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Abstract—This Research to Practice Full Paper 

depicts and evaluates a secondary school project on using 
pair- and solo-programming of mini-games in 
introductory programming classes. In addition to 
investigating various factors influencing students’ 
problem-solving skills (K9; age 14–15), we introduce the 
software metric Lines Of Code (LOC) to compare 
outcomes on that specific measure in the pair- and solo- 
programming setting. The mini-games were developed 
with the free personal edition of the game development 
engine Unity™ and C#.  

In the current study, four different classes at the 
secondary level were instructed and researched. All 
classes had approximately the same number of students, 
the same tasks, the same tutorials, but were using a 
different social setting for programming. In response to 
the worldwide pandemic in the years 2020 and 2021, 
instruction and research proceeded either in virtual or in 
hybrid-learning mode.  

We chose participatory action research to 
accommodate for the complexity of factors inherent in the 
field as well as for its iterative, cyclic nature. The current 
cycle is the third of a series on studies that have 
investigated various aspects of introductory pair-
programming. The evaluation phase employs a digital 
questionnaire with open and closed questions aimed to 
capture student’s perceptions regarding problem solving. 
In addition, the software metric Lines Of Code” (LOC), 
traditionally used to measure the size of a computer 
program by counting the number of lines of the 
program's source code, was adapted to measure students’ 
achievement in pair- and solo-programming. 

With our research we aim to contribute to make 
learning to program more effective, engaging, and 
inclusive, and we would like to promote 21st century 
competences besides programming skills. In addition, we 
are eager to share our practice of pair-programming with 
educators in order to inspire them to experiment with 
pair-programming as a social setting with high potential, 
even in times of required social distancing. 

Keywords—pair-programming, solo-programming, 
students, setting, problem-solving 

I. INTRODUCTION 

Pair-programming at schools is a style of 
programming in which two students share one 
computer, work side by side, and alternate in taking 
suggested roles as “driver” and “navigator”. While 
several studies have investigated pair-programming at 
professional or higher educational levels [1]–[3], the 
present research aims to explore whether and under 
what conditions game-programming in a pair setting 
benefits students’ problem-solving in the context of 
learning to program in secondary (K9) classrooms. 
Thus, the subjects of this research were 41 students 
(age: 14–15) in four computer science classes (CS) 
located in Vienna, Austria. In brief, the present study 
investigates students’ technical outcomes in the pair- 
versus the solo-programming setting and explores any 
differences in students’ coding achievements in the two 
settings. Besides teachers’ and researchers’ 
observation of students’ approaches to problem-
solving, a digital survey using questionnaires was 
conducted at the end of the programming task.  

In order to enable self-paced learning, a tutorial had 
been prepared to support developing a simple Unity ™ 
game in the settings of pair-programming and solo-
programming. Due to the restrictions caused by the 
COVID-19 pandemic, face-to-face instruction was 
strictly reduced and at times even prohibited. As a 
consequence, the computer science classes CS3 and 
CS4, who engaged in solo-programming, performed 
virtually, except for the last session, where students 
from the CS4 had the opportunity of participating in 
hybrid mode. Students from CS1 and CS2 who 
engaged in pair-programming, participated in hybrid 
mode. Those who worked from home participated via 
virtual breakout rooms that made pair-work possible. 

The first and second cycle of our previous action 

research on pair-programming of mini-games had 

emphasized students’ motivation, satisfaction, as well 

as computational thinking [4]–[6]. 



