institutionalized. 
Although respondents could cite very specific metrics for tenure and promotion, 
they then relate these specific benchmarks to issues of corruption, lack of actual 
quality assessed, and continuous improvement. For example, the number of theses 
that a professor is supervising lends prestige to their reputation. In practice, profes-
sors may take on projects for students that they will supervise but will then repeat-
edly assign them to their own doctoral students. Further, the highest quality engi-
neering graduates are seen as universally heading to industry, leaving less qualified 
graduates to be “relegated” to academia.

Massification has only increased the perceived threat to teacher quality. The side 
effects of massification are perceived as being felt by strained human resources, 
and, in this area, EE is not immune. Visiting professors are seen as an outlet through 
which the government is trying to alleviate the problem of a growing student body 
and stable faculty numbers. In practice, teachers from one institution often teach at 
another institution, and this untenable solution does not have the capacity to support 
the whole system. The problem of teacher quality is even further exacerbated by 
massification; schools do not have enough money to ensure that all of their teaching 
staff members are BAC +12 professors. This qualification (BAC +12) comprises a 
12-year process of learning to teach, beyond just normal graduate research work, 
which takes more time than is available to administrators who desperately need to 
staff their classrooms. Sometimes, younger doctoral students are taken as visiting 
professors as well. The problem with having current doctoral students teach is not 
only that they are not as qualified as those who have gained their teaching qualifica-
tion, but, as respondents pointed out, it also slows down the doctoral candidates in 
the process of completing their degree.
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16.4.3.3  Privatization and Growing Autonomy

The landscape of Tunisian EE is overwhelmingly made up of public state schools. 
A new law passed in 2000 grants private universities the authority to issue ministry-
approved degrees. The respective ministry usually oversees these schools, gives 
authorization to give out official diplomas, and gives equivalence of diplomas, as 
it does with foreign diplomas. In 2003, the government publicly recognized that it 
would look to private universities to help accommodate the burdensome numbers 
of students who made up the large demographic shift (La Presse 2003). There are 
currently ten private universities that offer the diplome d’ingénieur as opposed to 16 
public établissements within the larger 13 universities (Republic of Tunisia 2006). 
Private schools are marketed as an avenue through which motivated students, who 
may not have scored as highly on the bac as their high school classmates, can enter 
the engineering world. The general opinion of private institutions, however, has 
been that they are “diploma factories” and offer little educational quality. The opin-
ion of respondents is: “Why should one have to pay for a good education?”

Even with private universities, the central Tunisian government still controls the 
diploma, dictating the number of hours required, the average score necessary to 
receive a diploma, and the number of professors at the school (see MESRST refer-
ences for more details). On the other hand, private institutions are still perceived 
as having more freedom than their public counterparts to innovate in terms of the 
structure of the diploma and the curriculum. These universities can court business 
connections that both public and private US universities already have, and that 
public Tunisian universities reportedly cannot or do not care to nourish, according 
to respondents. While private universities do have to report to the MESRST, they 
have more freedom in determining their curriculum. Respondents do not perceive 
any degrees of freedom at state schools. New classes or programs can be rapidly 
integrated into private schools, and the private schools do not have to follow such 
a strict plan. Private school respondents had a few complaints about their unique 
situation, but these were infrequent. Because there are so many visiting professors 
and similar classes are required, it is as if the private universities have the same 
classes as public ones, but more time from the professors is allotted to the students. 
A student satisfaction survey found that students at a newer private university were 
moderately satisfied with their education (Chabchoub 2013).

Besides private universities, the government has recently supported other efforts 
towards privatization, increased autonomy, and support for market reforms as ways 
of alleviating demographic and quality pressures. The government launched the 
Université Virtuelle Tunisien, which now partners with some residential établisse-
ments in Tunisia as well as numerous universities abroad (see also, e.g., Université 
Libre de Tunis). However, it does not offer diplomes d’ingénieurs. It has begun, 
however, to offer courses in conjunction with other technical degrees, so it could 
further support the purpose of training a broader base of engineers (reportedly po-
tentially relieving about 20 % of residential university courses). Another example 
of government reform efforts comes in the form of the double tutelle programs. 
While all degree-granting institutions fall under the supervision, or tutelle, of 
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MESRST, there are some that have a double tutelle because of their subject focus. 
For example, the telecommunication school for technicians in Tunis, also known 
as ISET’COMM, also falls under the tutelle of the Ministry of Technology. This 
allows the schools a bit more freedom than their single tutelle peers, which respon-
dents perceive as valuable for students and perhaps desirable for industry and op-
portunities to get hands-on practice.

At the same time, market-oriented solutions are seen as only slightly increasing 
industry opportunities for students and private-sector employment opportunities. 
Respondents from the academic side point out that companies are not accommodat-
ing to students; while the addition of market-based initiatives is growing, respon-
dents feel it is sometimes awkward. Even when students provide real solutions for 
companies to implement, there is no remuneration. Also, many companies vacation 
during the summer months when students need to work or intern. Private-sector 
employment still makes up the minority of spots for engineering students despite 
its growing presence and the government’s encouragement of its development. Re-
spondents mention that most private enterprises are SMEs and are usually family 
run, so personal contacts are the main method of entrance into private employment. 
According to respondents, the private sector is a more desirable, albeit more dif-
ficult, goal for graduates.

The focus of private (as well as semi-state-run) businesses is telecom. There is 
less diversity in job types in the private sector, since the private industry caters to 
the demands of Tunisia’s large telecom business. Diversifying disciplines within 
the university is also difficult (e.g., for robotics in young mechanical engineering 
schools), with few schools offering certain majors and even fewer offering new 
specialties (Romdhane and Mlika 2011). Such flexibility is seen as key by respon-
dents for supporting long-term curriculum reform success. Other studies have found 
some growth in disciplines such as biomedical engineering, at a level competitive 
with and adherent to multiple sets of international standards (Abu-Faraj 2014). Re-
spondents noted that Tunisian policy-makers need to decide which disciplines and 
subspecialties are key to development and do more to support them.

16.4.3.4  Continuing or Alternating Education

Around 25–30 % of graduates go on to do postgraduate work. Some students choose 
to continue after the engineering degree to graduate school for a master’s (1–2 years 
of study) or a doctorate (3–4 years of independent research). In general, respondents 
feel that younger generations of Tunisian society always want to go further with 
studies to get another degree; part of it is prestige, and students “continue just to 
continue.” A perceived added benefit for those who continue to study is to be able to 
avoid the difficult job market, but the primary reason for continuing is the hierarchy 
in which regard is given to those with more degrees.

Few Tunisians return to school after work to continue their studies. This is chang-
ing, however, as new continuing education programs are beginning to cater to those 
with degrees who find themselves stopped in their careers. In engineering, a new 
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program has been started to aid older BAC +4 engineers who are currently blocked 
in the development of their careers. The advancement offered by this program is 
often paid for by employers (from semi-state-run companies) and allows recipients 
to gain an equivalency for a full engineering degree (formerly BAC +6, now BAC 
+5) to advance their careers. Administrators perceive this new offering as desirable, 
but few other stakeholder groups in this study made note of it.

The flexibility of continuing education or the more recent proposals for alternate 
education are seen as possible ways of addressing gaps in the standard curriculum. 
Overall, the emergent theme of curriculum highlights the mismatch between the 
skills demanded by industry and the skills and experiences supported by both in-
dustry and academia. Constraints such as time, the increasing student–teacher ratio, 
and few private business positions only exacerbate the challenges of a curriculum 
delivering all the demands made on engineering graduates.

16.4.4  Differentiation

The restrictions—perceived as cumbersome—of a highly tracked education system 
and the growth in the supply of certain groups of engineers emerge as a theme for 
nearly all respondents. They provide perspectives around the role of the myriad 
tests in Tunisian EE as well as the limits these tests place on engineering students’ 
autonomy. They note that the hierarchical system, including the frequent tests, in-
hibits any gains in efficient sorting that the differentiated system might have. Re-
spondents point to the outcomes for female engineers as a striking example of a 
system that supports their meritocratic advancement in some dimensions but ham-
pers it in others.

16.4.4.1  Testing Culture

Respondents frequently make note of the numerous tests required of students to 
advance to each subsequent stage of the engineering degree and the high level of 
determinism attached to test results. After their first year of lycée (high school), 
students select a track of study, either geared towards humanities or technical skills 
(Republic of Tunisia, MESRST 2006). More and more, these secondary schools 
incorporate information and communication technology (ICT) into their teaching 
practice (Abdelwahed 2012). After 3 years of high school, they must sit for the 
one of the most important determinant exams of their academic careers—the bac. 
Respondents very frequently refer to the bac as a key milestone in their interviews.

Students’ bac score helps to determine their placement in university. Those who 
score high enough can pass into the first phase of an engineering diploma, which is 
2 years of intense theoretical instruction. Everyone who passes the bac is guaran-
teed a placement in tertiary schooling, though, as some academic respondents note, 
sometimes with this placement system, students do not even get one of their top 
ten choices. At the end of this 2-year phase, another exam determines where they 
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can be placed for the second part of the diplome, courses oriented more towards 
practical experience. After three large projects and summer internships, engineers 
can chose to search for a private company for employment or pass yet another 
exam, which will give them a placement in one of the state-run or semi-state-run 
enterprises, such as the gas and electric company (“STEG”). This exam, even more 
so than those prior, is comprehensive and demands a whole portfolio from the ap-
plicant. The idea behind this abundance of exams at every step of the engineering 
pathway is to ensure equality, according to respondents. Respondents note that the 
preponderance of examinations continues for those doctoral students who stay on 
the academic track; there is even a sequence of exams for tenure tracking profes-
sors’ advancement, including an oral component.

16.4.4.2  Efficiency

The bac and subsequent exams are state run, so établissements actually figure little 
into the decision-making process. The higher the student’s score, the more likely he 
or she will get the first choice for university. The principle behind the rigorous exam 
is seen as giving all students an objective and egalitarian method of getting into 
university. These students, having graduated high school, are guaranteed a place in 
a university. According to government projections given by respondents in 2007, 
the enormous influx of students will fall off somewhat after reaching its peak of 
approximately 500,000 students around 2011. Levels will stabilize around 340,000 
in 2015, still a 55 % growth from 2000 and approximately equal to the 2005 level. 
In about 5 years, massification will have begun to decline, so leaders are described 
as being content to wait and make only temporary fixes.

According to respondents, massification has made use of the “efficient” sort-
ing system and strained it. This problem has been differentially felt in some very 
particular engineering disciplines where demand is decreasing and supply has tra-
ditionally been large (e.g., agricultural engineering). However, according to all re-
spondents, massification in Tunisia (in 2007) is more the problem of other areas of 
study. Humanities disciplines—for example, philosophy, law, and language—are 
feeling the crunch, they say. In a response foreboding the events that sparked the 
Arab Spring, one participant notes: “There are vegetable sellers with MBAs, but 
it is not yet an engineering problem.” All parties acknowledge that engineers are 
luckier than their peers in other disciplines. Engineering classes may, however, be 
reaching their saturation point, as noted by an adamant handful of respondents.

One of the reasons engineers have been lucky is the limit on the number of diplo-
mas awarded; the exclusivity of the engineering diploma ensures that few engineers 
were actually formed. The study of engineering holds a high amount of prestige. 
And, after university, engineers from many different backgrounds report feeling the 
unemployment crunch much less than their fellow students. Because of the constant 
high demand for engineering expertise, engineers have less trouble finding employ-
ment than other overcrowded disciplines, they note. Even so, some of the student 
respondents continuing their education feel that having more and more degrees 
had become obligatory. The general attitude for students is to “continue as long as 
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possible” in school, and sometimes this attitude is promoted by the appeal of avoid-
ing the job market. The job market for engineers may have become more affected 
by massification shortly after data collection; the year 2007 was to be the final stage 
in the opening of Tunisia’s market.

16.4.4.3  Women

Since the birth of the independent country, women in Tunisia have enjoyed com-
plete equality under the law. First President Habib Bourguiba immediately granted 
women equal rights. Their presence in the higher education sphere is strong, some-
times the majority—57.2 % of university students are female, for example (Repub-
lic of Tunisia, MHE 2005)—in universities and public service jobs. However, en-
gineering is an exception, and both male and female respondents corroborate this.

Despite forward-thinking attitudes since Tunisia’s birth, traditional attitudes to-
wards women in engineering persist. Two respondents from very different demo-
graphics say, “Engineering is not convenient for women from the point of view of 
family,” and “It is against nature.” In her book, Riadh Zghal looks closely at the 
situation and perspective of women engineers in Tunisia—before and after univer-
sity, in the workforce, and without employment (Zghal 2006). This can be framed 
in the larger conflict between conservative and liberal ideologies and the govern-
ment’s reform policy response (Megahed and Lack 2011).

