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Abstract

Pair programming 1s an example of collaboration that 1is
increasingly being used 1in programming training, both for the
benefits of collaborative learning and for the programming
experience that is closer to the real-world software development.
International surveys reveal the usefulness of the method and the
benefits it can bring to learners. In this paper, we present a
case study in which 51 students, who have attended a laboratory
course of object-oriented programming in a higher education
institute, were divided 1into two groups (control group and
experimental group) and their academic performance was measured.
Initial results revealed that students who worked 1in pairs
developed better code and had a slight higher academic performance
from the students who work individually, they were very satisfied
with the process they followed and they asked for the application
of palir programming to other programming courses.

Keywords: pair programming, collaborative learning, object-
oriented programming

Introduction

Programming instruction is one of the most important issues faced by a
programming educator. The challenges in teaching a programming subject
have been widely recognized by the educational community (McChesney,
2016) . In particular, the teaching of object-oriented programming
presents a great deal of difficulty and as a result, alternative
teaching methods have been proposed(Xinogalos, 2014).

The method of collaborative learning was one of the first that was
introduced to IT courses. Collaborative learning promotes the exchange
of ideas among the members of a group to increase trainees' interest,
active participation, cultivation of social skills and the promotion
of «critical thinking (Gokhale, 1995) . Inevitably, collaborative
learning was also applied to computer programming. One of 1its
applications is the pair or collaborative programming in which two
learners work together in a computing system.

In this paper, we present a case study in which pair programming was
applied to a sample of 51 students divided into two groups (control
group and experimental group), 1in an object-oriented course of study
in tertiary education. The initial results showed a slight improvement
in the performance of students who worked in pairs while they were
very satisfied with the context they followed and they would like to
apply pair programming to other programming courses as well.

At the next sections of the paper pair programming method and its main

characteristics are presented in more details, the related literature
is analyzed, and the case study at Eastern Macedonia and Thrace

MIBES Transactions, Vol 11, Issue 1, 2017 40



Kazanidis-Moussiades, 40-47

Institute of Technology is presented along with the qualitative and
quantitative results that arise. The work concludes with the findings
from the experiment and the proposed future applications.

Pair Programming

Collaborative programming has been successfully implemented in many IT
courses and multiple benefits have Dbeen recorded such as the
development of social skills and co-operation which are benefits
encountered 1in the real-world programming (Falkner et al., 2013;
Sanjay & Vanshi, 2010), the sharing of knowledge among the trainees
(Falkner et al., 2013), the enhancement of learning through the
interaction of developers (Tzombanoudi & Satatzemi, 2012), greater
sense of responsibility (Porter & Simon, 2013) and self-perception
(McChesney, 2016), the better performance in evaluation (Hanks et al.,
2011; Salleh, Mendes & Grundy, 2011), the highest quality code with
fewer errors (Sanjay & Vanshi, 2010; Zacharis, 2009). Trainees working
in pairs noted that in the initial phases of programming they analysed
and discussed the design of the program in contrast to their
colleagues who were working individually and tend to postpone actions
that required critical thinking (Li & Kraemer, 2014).

However, some problems have been reported in the implementation of
pair programming (Hanks et al., 2011; Salleh, Mendes & Grundy, 2011)
such as the large differences in the contribution of each member of
the group, the feeling of the students that wvaluable time is lost,
(McChesney, 2016), and the more time required for team members
coordination (Duque & Bravo, 2008).

Case Study

In this paper, we describe the application of pair programming to a
course of the 3rd semester of the Eastern Macedonia and Thrace
Educational Institute of Technology (EMT TEI for short) entitled
"Object Oriented Programming". The experiment aims to study the
potential Dbenefits of collaborative programming in higher education
and in particular in the course of object-oriented programming, as
well as to capture students' perceptions and preferences to improve
the teaching in the classroom. The main research challenge is whether
the pair programming approach can impact learning effectiveness. The
latter can be determined by measuring students academic performance
and training satisfaction with the following research questions (RQs):
RQ1l: Does the pair planning approach has a positive impact on students
academic performance in Object-Oriented Programming Course?

RQ2: Do students have better learning experience through pair
programming approach?

Methodology

Participants

A total of 51 third-semester students (38 males and 13 females) of the
Computer and Informatics Engineering Department of EMT TET
participated voluntarily in this study. Despite the female

participants were significantly less than their male counterparts, the
sample was regarded as acceptable, since this gender ratio is typical
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in Greek ICT-focused higher education departments and a balanced
sample would be either too small or unattainable.

The students were divided into two main groups. The control group
(CG), students worked individually, and the experimental group (EG)
where students worked in pairs using the same computing system.

Regarding the formation of the pair programming teams, according to
the relevant literature, the creation of a team is made either based
on the level of knowledge of the learners or by random combinations or
by allowing the trainees to choose their partners. Since the research
has not yet resulted in the best way for partner selection (Sanjay &
Vanshi, 2010; Zacharis, 2009), we ended up letting the students choose
their partner themselves and examine the reasons that led them to
their choice.

