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ABSTRACT

Ability to work in teams has been considered one of the most important learning outcomes of the information
systems curriculum. Industry’s pair programming methodology has been adopted in the recent years as a form of
collaborative learning in academic settings. This study reviews the existing body of research aiming two achieve two
objectives. First, analyze adoption of pair programming as a pedagogical method using theories based on team
learning research. The team effectiveness model was adapted as a framework for analysis, focusing on the outcomes
such as facilitation of student learning and fostering of team skills. Second, this study aims to inform information
system educators about the viability of using this technique in programming courses.
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INTRODUCTION

It is argued that IS educators should be exploring more the adoption of team-based learning activities into 1S
teaching [33]. Curriculum guidelines for undergraduate degree programs in information system, 1S 2010, identified
team leadership and collaboration skills as one of the main exit characteristics of IS graduates, emphasizing that it is
essential that IS programs prepare their graduates to be effective collaborators [31]. McMurtrey et al. [22] conducted
a survey of IT professionals to determine which skills current IT professionals consider the most important for new,
entry-level IT professionals. They found that, from a list of 42 important skills that represented IS Core Knowledge,
Technical Proficiencies, Business Expertise, and Personal Attributes, IT professionals viewed problem-solving,
critical-thinking, and team skills as three most important skills for new IT professionals.

Team work activities are frequently incorporated in upper level courses in Information System programs. However,
in introductory programming classes there

is a predominance of emphasis on individual learning activities. Most beginning programming classes do not
incorporate collaborative practices. Frequently, the practice of students working together on a programming
assignment is considered as “cheating”. Learning to program is generally considered to be difficult and challenging
for most students, who very often experience high levels of frustration and isolation [27]. Some of the challenges
that beginner programmers face may be overcome by allowing students to collaborate with their peers. The
pedagogical advantages of student interaction in collaborative construction of knowledge are grounded in the social
constructivist perspective of learning. Based on the constructivist pedagogical approach, actual learning takes place
when students actively construct their knowledge through social interactions with their peers [34]. Knowledge is
discovered and constructed through communication and collective sense making.

One of the pedagogical methods that has been adopted recently in the area of computer science and software
engineering is an adaptation of the industry’s pair programming. A significant number of studies have investigated
different aspects of using this method as a teaching method. This paper reviews the existing body of research aiming
to achieve two main objectives. First, provide a framework to analyze adoption of pair programming as a team based
activity in information systems courses. Second, present a summary of findings of the current research to inform
educators in the Information Systems area about the potential benefits and drawbacks of using pair programming as
a learning activity, and it provides suggestions for future research. The remainder of the paper is organized as
follows: First, a description of the pair programming method and the theoretical framework used in this study are
provided. Next, findings from the literature review are presented based on the theoretical model of team
effectiveness. Throughout the paper, the study addresses the need for further research on effectiveness of pair
programming.
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PAIR PROGRAMMING AND RESEARCH FRAMEWORK

Pair programming is the term used to describe the process where two programmers work together on the same task
at one computer. Generally, one programmer is the “driver” and has control of the mouse and the keyboard. The
driver types the code at the computer, and the other programmer is the “navigator”. The navigator observes the
work of the driver, looking for errors and considering the algorithm being used for the task. Each programmer takes
a turn at being the “driver” and the “navigator”. The two programmers collaborate in designing, coding and
reviewing.

Pair programming originated in the industry and is one of the key practices in Extreme Programming (XP) [2]. XP is
one of the most popular agile methodologies for systems development with a strong focus on personal interactions
among software developers. Wray [40] described four mechanisms that make pair programming successful: 1) pair
programming chat, which refers to the ability to talk problems out loud; 2) pair programmers notice more detail. He
suggested that pairs should be rotated often (once or twice a day) to avoid pair fatigue, which refers to the fact that
with time the two programmers become very similar in the things they notice or do not notice; 3) pair programming
helps in fighting poor practices - programmers do not always use the best programming practices. Pair programming
can encourage the use of best programming practices due to pair pressure, or the feeling of not wanting to let your
partner down; 4) sharing and judging expertise - while working in pairs it becomes easier to judge a programmer’s
expertise. As such, the estimates of time and difficulty can be made more accurately by a pair of programmers.

