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ABSTRACT
Teaching design patterns has proved to be a complicated topic in
software engineering courses. Practitioners require mastering this
technique in order to develop higher-quality programs.

As part of the experiment, we used pair programming practice to
solve this problem in an undergraduate classroom activity, aiming
that finding the best pair configuration based on previous program-
ming skills and character affinity, would lead us to better results.
The experiment was divided into five rounds, increasing the com-
plexity every each exercise. Afterward, we compared the score
obtained by the students in the mid-term exam with last semester
scores, resulting in an improvement of 0.37 points with the previous
semester, which was 12.3% of the highest score (3 points).

CCS CONCEPTS
• Applied computing → Collaborative learning; • General
and reference → Empirical studies; Experimentation; • Software
and its engineering → Software design engineering.
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1 INTRODUCTION
Agile software development teams usually practice Pair Program-
ming in a way to improve overall team effectiveness. With this
method, two individuals share the same computer to develop a pro-
gram that will solve a particular problem [2]. Pair programming has
its roots in the practice of XP (Xtreme Programming) [1]. Under the
XP methodology, pair programming has been applied in various
projects in the industry, such as a large-scale payroll system in
Daimler Chrysler and the Ford Company’s vehicle costing system
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project [1]. There is a productive use of pair programming: com-
plete development tasks with higher quality in less time [8]. On the
other hand, pair programming has also been applied to improve a
knowledge transfer process in undergraduate studies [2] [6] [7].

Design patterns are a way to improve the design of software
products, allowing the reuse of good design practices that solves
common problems using abstractions above the level of individual
classes and instances [4]. Choosing the correct software design
patterns is one of the software engineering tasks that has a profound
impact on software quality. Practitioners often report the misuse or
overuse of this software technique leads to insufficient results [3].
Thus, providing a solid understanding of design patterns constitutes
a fundamental goal of software engineering curricula [5].

The objective of this research states how the practice of pair
programming will improve the way how teachers in an undergrad-
uate course will teach this software engineering practice (design
patterns). The research consists of an experiment on students from
an undergraduate course in software engineering. The purpose
of this activity was to find a relation between prior programming
skills, the practice of pair programming, and the quality of resulted
programs. The exercises consisted of applying design patterns in
programming problems. After the experiment, we compared the
pair performances against solo performances, observing an im-
provement in students with weaker programming skills when they
teamed with a student with strong programming skills. We also
compare the overall performance in the mid-term exam, observing
an improvement compared to last semester scores.

2 MATERIALS AND METHODS
We conducted the experiment during the course ’Software Engi-
neering II’ to two classes of fourth-year undergraduate students of
the System engineering career in Peru in 2019.

It consisted in 5 programming exercises to be solved in 5 rounds
by 8 teams. Each team had 2 groups per round. The first group that
solved the exercise was rewarded with the highest score.

Each programming exercise in each round was designed to code
a solution to a problem between 15 and 30 minutes long in the
classroom. They were about the following design patterns: Chain
of responsibility, Composite, State, Adapter, and Decorator and
others like Singleton and Factory.

The students were divided into 5 cohorts based on their program-
ming skills from very weak to very strong. This level was obtained
qualitatively based on students’ performance in previous program-
ming courses. They formed 8 teams with an average programming
strength by picking one student from each cohort. Every team had
to rank its members by programming skills and considering the
levels of the programming exercises from very easy to very hard.
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Table 1: Result of the pair programming activity

R Exercise Place Team Pair Programming level
level Coder Pair

1 Very easy 1st A Yes Weak Strong
1 Very easy 2nd B Yes Weak Strong
1 Very easy 3rd C Yes Weak Strong
2 Easy 1st A Yes Very weak Very strong
2 Easy 2nd D Yes Very weak Very strong
2 Easy 3rd C Yes Very weak Very strong
2 Easy 4th B No Weak -
2 Easy 5th D No Weak -
3 Medium 1st D Yes Very strong Weak
3 Medium 2nd C Yes Very strong Weak
4 Hard 1st E No Strong -
4 Hard 2nd D No Strong -
5 Very hard 1st E No Strong -
5 Very hard 2nd C Yes Very strong Medium
5 Very hard 3rd F Yes Very strong Medium
5 Very hard 4th F No Strong -

The participation of eachmember was designed to let very strong
contestants solve very hard exercises and very weak contestants
to solve very easy exercises. This participation was divided into
two independent groups per team per round: the first group called
group S had only a solo coder member, the second group called
group P had a coder member and its helper pair. The role of the
helper was to collaborate with the coder proposing what to do and
what decisions to make in the solution, and it was not allowed to
code any line. Every programming student had a desktop PC.

The distribution of the helper pair in its groups was designed to
balance the programming level between the coder and its helper.
For example, in the first round, for each team, the programming
level of the coder and pair were weak and strong respectively in
group P and the level of the solo coder was very weak in group S.

To observe the performance in design patterns, we used a ques-
tion in the mid-term exam. It was similar to the experiment: the
student should refactor code using three design patterns.

3 RESULTS
We had eight teams (from A to H) in this experiment. The results of
the experiment are shown in Table 1 where the rounds and the level
of the programming exercises are in the first columns. In round 1,
the groups P only solved the problem in the given time. In round 2,
in 4th and 5th place, the solo coder (groups S) solved the problem
too. In round 4, the solo coder only solved the problems. TeamG and
H did not solve any problems. Despite not finishing all the exercises
in the given time, every student participated in pair programming.

We have compared the results in the same design patterns ques-
tion of the mid-term exam between the first semester class (2019-01)
and the second semester one (2019-02). See Table 2: results for two
semesters in Software Engineering II course. We appreciate an
increase of 12.3% in the average score for the students that partici-
pated in the pair programming activity. The average scores were
1.14 in 2019-I and the 1.51 in 2019-II.

Table 2: Results for 2 semesters in Software Engineering II

2019-01 2019-02
Students 22 42
Average 1.14 1.51

Standard deviation 0.93 0.77

4 DISCUSSION
As we see in the experiment, the groups with students with a low
level of programming expertise but accompanied by a pair with
strong programming expertise solved the problem and were in the
first three places in the first three rounds. The fourth and fifth
rounds have complex exercises, but results were not the same as
the initials since there were a higher number of solo students who
finished the exercises without needing a pair.

The results consider the level of programming expertise but no
other aspects that should be explored like psychological profile,
previous expertise, etc.

The students assessed the programming expertise of their peers
but it is not a precise method for selecting the level of programming.

5 CONCLUSIONS
From the previous experience, the benefit of pair programming can
be inferred mainly in students whose programming level is average
or lower. On the other hand, this benefit is not seen in cases where
the coder is a high-level programmer, even becoming an obstacle.

We also have proved that the practice of pair programming
increase the performance in the design patterns problems in the
midterm exam of the course Software Engineering II.

This experiment was designed to help students to work in pairs
in order to achieve better results in a small tournament and help
them to have better grades in the course.
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