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courses for future elementary school teachers. This mixed-
methods study investigates how integrating robotics into
STEM education lectures (referred to as STEM with
Educational Ro-botics, or STEM-ER) affects the self-efficacy
of prospective elementary school teachers. The study
involved forty-eight students in an elementary school
teachers' education program. The Personal STEM Teaching
Efficacy (PSTE) scale was used to measure their STEM
teaching self-efficacy. The results showed that integrating
robotics significantly increased the average self-efficacy of
these prospective teachers. This finding suggests that a
pedagogical approach with STEM-ER boosts preservice
elementary teachers' confidence in teaching STEM subjects.
The approach used in this study could serve as a model for
elementary teacher preparation programs.
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1. INTRODUCTION

Primary education continues to evolve, with increasing attention to developing skills that
prepare students to face the challenges of the 21st century. Science, Technology, Engineering,
and Mathematics (STEM) education emerged as a strategic response to this demand (Widya
et al., 2019), integrating the four disciplines into a cohesive pedagogical approach. Integrating
STEM principles into primary education has attracted attention because STEM-based
education is key to fostering critical thinking (Nuraeni, 2023), problem-solving skills (Alkair et
al., 2023), and a deep understanding of the four disciplines (McCarthy, 2022), which can
determine a country's future success in an increasingly technology-dominated environment
(Nuraeni, 2023).

Despite its benefits, implementing STEM education in developing countries is often
constrained (Aslam et al., 2023). One of the main obstacles in Indonesian education is
teachers' difficulty designing and implementing STEM learning in the classroom (Kaniawati et
al., 2016). A lack of professional training for teachers in STEM education has resulted in limited
knowledge of appropriate STEM challenges and a crisis of competence in integrating the
STEM disciplines (Sukiyani, 2023). In fact, the success of implementing STEM education
depends heavily on educators' ability to integrate science, technology, engineering, and
mathematics into a holistic learning experience. A lack of teacher understanding of STEM
limits and makes STEM learning ineffective (Bell et al., 2018). Unfortunately, various studies
have noted that teachers already on school duty have inadequate basic understanding of
STEM (Gokge Tekin, 2023; Twaddle & Smith, 2023; Weng et al., 2020). As a result, they have
low self-confidence in STEM teaching, which leads to low STEM teaching self-efficacy (Kurup
et al., 2019; Martinez-Borreguero et al., 2022). Teacher self-efficacy is vital in STEM learning
(Yang et al., 2023; Yesilyurt et al., 2021). Self-efficacy strongly influences teacher behavior
and, in turn, student learning outcomes (Fenton & Essler-Petty, 2019). Therefore, prospective
elementary school teachers should equip themselves with adequate STEM knowledge and
skills to build strong self-efficacy in implementing STEM learning.

Limited technology and engineering content in elementary schools is another problem that
makes teachers reluctant to implement STEM learning. This can be overcome by integrating
robotics into the lecture program for prospective elementary school teachers, as various
studies have shown that robotics is an ideal tool for making STEM learning more integrated
and effective (Ahmadaliev et al., 2022; Chiazzese et al., 2019; Karaahmetoglu et al., 2019;
Mwangi et al., 2022; Nugraha & Gutami, 2020; Purnomo & Firmansyah, 2021; Shang et al.,
2023; Tselegkaridis & Sapounidis, 2022). Unfortunately, the integration of robotics in the
lecture program for prospective teachers remains minimal.

Various studies have shown that teachers' self-efficacy in STEM teaching can be strengthened
through targeted experiences, such as structured professional development, engineering
design assignments, and field experiences, typically measured with validated instruments and
using pre-post or quasi-experimental designs. Compared with these designs, the STEM-ER in
this study integrates educational robotics into a STEM course for prospective elementary
school teachers. This integration design is less common in previous research and new in the
context of the elementary teacher education program in Indonesia.

Therefore, using a descriptive qualitative method and a quasi-experimental, non-equivalent
control group research design, this study aims to develop a STEM-ER strategy by integrating
educational robotics into STEM Education lectures in the Elementary School Teacher
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Education study program and to examine its effect on the self-efficacy of prospective
elementary school teachers in teaching STEM subjects. The research questions addressed in
this study are: How is the STEM with Educational Robotics (STEM-ER) strategy implemented
in the STEM Learning for Elementary Schools course, and how does the implementation of
the STEM-ER strategy affect the self-efficacy of prospective elementary school teachers in
teaching STEM subjects?ts?