During the last ten years, there has been significant research that seeks to establish the viability of pair programming
as a learning activity. However, most research on pair programming in educational settings has paid little attention
to theories that have the potential to reveal factors important to the successful adoption of this method. One such
attempt has been by Preston [26] who indicated the critical attributes of collaborative learning as a framework to
review the research on pair programming. These attributes are: 1) common task; 2) small group learning; 3)
cooperative behavior; 4) interdependence; and 5) individual accountability. Mentz et al. [24] incorporated the
principles of cooperative learning in their approach of implementation of pair programming in the classroom.
However, none of the previous studies have introduced a model or a framework to explain or analyze various
aspects of this method. To fill this gap, this study draws from the research on collaborative learning and team
performance. Specifically, the team effectiveness model was adapted as a conceptual framework to analyze current
research on the use of pair programming in education and to understand its potential as a team learning activity. The
team effectiveness model was introduced by Hughes et al. [18] and was applied in the organizational context. The
model presented here was based on the original model as well as on an adaptation of the model by a study on team
effectiveness in educational settings [12]. In addition to the factors included in those models, the model presented
here includes several new factors that were identified by the review of the literature on pair programming.

Individual factors Team design

Team Effectiveness

- Skills/Abilities - Team composition

- Personality - Task structure - Academic Performance
- Facilitated learning
- Satisfaction

. - Work qualit
Team Environment Team Processes - Pro dugtivityy
- Academic settings g - Effort

- Orientation

- Team Dynamics

Figure 1. A model of team effectiveness of pair programming as a learning activity

208



Issues in Information Systems

Volume X1I, No. 2, pp 207-216, 2011

REVIEW OF LITERATURE ON ADOPTION OF PAIR PROGRAMMING AS A LEARNING ACTIVITY

An extensive review of literature was conducted for the purposes of this study to identify relevant empirical studies.
Two main criteria were applied during the selection process. First, only studies that used pair programming as
defined in the XP methodology were included, excluding studies on other types of team activity. Additionally,
studies that focused on other aspects of agile software development such as pair design, or that only described
software that support pair programming were not included. Second, studies that used pair programming in higher
education settings were included. The following presents the findings from the literature review based on the team
effectiveness model presented in Figure 1.

Team Environment

Academic settings. Two themes emerged from the review of the literature: a) application of pair programming in
the traditional classroom; and b) a relatively new application of pair programming in distance education. While most
of the research on pair programming has focused on co-located or face-to-face pair programming, some studies have
examined the adoption of pair programming in distance learning. This second approach is referred to as virtual pair
programming or distributed pair programming. Zacharis [42] investigated the effectiveness of virtual pair
programming in an introductory Java course suggesting that it can be used successfully. Hanks [14] used distributed
pair programming in an introductory programming course. He found that students who used distributed pair
programming performed just as well as students that used co-located pair programming. Contrary to these findings,
Edwards et al. [11] compared distributed pair programming versus co-located programming and reported that
students’ satisfaction with distributed pair programming was lower than co-located pair programming. While these
studies examined synchronous virtual pair programming, a study by Zin et al. [43] implemented asynchronous
virtual pair programming. Their study found that students considered virtual pair programming to be effective,
motivating and enjoying, while also suggesting that some synchronous features would be preferable. In addition to
factors that have been considered in the traditional classroom, an emerging stream of research in distributed pair
programming have addressed the development and evaluation of the various tools and platforms that enable
synchronous pair collaboration in the online course settings.

As universities expand their online course offerings, this seems to be an area that may attract future research.
Educators are trying to identify learning strategies and activities that can promote student learning in online
curriculum. Pair programming can be one of these activities.

Orientation. Pair programming is not simply two people sharing a computer. Students need to take the roles of
driver and navigator, they should alternate roles during the course of the activity and both members should review
each other’s input. The review of the literature shows that the amount of information provided to students about pair
programming varies among studies. For instance, Howard [17] had students involved in the study read a description
of pair programming in the syllabus. The instructor actively monitored pairs during the first activity to ensure they
understood the method. Werner et al. [35] had their students read an article on pair programming before using the
method for class activities. In several other studies, the instructor explained the concept of pair programming at the
beginning of the course [13, 23, 5, 10]. McDowell et al. [21] and Williams [37] described pair programming to
students and had them read an article on pair programming. These variations in the orientation approach may
explain some of observations in these studies that students had to be reminded to follow the correct procedure. In
one case, because the instructor did not emphasize what was expected from students, it resulted in cases of
misunderstanding. For example, students were dividing the task in two parts and working on those parts separately
[3].

