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Abstract

Background/purpose. This research explores the use of robotics to
facilitate the learning of computer programming among non-specialist
pre-service teachers with no prior programming experience. With the
increasing demand for 21st-century teaching competencies, it is
essential to equip future educators with computational thinking (CT)
skills, even if they do not specialize in computer science. This study
investigates the effectiveness of a constructionist approach using
robotics in developing programming knowledge and CT skills among
student teachers.

Materials/methods. The study was conducted at a university with 221
first-year pre-service teachers who were not majoring in computer
science or related disciplines. A series of workshops were designed to
engage participants in hands-on activities using robots, creating
tangible learning outcomes in a simulated environment. A qualitative
research approach was employed, utilizing reflective journals as the
primary data source for analysis.

Results. The findings indicate that the constructionist approach,
integrating robotics as a tangible learning tool, significantly enhanced
participants' progressive understanding of programming constructs.
Additionally, the intervention improved students' self-efficacy in
learning programming and fostered the development of their CT skills.

Conclusion. The study demonstrates that robotics can be an effective
tool for introducing computer programming to non-specialist pre-
service teachers. The results contribute to the growing body of
research on innovative pedagogical approaches for teaching
programming and highlight the potential of robotics in developing 21st-
century CT skills among future educators.
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1. Introduction

South Africa faces a severe shortage of skills to meet the 4IR (Business Chief, 2020; Maisiri et al.,
2021; ITWEB, 2022), especially computational thinking (CT) skills essential to solving complex
problems in the 21st century. According to the literature, CT skills are developed most effectively
through programming robots (Govender, 2022; Barth-Cohen et al., 2018) since logic is a fundamental
component of CT. It is considered a basic competency for general problem-solving (Lee et al.,2023).
As a result, the South African education department has acknowledged the value of coding and
robotics education for students in schools. Hence, many schools have started to include coding and
robotics education in their curriculum. To address the specific teaching needs of coding and robotics
in the new curriculum, teachers with knowledge and training in programming are needed, which in
turn requires that pre-service teachers be equipped with the necessary skills to meet the demands
of the school curriculum. However, students who do not have formal programming training or are
entering their first year of tertiary studies without previous programming experience (Lo et al., 2015;
Saeli et al., 2011) find programming challenging.

Early exposure to the basics of coding is lacking in South Africa since coding and IT are only taught
in the further education and training (FET) phase — the last three compulsory high school years.
However, in other school specialization courses like mathematics, engineering, physical science,
biology, etc., the material covered in earlier phases serves as scaffolding to study at the FET phase
(Govender et al.,, 2021). Thus, without previous experience in programming, students find it
challenging to build new knowledge from a deficient foundation, adding to the complexity of the
subject.

Due to poor exposure to or experience of programming and, consequently, weak foundational
knowledge of coding, many students tend to shy away from programs at tertiary levels that include
computer programming. High dropout rates are also a result of the perception that computer
programming courses are technical and difficult (Lin & Kuo, 2010). The study explores the
effectiveness of using robotics to teach programming and develop computational skills among
teacher trainees. The following questions have been formulated to guide this research.

RQ1l: How do pre-service teachers experience programming using a simulated robotics
environment?

RQ2: How does using robotics influence pre-service teachers’ self-efficacy for learning
programming?

The rest of the paper proceeds as follows: a brief overview of the literature and theory that
underpins the study, including a discussion of the conceptual framework, is presented. Thereafter,
the intervention is described, followed by the analysis, discussion, and conclusion.

2. Literature Review

There is consensus in the literature that learning to program is difficult (Govender, 2010, 2021).
Teaching programming is also considered to be challenging due to the complexity and abstraction
required to solve problems using computer programming languages (Bati et al., 2014; Olsson et al.,
2015; Chen et al., 2017). Several methods have been used to teach programming to make learning
simple. Some techniques used incorporate GUI environments, block-based coding, and visualization
tools. However, these approaches have not been consistently successful. So far, there has been very
little research on the most efficient ways to learn programming (Kalelioglu & Gulbahar, 2014;
Techapalokul & Tilevich, 2017; Erol & Kurt, 2017). Hence, the issue of learning to program is still a
concern, and hence, the development of CT skills remains.
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Several studies have demonstrated that robotics has the potential to enhance the learning
process in education (Chambers & Carbonaro, 2003; Jonassen, 2000; Kadeeva et al., 2020). Students
can translate abstract concepts into real-world applications by experimenting with these
technologies.

