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Abstract

As online learning has become an inevitable trend in the post-peak era of the
COVID-19 pandemic, distributed pair programming (DPP) is gaining momentum in
both education and industry. DDP serves as a collaborative programming approach
and also benefits the development of computational thinking, a fundamental skill
in today’s world. This study conducted a systematic review of studies on DPP pub-
lished after 2010 to understand the themes and factors that impact the team effec-
tiveness of DPP and thus inform future research and practices on how to better lev-
erage this approach for teaching and learning. The results showed that individual
characteristics attracted major investigations in the selected 23 studies, including
prior programming experience, actual skill, perceived skill, gender, personality,
time management, confidence, and self-esteem, with pair compatibility identified
as a critical team design factor that significantly affects programmers’ satisfaction.
Although the feel-good factor in the team process was investigated, no significant
impact was found. Under the team environment theme, we compared different opin-
ions on the orientation (e.g., scripted roles) and the use of technology (e.g., inte-
grated development environment tools). Future research should investigate how task
structure influences team effectiveness of DPP and relates to computational think-
ing education. Additionally, because most studies were conducted in higher educa-
tion contexts, more research in primary and secondary educational contexts is also
needed.
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Introduction

The public health crisis that erupted in 2020 has brought devastating changes in
education worldwide. According to UNESCO’s report (2020), a large number of
countries and regions experienced the disruption of learning at all levels of edu-
cation due to the COVID-19 pandemic. To adapt to the pandemic, many schools
and universities rapidly transitioned from traditional face-to-face or blended
instruction to fully online learning solutions, named emergency remote teaching
(Hodges et al., 2020). Researchers have argued that a potential influence of the
COVID-19 crisis was making educators embrace the use of new technologies and
promote educational innovations (Thomas & Rogers, 2020). Thus, educational
institutions tend to rethink educational normalcy and develop learning strategies
and approaches that are more sensitive to learners’ needs in the post-pandemic
era (Cahapay, 2020).

As online learning has become an inevitable trend, distributed pair programming
(DPP) is playing an increasingly important role in programming education, through
which two programmers work collaboratively on the same project from distributed
locations under the support of technologies (Baheti et al., 2002). Remote work will
likely increase tremendously in this decade due to the global health crises and pro-
grammers will continue to need to work in a geographically distributed manner. As
a result, learning to program through the DPP approach from an early age is particu-
larly necessary for preparing future programmers, developers, and engineers. On the
other hand, computers and other technologies are becoming more ubiquitous in edu-
cation, and computational thinking (CT) is often described as a fundamental 21st-
century skill (Juskeviciené¢ & Dagiené¢, 2018; Worrell et al., 2015). Programming
has been defined as “the easiest and most appropriate ways to teach computational
thinking” (Hsu et al., 2018, p.299), which is particularly true when programming is
integrated into school or university curricula (Falkner et al., 2014; Kafai & Burke,
2014). And collaboration is an effective means for learners’ mastery of CT patterns
(Echeverria et al., 2019; Worrell et al., 2015; Zhong et al., 2016), as well as improve-
ment in the overall problem-solving competency (Lin et al., 2016). Therefore, using
DPP in programming education is beneficial to develop students’ CT literacy in gen-
eral and help them become independent thinkers and problem solvers.

Even though DPP benefits programming education from many aspects, these
benefits will not occur spontaneously. Due to the open-ended, social, and complex
nature of team-based learning activity, multiple factors could impact its effective-
ness throughout the collaboration process (Faja, 2011; Zhong et al., 2016). There
have been significant investigations into collocated pair programming; although
limited exploration has been found on the geographical distribution in pair team-
ing and factors that may influence the effectiveness of DPP (Hanks et al., 2011).
In addition, different empirical studies may show contradictory views on the
impact of each factor. Therefore, a comprehensive review is needed to summa-
rize, compare, and synthesize the factors in DPP that have been explored.

This study reviewed empirical studies published in the last decade that inves-
tigate the use of the DPP approach in various contexts, following Kitchenham
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and Charters’ (2007) guidelines on systematic literature review. The overarching
research purpose of this review is to understand various themes and factors that
play a role in the team effectiveness of DPP and, thus, to inform future research
and practices on how to better leverage this approach in programming and CT
education. Specifically, this study addressed four guiding questions:

RQI. What are the research contexts of the selected empirical studies on DPP?

RQ2. How effective has DPP been when used in empirical studies?

RQ3. What themes and factors have been explored in the empirical studies on
DPP?

RQA4. What effect does each factor play in the team effectiveness of DPP?

A review of existing literature
Collocated and distributed pair programming

The pair programming technique was initially used in agile software development,
referring to two programmers sitting side by side and working collaboratively on
the same design, algorithm, code, or test (Beck, 2000). Two programmers share one
set of computer devices, including a screen, keyboard, and mouse. They typically
work alternatively between two roles after a specific time period: one works as the
“driver” who is responsible for typing the code and controlling the resources and
devices; the other, who is called the “navigator” or “observer,” work for providing
possible solutions for problems, monitoring the working process, and detecting cod-
ing errors (Williams & Kessler, 2002). According to the literature, pair program-
ming is now one of the most recurrent collaborative learning strategies in both pro-
gramming industry and educational settings (Echeverria et al., 2019; Salleh et al.,
2014; Williams et al., 2002).

Pair programming can advance students’ programming knowledge (Umapathy
& Ritzhaupt, 2017) and help them to achieve better learning performance (Zhong
et al., 2016; Lye & Koh, 2014; Werner & Denning, 2009; Werner et al., 2012). It
also helps learners produce high-quality codes and reduce the time to complete pro-
gramming tasks than using solo programming (Jun et al., 2007). Under appropri-
ate conditions, it is beneficial for fostering learners’ confidence (Hanks et al., 2004;
McDowell et al., 2002; Wei et al., 2021) and higher-ordering thinking such as com-
putational thinking (Wei et al., 2021; Zhong et al., 2016). Additionally, students
taught with pair programming reported higher satisfaction and enjoyment than those
working independently (Hanks et al., 2011; McDowell et al., 2002).