Even with these attitudes, respondents deny that any prejudice existed in the 
academic world or in public-sector employment, thanks to the objective evaluation 
process. “Exams give the same chance to all,” is a common response. This may 
be true; most female respondents report the same thing, saying the most visible 
discrimination happens outside of the public sector and in certain subdisciplines of 
engineering. These types of attitudes could only be harmful where the strict govern-
ment rules do not guarantee equal treatment. For example, even in public employ-
ment, selection later in the career is not done with exams, so the opportunity for 
discrimination exists. “After the exams, selection is more personal…assumptions 
are made about women’s needs,” describes one female respondent.

Industry reportedly will only hire women over 40 or very young because of their 
assumed duties as mothers. Instead of dealing with these kinds of prejudices, most 
women choose to follow the academic track in engineering. Some respondents point 
out that women engineers choose teaching since it is difficult culturally and logisti-
cally to be on an engineering project site. Nearly all respondents note that women 
go into teaching in the engineering field rather than in other engineering sectors.

16.4.5  Internal and External Pressures

Respondents note that there is a tense push and pull between external pressures 
from France, aid agencies, and macro trends in accreditation on the one hand and 
internal pressures from Tunisian politics, society, and culture on the other. This is 
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experienced by participants who moved between the internal and external domains 
as exchange students or faculty as well as by those who stayed local. The influence 
of France is never far away from respondent’s narratives, and often the feeling of 
external pressure is tied to funding. Internal pressures relate both to strong cultural 
norms in higher education and to national economic fears.

16.4.5.1  External Pressures

A major theme through participants’ personal experiences and their perceptions of 
the Tunisian system’s success is the burden and opportunity of the historical align-
ment with France. As a French protectorate, Tunisia had close institutional ties with 
France. Before statehood, and even up until the formation of the Tunisian National 
University of Engineering (ENIT) in 1968, Tunisia’s first engineering university, 
many engineers studied in France. From its official beginnings, the national Tuni-
sian system was modeled after the French grandes écoles, a rigid and centralized, 
hierarchical structure. As a thought-provoking corollary, this historical artifact con-
necting French and Tunisian universities may have supported transnational student 
activism and provided Paris as a locus for Tunisian student groups’ operations after 
state repression in Tunisia in the 1960s (Hendrickson 2014).

As previously noted, though, respondents cite the emphasis on theoretical train-
ing as an evident “burdensome” remnant of the French presence. Industry respon-
dents as well as some academic respondents describe the curriculum’s lack of em-
phasis on practical knowledge and experience (and the resultant preparedness of 
engineers) as stemming from the system’s French heritage. The French language 
itself may be seen as an impediment to progress; although science and engineering 
classes are largely taught in French, students are increasingly using Arabic in their 
quotidian study and practice. An investigation in Libya found that students per-
ceived study in Arabic as easier and more accessible for them, even though they saw 
English as the gateway to global opportunity (Tamtam et al. 2013). Many respon-
dents note that even today, whenever changes are made to the educational system in 
France, Tunisia follows suit. However, in creating and implementing the changes, 
Tunisia “lags behind,” they say. This lead-and-follow relationship prompts one pro-
fessor to describe the attitude in Tunisia as a persistent feeling of colonization.

Since statehood, respondents remark that the Tunisian model of education has 
always been based on the French system, which itself has recently been moving 
towards pan-European settings. However, respondents characterize the creation of 
the Bologna Process (Reinalda and Kulesza 2005) and the subsequent development 
of Euro-level standards (European Network for the Accreditation of Engineering 
Education; Augusti et al. 2007) as a move more towards the American model.

As Europe changed to a three-cycle system (License–Masters–Doctorate or 
LMD), Tunisia was preparing itself to do the same. It moved all of its degrees to 
the LMD system except for medicine and engineering. At the time of data collec-
tion, the Ministry of Higher Education (MESRST) was in the process of planning 
the changeover for engineering, projected for the next few years. According to re-
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spondents, “The change to LMD is being made too quickly; the infrastructure is 
unprepared.” It is unclear if this change will continue as scheduled, especially given 
French reluctance to transition its engineering schools. Further, regional obstacles 
to the LMD adoption in the Maghreb have emerged, such as the lack of mobiliza-
tion of business in supporting LMD and the lack of R&D and technology transfer 
as part of LMD (Melyani 2014). The institution of INSAT, an intermediate step 
towards the LMD system, is a small success for the Tunisian government. However, 
with the French still reticent to change their grands écoles for engineers over to 
the European LMD system, respondents doubt Tunisia will enthusiastically do so 
without them.

Pressures for an emphasis on quality and decentralization are seen as coming 
strongly from the World Bank. Respondents took note that the World Bank was in-
vesting heavily in quality assurance through a program called Programme d’appui 
à la qualité (PAQ; for more information, see worldbank.org for project summa-
ries). Respondents focus their discussions on the teacher evaluation component of 
the program and its focus on changing the culture around quality before enforcing 
it. Their comments reflect frustration with another attempt to put a reform with 
theoretical potential into practice without major buy-in, administrative support, or 
incentives.

Top Tunisian students do often study abroad, so the Tunisian EE structure must 
deal with systems for international exchanges. Problems exist for the engineers 
who studied abroad when (or if) they return to Tunisia, despite the regard given to 
studying abroad. The strict mirroring of the French system makes the integration of 
even other European models difficult. One respondent who had studied in Germany 
outlines the differences with the system there. She sees that in Germany, engineers 
had chosen their path for themselves and, therefore, more readily assumed life re-
sponsibilities. Thesis students are not paid in Tunisia, so she perceives that they did 
not assume the grown-up attitude of students studying abroad. The same professor 
who described persistent feelings of colonization notes that France sometimes even 
questions its own exchange programs as possibly neo-colonialist.Fifty years after 
independence, Tunisia retains a number of logical and philosophical connections 
with France—the education system being one of the strongest reflections of the 
French. These connections are seen as historically significant and persistent, albeit 
fraught with numerous tensions.

16.4.5.2  Specter of Brain Drain

The internal Tunisian requirements often do not match with the impulse to send 
engineers abroad with an eye to reintegrate them (sometimes referred to as “brain 
circulation”; Saxenian 2005). For students and workers who studied and worked 
abroad before returning to teach in Tunisia, numerous difficulties are described. 
Because of the necessary personal contacts to get recommendations, even initial 
steps are difficult and good research positions are hard to come by. Although the 
top students are seen as leaving for France, they are also seen as having many 
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difficulties upon return. For professors to advance, they need to have an advisor: 
“Those who study abroad are orphaned without a supervisor to help them start to 
get research funding.”

Students who come back from studying abroad have a different host of difficul-
ties than graduates from Tunisian schools as they attempt to reintegrate themselves 
into the Tunisian workforce. International companies, however, are more willing to 
hire these individuals. Often, the students’ training has been more focused on practi-
cal experience—for example, if they studied in Germany—or at a more prestigious 
university in France. If the opportunity exists, students who studied in Tunisia are 
seen as likely to travel abroad for employment.

On the other hand, professor exchanges bring a number of teachers from France 
to Tunisian universities. They are placed at universities as professeurs vacataires, 
or visiting professors. By law, they cannot be employed as full professors unless 
they are Tunisian or are married to a Tunisian. They are seen as useful and highly 
qualified additions to a strained workforce. Besides professors and undergraduates, 
France retains close ties with Tunisia through graduate students studying at each 
others’ institutions and a growing number of joint degrees. Tunisia has recently be-
gun to actively capitalize on its international intellectual pool by starting a network 
for Tunisians living and working abroad. Both the respondents and recent studies of 
emigration/immigration patterns note that the demographic trends in Tunisia have, 
in particular, pushed highly qualified sectors of the labor market abroad without 
domestic opportunities (Fourati 2010).

16.4.5.3  Prestige Versus Practice

The internal pressure of capital in the form of perceived prestige of an institution 
is incredibly strong, according to the descriptions of participants. In the older EE 
diploma system (BAC +2, +4, and +6), prestige drove both individual and institu-
tional decision-making. Incoming students generally applied to this highest level of 
study, for reasons of reputation and postgraduation salary projections. There was 
also little market for the BAC +4 engineers over the BAC +6. Those whose quali-
fications did not meet the standard for BAC +6 studies were relegated to ingénieur 
technique formation, and those who did not make the cut for the BAC +4 degree 
had to go into technicien studies instead. This bred discontent among the ranks of 
the shorter degree recipients, whose diplomas were held in lower regard, but whose 
skills were essential. Furthermore, the high desirability of the more advanced de-
gree caused an inverted pyramid of human capital. The problem was a “too many 
generals, not enough army” problem (according to two respondents). The 1992 
change was intended to address this tension. The duration of the technician training 
was extended to 2.5 years; this change coupled with the consolidation of the engi-
neering diplomas was intended to elevate the status of the technician and encourage 
enrollment. According to respondents, though, this problem persists.

Respondents observe a predictable hierarchy of choices for technical baccalau-
reates when they select their tertiary institutions. There are no indicators available 
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about schools’ qualities to aid in these decisions, but based on reputations and tradi-
tional tendencies, preferences normally fall in a certain pattern. The very top students 
will leave immediately to start their engineering studies in France and Germany. The 
next, approximately, 150 will enroll in the Preparatory Institute for Scientific and 
Technical Studies (IPEST), located near Tunis, which prepares students to apply for 
the French engineering exams. This is because, according to one respondent, “Tuni-
sia doesn’t have anything to offer its best students.” After these “most desirable” op-
tions, the next highest scoring students will go into medicine or pharmaceutical stud-
ies. When spots for these pursuits fill up, students then prefer the traditional Tunisian 
preparatory schools (with the one located in Tunis preferred the highest), followed 
by the National Institute for Applied Sciences and Technology (INSAT), and last the 
technical colleges (ISETs) and other science or technical pursuits.

Engineering students have a certain percentage of spots reserved to study in 
France or Germany, and almost certainly, the students with the best scores will take 
this opportunity. The best engineers are leaving for Europe, and in more cases than 
not, they are not coming back. According to one professor, brain drain is not actu-
ally a problem; “for every engineer that leaves, ten more are formed in Tunisia.” 
After the bac, about 20 students are sent to France to study engineering and about 
20 to Germany. (About 1.4 % of first-year engineering students are sent abroad.) A 
small number of students depart with parents who can afford to send them to Europe 
or North America. The few foreign students who come to Tunisia are usually from 
francophone sub-Saharan Africa.

France is certainly the foreign country benefiting the most from Tunisia’s pro-
duction of rigorously trained high school graduates (UIS 2014). Germany as a re-
ceiving country follows France for the number of Tunisian engineering students 
who study abroad. The students who go to France receive the same 2 years of pre-
paratory training followed by a stage of practical instruction. However, students 
who choose to study in Germany undergo a formation markedly different from the 
francophone/Tunisian system. Therefore, they report difficulties reintegrating into 
the Tunisian system if they come back. Besides numerous specific problems, at a 
broad level, the state provides money to send students to Germany, but then does 
not recognize the diploma. The respondents who had experienced these mismatches 
readily point out their difficulties and perceive them as another example of a rigid 
system that misses out on talent because of its inelasticity.

16.4.6  Comparative Case Examples

This chapter highlights the example of one particular private university (ESPRIT) 
to illustrate recent developments in Tunisian EE. This is juxtaposed with a nascent 
graduate institution (Masdar) developing in the Middle East and more explicitly 
modeling itself on an American exemplar. These two short case examples inform 
the Tunisian context more broadly.
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16.4.6.1  ESPRIT

In 2003, three experienced leaders from university administration and ministry 
management formed a private university. These leaders already had the traditional 
system experience and the social capital and connections to make such a move. 
ESPRIT (Private University of Engineering and Technology) has tried to empha-
size communication and language skills more. According to one description, “The 
government does not yet have confidence in private universities…There is little 
encouragement so few private universities are formed.” This is the case despite the 
perceived potential of private education to offset the rapid expansion of student 
enrollment in state higher education (Abdessalem 2011). The founders experienced 
a number of difficulties in starting up this new concept and new school. With ES-
PRIT, the government provided 25 % of the university’s start-up costs.

Student respondents choose private school and choose to go to this particular 
school for different reasons; some students are at ESPRIT because they failed 
préparatoire (preparatory school) and could not continue otherwise, and often, 
technicians who fail the engineering exam end up at ESPRIT. There is a “much 
greater diversity” in age and background in this student body. Private universities 
like ESPRIT are more amenable to students coming back to school, even to move 
past their technician degree to an engineering degree. Continuing education and 
such flexible opportunities in public schools could be expanded further, note some 
private school respondents.

Another benefit of ESPRIT reported by students and faculty is the focus on “soft 
skills.” All of the exams involve an oral defense in front of the entire class and the 
opportunity to receive critiques on nontechnical skills. Some modules are in Eng-
lish. Nearly all students at ESPRIT have internships outside of the school. However, 
there are some complaints registered. For the ESPRIT students, alternating every 
three days in school with three days at their senior project is very difficult—too 
short a frequency for each part—and they might have preferred the structure in 
public engineering schools.