2.1. Constructivism and Constructionism in teaching and learning programming

Constructivism and constructionism are closely related learning theories, but their emphasis and
application differ, especially in teaching and learning programming.

According to Papert's (1971) constructivist theory of learning, children learn through play and
experimentation with technology. Therefore, the most effective way to learn is to be involved
(Govender, 2022).

The constructivist approach promotes student-centered, discovery-based learning in which
students apply what they already know to learn more. In contrast to lectures or step-by-step
guidance, students gain knowledge through project-based learning, in which the teacher coaches
them to connect different ideas and knowledge areas. For example, students learn programming
concepts by experimenting with small code snippets and gradually constructing their mental models
of programming.

Based on experiential learning and constructionist theories, it is believed that using robots can
help enhance learning in the program challenge syndrome.

In addition, constructionism holds that people develop knowledge more effectively when they
make tangible objects in real life (e.g., programs, robots, games). In this sense, constructionism is
linked to experiential learning and builds upon Jean Piaget's (1945, 1957) constructivist theory but
emphasizes learning through making and hands-on experiences. In programming education, this
means students learn best by actively designing, coding, and debugging projects rather than just
consuming theory. For example, a student learns programming by building and programming a robot,
seeing immediate results, and refining their code based on trial and error.

Hence, it can be inferred that using robotics to learn programming and, hence, problem-solving
is a constructionist method, making use of experiential learning. Another important aspect that
affects students’ behaviour in learning and performance is self-efficacy, which is discussed next.

2.2. Self-Efficacy and Programming

According to Hackett and Betz (1989), students’ motivation and future academic preferences
may be based on their perceptions of their competence.

Self-efficacy is the belief in being capable of achieving a specific goal or performing a specific
task, in this case, coding and programming with robotics. Bandura (1994, p. 71) states that these
beliefs “determine how people feel, think, motivate themselves and behave”. According to the self-
efficacy theory of motivation, four factors influence the self-efficacy of a particular task, which in turn
influences behavior and performance. In the case of pre-service teachers learning coding and
robotics, it is believed that increasing self-efficacy in learning to code will enhance their effectiveness
in teaching it in schools. According to the literature, self-efficacy is a strong predictor of performance.
In his seminal article, Bandura (1977) points out the effect self-efficacy has on performance and
behavior.

Furthermore, it is now well-established from a variety of studies that self-efficacy is an important
motivation for learning (Seon et al., 2019; Wang, 2023; Zimmerman, 2000). To this end, it can be
inferred that students’ computer self-efficacy can increase, thus influencing specifically female
students’ intentions to study computer-related courses (Govender & Khumalo, 2014). A study by
Seturaman and Medley (2009) suggests that students' self-efficacy beliefs can be used to assess how
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well they are doing in their programming and their willingness to learn during difficult times. In
another study, Jegede (2009) established that the novice learners' prior programming experience
predicted Java programming self-efficacy. A very recent study (Daradoumis, 2022) affirmed the
importance of self-efficacy in learning to program. We therefore explore another factor that could
impact students' learning and performance: their self-efficacy to learn programming.

This study set out to explore pre-service teachers' learning experiences in learning coding with
robotics with the view to not only improve the pedagogy of teaching programming but also to
develop CT skills.

2.3. Conceptual framework

Using robotics to learn coding aligns with both self-efficacy and constructivism by fostering
hands-on, student-centered learning experiences. Constructivism encourages learners to actively
build knowledge through problem-solving and collaboration, while self-efficacy grows as students
gain confidence in their ability to tackle programming challenges. Robotics provides an engaging,
tangible way for students to experiment, make mistakes, and support each other, reinforcing their
belief in their coding abilities and promoting collective self-efficacy through shared problem-solving.

Figure 1 illustrates Bandura’s (1977) claim on the predictors of self-efficacy that affect behavior
and performance.

Experience

B |
2P /

Social
Persuasion

Fhysiological
Feedback

Figure 1. A Framework of self-efficacy theory of motivation (Bandura, 1977)

Experience refers to past experiences completing similar tasks. Having performed a similar task
in the past, it is likely to be confident that the same task can be accomplished again in the future. It
is most likely that the experience is most important. Hence, the idea of using robotics to make or
create something tangible will elevate the experience, which links with the fourth factor,
physiological feedback.

