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Studies have shown that distributed pair programming improves student performance and retention 
in online computer science (CS) courses. However, as online CS courses become more commonly 

offered in computer science and Informatics departments around the country, it is imperative that 
distributed pair programming becomes as effective as when performed in co-located spaces such as 
computer labs. The present study identifi es a disparity in student attitudes towards pair programming 
in co-located versus online environments. This study identifi es several qualitative measures that can 
impact the pedagogical advantages of pair programming when implemented into an existing online 
computer science curriculum. This on-going study focuses on the online Informatics curriculum at 
Indiana University Bloomington and Indiana University Purdue University Indianapolis. Begun in 
Spring 2009, the research focuses on student experiences and perceptions of pair programming, and 
utilizes both quantitative and qualitative assessment methods. In order to improve the effectiveness 
of distributed pair programming, it is crucial to properly assess teaching and learning practices that 
will improve student engagement and motivation in distributed pair programming exercises. Student 
experience surveys, using a modifi ed Likert scale, demonstrate that student-centered perceptions of the 
ease and effectiveness of pair programming differs signifi cantly between co-located and online activities. 
This paper identifi es several key areas where there is a noticeable variance between co-located and online 
pair programming experiences, and argues that addressing and improving these key areas will be vital for 
the successful implementation and sustainability of distributed pair programming efforts.
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ADDRESSING THE NEEDS OF 
ONLINE COMPUTER SCIENCE 
EDUCATION
Despite the growth of distance education in computer 

science curricula, student retention remains a problem for many pro-
grams. Failed retention rates for distance education undergraduates 
are estimated range from 20 to 50 percent. [11] Pair programming 
is an approach that can improve student retention and performance 
in online computer science courses. Pair programming is sometimes 
known in software development as “extreme programming”. Distrib-
uted pair programming benefi ts online students in computer science, 
informatics and other STEM disciplines by building upon a proven 
method of collaborative peer learning. When properly implemented 
and supported, pair programming in introductory computer science 
classes has been shown to improve enrollment, aid in retention, raise 
performance levels, and increase overall satisfaction. [1, 16] Research 
also shows that pair programming techniques and pair problem solv-
ing reduces the so-called “confi dence gap” between female and male 
programming students, though the synergistic benefi ts of pair pro-
gramming ultimately increases the confi dence of all learners [6].

Pair programming, and its relationship to theories of collabora-
tive learning, has been shown to increase the number of women 
(and men) persisting in their previously stated intent to pursue de-
grees in computing. In addition, paired teams have been found to 
signifi cantly outperform individual or “solo” programmers in terms 
of program functionality and readability, to report greater satisfac-
tion with the problem-solving process, to have greater confi dence 
in their solutions, and to be more likely to complete a programming 
assignment [24]. Pair programming produces more profi cient, con-
fi dent programmers, and may help increase female representation 
in the fi eld. Studies have found that a signifi cantly higher percent-
age of the students who had paired had gone on to attempt the next 
level course within a year, than had the nonpairing students [14].

The methodology behind pair programming emphasizes the 
roles of the paired students, hence avoiding some of the problems 
seen in lecture-mode approaches in existing undergraduate STEM 
education, and also very common in online courses [18]. Online 
pair programming is a promising area of investigation to support 
further innovation and diversity in STEM education programs. 
Pair programming is already a proven effective method of learning 
in traditional computer science classrooms. As a pedagogical strat-
egy, pair problem solving directly addresses the tendency of stu-
dents in STEM disciplines to be taught to perform solitary work 
or to program on their own. Research has shown an increased con-
fi dence and job satisfaction in paired students [21]. Furthermore, 
as Williams and Kessler [21] point out, even STEM students who 
are accustomed to solitary work can effectively make the transition 
to paired work. Finally, the collaborative learning at the core of pair 
programming is more closely aligned with “real world” work envi-
ronments, thus better supporting educational imperatives to create 
lifelong, productive learners in STEM-related fi elds [16].