In the third cycle, which is described here, the focus is 

on students’ approaches and capacities regarding 

problem-solving, and their acquisition of 

programming skills in both pair-programming and 

solo-programming settings. In order to measure 

students’ achievement in coding, we adapted the 

software metric Lines of Code (LOC) [7]. This metric 

proved to be a useful instrument for comparing the 

programming skills acquired in the pair- versus the 

solo-programming setting. 
Originally, pair-programming was practiced by 

professional software engineers as part of the Extreme 
Programming software development methodology [8]. 
A long history of research describes the benefits of 
collaborative learning in general [9], where pair-
programming is a particular type of collaboration. 
Moreover, pair-programming is a particularly 
promising means to promote computational thinking 
because it encourages peer scaffolding, clear roles, and 
frequent feedback [10]. More specifically, previous 
research [3] showed that the way students are paired up 
makes a significant difference: Positive pairings allow 
students to learn from each other and help each other 
work through difficult new concepts. “Negative 
pairings can put students in stressful learning 
situations, where pairs do not contribute positively” 
[3]. According to Palmer and Rao, pairing strategies 
can affect student performance and satisfaction. Pairs 
in which both students had a similar score in their 
programming self-efficacy "tended to score their 
learning experience higher than two students in a group 
with a lower" similarity in their programming self-
efficacy score [3]. 

To be successful in today’s workplace, engineering 
and computer science students must possess high levels 
of teamwork skills [11]. A wide range of studies have 
considered the benefits of pair-programming in terms 
of its effect on the quality of the resulting software. 
These studies have taken place in both academic and 
commercial environments. In the commercial area, two 
studies are particularly noteworthy: Nosek [12] showed 
that pair teams significantly outperformed individuals 
on program quality. Jensen [13] found that the error 
rate for a project with pair-programming was three 
orders of magnitude smaller than for other similar 
projects. In an academic environment, the most cited 
study is probably the one described in Williams et al. 
[14], in which 13 university students worked 
individually on a project and 28 chose to work in pairs. 
The findings showed that code produced by the pairs 
passed more automated tests over four different 
programming exercises. A study by [15] involved six 
girls from grade 11 who were already practicing solo-
programming in grade 10 and did pair-programming in 
their following grade. The authors found out that the 
girls enjoyed the subject more when programming in 
pairs due to their improved comprehension of the task. 
They especially enjoyed the socialization and 

communication brought about by pair-programming. 
The assistance, support, motivation, focus, and 
encouragement they received from partners when stuck 
or while fixing errors made the programming 
experience more enjoyable for them. 

Previous small-scale studies conducted by the 
authors of the current study indicate that developing a 
game in pair- programming improves students 
understanding of programming [6]. Furthermore, pair-
programming fosters students’ motivation, 
collaboration, and computational thinking as they 
consult with each other, help each other and try to find 
a solution within their own pair [5]. 

For the current study, we chose a participatory 
action research (PAR) design [16] to reflect the 
complexity and the novel focus of the educational 
intervention. The overall action research framework 
allowed us to include the experience, perspectives, and 
learning from all stakeholders, especially teachers, 
students, and researchers. Additionally, various 
methods such as digital post-questionnaire surveys, 
observations, and evaluation of students’ learning by 
considering Lines Of Code (LOC) [7] as a technical 
outcome, provide a rich picture of the intervention with 
its effects which is described in this paper. We trace a 
whole action research cycle encompassing the analysis 
of the situation, the planning, action taking, evaluation, 
and specification of learning.  

This work aims to be of interest to teachers, 
instructors/educators, educational researchers, staff 
responsible for (further) education of computer science 
teachers, and potentially educational policy makers. 
We hope to inspire some of these audiences to embark 
on the challenge of learning to program - potentially 
even in virtual mode – by using pair-programming 
settings more effectively. 

The findings reported in this study along with our 
observations in the secondary school classes showed 
that the pair-programming setting was superior to solo-
programming regarding students’ learning of 
programming and problem-solving. In the solo-
programming classes a lack of collaboration and 
problem-solving were clearly observed. Furthermore, 
those who developed the mini-game in pairs could 
finish their projects faster than those in the solo-
programming setting. We conclude that pair-
programming of mini-games, if conducted in a way that 
takes into consideration specific key factors, has a high 
potential to keep or raise young students’ interest in 
learning to program. 