Vicarious experience - one can develop self-efficacy vicariously by watching other people
perform the tasks. If one watches others similar to oneself (peers) perform a task successfully, one’s
self-efficacy can increase. The reverse is also true.

Social persuasion—Self-efficacy can increase if one receives encouragement when performing a
task, gaining confidence. The same applies the other way around.

Physiological feedback -When confronted with a task, one experiences a sensation — how one
interprets this feeling impacts one’s self-efficacy. For example, the feeling of excitement or interest
in learning a new aspect increases one’s self-efficacy for that task or field of study.

The next section presents the details of the methodology followed.
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3. Methodology
3.1. Study design

An intervention, the Design-Based Research (DBR) approach, was used. DBR involves three
stages: planning, experimentation, and analysis (Gravemeijer & Cobb, 2006). The planning stage
entails planning and designing the activities, the experimenting stage entails the accomplishment of
the designed tasks by the students, and the analysis stage entails examining the actions and
experiences of the students for further insights and improved learning. To determine students'
experiences in using robotics and its effect on programming and problem-solving, a series of
workshops were conducted using robotics to develop a prototype- i.e., to make something in a
simulated environment.

3.2. Intervention

Since the course was focused on introducing first-year pre-service teachers who did not
specialize in teaching computing or programming, Scratch, a commonly used visual programming
language, was used in teaching coding as a prelude to robotics. We introduced students to the
fundamentals of programming using Scratch, and thereafter, it was integrated with a robotic
component for developing prototypes. Designing Scratch projects allows students to learn to think
creatively, reason systematically, and work collaboratively, which are hallmarks of CT skills. Moreover,
motivation, interest, and the belief that they can learn a subject (or field) are necessary for student
success (Douglas et al., 2019; Blotnicky et al., 2018; Firat et al., 2018). Hence, students' self-efficacy
was also explored in the study.

The teaching of coding and robotics was conducted over a period of four weeks. The four
sessions entailed designing, coding, and testing prototypes using the microbit Makecode kit. The
sessions included guided activities that were designed to build upon previous work.

The sessions were conducted online due to the effects of the COVID-19 pandemic, using a
simulated environment, and a further face-to-face hands-on practical session was conducted to run
their code on the actual physical microbit towards the end of the four-week session. Learning was
facilitated online using Moodle LMS. Hence, the online discussion forum was used to communicate
and resolve student queries. Figure 2 indicates the MakeCode microbit that was used.

B [

Figure 2. MakeCode Microbit toolkit
3.3. Participants and Procedures

354 first-year pre-service teachers who were registered for a computer course as part of their
teacher education curriculum, with no past experience in computer programming at the university,
made up the population. However, only 221 students participated in the study in that they completed
the reflective journal entries. This accounts for at least a 62% response rate. The demographic profile
of the students is shown in Table 1.
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Table 1. Demographic Profile of Participants

Characteristics Frequency %
Gender: -
Male 63 28.5%
Female 158 71.5
Ethic group: -
African 215 97.2%
Indian 6 2.8%
Age group: - 20-25 156 70.5%
26-30 45 20.3%
31-35 14 6.4%
>36 6 2.8%
Qualification: -
BEd- Foundation Phase 124 56%
BEd Intermediate Phase 97 44%

3.4. Data collection tools

Reflective journals were used to capture the experiences and perceptions of the pre-service
teachers. Thorpe (2004) asserts that through reflective journaling, learners can gain a deeper
understanding of their thinking patterns and engage with their instructors meaningfully to illuminate
them. Farrah (2012, p.998) has demonstrated the value of reflective journaling, finding that it makes
a "course enjoyable, motivating, and exciting."

Students were guided in writing general entries about their feelings, challenges, and how they
solved problems. In addition to general entries, students were required to reflect and make specific
entries related to each of the sessions and their activities. It has been shown that making learners
aware of their programming abilities contributes to student success in computer programming
courses (Kantathanawat et al., 2023).

