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1. Introduction

In early 2020 COVID-19 pandemic stormed every aspect in our lives including the education section.
The most recommended strategy to fight the spreading was physical distancing, a disaster to our traditional
in-person learning method. Students and lecturers were sent home, and the learning process was forced to
switch to the distance learning model. Numerous challenges in the programming context, such as lower
productivity, diminished emotional well being [1].

Here at Institut Teknologi Del, the first-year students of computing-related study programs get their first
programming introductory courses. In the Information System study program, there are two introductory
programming courses namely Visual Programming and Procedural Programming. Visual Programming is
available in the first semester and Procedural Programming is in the second semester. Both courses are
weighted 2 credits or equal to approximately 6 commitment hours per week. These 6 hours are then divided
into 3 activities: a theoretical session (2 hours), a practical session (2 hours), and a tutorial or self-study (2
hours).

In Visual Programming, we introduced the fundamental concepts and constructs of programming
through abstractions (visual objects or models). We avoided writing actual code in a particular programming
language. The problems and case studies provided in this course were relatively simple. Procedural
Programming was more advanced than Visual Programming. In Procedural Programming, more advanced
concepts and structures were introduced, the given problems and case studies were much complex, and the
use of C language. To achieve the best outcome on these two courses, the students were expected to explore
and practice a lot, solving trivial to complex problems, and exchange ideas with other students.

Before the pandemic, the learning process was done in person for both theoretical, practical, and tutorial
sessions. The students were grouped in pairs formed at the beginning of the semester. These groups were
expected to work as a team to tackle the given problems or case studies [1, 2]. The practical sessions were led
by four lab assistants. These lab assistants were senior students who achieved high grades on the subject. The
lab sessions were conducted in a pair programming fashion where the students sit side-by-side with his/her
pair discussing the given problem, designing the optimal solution, and writing code together on a computer.
One student would act as the “Driver” while the other as the “Navigator” role. Studies suggest that pair
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programming was effective both in the normal in-person setting and remote setting [2], [3]. When applied
correctly, pair programming would also be beneficial in both industry [4] and education settings [5]-[9].
Starting from the academic year 2020/2021, applying traditional pair programming was no longer possible
since the students were located in dispersed locations, an adaptation to this approach was needed.

A previous study [10] suggested the need for an effective collaborative method in learning
programming in a distance context. Moreover, the survey also mentioned the importance of a supportive
environment around the students which aligned to [1].

In this paper, we would like to share our 2.5 years of experience in conducting effective pair
programming in a distributed setting to achieve the best possible outcome. We believe this paper would give
useful insight and answer some challenges mentioned in the previous studies. First, we will describe how we
set up the class, how we adapted the pair programming to fit with the distributed setting, the problems we
faced, and the strategies we employed to answer the problems.
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Figure 1. Programming assignments were submitted and graded using GitHub Classroom
2. Method

This research was conducted from the academic year 2019/2020 to the first semester of the academic year
2021/2022. As been stated before, Visual Programming was scheduled for the first semester and Procedural
Programming was set for the second semester, hence during the research period, Procedural Programming
was not started yet. Table 1 depicts the student distribution during those periods.

TABLE1
THE STUDENT DISTRIBUTION FROM THE 2019/2020 TO THE FIRST SEMESTER OF 2021/2022 ACADEMIC YEAR
Student Type VP 2019/2020 PP 2019/2020 VP 2020/2021 PP 2020/2021 VP 2021/2022
Freshmen 62 62 54 53 57
Retake 0 0 0 7 0

Adapting Pair Programming. We adapted the 11 traditional pair programming guidelines suggested in
[9], [11]. Some tweaks were introduced to fit the distributed setting but maintain the original goals. For
example, the guideline asked the teaching team to closely monitor the application of pair programming and to
give immediate feedback which was not feasible due to limited resources. The solution was to ask the
students to record their first 30 minutes meeting for a later check and feedbacks.

Group Forming Strategies. To form the group (pairs) we tried two approaches: a purely random
approach and clustered based on the students’ programming traits (previous programming assessments). The
pure random approach was applied to Visual Programming in the academic year 2019/2020 and 2021/2022
whereas the clustered approach was applied to Procedural Programming also in the academic year 2019/2020
and 2021/2022.

Flipping the class. Starting from the academic year 2020/2021, we employed the flipped learning
approach. Materials were made available a week beforehand and accompanied by learning videos posted in
YouTube [12]. The students were expected to do a self-study before the scheduled weekly meeting. For both
Visual Programming and Procedural Programming, the weekly meeting was scheduled for 100 minutes. The
first 50 minutes were used to do a small quiz and discuss the previous lab work. The other 50 minutes were
used for examining new materials. The lab session was scheduled for 120 minutes where the students were

2532

Accredited “Rank 4”(Sinta 4), DIKTI, No. 36/E/KPT/2019, December 13t 2019.

Jurnal Mantik is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)



Strategies for an Effective Distributed Pair Programming (Mario Elyezer Subekti Simaremare)

expected to solve a given problem. The students sent their solutions to GitHub Classroom [13], [14] platform
for grading (Figure 1). Some tests were prepared and run against the submitted solutions. The grades was
calculated instantly based on the test results.