Students appreciate the “better, respectful atmosphere” and that professors act 
more like “informal equals.” Students think it is a good mix of soft skills and practi-
cal experience. Because they choose to be at the school and make the choice to pay, 
some students also have chosen to work of their own volition. Now, some respon-
dents said that more and more students choose to go to private universities as their 
top priority, while 10 years before, they had to do so and had no other alternative. 
According to numerous private and public academic respondents, in private school, 
students can demand quality, while public schools do not have the time to devote to 
students. Smaller classes make it easier to do things by hand and receive more prac-
tical experience. From the earliest days of the university, the student–teacher ratio at 
ESPRIT was kept at an extreme low. This is changing in recent years, though, as the 
university has grown (Chabchoub 2013). Teaching evaluation satisfaction is around 
84 %, although student satisfaction varies according to the student’s year in school 
(Chabchoub 2013). One ESPRIT student is even completing her final project with a 
company in Marseille by e-mail. Most ESPRIT graduates go into industry. Students 
and faculty alike see these indicators of flexibility as important positive effects of 
being part of a new, small, private university.

mbishawi@birzeit.edu



40116 Perspectives on Engineering Education Quality in Tunisia After … 

16.4.6.2  Masdar

ESPRIT, a novel private school, could be compared and contrasted to the Masdar 
Institute of Science and Technology, a graduate institution focused on alternative 
energy and sustainable technology in Abu Dhabi. Its vision is targeted at creating 
graduates for the knowledge economy and placing them directly into the laboratory 
environment of Masdar City (Masdar Institute 2006). Beyond merely weaving the 
environments of theory and practice together in the curriculum, the institute is af-
filiating with and modeling its structure on MIT, envisioning the development of 
a highly qualified science and technology workforce learning from visiting MIT 
scholars and implementing some of MIT’s characteristic programs (MIT 2013).

Within Tunisia, schools formed in partnership with American or other interna-
tional universities are not unique. For example, in partnership with an American 
university, the South Mediterranean University was formed and now boasts a rank 
as one of the top 1000 business schools in the world. It very explicitly builds on 
American higher education practices (Systèmes d’information n. d.). While its fo-
cus is not on engineering, the advent of an American-accredited university operat-
ing under a partnership with a US institution (University of Maryland) is seen as 
having the potential to drastically change the landscape of the Tunisian system if 
more similar projects were developed.

16.4.7  Perceptions of Developing Quality and Ambiguity About 
Future Directions

Respondents for this study were drawn from a wide variety of backgrounds, a suc-
cessful sampling frame, and their opinions reflect the diversity of their experiences 
with the Tunisian education system. However sufficient this system might be, all 
respondents recognize that, given the chance, students would choose to study out-
side of the country. Most interviewees point out or accede that students lack the kind 
of practical experience they should have as an engineer. Many stages of advance-
ment depend heavily on knowing the right people. Personal connections, while 
sometimes utilitarian, can be an obstacle to merit-based advancement and, further, 
go against Tunisia’s egalitarian mission. Quality control is only now entering the 
policy-making debate, and, according to numerous respondents, it has happened 
only as a result of exterior aid. Self-regulation may be desirable for the bureaucracy, 
but independent evaluation will undoubtedly improve the quality of teaching. Some 
teachers have started student evaluations on their own, but they are few and have 
reported difficulties. Reform policies and practices are happening, but they are not 
institutionalized norms. With the recent revolution and political turmoil in Tunisia, 
there again seem to be opportunities for change but uncertainty about the path that 
developments will take.
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16.5  Conclusions and Implications

The recent political revolution dramatically altered the tenor of higher education 
discussions in Tunisia. Indeed, the outcry and protest of young, qualified, and 
unemployed citizens were the catalyst for the subsequent chain of events and ad-
ministrative overthrow. The uprising grew out of longstanding tensions between 
conservative and liberal forces, including a highly educated populace with fewer 
and fewer job opportunities and a restrictive government, as well as a government-
mandated secularism despite calls for a revival of Islam in the public sphere (Hart 
2014). As the first free-and-fair presidential elections approach in the autumn and 
winter of 2014, thus far, a national balance has prevailed between new political 
powers and rights for women, between moderate Islamist parties and liberal pro-
gressives (Klaas and Dirsus 2014). The themes identified by participants here con-
tinue to ring true, though the ambiguity expressed by participants about how the 
tension between centralized and external pressures with internal demographic and 
social needs would be resolved also persists. Perhaps, future development after the 
revolution will continue towards increased autonomy and decentralization. On the 
other hand, the need for stability and creating jobs might lead to the system leaning 
more heavily on its traditional educational structures.

One of the obstinate themes in respondent narratives is the tension among auton-
omous, ambiguous, and flexible control and centralized standards and regulation. 
Tunisia’s selection system is merit based; the best technical students in high school 
will be engineers. But is Tunisia maximizing its selection of good engineers? The 
bac as a single test may not be a good predictor of a successful—creative, industri-
ous, and motivated—engineer. The material covered in engineering courses spans 
a wide array of difficult, profound topics. Tunisia’s engineers are rigorously trained 
and are prepared to learn. They are strong in theoretical subjects, and to receive 
their diploma, they are required to complete internships in industry. They have been 
selected from the highest achievers in the student population.

However, the system of selecting courses after the bac does not lend itself to 
picking the most motivated engineers. It strictly limits the number of engineers 
available to Tunisia, and continues to relegate the rest of the massive amounts of 
high school graduates to disciplines already teeming with unemployed university 
graduates. Because of the traditional preferences, the best students will become en-
gineers, not necessarily those who want to practice engineering. Prestige is seen to 
play a large part in deciding a number of things for Tunisian engineers—continuing 
their education, what school to pick, even their choice of engineering at all. Stu-
dents want to go to the best schools—engineering schools or medical/pharmaceuti-
cal institutions—and get the highest degree possible. Prolonging the elitist system 
of highly exclusive grands écoles is not productive for Tunisia, especially if these 
elite students leave the country at the first opportunity. Initial efforts reported to pro-
vide better indicators of university quality are promising, but they face a number of 
organizational and cultural barriers before these metrics can supersede the public’s 
assumptions about a university’s reputation.
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Although the centralized system of tests and accreditation have ensured that a 
small, elite cadre of engineers emerges from Tunisia, and although the traditional 
reliance on universities’ hierarchical prestige is difficult to forget, the social pres-
sures of massification, increasingly diverse engineers, and autonomous private 
industry demands may ultimately make further decentralization necessary. Theo-
retical education reforms have not been successfully implemented in practice, as 
cited by every respondent in one or more domains. Without policy implementation, 
respondents do not see Tunisia realizing its full potential for knowledge economy 
competitiveness and engineering employability. Even restrictions in the banking 
sector are reportedly hampering the growth of small technology-focused start-ups 
(Shahani 2014). Tenuous labor market reforms thus far have not alleviated unem-
ployment; higher education’s focus on relevant skills preparation must be drasti-
cally increased to address the needs of current students (Haouas et al. 2012).

There are areas of great potential. The development of professional and scientific 
societies as active parts of the puzzle could provide a model for facilitating interac-
tion between universities and industry. The government here could act more as a 
facilitator of interaction between the two parties rather than a bureaucratic organiza-
tion requiring a specific number of credit hours or internships. The Tunisian system 
is advanced in actually requiring three industry internships before graduation, but 
could be made more robust by bringing this practical component into classroom 
instruction itself.

Tunisian EE wants to provide a fertile environment matched with industry needs 
and open to compete on a global stage. The system is starting to focus on skills and 
experiences like global competence, but it does not execute when it comes to in-
corporating exchange students and faculty back home. The current situation is that 
the best technical minds in the country leave every year and normally do not come 
back. These talents are ever more necessary to Tunisia as it positions itself globally, 
especially if it wants to be competitive in the European sphere. Tunisian respon-
dents within universities and leading university and corporate administrations want 
to see their universities as world class. One of Tunisia’s biggest challenges now is 
to make their universities competitive with engineering schools abroad in the eyes 
of their own students.

Tunisia’s relationship with France is the system’s largest exterior support, but it 
may be one of its biggest impedances as well. Such close ties with France have not 
completely limited the international perspective of Tunisian students and schools, 
but their focus is severely narrowed. Reliance on France for direction is hampering 
Tunisia’s ability to adapt its system to suit its specific needs. For now, the system  
is functioning well, as respondents report that the country retains its close cultural 
relationship with France. However, it appears that Tunisia is reluctant to try some-
thing different. As an expanding and developing country, Tunisia must take advan-
tage of the changing university structure as well as the privatization of companies 
and universities to address the needs of national infrastructure and economic de-
velopment. Opportunities with other institutions in the Euro–Mediterranean region 
may provide immediate areas for growth (Ezzine 2014). Indeed, current indicators 
of exports and Tunisian multinational companies hint that the Euro–Mediterranean 
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region is alive and growing as a regional partner and that Tunisia’s engagement with 
countries within the region is diversifying (Gana and Richard 2014).

The tenuous struggle between theory and reality of opportunity in Tunisian EE 
will not persist if, as these respondents indicated, all stakeholders recognize the 
need for some kind of change. The recent political changes in the country may 
themselves be the necessary catalyst for Tunisian EE to make a leap forward in 
achieving the education reforms it has already set out for itself. University students 
have taken to the polls, with the aspiration for Tunisia to be a model for its own lo-
cal geographical region. This chapter’s Tunisian case study broadly informs major 
questions in EE and higher education around the world. The countervailing forces 
of mobility, equity, cost structures, and individual needs are resounding themes for 
the Tunisian respondents.
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Appendices

Appendix A—Semi-structured interview protocol
Interviews covered the following topics broadly. Greater emphasis was placed 

on questions in domains pertinent to the respondent’s individual profile (e.g., fac-
ulty member, student). The following interview protocol served as a semi-structured 
framework for the in-depth interview. Follow-up, probe questions built upon re-
sponses to these general questions.

Structural Perspective:
Describe to me your understanding of the development of the current diploma 

over the past 50 years? What have been some of the key milestones or change points 
in the structure of the EE system?

What are the essential components of the current Tunisian engineering diploma 
system?

Perceptions of Quality:
What is your perception of the success of the Tunisian diploma system?
What components of the Tunisian diploma system are the most successful? 

Which components still need to be revised?
Student Qualifications:
Tell me about your experience as a student (current or former) in the Tunisian EE 

system. What experiences stick out in your mind?
What knowledge, skills, attitudes, and experiences do Tunisian graduates have? 

What tools do they still lack upon graduation? How are these skills assessed before 
matriculation and after graduation?
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Teacher Qualifications:
Tell me about your experience as a professor (or in working with professors) in 

the Tunisian EE system. What are your tasks (research, teaching, mentoring, etc.), 
and how are you supported?

What are the skills and experiences expected of professors? What is the conven-
tional training experience, and what was your own experience becoming a profes-
sor?

Industry Connections:
What is your experience as an entrepreneurial entity in Tunisia?
What experiences does industry require of engineering graduates? What experi-

ences are seen as lacking?
What institutional connections exist between industry and academia in Tunisia?
Cultural Context:
What cultural factors do you see interacting with the structure of the EE diploma 

in Tunisia?
How do you perceive cultural factors to have interacted with the development of 

the engineering diploma requirements and curriculum?
Social Context:
What demographic characteristics of Tunisian engineering graduates can be ob-

served in recent graduating classes?
How do individual- and society-level demographics interact with the environ-

ment of EE in Tunisia?
Political Context:
How have historical political factors such as connections to France, the structure 

of examinations, the prestige of engineering diplomas over technical diplomas, and 
the financial situation shaped the EE system?

How have the major recent political changes shaped the current state of EE or its 
foreseeable future?
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Chapter 17
Social Justice and the Engineering Profession: 
Challenging Engineering Education to Move 
Beyond the Technical

Ramzi N. Nasser and Michael H. Romanowski

17.1  Introduction

Historically, the engineering profession has celebrated itself as a technical profes-
sion serving the status quo, remaining relatively unresponsive to public concern 
(Riley 2008). Recently, “some leaders in the engineering community in the United 
States and other countries have been seeking to cast engineering as a profession in 
service to humanity” (Riley 2008, p. v). Consequently, ethics in engineering has 
become a standard of compliance in engineering education. Nevertheless, without 
the pressure for change from within the community of scholars and educators (Riley 
2008), practice in the engineering profession has not seen significant change toward 
matters of human concerns. Current implications suggest that engineers have a very 
narrow technical focus empty of deontological responsibilities and related conse-
quences (Pantazidou and Nair 1999), and generally, engineering education cen-
ters on problem-solving technical analytical approaches (Riley 2008). Thus, when 
knowledge about the world is addressed, it is generally an “objective” version of 
reality limiting ethical concerns to the environment and ecosystem. Still, however, 
social justice remains elusive in the engineering field.

The growth of the engineering sector specifically in the Middle East throughout 
the 1960s and well into the 1990s had drawn large cooperation, companies and 
contractors often employing engineers at all ranks. It is often the case that engineers 
are positioned as leaders in multinational or even single companies that provide 
the livelihood for more than 100,000 laborers toiling in unbearable working condi-
tions. Prepared or not, the engineer is thrown in the multinational business world of 
contracting, drawn into dubious contracting practices, managing human resources 
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and project overestimation, project kickbacks, and clientelism (Green 2005). The 
engineer becomes the keeper, the manager, and businessman who controls the life 
of laborers often protected by laws and regulations of local national constituents. 
Such blaring malpractices are rarely confronted, analyzed, and reflected upon in 
schools of engineering. Rather, most of the ethical issues surrounding the engineer-
ing profession are transformed into regulations and standards for safety precautions 
tempered with the myth of objectivity.