3.5. Analysis

The journal entries were read several times to enhance understanding of pre-service teachers'
coding experiences with robotics. Thematic analysis was used to analyse the journal entries., Journal
entries were grouped and coded according to a priori themes based on the self-efficacy theory that
determined their perceptions of learning coding through robotics. Gibbs (2010) refers to this type of
coding as concept-driven coding. In addition to concept-driven coding, Gibbs (2010) advocates for
open and axial coding to analyze the data further. In order to arrive at a set of holistic categories,
both approaches to coding were used (Gibbs, 2010). The open coding process involved identifying
and naming codes. More abstract categories were formed using axial coding based on the
relationships among the different codes. Researchers in the project analysed the data triangularly,
ensuring validity and researcher triangulation.

3.6. Ethical considerations

Since the journals were part of their submissions for assessment, they were informed that the
selection of the journal entries would not infringe on their confidentiality, as journal entries were

https://doi.org/10.22521/edupij.2025.15.176 Published online by Universitepark Press


https://doi.org/10.22521/edupij.2025.15.176

Govender et al. |7

given pseudo-name identities to preserve anonymity. Informed consent was obtained from
participants through their voluntary participation by completing the journal entries for submission
for participation in the research and possible publication, of which they were informed at the
beginning of the teaching course. The journal was part of the assessment and learning technique.
However, only 221 (out of 354) were submitted for research.

4, Results

This section presents the analysis of the data obtained from the journal entries that described
the experiences of first-year pre-service teachers learning coding and robotics in a simulated
environment, with a view to determining students' self-efficacy to learn programming and suggesting
possible implications of using the teaching strategy. Specifically, it reports on students' experiences
with the strategy and the successes and challenges encountered. Supporting quotations from
participants concerning the conceptual framework, including self-efficacy, are presented. To present
a coherent discussion, first, each session with its subsequent activities, together with journal entry
excerpts from the corresponding sessions, is presented, showing the learning progression. The
thematic analysis and relevant excerpts then follow this to support the narrative.

4.1. Description of Workshop Sessions
Session One

The first introductory session helped participants become familiar with the user interface of the
software environment, Makecode by Microsoft, and the BCC micro-bit components. Additionally, the
history of computer programming and a brief introduction to coding were also presented. A step-by-
step guided activity that introduced and applied a programming concept to a task was presented.
Students were given tasks to complete, such as coding their names while scrolling on the screen and
drawing a heart icon by pressing a button. There were 159 unique entries for this session. An excerpt
from this session:

“It was a bit of a rocky start for me getting it up and running; | referred to the instructions time and
time again to make sure | was doing every step correctly.”

Session Two

In this session, students were partially directed while they self-discovered the solution to
programming tasks — hence, self-discovery formed the basis of this session. In this session,
participants learned conditional statements (if—then), building on their prior knowledge and
fundamental Scratch code setup (if statement). They learned about the forever loop and created a
song. Participants were excited to make code and see the effects at this early stage. The session's
high point was that they were willing to try further activities such as designing and coding. There
were 185 journal entries for this session. An excerpt from this session:

“This program was very fun to code, as | got to try the new music blocks. | have to play with this a little
more”.

Session Three

This session demonstrated animation with the repeat statement. Many students found some of
the activities challenging but exciting. In this session, students were beginning to develop their
practice skills and independently advance their learning. There were 145 journal entries for this
session. An excerpt from this session:

Today's program was a bit challenging, | had to create an animation using the repeat statement. |
have to say that | struggled a bit to make the loop work well, but | was able to make it work. At first, we had

to add the repeat block and then add the icon after one another, which was wrong because you only add
the repeat block once".
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Session Four

This session built upon the other sessions, where they could use the steps involved in
computational thinking, including problem-solving. Using the microturtle (A LOGO-like turtle library
for the microbit, which is available in MakeCode), they were required to draw a house specifically.
Although some students struggled, they eventually realized the mistakes or misunderstandings,
collaborated with peers and achieved their goals. This session and its subsequent activities involved
more in-depth thinking, i.e., drawing using microturtle and reflection, involving decomposition,
pattern recognition, abstraction, and algorithm, which are characteristics of CT. An excerpt from this
session:

“ We had to complete this activity and use our creativity as well as mathematical skills, the
incorporation of numbers in the coding program proved to be a challenge for me, working through this
activity very slowly and carefully, | started to realize that using the knowledge | already had and combining
it with the new information actually helped me to solve the math's problems faster and more easily, | was
astonished at this and quickly started trying different numbers and variables to see what the outcome would
be”.