Among the educational and institutional issues we face at IU-
PUI, and at a growing number of institutions that offer an exten-
sive distance education curriculum, is the challenge of identifying 
and implementing the most effective distributed learning strategies 

that can promote student success and retention in a growing on-
line curriculum. In this paper, we will argue that pair programming 
can be an effective pedagogy for improving student retention and 
performance, but that more research and development is needed to 
make online pair programming as effective as its co-located ver-
sion. The need to have proven distributed learning strategies and 
pair programming techniques will only intensify over time as more 
and more computer science courses are taught online.

Towards that end, we have begun research into student percep-
tions and experiences with distributed pair programming. In the 

spring of 2009, we began by conducting a brief two-week trial in an 
introductory computer science course. The initial fi ndings indicate 
areas where the students perceived a gap between the effectiveness of 
co-located pair programming versus distributed pair programming. 
The preliminary research points towards the need for a more com-
prehensive and intensive investigation to create, verify and sustain 
the power of pair programming as a key component of online sci-
ence, technology, engineering and mathematics (STEM) education.

In this paper, we approach distributed pair programming 
through a pedagogical and institutional framework based on the 
following properties:

● Utilizing already available software to support distributed pair 
programming and leveraging as much as possible our existing 
technology investments. Thus, Adobe Connect is the solution we 
use for distributed pair programming.

● Implementing a pair programming and pair problem solving 
methodology that can be used throughout the entire online Infor-
matics curriculum.

● Addressing the additional amount and quality of student and 
teacher training needed to implement pair programming through-
out the curriculum, with the goal of building a sustainable system 
that leverages existing instructor training opportunities, teaching 
materials and staff assistance.
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RELATED WORK
There have been many studies conducted on dis-
tributed pair programming. Most studies confi rm a 
fi nding raised by Olson and Olson [17] that “distance 
matters” in collaborative work and online pedagogy. 

As they state: “Collaborative work at a distance will be diffi cult to 
do for a long time, if not forever. There will likely always be certain 
kinds of advantages to being together” (17, 173). However, Olson 
and Olson recognize that there are a range of web-based and mo-
bile tools that will increasingly make collaboration over distances 
more effective [17]. A strong overview of distributed pair program-
ming environments is provided by a technical report from the De-
partment of Computer Science at University of North Carolina 
at Chapel Hill. The report details approaches to distributed pair 
programming dating back to 2001, and covers such technologies as 
desktop sharing technologies and instant messaging programs to 
encourage online student collaboration [2].

Devide, et. al [9] identify some of the key limitations of com-
monly available software solutions for pair programming:

■  ■  ■

Initial solutions using remote desktop software like VNC 
and Microsoft NetMeeting for distributed pair program-
ming had a high bandwidth requirement. These software 
packages share the desktop of one person with other col-
laborators by sending the screen contents as streaming 
video to create a pair programming-like environment. 
For these solutions, the screen refresh rate can also be too 
low for the navigator to follow what the driver is doing. 
The main advantage of using this type of desktop sharing 
software is that they are application independent [9, 2].

■  ■  ■

These problems still persist today for instructors and depart-
ments seeking to leverage existing online collaboration tools such 
as Adobe’s Connect Now software, and the wide variance in the 
quality of students’ home internet connections and the uneven 
performance of student-owned personal computers and laptops. 
Moreover, implementation, technical support, and workfl ow/tuto-
rial issues still arise with distributed pair programming that do not 
occur during co-located pair programming [15].

In a related vein, many researchers are building new software 
systems to improve distributed pair programming. Some of the 
most promising examples of a software-engineering approach to 
this area include Devide, et. al. work on Jazz Sangram [9]. These 
software solutions can have benefi ts beyond those offered from 
collaborative software found in course management systems and 
virtual collaboration software like Adobe Connect Now. But at this 
point, our department (like many others) does not have the techni-
cal and fi nancial resources to adopt additional proprietary software 
to support distributed pair programming at this time.