 

 



II. RESEARCH APPROACH 

This paper describes action research on students’ 
learning to program in both pair-programming and 
solo-programming settings in purely virtual and 
hybrid-learning modes at K-9 level. Furthermore, we 
were interested to know whether pair-programming 
contributed to students’ problem-solving capacities. 
The current study builds upon two years of our research 
on pair-programming in the context of developing 
mini-games in class and presents the third cycle of 
action research focusing on the following research 
questions: 

A. Research questions 

1. What influence does pair-programming have 
on students’ programming skills? 

2. In which ways does pair-programming spark 
students’ problem-solving activities more than 
the solo-programming setting? 

3. Which factors accelerate the development of 
the “mini-game” when working with a second 
person? Which factors slow down the 
development when working with a second 
person?   

B. Action Research as overall framework 

According to Susman and Evered [17] cited by 
Baskerville [16], the Action Research method guides 
researchers in investigating social systems in the form 
of an enquiry using an interventionalist’s viewpoint. 
“Researchers both observe and participate in the 
phenomena under study.” [16, p.5] The particular 
brand of action research in which practitioners are 
involved as both subjects and co-researchers is referred 
to as Participatory Action Research (PAR) [16] [18]. 
PAR has successfully been applied in educational 
contexts, where pioneering teachers combine research 
with practice in acting as reflective practitioners in their 
own courses [19]. This is exactly the situation we 
encounter with the current research and educational 
intervention. 

In this research, we take up Baskerville’s proposal 
[16], based on [17] that suggests that action research 
typically proceeds in cycles consisting of five 
identifiable phases that are iterated: (1) diagnosing, (2) 
action planning, (3) action taking, (4) evaluating, and 
(5) specifying learning. Each of these phases is 
elaborated in the next section. Thus, we view this 
research intervention as one PAR cycle – actually our 
third one, as noted above. PAR as overall research 
framework was chosen since it satisfies our need for a 
multi-perspective (teachers, researchers, students), 
participative and iterative approach. Within this PAR 
framework, we take the liberty to include two 
complementary research instruments for improving the 
evaluation of specific skills. These instruments are 
described below. Note that even though we employ 

some simple quantitative measures, the observations 
and qualitative aspects of our enquiry are pivotal and 
confer with the basic philosophy of action research. 

C. Instruments Used Within the Action Research 

Framework 

1) Online survey on students’ attitudes toward 

pair-programming 
Data collection. The basic idea behind the online 

post questionnaire was to find out about students’ 
attitudes and thoughts in connection with the pair-
programming versus solo-programming settings. The 
post questionnaire had a mix of open- and closed-ended 
questions. Although students had mostly similar 
questionnaires in accordance with their experiences in 
each setting, several new questions were added to the 
post questionnaire. While the full questionnaires (in 
English or German) can be obtained from the authors, 
we list examples of questions most relevant to 
responding to the research question of the current study 
below: 

• Regarding what aspects do you find the 
development of the "mini game" faster or 
slower by working with a second person? (PP) 

• Regarding what aspects do you find the 
development of the "mini game" faster or 
slower? (SP) 

• Could you solve any problem in the pair-
programming setting (without asking your 
teacher)? (PP) 

• Could you solve any problem in the solo-
programming setting (without asking your 
teacher)? (SP) 

• Does pair-programming help you to solve 
problems independently (without asking the 
teacher)? (PP) 

• What do you learn from programming mini-
games in pairs or on your own? (PP and SP) 

• How do you rate your partner's contribution to 
pair-programming? (PP) 

Data analysis. For the closed-ended questions we 
used descriptive statistics to depict the results. The 
open-ended questions were evaluated by summarizing 
the most frequent responses and interpreting the 
findings. To allow readers to better immerse 
themselves into the field, all students’ answers were 
translated into English and listed. This was possible 
due to the brevity of most responses. 