4.2. Thematic Analysis
The analysis is arranged according to the research questions formulated.
4.2.1. RQ1: Pre-service teachers' experiences in coding and robotics

The key themes that were identified in the general journal entries were excitement, challenge,
difficulty, collaboration, eagerness to learn, and critical thinking. For each theme, a description and
illustrative comments from students' reflective journals are presented below. Students learning to
code with robotics experienced several challenges and excitement. What was most interesting and
significant about their experience was their willingness to learn and zeal to conquer something new.
Most students did not have previous exposure to programming. Using the microbit in designing and
programming the tasks kept them engaged and motivated.

4.2.1 Excitement/Fun- Most students either described the activities and their actions as exciting
and fun or enjoyed the learning experience at some point in the process. Despite having had some
infrastructural challenges, they showed the intention to embrace coding and robotics. There were 78
entries that alluded to the word excitement, and 99 instances of the word fun in doing the activities.
115 entries indicated that they enjoyed the activities. The following excerpts below support this
inference.

Fit example, this was an exciting code activity; my lecturer had guided us through the coding process
and layout, which made it a bit easier to understand,; however, | had to use a variable to change the number
of steps and input c blocks to display the instruction.

Introduction: It felt exciting to start a new section. | feel this section will be much more hands-on.

It gets so exciting learning computer programming, challenging and enjoyable playing around with
that computer.

Making Compass code was really exciting, identifying those compass coordinates and setting our
variable, which is "degrees." It was really exciting seeing my code running in MakeCode.

Coding and Robotics test-.... There was nothing new, it included the codes and the blocks | am familiar
with. The exciting part is that | have passed and excelled in it. Thus, this is the greatest achievement!

The next theme identified was that learning to code with robotics was challenging.

4.2.2 Challenge - What is significant in this theme is that in most excerpts, the word “challenging”
was coupled with fun or enjoyment. From the excerpts, it can be seen that despite the challenges
experienced in developing the code to achieve the goal, it was still fun to do. There were 100 entries
that alluded to the activities or learning as challenging and 87 entries that described their experiences
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as interesting or stimulating. This is in line with Paperts's theory of construction, i.e., to make
something is to create excitement and enthusiasm to learn. While Papert's theory is related
specifically to children, it applies to young adults as well. The following excerpts support this
narrative.

However, coding makes me nervous, and sometimes, | feel as if | cannot go further because of how
challenging it becomes. However, | am trying to work ahead of this fear and face my challenges head-on to
succeed.

It was just that it was my first time doing code that involved exponents, and | was not aware of how
exponents are represented when coding. | then did some research on YouTube, and | found out that we use
the Math block with two stars to show exponents. The code was amazing for me, and it was successful. |
really enjoyed it!

Robo act 3.2. It was challenging, but | asked my classmate for assistance, and | managed to finish the
task.

Coding building blocks is always challenging, not enjoyable at all. However, | could code a movement
of the shark but could not change its costume to make it look real.

Simulating a clock seemed challenging as | did not know where to find the 9 pictures

I hardly understood how variables work in scratch programming. Learning using microbit is fun. you
get to learn new skills during your programming period. | learned that variables can be changed anytime
and you could name them whatever you like, even though | had challenges on successfully using some blocks
like motion and sound. Coding building blocks was challenging but fun.

The next theme is, as expected from the literature that programming is considered difficult by
many first-time or novice learners of programming.

4.2.3 Difficulty - Many students found the tasks difficult; however, some assistance and the goal
to succeed prompted them to persevere. There were 99 entries in which the tasks were described as
difficult, and a further 67 entries described some tasks as hard. The list of excerpts below
demonstrates the difficulties and determination to overcome.

| found out that some of them had difficulties with programming; they had little understanding of
microbits

The programming code is difficult, once you start thinking that you have it all under control, there is
just that one program that will change everything that you believe you know and feel like a loser all over
again.

It was difficult for me to understand the activity, and | was nervous.

| was so excited about today's lesson, but writing class activities was difficult because | got lost from
the start. | did not understand the syntax of the language.

This code was difficult to program,; however, everything seems impossible until it is done, and nothing
is too difficult. These coding programs are all working together to improve the coder's knowledge set
starting now, and with a little practice, one can simply master the coding skill.

