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ABSTRACT 
Pair programming (PP) is a useful strategy to promote 
computational thinking (CT) among students. Studies have 
shown that PP under appropriate conditions can enhance 
student achievement and increase their motivation in 
learning programming. Furthermore, studies have also 
shown that Scratch, a graphical block-based programming 
language, enables student learning in programming to 
become more interesting, more challenging and more 
creative. This study explored the effectiveness of PP in 
developing students’ CT skills through Scratch in a 
Singapore secondary school. The findings suggest that PP 
is more effective than the solo programming, both 
in supporting and enhancing students’ learning 
and understanding of basic programming concepts and CT 
skills, as well as on improving students’ motivation 
toward programming. Limitations of this study and 
implications for teaching are also discussed. 
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1. INTRODUCTION
To nurture students to be future-ready and contribute 
effectively in an increasingly complex and interconnected 
world shaped by computer technologies, the Singapore 
Ministry of Education (MOE) has strengthened digital 
literacy among students through the Smart Nation Initiative 
(Smart Nation, 2014) and the National Digital Literacy 
Programme (MOE, 2020). As developing computational 
capabilities is one of the key enablers for these national 
initiatives, secondary schools and junior colleges computer 
education curriculum were also revised to introduce 
computational thinking (CT) and its related concepts such as 
abstraction, algorithmic thinking and decomposition to 
students through programming in subjects such as Computer 
Applications (CPA) and O-Level Computing (MOE, 2017, 
2019). Secondary students who took CPA are introduced to 
programming at secondary two through Scratch 2.0 
(Scratch), a graphical block-based programming language, 
using Scratch editor. 

The secondary two CPA students in a typical public co- 
educational school (it is called “School A” in this paper) 
initially learned Scratch through solo programming. While 
students worked independently to complete the Scratch 
projects, the teachers observed that students struggled to 
correctly apply the knowledge they have learned to create 
the projects and got frustrated as a result when the codes did 
not work as intended. Students may know the function of 
each graphical block but they did not know how to combine 
those blocks in order to produce valid and correct 

programs.  Students   also  faced  difficulties  in the  use  of 
variables, operators blocks, event blocks and blocks 
that encapsulate other blocks (e.g. loops). For example, 
students commonly have misconceptions regarding 
variable initialisation and loop conditions during the 
creation of their scratch projects. Hence, despite the ease in 
using Scratch to learn programming, many students tend to 
find programming difficult to learn and get frustrated when 
they are unable to get their programs to work as intended 
(Choo et al., 2017; Rahmat et al., 2012). 

To explore the effectiveness of PP in developing 
students’ CT skills and in motivating students to learn 
programming through Scratch, the secondary two CPA 
students in School A attended three PP lessons. This 
study explored the effectiveness of pair programming 
(PP) in developing students’ CT skills, measured by their 
learning  achievement in PP. The study focused on 
answering the following research questions: 

1. What is the effectiveness of PP in developing students’
CT skills through Scratch?

2. How motivated are students to learn programming
through Scratch when using PP?

2. LITERATURE REVIEW
2.1. Pair Programming 
PP involves two people working side by side each other at 
one computer and collaborate closely to create a program. 
One acts as the driver who is responsible for controlling the 
shared resources (e.g., computer, mouse, keyboard) and 
actively involved in the programming task such  as using the 
mouse to input the codes. The other acts as the navigator who 
is responsible for observing the driver’s work and providing 
support by pointing out errors in the codes and/or offering 
suggestions on how to solve a problem (Williams & Kessler, 
2002). During the program completion process, the driver 
and navigator roles are switched after a period of time 
(Williams & Kessler, 2002). 

