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A peer-assisted learning experience in computer programming
language learning and developing computer programming skills

Tugba Altintasa, Ali Gunesb* and Hamiyet Sayanc

aQuantitative Methods Department, Istanbul Aydin University, Istanbul, Turkey; bComputer
Engineering Department, Istanbul Aydin University, Istanbul, Turkey; cGifted Children’s
Education Department, Biruni University, Istanbul, Turkey

Peer learning or, as commonly expressed, peer-assisted learning (PAL) involves
school students who actively assist others to learn and in turn benefit from an
effective learning environment. This research was designed to support students
in becoming more autonomous in their learning, help them enhance their confi-
dence level in tackling computer programming problems as well as to encourage
them towards team work and collective effort. The main purpose of this research
is to test the effectiveness of PAL on the C programming language course in the
second semester of undergraduate level. For this purpose, an experiment group
(peer students) and a control group were statistically compared in terms of mid-
term and final exam scores and the results showed that peer students were more
successful in C programming language.

Keywords: cooperative/collaborative learning; programming and programming
languages; improving classroom teaching; learning communities; pedagogical
issues

Introduction

The common theme of peer-assisted learning (PAL) is to deliver and receive educa-
tion by people at the same stage of their learning (Romito, 2014). PAL has been
defined as the development of knowledge and skill through active help and support
among status equals or matched companions (Topping, 1996). In the same study, it
is defined as a situation in which people from similar social groupings who are not
professional teachers help each other to learn and learn themselves by teaching.

PAL helps students develop theoretical knowledge and skills by interaction with
colleagues, and improves communication skills, enhances personal development and
boosts performance. However, it has not been evaluated in the context of clinical
skills training (Field, Burke, McAllister, & Lloyd, 2007).

It is generally accepted that people learn from each other continuously. Everyday
learning of this sort is so widespread and trivial that often people cannot recall how
they learned what they know now. In particular, we learn from each other at school,
inside and outside the classrooms. Students discuss, ask each other questions, make
use of the break to ask questions and share notes with their fellow classmates. It is
not unusual for some students to seek advice from their more successful classmates
on how to study a certain subject more productively. This means that students not
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only share lecture material, but also their experiences of learning. Hence, everyone
in a learning environment, not only the teachers or educators, teaches. This form of
learning provides for an active, enjoyable and flexible learning experience.

This study aims at measuring the effectiveness of peer study during basic level
computer programming learning. Related research reveals that there exists an inher-
ent relationship between students’ epistemological beliefs and learning approaches
(Rodriguez & Cano, 2006).

According to Piaget (1981), in any given situation, students tend to have both
thoughts and feelings regarding their educational experiences. Thoughts are impor-
tant because they may delimit a child’s capability in a given situation, whereas feel-
ings are important because they provide the motivational force for thinking and
acting. PAL activities promote general thoughts (cognition) and feelings (affect)
(De Lisi, 2002). It is possible to attain better student performance with PAL. PAL is
used at a number of universities in the USA, Canada, Australia, New Zealand, South
Africa, UK, Switzerland, Ireland and Norway (PhysOrg, 2010).

PAL is commonly used in educational areas such as clinical education. ‘Many
medical schools have used it as a way, in part, to deliver under graduate teaching’
says Romito (2014). She summarises the pros as: ‘higher level cognitive reasoning,
improved interpersonal skills, enhanced self-worth, increased motivation for learn-
ing, greater active learner engagement, improved group discipline, development of
teaching skills, lesser demand on institutional resources, modest curriculum adapta-
tions to accommodate it, cost-effective education’ and the cons as: ‘When compared
to traditional models of teaching, PAL can increase need for training and resources,
particularly at the start, result in variable extents of curriculum coverage, and raise
concerns about governance, appropriateness and effectiveness’ (pp. 1–2).

PAL is praised for its ability to inspire learners to participate in and contribute to
the learning activity (Topping & Ehly, 1999). So, learners can be the owners of their
learning (Brookfield & Preskill, 1999). An emphasis on careful planning is impor-
tant in the application of this way of teaching. In this process educators also can
develop their learning and share it.

Although there are initiatives at universities in many countries, it is reported that
students generally drop out of courses tailored for PAL in computer programming.
Several reasons are reported, among them the most frequently noted reason is lack
of time. Some studies have attempted to solve this problem by supporting students
in cognitive or affective domains with a variety of learning strategies seeking sup-
portive mechanisms (Han, Lee, & Lee, 2010).