4.2.4 Collaboration—It is necessary to develop collaborative skills, which are among the top 10
skills needed in the 4IR era. Most students referred to working with a peer or asking a friend for
assistance when they got stuck on some aspect of the task. There were 86 entries that alluded to the
idea of asking for assistance or help or collaborating (21 entries) with other members. Some excerpts
to illustrate their willingness to collaborate are provided below.

Students also gain transferable life skills, design thinking, communication, and collaboration

A variety of exercises taught me how to use a micro bit to create products or prototypes, including
electrical, prototyping, testing, and coding. While learning about robotics, | also gained useful life skills,
including collaboration, communication, and original thought. We can also learn skills such as teamwork
and collaboration, problem-solving, and the ability to fail and try again. | am getting excited as we continue
to learn about coding. It is becoming interesting.
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To learn more about the blocks and how to program them on the computer, | continued to study some
tutorials on my own and in collaboration.

For me to understand it, | had many questions, but my peers helped me out. | had trouble when writing
a program for the microbit to simulate a clock watch. The blocks became too complicated, and | could not
complete the work. Having done this programming, | was overwhelmed and was encouraged to be more
collaborative with other students.

4.2.5 Eagerness to learn - It has been observed and inferred from the journal entries that
students are resilient about learning programming, even though it is at a basic level. What has come
through clearly is their interest and engagement in this aspect of the course. When they did
acknowledge that they had missed previous lectures on which coding and robotics were based, they
went back to review the material. 81 entries alluded to the idea that they were eager, keen,
enthusiastic, willing, or happy to learn to code and know what needs to be done to master this aspect.
The set of excerpts below illustrates their eagerness to learn.

All the coding challenges | have faced have made me eager to learn more about micro-bit coding. So |

took my time and went online on YouTube and searched for microbit coding videos. The videos taught me
that it may seem hard to make a program, but if you are keen on doing the program, it is not that hard.

This code allowed for some questioning about whether this program could vary. It was a bit tricky and
complicated at first, but through some research and understanding, | was able to complete it.

By using new teaching materials, technical education and computer science can be made more
meaningful and easier to understand

As | learned about animation, | became more excited as this included more fun things, such as pictures
and puzzle-based blocks. Even my friends liked this chapter much more than me and | always tell myself that
practice makes perfect.

This information was very resourceful to me. It made me eager to know if the children will be able to
process this kind of information.

4.2.6 Critical/Computational thinking - As section two indicates, critical thinking is an important
skill for the 21st century in the 4IR era. Learning to code robots allows one to develop critical thinking.
74 entries referred to their reflection, reasoning, and thinking patterns that indicated critical or
computational thinking at play in the learning process or when solving the tasks. The excerpts below
illustrate this inference.

I learned that learning coding as a child would help them strengthen their critical thinking skills and
also enhance their ability to work in a team.

I think the micro bit gives me critical thinking and more creativity since it is inspirational.

In the last session, students were given tasks to develop critical computational thinking skills. The
following excerpts support this narrative.

decomposition, pattern recognition, subtraction, and algorithms | think this is a great combination of
math and computer, and | love that we can use the two together to create something amazing

This part was more successful since | also referred to problem 4. However, | failed to divide the total
using the microbit. .... However, my challenges surfaced when | had to set the loop that would repeat the
random number between 100. | create the basic structure, including the on-start and the repeat loop.
However, | faced difficulties when it came to inserting the interest rate on the microbit as well as calculating
the months that are required for the monthly R100 that is saved plus the interest to accumulate to 1 million.

| am writing for the last time in this journal. Capturing computer moments has been fun. This journal
has become my friend for the last few weeks; it is so sad that | am about to say goodbye to my friend (XXX,
this is the name | gave her). From this day onwards, | think | will have my own journal where | will write
down all the moments that | would like to keep.
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4.2.2 RQ2: Pre-service teachers’ self-efficacy for learning programming

Based on the conceptual framework depicted in Figure 1, the predictor constructs of self-efficacy
(experience, vicarious experience, social/verbal experience, and physiological feedback/emotion) are
explained with illustrative quotations.

Experience - As indicated earlier, one of the most important predictors of self-efficacy is
experience. As the course progressed, it can be observed that even though most students had no
prior experience with coding, they developed the exposure and experience. It shows that by the end
of the course, students’ experience increased their confidence in learning to program.

Excited to be doing a course with programming, as | have experimented in my private capacity with
coding

Having had this programming experience, | was overwhelmed and was encouraged to collaborate
more with other students.