Measurements. In this paper, we used the final grades to measure the effectiveness of pair
programming. The final grades of the academic year 2019/2020 were set as the baseline for the pair
programming (traditional), the final grades of the academic year 2020/2021 reflected the implementation of
the adapted pair programming (distributed), and the final grades of the first semester of 2021/2022 as the
improved implementation of the adapted pair programming (also distributed) — Table 2.

TABLE1
THE STUDENT DISTRIBUTION FROM THE 2019/2020 TO THE FIRST SEMESTER OF 2021/2022 ACADEMIC YEAR
VP 2019/2020 PP 2019/2020 VP 2020/2021 PP 2020/2021 VP 2021/2022
Grade role Baseline Baseline Initial DPP Initial DPP Improved DPP
Forming Random Random Random Clustered Clustered

strategy

For a better understanding, we also collected students’ impressions on the implementation of pair
programming, their contribution level, and what problems they faced. This information would surely help us
design an even better adaptation in the future.

3.  Result and Discussion

First, we would like to compare the final grades between the baseline (traditional pair programming) and the
initial adaptation to fit the distributed setting (distributed pair programming). Figure 2 depicts the comparison
between the two. In this case, the distributed pair programming seemed did not give a better outcome in the
first semester (Visual Programming) but brought a significantly better impact on the second semester
(Procedural Programming). This was due to the fact that the Procedural Programming in the academic year
2019/2020 was affected by the distance learning policy.

Final Gradesin VP Final Gradesin PP
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Figure 2. The Impact of the Adopted Pair Programming to Fit the Distributed Setting (DPP) and the Traditional Pair
Programming.

From the students’ satisfaction perspective, the pure random group forming showed a higher students’
satisfaction compared to the clustered approach (Error! Reference source not found.). We found that those
who were dissatisfied were students within the lower cluster or who had a relatively low programming trait.
Students in the upper cluster, on the other hand, were satisfied with the grouping. The clustered approach was
first applied in the second semester of the academic year 2020/2021 and based on the positive impact (final
grades, Error! Reference source not found.) we applied this approach even earlier on the next academic
year.

Another strategy was providing immediate feedback as soon as possible. During the lab session, the
students were left alone for 60 minutes to try solving the problems by themselves and submit the proposed
solution to the GitHub Classroom to get feedback in the form of grades. Afterward, the lab assistants then
check the grading before opening a meeting room for groups who failed in most tests. A lab assistant was
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assigned to handle 5 to 6 groups. Each group would have only 10 minutes to discuss with the assigned lab
assistant. These short meetings were aimed to guide them in solving the given problem.

Pair Contributions Based on the Pair Assignment
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Figure 3. Pair contributions on the programming assignments

From the survey, we found that pair commitment was the biggest issue. This was a serious issue since
lack of commitment would threaten the team cohesiveness, motivation, and productivity. To tackle this, we
asked the students to interview their pairs as their first task once the groups were formed. We also conducted
private meetings with pairs who had issues with personnel commitment to find the resolution. In an extreme
situation, we regrouped by isolating the less committing students. By doing so, only students with high
commitment work together in a team.
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Figure 4. The effectiveness of improved DPP

The combination of three strategies was proved to be effective. The first one is applying the clustered
grouping. It helps us to identify which group would likely need extra attention. The second strategy,
providing immediate feedback through short meetings did help those who were sitting on the lower cluster.
Our last strategy was to resolve the problem of low commitment. The outcome was highly significant,
majority of the students reach the highest grade (Error! Reference source not found.).

4. Conclusion

Pair programming is an old-style learning method that has been proven to be effective. Unfortunately, this
approach was not initially designed for distance learning with pairs located in a distributed setting. It
becomes even more challenging to apply this approach to the freshmen students. In this paper, we shared our
experience in adapting and applying pair programming to fit the distributed setting.

After 2.5 years of applying pair programming, we come out with three important strategies to achieve
the highest student outcome. The first strategy is to form the group using the clustering approach where the
students are grouped based on their level of programming traits. This will help us identify and separate low
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potential groups from the high potential groups. The low potential groups then will get more attention from
the teaching team.

The second strategy is by providing immediate feedback to groups with difficulties. This feedback is an
addition to the instant grading from the GitHub Classroom. This strategy is highly beneficial for groups that
lied in the lower cluster. Our 10 minutes private meetings worked and did help the students to spot and tackle
their mistakes.

The third strategy is by resolving the students’ commitment problem. As we have been previously
discussed, students with low commitment would eventually affect the group performance, hence serious
action must be taken. In our case, when a group member reported this issue, a private meeting was
commenced led by one of the teaching team to resolve it. Sometimes this issue was about personnel
chemistry and distractions at home. To improve the personnel chemistry, we asked the students to interview
their pair. This made the students aware of their pair’s personality, characteristics, and traits.

All the above strategies were proven to be effective and did help our students achieve the best outcome
(Figure 4). These also tried to answer problems and suggestions mentioned in the previous studies [1], [10].
However, applying all three strategies were uneasy. It demanded time commitment and a significant amount
of effort..
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