2) Using interactive tutorials to measure 

programming skills 
In order to evaluate students’ learning to program 

using Lines Of Code (LOC) metric, the first author 
designed four C# programming questions in two 



interactive pdf tutorials as a kind of “interactive test”. 
Each of the first three questions included four 
commented answers, in which only one of them was 
correct. The fourth question required writing one code-
statement. In this paradigm, it was expected that each 
student in a pair would answer two questions over the 
course of taking on the role as driver. Students were 
allowed to copy the text-format codes from the tutorials 
and paste them inside their scripts in the UnityTM (Fig.2). 

3) Observation  
We observed virtual classes, individual students as 

well as each breakout room in the pair-programming 
settings and gave advice when questions were asked. 
By using breakout rooms, which is a new feature of 
MS-Teams1,  each student in pair-programming had the 
opportunity of working with their peer in a separate 
virtual room. Conversely, in the solo-programming 
setting, the breakout rooms were not used in order to be 
able to observe all students at the same time and help 
them faster if necessary. In both settings, we focused 
on students’ behavior, problem-solving, and students’ 
speed during game programming. 

I. EXPERIENCES AND FINDINGS IN FOLLOWING 

THE ACTION RESEARCH CYCLE 

A. Diagnosing 

Sentence and Csizmadia [20] emphasized that 
some of the difficulties teachers encounter in teaching 
of computer programming originated in internal and 
external factors on the side of teachers, while others 
originated in students. Internal difficulties of teachers 
were the lack of self-confidence related to computing 
competencies and their inadequate knowledge in 
determining the appropriate pedagogy, whereas 
external difficulties were the lack of the instructional 
resources. 

Our previous action research on pair-programming 
with Unity™ and C# [4] resulted in the following 
learnings that we utilize in the current PAR cycle: 
Students (K-9) who had participated at school “A”2, 
had a positive attitude toward the pair-programming 
setting when programming mini-games using C# and 
Unity™ as a challenging task. In addition, based on 
students’ answers when asked about their motivation 
[5], it was evident that students were motivated through 
the pair-programming setting. The majority of them 
wanted to learn further coding skills and even other 
computer software skills via pair-programming. 
Moreover, a survey question that asked explicitly about 
students’ motivation to develop a computer game in 
pairs was answered affirmatively by all but one student.  

B. Action planning 

 
1 Microsoft Teams is a proprietary business communication 

platform developed by Microsoft, as part of the Microsoft 365 
family of products. 

 

The authors of this paper have been collaborating with 

the respective school since 2017 as part of our 

previous project “learn to proGrAME”3. In order to get 

the permission from the school to work with students, 

observe them and publish students’ outcome, the 

following two forms have been signed:  

• “Declaration of commitment to data 

protection during implementation a scientific 

survey at Viennese schools”.  

• “Application for approval of a scientific 

survey (Section 46 (2) SchUG)”. 
The teachers had already taught solo-programming 
with C# to students. Then our research started in all 
classes with the collaboration of two CS teachers, one 
of which coauthors this paper. Based on the stated 
research questions concerning problem-solving and 
programming, the authors of this paper had designed a 
digital post-questionnaire and an interactive tutorial 
including coding test questions (see also Section 2C) in 
order to inquire about students’ experiences and skills 
in both settings. Furthermore, clear instructions for the 
driver- and navigator-roles in the pair-programming 
setting had been prepared. 

C. Action taking 

First, we explained the pair-programming approach 
to both computer science classes (CS1 and CS2) and 
emphasized how important collaboration was in this 
setting. MS-Teams was used for both classes as a tool 
to build a bridge between students, teacher and the 
researchers. In the action research cycle that was 
conducted during the COVID-19 pandemic and its 
social distancing regulations, students from CS1 and 
CS2 classes participated in the form of hybrid-learning. 
In this educational model half of them stayed at home, 
while the other half participated personally in the 
physical classroom at school. In the solo-programming 
classes CS3 and CS4, however, all students 
participated in virtual mode from their homes (except 
for one hybrid lesson in CS4) since the research 
happened during a lockdown.  