The prevalent use of collocated pair programming fostered the emergence of
the concept of distributed pair programming. Two programmers, most probably
in separate geographically locations, still work on the same project using software
that allows screen sharing and communication (Baheti et al., 2002). In other words,
the main features of DPP are different physical surroundings of two team members
and close collaborative relationship that relied on audio or textual communicating
tools (Bandukda & Nasir, 2010). Thus, one obvious advantage of DPP is that this
technique allows the students to virtually communicate and achieve collaborations
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without space constraints (Baheti et al., 2002; Hanks et al., 2011). Regarding the
effects, some studies have investigated and reported that DPP presents the same ben-
efits as collocated pair programming to the teaching and learning of programming,
such as improving productivity (Baheti et al., 2002), code quality (Baheti et al.,
2002), and the student performance in the exam (Hanks, 2005). It can also increase
development productivity in actual agile practices (Ho et al., 2004) and help with
producing a higher quality of codes and consequently higher-quality software prod-
ucts (Rosen et al., 2010).

However, Williams and Stout (2008) tried to maintain good coordination in a
globally distributed agile team with programmers in Dallas, Texas, and the “remote”
office in Krakow, Poland. They claimed that although continuous conversations
and efficient collaborations are possible to take place in distributed teams, it is still
preferred to keep them together (Williams & Stout, 2008). The interaction between
programmers was presumably identified as a good sign of the effectiveness of pair
programming, which shows that they are on a soundtrack of using this technique
and tend to solve the problem faster and more productively (Kattan et al., 2018). As
the result of the geographical distribution, it is challenging for pairs to keep smooth
communication through a good synchronous channel (Canfora et al., 2006), to sup-
port the coordination between the pairs (Rosen et al., 2010), and to reduce the time
spent on switching between tools and improve the efficiency of DPP implementa-
tions (Canfora et al., 2006; Ho et al., 2004). Dealing with the difficulties and adopt-
ing the DPP approach effectively in educational settings still need further explora-
tion (Kattan et al., 2018).

Theoretical foundation: social constructivism

Social constructivism broadly explains how learning occurs through interactions
and collaborations in social activities and emphasizes students’ intentions to develop
their disciplinary and metacognitive skills (Kozulin, 2003). The concept of col-
laborative learning came from social constructivist theory, which is an instructional
method that engages students to work together in groups or pairs to reach common
academic goals, such as investigating a question, solving a problem, or designing a
project (Barkley, 2005). During the collaboration process, students are responsible
for their own learning and for helping others and subsequently achieving the success
of their groups (Gokhale, 1995). The literature illustrates that collaborative learning
is an effective pedagogy in introductory programming classrooms (DeClue, 2003;
McDowell et al., 2002). The increasing complexity and rapid inherent change in the
computer science discipline make this approach specifically appropriate for this sub-
ject (Preston, 2005).

Pair programming where students work for a shared goal is an approach of collab-
orative learning (Preston, 2005). In this process, the driver and the navigator work
together to analyze problems, make proposals to solve the issues and test the solu-
tion design. They are not waiting for instructors to impart knowledge; instead, they
will actively explore possible solutions and construct meaningful knowledge through
peer communications, which aligns with Bansal’s (2018) argument that the focus
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of collaborative learning shifts from the teachers to the students. The cooperation
mechanism in small groups and the relationship between the pairs were discussed as
critical attributes of collaborative learning. Preston (2005) uses the key attributes of
collaborative learning as a framework of analysis for reviewing previous studies for
assessing and enhancing pair programming as a supportive pedagogy. And the find-
ings showed that this pedagogy is a model of collaborative learning (Preston, 2005).
Hanks et al. (2011) claimed that pair programming as a collaborative and explana-
tory activity could lead to deeper-level thinking and addressed the perceived impact
on learning. The social aspects of pairing were also proved to help increase students’
retention and success in later courses (Hanks et al., 2011).

The cognitive apprenticeship theory also arises from social constructivism
(Edwards et al., 2010) and explains the process that an expert of a skill instructs
an apprentice to master this skill. This theory underlines students’ socialization into
authentic practices through hands-on activity and social interactions (Collins et al.,
1988). As Edwards et al. (2010) put it, “there are powerful affinities in the learning
strategies behind both cognitive apprenticeship theory and pair programming” (p.
50). The approach of cognitive apprenticeship advocates that learning factual con-
cepts through communication in situated learning helps students to understand the
concepts deeply and know how to solve similar problems in the real world (Collins
et al., 1988). In the same way, most programming tasks are based on realistic and
complex problems that need to be solved by paired programmers in both collocated
and distributed academic settings.

Related work

Table 1 compared this study with related work, including two meta-analyses and
three systematic literature reviews on pair programming. The number of primary
studies retrieved in these related studies varied from 18 to 74, as different data
sources and the search strategies were used. The meta-analysis conducted by Han-
nay et al. (2009) retrieved 18 primary studies published from 1998 to 2007. The
systematic reviews by Salleh et al. (2010) and Da Silva Estacio and Prikladnicki
(2015) included articles published respectively from 1999 to 2007 and from 2001 to

Table 1 Comparative analysis of this review and related work

Author(s) Type Year Period No. of primary
studies/No. of data
sources

Brereton et al. SLR 2009 - 28/4
Hannay et al. MA 2009 1998-2007 18/4
Salleh et al. SLR 2010 1999-2007 73/12
Da Silva Estacio & Prikladnicki SLR 2015 2001-2013 34/8
Umapathy and Ritzhaupt MA 2017 20002014 18/5
This study SLR 2020 After 2010 29/8

LR Literature review, SLR Systematic literature review, MA Meta-analysis
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2013. Umapathy and Ritzhaupt’s (2017) meta-analysis covers more updated studies
published before 2014. Considering the significant development of DPP in recent
years, it is necessary to systematically aggregate and analyze more empirical studies
published in the last decade.