One of the keys to successful implementation of pair programming is the training of students in pair programming
requirements in a supervised setting before assigning them to work in pairs [39]. Mentz et al. [24] showed that
conducting intensive training sessions on pair programming versus explanation of pair programming seemed to
improve goal setting and fostered positive interdependence.
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Individual Factors and Team Composition

Skills/Abilities. Team composition is an important factor that affects collaboration and performance of teams. In the
reviewed studies, various methods were implemented for forming pairs. These methods can be categorized as: 1)
matching pairs vs. random pair assignment and 2) same partners throughout the course vs. changing partners. Some
studies matched pairs based on their academic performance by using grades earned by students in previous course
activities. Choi et al. [9] and Zacharis [42] paired students with similar grades. Williams [37] paired them based on
the GPA, while Chigona and Pollock [8] paired a strong student with a weak one. Howard [17] applied various pair
formation approaches: assigned pairs through random selection, paired students with different Myer-Briggs
personality types, and matched compatible students based on the instructor’s observation. In some other studies,
pairs were assigned randomly. Hahn et al. [13] assigned pairs randomly and ensured that they had different partners
for each lab assignment. McDowell et al.[21] assigned students to pairs based on their preferences or randomly if
they did not have any preference and they remained with the same partner. Muller [25] and Mendes [23] also
assigned pairs randomly. Braught [5] rotated pairs every three to four lab sessions. Initially, pairs were assigned
randomly, later they were matched based pairing students with similar course performance. Carver et al. [7] also
followed a similar approach. They rotated pairs three times during the semester.

Several of the studies reviewed suggested that pairing students of similar ability is more beneficial for student
learning. Cliburn [10], based on his classroom experience, suggested that the best strategy is to pair students at near
or the same skill level for best outcomes. While VanToll [32] suggested that pair programming works best when
pairs are of slightly different skill level. Bevan [3] also suggested pairing based on the skill level. Based on their
experience of using pair programming in the classroom, disparity between the experience levels of students in a pair
was one of the sources of intra-pair stress. This was especially emphasized for outside activities. Studies showed that
if students are paired with less adept partners, they may consider the experience a waste of time and they might
complete the assignment on their own and submit it as a combined effort [3]. Except for one study [32], none of the
reviewed studies have examined the effect of various skill levels matching during pair formation on team
satisfaction and performance in controlled settings. In addition, none of the studies have examined the effect of
having the same partner or rotating partners during the semester. In professional settings, “pair jelling” refers to
collaborative teams in pair programming, which typically happens when members of the team learn the strength and
weaknesses of each other [36]. Future research may investigate this aspect of team composition to determine which
approach of structuring this team activity might yield better results in terms of student learning.

Personality. Personality traits make one of the attributes that has been considered to have a significant effect on the
results of pair programming among professionals. Salleh et al. [28] indicated that research on pair programming has
considered 14 different compatibility factors. However, personality type has been one of the most researched ones.
They also found that results have been inconsistent in terms of effects of personality towards pair programming.
This was also confirmed by this review of implementation of pair programming in educational settings. Choi et al.
[9] investigated the effect of personality factors, communication skills and cognitive style on the pair programming
experience; specifically in the levels of satisfaction, compatibility, communication, and confidence. The subjects
were undergraduate and graduate students majoring in MIS, IS and IT. They found that personality factors and
communication levels had no impact on the pair’s satisfaction, communication, and confidence. This is also
supported by a study on effects of personality traits on the pair programming performance among professionals [15].
They did not find strong support that personality effects programming performance. Instead, their study showed that
expertise and task complexity were stronger predictors of pair programming performance. Carver et al. [7] did not
find any effect of personality in their application of pair programming in the classroom settings. Other studies
provide evidence that personality traits might be a factor to be considered for effective team formation. Katira [19]
found that freshmen students work better with partners of different personality type as measured using Meyer-Briggs
type indicator. Sfetsos [30] indicated that pairs of heterogonous types perform better than pairs of homogenous
types, had a higher collaboration satisfaction and better knowledge acquisition. This may be another area that
deserves further attention. However, it can be argued that in educational settings, matching pairs based on
personality types may not be as relevant compared to matching them based on their skill sets for two main reasons.
First, administering personality questionnaires at the beginning of the semester or before conducting pair activities
may not be feasible or may be time consuming if done on a regular basis. Second, one of the purposes of using pair
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programming in the classroom is to develop team building skills among information systems students. Similar to the
workplace settings, students should learn how to work with team members with different types of personalities and
be able to communicate and collaborate with them to achieve the desired results. Behavioral theories and research
on group processes and performance may be incorporated in future studies to consider this aspect.