Studies have shown that students regularly perform better 
with PP than with solo programming in CT (Lye & Koh, 
2014; Werner & Denning, 2009). Paired students were more 
likely to hand in solutions for their programming tasks that 
were of higher quality than students who programmed 
independently (McDowell et al., 2002). Furthermore, 
various studies have also  shown that  PP can 
(1) improve individual programming skills (Braught, Eby, &
Wahls, 2008; Cliburn, 2003) and (2) reduces frustration
experienced by novice programmers, increases their
satisfaction, enjoyment; and promote positive attitudes in
programming in them (Bishop-Clark, Courte, Evans, &
Howard, 2006; Preston, 2005).
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2.2. Computational Thinking 
During programming, students are exposed to CT. Wing 
(2017, p. 8) defines CT as the “thought processes involved 
in formulating a problem and expressing the solution(s) in 
ways that a computer—human or machine—can effectively 
carry out.” The “computer” here refers to an information 
processing agent that can be a human or a computer, or a 
combination of both. Selby (2014) further elaborates that CT 
as cognitive processes, involves thinking in abstractions, 
algorithmically and in terms of decomposition, 
generalization and evaluation. Binkley  et al. (2012) and 
Yadav et al. (2014) also posit that CT has the potential to 
foster creativity and problem-solving skills among students. 
Hence, CT is not just about problem formulation, but also 
about problem solving where students are encouraged to 
think in new ways to come up with solutions. Therefore, CT 
equips and empowers the students with knowledge, skills 
and programming competencies to move beyond being 
consumers of technology to becoming creative thinkers and 
problem-solvers in a tech-driven world. 

3. METHODS 
3.1. Participants 
The participants were 40 secondary two CPA students in 
School A. They were introduced to Scratch prior to the PP 
lessons and had some basic knowledge and skills about 
Scratch programming. 12 students were female and 28 
students were male. 

3.2. The Learning Platform: Scratch 
Scratch is a graphical block-based programming language 
suitable for students to learn programming because of its low 
floor (easy for novice programmers to get  started), high 
ceiling (opportunities for expert programmers to create 
complex projects) and wide walls (supporting different types 
of projects that grow out of the programmers’ own interests 
and learning profiles) (Resnick et al., 2009). Studies have 
shown that using Scratch improves students’ motivation in 
learning programming (Ouahbi et al., 2015) and 
understanding of basic programming concepts (Saez-Lopez 
et al., 2016). 

 

 
Figure 1. Scratch user interface 

Writing a program is done by dragging and dropping the 
graphical Scratch blocks to connect them to each other 
vertically. These blocks are color-coded and grouped into 
different categories based on their functions (e.g., event 
blocks, control blocks), thereby allowing programmers to 
see the relationship between the different blocks easily. 

Accordingly, students can create programs, which in Scratch 
are called projects, such as stories, animations, games, 
simulations, songs, etc. by connecting the blocks in the 
correct sequence. Figure 1 shows the Scratch user interface 
while Figure 2 shows an example of a program written using 
Scratch blocks. 

 

 
Figure 2. Example of a program written using Scratch 

blocks 

3.3. Procedure 
Prior to the intervention, students completed a solo 
programming project over one hour and 30 minutes. 
Thereafter, they attended three PP lessons (four hours thirty 
minutes in total). In each PP lesson, students shared one 
computer to work through the scenario, design and develop 
their Scratch project, with one driving (controlling the mouse 
and keyboard) and the other navigating (checking for errors 
and bugs, and providing support and feedback). The pairs 
must switch their roles every 10 minutes during PP. 

Pairs were assigned based on student choice. All students 
chose a same-gender classmate to work with for all the three 
PP lessons. There was a total of 6 pairs of girls and 14 pairs 
of boys. However, for each subsequent lesson, every student 
was required to choose a new partner. 

After students reviewed earlier lessons on Scratch 
programming, they were introduced to the Scratch project 
that they need to complete and the rubrics for the project as 
well as PP and the accompanying PP expectations. Table 1 
further shows a summary of the activities for each PP lesson. 

3.4. The Scratch Programming Projects 
Over the three classes, students were given two 
programming projects to assess their programming 
knowledge and capability during PP. They consisted of 
students’ choice of two semi-open projects with a defined 
outcome and an undefined process (see Table 2) and were to 
be completed by the paired students within lesson one (for 
PP project 1) and within lessons two and three (for PP project 
2). 