Hannay et al. (2009) focused on the effectiveness of pair programming in regard
to code quality, programming duration, and effort investment. This review proved
that pair programming is faster on average than solo programming in less complex
tasks and yields higher quality codes when task complexity increases (Hannay et al.,
2009). In the same way, Umapathy and Ritzhaupt (2017) suggested that pair pro-
gramming has a positive influence on programming assignments, exams, and pass-
ing rates but didn’t show results in favor of effective measures. Brereton et al. (2009)
explored the significant effect of pair programming in both pass rates and retention
rates, students’ confidence, and enjoyment within the master’s degree introductory
programming project constraints. However, these three studies did not investigate
deeper into under what conditions this approach could be more effectively designed
and implemented.

Salleh et al. (2010) discussed pair programming as a pedagogical tool specially at
the higher education level. Besides comparing pair programming and solo program-
ming, Salleh et al. (2010) also systematically reviewed common measures used in
empirical studies at a fine granularity and identified 14 compatibility factors affect-
ing its effectiveness, including students’ skill level, personality, and self-esteem.

The systematic literature review by Da Silva Estacio and Prikladnicki (2015) is
the only one that focused on pair programming for geographically distributed teams.
They argued that specific infrastructures are needed to mitigate the impact of the
distribution and listed essential requirements that a DPP tool should have by analyz-
ing the tools used in the empirical studies (Da Silva Estacio & Prikladnicki, 2015).
This review suggested an expanded discussion on the use of technologies in DPP
and indicated the need of practical guidelines for using DPP as a teaching and learn-
ing strategy (Da Silva Estacio & Prikladnicki, 2015).

Team effectiveness model

The team effectiveness model was initially adopted from the team leadership model
developed by Hughes et al. (1993) in organizational settings. Hughes et al. (1993)
outlined three aspects to understand team effectiveness: (1) the inputs to the team,
including the characteristics of individual team members, team design, and various
organizational contexts in which the teams operate, (2) the processes that teams deal
with the shared tasks, and (3) the outcomes of the teamwork, which could be an
artifact produced by the team or the team harmony and development. Hughes et al.’s
model was renamed the team effectiveness model by Grzeda et al. (2008) and used
to assess a team-building exercise in an online undergraduate course assignment.
Faja (2011) then further improved the model by establishing five constructs identi-
fied from empirical evidence. This made it an appropriate conceptual framework to
analyze the viability of pair programming as a team learning method.
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. Team Design
Individual
Characteristics - Team size
/ - Team composition
- Skills/abilities
- Personality
Team Effectiveness
Task Structure )
- Academic performance
- Task type - Facilitated learning
Team Environment - Task complexity - Satisfaction
- Work quality
- Academic settings - Productivity
- Orientation
Team Processes
- Effort
- Team dynamics

Fig. 1 Team effectiveness model in pair programming

Faja’s (2011) study refined the team effectiveness model, as shown in Fig. 1. The
new model argues that individual characteristics and team environment are two most
fundamental components that determine the team design, team process, and task
structure, and hence affect the team effectiveness in pair programming activity. This
model supported us in categorizing factors systematically and answering the pro-
posed research questions.

Individual characteristics are directly related to learners, including their prior skill
and competence level (Van Toll et al., 2007), personality (Choi et al., 2009; Salleh
et al., 2010), gender (Werner et al., 2004), etc. More factors under this theme will be
identified in the data analysis section. Team environment consists of the academic
settings and orientation of pair programming. Academic settings refer to whether the
application of this approach takes place in the traditional classroom or distance edu-
cation (Faja, 2011). This study focuses on the use of DPP in the distance learning
setting. Faja (2011) identified the orientation approach as another factor under team
environment, which can be understood as how much information about pair pro-
gramming is provided by the instructor before students engage in the learning activ-
ity. It could be a short description in the syllabus (Howard, 2006), an article on pair
programming (Werner et al., 2004), or an online how-to-video (Campe et al., 2019).
Both the supervised training in programming task requirements before students start
to work in pairs (Williams et al., 2008) and the instructor’s facilitation during the
pair programming activity (Howard, 2007) are critical for successful implementa-
tion of pair programming.

Team design includes the team size, which is usually two in pair programming,
and team composition, which indicates how the pairs are formed (Faja, 2011). There
are a variety of pair formation methods in practice. Students can be grouped into
pairs either in a random manner or according to learners’ characteristics and team
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environment. For example, researchers and instructors can form pairs based on their
common levels of programming experience to achieve better learning outcomes:
Some paired students with similar competencies based on the grades (Choi et al.,
2009), while some intentionally matched a strong student with a weaker one (Chig-
ona & Pollock, 2008). They can also allow students to choose their own pairs under
their guidance, with respect to their friendship and enjoyment during the program-
ming process (Campe et al., 2019).

Faja (2011) also mentioned the task structure dimension, which mainly focuses
on two points. The first is the type of the pair programming task, as pair program-
ming has been implemented for both in and outside class activities (Howard, 2007;
Simon & Hanks, 2008; Williams & Kessler, 2001). The second is the complexity of
the task, even though some studies suggested that no significant impact was found
when task complexity increases (Balijepally et al., 2009). From an instructional
designer’s perspective, learners’ characteristics and team environment often deter-
mine the structure of the programming task as well (Faja, 2011).

Regarding the team processes, the effort invested by each team member is a nec-
essary element for team effectiveness. Balijepally et al. (2009) mentioned the con-
cept of social loafing, describing the phenomenon that students exert less effort in
team work often because they assume their partner will take the responsibility and
their own effort is dispensable. The team members’ full engagement is required
for a successful pair programming activity (Roschelle & Teasley, 1995). This is
closely related to instructors’ orientation and guidelines under the team environment
theme (Faja, 2011). Another critical element under the team processes dimension
is team dynamics, or the chemistry between two members in a team (Faja, 2011).
Team dynamics is usually reflected by learners’ attitudes toward collaboration and
communication. Williams et al. (2008) defined two positive processes under team
dynamics: pair pressure and pair relaying. The former process means team mem-
bers are motivated by their partner to pay attention and keep contributing to the
teamwork; while pair relaying means that working with a partner helps them better
understand what they are doing or learning, since knowledge building and transfer
occurs in the social interactions (Williams et al., 2008).

