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Abstract. This study aimed to determine significant changes in teachers’
perceptions of science, technology, engineering, and mathematics (STEM)
activities (e.g., coding robotics). Although teachers’ perceptions are
important in integrating STEM in education, there is still limited
understanding of teachers’ perceptions regarding the integration of
STEM education, particularly in teaching coding robotics. This study
employed a pre-experimental design with a one-group pre-test and
post-test. The research sample involved 41 teachers, ranging from
elementary to high school level. Teachers’ perception data were analyzed
using non-parametric chi-square and the paired samples t-test to assess
the impact before and after participating in the training program, while
teachers’ recommendations on implementing coding robotics were
analyzed using descriptive thematic analysis. The results showed that the
STEM coding robotics training program significantly changed teachers’
perceptions of mastering coding robotics skills (p < .001; ¢ = -6.781). The
training also significantly changed teachers’ perceptions of coding
robotics implemented at elementary school level (p = .001; ¢ = -3.591) and
junior high school level (p = .005; ¢t = -2.987), but no significant change in
perception was found for senior high school teachers (p = .103; t = -1.672).
Other detailed findings that were elaborated in this empirical paper
include the association between teachers’” perceptions of coding robotics
and their recommendations for implementing coding robotics after
attending the program. These findings underscore the value of targeted
professional development in fostering teachers’ readiness for
21st-century STEM instruction and advancing Sustainable Development
Goals in education.
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1. Introduction

The rapid advancement of digital technologies in the 2lst-century have
significantly influence all fields - from social and political sectors to education
(McCarthy et al., 2023). Because of these advancements, there is a need for
supporting skills, recently referred to as 21st-century skills (Hursen et al., 2023).
These 21st-century competencies promote learning and innovation skills,
information technology and media skills, and life and career skills (Gunadi et al.,
2022; Hursen et al., 2023). Many countries worldwide strive to achieve economic
development by providing a skilled workforce to work in the fields of science,
technology, engineering, and mathematics (STEM) (Alsalamat, 2024). As a result,
STEM has gained significant attention globally, and this has led to the
establishment of STEM schools (Jones et al., 2024).

According to Wahono et al. (2025b), STEM aims to develop students’ capacities
and career orientation by integrating knowledge from various disciplines. This
emphasizes collaborative teaching and the development of professionally
oriented competencies (Yildirim et al.,, 2022). In addition, STEM education
provides teachers with opportunities to demonstrate to students how concepts,
principles, and techniques from science, technology, engineering, and
mathematics are used in an integrative manner in the development of products,
processes, and systems that are used in their daily lives (Hursen et al., 2023).
Moreover, STEM learning can develop 2lst-century skills and students’
higher-order thinking skills (Lavi et al., 2021; Wahono et al., 2025b). To achieve
these parameters, teachers must be skilled in creating STEM instructional designs.
Teachers’ skills can be developed through training programs (Li et al., 2023) and,
therefore, it is necessary to develop teachers’ training programs that enhance
STEM competencies, particularly in Indonesia.

One of the most suitable ways to empower 21st-century skills today is through
coding skills (Mu et al., 2024; Silva et al., 2024). Coding activities involve skills that
combine problem-solving, logical thinking, computational thinking, and design
(Tuomi et al., 2018). Several countries, including the UK, Finland, Australia,
Greece, and France, have made coding or developing programming skills
mandatory, starting in elementary school (Mason & Rich, 2020). This is due to the
12% growth in technology-related jobs during this decade and the fact that 90%
of jobs previously performed by humans are becoming automated. Furthermore,
from a cognitive perspective, developing coding skills can enhance students’
mathematical performance and problem-solving abilities (Miller, 2019; Scherer et
al., 2021).

Additionally, research conducted by Miller (2019) indicates that learning through
coding instruction can lead to higher levels of mathematical thinking in students,
particularly in regard to identifying patterns and mathematical structures that can
lead to generalizations. Tiryaki and Adigtizel (2021) found that coding activities
can enhance students' creativity and scientific attitudes. Moreover, various
studies have shown that the benefits of computer science education can increase
student engagement, motivation, confidence, problem-solving, decision-making,
communication, and learning and performance in science, technology,
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engineering, and mathematics (Anwar et al., 2019; Chai, 2019; Meral et al., 2024;
Uslu et al., 2022). Given the technological advancements and the importance of
coding skills today, it is essential to introduce STEM-based computer science
(programming-coding) to teachers in Indonesia to help them catch up in the field
of technology.

Teachers serve as the primary bridge in the teaching of coding, as school students
are often too young to develop sophisticated self-learning and thus require
guidance from teachers (Mu et al., 2024). Indeed teachers are expected to possess
and be sufficiently competent in understanding coding skills so that they can
teach students and equip them with programming and coding skills (Mury et al.,
2022; Teidla-Kunitson et al., 2023). Hence, it can be concluded that future learning
processes need to equip students with coding skills. However, training programs
to develop coding skills in teachers are still quite rare, especially in Indonesia.
Research by Garcia-Carrillo et al. (2021) showed that teachers” understanding of
the STEM approach involving coding robotics was greatly influenced by practical
experience and training support.