From a pedagogical perspective, many researchers, reports and 
studies have identifi ed the effectiveness of distributed pair pro-
gramming [4]. But a growing body of literature also emphasizes 
the need for continuing to develop pair programming along the 
lines of traditional pedagogical approaches. The work of Simon 
and Hanks [19], and Hanks and Brandt [10], for example, on fi rst 

year students and programming novices argue for the need to ad-
dress ineffective learning behaviors among students and the need 
to integrate approaches consistent with other theories of teaching, 
learning and motivation. Subsequently, we will examine two of the 
major learning theories behind our adoption of pair programming 
in an online curriculum.

LEARNING THEORIES: COGNITIVE 
APPRENTICESHIP AND INTRINSIC 
MOTIVATION IN STEM EDUCATION
Social networks like Facebook, micro blogging prac-

tices like Twitter, and collaborative tools like wikis are serving as 
sites of “cognitive apprenticeship” for today’s digitally connected 
learners [8]. The idea of cognitive apprenticeship arises from the 
social constructivist-learning paradigm, which is invested in having 
learners invested in authentic tasks and modeling expert behav-
iors, frequently through hands-on tasks [7]. The methodology of 
cognitive apprenticeship suggests that students learn best in teams 
and on complex projects that more closely approximate the real 
world. There are powerful affi nities in the learning strategies be-
hind both cognitive apprenticeship theory and pair programming. 
For example, cognitive apprenticeship emphasizes the importance 
of peer communication in situated learning exercises, which is 
congruent with the learning theory behind pair programming [7]. 
Both cognitive apprenticeship and pair programming highlight the 

power of collaborative learning and situated cognition. Nowadays, 
a computer science student will also have personal and informal 
learning experiences within Web 2.0 networked environments. For 
example, ‘cloud computing’ will reconfi gure their learning expecta-
tions and practices within the physical walls of the university and 
in online environments [12].

The compelling need for online pair programming in computer 
science curricula connects to this growing imperative for higher 
education to address and adopt many of today’s widely used Web 
2.0 tools, cyber infrastructures [12]. It also stresses that as informal 
uses of information technologies proliferate, computer science stu-
dents will bring those IT skills into online distributed educational 
environments [15]. Pair programming and pair problem solving 
have the potential to leverage those skills in online STEM educa-
tion. More students than ever before are learning computer science 
through distance education. For example, at Indiana University 
Purdue University Indianapolis (IUPUI), the Informatics curricu-
lum is increasingly being taught via distance education classes.

2
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However, the move to online courses is more than just a tech-
nological issue. New pedagogies need to be developed and adopted 
to support teaching and learning in these emerging distributed set-
tings. Educators in higher education need to demand that online 
courses retain all the same cognitive rigor and are assessed for the 
same learning outcomes as non-online courses in the curriculum. 
We have identifi ed online pair programming as a method to im-
prove performance and retention in online STEM courses, espe-
cially introductory computer science and informatics courses, where 
programming and problem solving are critical learning outcomes.

Since the effectiveness of online pair programming impacts stu-
dent retention rates and academic performance, questions of stu-
dent motivation and engagement will be important in our study. 
Based on the work of Bandura [3] and theories of social learning, 
our research addressed questions of student self-effi cacy in distrib-
uted pair programming. In other words, how intrinsically motivated 
are students to engage in pair programming out of an interest in 
authentic problem solving skills and “evidence of progress” in their 
learning in virtual settings [20]. We argue that as pair program-
ming is incorporated into distributed learning environments, pair 
programming helps scaffold student learning, and will, if properly 
implemented and supported, result in “creating mental models that 
last” [5, 20] and engage more students to learn by emphasizing in-
trinsic intellectual rewards such as the “challenge” of learning [13].

METHODOLOGY

4.1 Pilot Study
The pilot study was conducted in the laboratory ses-

sion of I101 course, “Introduction to Informatics” in the School of 
Informatics at Indiana University Bloomington. This is a large in-
troductory course with approximately 100 students enrolled every 
semester, and consisting of six different lab sections. We conducted 
our experiment in the spring of 2009 semester over the course of 
two weeks. The course currently does not use pair programming in 
its co-located labs, and as part of our research, the instructor gave 
the researchers permission to use upcoming lab assignments taught 
in an online environment. See Figure 1.