Gender. Gender was considered as a factor by some of the studies reviewed. One study showed that pair
programming is especially beneficial for female students [35]. They found that female student who pair programmed
in their introductory course were more likely to declare a CS-related major after completing the course. Braught et
al. [5] did not find any gender effect on the confidence of the completed work. However, they reported that pair
programming reduced the level of frustration with assignments for female students. Same gender pair groups
showed higher level of satisfaction, communication, and compatibility [9].

Team Design/Task Structure

Analysis of existing research revealed two aspects of task structure related to pair programming. First, whether pair
programming was used to complete in class activities or outside course assignments, and second, task complexity.
The review of the literature showed that pair programming was used for both in class activities and outside course
assignments. This seems to be a significant factor that effects the ability to generalize the findings of the existing
research. Unlike the typical team activity, pair programming has a set of specific roles and settings. As stated earlier,
pairs have to use one computer, each member should play the role of the driver and the navigator and they should
take turns in these roles. When applied to outside assignments, instructors do not have a lot of control on the actual
implementation of the method by students.

In some of the studies, pair programming was used in closed computer lab environment for lab assignments [5, 7, 8,
23]. In other studies, pair programming was implemented for both outside programming assignments and for some
in-class laboratories [17, 29, 37]. Howard [17] had students complete the first lab and the two first programming
assignments individually to ensure that each student knew how to use the software. McDowell et al. [21] used it for
outside assignments. A common concern reported by studies that used pair programming was that students found
working on outside assignments more difficult due to scheduling challenge. A number of studies found that students
perceived scheduling to be a big problem in pair programming [3, 17, 29, 35]. A study by Mentz et al. [24]
suggested that pair programming works better for work completed in class under controlled circumstances compared
to assignments outside the classroom.

Task complexity was one of the factors that had not received significant attention by research. Studies conducted
among professionals have considered task complexity as a potential factor that might affect team performance. A
meta-analysis on use of pair programming in general, showed that pair programing is faster when task complexity is
low, and it yields solutions of higher quality when task complexity is high [16]. Another study indicated that task
complexity was not found to impact performance with respect to software quality of pairs versus individual
programmers [1]. However, while task complexity may not be an issue for experienced programmers, it might effect
novice pairs in educational settings. Future research might consider the levels of task complexity that are more
suitable for optimal learning experience and team performance. This may assist educators in choosing the right
activities that pair programming can be applied to.

Team Process

Effort. Like any other team activity, one concern educators have about using pair programming is that the stronger
student will do most of the work. Social loafing, a well-known concept in team work, could also happen when using
pair programming. Social loafing occurs when individuals working together in groups put less effort than when they
work individually [1].

Williams et al. [39] have extensively applied and researched pair programming as a teaching methodology and have
provided a set of guidelines for the implementation of pair programming. One of the guidelines suggests that
teaching staff must actively engage in the management of pair interactions. For example, they have to ensure that
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students are switching roles periodically. One study notes that some teams would never have changed drivers had
they not been encouraged to do so [17].