This finding has not been widely studied in the Indonesian context, which has its

own challenges relating to infrastructure readiness and teacher competence
(Hasanah, 2024). In addition, there is still a lack of research in Indonesia exploring
teachers’ perceptions of teaching coding robotics in terms of knowledge, attitudes,
and the obstacles they face (Budiyanto et al.,, 2022). Hence, it is necessary to
conduct training programs that can develop teachers’ coding skills to meet the
skill needs of the 21st-century (Mury et al., 2022). This research fills this gap and
is expected to make important contributions to the development of educational
policies and teacher training programs, especially in the context of professional
training.

Coding robotics activities in STEM learning are still limited in scope and are
focused mainly on the technology that is used (Darmawansah et al., 2023; Meral
et al., 2024). Therefore, understanding teachers” perceptions of coding robotics in
STEM teaching and their knowledge of its application in classroom learning is
crucial for the professional development of teachers in STEM education
(Alsalamat, 2024). This empirical research explored changes in the perceptions of
Indonesian teachers after participating in a coding robotics training program in
STEM teaching through analyzing the answers to the following research
questions:

a) How do teachers’ perceptions of mastering coding robotics skills change
after participating in the teachers’ professional development program?

b) How do teachers’ perceptions regarding coding robotics apply at each
educational level change after participating in the teachers’” professional
development program?

c¢) What are the recommendations of the participating teachers after
attending the teacher professional development program regarding the
implementation of coding robotics in classroom teaching?
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2. Literature Review

2.1 Teacher Professional Development in STEM Education

Teacher professional development refers to workshops or training programs that
are designed to enhance teachers’ abilities (Feldman-Maggor et al., 2022; Sahin
etal, 2024; Yang et al, 2024). Professional development programs are the
foundation for all types of educational change (Feri & Zulherman, 2021; Wahono
et al., 2025a). These programs equip teachers with new skills and knowledge,
qualifying them to become change agents in the education system (Yildirim et al.,
2022). Professional development programs enable teachers to build the capacity
to teach STEM confidently and competently in their future careers (Tuomi et al.,
2018, Wahono et al., 2022). As technology rapidly advances, teachers’
professionalism training improves their pedagogical and technological abilities
(Hennessy et al., 2022). Teachers” abilities can be enhanced through participation
in professional development training programs (Abakah, 2023; Bowman et al.,
2020), and teachers who undergo training will increasingly develop knowledge in
line with current needs.

In the context of STEM education, teachers” professional development programs
are designed to help teachers advance in various fields and disciplines,
particularly in content mastery and the design of integrated STEM learning
approaches (Huang et al., 2022; Surahman & Wang, 2023). Empirical studies on
teachers” professional development programs in STEM education reveal that the
most common form of these programs is workshops (Chai, 2019). In addition to
workshops, other professional development models include mentoring, which
emphasizes content knowledge related to specific disciplines, pedagogical content
knowledge, inquiry strategies, collaboration, and teachers’ updates (Ufnar &
Shepherd, 2019).

It is crucial to formulate professional development initiatives to enhance teachers’

abilities to integrate disciplines, understand pedagogical approaches, and connect
21st-century competencies to real-world applications (e.g., creativity,
collaboration, and digital technological literacy) (Kurup et al., 2019). Improving
the quality and integration of STEM in the classroom depends on the teachers and
making professional development programs essential for changing teachers’
knowledge, beliefs, and attitudes (Mumcu et al., 2022; Ring et al., 2017). More
research and discussion are needed relating to the knowledge and experience that
teachers require to implement STEM education successfully and to achieve the
desired impact on student learning in preparation for 21st-century challenges.

2.2 Coding Robotics and STEM Education

Coding robotics can be effective in teaching STEM education because it allows for
the real-world application of engineering and technology concepts and helps
demystify the abstractions of science and mathematics (Kim et al., 2015).
Integrating coding robotics into education allows students to engage actively in
STEM, thus encouraging constructive thinking (Gavrilas & Kotsis, 2024). Coding
robotics education facilitates the development of technical and programming
skills (Gavrilas & Kotsis, 2024; Hallstrom & De Vries, 2024).
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Students can design and assemble various objects to gain a strong understanding

of programming concepts (Ibrahim et al., 2020; Papadakis et al., 2022; Paucar-
Curasma et al., 2023). The use of coding robotics in education not only enhances
students” understanding of science and mathematics but also has a positive
impact on academic performance (Ouyang & Xu, 2024; Wang et al., 2023). Coding
robotics in education is an engaging activity that captures students’ interest while
enhancing their comprehension of STEM subjects. This approach uses practical
exercises and problem-solving techniques, allowing students to integrate their
prior knowledge with new concepts effectively (Darmawansah et al., 2023;
Hughes et al., 2022).

The increasing significance of technology integration in education has led to the
widespread adoption of coding robotics education (Meral et al., 2024). This
indicates that STEM education has been increasingly integrated into coding
robotics education in recent years. The technological advancements of the current
era have made coding robotics popular at almost all educational levels (Glezou,
2021; Javaid et al., 2021; Seckin-Kapucu, 2023). Dissemination activities related to
coding robotics are carried out through courses and training provided for teachers
and students under the title of coding robotics (Filippov et al., 2017). In response
to these developments, one of the essential skills that teachers need to possess in
the 21st century is coding robotics.

Three dimensions are highlighted in programming: 1) from code to application,
2) from programming tools to community, and 3) from scratch to remix (Miller,
2019). Given the rapid advancements in technology and information, children
must begin to learn programming or coding in elementary and secondary school
(Ou et al., 2023). Even if they do not aspire to become programmers, coding skills
will become a fundamental skill to meet future life needs (Tran, 2018). In
conclusion, it is noted that teachers” perceptions in the context of the integration
of STEM education and coding robotics are crucial for sustainable development
and the effectiveness of current transformative educational approaches.

