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ABSTRACT 

Agile software development is an iterative and incremental methodology, where solutions evolve from self-

organizing, cross-functional teams. Pair programming is one type of agile software development technique 

where two programmers work together with one computer for software development. This paper reports the 

results of the pair programming exercise carried out with twenty six post graduate students who are engaged in 

implementing programs as a part of their Object Oriented Programming laboratory at Kumaraguru College of 

Technology (KCT). The basic intent of the study is to explore the possibilities of adopting pair programming as 

a pedagogical tool in higher educational setting. The study investigates the possibilities of deploying purposeful 

pair programming modules for knowledge exploration and to debug programs. The research findings suggest 

that pair programming can be a useful approach to teach computer programming in higher education to 

facilitate effective knowledge sharing among the students.  
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I.  INTRODUCTION 

 

Agile software development promises to deliver increased productivity, quality and project success rate in 

software development projects. Synergizing considerable tacit knowledge through collaborative environments, 

agile methods promote proactive planning and encourage rapid and flexible response to change. Extreme 

programming [13] is one among widely recognized source point for various agile software development 

approaches. Extreme Programming (XP) focuses on disseminating knowledge through collaborative practices 

such as pair programming, planning game, and retrospectives. The basic idea behind these practices is to share 

work and expertise across teams. It is assumed that while programming in pairs, people try harder to code well 

and thus gains confidence. Pair Programming is an extreme programming practice where two programmers 

collaborate mutually at the same workstation to acquire add up knowledge and experience on a daily basis.  

 

II PAIR PROGRAMMING [PP] 

 

Pair programming is practiced mostly by software developing organizations. The programmers collaborate as 

pairs by sharing a single computer working with the same design, algorithm, code, or test etc., [10]. One 

http://en.wikipedia.org/wiki/Self-organization#Self-organization_in_agile_software_development
http://en.wikipedia.org/wiki/Self-organization#Self-organization_in_agile_software_development
http://en.wikipedia.org/wiki/Cross-functional_team
http://en.wikipedia.org/wiki/Agile_software_development
http://en.wikipedia.org/wiki/Computer_programmer
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member of the pair, called as the driver, types at the computer or writes down a design. The other member who 

assumes the role of the navigator observes the work of the driver for objectivity, logic and process flexibility 

[11]. Anecdotal evidence suggests that two programmers can be twice as fast, and can think of more than twice 

as many solutions than the two working on their own. The effectiveness of the pair programming depends on   

effective and frequent brainstorming among the pair [2]. In addition, it also emphasis frequent exchange of roles 

between pairs. Moreover, constant code reviews, which is an inherent part of pair programming, results in 

higher defect prevention and reduction thus resulting in developing an error free program.  

 

III ACADEMIC PERSPECTIVE OF KNOWLEDGE MANAGEMENT IN COMPUTER 

PROGRAMMING LABORATORY SESSIONS 

 

An agile methodology like XP relies heavily upon sharing knowledge and information for holistic development 

of organizations and is widely used across various industries nowadays. The knowledge management model 

helps the developers to share technical knowledge across the whole organization. On the contrary, dearth in 

information sharing has led many organizations to fail time and again. Thus the new paradigm has given a new 

impetus in teaching and learning software development related subjects. 

The strength of knowledge sharing was felt when the students of the MCA program struggled a lot initially 

while developing applications owing to their different educational backgrounds. Pair programming really 

complimented the learning process commendably within a short period of time [10]. It also helped the students 

to gain real time practical experience of implementing programs through knowledge sharing and collaboration. 

While programming in pairs, both the partners discussed and worked on the given problem, sharing their 

experience and knowledge [12]. By rotating pairs, the individual’s knowledge was shared among the entire team 

and enabled the students learn quickly and enhancing their skill set efficiently.  

 

IV EXISTING STUDIES ON PAIR PROGRAMMING 

 

Several experiments on the effects of pair versus solo programming have been reported in the literature. Muller 

[9] has shown that pair programmers are as cost effective as solo programmers in producing code with fewer 

errors. According to Lui & Chan [7] pair programming promotes not only quality programming skills, but 

responsibility, mentoring, teamwork and increased enjoyment. Jari Vanhanen and Harri Korpi [6] have 

presented their experiences of using PP extensively in an industrial project. The results show that test-driven 

development and design in pairs possibly decreased defects and have improved quality and knowledge transfer, 

and was better suited for complex tasks than for easy tasks. 

