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Abstract

Transitioning computer science students from the university environ-
ment, where everything had to be done individually, into an environment
that would require them to work in pairs might be difficult to most stu-
dents. In order to make this transition a smoother one, students need
to be familiarized with the concept of working together in pairs before
they are introduced to the workforce. This motivated the introduction of
pair programming as a teaching technique in our computer science labs.
Pair programming was attempted in several universities worldwide with
various degrees of success. In this paper, we investigate the benefits of
practicing pair programming in education and in the industry. We also
review some conducted experiments where pair programming was used as
a teaching technique. We include the successes and impediments faced in
these experiments. This paper revealed that pair programming as a teach-
ing technique might have the ability to improve the quality and level of
university students, and make their transition to the industry a smoother
one.

1 Introduction

Programming has always been considered a solitary activity[6]. This was the
way it was taught, and the way it was practiced until 1999, when Kent Beck
created extreme programming, and listed pair programming as one of its twelve
practices[1]. Nevertheless, solo programming was associated with the waterfall
development cycle in software engineering, suggested in 1970, in which a devel-
opment team would meet with the customer once to get all the requirements of
the system, and then design it, and implement its design[5].

The shortcomings of the waterfall development model, including the ten-
dency of customers to constantly change their minds[1], the discovery of mis-
takes in the testing and debugging phase of the project, which comes later in
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the project[6], and limiting each developers knowledge to their own piece of the
system[6, 16]. This prompted the search for alternative models such as the agile
model[2].

The agile model aims to be flexible and collaborative[3], which includes incor-
porating many techniques and practices, of which pair programming is standing
out for being somewhat controversial. Pair programming may be defined as “the
practice whereby two programmers work together at one computer, collaborating
on the same algorithm, code, or test”[4]. Not only do the programmers work
at one computer, but all production code is written with two people looking at
one machine, with one keyboard[2].

Each of the two programmers working in pair programming have a desig-
nated role. One of the programmers is called the driver. The driver’s role is to
be the ones who is actively typing at the computer[4], therefore in control of the
keyboard. The second role is called the navigator, who reviews the code being
typed to catch errors, or make suggestions[4]. The two programmers should
continuously switch roles, where the driver becomes the navigator, and the nav-
igator becomes the driver. This allows both members of the pair to benefit from
experiencing both roles[18]. In addition, programmers are often encouraged to
switch partners between tasks.

Pair programming as a teaching technique may have many advantages. The
following section reviews the advantages of pair programming, from previous
literature, both in the industry and in education. Next, it gives an overview
of how pair programming can be adapted to be used as a teaching technique
in programming labs. Finally, it presents the results of some of the conducted
experiments and study cases where pair programming was applied as a teaching

technique.

2 Merits of Pair Programming

Pair programming has many advantages that have been repeated throughout
the literature. One of these advantages are improving design quality[4, 6, 7, 13,

14, 16], since two programmers collaborate together on the same piece of code,
resulting in improving the quality of the design. Another advantage is reducing
defects[6, 7, 16]. This is the result of continuous revision of code as it is being
written, which makes it simpler to catch bugs and errors before the development
phase is done.

Another advantage of using pair programming technique is improving team
communication[6, 16]. Since programming is usually viewed as a solo activity,
there is not much communication going on between team members. Neverthe-
less, since pair programming involves having two programmers sitting at the
same machine working on the same piece of code, they will have to communi-
cate with each other. This has an effect of improving the social skills of team
members and making their communication together more efficient.

An effect that has been noticed as well is that the code becomes simpler

and easier to extend[6]. When two programmers collaborate on writing the


https://www.researchgate.net/publication/248506587_Extreme_programming_explained_embrace_design?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/248506587_Extreme_programming_explained_embrace_design?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/221494979_Pair_Programming_What's_in_it_for_Me?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/221494979_Pair_Programming_What's_in_it_for_Me?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/221494979_Pair_Programming_What's_in_it_for_Me?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/221494979_Pair_Programming_What's_in_it_for_Me?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/2333697_The_Costs_and_Benefits_of_Pair_Programming?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/2333697_The_Costs_and_Benefits_of_Pair_Programming?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/2333697_The_Costs_and_Benefits_of_Pair_Programming?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/2333697_The_Costs_and_Benefits_of_Pair_Programming?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/2333697_The_Costs_and_Benefits_of_Pair_Programming?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/2333697_The_Costs_and_Benefits_of_Pair_Programming?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/220069353_Empirical_Studies_of_Pair_Programming_for_CSSE_Teaching_in_Higher_Education_A_Systematic_Literature_Review?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/241632925_Understanding_the_impact_of_Pair_Programming_on_developers_attention_A_case_study_on_a_large_industrial_experimentation?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/241632925_Understanding_the_impact_of_Pair_Programming_on_developers_attention_A_case_study_on_a_large_industrial_experimentation?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/241632925_Understanding_the_impact_of_Pair_Programming_on_developers_attention_A_case_study_on_a_large_industrial_experimentation?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/241632925_Understanding_the_impact_of_Pair_Programming_on_developers_attention_A_case_study_on_a_large_industrial_experimentation?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/260648767_Pair_Programming_and_Software_Defects--A_Large_Industrial_Case_Study?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/260648767_Pair_Programming_and_Software_Defects--A_Large_Industrial_Case_Study?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/220707103_Applying_pair_programming_for_advanced_Java_course_a_different_approach?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/242350998_Extreme_Programming_Explained_Embrace_Change?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==
https://www.researchgate.net/publication/242350998_Extreme_Programming_Explained_Embrace_Change?el=1_x_8&enrichId=rgreq-abbc26b2b8c30b1d0d88a1bcfc1e7761-XXX&enrichSource=Y292ZXJQYWdlOzI2OTE2NzQyMTtBUzoxNzE0NTg1ODgzMjM4NDBAMTQxNzg5MDMyMTY0OA==