In support of this experiment, one of the researchers attended 
the I101 course and gave a brief tutorial on how pair program-
ming works, as well as a tutorial on how to use Adobe Connect 
Now software. Our implementation of pair programming follow-
ing the NWCIT’s “Pair Programming in a Box” protocols [16]. 
The software we used to support distributed pair programming 
was Adobe’s Connect Now, which is a software used regularly in our 
distance education curriculum and fully supported by the technical 
staff of our department.

Connect Now is a secure, web conferencing software. It has a 
screen sharing application, interactive whiteboard function (where 
students can type and draw in real-time), remote control desktop 
function (so a user can assume control of a remote user’s computer), 
and text, audio, and video chat options for synchronous communi-
cation. Each of these features has a value in supporting synchro-
nous online activities between a pair programming team (where 

students take turns being “drivers” and “navigators” during com-
puter science exercises).1

The basic methodology behind the study was to have the stu-
dents experience pair programming both as a co-located activity 
and as an online activity. Over two weeks, students in Blooming-
ton’s I101 Introduction to Informatics were introduced to both 
traditional pair programming and virtual pair programming. In 
the fi rst session, each of the six laboratory sections of I101 were 
introduced to the concept of pair programming and completed an 
assignment using traditional pair programming methods. Students 
were given a survey and asked to rate their satisfaction of using 
pair programming to complete the assignment. In the second ses-
sion, the concept of virtual pair programming was introduced. Stu-
dents then were asked to complete another assignment, this time 
virtually with Adobe Connect Now. At the conclusion of the as-
signment, the students completed another survey, which focused 
on their satisfaction with distributed pair programming and their 
experience with Adobe Connect Now. The results of both surveys 
were then compared.

The surveys evaluated for three basic assessment areas: motivation 
and engagement with pair programming, self-evaluation of learning 
outcomes, and satisfaction with the distance learning experience. 
The research team then analyzed those surveys. See Table 1.

4.2 Survey Questions
The surveys fell into three categories. Under “motivation and 
engagement” students were asked the following questions:

● Pair programming helps me develop my teamwork skills.
● My partner and I caught each other’s mistakes.

4

I101 Informatics Computer Lab 8
Copyright 2006, M. Hottell and M. Dalkilic

Objectives
 * To have completed all the previous labs.
 * To familiarize yourself with basic database concepts.
 * To be introduced to Structured Query Language.
 * To understand how to create tables in SQL
 * To understand how to query information from tables in SQL.

Tasks
 * 0 Database Basics
 * 1 Structured Query Language
 * 2 Using SQL in Access
 * 3 Extracting Information with SQL

Deliverables
 * You’ve completed all the tasks outlined here
 * You understand the basics of relational tables.
 * You can create basic tables using SQL.
 * You can use basic SQL to extract information from relational tables.

Completion Time: About 50 minutes.

Figure 1: One of the assignments used in this study

1  Very few of the students in this particular course at Indiana University Bloomington had previously used 
Adobe Connect software, but it is important to note that students in the online Informatics curriculum on 
the Indianapolis campus would be familiar with this software, as it is used in most of the online courses 
in the IUPUI distance education curriculum.
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● My partner and I were equally 
matched in terms of the pace at which 
we solved programming assignments.

● I spent about the same amount of time 
being the ‘navigator’ as I did being the 
‘driver’.

Under “satisfaction with distance learn-
ing experience,” students were asked:

● Pair programming could be performed 
in a straightforward manner using this 
software.

● Transferring data fi les from computer 
to computer was easy.

● Sharing a screen with my partner was 
easy.

● I would use this software to complete 
another pair programming exercise.

● Learning to operate this software 
initially is full of problems.

● I would not like to use this software 
every day.

Under “self-evaluation of learning outcomes,” students were 
asked:

● My pair-programming partner helped me learn programming.
● Having a partner is benefi cial for learning to read another pro-

grammer’s code.
● Pair programming leads to more success than individual program-

ming.
● Pair programming should be part of every class that requires 

programming.