2.3 Teachers’ Perceptions of STEM Coding Robotics

In the context of education, teachers’ perceptions refer to the opinions, ideas, or
mental structures that teachers hold about subjects, events, and procedures
(Alsalamat, 2024). Teachers” perceptions play a significant role in shaping and
guiding their behaviors, attitudes, and practices and their application of
knowledge (Elmosaad, 2024). Understanding teachers’ perceptions of a specific
teaching content such as STEM coding robotics and their perceptions of skill
mastery and its application serves as a fundamental and initial step in planning
and developing instruction in this field (Garcia-Carrillo et al., 2021; Margot &
Kettler, 2019; Silva et al., 2024). Teachers” perceptions of STEM education greatly
influence their willingness to adopt this approach and related teaching strategies
(Garcia-Carrillo et al., 2021). Understanding teachers’ perceptions and beliefs
provides insights into planners, designers, and curriculum developers on what
should be emphasized in STEM teacher professional development programs and
in the evaluation of existing STEM education programs.
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Margot and Kettler (2019) stated that understanding teachers’ perceptions is
essential for developing teachers’” STEM talents. Moreover, understanding
teachers’ perceptions of STEM education is crucial, as it can influence their
decision-making. Teachers” age, gender, and teaching experience can affect their
views on STEM education (Khwaengmek & Faikhamta, 2023). Exploring teachers’
perceptions of integrated STEM education is one of the most important tasks for
researchers and other educational decision-makers. This is because teachers’
perceptions of STEM will directly affect their willingness and ability to implement
it effectively in their classrooms (Margot & Kettler, 2019). In Indonesia, research
on teachers’ perceptions of STEM, particularly in coding robotics instruction, is
still scarce. Despite the increasing interest in STEM learning in Indonesia, most
existing research focuses more on the effectiveness of programs on student
learning outcomes than on the perceptions of teachers as key actors in curriculum
implementation (Hasanah, 2024).

Research that explicitly explores how teachers understand, respond to, and
integrate coding robotics into learning is still very limited (Budiyanto et al., 2022).
In fact, teachers’ perceptions greatly influence the success of implementing
technology-based learning innovations (e.g., coding robotics) (Garcia-Carrillo et
al., 2021; Silva et al., 2024). Additionally, according to Wahono and Chang (2019),
knowledge and attitudes are fundamental domains for implementing appropriate
and sustainable STEM education. Furthermore, the attitudes toward STEM
education of teachers who participate in STEM teaching training programs can be
positively influenced, improving their awareness and perspectives of STEM
teaching.

Teachers need to be trained through professional development programs that
focus on expertise in integrating STEM education and foster positive perceptions
of STEM-based learning (Margot & Kettler, 2019; Sahin et al., 2024). Particularly
in coding robotics instruction, to promote the integration of STEM education
through teachers” professional development programs that are STEM-focused, it
is necessary to investigate teachers’ perceptions of STEM coding robotics
instruction (Darmawansah et al., 2023; Drakatos & Christou, 2023). A study by
Castro et al. (2018) reported a positive change in teachers’ perceptions of
educational robotics after participating in training and a more favorable change
in their views on the potential of educational robotics being applied in their
teaching practices.

A clear understanding of teachers” perceptions of STEM coding robotics can serve
as a platform for supporting the continual improvement of higher and better
quality STEM professional development (Wang et al., 2023). This empirical study
analyzed the perceptions of teachers at schools ranging from elementary to high
school regarding the integration of STEM education in coding robotics instruction.
The analysis was viewed according to the various dimensions of gender, teaching
experience, specialization, and educational levels of the participating teachers. By
understanding their perceptions, challenges could be identified, and evidence-
based recommendations could be proposed, showing that coding robotics
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training through teacher professional development supports teachers in
integrating STEM education into their classrooms.

3. Methodology

3.1 Research Design

This research employed a pre-experimental design: a one-group pre-test post-test
approach, a type of quasi-experimental research that implemented STEM coding
robotics activities for teachers at elementary, middle, and high school levels. This
design is appropriate for the research purpose of measuring changes in teachers’
perceptions of the intervention (STEM-based coding robotics training program).
The primary focus was to understand the changes in teachers” perceptions after
participating in STEM-based coding robotics training. Three research questions
were posed to address the main research problem, and statistical and thematic
descriptive analysis were used.

3.2 Participants

The subjects of this research were school teachers located in the region of East
Java, Indonesia, specifically in Jember Regency and its vicinity. This study
involved 41 teachers at elementary, middle, and high school levels (see Table 1).
The demographic information of the participating teachers considered the criteria
of gender, teaching experience, specialization or field of study, and educational
level and is presented in Table 1. Furthermore, the researcher provided
introductory information for the participants on the purpose of the study, the use
of data, and the anonymity of the questionnaire in addition to instructions for
filling out the Google Forms questionnaire. Each participant of the teacher
professional development training program first granted informed consent
through a letter of agreement to participate in a series of training program
activities organized by the research team.