Research Tools

The research tools used were one posttest, one opinion mining
questionnaires and a discussion with the focus group.

The posttest was intended to evaluate students’ academic performance.
It consisted of 3 multiple choice questions and one open-ended
question.

The second questionnaire was given only to the participants in the
experimental group, and it was designed to study the learners'
satisfaction with the followed approach. It was consisted by 10
multiple choice questions (five of them were answered on a 5-point
Likert-type scale ranging from strongly disagree (1) to strongly agree
(5)) and one question for programming development.

The Focus Group 1s a qualitative research method, aims either to
confirm or not the findings of quantitative research through the
questionnaire and to study in more depth and to justify the actions
and the results produced through the quantitative evaluation method
with the questionnaires

One additional assessment tool was the program that students develop
during the experiment. Studying the quality of the program, the
percentage of completion and possible error patterns may provide
researchers with useful outcomes

Procedure

One week before the experiment, we informed students about what was
going to happen in the next lesson and divided them into the two main
groups. The students of the experimental group asked to choose their
partner during the week before the experiment.

On the day of the experiment, we had two teaching hours available.
Since the real time was 90 minutes, it was distributed as follows.
During the first 10 minutes, the teacher briefed on the process that
would be followed. In the next 50 minutes, students should solve the
required exercises by working either individually or in pairs.
Students working in pairs were asked to exchange driver and navigator
roles after the first 25 minutes, to have equal time in each role.
Students were then asked to store their programs and send them to the
teacher for evaluation. The next 10 minutes, students were required to
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answer the posttest. In the last 20 minutes, only the participants in
the experimental group stayed 1in the <class and answered the
satisfaction questionnaire for 10 minutes while the last 10 minutes
used for discussion on the students' pair programming experience.

In particular, students were asked to work either in groups of two or
individually and solve, 1in two class hours, the following problems
programming in C ++.

Exercise 1: Design a class for students that stores the student's
name, three courses, and three grades as well as the appropriate
methods.

Exercise 2: Implement a method in the following program that reads the
three student grades and finds the average grade.

Exercise 3: What changes have to be done in the given code to store
the student grades in a table that is available throughout the class?
What problem - malfunction exists in the given example? Make any
corrections that you think as appropriate.

The content of the exercises was covering the three phases that
according to Boehm (1981) correspond the 59% - 68% of a program
developing cost i.e. design, development and evaluation. Students were
asked not to compile before completing their code, according to the
programming process proposed by Humphrey (1995).

Results

Fifty-one (51) individuals were involved in the experiment, 25 of them
in the control group (males n=19, females n=6), and 26 1in the
experimental group (males n=19, females n=7)as shown in Fig.l.

To study whether the first research question was wvalid, we conducted
two t-tests. The first t-test examined whether are any differences in
the student's scores regarding the program they developed during the
experiment. The second T-test checked whether students of the students
of the two groups had different performance on the posttest.

30
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20 -

15 - B Women
B Men

10 -

Number of Participants

Control Group Experimental group

Figure 1: Participants per group and gender
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Programming assignment

Before employing T-test, Levene’s homogeneity test was conducted
(Levene, 1960). The test showed that there was equality at 5% (p =
0.336> 0.05), which indicated that the homogeneity test had not
achieved statistical significance; therefore, t-test could be applied.

The results of the T-test (Table 1), show that there is a significant

statistical difference at the level of 5% (p = 0.048> 0.05) between
the scores of the students who worked in pairs (mean = 5.961) and the
students who worked individually (mean = 5.020). This difference

indicates that students working 1in pairs produce better code than
those who programmed individually.

Posttest results

The posttest examined student academic performance. A t-test was
conducted to examine if there 1is any statistically significant
difference 1in the students scores on the posttest. A Levene'’s
homogeneity test was conducted, prior to the t-test, to assess the
equality of variances. The Levene’s test show that the F wvalue was
equal to 0.049 (p=0.825>0.05) which indicated that the homogeneity
test had not achieved statistical significance and therefore t-test
could be applied. The t-test that took place right afterwards show
that students that work in pairs had better academic performance (Mean
score=6.288) comparing to the students that work individually (Mean
score=5.4). However, this difference 1is not statistically significant
since p=0.063 (Table 1) which is higher than the threshold of 5%. This
result shows that students working in pairs may succeed slight better
academic performance than their fellows even if it is not
statistically significant.

Table 1: Overall scores in program development and posttest

Scores Groups N Mean SD t df. Sig.
Program score CG 25 5.020 1.544 2.02 49 0.048
7
EG 26 5.961 1.760
Posttest score CG 25 5.400 1.626 1.90 49 0.063
3
EG 26 6.288 1.703

Satisfaction questionnaire results

Table 2 provides descriptive statistics including means and standard
deviation for the students satisfaction regarding the pair programming
method followed from EG of students. The satisfaction questionnaire
answered by the members of the EG and revealed that students of EG
were satisfied with the process. Given that the full agreement score
was 5 and complete disagreement 1 the students stated they enjoyed the
collaborative programming process (3.461).