Surveys show that the majority of students agree that PAL helped with the social
aspects of learning, but PAL did not contribute to improved study skills or assign-
ment preparation (Hammond, Bithell, Jones, & Bidgood, 2010). At college level stu-
dents, learning must be encouraged in a way that supports meaningful and broad
aspects of intellectual development. A meaningful learning emphasises active, con-
structive, intentional, authentic and cooperative work (Keppell, Au, Ma, & Chan,
2006). Sample methodological implications of PAL were developed and structured
in some universities (Capstick, Fleming, & Hurne, 2004).

PAL has been defined as the ‘development of knowledge and skill through active
help and support among status equals and matched companions’ by Topping (2005).
PAL enables students to provide learning opportunities to other students (Field
et al., 2007). The implementation of PAL offers potentially significant opportunities
for students to learn from and with each other without the involvement of a teacher
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(Hodgson, Bearman, & Schneider-Kolsky, 2012). Through PAL, students work
together to consolidate understanding, reinforce key concepts and develop effective
study strategies. Many institutions of learning now promote instructional methods
involving ‘active’ learning that present opportunities for students to formulate their
own questions, discuss issues, explain their viewpoints and engage in cooperative
learning by working in teams on problems and projects (Christudason, 2003). To
capitalise on the benefits of PAL, teachers must provide ‘intellectual scaffolding’,
also, collaborative processes should be devised to get all group members to partici-
pate efficiently (Christudason, 2003).

In previous studies of PAL, Coe, McDougall, and McKeown (1999) studied the
benefit of PAL to undergraduate chemists; Kroeger and Kouche (2006) used PAL
strategies on a mathematics course; a medical study using PAL was carried out by
Glynn, MacFarlane, Kelly, Cantillon, and Murphy (2006) and Haller, Gallagher,
Weldon, and Felder (2000) also used PAL on engineering education.

Computer engineering education at Istanbul Aydin University, Istanbul, Turkey,
like other computer engineering departments in Turkey, mostly offers software
development courses and it is a four-year programme. During the first year, consist-
ing of two semesters, computer engineering students take general engineering
courses, like calculus, physics and chemistry. The only computer programming
related courses are Introduction to Algorithms and C programming language which
are offered during the first and second semesters, respectively. Both courses are three
hours per week for a total of 14 weeks in each semester. The purpose of Introduction
to Algorithms is to gain algorithmic thought by pseudocodes without using any pro-
gramming language tools. The C programming language course focuses directly on
C language tools with lots of programming examples. Each week a new C language
element is covered and practiced by writing several sample programmes.

The Computer Engineering Department of Istanbul Aydin University was estab-
lished in 2007. The C programming language course has been offered for the last
five years. Almost 40% of the students enrolled in C programming language classes
are, unfortunately, usually not successful, i.e. they receive grades of under CC each
year. In 2012, we decided to apply PAL to increase the success level by a different
teaching and learning rule. That is, every relatively good student would be responsi-
ble, voluntarily, for an underachieving student and they would work together in a
peer group for this course throughout the entire semester. All homework and exam
preparation were done together in peer groups. Obviously, they did not participate in
the exams as a peer group, rather as individuals being tested on what they have
learned.

Peer students were determined at the beginning of the semester by applying a
computer programming aptitude test. Our intent was announced to the class and only
the volunteer students did the test. The total number of students in our C program-
ming language course was 72 and 60 of those students chose to participate in the
aptitude test. The test consisted of multiple choice questions. Some descriptive sta-
tistics of the aptitude test results were: a mean of 46.5 out of 100, standard deviation
of 16.2, maximum value of 75 and minimum value of 21.

Material and methods

This research can be viewed as an experimental and comparative study. Since the
main goal of the study is to see the effect of PAL activity on success rates, peer
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students and others should be compared in terms of their grade as a measure of suc-
cess. The first step of the study is to obtain experimental and control groups (CGs),
where peer students are in the experimental group and others in the CG. To deter-
mine peer students, first of all the aptitude test was given to volunteer students to
get experiment group (EG) and CG students. In the first week of the C programming
language course, the aptitude test, consisting of 40 test questions based on knowl-
edge from the Introduction to Algorithms course was prepared to measure students’
success in order to decide their course aptitude level and determine peers. The
results of the test were sorted in descending order. Couples (peers) were formed by
selecting students from the beginning and the end of the list. Thus, 15 pairs of stu-
dents were obtained using first 15 students with best grades coupled with last 15
worst grade ones. In this way, EG was obtained. The rest of the 30 students (non-
peer) were used as a CG. After this decision, means of test scores for each group
were compared by using independent samples t-test, and there was no statistically
significant difference between them with a predetermined significance level of 5%.
The result showed that EG and CG are, at the start, homogeneous groups. So, we
have accepted CG as a true CG.