All these five dimensions in the model could potentially impact team effective-
ness. Faja (2011) listed several elements that clearly emerged from their review,
including academic performance, facilitated learning, satisfaction, work quality, and
productivity. As we review the team effectiveness of the DPP approach in this analy-
sis, more elements could be added to the model.

Methods

Systematic literature reviews are the primary approach of synthesis with the purpose
not only to aggregate the existing scientific evidence on a research question but also
to support the development of evidence-based practices (Kitchenham et al., 2009).
Compared with a literature review, a systematic literature review is clearly defined,
answers explicit research questions, and often follows a detailed and rigorous review
method (Kitchenham et al., 2009; Kysh, 2013).
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First, the reviews were completed individually by each author having the four
research questions in mind. After that, the authors met virtually to identify any lev-
els of dis/agreement about their analysis process and outcomes. The two authors had
to agree on which studies to include or leave out of the analysis. Consensus-reaching
was preferred over voting because the authors were committed to making decisions
that everyone actively supported or could live with.

Search strategy and selection criteria

In this systematic review, the primary data were collected by searching for related
articles published in the last decade across eight databases (ACM Digital Library;
IEEE Xplore; ISI Web of Science; Science Direct; ERIC; Education Research Com-
plete; Academic Search Complete; and Education Full Text). The search string was
mainly constructed by major sets of keywords in our research questions, which were
connected by Boolean AND. The synonyms or alternative terms mentioned in pre-
vious related work (e.g., Kitchenham et al., 2009; Mendes, 2005) were added and
incorporated by Boolean OR.

Keywords 1 “Virtual Pair Programming” OR “Remote Pair Programming” OR
“Distributed Pair Programming”.

Keywords 2 experiment OR measurement OR evaluation OR assessment.

Keywords 3 effective OR efficient OR successful.

Keywords 4 empirical research OR empirical study OR data OR sample OR
participants.

Experimenting with several different search criteria using various combinations
of strings to obtain a manageable number of relevant literatures, we carried out an
exhaustive primary search with different search strings. The complete search strings
and the returned articles in each of the databases are shown in Table 2.

We accomplished the primary article selection process in two stages. In the first
stage, we reviewed the title and abstract of each article to determine their suit-
ability. As a result, publications that were irrelevant to our research questions were
excluded. In the next stage, we exposed publications included during the first stage

Table 2 Digital libraries, search strings, and search results

Database Search string No. of stud-
ies returned

ACM digital library (Keywords 1) AND (Keywords 2) AND (Key- 37
words 3) AND (Keywords 4)
IEEE xplore (Keywords 1) AND (Keywords 2) 291
Web of science Keywords 1 28
Science direct Keywords 1 10
Education research complete TX Keywords 1 15
Academic search complete TX Keywords 1
Education full text TX Keywords 1
Eric TX Keywords 1
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to a more thorough reading of the conclusions, and in some cases, the full text. Upon
completion of the primary selection, the identification of relevant literature contin-
ued with the secondary search, where all the selected articles and references in the
articles identified from the primary sources were reviewed. If an article was found
to be suitable, it was added to the existing list of studies qualified for the synthesis.

We used a test-retest approach in the article selection process, which means each
researcher conducted the selection twice at different times to improve reliability. All
the retrieved articles from the primary and secondary search were reviewed based
on the exclusion criteria: (1) Articles in other types other than peer-reviewed arti-
cles; (2) Articles in languages other than English; (3) Articles without available full
texts; (4) Articles published before 2010; (5) Articles with no supporting empirical
evidence on DPP effectiveness or alternative terms.

Quality assessment and data extraction

To facilitate our data extraction process, we followed the quality checklist in
Table 3. The criteria are composed of seven measurements adapted from Dyba and
Dingsgyr’s systematic review (2008) and Da Silva Estacio and Prikladnicki (2015).
Instead of continuing to use the original dichotomous (“yes” or “no”) scale, each
of the seven items in this checklist was graded on the following scale adapted from
Salleh et al.’s systematic literature review (2010): “yes” is equal to 1 point, “par-
tially” is weighted 0.5, and “no” means 0 points. According to the checklist, the total
result of each study ranged from O to 7, indicating the quality varied from very bad
to very good.

We used a data extraction spreadsheet developed in Google Sheets to extract,
record, and manage the data collected. Categories included article title, publica-
tion year, author(s), source/type (journal, conference, workshop), research pur-
pose, research methodology, number of participants, researcher context, research

Table 3 Checklist for quality assessment of the studies

Item Scale

1. The article is properly referenced (presents work related and literature Yes=1 partially=0.5 no=0
review)

2. The objective of the research is clear Yes=1 partially=0.5 no=0

3. The research method was appropriate for achieving the objectives of the Yes=1 partially=0.5 no=0
research

4. There is a clear description of the context in which the research was Yes=1 partially=0.5 no=0
conducted

5. Data collection was done properly Yes=1 partially=0.5no=0

6. The data analysis was performed properly Yes=1 partially=0.5 no=0

7. The results have credibility Yes=1 partially=0.5 no=0

The adapted checklist to assess the articles used in this systematic literature review (Da Silva Estacio
etal., 2015, p. 4)
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contribution, tools/infrastructures, status (included or excluded) and corresponding
justifications.

Results and discussion

The following paragraphs summarize this study’s results and analyze them against
existing research. This section is organized around quality assessment results and
results per research question, including a deep dive into the Team Effectiveness
model.

Quality assessment results

The initial search of relevant literature with keyword strings produced 397 studies.
Of these studies, only 45 were potentially relevant and valuable based on screening
the title and abstract and removing duplicate studies. Then we read in full all the
45 articles and applied the inclusion and exclusion criteria. We selected 23 stud-
ies for the quality assessment out of 45; therefore, 23 studies were included for the
synthesis of evidence. Table 4 shows the quality scores for all 23 studies. Eleven
studies (48%) were considered high quality (above average), and nine studies (39%)
were deemed very good and good quality, respectively; three studies (13%) attained
acceptable quality.