The next four questions, examine the acceptance of this method by the
students according to the Technology Acceptance Model - TAM (Davis,
1989) which examines the perceived ease o0of use and usefulness of a
technology. The students stated that they easily co-operated with
their colleague (3.576) and agreed to a greater extent than all the
other questions (3.807) that they consider pair programming as a
useful method for programming courses, and they would like to program
in pairs in more courses (3.615).
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Table 1: Training satisfaction questionnaire results

Question Mean Std.
Deviation

1. I enjoyed the pair programming process 3,461 0,947

2. It was easy for me to co-operate with my 3,576 0,808

colleague

3. I consider useful the pair programming 3,807 0,980

method

4. T would like the pair programming method 3,615 0,982

to be used in more courses

5. I believe that I learned more by working 3,461 0,811

in pairs than individually

Another one thing that was examined by the questionnaire was how the
students choose their partner. Given the importance of the decision
regarding the development of the program, we wanted to see which the
criteria are for the partners selection. According to the students
statements, 50% of them chose their partner mainly of their
friendship, 19% due to his/her knowledge of the domain, 23% randomly
(they were at the time of the workshop or they had not found a group)
and 8% state another reason. It seems in this case, that friendship
with a person 1s the most critical factor of partner choice. 1In
addition, the students stated that, what they liked most in the pair
programming approach was that talking to someone on the exercise made
things easier for them (42%), while the thing they liked less was the
difference in perceptions with their partner and the proposed

solutions 1in some issues (38%). In the question "Propose ways to
change or improve the whole process and experience," two students

stated that the whole process could be further improved by exercises
that require more critical thinking so that more analysis and
discussion take place between the students.

Focus group

To confirm the above quantitative data, a focus group discussion was
held for 10 minutes. Initially, students were asked to express their
general view about the process, and later a discussion in more depth
about the questions of the satisfaction questionnaire took place, to
see 1if the results were verified and which factors led students to
give the specific answers.

Overall, the students view was very positive about the whole process.
The only point they focused on, was the coordination of the two
partners and the time they spent for this. They stated that they would
develop more code and faster 1if the two partners were working
simultaneously on different computers and different tasks on the same
program; however, they agreed that within education context the
adopted process was very useful.

To the question, whether they feel that pair programming helped them
to learn better than programming individually, they agreed that pair
programming has a positive impact and that the exchange of ideas and
knowledge works positively to the learning of the domain. They also
stated that the learning experience was better than the traditional
programming courses where they are working in the lab individually and
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would 1like to see more programming courses of their department to
adopt this method.

Despite the above positive evidence, there were three students who
stated that they had difficulties working with their partners. Indeed,
two of them reported that there was a difference in the knowledge of
the group members, which resulted to take control only one student and
the other watching passively. Finally, a student stated that it would
be useful if it was possible for the partners to process the code at
the same time, keeping their roles, and the observer can easily point,
mark or insert notes into the program.

Discussion and Conclusion

This paper presents an application of pair programming in an object-
oriented programming course. The paper aims to examine whether the
students who programmed in pairs had better academic performance and
learning experience. In the experiment that conducted, both
quantitative and qualitative data was acquired. Quantitative analysis
verified part of the first research question since students working in
pairs achieved a slightly better average score from the students who
worked individually with not any significant statistical difference.
Nevertheless, this particular result shows that there 1is a positive
impact of the pair programming method on learner performance. In
addition, the learning experience according to the majority of
participants was very positive, and it seems that they prefer
programming in pairs by individual programming in education settings.

These results come to verify previous studies (Hanks et al., 2011;
Salleh, Mendes & Grundy, 2011; Sanjay & Vanshi, 2010; Zacharis, 2009)
and demonstrate the usefulness of the method in higher education.
Additionally, the suggestion that was stated for concurrent code
processing from both students 1leads to the consideration of pair
programming solutions using specific systems such as that proposed by
Tsompanoudi et al. (2015) for in-class.

This study has the following limitations:

a) the small sample of students used in this study. Specifically, the
students who worked in pairs were 26 and only 13 teams were created.

b) all participants in the sample were students of a particular higher
education institution with similar characteristics. In this sense, it
is difficult to generalize the results.

c) The short duration of the experiment set at the two teaching hours
does not allow the safe prediction of participants behaviour. Their
performance or opinion might be changed on specific issues 1if the
experiment was taking place for more time during the semester.

Due to the above limitations, we plan to evaluate the pair programming
method in a whole semester time using a larger sample of students.
However, at the new experiment, we will focus on the learning
mechanisms through the programming method to understand which are the
factors that enable learners to get better performance, how they work
and how to further improve the teaching of object-oriented programming
through students’ collaboration.
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