3.5. Data collection 
In this paper, data was collected during PP by observing 
students’ behaviors and interactions (including the questions 
asked by students when seeking help, frequency of seeking 
help from teachers, and verbatim comments by students 
during PP) as they designed, coded and implemented their 
Scratch projects. We observed how students applied CT 
skills such as evaluation when they encountered bugs and 
algorithmic thinking when conceptualising and 
implementing the projects. We also examined these projects 
based on the rubrics and compared 
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their scores with the Scratch projects done earlier through 
solo programming. 

Table 1. Sample PP lesson 

Table 2. Overview of the pair programming project 

4. FINDINGS AND DISCUSSIONS
4.1. Comparison of students’ scores for solo 

programming and PP 
To evaluate the effectiveness of PP in developing students’ 
CT skills, measured by their learning achievement in PP, 
paired samples t-tests were conducted to determine whether 
the mean of students’ scores for PP project 1 (M=9.48, 
SD=7.542) and PP project 2 (M=6.65, SD=7.150) 
significantly differed from the mean of students’ scores for 
solo programming task (M=5.18, SD=7.542). 

A pair programming session is considered effective to 
enhance students’ performance if their mean score for either 
PP projects 1 or 2 is higher than their score for a similar solo 
programming project and the improvement is statistically 
significant. In general, students working in pairs performed 
better compared to programming alone as both the mean 
scores for the PP projects were higher than the mean score 
for the solo programming project. 

The results for the paired t-tests indicated that the difference 
between PP project 1 and solo programming project was 
significant, t(39)=-3.61, p<.001. Therefore, this could mean 
that PP may positively affect the students’ learning 
performance. 

However, results for the paired t-tests showed that the 
difference between PP project 2 and solo programming 
project was not significant, t(39)=-1.30, p>0.001. It may be 
caused by three possible reasons. 

Firstly, it may be due to the increasing difficulty on PP 
project 2, which was a Scratch game in contrast to a  Scratch 
animation in PP project 1. Studies have shown that task 
complexity influences the effectiveness of PP and in turn, 
student learning (Hannay et. al., 2010). 

Secondly, it may be due to a change in partners in PP project 
2. Factors that had been identified to influence the effects of
PP include partners’ personalities and temperaments
(Hannay et al., 2010; Katira et al., 2004);  and social factors
such as gender, partnership and culture (Zhong, Wang, &
Chen, 2016). As students had to change partners, this meant
that they may be paired with a less desirable partner and
therefore, having compatibility of pairs issues and resulted
in lower motivation to persevere and complete the project. In
this case, as the pairs were of the same gender, the social
factor that is likely to contribute to the insignificant
difference between PP project 2 and solo programming
project is partnership between the pairs being affected by the
partners’ personalities and temperaments.

Thirdly, it may be due to the partner’s skills, knowledge and 
experiences (Hannay et al., 2010; Lui & Chan, 2006). For 
example, if a low progress student is paired with another low 
progress student, the improvement in the learning 
achievement for both students may not be as 

Lesson Time/min Description of lesson activities 

1 5 Revision of last Scratch lesson’s 
concepts. 

5 Students are introduced to PP 
(includes the showing of PP video in 
lesson 1. But the showing of PP video 
will not be implemented in lessons 2 
and 3) or reminded of PP expectations 
in lessons 2 and 3. 

5 Students get into pairs (each pair will 
need to have a different partner for 
each lesson) and are introduced to the 
different scenarios for  the Scratch 
project that they need to complete 
within the lesson (includes 
implementation details and rubrics for 
this project). 

10  Each pair   decides  on their preferred  task 
scenario for the project. Thereafter, 
the paired students will prepare the 
script and storyboard for their Scratch 
project. 

60 The paired students carry out PP to 
complete their project and will  switch 
roles after every 10 minutes. 

5 Summary of the concepts learned in 
the lesson. 

Type Project 

Solo Solo Project: Two sprites having a conversation at  the 
basketball court, with one sprite introducing 
himself/herself to and having a conversation with 
the other sprite to get to know him/her better. 