Still we argue that the engineering profession is missing the fundamental point—
that engineers fail to identify and, more importantly, address issues of injustice 
compounded by the fact that education and awareness is inadequate (Shuman et al. 
2004; McGinn 2003). For example, according to Sax (2000), engineering students 
express significantly lower commitment to social action than their peers. Further-
more, nearly 80 % of engineering graduates still are not required to take ethics-
related courses (Herkert 2011). Not only there is a lack of teaching ethics of the 
engineering profession but there are serious implications for engineers beyond the 
clients they serve but for society as a whole requiring engineers to embrace ethical 
behavior as an integral part of the profession (Riley 2008; Catalano 2006; Catalano 
and Baillie 2006; Kabo et al. 2009).

While impetus of change is profoundly outlined in a number of groundbreaking 
perspectives and visions emphasizing the transformation of the engineer to a heroic 
and good engineer (Broome and Peirce 1997), a new language and discourse have 
surfaced for the engineering profession that are slowly being embraced in higher 
education. This is evident in the more recently evolving discussion about expand-
ing the ethical education of engineers (Tucker and Ferguson 2007). In 2000, the 
Accreditation Board for Engineering and Technology (ABET) addressed their out-
come standards by including a number of nontechnical learning outcomes engineer-
ing students must develop, including “an understanding of professional and ethical 
responsibility; an ability to design a system component of process to the desired 
needs within realistic constraints such as economic, environmental, social, political, 
ethical, health and safety manufacturability and sustainability; and a knowledge of 
contemporary issues” (ABET 2008, p. 3).

However, such a movement will require a paradigmatic shift that provides op-
positional perspectives to mainstream thinking, specifically in the context of the 
Middle East. This paradigm shift must spark and develop discussion connecting to 
larger themes of social justice, including struggles against racism, militarism, en-
vironmental devastation, human rights, natural depletion, corruption, and poverty. 
Suggesting a paradigm shift toward embodying a transformative vision of engi-
neering education and aspiring to change the educational and field practice of the 
engineer—the project manager, designer, or problem-solver—demands a deep and 
complex understanding of issues dealing with human power, social forces, justice, 
hegemony, human rights, and equality, all of which are seldom found not only in 
engineering programs or courses but are initiated in many disciplines such as educa-
tion, business, and many of the social sciences.

Teaching social justice will require colleges of engineering to resist and move 
away from “tacked on” approaches in their undergraduate programs; engineers 
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must be able to internalize social justice as a perspective on engineering using it as 
a critical lens when viewing the world, as there is a need to develop commitments 
to social justice during the undergraduate education process. Engineering students 
need to develop a complex understanding of social justice and skills enabling them 
to critically reflect and identify social injustices in human relations, thus providing 
rational arguments of social justice as the basis for plans for social action that elimi-
nates injustices. It is vital that engineering educators determine the most effective 
curricula and pedagogical approaches to accomplish this task.

As professors of education, we understand that education is not a neutral enter-
prise and by the very nature of the institution, the educator is involved, whether 
he or she is conscious of it or not, in a political act (Apple 1993). Therefore, it is 
pertinent that all educators give up their retreat into the myth of political or ethical 
neutrality based on the “science” of their work and confront their responsibility to 
not only embrace but also teach students about social justice and encourage them 
to enter the struggle for a qualitatively better life for all. In this context, we argue 
that engineers must work to lessen the most pressing issues facing humankind with-
out being blinded by a belief in the infallibility of engineering. The fundamental 
question is: How can social justice become an integrated element that shapes how 
engineers view their profession?

One way of accomplishing this objective is to provide engineering students a 
new paradigm for engineering that centers on issues of social justice rather than 
profit or technical wizardry (Catalano and Baillie 2006). Engineering students need 
to learn to utilize social justice as a critical conceptual lens that allows them to move 
their thinking to the integration level, uncovering patterns and connections between 
their practice, profession, and social justice.

In this chapter, we engage in defining what social justice is. We then compare 
and contrast this definition with engineering professors and students at a college 
of engineering in the Middle East. Building upon these findings in light of ABET 
standards and the curriculum at this study’s site, we offer recommendations regard-
ing how engineers can develop social justice as a critical lens that informs their 
profession and practice.

17.1.1  Social Justice and Education

This examination of social justice calls upon various traditions (religious and secu-
lar) and schools of thought. The term social justice is often used in different con-
texts that are grounded in the individual’s experience and restricted by time, place, 
and social location (Riley 2008). Teasley and Rice (1996) argue that social justice 
draws upon the normative elements of what should be and what we see as unjust, 
and these normative aspects are highly impacted by influences such as race, eth-
nicity, class and class culture, gender, religion, culture, experiences, and access to 
power among other factors. More importantly, these influences can also serve as the 
source of social justice; that is, ethics, feminism, and religion.
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Context and tradition play a significant role in education. These traditions can 
play a significant role in defining social justice. For this chapter, we will evoke 
several traditions to tease out intricate aspects of social justice. Faith, not traditions, 
provides insight into social justice because religious traditions are linked to essen-
tial human values such as peace, social justice, and equity and can contribute to a 
better understanding of the term and the areas of social injustice. For example, Qutb 
(1953) argues that Islamic values include freedom of conscience, economic and 
racial equality, and social interdependence. Islam includes mandatory alms-giving 
(Zakah); charity, kindness, and voluntary contribution with moral motives toward a 
just distribution of the wealth, thus pointing to the need to consider the oppressed, 
marginalized, and powerless. Thomas Aquinas developed the concept of “common 
good” as an ethical and moral imperative based on Christian theology (Blackburn 
1996). The common good is central to the tenets of many religious faiths such as 
liberation theology.

This chapter examines understanding of social justice in the context of engi-
neering education, but more importantly, we want to study if the teaching of social 
justice is truly embedded in engineering programs or “tacked on” to satisfy program 
accreditation. Furthermore, we desire to examine the sociocultural factors and peda-
gogical challenges that might either hinder or assist the development of engineers as 
professionals and intellectuals that stand against oppression and social injustice, not 
only in awareness but also as an agent of change that strives for human rights and 
social justice. This requires a space where professors have opportunities to awaken 
their consciousness and discover ways to develop this kind of consciousness with 
their students (Duncan-Andrade 2005; Freire 2000).

However, we understand the best sources of information regarding issues of so-
cial justice and its role in engineering are those directly involved in engineering 
education—students and professors. These voices are invaluable in understanding 
the role social justice plays and should play in engineering education and the pro-
fession. Through interviews, these voices will be heard and used to develop an 
understanding of the current role social justice plays in one particular college of 
engineering and to offer recommendations for engineering education to empower 
and engage professors and students in the process of learning and action for social 
justice. Although the geographical parameters implied in this study center on the 
Middle East, findings and educational initiatives could reach wider global interests.

17.2  Research Methodology and Design

In this study, we used qualitative approaches by triangulating the data collection 
procedure. Our philosophical position was to approach issues without a priori 
notion to the extent that we could identify emerging issues. Therefore, we used 
grounded theory methodology that allows the researcher to study a phenomenon 
without a set framework but instead lets us see that specific issues emerge (Kezar 
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2005). The aim was to inquire on issues that are grounded in the accounts and ex-
periences of the participants.

The triangulation method collected data through interviews with engineering 
faculty, followed by data from students, and then we identified the courses that 
included ethical components. These course syllabi were content analyzed, looking 
for ABET-accreditated student outcomes (c and f) and two additional policy docu-
ments.

17.2.1  Sample

The sample in this study included n = 9 faculty members and n = 20 students from 
the college of engineering. The student sample was selected conveniently from 
different departments of a fairly large college of engineering in the Middle East. 
No specific criteria led to the selection of the sample of faculty and student par-
ticipants, but inclusion was based on students having completed the required ethics 
course. The distribution of students is shown in Table 17.1. Students came from 
diverse backgrounds and programs grouped by gender. Faculty also came from di-
verse backgrounds and nationalities; there were three electrical engineering profes-
sors, mechanical and industrial systems engineering ( n = 1), industrial engineering 
( n = 1), computer science ( n = 1), civil engineering ( n = 1), computer engineering 
( n = 1), and chemical engineering ( n = 1). The experiences of the faculty ranged 
from 8 to 25 years.

Table 17.1  Student characteristics grouped by gender
Variable Female Male
Major Computer engineering 5

Electrical engineering 3
Industrial engineering 2
Chemical engineering 2
Computer science 1
Civil engineering 7

Level 3rd year (junior) 3
4th year (senior) 10 7

Courses Ethics course 13 7
Capstone course 10 5

Nationality Egyptian 2
Indian 1
Iraqi 2
Jordan 2 2
Palestinian 1
Sudanese 1
Syrian 1
Qatari 6 2
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17.2.2  Content Analysis

Content analysis was conducted on selected course syllabi against the ABET stan-
dards. The two key student outcomes identified by ABET as Criterion 3 based on 
student outcomes are: (c) an understanding of professional and ethical responsibil-
ity and (f) an ability to design a system, component, or process to meet desired 
needs within realistic constraints such as economic, environmental, social, political, 
ethical, health and safety, manufacturability, and sustainability. The process was to 
identify these two standards as mapped in the outcomes of each course syllabus 
and identify what activities or objectives were evident. The courses that address 
the ABET student outcomes (c and f listed above). The content analysis of the syl-
labi was more of the enumeration and identification of whether courses covered 
aspects, notions, or case studies addressing social justice. The process was to locate 
social justice objectives, learning outcomes, and any assignments that demonstrate 
how the college of engineering is addressing ethics and/or social justice. In addi-
tion, two documents that could influence the fields of engineering were examined. 
Achieving Vision for Civil Engineering for 2022 and The Engineer of 2020: Visions 
of Engineering in the New Century (National Academy of Engineering 2004) were 
also reviewed to assess the extent to which social justice was covered in these two 
documents.

Procedure, Focus Groups, and Interview Questions
The uniqueness of this study is that it addresses social justice as perceived by stu-
dents and faculty. We developed open-ended guide questions that were used with 
students and faculty to start discussions related to social justice in the engineering 
program profession. Participants were probed to bring further understanding and to 
provide examples. The interviews were conducted individually with faculty mem-
bers and in groups or individually with students. The theoretical lens was the extent 
that social justice was integrated in the engineering program. The following seven 
questions guided our discussions with faculty and students.

1. Please write a short definition regarding how you would define social justice.
2. What is the relationship between ethics and social justice?
3. What are some of the issues facing engineers regarding social justice?
4. How and where do you address social justice in your courses? In the program? 

Please provide examples.
5. Do you think it is important to integrate social justice in the engineering pro-

gram? Why or why not?
6. If you have to integrate social justice into the engineering program, how would 

you do this?
7. Do you think issues of war, peace, justice, equality, equity, and gender are things 

that an engineer must be aware of in his engineering education? Provide example 
please.
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Qualitative Data Analysis
Bogdan and Biklen (2002) define qualitative data analysis as “working with data, 
organizing it, breaking it into manageable units, synthesizing it, searching for pat-
terns, discovering what is important and what is to be learned, and deciding what 
you will tell others” (p. 145). The interview data was examined in the context of the 
research questions and involved selecting, focusing, condensing, and transforming 
data guided by thinking about which data best answer the research questions. Dur-
ing the analysis, data was organized identifying themes, patterns, and connections 
(Denzin and Lincoln 2007; Taylor-Powell and Renner 2003; Miles and Huberman 
1994). As several themes emerged, they were content analyzed and relevant quotes 
were integrated into various themes in order to support or refute particular findings. 
In addition, we also started to make conclusions, verifications, and further recom-
mendations. The rationale was to provide an accurate account of the professors’ 
and students’ understanding of social justice in the engineering programs where 
they teach and study. We also sought to determine the extent, if at all, of issues 
and themes of social justice that emerged in the classroom, the curriculum, and the 
teaching in this particular college of engineering.

17.3  Findings

17.3.1  ABET Standards, Reports, and College of 
Engineering Syllabi

Engineering professors who wish to incorporate social, ethical, and global issues 
into their classes face the dilemmas of covering the required content and training 
or resources to integrate this knowledge (Tucker and Ferguson 2007). An important 
point regarding this study is that the analysis and discussion centers only on the 
courses in the college of engineering. There are other courses in the university as 
in core requirement (courses that generally require all students would have to take) 
such as human rights, law, or social work that students could opt to enroll in. These 
are electives and not all students chose these courses. With this in mind, there are 
several sources that are looked at when considering ways to include ethics and 
ethical responsibility into engineering programs. First, ABET developed several 
achievable program outcomes. Among the learning outcomes specified as essential 
by ABET accreditation criteria and mentioned above: “an understanding of profes-
sional and ethical responsibility; an ability to design a system component of process 
to the desired needs within realistic constraints such as economic, environmental, 
social, political, ethical, health and safety, manufacturability and sustainability; and 
a knowledge of contemporary issues” (ABET 2008, p. 3).