Students were asked to complete a mini-game with 
Unity™ and C#. All students in both settings dedicated 
the first part of their class time to download and install 
the Unity ™ and Notepad++ software as a prerequisite 
of our mini-game project. We instructed students on 
how to use the tutorial, the checklist and the 
“Assignment” menu as part of MS-Teams. From the 
second week onward, students started with developing 
the mini-game. Before starting with the task of 
developing the mini-game, we showed students in both 
the pair-programming and the solo-programming 
setting the final version of the mini-game as a demo. In 

2 Pair-programming with C# and Unity had been implemented at 

school A [4]. 
3 https://www.sparklingscience.at/en/projects/show.html?--

typo3_neos_nodetypes-page[id]=1008 



the authors’ view, it is vital that the students know 
beforehand what is asked of them. In the pair-
programming classes CS1 and CS2, students were 
paired based on their programming self-efficiency. The 
programming self-efficacy of the students was 
estimated by their teachers, who observed and taught 
them programming skills from the beginning of the 
school semester. Importantly, in the pair-programming 
setting, driver and navigator roles were switched after 
each class. Both driver and navigator knew about their 
own responsibilities which had been explained to them 
at the beginning of the class. A driver role is taken on 
by students who have mouse and keyboard at their 
disposal, while a navigator role has specified 
responsibilities such as consulting the driver in the 
given pair, offering advice, controlling duties, and 
making sure that their partner develop the mini-game 
correctly. A checklist had been prepared (Fig2) for 
each navigator to have better control over the driver’s 
part and make sure that the game was developed step 
by step according to the tutorial files. 

 

Fig. 1- Checklist for navigators 

In order to measure students’ coding skills (via the 

LOC metric) in the course of game-programming, 
students were asked to uncomment the single 
correct answer from the “interactive-tutorials test” 
in order to execute the mini-game correctly (Fig. 
1). After they finished the tests, they were asked 
to upload a response-sheet either as screenshots or 
text files in the assignment.   

 

 
4 Microsoft Forms is an online survey creator, part of Office 365. 

Released by Microsoft in June 2016, Forms allows users to create 
surveys and quizzes with automatic marking. 

D. Evaluating  

The digital German version of the post-questionnaire 
was sent via “Microsoft Forms”4, immediately after 
students had finished the task of developing a mini-
game. Although 41 students participated in this 
research, only 31 completed the questionnaire forms. 

 

 

Fig. 2- Programming question inside of the tutorial 

 

1) Problem-solving 
Pair-programming setting. Regarding RQ2 about 

problem-solving among students, 14 out of 17 students 
in CS1 and CS2 expressed positive attitudes toward 
problem-solving in the pair-programming setting.  In 
response to the survey question “Could you solve any 
problems in the pair-programming setting (without 
asking your teacher)?”, students who responded 
positively wrote: “Yes, because you remember 
mistakes, your partner may also notice which mistakes 
you make frequently.”, “Yes, a lot, because you can 
discuss your problems in pairs.”, “ Yes, because you 
have the opinion of a second person.”, and – reflecting 
about the process – “Yes because I can talk to someone 
before asking the teacher and it makes me think.” Only 
three students were rather reserved or had a negative 
response about problem solving in pairs. Their 
responses were, respectively: “Not really!”, “Difficult 
to say, most of the problems just occurred to me after a 
while.”, and "No, because I don't know the program or 
my computer that well yet to be at the level where I can 
solve things by myself. I lack basic knowledge." 