Table 1: Demographic information of the participants

Dimensions Category n %
Gender Male 15 36.58
Female 26 63.42
Teaching Experience <5 Years 12 29.27
5-15 Years 15 36.58
>15 Years 14 34.15
Specialization Science 19 46.34
ICT 6 14.63
Mathematics 5 12.20
Other 11 26.83
Educational Level Elementary School 11 26.83
Junior High School 17 41.46
Senior High School 13 31.71
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3.3 Instrument

In this study, data regarding teachers’ perceptions of coding robotics were
collected using a questionnaire developed by the research team. The instrument
was thoroughly validated (both face and content validation) by experts through
multiple iterations before being used to gather research data, ensuring its
appropriateness and minimizing measurement errors. The questionnaire used in
this study consisted of two main sections. The first section included questions
related to the participants’ demographics - gender, teaching experience,
specialization, and educational level. The second section contained three specific
questions designed to measure teachers’ perceptions and ideas concerning coding
robotics. The Pre-Intervention and Post-Intervention Question 1 was “Do you think
the skill of coding robotics is difficult for teachers to master?”

The responses to this question were scored on a scale with the following options:

Difficult = 0, Uncertain = 1, and Easy = 2. The Pre-Intervention and Post-
Intervention Question 2 was “Do you think coding robotics can be taught or applied at
all educational levels (elementary school, middle school, and high school)?” The
responses to this question were scored on a scale with the following options:
Cannot be applied = 1, Uncertain = 2, and can be applied = 3. Lastly, the Post-
Intervention Open-Ended Question 3, “What ideas do you have for using coding
robotics skills in classroom teaching?” was presented. This open-ended question
allowed participants to provide essay-style responses, which were later analyzed
using thematic descriptive analysis to interpret their recommendations on how
coding robotics could be implemented in classroom teaching following the
training program.

3.4 Procedure

Research Process

[ l 1 |
[ | |
Data Collection
Objectives Training Evaluation Analysis
Aims Presentation of Practice how coding robotics [| ~ Assesment Analysis of
implementation workshop material works participant
) by the research team | Traffic light robot coded with || Fill out the post-| | demographic data
Fill out the pre- . . . )
. . Studuino software and car intervention as a| | and changes in
intervention as a . : . .
. . robot coded using Python questionnaire participant
questionnaire .
software perceptions
Beginning End of End of End of
of training training evaluation analysis

Figure 1: Research process

This study began with the planning stage, followed by the distribution of
pamphlets or flyers to recruit participants for the teachers’ professional
development program on coding robotics in STEM education. The participants
were teachers who had been teaching at elementary, middle, and high school
levels in East Java, particularly in the Jember Regency and its surrounding areas.
The participant registration phase was conducted until the quota was met of
participants who fulfilled the mandatory requirements. The main requirements
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for participants were that they were already teachers and were committed to
attending the offline training program from start to finish. Once the participants
were confirmed, the training program could start. The research process for this
study is illustrated in Figure 1. The teacher professional development program
started with participants completing a pre-intervention questionnaire, followed
by a workshop presentation by the research team. Participants then directly
practiced robotics coding, starting from the basics and working toward more
complex aspects. Teachers used a STEM coding robotics kit with Studuino and
Python software. After the training program was completed and the
post-intervention data were collected, the research team analyzed the data to
interpret the study's findings. Figure 2 shows the coding robotics process using
Studuino and Python software on a laptop screen.

a) Studuino software coding programing b) Python software coding programing

;. i
S
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C)
e
S
)
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#@m
~
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]

Figure 2: Coding using Studuino and Python software

The training and mentoring activities were conducted offline (in-person). The
training for teachers in STEM coding robotics was provided by the research team
who were also the main presenters. They covered both the theory of STEM-based
coding robotics and its practical implementation, which included designing a
traffic light robot and a robot car with coding using Studuino and Python
software. This training program activity was carried out over two days, and each
session lasted for eight hours. Participants in the training program designed
robots and performed simple coding in groups using Studuino and Python
software integrated with robotics. This was followed by direct testing.

In this training activity, the coding robotics module prepared by the research team
served as the primary guide for the participants during the coding process.
Participants were introduced to two types of coding robotics: the creation of a
traffic light robot and the creation of a robot car, with the coding process practiced
directly on each participant's laptop. The traffic light robot was coded using the
Studuino software, while the robot car was coded using the Python software. At
the end of the training program, the participating teachers were asked to complete
a post-intervention questionnaire.

3.5 Data Collection

Data collection for this study was facilitated through Google Forms. The data were
derived from the pre-intervention and post-intervention questionnaires that were
completed by the participants of the teacher professional development program.
The researchers provided introductory information for the participants about the
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research objectives, data usage, questionnaire anonymity, and instructions for
completing the questionnaire. Before collecting the research data, participants
were informed that the data collected during the STEM coding robotics training
would be published, and their consent was sought. The research data that were
collected comprised participant demographics and changes in their perceptions
after participating in the coding robotics training program in STEM education.
After the training program was completed and the research data had been
collected, the research team conducted data analysis to interpret the findings.

3.6 Data Analysis

Data analysis was performed using the statistical software Statistical Package for
Social Sciences (SPSS). A non-parametric chi-square statistical test was used to
examine the relationship between participants’ responses and their gender,
teaching experience, specialization, and educational level, with a significance
level of a = 0.05. Additionally, a paired samples t-test was conducted to analyze
the significant differences between pre-intervention and post-intervention results
regarding perceptions of coding robotics skill mastery and the applicability of
coding robotics at different educational levels. Before conducting a paired
samples t-test, a normality assumption test was conducted with the test results
showing that the data were normally distributed (p > .05). Descriptive data
analysis was also used to assess participant demographics, including gender
distribution, teaching experience, specialization, and educational level. A
qualitative thematic descriptive analysis was employed to interpret participants’
recommendations for implementing coding robotics in classroom teaching after
completing the training program.