In addition to examining the course syllabi, two additional documents, Achiev-
ing Vision for Civil Engineering for 2022 (American Society of Civil Engineers 
2009) and The Engineer of 2020: Visions of Engineering in the New Century (Na-
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tional Academy of Engineering 2004), were examined. Visions of Engineering in 
the New Century provides some discussion regarding the ethical components of the 
engineering profession. Since these documents may have some influence on engi-
neering programs, they were read and analyzed. The first report states that ethics 
education should be promoted as part of the civil engineering curricula and should 
encourage the development of codes of ethics and provide ethical guidance. The 
document positions engineers as being trusted by society to ethically act as “plan-
ners, designers, constructors, and operators of society’s economic and social en-
gine,” and be the stewards of the environment, able to manage risk and uncertainty 
caused by natural events, accidents, and other threats. A second document known as 
Engineer of 2020: Visions of Engineering in the New Century argued for educated 
engineers who are ethically grounded, adapting solutions in an ethical way, and call-
ing for green engineering. It is stated in Engineer 2020 that engineers “must work 
within the constraints provided by technical, economic, business, political, social, 
and ethical issues” (p. 7)… “and to ethically assist the world in creating a balance in 
the standard of living for developing and developed countries alike” (p. 51).

The sample and study were carried out in a college of engineering that has been 
shaped and molded by accreditation standards and requirements. There is signifi-
cant evidence that the curriculum meets ABET standards for ethics and engineer-
ing. Through the formal, explicit, or written curriculum (the planned program of 
objective, learning outcomes, assessment, and resources), it is clear that the college 
of engineering addresses ethical issues in the profession. A content analysis of syl-
labi illustrates this aspect of the formal curriculum with evidence of terms such as 
professional ethics, ethics homework, and professional conduct which includes the 
alignment with the code of ethics, engineering ethics (Codes of Ethics in Engineer-
ing Disciplines and Steps in Resolving Ethical Dilemmas) and makes them aware 
of engineering ethics. Other areas addressed in the formal curriculum include philo-
sophical ethical theory and morality; codes ethics and professional practice; use 
of moral principles or codes of ethics to make decisions regarding conflicts of an 
ethical nature; and an overview of computing ethics and practice and one particular 
resource, Ethics in Information Technology.

The engineering program offered a course in ethics, and ethics are integrated 
throughout the curriculum through micro-insertions where relevant. However, ex-
amining the ABET Criteria for Accrediting Engineering Programs, other reports 
mentioned above and the formal curriculum from the engineering college at the 
Gulf University quickly illustrate that social justice is not a fundamental concern 
for engineering programs. The terms social justice or justice itself are absent from 
the discourse. If mentioned, social justice is couched in ethics as a moral and profes-
sional responsibility that centers on environmental codes and omitting a wide range 
of social injustices that could have been addressed in the context of what engineers 
do in the field.
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17.3.2  Student Perceptions

The data gained from student interviews and focus groups are quite complex and 
highly influenced by the type of engineering, gender, and nationality. To begin with, 
it was evident that students clearly understood the engineering code of ethics and 
other ethical codes needed for their respective engineering program. Regarding stu-
dents’ definitions of social justice, comments such as “to treat everyone equally, no 
racism or such issues,” “equal rights for everyone,” “equal rights and the same rules 
apply for everyone,” “equality between individuals in the workplace,” “no wasta” 
(an Arabic word that is translated in “clout” or who you know), and “universal cri-
terion for everyone” illustrate the understanding of social justice for these students.

These students argued that ethics and social justice are dependent upon each 
other and that ethics serve as a prerequisite for social justice. Students indicated 
that ethics should be applied in the practice of social justice. One student summed 
up the majority of these students’ thinking when he stated, “If a society or people 
are doing things ethically there will be social justice.” However, when asked what 
issues engineers face regarding social justice and to list examples, this is where the 
particular field, gender, and nationality played a significant role in shaping their 
responses. For example, three expatriate females in electrical and computer engi-
neering seemed to limit their responses to unequal pay for engineers from various 
nationalities and they seemed to indicate that they were not prepared to discuss is-
sues of social justice. One Qatari female student stated that a social injustice is that 
engineers work for many hours.

On the other hand, a focus group of five expatriate male civil engineers provid-
ed extensive discussion and numerous examples of social injustices. When asked 
where they gained this knowledge, they were quick to cite their experiences “on 
the site…and never in the classroom” and interacting with workers and the project. 
Several of these students visited workers camps and cited the poor working condi-
tions, low wages, the harsh living conditions, and how companies add glucose to 
the workers’ water “only to keep worker working and the machine running.” They 
stated that when the safety officer comes to the site, workers are told to make it 
look like they are doing well. These five students pointed out the unethical practice 
of how change orders are used to make profit and this is a common and accepted 
practice. These valuable lessons and realities of the workplace were learned “during 
summer training experience…never in the classroom.” More importantly, the stu-
dents did not document this in their summer report that required students to address 
technical requirements and were not required to address “ethical or social issues.” 
All five students agreed that female students would not have this opportunity and 
experience raising issues of gender inequality in education.

Many of the students interviewed seem to be limited by their own understanding 
of the field of engineering. The following quotes, followed by discussion, illustrate 
this claim. Students stated, “our studies are technology centered and we should not 
think about the implications about the technology. Companies have specific depart-
ment for ethical issues,” “these are just ethical issues and it has nothing to do with 
our studies,” “It is the firm’s role and I am not looking for justice,” and “my study is 
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engineering and calculations.” For some students, this thinking seems to create a bi-
furcation between engineers and ethics beyond professional codes of ethics. Hence, 
this view of engineering prevents the development of social justice.

The majority of the students seemed to couch social justice within the various 
engineering code of ethics. For example one student stated, “engineers have a code 
of ethics and once they follow the code of ethics there should not be any issues of 
social justice. Laws should regulate social justice and code of ethics.” It seems that 
students limit their responsibility for social justice to the various ethical codes in 
their fields, “we all must know and follow the code of ethics…we lose our license 
if engineers do not follow this.”

Regarding the sources of knowledge of ethics, students listed their ethics course 
as one source of learning about ethics but not social justice and did not report that 
the course “did not really change my thinking.” Several students could not recall 
the curriculum of the ethics course but some did recall one case study used in the 
class, the Challenger explosion. One student stated there is no instruction on “social 
justice in the engineering program. The ethics course is about professional codes 
but no application to work and no application of ethics. Nothing in the courses about 
social justice.” Another student stated, “the ethics course taught us to be a profes-
sional and problem solver. Having ethics is part of being a professional engineer.” 
Several students stated that they learned about ethics “through the ethics course, 
right and responsibilities, protection of copyrights and plagiarism” while another 
male student stated “professor refer to it every now and then.” Another student pro-
vided valuable insight when she stated, “ABET standards cannot touch the reality 
working in the field.” Finally one student commented, “in every profession people 
should know about [social justice]. The engineering program is not providing this 
insight to social justice—you learn it from life.”

Finally, the question of how social justice should be added to the engineering 
programs was asked and students offered valuable insight. One student stated, “en-
gineers must have a role in promoting social justice” while another student added, 
“social justice is something that is very important.” However, not all students com-
municated this position. Five students participating in a focus group agreed with 
this statement “social justice is nice to talk about at the table but in the field is not 
important.”

Nevertheless, those students who thought social justice should be a factor in 
engineering education offered several suggestions. Students who indicate that it is 
important argued that social justice could be integrated into various aspects of the 
programs such as the internships, ethics courses, and projects. One student stated, 
“Yes it should be integrated across because only then the values will be embraced.” 
Another student thought that social justice was “very important, it could be in-
tegrated in the project management course” while one student believed that the 
“professors must enlighten students” on this issue and another student thought that 
“professors should open students’ mind—these ideas should be injected throughout 
the teaching process—professors should share experiences.” Several students told 
of a professor who was previously a professional engineer in the field and taught 
for one semester; students learned a lot about field-based experience, suggesting 
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that social justice issues should really come from the field rather than from theories 
and academic exercises. Some students thought that since workshops on safety are 
offered, workshops that center on social justice would be effective. Another student 
suggests field trips to sites and workers’ camps to open the eyes of students.

However, not all students felt this way. One female student when asked about 
addressing social justice in her program responded negatively and stated, “no it 
would be redundant if it was always mentioned in classes…one class and then move 
on” and another stated, “should be taught in some other subject.” Several students 
painted a gloomy although possibly a realistic picture of the current situation with 
the following quotes, “the engineering program is not providing this insight to so-
cial justice—you learn it from life” and “profit over social justice…the engineer 
will get fired if he thinks about social justice.” This may be the case, but as one 
student stated, “this value [social justice] must come from the inside in order to 
change things.”

17.3.3  Professor Interviews

Similar questions were asked to faculty that were asked to students, on whether 
faculty definitions of social justice meant equality. One faculty member told re-
searchers that respecting diversity, respecting cultural differences, treating people 
equally independent of gender, ethnicity, and religion was the key to social justice. 
Other faculty members suggested that social justice does not only imply equality 
but also provides equal opportunity or equity.

Regarding the relation between ethics and social justice, the large majority of the 
faculty felt that ethics was the overarching frame that social justice operated under. 
One faculty member said, “if social justice is not applied then there is something 
wrong with ethics.” A large majority felt if there were no ethics, social justice would 
not exist. Other faculties saw ethics and social justice in a discrete sense where eth-
ics is a subset of social justice.

In terms of what faculty thought about social justice in the engineering profes-
sion and issues of social justice that engineers faced, there were several themes that 
emerged. Ethnicity was a major cause of injustice and that engineers are treated 
differently whether in pay or treatment based on their national identity. Likewise, 
faculty felt that issues of gender, discrimination, and what women can and cannot 
do are prevalent in the field. For example, it is taken for granted that a woman can-
not be in the field and generally is given an office job even though she willingly 
approves of being in the field.

Other faculty members touched on the treatment of workers as a key issue fac-
ing engineers and that the engineering field has not addressed this issue of human 
rights. One faculty member went as far as saying that workers in this Gulf nation 
are more like slaves and that engineers should be aware of worker rights and quality 
of life. Otherwise, all of it will backfire, on safety, productivity, and efficiency. He 
further noted that cheap labor means expensive costs later. An industrial engineer 
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addressed social justice being embedded at the heart of the industrial engineering 
profession:

It is quite obvious of the impact of engineers on society and the environment but not sure 
how it is linked to social justice. Industrial engineering tries to develop ways for companies 
to produce things faster and make higher profits. If companies do better then they make 
more profits and then they can hire more people. We design human ergonomics and help 
the workers. When working conditions are improved then workers are more productive. We 
design to improve the production system and the main purpose is society because we must 
produce a product of high quality, low cost and fast.

This professor points out that as industrial engineers try to improve the whole sys-
tem, social justice is subsumed in what industrial engineers do.

In response to addressing social justice in courses or the engineering program, a 
large majority of the faculty members interviewed stated that the engineering pro-
gram did not address social justice. In fact, most believed that ethics was covered 
tactically rather than being adopted wholeheartedly. One faculty member stated:

In my course I am only focused on the technical—in the whole program we address this in 
ABET evaluation—we do the ABET evaluation in a technical way to please ABET stan-
dards. Not in any deep way. Even in the senior design project we do not touch deeply on 
this issue.

A substantial number felt that social justice being very important to engineers is not 
really covered in the sense that students can assimilate the values that are embedded 
in ethics or even social justice. One professor stated, “the worse way to integrate 
social justice is in an ethics course…it will be technical” and professors generally 
assess students by either having that skill or not. One professor told us that “in the 
senior project, ethics is a main part and students must prove they did not violate 
anything.” Faculty believed that there should be an intentional engagement across 
the curriculum rather than a one-shot ethics course.

However, there were several examples given by professors that illustrate how 
social justice was evident and integrated in the program through engineering proj-
ects. For example, one professor told how engineering faculty worked with stu-
dents “who won prizes in Germany and Britain for designing a bullet proof vest 
for ordinary people rather than soldiers. The vest is unique and new and available 
on the market at low cost targeting poor people who could suffer from war.” The 
key aspect of this exercise was to get students to think design not for profit but to 
protect those needing the technology. Another way students could learn about so-
cial issues was have students work in teams and treat others fairly while working 
on projects. This begins the process of caring for others and being foundational for 
social justice.

Several faculty members felt the ethics course that students took in the first year 
was not useful and generally not practice-based. Instead, ethics should be inserted 
across the curriculum when it is appropriate. In addition, one faculty member ar-
gued that an ethics course in the first year is not effective since students are novices 
about the engineering profession. He suggested that a course on ethics and society 
should be offered at the senior level after the students have been exposed to industry 
practices and projects. Finally, across the board, faculty felt the importance of social 
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justice and ideally that it should be integrated within, not with what engineers do but 
in what they should do and how they should think.