Solo-programming setting. Two students were 
identified who did not engage with their tasks in virtual 
mode. Although it seemed that they were online, they 
did not show any reaction whenever their names were 
called. In addition, another student also sat behind her 
computer but was not developing the mini-game. We 
simply asked her “Did you finish the first part of the 



tutorial?” and we received no answer from her side. 
Seven out of 14 students in the CS3 and CS4 classes 
answered “Yes” to the survey question (Could you 
solve any problem in the solo-programming setting 
(without asking your teacher))? Just one of these seven 
gave an explanation by writing “Yes, because you have 
to work it out yourself, you learn more.” In CS3 and 
CS4, three students responded that they could not solve 
any problem on their own. Additionally, one could 
solve some parts of the problems but was not able to 
handle everything alone. Examples of responses that 
were on the rejecting or doubting side were “Not quite, 
there may still be situations where you need help.”, “I 
do not know.”, “I don't think so. I think it is better to 
work with another person.”, and “No-> There are also 
problems that cannot be solved alone.”  

Comparison. To compare the results of both 
settings, pair-programming helped students to 
understand their tasks better as they consulted each 
other and engaged in collaborative problem-solving. 
Amazingly, one student in the solo-programming 
setting (CS3) who stated “I don't think so. I think it is 
better to work with another person” clearly felt the lack 
of collaboration in this setting. 

2) Speed of programming  

Pair-programming setting. RQ3 addresses student-

perceived factors influencing the speed of developing 

a mini-game in pair-programming mode. The 

respective survey-question (Regarding what aspects do 

you find the development of the "mini-game" faster or 

slower when working with a second person?) had been 

posed only to students in the pair-programming classes 

(CS1 and CS2). 13 out of 17 students in CS1 and CS2 

expressed aspects that accelerated programming was 

better when working in pairs.  One student, however, 

pointed to some advantages as a result of less speed 

(No.17). In the following, we list the whole variety of 

responses that were given to the respective survey 

question because we think that the responses nicely 

reflect various aspects of students’ rich experience and 

willingness to reflect upon it:  
CS1: 1. It definitely goes much faster. 2. Much 

better because you can exchange ideas with each other 
and it's more fun that way. 3. I find it faster because if 
you write something wrong, the 2nd can still check 
you. and fix it. 4. Faster, because you don't have to 
search everything alone. 5. Faster. 6. If you have only 
one monitor/screen it goes much faster and also if you 
have two monitors it is easier because you can 
concentrate more/better on programming. 7. Faster 
because you learn more in pair. 8. I think it's faster 
because I don't know much about it 
(programming/game developing), so I can exchange 
ideas with someone else. 

 CS2: 9. Faster. 10. Reading the code aloud, as 
opposed to looking at the code myself, was much 

slower. 11. Both because you can help better but also 
get distracted. 12. It is slower when you do it with a 
second person, because you usually distract each other. 
13. It is faster. 14. Faster, because it is easier to 
understand some things in two. 15. When creating 
objects and programming. 16. You don't have to switch 
back and forth between desktops. 17. I find it slower, 
but it has its advantages. Furthermore, concerning the 
survey question regarding students’ speed in the pair-
programming settings, 76.47% of the respondents 
agreed that working in pairs, speeded up the process of 
developing the mini-game. 

3 Interactive test on programming code (LOC). 
Ultimately, to respond to RQ1 (What influences 

does pair-programming have on students’ 
programming skills?), technical outcomes of students’ 
programming were examined by using the Lines of 
Code (LOC) metric. In this paradigm, there were four 
C# programming tasks in each setting. As mentioned 
before, the tasks were specified inside the tutorial and 
in the case of the first three tasks all coding alternatives 
had been commented inside of the tutorial pdf files 
(Fig. 2). Students were asked to uncomment the one 
correct answer out of four (one correct and three false) 
C# statements. The fourth task required students to 
code one statement. Overall, with counting the number 
of students’ correct answers in each setting, we were be 
able to evaluate an essential aspect, namely coding, of 
students’ learning to program. 

Pair-programming. As a collaborative task, each pair 
answered four questions after consulting with their 
peers. 

CS1 included nine students. While the number of 
students showed an odd number, we could make three 
pairs plus a group of three students as an exception. In 
this way, we collected 16 answers from students:  

((3 pair * 4 questions) + (1 group * 4 questions)).  