Another guideline suggested by Williams et al. that is relevant in the context of team effort is to conduct peer
evaluations to ensure equal participation of pair members. Importance of peer evaluation to the successful
implementation was also supported empirically. Mentz et al. [24] had better results in their use of pair programming
after they incorporated peer assessment in their study. Hahn et al. [13] focused on assessment strategies for pair
programming. They applied a combination of self-assessment, peer-assessment and facilitator-assessment for each
individual participant. Their study showed that as students became more familiar with this assessment approach,
they became more realistic in assessing their own and their partner’s work. It also increased the commitment of both
pair members, as indicated by their individual assessment. They suggest that self, peer, and facilitator assessment
combination might be a more reliable assessment strategy for pair programming. Cliburn [10] also reported about
the importance of peer evaluations and also changing partners as a way to deal with “free-riders”. Furthermore,
Williams et al. [39] suggested that evaluating effort becomes even more important when students are pair
programming outside the classroom setting.

Team dynamics. Students reported a positive attitude toward collaboration and communication [17]. Pair
programming helped them develop teamwork skills [11]. Cliburn [10] also showed that students reported that pair
programming helped them develop better interaction skills. Participants in his study expressed that they could see
that their way of approaching a problem was not the only way.

Williams et al. [37] used the term “pair pressure” to refer to the effect of members in the pair keeping one another
motivated. Working in teams puts pressure on each member to perform and keeps them focused on the task [24].
Having someone constantly observing one’s work, serves as an incentive for students not to skip important steps of
the process. It also helps students in motivating each other to stay on track, especially with outside assignments [42].
Wray [40] stated that, among professional programmers, pair programming can encourage the use of best
programming practices due to pair pressure, which they tend to neglect at times. This is especially important for
students as they are actually learning about these practices. Beginners to programming frequently forget to
incorporate these practices in their programs. Pair pressure might help them get used to applying good programming
practices.

Another process that would fall under team dynamics is what Williams et al. [37] call “pair relaying”. This is the
effect of having two people working to resolve a problem together. Williams et al. [37] indicated that students
reported that it helped them understand things better when they had to explain it to another student. Canfora et al. [6]
showed that working in pairs can speed up the process of knowledge building and transfer. Knowledge transfer is
considered one of the main benefits of pair programming in both professional and educational setting. This is
supported by findings of studies presented in the next section of this paper.

Team Effectiveness Outcomes

Most of the previous research showed that pair programming has benefits over solo programming. For the purposes
of this study, first the major outcome categories as well some subcategories were identified in the literature. The
findings from each study were then put in each outcome category to indicate whether a study’s findings indicate a
positive or negative/neutral effect on the outcome. The summary of the findings is presented in Table 1.

Even though for some of the outcomes research shows contradictory findings, there are several themes that clearly
emerge from the review. Student satisfaction of this type of course activity was a common theme in almost all of the
studies that were included in this literature review. Many studies also showed positive findings with regard to
academic performance and learning. Even if students that pair program do not show significantly better grades than
those who work individually, none of the studies indicate that pair programming effects their academic performance
negatively. This may be important to know for those educators who may have been considering the use of this
method in the classroom, but may have been worried that this might effect negatively the individual student
learning. The majority of the studies also showed that pair programming improves the quality of the programs.
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Positive findings

Negative/Neutral Findings

Academic performance/L earning

-Higher academic achievement when enforcing individual
accountability [24]

-Assignment grades for pairs were higher than the solo programmers
(8], [38], [23]

-Pair programming helped development of individual programming
skills for lower SAT students [5]

-Students who pair programmed in introductory course were more
likely to attempt subsequent programming courses [35]

-Students who pair programmed were more likely to remain in or
select a computing related major [7]

-Students who used pair programming were more likely to complete
the course and had higher pass rates [21], [5], [38], [23]

-Pair Programming helped students better understand programming
concepts [17]

-Process of learning is faster for pairs compared to individuals [41]
-More ideas and alternative solutions are explored with pair
programming [29]

-Pairs resolve more problems on their own, less help from the
instructor [5]

-Higher self-evaluated learning outcome [4], [7], [10], [11]
-Students feel this is a good way to learn programming [29]

- Assignment grades for pairs were not significantly
different from solo students [42]

-Course pass rates not significantly different between
paired and solo programmers [21], [35]

-Individual exam grades (a measure of their knowledge
of course material) were not different for those who
used pair programming vs. those who did not [21], [38]
-No impact on knowledge transfer among students [8]
-No differences on acquisition of individual skills
between students with higher SAT levels that pair
programmed and those who did not [5]