RQ1: What are the research contexts of the selected empirical studies on DPP?

The results show that most studies (n=16) conducted experiments with controllable
variables. Four of them were case studies, and the remaining three used surveys to
achieve their research objectives (see Table 5). From the distribution of the studies
over the years from 2010 to 2020 in Fig. 2, we can see that compared with the first
half of the last decade, there was an increased average number of empirical studies
on DPP in the second half. At least two related articles were published each year
after 2015, and they reached the peak (n=4) of the number of articles respectively
in 2015 and 2019. Among these studies, more than half were shared at conferences
(n=12) and workshops (n=1) in the field of computer science and engineering
education; The rest of the studies were published in journals (n=9) and magazines
(n=1).

Table 4 Quality assessment scores

Quality scale Very Poor (2-<3)  Acceptable Good (5-<=6) Very good (>6) Total
poor (3-<35)
(<2)
No. of studies 0 0 3 9 11 23
Percentage (%) — - 13% 39% 48% 100%
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Table 5 Distribution of studies by research design and participants

Research design No. of studies
Experiment 16
Case study 4
Survey 3
Participants No. of studies
Undergraduate 17
Graduate 2
Programmer 2
Undergraduate & graduate 1
Undergraduate & programmer 1

No. of studies
(3]

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

Fig.2 Distribution of studies by years

Most of the studies were conducted at the higher education level: 17 studies
recruited undergraduate students as the research participants; two studies focused
on the graduate student group; and two studies recruited both undergraduate
and graduate participants (see Table 5). By further looking into the research
settings, we found that 13 studies were conducted in computer science courses,
such as Introduction to Computer Programming, Object-Oriented Programming,
Data Science, and Data Visualization. The rest of the studies focused on profes-
sional programmers in the industry: Rajpal (2018) studied a case where DPP was
extremely effective for professional programmers; Dominic et al. (2020) recruited
software engineers to participant in their comparison experiments and found they
performed more efficiently using the virtual reality system in remote collabora-
tion; And Bravo et al. (2013) designed collaborative programming activities with
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the groupware tool called COLLECE for university students of computer science
major as well as employees of a software factory, making sure that the tool is
applicable to both educational and industrial settings. However, as it is advocated
to equip children with programming skills and CT abilities at an early age (Kafai
& Burke, 2014); more empirical research in K-12 education is in need.

Regarding the programming languages used in research intervention, exclud-
ing three articles that did not indicate which language they used, most of the
studies explored DPP as a technique to program with Java (n=16). It is not only
because Java has been one of the prevalent programming languages over the last
decade, but also many current integrated development environments (IDEs) were
written in Java. Besides, there are respectively one study using SQL, Python, R,
and a visual programming language (Alice).

RQ2: How effective has DPP been when used in empirical studies?

Of the 23 studies selected, seven focused on the impact of the DPP by comparing
this approach with control groups in collocated pair programming or individual
programming settings or by observing different cases where DPP was conducted.
DPP, under favorable conditions, is beneficial for students to produce code of
higher quality (e.g., Zacharis, 2010) and show higher levels of enjoyment during
the learning experience (e.g., Xinogalos et al., 2017). However, Zacharis (2010)
indicated that 57% more effort was needed from pairs to complete the same pro-
gramming task than individuals. Tsai et al. (2015) suggested that students’ ger-
mane cognitive load cannot be significantly reduced by sharing the workload.
As a result of the complex nature of DPP, to fulfill its advantages as a learning
approach and mitigate the disadvantages, suitable interventions and facilitation
provided by the instructor when implementing this approach are critical (Sun
et al., 2020).

RQ3: What themes and factors have been explored in the empirical studies
on DPP? and RQ4: What effect does each factor play in the team effectiveness
of DPP?

The remaining studies explored 12 factors that possibly have a bearing on the effec-
tiveness of DPP. These factors were divided into four themes in the Team Effective-
ness model: individual characteristics (8 factors), team design (1 factors), team pro-
cess (1 factors), and team environment (2 factors). The factors investigated in these
studies, as well as the study ID, were classified based on the, as shown in Table 6
and Appendix. Each study investigated the effects (e.g., significant effect, no signifi-
cant effect) of several factors on several different team effectiveness measurements
(e.g., academic performance, code quality, completion time). The specific effects of
each factor on team effectiveness are shown in Table 7. In addition, Fig. 3 offers a
visualization of team environment factors and effects.
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Table 6 Investigated factors and the corresponding number of studies

Factors Total studies Significant effect No significant effect

Individual characteristics

Programming experience 2 S13 S13, 87
Actual skill 5 S4,S12, S17, S19, S21 -
Perceived skill 3 S4,S12, S13 -
Gender 2 S4, S8 -
Confidence 2 S13, S17 -
Self-esteem 1 S12 -
Time management 1 S4 -
Personality 1 S4 -
Team design

Compatibility 2 S16, S21 -
Team process

Feel-good 2 S13, 817 -
Team environment

Orientation 5 S9, S15, S16, S18, S19 S15
Technology 6 S1, S2, S3, S6, S7 S14

S1 means Study [1] (Al-Jarrah and Pontelli, 2014) in the Appendix, S2 means Study [2] (Bravo et al.,
2013) in the Appendix, and so on

Theme 1: individual characteristics

Aligned with Hanks et al.’s (2011) findings in the pair programming area, this analy-
sis indicates that factors related to participants’ individual characteristics attracted
major investigations in the selected articles, including participant’s prior program-
ming experience, actual skill level, skill level perceived by their partner, gender,
feel-good factor, confidence level, team management competency, self-esteem, and
personality.