PP PP Project 1: Choose 1 out of 3 scenarios 

Animation 1: Two sprites having a conversation, 
with one sprite sharing a riddle with his/her friend. 

Animation 2: Two sprites having a conversation, 
with one sprite sharing his/her favourite Korean 
drama and why he/she likes this Korean drama to 
his/her friend. 

Animation 3: Two sprites having a conversation, 
with one sprite sharing his/her favourite game that 
he/she plays with his/her friend. 

PP Project 2: Choose 1 out of 3 scenarios 

Game 1: A cat appears and it is supposed to catch 
doughnuts as they fall from the sky. 

Game 2: A cat appears and it is supposed to jump 

onto blocks to collect stars. 

Game 3: A mouse appears at the start of the maze 
and it is supposed to find the cheese. A cat will 
forever chase after the mouse. 
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greater as the learning achievement of a pair that consists  of 
a high progress student and a low progress student. In  the 
latter, the high progress student will gain more knowledge 
and competencies in the CT skills since each time he/she 
teaches, he/she re-learns the materials while the low progress 
student will benefit from peer teaching. Therefore, PP can be 
beneficial even when partners bring different levels of prior 
programming experience, but the improvement in learning 
achievement may not always be the same for both partners. 
This suggests that  when students work with a partner who 
has relatively more experience, they can still learn. 

It can be therefore stated that PP may positively affect the 
students’ academic performance. Results of these analyses 
are shown in Table 3. 

Table 3. Results of paired t-tests for the different tasks 

4.2. Teachers’ Observations of Students’ Behaviors 
and Interactions during PP 

We observed three categories of pair behaviors during the 
completion of the projects: collaborative, exploratory and 
off-task. Pairs engaged collaboratively when they interact 
verbally and non-verbally to share their thoughts and ideas 
during the creation of their projects, and willingly switches 
roles after each 10 minutes interval. Exploratory behavior 

Majority of the pairs did not engage in planning during the 
10 minutes designated for the planning of the script and 
drawing of the storyboard. Instead, they engaged directly 
with Scratch Editor to plan and input the Scratch blocks for 
their projects. To further explore what PP looks like, we 
analysed the distribution of specific pair behaviors by gender 
pairs that were happening most of the time during the 
creation of the two PP projects. While collaborative behavior 
was the most common across pairs; a few pairs spent their 
time in off-task or exploratory behavior. The results are 
shown in Table 5. 

Table 5. Distribution of pair behaviors by gender pairs 
most of the time while completing PP projects 1 and 2 

goes beyond students engaging collaboratively. Pairs 
constructively challenge each other’s thoughts, ideas and 
programming decisions. On the other hand, off-task 
behavior involves pairs or individual student within the pairs 
being disengaged and holds up the programming process. 
For example, pairs engage in verbal or non-verbal exchanges 
not about their Scratch project or programming. Further 
description and examples are shown in Table 4. 

Table 4. Pair behaviors during game interaction We observed that during PP, students took the initiative to 
ask the teachers questions on whether their suggested codes 
are workable or whether their sequence of algorithmic 
thinking or of decomposition is correct. This contrasted with 
solo programming when more students either gave up or 
asked the teachers what are the codes to input in order to 
complete the solo project. 

Furthermore, while most pairs spent most of their time in 
collaborative behavior, we observed that most female pairs 
spent proportionally more time on collaborative behavior 
and a smaller proportion of their time in exploratory 
behavior, while some male pairs spent a greater proportion 
of their time in exploratory and off-task behaviors. This 
suggests that gender can be an issue in PP context. 
Although studies showed that males tend to be more 

between 
tasks 

Solo project 
vs PP project 
1 

Solo project 
vs PP project 
2 

Mean 
difference 

df Sig 

4.30 -3.61 39 0.0087 

1.48 -1.30 39 0.1997 

Category Description 

Partner gives and 
receives suggestions, 
ask questions and 
responds by carrying 
out the suggestions. 