2. METHODS

This study aimed to provide an overview of the implementation and performance of the
STEM-ER intervention in improving prospective elementary school teachers' self-efficacy in
STEM teaching. The study used a mixed-methods experimental design in which qualitative
data served as a supplementary source, integrated with the primary experimental data
collected through pre- and posttests (Creswell & Creswell, 2018). The study combined a
descriptive qualitative method and a quasi-experimental, non-equivalent control group
design involving two groups of students in the undergraduate elementary school teacher
education program at one of the universities in West Java as research samples. The two
groups were selected through purposive sampling, guided by the following considerations: 1)
students enrolled in an elementary teacher education program, and 2) those currently taking
STEM Education courses.

The analysis compared data from the implementation of the STEM-ER strategy with those
from conventional learning strategies by analyzing learning scenarios and documentation of
lesson activities. The data also included results from the PSTE questionnaire, which comprises
13 statements rated on a five-point scale: strongly agree (5), agree (4), neutral (3), disagree
(2), and strongly disagree (1). PSTE scores, based on these 13 items, range from 13 to 65. The
PSTE items follow those in the PSTE according to Fenton & Essler-Petty (2019) and have been
shown to be reliable (Nadelson et al., 2010). The PSTE was administered electronically using
Google Forms. An independent sample t-test was conducted to compare prospective teacher
self-efficacy data before and after completing the STEM-ER course.

Table 1. Statements in Personal STEM Teaching Self Efficacy (PSTE)

No Statements

1. I will continually find better ways to teach STEM

2.  Evenifltry very hard, | will not teach STEM as well as | will teach most subjects

3. I know the steps necessary to teach STEM concepts effectively

4. 1 will not be very effective in monitoring STEM experiments

5. 1 will generally teach STEM ineffectively

6. lunderstand STEM concepts well enough to be effective in teaching elementary STEM
7. lwill find it difficult to explain to students why STEM experiment work

8. Il will typically be able to answer students’ STEM questions

9. lwonder if | will have the necessary skills to teach STEM

10. Given a choice, | will not invite the principal to evaluate my STEM teaching

11. When a student has difficulty understanding a STEM concept, | will usually be at a

loss as to how to help the student understand

=
N

When teaching STEM, | will usually welcome student’s questions

| do not know what to do to turn students on to STEM

[EEN
w
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3. RESULTS AND DISCUSSION

The study investigated the impact of a STEM with Educational Robotics (STEM-ER)
intervention on the self-efficacy of prospective elementary teachers over four weeks, with
four 150-minute sessions. The following section will describe each session (Table 2) in detail
and explain how it may affect their STEM teaching self-efficacy.

Table 2. STEM-ER intervention

Meetin Focus Key Learning Goals
8
1 Introduction to educational robotics; Understand relevance of robotics in education; apply
unplugged engineering design EDP to a human-centered problem; practice teamwork
within constraints
2 Hands-on with solar-powered car kits;  Distinguish robots vs non robots (sense-think-act);
robot definition assemble & test a kit; analyzed environtmental
variables: connects robotics to curriculum
3 Electronics assembly: line follower Develop basic electronic skills; practice precision
robot + soldering assembly & troubleshooting;
4 Programming Arduino-based robots Translate logic to code; connect block-based
with visual coding programming to robot behavior; explore diverse

applications; present & reflect

The first meeting introduced prospective elementary teachers to the fundamentals of
robotics and their applications in educational settings. The session began with a class
discussion highlighting the growing importance of robotics across fields and emphasizing its
potential to revolutionize education by enhancing student engagement and learning. Many
studies also suggest growing trends in introducing robotics at the elementary level.
Participants were introduced to simple robotics activities that can be done using everyday
materials. They engaged in a collaborative engineering challenge in which they designed an
unplugged robot prototype to assist elderly individuals using simple materials such as a DC
motor, battery, ice cream sticks, straws, etc. This activity required them to employ the
engineering design process, which included identifying problems, brainstorming solutions,
planning (Fig. 1a), constructing (Fig. 1b), testing (Fig. 1c), and improving their designs
(Nuraeni, 2020). The exercise fostered teamwork and critical thinking as participants worked
within a limited budget to create innovative solutions, reflecting real-world engineering
constraints. Overall, this meeting laid the groundwork for understanding the potential of
robotics in education and inspired participants to think creatively about how technology can
be integrated into elementary classroom learning.