EVALUATION

5.1  Distributed Pair Programming 
versus Co-Located Pair 
Programming

A key fi nding of our research confi rmed some of the fi ndings in 
the existing literature [1, 2, 15]. While pair programming was a 
highly rated activity in both the co-located group survey and the 
online group survey, the assessment of the online experience had 
some signifi cant deviations from the assessments of the students 
performing similar pair programming exercises in a co-located set-
ting. See Figure 2.

We analyzed the differences between the co-located group sur-
veys and the online group surveys using Single Factor ANOVA, 
and the p-value is .0002 (p<.01), which means that there is signifi -
cant difference between the groups. Ultimately, student satisfaction 
in online environments was self-reported as measurably lower than 
in the co-located experience.

For many of the questions, there was a lot of similarity in how 
the two groups responded. Overall, student satisfaction with pair 
programming (whether co-located or online) was quite high. That 
fi nding indicates that pair programming should be a successful 

method in computer science courses. But there is still a gap between 
the experience of the two groups that requires further analysis.

5.2 Discussion of Survey Results
The basic outcome of the survey can be seen in Table 2. In al-
most every question, the online experience rates lower than the 
co-located experience. At this early stage of our research, this gap 
highlights that students did not evaluate their experience of online 
pair programming as favorably as they evaluated their co-located 
experience. This will be a key area for our future research as we 
will address more specifi cally the causes for this gap. But at this 
initial stage, it is valuable to recognize that there is a gap in student 
attitudes and perception. Addressing that gap in student attitudes 
and perceptions needs to be part of any sustainable distributed pair 
programming process.

5

Figure 2: Difference between co-located survey and distance survey. 

S1 (Pair Programming Survey) S2 (Pair Programming Using Distance Survey) 

Mean 3.148571429 Mean 2.932142857

Standard Error 0.120205214 Standard Error 0.096574168

Median 3.27 Median 3.03

Mode 3.3 Mode 3.06

Standard Deviation 0.449766728 Standard Deviation 0.361347448

Sample Variance 0.20229011 Sample Variance 0.130571978

Kurtosis 13.37640973 Kurtosis 7.537026069

Skewness -3.6258222 Skewness -2.3710574

Range 1.76 Range 1.57

Minimum 1.6 Minimum 1.82

Maximum 3.36 Maximum 3.39

Sum 44.08 Sum 41.05

Count 14 Count 14

Confi dence Level (95.0%) 0.259687577 Confi dence Level (95.0%) 0.208635804

TABLE 1: DESCRIPTIVE STATISTICS FOR EACH SURVEY GROUP
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5.3 Adobe Connect Now
To meet the criteria for a viable software solution for our study, the 
chosen software used in our experiment had to be reliable and able to 
be used by all the students enrolled in our distance education classes. 
The latter consideration is especially important as student accessi-
bility and student costs were identifi ed by the distance educators as 
primary obstacles to overcome for virtual pair programming success 

in our curriculum. Our institutional mandate involved locating a so-
lution that did not require extensive customization or development as 
well. Connect Now requires only an Internet connection and a browser; 
most students will have little to no trouble accessing the service and 
the software is already used in our distance education classes.

One additional area where we have signifi cant data is related 
to student perceptions of the software package used in our experi-
ment. It is likely that student attitudes towards Connect Now con-
tributed, in some way, to the deviations in the survey data between 
the two groups.

When assessing the approval rating of the software tools, students 
agreed that when performing pair programming as virtual collabora-
tion, Connect Now was easy to use and easy to share fi les between stu-
dent pairs. Slightly over 45% of the students did report that learning 
to use the software was challenging. Over 70% said they would the 
software again to complete another pair programming assignment. Yet 
50% said they would not use the software on a daily basis. See Table 3.

These fi ndings suggest that while Adobe Connect Now is tolerable 
as a software solution for online pair programming, it does affect stu-
dent perception of pair programming in online environments. And as 
Olson and Olson [17] point out in their analysis of collaboration over 
distance, it is likely that Connect Now (like similar software packages 
that deliver this style of collaborative functionality) will continue to 
improve its ability to deliver ever more collaborative virtual experi-
ences, and that some of these results are likely to be part of the short-
term implementation issues of online pair programming.