Surprisingly, the steps were very easy and understandable. It was such an amazing experience of
coding, and the instructions given to us students were very clear

It was a great experience to touch the micro: bit kit, USB cable, battery holder, 1x set of 10 crocodile
cables, microbit V2, etc.

Thus, it was a great experience as | even learned how to compose a song in any way that | wanted it
to be.

Working through this activity very slowly and carefully, | started to realize that using the knowledge |
already had and combining it with the new information actually helped me to solve the math problems
faster and more easily, | was astonished at this and quickly started trying different numbers and variables
to see what the outcome would be.

Using building blocks in programming requires a great deal of critical thought and excitement. |
completed all of the follow-up exercises, acquired experience, and faced challenges that helped me
comprehend every concept and construct the necessary building blocks to accomplish everything.

I am using this understanding to assist my peers who have less experience and, in so doing, find myself
learning more in the process

Vicarious Experience - Another predictor of self-efficacy is watching other people perform the
tasks. If one watches others similar to oneself (peers) perform a task successfully, one’s self-efficacy
can increase. In this course, it has been observed that students saw their peers learn this course and
perform tasks successfully.

| tried looking for tutorials that were similar to these tasks but | could not find any. Planning on
discussing this activity with a peer [on] how they said they understand it.

I understood it so well that | was able to explain it to a friend of mine.

I ended up calling a group member for some clarification on what a micro bit is and how it functions
because | did not attend the class during the week. | started practicing how to make the loop work, and |
really failed until a friend advised me to start by using a block sign first.

It is also true that watching or being with peers who do not achieve success in the learning
activities can have a negative effect on one’s self-efficacy, as the next excerpt indicates.

The inclusion of models and equations just makes things worse for me to the point | do not know what
to understand these activities. | tried getting help from my peers and my tutor, but | do not see any progress.

Social/verbal persuasion - The third construct, verbal persuasion, of self-efficacy, helps one to
learn further or to persevere when one is encouraged. This encouragement can come from peers,
parents, and teachers/instructors.

| came across some interesting news that micro: bit was designed to encourage children to get actively
involved in writing software for computers and building new things, rather than being consumers of media.
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A little tricky especially when it came to variables, but | am glad Mr [....] was there to help as during
this time | had been going through personal difficulties at home with power outages for 3 weeks, | made
arrangements to perform my tasks on time and listen to recorded lectures where possible.

| however felt programming the mirco: bit to send out an SOS, using specific conventions, were long
and tedious. However, Prof [...] suggested using a looping structure, when creating this SOS program, which
is an interesting idea, that could actually work.

I am a learner who enjoys theory more than practical however for this session | am enjoying playing
around with the program and discovering new things as we go along.

Physiological feedback/emotion—The fourth construct, Physiological feedback, occurs when
confronted with a task. One experiences a sensation that may be perceived as positive or negative.
This perceived feedback interpretation, whether positive or negative, can affect one's self-efficacy. If
perceived or interpreted as positive, it would positively affect one's self-efficacy for learning
programming.

For this construct, the excerpts to support the narrative come from the themes identified in the
first section of the thematic analysis: How do pre-service teachers experience learning to code
robots? Some excerpts that show how students interpret the sensation when confronted with the
tasks given to them are presented below.

The robotics have not been as fun as | expected them to be. Maybe online learning affects that. Despite
all this, | am still looking forward to creating more codes and programming.

I have been trying to check my previous codes using trace tables. | like the idea because they are one
of the accurate ways of defining the meaning of codes. It is not yet that easy, but | do believe that as | keep
on practicing, | will get used to it.

Powers—At first, | was hesitant about whether | understood the question, which almost led to my
giving up. However, | read it over and over again until | succeeded, and my code was just right!

At first, | was truly confused about the program and how to navigate to get the correct block. | was
guided through the follow-up exercises and surprisingly found the steps easy and understandable. It was
such an amazing experience of coding.

5. Discussion

This study explored pre-service teachers' experiences using robotics and the role self-efficacy
plays in learning programming. The main source of data came from the reflective journals.
Interestingly, an important finding emerged from this study, affirming Farrah's (2012) finding that
reflective journaling made the "course enjoyable, motivating and exciting ."An excerpt from the
journal evidences this. "Capturing computer moments has been fun. This journal has become my
friend for the last few weeks; it is so sad that | am about to say goodbye to my friend (XXXX, this is
the name | gave her)". This, in turn, helped students further understand the content by constantly
reflecting on their learning and practice.