In the second step, peers started to study together and they studied, listened,
solved problems together, discussed and asked each other questions. They performed
all the activities in this lesson in pairs. All through the term, credited ‘C program-
ming language’ course students studied in this manner. In the middle of the semes-
ter, all students, both EG and CG students, took the midterm exam consisting of
four programme development questions in C programming language. Then, they
continued to study. At the end of the semester, both EG and CG students took the
final exam containing four programme development questions again. Thus, the
scores obtained from the aptitude test, midterm and final exams were ready as statis-
tical data to compare EG and CG, and determine whether the PAL is effective or not
for the C programming language course. Analysis of variance (one-way ANOVA)
was used to compare EG and CG and see the effect of PAL activity. All data used
for statistical analysis in this research are shown in Appendix 1. In Appendix 1,
group column 1 is for EG (peers) and 2 is for CG.

Results

To investigate the effect of PAL on exams, we applied one-way ANOVA. Thus, we
could test the hypothesis that there is not a statistically significant difference
between the means of EG and CG in terms of their aptitude test, midterm and final
exam scores. It should also be noted that 5% had been determined as significance
level. The results are shown on Table 1.

As can be seen from Table 1, there is no statistically significant difference
between the means of EG and CG on aptitude test scores. For the aptitude test, F
value has been found as .310 and corresponding p value is .580. According to these
results, we cannot reject the hypothesis that there is not a statistically significant dif-
ference between the means of EG and CG in terms of their aptitude test scores,
because .580 is less than the predetermined significance level of 5%. This is a good
result for this study, because before PAL activities, we obtained a homogeneous
group. If we look at the ANOVA results for the midterm exam, F value has been
found as 4.047 and corresponding p value is .049. Hence, we reject the hypothesis
that there is not a statistically significant difference between the means of EG and
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CG in terms of their midterm scores. Finally, looking at ANOVA results for the final
exam, we can also see that there is a statistically significant difference between the
means of EG and CG, as F has been found to be 5.729 and correspondence p value
is .020.

Basic descriptive statistics of three exams for EG and CG are shown on the
Table 2.

If we look at the mean values for aptitude test, EG’s mean is 46.17 and CG’s
47.80. It was said that their means are not significantly different. However, we only
obtained approximate means and we can see that EG’s aptitude test scores vary on a
wide range, because of higher standard deviation (EG’s 15.47 and CG’s 4.35). When
EG and CG are compared in terms of midterm and final scores, we can see EG is
more successful than CG on both. Corresponding standard deviations are very close
to each other, but we should accept EG is more homogeneous because of the lower
mean/standard deviation ratios. Consequently, the increase of EG’s mean scores is
greater than CG’s. This result shows that PAL has a positive effect on student’s
success.

Another important finding of this study can be demonstrated explained by this
question: ‘What happened to the members of EG?’ because, at the beginning of the
semester, half of them were weak and the other half of were good. We expected peer
students with lower grades to raise their scores. From Table 2, we see the perfor-
mance of peer students totally. But we do not know whether this positive variation
is due to good or weak students. To test the differences between the means of good
and weak peers in EG, we applied ANOVA and results are shown in Table 3. Some
descriptive statistics for EG are shown in Table 4.

Looking at Table 3, F values were found to be 27.476 (p = .000) and 12.307
(p = .000), respectively. Both p values are less than the predetermined significance

Table 1. ANOVA results.

Sum of squares df Mean square F p

Aptıtude test Between groups 40.017 1 40.017 .310 .580
Within groups 7484.967 58 129.051

Midterm Between groups 3226.667 1 3226.667 4.047 .049
Within groups 46,246.66 58 797.356

Final Between groups 3300.417 1 3300.417 5.729 .020
Within groups 33,414.16 58 576.106

Table 2. Descriptive statistics.

N Mean Std. dev.

Aptitude test EG 30 46.17 15.47
CG 30 47.80 4.35

Midterm EG 30 64.67 31.65
CG 30 50.00 24.35

Final EG 30 69.50 23.87
CG 30 54.67 24.14
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level 5%. These results show that the difference between the means of aptitude test,
midterm and final scores are statistically significant for good and weak peers.

From Table 4, we see the means of aptitude test, midterm and final scores. It is
very clear that good peers are more successful than weak peers on aptitude test, mid-
term and final exams. Corresponding standard deviations can be accepted as low,
but, for the final exam only, weak peers’ standard deviation is extremely high. Then,
the final scores of weak peers vary in a wide range and are not homogeneous. At
the end of this PAL activity, EG’s performance increased for both. Good peers
reached 84.33 and weak peers 54.67. But this result shows that the increase of EG’s
success comes from good peers.