-Students felt they understand their programs better
when they work by themselves [29]

-Pair programmers did not perceive to have a gained a
better understating of the concepts by explaining them
to their partner [7]

Students Perceptions

e Enjoyment

-Students enjoyed working in teams [1], [4], [8], [10], [17], [21], [24],
[37], [41], [42]

-High satisfaction with pair programming [11]

¢ Knowledge transfer

-Students perceive they learned more by working with a partner than
they would have by working alone [7], [41]

-Reduced student frustration [5], [17], [29], [37]

e Confidence

- Students who paired reported higher confidence in the correctness
of program solutions compared to individual programmers [1], [5],
[21], [35], [37]

e Social aspects

-Enjoyed meeting fellow students [29]

-Students felt pair programming made them better at working with
others [10]

Work quality
-Higher software quality [37], [41], [42]

-Pairs produced better programs [8], [21]

-Code produced by pairs was easier to read and understand [4]

-For simple problems, pair programming lead to fewer mistakes [25]
-Programs developed by pairs passed more test cases [36]

-Pair Programmers had as many algorithm mistakes as
individual programmers [25]

Productivity
-Pair students were more productive than the individual programmers

[42]

-Students perceived pair programming to be more productive [8], [37]
-Pair programmers completed tasks in a shorter time [28], [41]
-Working in pairs helped find errors earlier [4]

-Pair programming may or may not take less time [29]
-Time for pairs and individuals was the same [37]
-Pairs produced nearly the same amount of code as
individual programmers [4]

Table 1. Summary of Research Findings on the Effectiveness of PP as a Teaching Tool
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Research on the impact of pair programming on productivity is inconclusive. One reason might be that in many
studies pair programming was used during fixed timed laboratory sessions, where it was difficult to establish
whether pairs or individuals required less time. This is in line with research findings on pair programming in general
that indicate that collaborating pairs do not exceed the performance of its best member working alone [1]. A meta-
analysis by Hannay et al. [16] showed only a small significant effect of pair programming on software quality and a
negative effect on effort. However, compared to industrial settings where productivity and quality are the main
concerns associated with the adoption of pair programming, educators are more concerned with learning outcomes.

CONCLUSIONS AND SUGGESTIONS FOR FUTURE RESEARCH

As a discipline, IT is constantly changing and it is relevant to introduce students to some of the newer software
development methods by applying them in the classroom. In addition, most modern organizations require
individuals to work in teams to perform their task. Pair programming could be a promising teaching method that
allows IS educators to incorporate both these aspects. Pair programming is also considered beneficial to faculty
because it reduces workload. First, there are half as many assignments to grade and second due to knowledge
transfer taking place between the pair members, student pairs are more self-sufficient and rely less on the instructor
to help them with issues that arise during the assignments. Students discuss their assignments with each other, thus
becoming effective teaching resources for each other.

Most of the studies indicated that pair programming has been mostly used in Computer Science courses and its
adoption by IS courses is in its early stages. This paper conducted an extensive review of the literature aiming two
achieve two objectives. First, provide a theoretical framework to analyze the current research on pair programming
and to guide the future research in this area. This is the first study to adopt a team effectiveness model to analyze
pair programming in academic settings. Second, to inform information systems educators about the findings of the
research on the implementation and the results of using pair programming as a learning activity.

The research showed several benefits of using pair programming in academic settings such as enhanced learning,
greater confidence in work quality, higher problem solving skills, enhanced interaction skills, and improved team
building skills. Students also receive greater satisfaction when they work in pairs. The case for the use of pair
programming in classroom seems to be compelling.

The study also indicated several areas for future research. Future studies can examine the effects of team design on
the effectiveness of pair programming. Specifically, areas of interest would be to study the effects of task structure
(in class activities versus outside assignment) on learning and the level of task complexity that is most suitable for
pair programming. Team composition and its effects on team effectiveness is another suggested future area of
research. Most of the previous studies on pair programming have dealt with Computer Science students, only a few
studies have used Information Systems students. There are important differences in the skills of the students in these
two disciplines as well as programming requirements. Therefore, adoption of pair programming and study of the
results may be a future area of research for educators in Information Systems area.
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