Concerning the first research question, the first four themes (excitement, challenge, difficulty,
collaboration) described the participants' experience of learning coding and robotics. Interestingly,
most students indicated that aspects of the course were challenging or difficult but overcame the
challenge by the excitement and fun experienced in learning to make something. Being engaged and
involved in making something tangible played a crucial role in students' learning and the intention to
learn further. These findings align with what Kadeeva et al. (2020, p. 7) claim in their study that
robotics assists in a better understanding of the material due to the "meta-subject connections of
robotics with other school subjects ."The excitement, challenges, difficulties, and collaboration
experienced during this course have contributed to students' self-efficacy. These experiences may be
linked to the experience construct as it relates to the self-efficacy construct in Figure 1. It may be
inferred that the themes of excitement, difficulty, challenge, and collaboration can be considered
part of the experience construct.

https://doi.org/10.22521/edupij.2025.15.176 Published online by Universitepark Press


https://doi.org/10.22521/edupij.2025.15.176

Govender et al. | 13

In addressing the second research question, the strategy of learning to program using robotics
is a successful way to bring students/learners on board to learn programming. Most students were
in the age range between 20 and 25. It is a commonly held belief that young students in this age
range can more readily learn technical skills. Hence, by increasing students’ self-efficacy to learn
programming, they are eager to advance their learning and consequently develop critical thinking
and CT skills. The constructionist approach contributed to their excitement, challenges, difficulties,
and collaborative skills, contributing to their positive experience. The themes, eagerness to learn, and
critical/computational thinking are effects of their engagement and motivation. These findings agree
with both Seon et al. (2019) and Wang’s (2023) research, which showed that self-efficacy is an
important motivation for learning. This is an important aspect, particularly for females who have been
generally slow to take up programming, as indicated in Govender and Khumalo’s (2014) study. In this
study, most participants were females (see Table 1), which showed the impact of learning in this way.

For this reason, we believe that the conceptual framework (Figure 1) can be modified for this
learning experience of learning to program using robotics, as depicted in Figure 3.

Selfeffiacytoleam Y

P

Figure 3. Modified conceptual framework for learning coding and robotics self-efficacy
6. Conclusion

The study set out to explore pre-service teachers' learning experience with coding and robotics
and, hence, to inform the teaching strategy that is effective for first-time learners of programming.
Using the framework of self-efficacy theory of motivation (Figure 1) allowed the authors to highlight
the four constructs/themes (Excitement, Difficulty, Challenging, and Collaboration) that fit into the
Experience construct of the framework. This allowed for an appropriate response to the construct
Behaviour and Performance in that students were Eager to Learn and develop Critical Thinking skills,
resulting in a modified conceptual framework for learning to program, as illustrated in Figure 3. The
results have shown that using robotics to introduce computer programming is an effective approach.
The idea of increasing interest and the eagerness to learn coding has been established using a
constructionist approach. Most students who participated in the reflective journal entries showed
extreme interest in continuing to learn to code.

The evidence from this study suggests that using robotics (making or constructing something) in
teaching programming has proven to be effective in increasing their self-efficacy to program. Some
implications for teaching include engaging students in learning activities that have proven to be
exciting and stimulating. One such activity is using robotics and coding to enhance self-efficacy in
learning to code.

https://doi.org/10.22521/edupij.2025.15.176 Published online by Universitepark Press


https://doi.org/10.22521/edupij.2025.15.176

Govender et al. | 4

The current study contributes to the learning-to-program literature in three important ways.
First, it highlights the success of incorporating robotics in teaching programming. Second, the study
demonstrates that using robotics can enhance self-efficacy when it comes to learning to program.
Thirdly, the study highlighted a deeper understanding of reflective journals to inform teaching
practices in programming.

7. Limitations

The study was conducted within the specific context of a university course with bachelor of
education (BEd) students at the university. This specific educational setting, with its student
demographic, may restrict the generalisability to other contexts. Additionally, the study used a
convenience sample, so there might be potential biases. Despite its exploratory nature, this offers
insight into the pedagogical approaches to introducing programming to enhance 21st-century skills.
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