Programming experience Satratzemi et al. (2018) revealed a significantly positive
impact of students’ programming experience on reducing the time of solving DPP
problems. Howver, according to the results of these studies, the prior programming
experience has no impact on their “feel-good” factor (Tsompanoudi et al., 2019;
Satratzemi et al., 2018), which is a concept represents how comfortably team mem-
bers feel during the process of DPP (Muller & Padberg, 2004).

Actual skill level Based on the argument that students’ actual skill level of program-
ming is a determinant factor in pair programming, researchers hypothesized and
confirmed that students’ actual skill, typically measured by their scores in previous
programming courses, has a positive relationship with their overall academic perfor-
mance in a DPP activity (Xinogalos et al., 2019). High actual skills also contributed
to the compatibility of distributed pairs (Satratzemi et al., 2019; Dou and He, 2010).
Urai et al. (2015) explored the influence of the actual skill level by comparing cases
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Fig.3 Visualization of team environment factors and effects

where pairs’ abilities were different with those where pairs have nearly equal ability.
Qualitative questionnaires used in their study caught fine-grained self-reported data
from students and provided more evidence for the complex impact of actual skill in
DPP (Urai et al., 2015). Although DPP was more effective for students to learn to
code whose abilities were minimally different, there are still some equal-ability pairs
who reported dissatisfaction, difficulty, or worries about communicating with their
team members (Urai et al., 2015). Also, in different-ability cases, the students with
lower abilities felt discouraged and gradually lost motivation for the DPP session. In
comparison, the stronger student had no frustration whenever playing the driver or
the navigator role (Urai et al., 2015). We interpret that as the actual skill level had a
significant positive impact on the feel-good factor. Additionally, Tsompanoudi et al.
(2016) mentioned that groups formed based on students’ similar grades in program-
ming courses tend to feel more satisfied with the collaboration experience.

Perceived skill level Aligned with Katira et al.’s findings (2005) in collocated pair

programming, Satratzemi et al. (2019) suggested that the perceived technical com-
petence by the partner is also a significant contributor to the compatibility of team
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members in DPP. Similarly, Dou and He (2010) indicated that students would be
more likely to pair with peers who they thought have similar or higher skill levels,
in which cases the team compatibility was higher. Though, this situation would
cause frustrations if both students in a pair perceived similarly low skills (Dou
& He, 2010). This factor is also positively associated with students’ satisfaction
toward the learning activity, as Satratzemi et al. (2018) argued that pairs who con-
sidered themselves to have comparable technical competence tend to show more
satisfaction with DPP sessions.

Gender Gender was also identified as a significant individual characteristic that
impacted the compatibility of pairs (Dou & He, 2010). Kuttal et al. (2019) focused
closely on the influence of gender in technology mediated DPP and revealed more
interesting findings: Females tended to use more non-verbal cues for communica-
tion than males and preferred to work in same-gender groups (Kuttal et al., 2019).
Gender also influences the effort investment and hence determines the social
dynamics within a team. Kuttal et al. (2019) compared same-gender pairs with
mixed-gender pairs and found that same-gender teams tended to be democratic and
equitably divide tasks; In contrast, in mixed-gender pairs, an authoritative member
normally plays a leading role (Kuttal et al., 2019).

Confidence and self-esteem Physically distributed teams could be highly compat-
ible and successful, but it is necessary to consider programmers’ confidence and
self-esteem as preconditions. Pairs with a higher confidence level in programming
tend to achieve better performance in exams and assignments (Satratzemi et al.,
2018; Tsompanoudi et al., 2019). Team members who have more confidence are
likely to lead the work and reduce the implementation time of tasks (Satratzemi
et al., 2018; Tsompanoudi et al., 2019).

Self-esteem and confidence are two overlapped but different concepts, as
confidence focuses on learners’ belief in their abilities and self-esteem is about
whether learners value themselves. Satratzemi et al.’s (2019) explored whether
self-esteem is a potential influencing factor for pair compatibility but found that
compatibility is not dominated by students’ self-esteem in remote collaboration
(2019). A possible explanation for this finding is that people’s self-esteem might
increase as a result of rich and high-quality social interactions with others in a
highly compatible team (Denissen et al., 2008).

Time management plan and personality type Because learners spend limited time
learning basic concepts and principles in the DPP classroom and collaborate for
a significant amount of time after the lecture, Dou and He (2010) suggested that
learners prefer to pair with others who have similar time management plans out-
side the classroom. In addition, they also mentioned personality type as a neces-
sary consideration to form highly compatible and successful pairs (Dou & He,
2010). They argued that a DPP tool should be able to support the evaluation of pair
compatibility by analyzing factors including personality type (Dou & He, 2010);
However, the authors did not demonstrate the instrument they used to measure
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personality type or the rules that indicate which personality types could be com-
patible with each other. To better leverage this factor in future DPP practices, more
research and empirical evidence are needed.

Theme 2: team design

Compatibility Investigations have also been found among the reviewed articles on
how team design, particularly the pair compatibility factor, impacts the team effec-
tiveness of DPP. Pair compatibility showed significant impact on satisfaction (Tsom-
panoudi et al., 2016). While Xinogalos et al. (2019) claimed that pair compatibility
has no association with students’ academic performances, researchers have been
interested in finding patterns to improve the likelihood of forming compatible pairs
in pair programming. For example, Williams et al. (2006) recruited 1350 undergradu-
ate and graduate students and examined their compatibility. The articles reviewed
in this study also discussed several relevant individual factors. However, it is still a
challenge to foresee and avoid or correct a potential incompatibility between team
members, no matter in collocated or distributed pair programming contexts (Dou &
He, 2010).

Theme 3: team process

Feel-good factor We have talked about the individual characteristics that potentially
lead to a better subjective feeling towards the distributed teamwork process. As a fac-
tor under the team process theme, the feel-good factor does not affect programmers’
performance and completion time in DPP (Tsompanoudi et al., 2019; Satratzemi
et al., 2018). Neither Tsompanoudi et al. (2019) nor Satratzemi et al. (2018) found
any relationship between the feel-good factor reported in students’ evaluation of the
DPP sessions and their self-confidence in programming after the learning activity.
Nevertheless, it is still a topic worthy of attention and research because it is closely
related to the learners’ or programmers’ motivation in DPP (Chong & Ahmed, 2015).