Example 

Driver adds certain 
blocks of 
Navigator 
comments 
identify 

offers

Switches roles 
willingly. 

Exploratory Pair listens and 
engages 
constructively 
around suggestions. 
Verbalises reasons 

Driver makes the 
changes. 

Navigator spots 
errors and offers 
suggestions; Driver 
disagrees and 
navigator explains 

and reflect. his/her reasoning. 
Driver becomes 

Off-task Partner 
decisions 

the other partner’s 
input, without any 

convinced and 
makes the changes, 
then test the 
game/animation. 

One partner insists 
the other change  the 
sequence of 
codes and no 

explanation. Or 
driver is 

reason was given. 
The other ignores 
partner. 

programming while 
Navigator is not 
tracking what is 
happening on 
monitor (e.g., leave 
the 
station). 

Category of pair 
behavior 

Gender pair 

Collaborative 

Exploratory 

Off-task 

4 

Boy-boy 

10 
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assertive in their views and focus on independence (Leaper 
& Smith, 2004); and females try to avoid conflict and seek 
support, consensus and suggestions (Sullivan et. al., 2015), 
the issue of gender in PP in secondary school context needs 
further exploration. 

The findings showed that students behaviors and interactions 
varied across pairs, and differences could be due to the level 
of confidence (either individually or as a pair) in completing 
the projects based on their knowledge and skills in Scratch 
programming. Furthermore, the findings also showed that 
majority of the students were more motivated to learn and 
engage in programming through Scratch while doing PP. 
Overall, the result of this paper is consistent with other 
studies that PP could reduce frustration experienced, 
enhance student enjoyment, and promote positive attitudes 
in programming ((Bishop-Clark et al., 2006; McDowell et 
al., 2002; Preston, 2005). 

5. LIMITATIONS 
The findings in this paper are limited in several ways. First, 
we did not measure the quality of the relationship between 
partners as a factor affecting the students’ behaviors and 
interactions during PP. Studies have shown that one partner 
can dominate the interactions (Deitrick, Shapiro, & Gravel, 
2016). Second, we did not measure the class collaborative 
culture and the extent to which collaboration supported PP. 
Future work involving rich observational data could help 
describe the classroom culture regarding collaboration. 
Third, we did not have mixed gender pairing of students of 
which may have yielded additional insight into pair 
behaviors. Lastly, we did not investigate the time factor: 
period of switching roles. The period of switching roles in 
this study was a fixed time interval of 10 minutes. We did 
not investigate whether if fixing a longer time interval of 
15 to 20 minutes or having pairs switched their roles 
according to their own needs as and when they chose, would 
help in the learning of CT skills and achievement. This 
would provide additional insights on the effect of period of 
switching roles in PP on student learning. 

6. CONCLUSION AND IMPLICATIONS 
FOR TEACHING 

Overall, our findings suggest that students who programmed 
with a partner learned more than when they programmed 
alone. PP also seemed to motivate students to acquire CT 
skills. Hence, our finding supports prior studies that show 
the benefits of PP for learning and provide some detail on 
the factors that relate to those benefits. 

The findings in this paper also have implications for 
teaching. Firstly, the findings can help teachers understand 
what PP looks like in a secondary school classroom and the 
different variability in how pairs interact. Therefore, 
teachers must plan to create effective pairs. When pairs 
possess different levels of experience of programming 
knowledge and skills, both students will benefit, but in 
different ways. However, it is disadvantageous to pair 
students possessing very different attitudes toward 
collaboration together. For example, having a partner who 
prefers to programme alone can undermine the more 
collaborative student’s learning and lead to pair behaviors 

that hold up the progress of their Scratch project completion. 

Future research can examine the period of switching roles 
between the driver and the navigator and how this impacts 
the learning of CT skills and motivation in learning 
programming through Scratch. Additional research is needed 
in order to determine the extent to which the quality of the 
relationship between partners affects the students’ behaviors 
and interactions during PP, and in turn their learning 
achievement in programming. 
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