Figure 1. Participants Performing Engineering Design Process: a) Planning, b) Constructing,
c) Testing Robot Prototype
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The second meeting provided participants with hands-on experience using educational
robotic kits, specifically focusing on a solar-powered car. The session began with a discussion
of the characteristics that define a robot, such as the ability to sense, think, and act
autonomously. This foundational understanding was crucial for distinguishing between
robots and non-robots. Participants assembled the solar-powered car kits in groups (Fig. 2a),
applying their knowledge of mechanical and electrical components. After assembly, they
conducted outdoor tests to observe the cars in action (Fig. 2b), noting how variables such as
sunlight intensity affected performance. This practical activity allowed participants to analyze
the differences between the solar-powered car and typical robots, reinforcing their
understanding of robotics concepts. Additionally, the meeting included a group discussion on
integrating robotics into the elementary school curriculum, emphasizing its relevance to the
emancipated curriculum currently implemented in Indonesia. Participants brainstormed ways
to incorporate robotics into various subjects, considering the potential benefits for student
engagement and learning outcomes. By the end of the session, participants had gained
practical experience in assembling and testing robotic kits, enhancing their analytical skills
and creativity in applying robotics to educational contexts. Pre-service teachers need practical
experience through various exercises and the execution of hands-on project activities during
their STEM preparation program (Sungur Gul et al., 2023). Engaging in these kinds of activities
encourages them to think critically and anticipate problems related to their future STEM
teaching.

(a) (b)

Figure 2. Participants Assembled (a) and Test (b) Educational Robotic Kit: Solar Powered Car

In the third meeting, participants assembled line follower robots to further develop their
technical skills and understanding of electronic components. The session began with an
explanation of line follower robots, focusing on how sensors and algorithms enable these
robots to follow a path autonomously. Participants were introduced to the electronic
components used to build these robots, such as sensors, motors, and microcontrollers. For
many participants, this was their first soldering experience (Fig. 3a), adding complexity and
excitement to the task. Working in groups, participants applied their soldering skills to
assemble the line follower robots, emphasizing the importance of precision and attention to
detail. The hands-on activity provided valuable experience in troubleshooting and problem-
solving, as some robots encountered issues (Fig. 3b) due to poor solder joints or incorrect
wiring. Despite these challenges, participants reflected positively on the learning experience,
appreciating the opportunity to deepen their understanding of electronics and circuits. The
session highlighted the value of resilience and perseverance in STEM projects, reinforcing the
importance of technical skills in educational robotics.
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(a) (b)

Figure 3. Creating Line Follower: (a) Soldering Process and (b) Testing On Lined Track

The fourth meeting introduced participants to programming and coding with Arduino-based
robots, highlighting how coding can be integrated into educational practices. The session
began with an overview of Arduino, a popular open-source platform for building electronic
projects, and its applications in robotics. Participants were introduced to Pictoblox, a visual
programming application that translates block-based programming into C++ code, enabling
users to program Arduino-based robots easily. For this session, participants were provided
with pre-assembled robots, each designed to perform a specific task, such as a human-
following robot, an obstacle-avoiding robot, or a robot controllable via Android devices.
Working in groups, participants used Pictoblox to program their robots (Fig. 4a), learning to
translate logical instructions into functional code. This hands-on activity allowed participants
to experiment with different programming strategies and observe how their code affected
the robot's behavior. The session concluded with a showcase in which each group
demonstrated its programmed robots (Fig. 4b), highlighting the diversity of applications
achievable through coding. Participants received feedback on their projects, discussing the
challenges faced and the strategies used to overcome them. This meeting emphasized the
growing importance of coding skills in modern education, preparing participants to integrate
coding into their teaching practices and to inspire future generations of students.

(a) (b)

Figure 4. Participant (a) Program The Robot and (b) Showcase Obstacle Avoider Robot

After completing the four-session STEM with Educational Robotics (STEM-ER) program, the
prospective elementary teachers' self-efficacy in teaching STEM was evaluated using the
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Personal Science Teaching Efficacy (PSTE) questionnaire. The analysis compared the
experimental group, which participated in the STEM-ER activities, with the control group,
which received conventional STEM lectures.