CS2 included twelve students (six pairs). Thus, we 
collected 24 answers from this class (6 pairs * 4 
questions). After counting the number of the correct 
answers (LOC), 19 correct answers have been 
identified. To sum up, 35 correct answers out of 40 
answers have been collected from pair-programming 
classes. This amount to 87.5% of correct answers. 

Solo-programming. 

 CS3 included seven students. As a consequence, 
each student answered four questions, hence 28 
answers have been collected. After counting LOC, 16 
answers were correct. 

 CS4 had 13 students but only eleven students 
responded to the programming tasks. Using the same 
procedure to determine the correct LOC as in CS3, in 
the solo-programming setting of CS4 29 out of 44 
answers were correct. 



In brief, 45 correct answers out of 72 answers 
(amounting to 62.5%) have been collected from both 
solo-programming classes. Last but not least, as we had 
a different number of students in each setting as well as 
different methods of collecting their data, we 
calculated the percentages of correct answers in both 
settings in order to compare students’ outcome from 
pair-programming classes with solo-programming 
classes. The Table.1 and Table 2. depict students’ 
details regarding LOC and percentages of correct 
responses in pair- programming and solo-programming 
settings. As we had assumed, pair-programming helped 
students to understand programming more thoroughly 
as they consulted each other and engaged in a 
collaborative setting. In general, 87.5% of the students 
in CS1 and CS2 answered the programming questions 
correctly, whereas just 62.5% of answers in CS3 and 
CS4 were correct (besides three students dropping out), 
which shows that the pair-programming setting 
resulted in a higher number of correct LOC in 
comparison to the solo-programming setting.  

TABLE I.  TABLE. 1    LINES OF CODE (LOC) IN PAIR-
PROGRAMMING 

 CS1 CS2 Sum (PP) 

Total answers 16 24 40 

Correct 
answers 

16 19 35 

Correct 
answers in 
percentage 

- - 87.5% 

 

TABLE. 2     LINES OF CODE (LOC) IN SOLO-PROGRAMMING 

 

 CS3 CS4 Sum (SP) 

Total answers 28 44 72 

Correct 
answers 

16 29 45 

Correct 
answers in 
percentage 

- - 62.5% 

 

3) Findings from observation 
Over the course of developing the mini-game in all 

the four computer science classes, the researchers and 
the teachers observed the behavior and collaboration 
between students. In addition, pair-programming in 
hybrid-learning mode was a completely new 
experience among students and the researchers. On 
closer inspection, it requires professional management 
in order to build a connection between students who 
were paired together and the task of transferring their 
projects to each other in virtual modes. We observed 
that both driver and navigator were playing significant 
roles while they were consulting most steps in 
developing the mini-game. We realized that pair-
programming encompassed computational thinking for 

students in the pair setting as they were consulting each 
other, learning from each other, and trying to find a 
solution with their own peer in this approach. 
Furthermore, they were trying to solve their problems 
as a pair and avoided asking their teacher or the 
researcher too many questions. Conversely, most of the 
students in CS3 and CS4 classes were not able to 
manage sophisticated tasks during programming in the 
solo-programming setting. Moreover, it seemed that 
some of them did not intend to concentrate or even 
work alone in the virtual learning mode. They felt more 
freedom because they were far away from their teacher, 
the researchers and even other classmates. We 
observed that six students in the solo-programming 
setting were not working on their tasks because they 
did not show   environment. In this paradigm, lack of 
collaboration and motivation was observed in the 
virtual mode. Considerably, one of the teachers shared 
his observation regarding the pair-programming setting 
as: “The pair-programming setting looks very 
interesting to me and my students. It seems that 
students know what they should do because they have 
different responsibilities with a similar goal”. 