4. Results

This study aimed to explore teachers’ perceptions of implementing STEM coding
robotics at elementary, middle, and high school level. Teachers” perceptions of
STEM coding robotics serve as a source of information for developing future
teacher professional development programs for STEM and coding robotics
education. As this field continues to grow, teachers require ongoing support to
keep pace with advancements, pedagogical techniques, and the integration of
evolving technologies in education. Based on this, it was crucial to involve
teachers in coding robotics training (Figure 3) and to understand their changed
perceptions after participating in the program. This provided valuable insights
into STEM-based computer science (coding robotics) education, addressing
technological gaps and enhancing their teachers” knowledge of STEM education.
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A

Figure 3: The coding and assembly process of the traffic light robot and the robot car
conducted by the participants (plural)

The professional development of teachers and training in coding robotics within
STEM education are crucial driving forces in today's education, particularly in
understanding teachers’ perceptions of the implementation of coding robotics in
STEM teaching. In encouraging teachers’ innovation in computer science-based
learning (coding robotics), it is essential to explore changes in their perceptions
after undergoing coding robotics training through STEM teaching. A strong
perception of STEM is a good starting point for learning and implementing STEM
teaching. The way that teachers view STEM education can be influenced by
various factors such as gender, experience, specialization, education, and training.
Recognizing the importance of STEM education and the critical role that teachers
play in the successful implementation of the rapidly evolving
coding-robotics-based learning, the researchers analyzed the responses to the
research questions posed in this study as indicated in the following subsections.

4.1 Teachers’ Perceptions of Mastering Coding Robotics Skills

The first research question of this study was, “How do teachers” perceptions of
mastering coding robotics skills change after participating in the teacher
professional development program?” To answer this question, a quantitative
analysis was conducted to interpret the results obtained through the
questionnaires. The findings are presented in Table 2.
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Table 2: Changes in teachers’ perceptions of mastering coding robotics skills

Dimensions Item Perceptions Total n (%) X2 p-value \%
P Difficult 34 (82.9)
. " Moderate  3(7.3) 2271 321 235
intervention
Easy 4(9.8)
Gender
Difficult 8 (21.6)
Post-
. . Moderate 8 (21.6) 2.724 256 271
intervention
Easy 21 (56.8)
P Difficult 34 (82.9)
. " Moderate  3(7.3) 9320 054 477
intervention
Teaching Easy 4(9.8)
Experience P Difficult 8 (21.6)
t-
C %" Moderate  8(2L6) 7444 114 449
intervention
Easy 21 (58.8)
P Difficult 34 (82.9)
e Moderate 3 (73) 5846 441 378
intervention
o Easy 4(9.8)
Specialization o
P Difficult 8 (21.6)
t-
C %" Moderate  8(21.6) 4361 628 343
intervention
Easy 21 (56.8)

Table 2 provides the results of the chi-square test of independence, indicating that
there was no significant association between gender, teaching experience, and
specialization and teachers’ perceptions of mastering coding robotics skills (p >
0.05). Participants’ data before and after the training program are as follows:
gender dimension (x2= 2.271, p = .321; x2 = 2.724, p = .256), teaching experience
dimension (x2 = 9.320, p = .054; x2 = 7.444, p = .114), and specialization dimension
(x2=5.846, p = .441; x2=4.361, p = .628).

Based on the data in Figure 4, the gender differences did not show a significant
difference in the perception that coding robotics skills could be easily mastered by
teachers after participating in the training program. The perception that coding
robotics skills could be easily mastered by teachers increased significantly by
47.8% (from 6.7 % to 54.5%) among the male participants and by 46.2% (from 11.5%
to 57.7%) among the female participants. In addition, teachers with less than five
years of teaching experience agreed that coding robotics skills could be easily
mastered by teachers and showed the highest increase after participating in the
training program with a rise of 60% (from 6.7% to 66.7%). Regarding the
specialization dimension, changes in perceptions for participants with
mathematics specialization ranked first in the level of agreement that coding
robotics skills could easily be mastered by teachers after completing the training
program, with an increase of 100%. This was followed by participants specializing
in Information and Communication Technology (ICT) with a 50% increase.
Overall, the results highlight a substantial improvement in teachers” confidence
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in mastering coding robotics skills after the training program, with notable
variations across experience levels and specializations.