The Shapiro-Wilk test assessed the normality of the pretest scores for both groups, and the
results indicated non-significant p-values (p > 0.05), suggesting that the scores were normally
distributed for both groups. This normal distribution was vital because it validated the use of
parametric tests in subsequent analyses. In addition, Levene's test for homogeneity of
variances in pretest scores consistently showed non-significant results (p > 0.05), implying
that the variances between the two groups were similar, allowing for a fair comparison using
parametric tests, such as the independent t-test, to compare the groups' self-efficacy scores.
The Levene's test for equality of variances results (F =.370, p = .546) indicated equal variances
between the control and experimental groups' N-gains at the 0.05 significance level. This
finding supported the assumption of equal variances required for the independent t-test,
further validating the robustness of the analysis. The independent t-test revealed a significant
difference between the means (t-value = -3.845, df = 46, p = .000), indicating that the
experimental group had a higher mean self-efficacy score than the control group (Table 3).
The negative t-value suggested that the mean self-efficacy score of the control group was
lower than that of the experimental group, implying that participating in the STEM-ER
program positively impacted the experimental group's self-efficacy in teaching STEM.

Table 3. Group Comparison on self-efficacy

Outcome Groups compared t df p-value
Self-Efficacy Control vs Experiment -3.845 46 0.000

Several critical factors in the STEM-ER program's design and execution contributed to the
experimental group's higher self-efficacy in teaching STEM. First, the program provided
hands-on learning experiences that fostered deeper understanding and increased confidence
in teaching STEM subjects. By engaging in hands-on activities such as assembling robots and
solving real-world problems, participants experienced active learning, which encouraged
them to explore, experiment, and apply their knowledge, thereby enhancing understanding
and retention. Studies such as Campbell & Damico (2023) highlight that an active, hands-on
STEM education approach promotes teachers' self-efficacy in implementing such lessons in
future classrooms.

Second, the collaborative learning environment fostered teamwork and communication,
essential skills for effective STEM teaching. Participants learned to work together to solve
problems, share ideas, and support one another's learning, creating a positive, empowering
environment. Working in groups provided peer support, boosting confidence in tackling
complex tasks and reinforcing the ability to teach STEM concepts collaboratively. Research by
W. Johnson & T. Johnson (2019) emphasizes the positive impact of cooperative learning on
students' academic performance and self-efficacy.

Third, the program's focus on real-world problem-solving allowed participants to connect
theoretical knowledge to practical applications. By addressing real-world problems, such as
designing robots to assist older adults, participants could contextualize their learning and
demonstrate the relevance of STEM subjects, increasing self-efficacy. The engineering design
process mirrored real-world engineering challenges, equipping participants with skills and
confidence to teach STEM subjects effectively. Hynes & Swenson (2013) discuss how
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incorporating real-world problem-solving in STEM education enhances students'
understanding and motivation.

Finally, the program exposed participants to cutting-edge technology, enhancing their
technological literacy and confidence in integrating technology into teaching practices.
Working with modern tools and programming languages developed 21st-century skills crucial
for STEM education, such as digital literacy, critical thinking, and problem-solving. Voogt &
Roblin (2012) explore the importance of developing 21st-century skills in education and how
technology integration can support this goal.

Several areas for future research include: 1) Conduct longitudinal studies to assess the long-
term impact of STEM-ER programs on teachers' self-efficacy and teaching practices by
tracking participants over time to provide insights into how these experiences influence their
classroom instruction and student engagement. Investigating the effectiveness of similar
STEM-ER programs in diverse educational settings, including different grade levels and socio-
cultural contexts, will also help educators design more inclusive and effective programs. In
addition, future research can focus on the effectiveness of various technological tools and
platforms in supporting teachers and students in integrating robotics into the STEM learning
process.

4. CONCLUSION

The results demonstrate the positive impact of the STEM with Educational Robotics (STEM-
ER) program on prospective elementary teachers' self-efficacy in teaching STEM subjects. The
significant difference in self-efficacy scores between the experimental and control groups
underscores the effectiveness of hands-on, collaborative, and technology-integrated learning
experiences. By fostering a deeper understanding of STEM concepts, promoting teamwork,
and equipping participants with modern technological skills, the STEM-ER program prepares
future educators to teach STEM subjects confidently and effectively.
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