17.4  Discussion

From our experiences as professors, we would argue that these findings would be 
reflected in most colleges of engineering and similar findings in colleges of educa-
tion, business, and law, and one could make this argument for many other fields of 
study at the university level. With this insight, it is clear from these findings that 
there are times when some faculty and students understand the role of social justice 
in engineering while others seem to not fully grasp this dimension. While students 
do not fully embrace the idea of social justice, some are willing to bifurcate the roles 
of engineers being socially responsible and the other as engineers in the field. The 
professors, on the other hand, clearly see the importance of social justice and as we 
do, struggle with the conception, application significance, and implications of the 
power interactions in a world that seems to push social justice to the margins.

As professors, we struggle with issues of social justice, but to limit this discus-
sion to the engineering field is quite discriminatory and fails to reflect the power 
teaching and learning in every classroom. It is unavoidable, but every classroom 
can perpetuate the social relations and orders existing within society or can chal-
lenge the status quo. Thus, by bringing social justice to the engineering field, we are 
bringing the awareness or the missing link between the technical and the intellectual 
between theory and praxis.

Our intention is not to be labeled as liberals trying to impose social issues on the 
engineering profession but rather as professors who understand that all education 
shapes students and society, and that in every program and level of the university 
it is important to raise issues of privilege and, more importantly, to engage the 
privileged in learning about systematic and hidden injustices. Even if one disagrees 
that these issues should be raised in the university, one must keep in mind that the 
university should serve as a marketplace of ideas and there should be a multitude of 
narratives presented in order to expose the structures of power and privilege to both 
those who reap the benefits of privilege and those who are left to struggle.

17.5  Recommendations: Good Sense and Critical Theory

Our overall argument is that it is important to understand that higher education, or 
all education or learning for that matter, cannot occur in a vacuum. Rather, universi-
ties and schools are entities embedded within a sociocultural structure that impacts 
the knowledge transmitted and produced in these places of learning. We believe 
that the engineering profession, just as all professions, whether education, law, or 
business, must resist the trivialization of education. That is “the evasion or neglect 
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of larger, more critical topics and the stress put on technical rather than on social 
political and moral issues” (Purpel 1989, p. 2). Rather, the discourse of all education 
should include the task of challenging and transforming many of our basic institu-
tions and belief systems in order to develop a more just society. In addition, this 
research and discussion addresses the formal curriculum but cannot account for the 
hidden curriculum (the unintended outcomes of learning) or the curriculum-in-use 
(the actual curriculum that is delivered and presented by each professor). There is 
an abundant amount of opportunities in every class for professors to raise ethical is-
sues and social justice. With that in mind, we offer the following recommendations.

Although social justice is defined in various ways, there are common elements 
of social justice that can be found across these traditions and schools of thought 
mentioned above. First, social justice requires an awareness that people in every 
time and place continue to struggle for social justice and it is not something to be 
achieved and done, but rather it is a continuous process and ongoing struggle (Riley 
2008). Thus, faculty must move beyond the technical knowledge by integrating de-
signs, problem solving, and case studies as a way to address social justice. Second, 
social justice requires an openness to change that requires those in power to give 
up privilege and serve others and develop a more equal distribution of resourc-
es whether food, finances, shelter, or health care. Engineering education must be 
aware of the social issues and must draw on practices in the field, thus bringing is-
sues of injustice much closer. Third, social justice requires naming: identifying and 
defining social and economic relationships, particularly the inequitable distribution 
of power and resources (Fine 1992). Engineering programs must become interdisci-
plinary opening spaces for discussions that go beyond the code of ethics and begin 
to deconstruct the notion of a project, companies, hierarchy of labor, and profession, 
and reconstruct the meaning of engineering in the context of social justice. Finally, 
social justice is the struggle to end different kinds of oppression, to seek economic 
equality, to uphold the rights of all humans, and acknowledge the dignity and worth 
of every being to restore right relationships among all people and the environment 
(Ford Foundation 2007).

Furthermore, integrating social justice into accreditation and educational pro-
grams opens the space to address the unexpressed narratives or systems that operate 
in a covert manner and on those who perpetuate them. It allows to challenge Grams-
ci’s notion of the structure of common sense that includes the taken for granted, 
unexamined, hardly noticed beliefs and assumptions characterizing the conformist 
thinking of the mass of people in a given social order (Coben 2002). Gramsci makes 
it clear that common sense is established by consent to the dominant class attitudes 
and interests and accepted by society as being in its own general interests. Com-
mon sense is naturalized to the point of being taken for granted. For example, an 
engineer could be hired on a mega project and completely fulfill the ethics code—a 
common sense practice. However, the engineer never really challenges the common 
sense of the way the project was awarded, the clientelism, possible kickbacks, and 
other corruptive actions. This is where the common sense must be critiqued for the 
complicity of the system and corruptive behaviors and injustices. The good sense 
must replace these constant injustices questioning and replacing the system that 
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perpetuates the inequalities, demeaning human equality and the eradication of the 
well-being of society.

That engineers must be able to use the rationale of good sense and be able to 
reflect on social and economic conditions rationally. Good sense is “inherently co-
herent and critical” (Coben 2002, p. 269) and good sense develops from a critique 
of common sense. It is good sense that seeks to delegitimize common sense and 
challenge the interests of the dominant culture. Although common sense is deeply 
embedded in the thinking of society, it can be changed by education that must es-
tablish sound criticism of common sense in order to develop alternative views and 
understanding of the world. This awareness allows individuals to reflect upon what 
is and why things are the way they are and develop new ways of thinking outside 
common sense. Instead of the common sense of engineers considering the impact 
of projects on the environment and the economic bottom line, the good sense would 
question the common sense and consider alternative viewpoints regarding the im-
pact of engineering on workers and their families.

In education, critical theory has provided valuable insight and skills required not 
only to be aware of injustices in the educational systems but also the power strug-
gles in the classroom and also to act to alleviate the oppression by focusing on cri-
tique and reform. Critical theory draws on Marxist theory and suggests an unequal 
social stratification in our society based on the socially constructed notion of class, 
race, and gender. Those in power control society and create and maintain unequal 
conditions that marginalize, oppress, and disenfranchise those who lack access to 
resources and power. Those who maintain the inequality receive the economic and 
social benefits, creating injustices that are embedded within social institutions and 
structures. Because they want to retain privilege, they continue to oppress others by 
the powers and hegemonic structures in place. That is the “maintenance of domina-
tion not by force but primarily through consensual social practices, social forms, 
and social structures, produced in specific sites such as the public institutions, 
the school and mass media, the political system and the family” (McLaren 2007, 
p. 203). The key aspect of hegemony is that it is a struggle in which the powerful 
win the consent of those who are oppressed, unknowingly participating in their own 
oppression.

McLaren (2007) argues that social justice educators must offer students a lan-
guage of critique and a language of possibility “so they can conceptualize, analyze, 
theorize and critically reflect upon their experience” (p. 51). Giroux (1983, 1988) 
makes a clear distinction between a “language of critique” and a “language of pos-
sibility.” Giroux points out that a common failure of radical critics is that they offer 
the former but not the latter. He argues that the aim of critical educators is not just 
to offer a critique but “to raise ambitions, desires, and real hope for those who wish 
to take seriously the issue of educational struggle and social justice” (Giroux 1988, 
p. 177). Individuals must raise the level of consciousness about the social injustices 
and about the way they perceive the world. For social justice to prevail, individuals 
“must learn to apply critical analysis and utopian thinking” (McLaren 2007).

The engineering profession demands critical thinking to recognize the best 
courses of action. However, engineers must develop critical thinking that is not 
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limited to a positivist technical framework. We argue elsewhere that this type of 
critical thinking moves beyond mere logic or problem solving and raises issues of 
social justice that inevitability invoke questions about value-laden issues embedded 
in culture, power, and politics, such as workers’ rights (Romanowski and Nasser 
2012) and other issues that are relevant to engineering professors.

This requires an understanding and embracing of critical theory, opening the 
way for a language of critique and possibilities where students are active, skeptical, 
and aware of their own understanding of the world and the ideologies and the moral 
knowledge that govern life experiences. Engineers must have both the desire and 
ability “to disengage themselves from the tacit assumptions of discursive practices 
and power relations in order to exert more conscious control of their everyday lives” 
(Kincheloe 2000, p. 24). Riley (2008) argues that by developing critical thinking 
skills drenched with critical theory, students better

understand the institutional nature of prejudice, the connectedness of oppression, and the 
notion of intersectionality. It also allows for understanding sociotechnical systems and the 
co-construction of science and society. It helps us understand the behavior of individuals 
within organizations and organizations in larger political and cultural landscapes (p. 113).

Critical theory can assist students by allowing them to “name” the injustice and un-
derstand whether injustice is maintained or dismantled. It provides them with what 
Freire (2000) termed a critical consciousness, that is, the ability to analyze and criti-
cally examine social, political, and economic oppression and to take action against 
the oppressive elements of society. This awareness begins the process of question-
ing, developing into an active struggle against social justice and leads to transfor-
mative action. This means that engineering education must be inserting directly into 
the political sphere so education represents not securing technical knowledge and 
employment, but rather a struggle for meaning and a place where “critical reflection 
and action become part of a fundamental social project to help students develop a 
deep and abiding faith in the struggle to overcome economic, political and social in-
justices, and to further humanize themselves as part of this struggle” (Giroux 2012). 
Central to this type of education is the task of making the pedagogical more political 
and the political more pedagogical (Aronowitz and Giroux 1985).

17.5.1  Social Justice and Ethic of Caring

Pantazidou and Nair (1999) suggest that there should be an integration of an ethic of 
care into engineering education and practice. Gilligan (1982) and Noddings (1984), 
who are feminist philosophers of moral education and closely identified with the 
ethics of care, make the argument that caring should be the foundation for ethi-
cal decision-making. Gilligan (1982) provided an alternative to what she views as 
a masculine concept of rights or justice. Gilligan argued that men discuss ethical 
questions and issues in terms of rights and language, and women speak about their 
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issues in terms of empathy, concern, and sympathy for others. Noddings (2002) 
argues

The key, central to care theory, is this: caring-about (or, perhaps a sense of justice) must 
be seen as instrumental in establishing the conditions under which caring-for can flourish. 
Although the preferred form of caring is cared-for, caring-about can help in establishing, 
maintaining, and enhancing it. Those who care about others in the justice sense must keep 
in mind that the objective is to ensure that caring actually occurs. Caring-about is empty if 
it does not culminate in caring relations. (pp. 23–24)

How can an ethic of care be integrated within engineering programs? Noddings 
(2002) argues that education from the care perspective has several key components. 
Modeling requires students move beyond simple moral reasoning and professors 
demonstrate in their thought and actions what it means to care. Noddings (1995) 
points out in order to teach students to care “we do not merely tell them to care and 
give them texts to read on the subject, we demonstrate our caring in our relations 
with them” (p. 190). This idea supports the professor’s strategy to get his students 
to work together and be fair with each other as earlier discussed. Dialogue requires 
that professors engage students in dialogue about caring and not simply treat it as 
a learning outcome but rather that caring must be fully embodied in the engineer-
ing discourse. It is then vital to discuss and explore how caring can be manifested 
in different ways. Students should be given opportunities to critique and evaluate 
their own and others’ attempts to engage in caring. Caring requires practice and if 
we want to produce students who will care for others, then opportunities must be 
provided for students to practice in caring and reflection on that practice.

17.5.2  Accrediting Agencies

Almost a decade ago, the National Council for Accreditation of Teacher Education 
(NCATE) had adopted social justice as an example of what teaching programs might 
consider as “when evaluating prospective students, ‘dispositions’ helps schools of 
education measure how these prospective teachers would respond in a classroom 
setting” (Applebaum 2009, pp. 377–378). Under tremendous pressure from vari-
ous “conservative” forces that equated “social justice” as a code word for a liberal 
agenda and thus an ideological annoyance, NCATE removed social justice aware-
ness and understanding and simplified social justice by linking it to Bush’s No 
Child Left Behind, stating “social justice demands that we take appropriate action to 
fulfill these promises by assuring high quality education for all children” (NCATE 
2008, p. 6). However, any mention or development of social justice in teacher edu-
cation or dispositions is absent. Although ethics is spotted in NCATE standards, this 
might be suggested as a code word for considerations of social justice. ABET, like 
other professional associations, has been receptive to the idea of ethics as possibly 
an overarching term to social justice. The main underlying issue in this study is even 
though ABET addresses these in terms of ethical behaviors and even NCATE’s no-
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tion of diversity as a celebration of difference in attempts to abrogate racism and 
discrimination but still far removed from social justice education.