Tanja Bipp, Andreas Lepper [5] has presented the results of an extensive and substantial case study on pair 

programming, which was carried out in courses for software development at the University of Dortmund, 

Germany. Thirteen software development teams with 100 students took part in the experiments. The groups 

were divided into two sets with different working conditions. In one set, the group members worked on their 

projects in pairs. According to the study, the paired teams produced nearly as much code as the teams of 

individual workers at the same time. In addition, the code produced by the paired teams was easier to read and 

to understand. This facilitates detecting and correcting errors. 
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Norsaremah Salleh [4]  reviewed 66 studies and has identified factors affecting the effectiveness of students 

who pair programmed, particularly related to the psychosocial factors such as compatibility, personality and 

gender issues. V. Venkatesan and A. Sankar [3] studied the effects of pair programming in a student context on 

knowledge transfer and enjoyment of work. The study analyzed whether the task complexity affects the effort 

differences between solo and pair programming and whether pair programming improves knowledge transfer 

and enjoyment of work. The result of this experiment showed a significant difference in the duration of task 

completion, the effort to perform the task correctly between solo and pair programming. Norsaremah Salleh, 

Emilia Mendes, and John C. Grundy [1] has presented the evidence relative to the effectiveness of pair 

programming (PP) as a pedagogical tool in higher education CS/SE courses. The most common measure used 

by them to gauge PP’s effectiveness was time spent on programming. Results showed that the students’ skill 

level was the factor that affected PP’s effectiveness the most. In addition, students’ satisfaction when using PP 

was overall higher than when working solo. Most of the studies conducted so far involved short duration 

experiments comparing the solo and pair performances. The results discussed in this paper are the outcomes of a 

controlled experiment carried out for a long duration. The study records the student’s perception of positive and 

negative aspects of pair programming and explores the knowledge sharing aspect of it. 

 

V. OBJECTIVES OF THE STUDY 

 

Based on the experiences and the existing literature, it was proposed to study the effects and experiences of pair 

programming concept. Initially the factors including the usefulness of pair programming, willingness to adopt in 

the near future, contributing to proactive learning and knowledge improvement were taken into consideration. 

The objectives of the study are: 

 To understand whether  pair programming is better than solo programming 

 To test for association between perceived usefulness of pair programming and its adoption in future 

 

VI. EXPERIMENTAL METHODOLOGY AND CONTEXT 

 

In an effort to enhance the students learning process in Computer Applications course, it was decided to 

investigate the effectiveness of pair programming as a teaching methodology and to study the student’s 

perception of pair programming. The experiment was conducted in two runs with 26 students. First run was 

conducted with duration of two hours.  The students were divided into two groups. The first group with 12 

students worked in pairs and the second group with 14 students worked as solo programmers. Second run was 

conducted with duration of two hours. The same sets of students were involved. The first group with 12 students 

worked as solo programmers and the second group with 14 students worked in pairs. A common problem 

statement was given to all the groups for both the runs. 

 

6.1 Survey Method 

The survey method is a technique of gathering data through questioning people who is assumed to provide 

desired information. A formal list of questionnaire was prepared and the responses were analyzed using standard 

statistical techniques. Two questionnaires were prepared with close ended questions with a 5 scale rating. 

Initially the students were made to fill an entry questionnaire to judge the students' level of exposure to 
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programming tasks, partner preferences etc. The worksheet had open ended questions where the students 

answered in their own words yielding qualitative data.  

6.1.1 Participants 

The pair programming exercise was planned to be carried out in Object Oriented Programming Laboratory 

course conducted during the second semester of the MCA Program. The students were expected to use Code 

Blocks software that has a good user interface.  They have a theory component associated with the laboratory 

and have a prior knowledge of the software and were asked to implement small programs with basic object 

oriented programming concepts.  

The exercise was administered to 26 students of the second year MCA program in a controlled experimental 

setup. An introductory presentation was given to the students to familiarize with the pair programming concept. 

The students were given the choice of choosing the pair. Stipulated time period was allotted to the students to 

explore the concepts of the prescribed software by referring e-books and lab manuals. The students were 

involved in the experiment based on their willingness to participate in the experiment. The students were 

divided into two groups. The students asked to work in pairs in one session and one session as a solo 

programmer. They were insisted to rotate pairs and change roles often enabling knowledge transfer among them. 

All laboratory sessions were coordinated and closely observed by two faculty members. 

 

6.2 The Controlled Experiment 

A process framework was designed for conducting the experiment [Fig.1]. Having inculcated the requisite    

understanding about Pair programming the students were allowed to access online software Pair Programming 

Information System [PPIS] where the questionnaire entries were stored in appropriate databases. Two tasks 

were chosen for the experiment. The tasks were executed during separate lab sessions of 2 hour duration each. 