Theme 4: team environment

Regarding theme environment and the impact of environment factors, orientation
and technology were found as the main factors impacting team effectiveness of
DPP.

Orientation The influence of team environment factors, including the instructional
orientation and technology use in DPP, also spurred a multitude of research stud-
ies. Scripted roles orientation, meaning that students switch their roles between
“driver” and “navigator” after each task for equal engagement in relevant roles, has
been well-investigated in the selected articles. Consistent with research findings in
the collocated pair programming area, the scripted collaborative learning approach
was found quite useful in DPP contexts in reducing the average time student spent
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typing program code (Tsompanoudi et al., 2013) and improving their group’s per-
formance (Tsompanoudi et al., 2013; Urai et al., 2015).

The Eclipse-SCEPPSys system used collaboration scripts as an orientation
strategy in DPP, through which students in the experimental group switched their
roles more often, showed higher engagement, and reached more balanced task dis-
tribution and knowledge acquisition (Tsompanoudi et al., 2015). The role switches
mechanism in structured collaboration did not take more time in completing the
assignments as expected, but it did not significantly shorten the completion time of
assignments either (Tsompanoudi et al., 2015). However, the structured collabora-
tion did not necessarily improve students’ participation rate, and the experimental
and control groups achieved similar learning performances (Tsompanoudi et al.,
2015). Although students gave some positive feedback, many complained about
unfair role assignment in the system because of the varying difficulty levels of tasks
(Tsompanoudi et al., 2015). Tsompanoudi et al. (2015) and then improved their sys-
tem accordingly.

After evaluating and validating the SCEPPSys system in their previous study,
Tsompanoudi et al. (2016) then compared the efficiency of two different task distri-
bution strategies. One approach is the scripted role policy, the other is an adaptive
distribution of tasks where students decide their role depending on whether their
skills match the task type. The spontaneous role assignments turned out to be more
helpful in improving pass rates and learning performance in the final grades (Tsom-
panoudi et al., 2016). While ensuring frequent role switches and equal contributions
from each student, the adaptive distribution can expose students to various learn-
ing objectives and maximize their potential compared to the scripted roles (Tsom-
panoudi et al., 2016). Therefore, the same as the proposition in the general area of
computer-supported collaborative learning, scripted roles should be gradually fade
out as programmers get more familiar with this learning mode and become grow-
ingly cooperative (Kobbe et al., 2007, as cited in Tsompanoudi et al., 2013).

Finally, automatic interventions were provided to students, and this approach sig-
nificantly improved the program quality and shortened the completion time (Qiao
& Bai, 2017). Computers implemented these interventions automatically based on
learners’ behaviors to prevent unexpected behaviors that potentially impact the pro-
gramming outcomes (Qiao & Bai, 2017). Qiao and Bai (2017) indicated the diffi-
culty of putting the new behavioral perception and automatic intervention technique
into DPP practices due to the ambiguous and arbitrary content in the computer sci-
ence subject, the existence of interference factors, and the complex nature of col-
laborative programming behaviors. Still, this study addressed the importance of ori-
entations from the external environment.

Technology Table 8 shows that Eclipse is the mainstream IDE to support the appli-
cation of DPP activities. Of the 23 articles, 13 mentioned the use of Eclipse or its
freely available plugins. SCEPPSys is the most popular plugin, and it was developed
as a particular DPP system that combines collaboration scripts and supports differ-
ent ways of remote collaboration (Tsompanoudi et al., 2015). It also has enhanced
logging functions, which is a critical function for collecting and evaluating learn-
ers’ interactions within educational contexts (Tsompanoudi et al., 2015). Saros (Urai
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Table 8 Distribution of studies

T No. of studi
by technologies ype o. of studies

Eclipse-SCEPPSys  IDE plugin 8
Eclipse-Saros IDE plugin 1
Eclipse-XPairtise IDE plugin 1
Eclipse-XecliP IDE plugin 1
Eclipse IDE 2
Jimbo IDE 1
COLLECE IDE 1
AliCe-VilLagE IDE plugin 1
TeamViewer Remote desktop sharing 1
Skype Telecommunications 1
NetMeeting Telecommunications 1
Connect now Telecommunications 1
StarLogo TNG Modeling and simulation 1
VirtualDesk Virtual reality environment 1

“IDE” means Integrated Development Environment

et al., 2015), Xpairtise (Qiao & Bai, 2017), and XecliP (Tsompanoudi et al., 2013)
were also mentioned respectively by one article and proved to be useful plugins in
DPP activities. Besides Eclipse, some studies applied other IDEs, including COL-
LECE, Jimbo, and an extension of Alice named Alice-VilLagE.

Three articles focused on investigating how IDEs support DPP and reported its
positive impact on students’ code quality (Bravo et al., 2013), completion time (Al-
Jarrah & Pontelli, 2016), satisfaction (Ghorashi & Jensen, 2017; Al-Jarrah & Pon-
telli, 2016), and learning experience (Ghorashi & Jensen, 2017). The most signifi-
cant benefit of IDEs that were specifically designed for DPP is to mitigate barriers to
communication caused by the physical separation and thus improve the productiv-
ity for completing higher-quality programs. Although programmers may take more
time to complete their tasks due to increased communications and coordinations, the
additional time could be offset by fewer coding time (Bravo et al., 2013).

A free-text chat or an alternative audio tool is normally embedded in the above-
mentioned IDEs. When there is not an IDE specially designed for DPP, it sometimes
requires incorporating a tool to support communication and collaboration (Rajpal,
2018). Tools that enable teleconferencing, instant messaging, remote desktop shar-
ing and controlling were frequently used, such as Skype (Urai et al., 2015), Net-
Meeting (Zacharis, 2010), Connect Now (Edwards et al., 2010), and TeamViewer
(Kuttal et al., 2019).