17.6  Conclusions

In closing, it is clear that it is difficult to integrate social justice in not only engineer-
ing but also many other fields of study. It is also evident that the development of 
social justice in students is not limited to the field of engineering. Based on our own 
experiences with colleges of education and accrediting programs, similar arguments 
could be made for the lack of teaching social justice and the movement toward a 
technical trivialized education. However, we would argue that all of these approach-
es led us to a widening of ethical thinking in engineering that might conflict with 
the current direction of industry. Although a large number of faculty members saw 
the importance of the integration of social justice in the profession and engineering 
education, the leadership still needs to move forward on issues of equity and equal-
ity and the larger well-being of society. It is then the role of the university to not 
simply technically train professionals for employment opportunities but rather the 
university has a societal obligation to develop good citizens who in turn improve 
society by powerfully accelerating social justice, and we would argue this demands 
teaching social justice.
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Chapter 18
Engineering Education in the Middle East 
and North Africa: An Industry Perspective

Mabrouk Ouederni

18.1  Introduction

With a total population of almost 300 million, vast reserves of natural resources, and 
a strategic location, the Middle East and North Africa (MENA) region has played 
an important role in world economy. Experts gathered at the World Economic Fo-
rum in 2013 agreed that this region is poised to play an even bigger role on the 
world stage due to several factors. Fueled by the discovery of oil and gas in the 
mid-twentieth century, several industries have developed throughout the region tak-
ing advantage of revenues from energy and a need to grow national economies. 
Industrial development was not limited to oil and gas exploration and processing 
but included chemicals and petrochemicals manufacturing, fertilizers, agriculture, 
and infrastructure.

At the dawn of the twenty-first century, the role of industrial development will be 
critical to the growth and diversification of economies and well-being of societies 
in the MENA region (National Academy of Engineering 2004, 2005; NRC 2011). 
There is no doubt that the region faces several challenges to diversify its economy 
and sustain its industrial development (Khair et al. 2012). One of the most impor-
tant challenges in this regard is the development of human capital (Abdulwahed 
et al. 2013). The engineering profession has been essential in the development of 
the various industrial sectors of the region. The role of engineers will be even more 
critical to help the industry face renewed challenges and find sustainable solutions.

Recent studies in engineering education emphasize that engineering graduates 
should possess—in addition to strong fundamentals in math, science, and engineer-
ing theories—a number of soft skills and competences needed in their professional 
career, such as teamwork, communication, inter/multidisciplinary knowledge, 
analytical thinking, ingenuity, creativity, technological innovation, business and 
management skills, leadership, ethics, and professionalism (Somerville et al. 2005; 
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Sheppard et al. 2004; Swearengen and Barnes 2002; Abdulwahed et al. 2013; Shu-
man et al. 2005).

Several engineering schools have been opened to support the industrial growth 
in the region and compensate for the heavy dependence on expatriate engineers. In 
this chapter, we will examine engineering education in the region from the perspec-
tive of a large industrial organization. We will list the essential skills needed of 
engineering graduates after they join industry based on experience that spans over 
several years. A case will be made for the critical role engineering programs can and 
should play in helping the industry in the MENA region succeed and thrive. Finally, 
some recommendations will be made on how industry views the partnership with 
educational institutions in order to establish the most effective collaboration in the 
engineering and scientific fields.

18.2  Petrochemical Industry in the State of Qatar

From nomadic herding, fishing, and pearl diving to oil and liquefied natural gas 
(LNG) production, Qatar’s economy has traveled a long way on an ever-adapting 
and fascinating road. Today, Qatar’s economic path is opening up to a number of ev-
er-increasing diverse and lucrative industries. Qatar’s energy sector has grown and 
changed tremendously since the discovery of oil and gas. Between 2000 and 2009, 
Qatar has tripled its production of natural gas and has become the world leader in 
LNG.1 Petrochemicals play a large part in the diversification of Qatar’s energy-
based economy. In fact, petrochemical products are serving the fundamental needs 
of society in areas such as housing, food, health care, and transportation. The larg-
est petrochemical industries exist in the USA and Western Europe, but the largest 
growth capacity is in the Middle East and Asia. With its manufacturing capabilities 
evolving and expanding, Qatar is constantly adopting improvements in technology 
and state-of-the-art facilities. Petroleum-manufactured materials other than oil and 
gas account for a large percentage of the economy, and this sector is a strong force 
behind the diversification of different sources of national income. Since the 1940s, 
petrochemicals have played a major role in improving the quality of our lives in 
health care, transportation, and agriculture. Petrochemicals such as plastics will also 
play a major role in helping us meet new challenges and shaping our future.

18.3  The Need for Engineers

The link between industry and the engineering profession is as old as industry itself. 
The various waves of industrial revolution that have taken place since the mid-eigh-
teenth century have all been fueled by the power of engineering. From the textile 

1 Official IMF data 2012.
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industry, railways, electricity, oil and gas, automobiles, and mass production to the 
more recent advances in telecommunications and smart manufacturing, the role of 
engineers is at center stage. Indeed, industrial revolutions in the eighteenth and 
nineteenth centuries have led to the establishment of formal engineering education 
schools.

The industrial growth of the region requires an adequate supply of engineers to 
sustain it. It is beyond the scope of this chapter to analyze the number of graduates and 
how many the industry needs. It is, however, clear that in a region such as the Gulf Co-
operation Council (GCC), due to the tremendous growth in industries such as energy 
and construction, the current number of graduates does not satisfy the demand for 
engineering students. Since the supply and demand for engineers may vary from one 
MENA country to the other, it is difficult to discuss specific numbers. But throughout 
the region, it is extremely important that engineering schools and industry should 
work closely to identify the needs and assess future requirements so that schools can 
make better plans to meet the demand for specific engineering disciplines.

Deviating from quantitative needs of engineers toward the qualities industry re-
quires in engineers, it is safe to state that problem solving, design and development, 
and communications competencies are at the core of industry-required competen-
cies in graduate engineers. Since the region is becoming a hub for chemical and 
petrochemical production, it is important to illustrate the dependence on talented 
engineers needed by the industry to maintain its competitiveness and sustain its 
growth. The global trend shows that most developments are carried out internally 
within industrial organizations, as shown in the figure below.2

Industrial and academic collaboration comes in the second place, highlighting 
the importance of the ability of engineers in the industry to work with their coun-
terparts in industry and academia to solve problems and develop new products and 
processes.

2 Battelle R&D Magazine, 2014.
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18.4  Engineering Education: An Industry Perspective

The MENA region is not homogeneous and the overall state of both its industrial 
base and engineering schools varies from one country to another. However, for the 
purpose of this chapter, the region is treated as a whole where the main qualities and 
skills required by industry from engineering education are the same.

As a leading petrochemical company in the MENA region, Qatar Petrochemical 
Company (QAPCO) has been depending on engineers, training them, and develop-
ing them for the last 30 years or so.3 The following sections do not represent a com-
prehensive list of all the requirements by industry from an engineering education 
program; rather, they provide a main set of qualities that make a successful engineer 
from industry perspective.

18.4.1  Align Education and Research Programs with Industry 
Needs

As engineering schools develop program curricula and look for the best ways to 
prepare their students for the real world, it is extremely important that industry is 
involved at an early stage of this process. This is important in order to ensure align-
ment between academic programs and industrial needs. A number of engineering 
schools in the region have already obtained Accreditation Board for Engineering 
and Technology (ABET) accreditation, and others are working toward it. The in-
volvement of industry experts and experienced engineers is also very important in 
this regard. Our experience shows that the input of industry experts into industrial 
advisory boards of engineering departments in Qatar is very valuable. Industry can 
assist on both ends of the education spectrum: curriculum development and pro-
gram outcomes evaluation.

Even though the level of collaboration between industry and academia depends 
on the size of the industry (large oil/gas, chemical/petrochemical, and utilities tend 
to be more engaged than small-size industries), there are always areas of improve-
ment to make it more effective. Lack of interest and clear cultural differences are 
among the issues facing collaboration in the region, according to an assessment of 
the situation by a veteran educator in the region (Akili 2012). In the next two sub-
sections, we propose two interventions which would help in building alignment and 
collaboration between academia and industry.

3 Qatar Petrochemical Company (QAPCO) was established in 1974 and started production of 
polyethylene in 1981 as the first plant of its kind in the region.
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18.4.1.1  Engineering Faculty Residency Programs in Industries

Another possible way to improve coordination and industry input into engineering 
education programs is for industry to host engineering faculty members to spend 
a period of time on the industrial site. This exchange model proved effective in 
other parts of the world in industries such as aerospace (McMasters 2006). In a 
report titled “The Green Report: Engineering Education for a Changing World,” the 
American Society for Engineering Education strongly recommends that engineer-
ing faculty members spend time in industry.4 Even though circumstances in both in-
dustry and engineering schools may be different, we have no reason to believe that 
it will not work in the oil and gas or petrochemical industry in the MENA region. 
Such an exchange is expected to familiarize engineering faculty with industrial op-
erations and facilitate transfer of technology from academia to industry. QAPCO 
has proposed this idea in various settings to the academic community; engineer-
ing education leaders and industry leaders should explore ways to formalize this 
exchange model.

18.4.1.2  Provisioning of Internships in Engineering Education

An internship is a student’s first encounter with the industrial world and is criti-
cal to his/her development. The role of the internship program is to offer learning 
experiences that go beyond the theory taught in the classroom and can help the 
student gain a good understanding of the industry. It will also enhance the student’s 
academic and career goals connecting academic experience with the professional 
world. Developing the technical knowledge and skills of students also provides a 
significant competitive advantage to the student and strengthens the collaboration 
between industry and academia.

The current QAPCO internship program is scheduled for 8 weeks during the 
months of July and August for the majority of students. In the first week, a 3-day 
inclusion course is organized to introduce the student to QAPCO. This course also 
includes health and safety training, issuing of personal protection equipment, and 
orientation to the various plants. Special training workshops are also organized in 
order to educate the students on subject matter and topics related to the organiza-
tion and its operations. Lectures on leadership and motivation are also a part of this 
training.

At the end of the program, all technical students deliver a presentation detailing 
what they have learned during their time at QAPCO.

4 American Society for Engineering Education (ASEE), 2010 report.

mbishawi@birzeit.edu



436 M. Ouederni

18.4.2  Industry Perspectives on Most Important Engineering 
Competencies

If we were to come up with a wish list of qualities (skills/competencies) desired in 
an engineer from an industry perspective, the following list would be representative 
of most industrial organizations in the region:

• Strong understanding of basic math and science
• Strong understanding of engineering fundamentals
• Good knowledge of design principles and manufacturing processes
• Safety awareness
• Strong communication skills
• Strong critical thinking and problem-solving skills
• Collaboration and teamwork
• High engineering ethics standards
• Awareness about diversity and working in a multicultural environment
• Practical competencies
• Research and innovation competencies

The role of a sound foundation in math, science, and engineering principles is well 
established. It is very important, however, to emphasize the role of “soft skills” 
in making a successful engineer as will be detailed in subsequent sections of this 
chapter. Our view of essential competencies of engineers has also been reported in 
several studies (Abdulwahed et al. 2013). Even though all the skills/competencies 
listed above are important, this chapter is not intended to treat each one of them in 
detail; rather, we will focus on some aspects that are extremely important from our 
perspective, namely critical thinking and problem solving.

18.4.2.1  Critical Thinking and Problem Solving

Soft skills are extremely important in the success of engineering graduates in the 
real world. From the perspective of an industrial organization, according to a Boe-
ing Company executive, “Rather, engineering majors who fail in industry are those 
who have all the right technical competencies but not the soft or people skills to be 
successful. Specifically, they tend to lack the ability to work well in teams, commu-
nicate effectively, define problems and consider alternative and creative solutions” 
(Stephens 2013).

From the perspective of an industrial organization, engineering schools need to 
strive to make the “professional” engineer with the right “soft skills” as opposed to 
the “traditional” engineer who is limited to a strong technical background. Skills 
such as communication, leadership, and teamwork are essential to industrial orga-
nizations. But our experience and monitoring of graduating engineers who join the 
workforce shows that the ability to think critically and solve problems stands out 
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as the skill that needs more attention in the region due to its vitality to successful 
industry operations in the MENA region.

Whether the engineer’s task at hand is to design a process for a plant produc-
tion line, or to find a solution to a global environmental issue, the innovative mind 
is his/her best tool. A United Nations Educational, Scientific and Cultural Orga-
nization (UNESCO) report on the role of engineering in development states that 
“resolving these issues will require tremendous innovation and ingenuity by engi-
neers, working alongside other technical and non-technical disciplines. It requires 
the engineer’s ability to synthesize solutions and not simply their ability to analyze 
problems” (Jowitt 2010).

Critical thinking is the use of those cognitive skills or strategies that increase the 
probability of a desirable outcome (Halpern 1996). Fresh engineers who join indus-
trial companies will face issues and problems to resolve on a regular basis; it is a 
part of the job. A critical step in solving the problem is to identify it in the first place. 
Then he/she should be able to define the barriers (obstacles), explore the available 
options, decide on an agreed course of action and execute it, and, finally, evaluate 
(test) if it is working and be ready to take another course of action. It is extremely 
important that engineering programs provide students with the right set of tools to 
master this process.

From an industry perspective, problem solving is not the sole responsibility of 
senior engineers or managers. As problems faced by industry in the MENA region 
become more challenging and multifaceted, individuals at all levels (including en-
gineers) are expected to contribute to problem solving. “Successful problem solv-
ing translates into enhanced productivity and increased profit” (Marone and Blauth 
2004).