During the tenure of the lab experiment, the students were asked to record their experiences in the worksheet 

individually during each lab session. The worksheet extracted the software learning experiences of the students 

while working in pairs. Details related to knowledge sharing and transfer was also collected. After completion 

of the tasks, the students were asked to fill an exit questionnaire about their positive and negative aspects of pair 

programming, knowledge sharing and tool learning [Fig. 3]. Each experiment was assessed and the comments 

were recorded in the software by the assessors. The data collected was analyzed using appropriate tools. 

 

VII ANALYSIS AND INTERPRETATION 

 

An analysis of the collected data was carried out using statistical analysis and data mining tools. 

 

7.1 Students Perception on Pair Programming 

From Table 1, we can infer that working in pairs was useful and pair programming helps in sharing knowledge 

to greater extent and students are willing to adopt pair programming in the future. The pair support rendered was 

high in the laboratory sessions [Fig.2].  
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Fig 1. Pair programming process framework 

Variables Mean Std. Deviation 

Working in pairs was useful 4.692 0.471 

Improved overall productivity 4.154 0.543 

Make more responsible 4.269 0667 

Get the support and coordination of the pair 4.577 0.703 

Knowledge improved 4.192 0.567 

Helped in sharing knowledge and transferring skills 4.577 0.504 

Getting better in doing the lab exercise 4 0.632 

Learned anything new after pair programming 4.308 0.618 

Level of satisfaction with pair programming 4.538 0.508 

Pair programming improve your work quality and skills 4.192 0.634 

Willing to adopt pair programming in regular lab sessions in the near future 4.68 0.557 

Table 1 Student's perception with respect to the positive aspects of Pair Programming 

 

7.2 Discovering Association rules from the data set 

Mining association rules searches for interesting relationships among items in a given data set. Association rules 

x=>y expresses that the occurrence of x has a positive influence on the occurrence of y [8]. With association 

modeling, we can predict which items are more likely to appear together, as well as the strength of the 

relationship between them. The association between the 11 attributes working in pairs was useful, improved 

overall productivity, make more responsible, get the support and coordination of the pair, knowledge improved, 

helped in sharing knowledge and transferring skills, getting better in doing the lab exercise, learned anything 

new after pair programming, level of satisfaction with pair programming, pair programming improve your work 

quality and skills, willing to adopt pair programming in regular lab sessions in the near future were explored by 

applying the apriori association mining algorithm [Fig. 4]. 
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Fig. 2 Students’ perception on positive aspects of pair programming 

7.2.1 Apriori Association Rule Mining Algorithm 

Apriori is an algorithm for frequent item set mining and association rule learning over transactional databases. It 

proceeds by identifying the frequent individual items in the database and extending them to larger and larger 

item sets as long as those item sets appear sufficiently often in the database. The frequent item sets determined 

by Apriori can be used to determine association rules which highlight general trends in the database. Given a 

threshold , the Apriori algorithm identifies the item sets which are subsets of at least  transactions in the 

database.  It generates candidate item sets of length  from item sets of length . Then it prunes the 

candidates which have an infrequent sub pattern. According to the downward closure lemma, the candidate set 

contains all frequent -length item sets. After that, it scans the transaction database to determine frequent item 

sets among the candidates [8]. 

 

Fig 3. Pair Programming Sample Exit Questionaire 

https://en.wikipedia.org/wiki/Association_rule_learning
https://en.wikipedia.org/wiki/Databases
https://en.wikipedia.org/wiki/Association_rules
https://en.wikipedia.org/wiki/Database
https://en.wikipedia.org/w/index.php?title=Downward_closure_lemma&action=edit&redlink=1
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Apriori Algorithm(Association Rule Mining) in weka 

=== Run information === 

Scheme:       weka.associations.Apriori -N 10 -T 0 -C 0.9 -D 0.05 -U 1.0 -M 0.1 -S -1.0 -c -1 

Relation:     Exit Questionnaire data-

weka.filters.unsupervised.attribute.weka.filters.unsupervised.attribute.NumericToNominal-Rfirst-last 

Instances:    26 

Attributes:   11 

              working in pairs was useful 

              improved overall productivity 

              make more responsible 

              get the support and coordination of the pair 

              knowledge improved 

              helped in sharing knowledge and transferring skills 

              getting better in doing the lab exercise 

              learned anything new after pair programming 

              level of satisfaction with pair programming 

              pair programming improve your work quality and skills 

              willing to adopt pair programming in regular lab sessions in the near future 

=== Associator model (full training set) === 

Apriori 

======= 

Minimum support: 0.35 (9 instances) 

Minimum metric <confidence>: 0.9 

Number of cycles performed: 13 

 