E.  Specifying learning 

Observing the working process brought valuable 
insights. Students in the solo-programming setting 
faced more problems during developing the mini-
game, as they were not allowed to consult with their 
classmates. To make the process of assisting students 
with their problems more effective, the teacher created 
a virtual breakout room for the researchers. Then 
whenever more than one student needed help, the 
teacher sent one of them into the breakout room so that 
the researchers could help them. In parallel, the teacher 
helped the other students on the main stage of MS-
Teams, where all but one student could listen. In this 
paradigm, we were able to manage students’ problems 
efficiently despite the challenge of dealing with a 
virtual or hybrid-learning setting.  

As another consequence of the participatory action 
research, we suggest using a cloud storage for the pair-
programming settings in the hybrid-learning mode. A 
cloud drive not only gives students the opportunity to 
save their projects in a safe and portable storage, but 
also gives the navigators the right to access the saved 
project file in order to be able to continue with the 
project when they take over the driver’s role. 
Moreover, students would not lose their project 
whenever they would shift from home to school and 
also in reverse. Furthermore, it is also important to 
consider the risk of a weak or broken internet 
connection, especially for those who work from home. 
It is worth to mention that using a cloud storage could 
have some difficulties for students, due to size of a 
project as well as the internet download speed and the 
necessity to open the project as an “existing project” on 
their computers. Another issue we encountered was 
that one student had a 32bit OS and could not install 



the latest version of the UnityTM, which was not such a 
big deal for this research. However, these kinds of 
issues should have been predicted and organized in the 
hybrid settings in order to improve the experience of 
users of 32bit operating systems.  

II. DISCUSSION AND FURTHER WORK 

Our study comes with a number of limitations. Due 
to the COVID-19 restrictions, which occurred during 
our research, one of our classes had to be changed from 
hybrid mode to virtual mode. Thus, we were able to 
investigate the classes only in virtual and in hybrid-
learning mode, resulting in small sample sizes. Another 
limitation was that students’ programming self-
efficacy had been estimated by their teacher; a pre-test 
to be completed by the students beforehand had not 
been used to evaluate their programming self-efficacy.  

We see yet another limitation in the fact that all 
classes stemmed from the same school and the same 
level (K9), and all worked on the same mini-games 
using the same tutorials. Hence our results may be 
biased in terms of the influence of the school, the two 
teachers, the didactical approach, the wording of the 
survey, and the virtual/hybrid settings. Additionally, 
the school and the classes were not selected randomly 
but depended on the researchers’ access to the teachers. 
In addition, we had to make one exception when 
pairing the students because one pair-programming 
class had an uneven number of students. We, therefore, 
formed three pairs and one group with three (a total of 
nine students).  

Despite these limitations, our action research, 
surveys and programming skills tests showed strong 
tendencies and convincing observations in the features 
we explored. Thus, this research cycle provided 
valuable orientation in the field and motivation for 
sharing our findings and following up the pair-
programming instruction as well as the research 
approach. Last but not least, the pandemic-induced 
necessity to switch classes into pure virtual mode 
brought about a new valuable insight that otherwise 
would have stayed concealed: Pair-programming in 
introductory programming courses proved to be 
effective even in the purely virtual mode! This opens 
up a new opportunity to pair students across different 
locations and, thus, to extend the reach of this highly 
potent way to learn to program to students with 
restricted mobility and/or distant locations and diverse 
cultures.  

III. CONCLUSIONS 

In a nutshell, secondary-level students (K9) who 
developed mini-games in pair-programming classes 
had superior results regarding coding - and problem-
solving skills than students who solved the same tasks 
on their own. Moreover, the vast majority of students 
found that pair-programming accelerated coding. 

Intriguingly, in their qualitative responses, students 
identified numerous influential factors that contributed 
to their positive and occasionally also negative 
experience in coding in the pair- as well as solo-
programming setting. For combining observations with 
qualitative and quantitative responses, participatory 
action research proved to be very helpful in 
illuminating multiple perspectives of the complex task 
of learning to program. As authors, we hope that our 
mixed methods research on collaborative ways to 
learning to program provides inspiration for like-
minded educational innovators. 
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