Tsai et al. (2015) used an extension of the Logo programming language named
StarLogo TNG within DPP. StarLogo TNG can model and simulate a 3D world.
Even though there was no significant difference on learning performance between
various programming modes shown in Tsai et al.’s (2015) study, they claimed
the importance of optimizing learning support and knowledge sharing tools for
DPP. Likewise, Dominic et al. (2020) brought up a novel idea of gathering learn-
ers from different physical locations in a shared virtual reality environment called
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VirtualDesk. With VirtualDesk, students solved almost twice as many bugs as those
who only used a screen sharing tool in a shorter period (Dominic et al., 2020).

Moreover, Bravo et al. (2013) addressed the importance of a series of awareness
support mechanisms provided by technologies in DPP scenarios, among which shar-
ing selection is vital. It provokes a visual response from the non-selector, establishes
a common understanding of referring to the selected objects, and eventually pro-
motes interaction quality (Jermann & Niissli, 2012). Visual representations particu-
larly benefit novice programmers when learning coding, for example, the compari-
son experiments by Kaplan and An (2005) showed that students with visual models
produced better coding and debugging abilities than factual models. A visual execu-
tion notation in coding even strengthened beginners’ competence in evaluating and
solving recursive programming problems (Tung & Chang, 2001), which are the
foundations for developing their CT skills.

Conclusion

We conducted a systematic review of the literature on DPP published after 2010 to
identify and analyze the following:

Research contexts where DPP was investigated
Effectiveness of the DPP approach

Themes and factors that influence the effectiveness of DPP
Effects of these themes and factors.

&0 o

Twenty-three articles were carefully selected, reviewed, and synthesized in this
analysis through the lens of the team effectiveness model adapted from Faja (2011).

The results addressed in RQ1 showed that most studies were conducted in higher
education contexts and the programming industry. However, this review found no
empirical research in K-12 educational contexts. Java is the mainstream program-
ming language in DPP classrooms and work environments; Eclipse with the SCEPP-
Sys plugin is the most popular IDE in DPP activities.

For RQ2, seven of the 23 selected studies revealed that DPP is a valuable
approach under favorable conditions, allowing programmers to produce higher-qual-
ity code and facilitate their engagement in learning activities. Compared to individ-
ual programming, DPP requires more effort from programmers because of increased
communication and coordination (Zacharis, 2010). Sharing the workload in the DPP
team does not apply to mitigate students’ germane cognitive load (Tsai et al., 2015).

RQ3 highlighted the themes and factors that have been investigated in existing
studies. A total of 12 factors under four themes were categorized, and their effects
were synthesized. The results showed that individual characteristics attracted major
investigations, including prior programming experience, actual skill, perceived skill,
gender, personality, time management, confidence, and self-esteem. Pair compat-
ibility is a decisive team design factor significantly affecting programmers’ satisfac-
tion. The feel-good factor in the team process was studied, but no significant impact
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was found. Under the team environment theme, different opinions on the orientation
(e.g., scripted roles) and the use of technology (e.g., integrated development envi-
ronment tools) were compared.

The impact of individual characteristics, including participants’ prior program-
ming experience, actual skill level, skill level perceived by their partner, gender,
confidence level, team management competency, self-esteem, and personality, has
been reported extensively and addressed under RQ4. Additionally, Table 7 summa-
rizes the specific effects of each individual factor as well as team compatibility, feel-
good factor and team environment expressed by orientation and technology on team
effectiveness.

In sum, DPP is a promising approach for learning to program and developing CT
capability. However, insufficient empirical studies have investigated the use of DPP
in K-12 contexts. As a result, we argue that more research in K-12 levels is in need,
especially because researchers suggested that equipping children with CT abilities at
an early age will give them new perspectives when solving problems in and outside
school (Kafai & Burke, 2014).

Future work should also pay more attention to the under-researched factors: the
design of task structure, the creation of team environment, and team processes dur-
ing the DPP process (Xu & Correia, 2021). Balijepally et al. conducted a controlled
laboratory experiment and reported that no significant impact was found when task
complexity increases in collocated pair programming (2009). Nevertheless, how the
type and complexity of learning tasks could impact the team effectiveness of DPP is
still unknown.

The role of teachers was not mentioned in the reviewed studies, but this factor
plays a critical role in creating a favorable team environment. Bansal addressed
teachers’ role in mediating, structuring, and promoting peer interaction and discus-
sion in collaborative learning (Bansal, 2018). Both collocated and distributed pair
programming strategies are believed to be most valid when teachers take the role of
facilitators and guide students to collaborate effectively. The instructor should pro-
vide specific objectives for pair programming tasks, monitor pairs as they program,
and provide instructional assignments from which students can learn things (Pres-
ton, 2005). In this sense, future research should explore the effect of various coach-
ing interventions from the instructor or equivalent roles in DPP.

In addition, because DPP requires close collaborations and social interactions, the
team process deserves further explorations, such that suitable interventions can be
provided to achieve a healthy team ecology. For example, avoiding the social loafing
that often happens to the weaker side in teamwork is always a concern (Balijepally
et al., 2009; Howard, 2007). Timely detection of this problem through peer evalua-
tions and appropriate management of pair interactions are helpful to encourage stu-
dents’ equal participants (Williams et al., 2008).

Significance of this study

The results of this study contribute to the body of knowledge in the literature, as it
provides a snapshot of DPP research and discusses potential directions for future
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research. Another key implication for educators relates to designing and implement-
ing DPP in educational contexts. Teachers can use the results reported here to design
more effective classroom interventions and capture the benefits of DPP as a collabo-
rative programming approach to support computational thinking, a proven essential
skill for the current job markets.

Considering the ever-evolving trends towards global collaboration, distance edu-
cation, and teleworking in the post-peak era of the COVID-19 pandemic, program-
mers commonly work in a geographically distributed manner, and the demand for
DPP will continue to grow, especially as computational thinking becomes a funda-
mental 21st-century skill. Computational thinking enables real-world problem solv-
ing and more accurate problem formulation leading to better solutions.
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