In the year 2013, QAPCO has registered 41,480 training hours for its workforce.5 
Through its intensive training programs, QAPCO Learning and Development tracks 
trainees individually in order to help them improve their skills and maximize their 
adjustment to the professional life. Feedback from trainers consistently stresses the 
importance of soft skills and the overall need for improvement in critical thinking 
and problem-solving skills.

18.4.2.2  Safety Awareness

Safety awareness and training are high on the priority of large industrial companies 
in the region. Whether in hydrocarbon processing, which represents a large portion 
of industrial activities in the region, or other industries, more focus will be devoted 
in the future to safety performance and overall record. Incidents such as the Bhopal 
disaster in India and the Piper Alpha accident in the North Sea put even more at-
tention on process safety in particular. An examination of modern industrial plants 
reveals that operations are becoming more and more interconnected. The modern 
engineer is exposed to various aspects of plant operations and not just his/her spe-
cific work environment. Process safety, therefore, does not concern only chemical 

5 QAPCO Sustainability Report, 2013.
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engineers; rather, all engineering disciplines should take into account the vital im-
portance of teaching safety, process safety in particular.

Large oil and gas companies in the region, as an example, have extensive safety 
training for their engineers, but these programs would be more effective if new 
engineers come into a plant or a research lab with previous exposure to safety fun-
damentals. Safety should be integrated into design projects and lab environment, 
and engineering curricula should encourage a culture of safety.

18.4.2.3  Research and Innovation Competencies

The waves of industrial revolution mentioned in section 18.3 are sometimes re-
ferred to as waves of innovation and industrial development. They are also called 
Kondratiev waves, or K-waves. What matters for the purpose of this chapter is not 
the theory of cycles and waves in industrial development, but rather the word “Inno-
vation,” which is common to all those historical industrial developments. Research 
and innovation are directly related to and dependent on the soft skills mentioned in 
the previous section. Critical thinking, problem solving, and collaboration are key 
to successful R&D programs in industrial laboratories.

As the MENA region, and the GCC in particular, increases its industrial develop-
ment activities, the role of research and innovation becomes critical for sustaining 
this growth. In the case of the State of Qatar, according to official government plan-
ning, the petrochemical sector is expected to significantly increase its production 
capacity by the year 2020.6 The State of Qatar also set ambitious goals for itself in 
order to fulfill the Qatar National Vision 2013 (QNV 2030).7 The industry is ex-
pected to align its activities and R&D goals with the national vision and contribute 
to the knowledge-based economy of the future.

If we take the example of the chemical industry, which is heavily dependent on 
new product and process innovation, it is clear that the region’s spending on R&D 
is not up to the level of other regions of the world (see table below).8 It is not our in-
tent to analyze the R&D spending situation in the region, but one factor that would 
stimulate research and innovation programs in the industry is the availability of tal-
ented and well-prepared researchers from engineering schools in the MENA region.

Our present assessment is that there is not enough talent produced by the local 
engineering schools to meet the demand for researchers with engineering back-
ground. It is not only the number of graduate programs that matters but also the 
inclusion of research- and innovation-oriented activities in undergraduate programs 
that is needed.

6 This ambitious plan to diversify the economy and grow the petrochemical sector is led by the 
Ministry of Energy and Industry of the State of Qatar.
7 Information on QNV 2030 can be found at the following link:
8 Note: Chemicals excluding pharmaceuticals, Source: CEFIC, 2013.
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Global R&D spending in chemicals industry ($US million) 2012
EU-27 12,140.9
USA 10,763.5
China 10,229.0
Japan 9427.2
Korea, Republic 2177.0
India 1326.9
Switzerland 463.8
Australia 397.4
GCC 380.0
Taiwan 325.9
Rest of world 1320.7
World 48,952.4

18.5  Conclusions

Industrial development has always been linked to the ingenuity and innovation of 
engineering minds. As the MENA region invests in diversifying its economy and 
growing its industrial sector, it will critically need an adequate supply of locally 
educated engineers. Engineering education in the MENA region was examined 
from the perspective of a large industrial organization that has been depending on 
engineers, training them, and developing them for more than 30 years. The chapter 
discussed the critical engineering skills required by industry and the role of engi-
neering education in helping industry in the region succeed and grow. Close col-
laboration between industry and engineering schools is very important in order to 
ensure that students are well prepared to join the workforce and contribute to solv-
ing industry’s and society’s problems. This collaboration should focus not only on 
technical abilities but also on developing soft skills. Critical thinking and problem 
solving represent must-have skills that are highly required for engineering gradu-
ates to succeed in industry. Based on our experience, these skills need more atten-
tion from engineering programs in the region in order to prepare the professional 
engineers needed by industry. Other important aspects of engineering education in 
the region include the role of internships, research and innovation, and the critical 
importance of integrating safety into engineering education.
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An Insight into the Future of Engineering 
Education, Recommendations for 
Implementations, and Conclusions

Mahmoud Abdulwahed, Mazen O. Hasna and Jeffrey E. Froyd

19.1  Insights into the Future of Engineering Education 
and Research in the Middle East and North Africa

The Middle East and North Africa (MENA) region in general, and the Gulf Coopera-
tion Council (GCC) region in particular, is a significantly dynamic and fast-changing 
part of the world, and when coupled with an ever-dynamic field (engineering), predic-
tion becomes a real challenge. However, understanding current challenges and prac-
tices helps a lot in predicting what might help in avoiding such challenges in the future.

Most, if not all, engineering curricula in the GCC region follow the North Ameri-
can model of education, and hence will follow to a large extent the changes that will 
happen globally in that regard. Nevertheless, the specificity of the region will make 
it even more essential in the future to contextualize the curricula to the local needs 
(more on this is presented in Sect. 19.3), especially to focus on the roles of engi-
neering disciplines in transforming and maintaining a knowledge-based economy 
(KBE), and to drive innovations. On the delivery part, an increasing focus is ex-
pected to be given to student motivation and leadership skills.

The other dimension has to do with the growth of the population in the region. 
The role of private engineering schools is expected to grow (as the engineering 
profession is still looked at as a high-standard career, and there is a high demand for 
various engineering disciplines), and quality assurance on the national and regional 
levels should play an important role to keep the standards that have traditionally 
been maintained by governmental schools.

Another important dimension is the need to enhance student mobility among 
engineering schools in the GCC region. Despite the similarity in the curricula, mo-
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bility of students is weak and there will be a need to develop a regional framework 
for the recognition of mutual certificates and articulations for credit transfer among 
engineering schools.

Finally, the growth of graduate studies and research in the GCC region has been 
led so far by engineering colleges. Given that the focus on research and gradu-
ate studies is expected to grow (in line with the KBE focus), engineering schools 
should be ready to partner with other disciplines (especially in the medical field) to 
create new research directions and, possibly, new multidisciplinary programs. The 
focus on topics such as energy, water, and cyber security is becoming key in almost 
all GCC countries, and alignment of efforts is becoming essential in the future for 
more impact.

In conclusion, the economy of the GCC region will continue to be carbon-based 
for years to come. In the transformation to KBE, the role of engineering is central 
(Abdulwahed et al. 2013), and the responsibility of engineering schools will be to 
make sure that they are in the driving seat and not in the passenger one. The first 
boom was missed by engineers back in the 1970s and the 1980s when they could 
have played a bigger role in utilizing the production of oil into more added-value 
industries. The chance to contribute and lead is available again, and it is for the 
engineers to decide where to sit.

19.2  Insights into the Future of Engineering Education 
and Research in North America

Predicting the future of engineering education, like predicting the evolution of any 
field, is more likely wrong than right. Therefore, authors venturing into this territory 
are more likely to offer a vision for what they hope will occur than definitive fore-
casts for what will happen. At the beginning of the third millennium, four prominent 
engineering educators offered their six-part vision for engineering education: (i) vi-
sion, (ii) effective teaching methods, (iii) approaches for developing critical skills 
in engineering graduates, (iv) approaches for supporting engineering educations as 
they learned to teach, (v) evaluating teaching, and (vi) promoting reform (Felder 
et al. 2000a, b, c; Rugarcia et al. 2000; Stice et al. 2000; Woods et al. 2000). In 
the USA, the National Academy of Engineering took its turn in a program entitled 
“The Engineer of 2020.” The first volume (National Academy of Engineering 2004) 
described desired attributes for engineering graduates who could address complex 
socio-technological challenges of the twenty-first century. The second volume (Na-
tional Academy of Engineering 2005) laid pathways for transforming engineering 
education programs so that engineering graduates in 2020 would possess the desired 
attributes. At this point, it appears that “The Engineer of 2020” will not arrive within 
the initially envisioned time frame. A third attempt at envisioning the future of en-
gineering education and taking steps toward realizing the vision was made by the 
American Society of Engineering Education, again in a series of two reports. The 
first report asserted that “innovation in engineering education depends on a vibrant 
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community of practitioners and researchers working in collaboration to advance 
the frontiers of knowledge and practice…based on a continual cycle of educational 
practice and research” (Jamieson and Lohmann 2009, p. 1). Furthermore, it noted 
that the primary “responsibility for the quality of the engineering educational experi-
ence rests with the engineering faculty and administrators” (Jamieson and Lohmann 
2009, p. 1). Consequently, the need is to “strengthen career-long professional devel-
opment in teaching and learning, starting with the doctoral programs that produce 
most engineering faculty” (Jamieson and Lohmann 2009, p. 1). The report conclud-
ed that expansion of the needed community of practitioners and researchers, as well 
as professional development programs, should be based on “a scientifically credible 
and shared knowledge base” (Jamieson and Lohmann 2009, p. 1) for engineering 
learning and teaching. The second report did not describe pathways for achieving 
the vision; instead, it “set out to understand the current ‘state of the culture’ by con-
ducting a survey of faculty committees, chairs, and deans” (Jamieson and Lohmann 
2012, p. 6). It contained several observations about the current culture and offered a 
set of recommendations for transforming the people and institutions from which the 
culture is derived. Readers interested in the observations and recommendations are 
encouraged to obtain a copy of either the executive summary or full report. Recently, 
the Curricula and Pedagogy Committee of the Institute of Electrical and Electronics 
Engineers (IEEE) generated four scenarios for possible futures of engineering edu-
cation (Froyd et al. 2014). Based on its scenario generation exercise, the committee 
concluded that the two most important uncertainties in forecasting the future of en-
gineering education were the “degree to which engineering programs adapt and in-
novate” (Froyd et al. 2014, p. 3) and “values and competencies of faculty members” 
(Froyd et al. 2014, p. 3). For the first uncertainty, the extremes of programmatic 
adaptation were ineffective or very effective adaptation. For the second uncertainty, 
the extremes were maintaining the current priority on disciplinary research or valu-
ing student learning. Combining the two extremes for each of the two uncertainties 
led to the generation of four scenarios. To gather information to estimate the likeli-
hood of the four scenarios, the committee, with the support of the IEEE, conducted 
a survey of engineering educators across the world (Ohland et al. 2014). Results of 
the survey are still being analyzed, but preliminary results suggest that adoption of 
new assessment and instructional approaches will occur slowly because 2176 survey 
respondents tended to prefer instructional approaches, assessment approaches, and 
instructional technologies that were similar to their current practices.

19.3  Future Recommendations and Concluding Remarks 
of the Book

Recent advances in engineering education practice, scholarship, and research have 
brought ample evidence on the importance of various recommendations for en-
hancement of engineering education. While the majority of engineering institutions 
in the MENA region follow classical approaches for engineering education, some 
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engineering colleges started to adopt further innovations and novel practices. In this 
section, we provide a set of recommendations for implementation in engineering 
colleges. These recommendations are generally applicable for MENA institutions 
and elsewhere. The proposed set of recommendations spans four dimensions: (1) 
context and industry, (2) innovation and venturing, (3) curriculum and structure, 
and (4) pedagogy and scholarship:

• Context and industry
− Contextualize engineering education to the local needs while keeping a global 

flavor
− Foster inherent linkage with industry

• Innovation and venturing
− Foster multidisciplinary design
− Focus on technology and engineering entrepreneurship in engineering 

education
− Focus on technology and engineering leadership in engineering education

• Curriculum and structure
− Deploy an integrated engineering education curriculum with focus on theo-

retical knowledge and technical and soft competencies development
− Develop and deploy structured first-year engineering experience programs
− Develop and deploy structured pathways for engineering faculty development 

in engineering innovation and education
− Develop and deploy driving organizational structures in the form of a center 

or department for engineering innovation and education
• Pedagogy and scholarship

− Foster constructivist pedagogy and experiential approaches in engineering 
education

− Utilize recent innovations in technology-enhanced and digital learning in 
engineering education

− Foster a culture of conducting scholarship and research in engineering inno-
vation and education among engineering faculty

The book provided a synopsis of recent innovations in the practice of engineering 
education in the MENA region. While the culture of conducting scholarship in engi-
neering education is still in its infancy in the MENA region, a noticeable interest in 
deploying novel practices in engineering education has been observed. The book is 
one of the early documented scholarly works on recent innovations in engineering 
education in the MENA region, and it is hoped that it will contribute to the estab-
lishment of a further systematic approach to sustainable innovations in engineering 
education in the region.
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