Figure 4: Changes in teachers’ perceptions of mastering coding robotics skills

Table 3: Differences in teachers’ perceptions of mastering coding robotics skills

S.t'd.. t d p"
Deviation value
1.2432 059654 -6.781 36 .000

Item Mean

Differences in perceptions of

intervention
mastering coding robotics

. Post- 2.3514  0.82382
skills ) )
intervention
Gender Teaching Experience Specialization
188 11 5 16,7 6,7 7,1
80
70 56,8
60
50
40
30
20
10 I
0
-1\ & 21 sz?i\h a"’; a"'v & S & & & “\\ & P h."':“& &
Ol ENOCN ﬁfﬁe“ # T T
Pre- Post- Pre- Post- Pre- Post-
intervention intervention intervention intervention intervention intervention

mDifficult mModerate mEasy

Table 3 presents the results of the paired samples t-test that was used to analyze
the significance of the differences in the participants’ mean perceptions of mastery
of coding robotics skills through the teacher professional development program.
To determine the significance of these perception differences, data collected
before and after the training program from participants’ pre-intervention and
post-intervention questionnaires were used. The table shows that there was a
statistically significant difference between the mean scores of the participants’
responses regarding their perception of mastering coding robotics skills through
the teacher professional development program (p < .05). The difference lies in the
change in participants’ perceptions, with a significant increase in those who
agreed that coding robotics skills could be easily mastered by teachers after
participating in the training program for two days and with each session lasting
eight hours.

4.2 Teachers’ Perceptions of the Application of Coding Robotics

The second research question of this study was, “How do teachers” perceptions of
coding robotics change when applied at each educational level after participating
in the teacher professional development program?” To answer this question, a
quantitative analysis was conducted to interpret the results obtained through the
questionnaires. The findings are presented in Table 4.
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Table 4: Changes in teachers’ perceptions of the application of coding robotics across
all educational levels

Dimensions Item Perceptions Total 1 (%) X2 p-value 1
No 8 (19.5)
Pre-
. . Unsure 9 (22.0) 2114 715 227
Intervention
Elementary Yes 24 (58.5)
School No 0 (0.0)
Post-
. ) Unsure 2 (54) 1.417 492 196
intervention
Yes 35 (94.6)
No 5(12.2)
Pre-
. . Unsure 5(12.2) 10.965 .027 517
Iintervention
Junior High Yes 31 (75.6)
School No 0(0.0)
Post-
. . Unsure 0 (0.0) 37 37 37
intervention
Yes 37 (100.0)
No 0 (0.0)
Pre-
) ) Unsure 6 (14.6) 2.634 .268 253
Iintervention
Senior High Yes 35 (85.4)
School No 0 (0.0)
Post-
) i Unsure 36 (97.3) 1.085 581 171
intervention
Yes 37 (100.0)

Table 4 presents the results of the chi-square independence test, indicating that
there was only one instance of a significant association with teachers” perceptions
of implementing coding robotics at different educational levels. This significant
association was found in the pre-intervention perceptions of teachers regarding
coding robotics implementation at the junior high school level (p < .05).
Additionally, no significant associations were found at the elementary school and
senior high school levels regarding teachers’ perceptions of implementing coding
robotics at these levels (p > .05). Participants” data before and after the training
program are as follows: at the elementary school level (x2 = 2.114, p = .715; x2 =
1.417, p = .492), at the junior high school level (x2 =10.965, p = .027; x2=37, p = 37),
and at the senior high school level (x2 = 2.634, p = .268; x2=1.085, p = .581).
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Figure 5: Changes in teachers’ perceptions of coding robotics if implemented at
different educational levels

Based on the data in Figure 5, teachers from across all educational levels
experienced an increase in positive perceptions towards the implementation of
coding robotics at each level of education after participating in the training
program. Elementary school teachers experienced the largest positive increase in
their perception of implementing robotics coding after participating in the
training program at 81.8% (100%-18.2%). Overall, the perceptions of teachers
from across all educational levels demonstrated the highest confidence that
robotics coding could be implemented at the junior high school level after
participating in the training program, with a percentage of 100%.

Table 5: Differences in teachers’ perceptions of implementing coding robotics

Item Mean S,td‘, t daf p-
Deviation value
Pre-intervention  1.4324 0.80071  -3.591 36 .001
Elementary School ] ]
Post-intervention  1.9459 0.22924
) . Pre-intervention  1.6486 0.71555  -2.987 36 .005
Junior High School
Post-intervention ~ 2.0000 0.00000
. . Pre-intervention  1.8649 0.34658 -1.672 36 103
Senior High School
Post-intervention 19730 0.16440

Table 5 presents the results of the paired samples t-test that was used to analyze
the significance of the differences in teachers’ average perceptions of
implementing coding robotics at each educational level. To determine the
significance of these differences, pre-intervention and post-intervention data were
collected through questionnaires that were administered before and after the
training program. The results of this study indicate that training in implementing
coding robotics has a significant impact on teachers’ perceptions at the elementary
and junior high school levels (p <.05) but does not show significant changes at the
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senior high school level (p > .05). The implications of these findings suggest that
training is more effective for teachers at lower levels of education, possibly
because they have less experience with technologies such as coding robotics and
because there is curriculum flexibility that allows for easier integration of
innovative learning methods. In contrast, at the high school level, teachers’
perceptions tended to change less, possibly due to their already high baseline
perceptions.

4.3 Participants’ Recommendations on Idea for Implementing Coding Robotics
The third research question of this study was, “What are the recommendations of
the participating teachers after attending the teacher professional development
program regarding the implementation of coding robotics in classroom
teaching?” To address this question, a qualitative thematic descriptive analysis
was conducted to interpret the research data that were obtained through the
questionnaires. The results are presented in Figure 6.