same piece of code, obscure segments will be discussed and improved as a result
of this collaboration. In addition, the resulting code will be more extendable
than code that only one person writes for the same reason of having more than
one person writing it. In addition, some researchers have found that people
working using pair programming tend to spend more effort on the tasks they
undertake[8], which can be attributed to having another developer continuously
reading the code and revising it.

When used as a teaching technique, pair programming has several advan-
tages in addition to those observed in the industry. Students’ performance was
shown to have improved when using pair programming[12, 14, 15], even when

students were required to program individually for their final exam[10, 17].
Working in pairs promotes peer tutoring. Research shows that student may be
more receptive to information when coming from their peers as opposed to an
instructor[9].

In addition, students produced better quality programs than when working
on their own[10, 12, 14, 15]. Students exchange allows them to learn from each
others experiences[12], and brainstorm before working[18], therefore allowing
them to come up with the most efficient techniques to solve a given problem.

An advantages that has been noticed when surveying students who studied
in labs applying pair programming technique is course enjoyment[10, 12, 14, 15].
Students reported that they enjoy working in pairs more than they do on their
own. This might be due to the social aspect of pair programming, or even due
to the fact that they are producing good code and solving problems with a little
less effort. On the same note, pair programming allows for less frustration when
programming [18], since it is less likely to get stuck at a problem for long.

Studies have also show that applying pair programming in courses help im-
prove course completion rate[10, 12, 14, 15], where less students were found to

drop the course in classes where pair programming is being practiced. This
comes as a logical consequence to having a course where they are enjoying the
work they are doing, while achieving good results.

3 Pair Programming as a Teaching Technique

Research shows that when students take a programming course, they are usu-
ally in their first year of university, when it is important to get them used
to help them gain the skills needed during their university years as well as
integrating into the industry[18]. This is why most experiments carried out
with pair programming as a teaching technique is applied to introductory level
courses|9, 10, 12, 18]. However, a number of researchers attempted to carry out
the experiments on second-year and even advance students as well[11, 13].

This section begins by explaining how the pairs are formed in the computer
science labs that use pair programming. Next, it shows how these labs are
carried out, and what types of activities take place. Finally, it goes over how
students in such labs are usually assessed for their final grades in terms of
assignments and exams.
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3.1 Pair Formation

The way students are paired could affect the dynamics of the pair, and might re-
sult in an an effect on the outcome of the experiments. The methods followed for
the formation of pairs differed among experiments. They varied between form-
ing pairs according to their level of programming experience[9, 13, 18], random
formation[9, 11], letting students form their own pairs[9, 18], or a combination
of having students select a number of potential partners, and then assigning one
of them according to experience[10].

Teague explains that when students chose the partner with which, they
often realized that this was not the partner they actually wanted to work with,
or were most compatible with[18]. This is why most researchers prefer having
students paired according to their level of programming experience. This is
usually decided according to the students’ performance and grades in previous
related programming courses, or assessing their programming experience|9, 18].
Nevertheless, it can be noted that other researchers claim that the experiments
succeed most when students are paired randomly[11].

3.2 Pair Programming Model

One of the most critical things when starting a pair programming experiment
is identifying the difference between pair programming and team work, in the
sense that pair programming does not mean each member of the team being
responsible for completing a piece of the project individually and then combining
pieces together[18].

In addition, pairs were instructed to constantly switch roles between driver
and navigator[9, 12, 18]. The driver’s task was to control the mouse and key-
board, as well as compiling and running the code. On the other hand, the
navigator constantly looked for syntax and logical errors, and searched for re-
sources and alternatives to the implementation. It was observed that in the
later parts of the experiments this switch was taking place more frequently and
smoothly than at the beginning[18].

3.3 Student Assessment

To evaluate their experiments, researchers took into consideration several as-
pects. In all the reviewed experiments, students were required to finish a num-
ber of assignments for which they were graded[9, 10, 11, 13, 18]. In addition, at
least a final exam was given to assess students’ performance in the course[10, 11].

A challenge that faced instructors when assessing assignments submitted by
a pair was how to distribute the weight among both students submitting the
assignment. This was addressed by Khan et al. in [9]. They claimed that inter-
viewing the students individually was time consuming, and thus not favoured.
Therefore, they adopted an approach where they would assess the submitted

project giving both students the same grade, but incorporating a peer-review
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element, where each partner had to evaluate their partner’s cooperation and
performance on a scale of one to five, which factored in their final grade.

3.4 Conclusion

Training students at working in pairs helps preparing them to integrate better
in the programming work environment. Previous research shows that applying
teaching techniques based on pair programming helps students in getting a
feel of what working in the industry is like. In addition, research shows that
this technique is beneficial as it increases students’ enjoyment of programming
courses. It also helps them achieve better grades and improves course completion
rates. Finally, it allows them to write programs of a higher quality.
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