Generated sets of large itemsets: 

Size of set of large itemsets L(1): 15 

Size of set of large itemsets L(2): 46 

Size of set of large itemsets L(3): 22 

Size of set of large itemsets L(4): 3 

Best rules found: 

1.  knowledge improved=4 level of satisfaction with pair programming=5 9 ==> getting better in doing the 

lab exercise=4 9    <conf:(1)> lift:(1.63) lev:(0.13) [3] conv:(3.46) 

2.  working in pairs was useful=5 improved overall productivity=4 get the support and coordination of the 

pair=5 9 ==> willing to adopt pair programming in regular lab sessions in the near future=5 9    

<conf:(1)> lift:(1.44) lev:(0.11) [2] conv:(2.77) 

3.  working in pairs was useful=5 improved overall productivity=4 12 ==> knowledge improved=4 11    

<conf:(0.92)> lift:(1.4) lev:(0.12) [3] conv:(2.08) 
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4.  working in pairs was useful=5 improved overall productivity=4 12 ==> willing to adopt pair 

programming in regular lab sessions in the near future=5 11    <conf:(0.92)> lift:(1.32) lev:(0.1) [2] 

conv:(1.85)  

5.  getting better in doing the lab exercise=4 level of satisfaction with pair programming=5 11 ==> 

working in pairs was useful=5 10    <conf:(0.91)> lift:(1.31) lev:(0.09) [2] conv:(1.69)  

6.  improved overall productivity=4 pair programming improve your work quality and skills=4 11 ==> 

knowledge improved=4 10    <conf:(0.91)> lift:(1.39) lev:(0.11) [2] conv:(1.9)  

7.  improved overall productivity=4 knowledge improved=4 willing to adopt pair programming in regular 

lab sessions in the near future=5 11 ==> working in pairs was useful=5 10 <conf:(0.91)> lift:(1.31) 

lev:(0.09) [2] conv:(1.69)  

8.   working in pairs was useful=5 knowledge improved=4 willing to adopt pair programming in regular 

lab sessions in the near future=5 11 ==> improved overall productivity=4 10 <conf:(0.91)> lift:(1.31) 

lev:(0.09) [2] conv:(1.69) 

9.  working in pairs was useful=5 improved overall productivity=4 willing to adopt pair  

programming in regular lab sessions in the near future=5 11 ==> knowledge improved=4 10 

<conf:(0.91)> lift:(1.39) lev:(0.11) [2] conv:(1.9) 

10.  working in pairs was useful=5 improved overall productivity=4 knowledge improved=4 11 ==> willing 

to adopt pair programming in regular lab sessions in the near future=5 10     

<conf:(0.91)> lift:(1.31) lev:(0.09) [2] conv:(1.69) 

 

Table 2 Best rules derived using Apriori Algorithm  

A high level of confidence shows that the rules are true often enough to justify decisions based on it. As shown 

in Table 2, from the derived rules, we can infer that the students who have rated as very highly for the attributes 

knowledge improvement through pair programming and level of satisfaction with pair programming have also 

rated very highly for the attribute getting better in doing laboratory exercise with a high confidence 1 and lift 

1.63. The students who have rated very highly for the attributes working in pairs was useful, improved overall 

productivity and get the support and coordination of the pair is have also rated very high on the willingness to 

adopt pair programming in regular lab sessions in the near future with a high confidence 1 and lift 1.44. 
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Fig. 4    Association rules derived from the exit questionnaire data set with Weka 3.7 

 

VIII. CONCLUSIONS AND FUTURE WORK 

 

Nowadays, the significance of collaborative skills has been realized in teaching and learning programming 

courses. A study of pair programming in the context of facilitating knowledge sharing was carried out. In this 

paper we have presented results from the preliminary work of implementing pair programming as a learning 

methodology for second year post graduate computer applications students. Early results look promising and 

show that pair programming has a potential within the context of a programming laboratory course to enhance 

the development of both programming practice and collaborative skills. These early indicators have provided 

impetus to expand the benefits of collaborative learning to offer enhanced learning. A process framework for 

pair programming was developed. The experiment was conducted for the entire duration of a laboratory course 

and the collected data were analyzed using statistical and data mining tools. The empirical evidence shows that 

pair programming helps in transferring knowledge effectively among the pairs. This approach helped the 

students to learn programming concepts very quickly. Most of the students have expressed in the questionnaire 

that they had a rewarding experience while practicing pair programming than working in solo. The software 

tools that will help in the evaluation and analysis of the experimental sessions are under development. The 

research on pair programming is planned to continue by analyzing the pair compatibility and styles. 
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