Creating Student Developing
Control Tools Curricula
2,9% 2,9%
Advancing Creating
Scientific Innovative Projects
Knowledge 22,9%
5,7%
Creating Innovating
Interactive Instructional
Learning Media Design
14,3% 22,9%
Developing Life - - -
Skills Conducl_:mg Codmg Rol:.)ottcs
14,3% Experiments in Learning
14,3%

Figure 6: Idea themes for using coding robotics in education

Figure 6 shows eight themes relating to the ideas that teachers conceived after
participating in the training program. These eight themes were based on the
various responses provided by the participating teachers and identified through
thematic analysis conducted by the researchers. The eight thematic ideas for
integrating coding robotics into classroom teaching were creating innovative
projects, innovating instructional design, conducting coding robotics experiments
in learning, developing life skills, creating interactive learning media, advancing
scientific knowledge, developing curricula, and creating student control tools.

Projects focused on innovation and instructional design
demonstrated the highest percentage at 22.9%. For example, the
idea under the theme of ‘creating innovative projects” expressed by
teachers included, “I will equip students with coding skills to create
new, innovative products that can be applied in daily life such as
developing robotics-based agricultural technology products, creating
automatic trash bins, automatic lights, grass-cutting robots, floor
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cleaners, classroom cleaning robots that can detect obstacles, collision
sensors, and more”.

Moreover, a teacher's idea with the theme of ‘innovating
instructional design” might include, “I want to make learning more
engaging and enjoyable by introducing coding robotics to students from
an early age, as it is highly relevant to contemporary needs”.

Regarding the findings in Figure 6, teachers who attended the training realized
the importance of coding robotics in the world of education. They proposed
various ways of implementing coding robotics in the classroom, with the focus on
learning innovation, creative projects, and developing students’ skills to be better
prepared to face challenges in the digital era.

5. Discussions

Recently, developing countries, including Indonesia, have concentrated on
improving and developing human resource capacities, especially in the field of
STEM, coding, and robotics. This effort aims to achieve higher economic goals in
line with the national vision for Indonesia’s Golden Era by 2045. However,
Indonesia still lags developed countries in terms of the quality of STEM coding
robotics education. This research is considered important as it adds to our
understanding of how teachers in Indonesia at elementary, middle, and high
school perceive coding robotics in STEM teaching before and after participating
in a teacher professional development program. It highlighted the significance of
understanding teachers” perceptions across all educational levels of STEM coding
robotics as a key element in the implementation. When teachers” perceptions of
coding robotics in STEM teaching are understood, effective programs can be
created to help teachers in developing these teaching practices. The successful
implementation of STEM coding robotics teaching is crucial for students to benefit
from the capabilities offered by modern education (Mwangi et al., 2022; Negrini
et al., 2023; Wang et al., 2023).

Following participation in the coding robotics training program, teachers’
perceptions of their ability to master and teach coding robotics significantly
improved. This positive shift was most evident among elementary and junior high
school teachers, which aligns with prior research emphasizing the benefits of early
integration of robotics in education (Gavrilas & Kotsis, 2024). These findings are
consistent with the literature (Alsalamat, 2024; Samara & Kotsis, 2023; Yildirim et
al., 2022; Zhang et al., 2023). For Example, Gavrilas and Kotsis (2024) state that
STEM training fosters a strong positive perception of integrating coding robotics
into STEM education. Overall, the quantitative results of the current study suggest
that the coding robotics training program in STEM teaching had a positive impact
on teachers’ perceptions across all educational levels. It is important to note that
teachers’ perceptions of the importance of STEM education affect their capacity to
learn and develop as STEM educators (Bell, 2016). Furthermore, teachers with
positive perceptions of STEM are a crucial factor in the successful implementation
of STEM coding robotics programs (Alsalamat, 2024; Gavrilas & Kotsis, 2024).

http:/ /ijlter.org/index.php/ijlter



596

Some studies reflect the extent to which teachers can understand coding robotics
in STEM teaching (Darmawansah et al., 2023; Drakatos & Christou, 2023; Kaygisiz
et al., 2020; Ortega-Ruipérez & Alcalde, 2023). However, teachers can face
challenges when teaching coding robotics due to a lack of training on how to
implement it (Castro et al., 2023; Khanlari, 2016; Ouyang & Xu, 2024).
Additionally, research has indicated that teachers can encounter difficulties in
implementing STEM coding robotics because of time constraints and a lack of
resources (Ali et al., 2023; Yuldashevna & Khurana, 2024). Moreover, several
studies provide strong evidence that training programs offered to teachers are
beneficial for building their knowledge about modern trends in STEM education
practices, particularly in programming and coding robotics (Anwar et al., 2019).

This study investigated the relationship between teachers’ gender, teaching
experience, specialization, and educational level and their perceptions of
mastering coding robotics skills in STEM teaching and its application at each
educational level. The results showed that no significant associations were found
between teachers’ perceptions of mastering coding robotics and its application.
These findings align with previous research that indicates no observed correlation
between teachers” perceptions and STEM coding robotics education (Alsalamat,
2024; Gavrilas & Kotsis, 2024). For instance, Alsalamat (2024) found no significant
relationship between teachers’ gender, teaching experience, and specialization
and their perceptions of coding robotics in STEM teaching. This was possibly due
to differing teaching goals among individual teachers.

The dynamics of teachers’” perceptions when viewed through the gender
dimension showed no significant differences after participating in the training
program. This is consistent with literature stating that gender differences do not
significantly affect teachers’ perceptions of teaching STEM coding robotics
(Gavrilas & Kotsis, 2024). Additionally, the study observed that teachers with less
than five years of teaching experience had better perceptions of mastering coding
robotics skills. This might be because teachers with less experience are generally
younger than those with more than five years of teaching experience. Therefore,
the researchers conclude that age might influence teachers’ perceptions of
mastering coding robotics. This is supported by literature suggesting that coding
robotics training is more suitable for younger participants (Anwar et al., 2019;
Gonzales et al., 2021; Jung & Won, 2018).