Conclusions

In this study, we tested the effectiveness of PAL on learning and developing com-
puter programmes in C programming language. For this purpose, we divided the stu-
dents in the C programming language lecture, with a total of 60 students at the
beginning of the semester, into two groups. One group was the experimental group
and this group had 15 pairs made up of one good and one weak student, going on
the result of a programming aptitude test. The other group was our CG with 30 stu-
dents. Both groups were provided a homogeneous environment during classroom
activities. The only difference was that experimental group students were required to
study with their pairs for homework and preparation for the exams. A total of 24
programming homework assignments were given to the class during the semester. A
total of eight programming questions were asked in midterm and final exams. All
results of those activities are shown in Appendix 1.

Based on the exam results, the overall programming performance of EG is
higher than CG, whereas the expected result of this experimental study was the
improvement in programming skills of the weak students in EG. Of course, we
assumed that, if they get high scores in the programming exam, this means that their

Table 3. ANOVA results of EG.

Sum of squares df Mean square F p

Good peer Between groups 6165.911 2 3082.956 27.476 .000
Within groups 4712.667 42 112.206

Weak peer Between groups 4828.133 2 2414.067 12.307 .000
Within groups 8238.667 42 196.159

Table 4. Descriptive statistics of EG.

N Mean Std. dev.

Good peer 1.00 15 58.53 10.23
2.00 15 60.60 5.38
3.00 15 84.33 14.25

Weak peer 1.00 15 33.80 7.95
2.00 15 31.73 4.48
3.00 15 54.67 22.48
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programming skills have improved. According to statistical results, total program-
ming skill improved in EG. But the main reason for this is the great improvement in
good peers’ performance.

After the final exam, we asked for opinions from the paired students about their
PAL experience. The most mentioned point was the problem of creating time for
PAL activity. PAL activities were very poor outside the school environment and
90% of PAL activity was in school during free time between lectures. Good students
in EG expressed the opinion that they repeated the topics through PAL activity.
Weak students in EG expressed the opinion that PAL activity was falling short to
get good programming skills. Also, they said that they felt more ambitious when
they saw the accomplishments of their peers.

Almost 40% of the C programming language class was, unfortunately, unsuc-
cessful, the same percentage below CC as in previous years. When we look at over-
all result of this experiment, this ratio was 38%. Of course, this small change cannot
simply be explained by PAL activity. There may be some other factors for this posi-
tive improvement.

Finally, we can accept PAL as an effective tool for computer programming teach-
ing especially for beginners or freshman students. We observed peer students with
improved skills in programme development due to increased cognitive learning. We
recommend the application of PAL to similar logical or technical courses involving
active learner engagement and analytical thought.
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Appendix 1. Aptitude test, midterm and final exam data for experimental and
control groups

Peer
num

Aptitude
test Group Midterm Final

Peer
num

Aptitude
test Group Midterm Final

1 58 1 95 90 – 54 2 95 90
1 32 1 10 30 – 41 2 20 20
2 58 1 75 75 – 41 2 15 25
2 30 1 95 80 – 43 2 30 30
3 55 1 10 50 – 54 2 60 50
3 34 1 10 40 – 41 2 10 20
4 58 1 70 80 – 53 2 50 70
4 27 1 30 40 – 54 2 80 90
5 63 1 70 75 – 44 2 30 40
5 35 1 80 75 – 49 2 60 50
6 58 1 95 95 – 42 2 35 20
6 32 1 65 60 – 52 2 50 50
7 55 1 50 60 – 44 2 35 60
7 30 1 65 80 – 48 2 30 40
8 58 1 95 95 – 49 2 50 70
8 32 1 25 50 – 49 2 40 45
9 63 1 95 95 – 44 2 45 40
9 36 1 95 75 – 53 2 85 90
10 58 1 95 90 – 45 2 30 50
10 33 1 20 30 – 42 2 20 20
11 75 1 95 95 – 52 2 60 80
11 21 1 20 35 – 50 2 60 75
12 60 1 50 60 – 45 2 40 55
12 40 1 95 95 – 47 2 50 60
13 63 1 95 95 – 50 2 50 50
13 32 1 50 50 – 46 2 40 30
14 69 1 70 80 – 48 2 50 50
14 27 1 30 20 – 52 2 95 85
15 58 1 95 95 – 51 2 95 95
15 35 1 95 95 – 51 2 90 90
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