I101 STUDENT PAIR PROGRAMMING 
SURVEY QUESTIONS

S1 (Pair Programming 
in co-located lab)

S2 (Pair Programming Using 
Adobe’s Connect Now software)

S2 - S1 
(Improvement)

I wanted to change to a different pair 
programming partner.

1.6 1.82 0.22

Having a partner made it easier to 
complete assignments.

3.19 2.76 -0.43

Having a partner made me feel more 
confi dent that the code was reliable.

3.25 3.06 -0.19

My partner contributed ideas towards 
writing a good program.

3.26 3.39 0.13

It was helpful to discuss programming 
problems and solutions with a partner.

3.3 3 -0.3

My pair programming partner helped me 
learn programming.

3.16 2.79 -0.37

My partner and I caught each other’s 
mistakes

3.3 3.07 -0.23

Having a partner is benefi cial for learning 
to read another programmer’s code.

3.35 3.09 -0.26

Pair programming leads to more success 
than individual programming.

3.28 2.9 -0.38

Pair programming should be part of 
every class that requires programming 
assignments.

3.17 2.86 -0.31

Pair programming helps me to develop my 
teamwork skills

3.3 3.09 -0.21

TABLE 2: SURVEY RESPONSES ANALYZED USING MODIFIED LIKERT SCALE.

Learning to operate this software initially is full of problems.

Answer 
Options

Response 
Frequency

Response 
Count

Strongly Disagree 10.8% 11

Disagree 43.1% 44

Agree 38.2% 39

Strongly Agree 7.8% 8

I would not like to use this software every day. 

Answer 
Options

Response 
Frequency

Response 
Count

Strongly Disagree 9.9% 10

Disagree 28.7% 29

Agree 49.5% 50

Strongly Agree 11.9% 12

TABLE 3. SELECTED SURVEY RESPONSES TO ADOBE CONNECT.
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Ultimately, for online pair programming to be successful, dis-
tance educators will have to minimize any learning outcomes that 
are compromised by software issues or technical support problems. 
Part of this will naturally occur through better software solutions, 
but it will also be a product of student’s increased cognitive appren-
ticeship in virtual environments. As more and more collaboration 
occurs in informal web-based settings everyday, those lessons will 
be brought into the formal classroom, and students will expect to 
collaborate in course assignments, such as pair programming, as 
they do in other online activities inside and outside the classroom.

LESSONS LEARNED
The fi ndings for this research project can be classifi ed 
into three areas: engagement and motivation, learning 
outcomes, and assessment of software tools. Students 

overall were very satisfi ed with the pair programming experience, with 
approval for pair programming ranging from 80-90%. In using the 
virtual software pair programming model to complete an assignment, 
students still reported a satisfaction rate ranging from 72-80%. In both 
cases, student experience and learning outcomes were consistent; stu-
dents reported very high satisfaction with pair programming, and only 
slightly less satisfaction using pair programming through software.

Through the process of this research, it was determined that 
students could successfully complete paired programming assign-
ments using Indiana University’s existing software investments. 
The overwhelming majority of students reported positive experi-
ences with pair programming, but expressed slightly less satisfac-
tion with the experience when done over a network. These results 
replicate the fi ndings of other studies, especially that students can 
be frustrated with present-day collaboration software for a variety 
of technological and user-based reasons. And while there is a gap 
between co-located and online pair programming, ultimately the 
survey responses indicate the viability of continuing to develop a 
distributed pair programming methodology using commercially 
available software solutions such as Connect Now.

The fi ndings of this pilot study will be the basis for future re-
search on creating a viable model for a sustainable pair program-
ming for IUPUI’s online Informatics curriculum. The long term 
goal will be to use research—such as the present study—to create 
a sustainable online pair programming system that is the equal (in 
terms of learning outcomes) to current Informatics courses and 
that produces satisfaction and productivity scores similar to those 
found in a traditional computer science classroom.  Ir
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