Changes in the perceptions of teachers with mathematics and ICT specializations
showed more favorable perceptions after participating in the coding robotics
training than teachers with other specializations. This may be due to their greater
knowledge of disciplines related to coding robotics (mathematics, technology),
which may have provided them with more resources and resulted in better
perceptions of teaching STEM coding robotics. This aligns with literature
indicating that teachers in mathematics and ICT have better perceptions of coding
robotics teaching than other teachers (Aksu & Durak, 2019; Mallik et al., 2023).
However, the overall results showed that the coding robotics training program in
STEM teaching enhanced positive perceptions among teachers in other
specializations as well. Therefore, it can be concluded that teachers in other
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specializations have the opportunity to learn more about coding robotics, which
could further improve their perceptions of coding robotics.

Teachers at each educational level had better perceptions after participating in the
coding robotics training, although they believed they could implement it better
with guidelines than without. This finding is consistent with the literature that
teachers at all educational stages can introduce programming and robotics, even
if implemented with guidelines (Chevalier et al., 2016; Ugur-Erdogmus, 2021). A
deeper analysis revealed that as the educational level increased, teachers had
more positive perceptions of implementing coding robotics in STEM teaching.
This research reflected that if teachers at each educational level attend coding
robotics training programs, their perceptions of applying STEM coding robotics
teaching could be enhanced. According to Ortega-Ruipérez and Alcalde (2023),
teachers’ perceptions of learning ability are similar across educational levels.

The findings of this study imply that practice-based training programs such as
STEM coding robotics can strengthen teachers’ readiness to face the challenges of
21st-century learning, especially in the context of transformative education in
Indonesia. The increasingly positive perceptions of teachers from various
backgrounds show the significant potential for integrated coding robotics across
disciplines in primary and secondary education curricula. In the future, research
could be directed toward longitudinal studies to evaluate the sustainability of the
impact of training and to observe the changes in teachers’ teaching practices and
student learning outcomes (Alsalamat, 2024; Anwar et al., 2019; De Jager, 2023).
In addition, it is necessary to explore more adaptive training models that address

the needs of teachers from different educational levels (Ortega-Ruipérez &
Alcalde, 2023).

6. Limitations

The study was limited to exploring changes in the perceptions of teachers at
schools ranging from elementary to high school regarding coding robotics in
STEM teaching using questionnaires as research instruments. A major limitation
of this study was the unequal number of participants across the variables of
gender, teaching experience, specialization, and educational level. However, this
limitation was mitigated by the fact that the number of participants in each
research variable was adequately represented.

Additionally, the study was confined to 41 teachers from Jember and the
surrounding areas. Although the study was limited by the number of participants
and its focus on Jember, Indonesia, the findings may be generalized to other
regions or districts and even other countries with similar educational contexts.
The participants from Jember and its surroundings already reflect a diverse mix
of ethnicities, religions, cultures, and languages, thus making the findings broadly
representative of Indonesia.

7. Conclusion and Implications

The study revealed that teachers” perceptions of mastering coding robotics skills
and their application in STEM teaching significantly improved after participating
in the teacher professional development program. No significant associations
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were found between gender, years of teaching experience, specialization, and
educational level of teachers and their perceptions of coding robotics in STEM
teaching. Additionally, when differentiated by dimension, gender differences did
not show significant effects on coding robotics training. The dynamics of
perception changes showed that teachers with less than five years of teaching
experience and those from mathematics and ICT specializations had the most
favorable perceptions of mastering coding robotics skills. Furthermore, the most
positive changes in teachers’ perceptions were observed when coding robotics
was applied at the junior high school level. The study also uncovered eight
recommendations from teachers regarding ideas for implementing coding
robotics after the training. The teachers’ idea with the theme of creating innovative
projects and innovating instructional design demonstrated the highest
percentage.

This research article provides important insights into the changes in the
perceptions of teachers at schools ranging from elementary to high school
regarding the mastery and application of coding robotics in STEM teaching after
participating in the teacher professional development program in Indonesia.
These findings can be valuable for educational developers and others involved in
teacher professional development and be used as a starting point for designing
and developing professional programs for each educational level related to STEM
education, particularly in coding robotics.

One of the main innovations of this research was the integration of coding robotics
skills into teacher professional development programs based on gender, years of
teaching experience, specialization, and educational level. This research also
enriched the international literature on teacher training in the field of new
technologies, especially in the context of developing countries such as Indonesia.
By adopting a perception-based approach and emphasizing the importance of
teacher training, this research is expected to be a reference for the development of
educational policies and the design of technology-based teacher training in the
digital era. Therefore, although these findings are local, they are globally relevant
and can be adapted to other regions or countries with similar educational
conditions.

8. Recommendations

It is recommended that future research on teachers’ perceptions use a larger
sample size, provide more resources or tools to support the training program, and
consider additional variables that may influence teachers’ perceptions of STEM
education. Additionally, future training programs should be designed to prepare
teachers better for STEM coding robotics instruction and to support them in
implementing STEM coding robotics teaching according to their specialization
and educational level.
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