1IJOE

PAPER

Online-Journals.org

International Journal of

Online and Biomedical Engineering

iJOE | elSSN:2626-8493 | Vol.21 No. 11 (2025) |

https://doi.org/10.3991/ijoe.v21i11.56391

Mobile Robotics Training Kit: Enhancing Learning
Achievement, Practical Skills, and Problem-Solving
Skills of Industrial Electrical Engineering Students

Herlin Setyawan' @,
Sukardi'® (),
Risfendra' (),

Tee Tze Kiong?(®,
Krismadinata', M. Giatman'

'Universitas Negeri Padang,
Padang, Indonesia

2Universiti Tun Hussein Onn
Malaysia, Johor, Malaysia

sukardiunp@ft.unp.ac.id

ABSTRACT

The complexity of microcontroller learning that must combine theoretical concepts and real
practices makes it difficult for many students to master the competencies of microcontrol-
ler control systems. In addition, it is difficult to achieve practical skills that students must
master without a training kit that can interpret the application of microcontroller control
systems. Thus, the purpose of this study is to examine the effectiveness of mobile robotic
training kits to improve student learning achievement, practical skills, and problem-solving
skills. This study used a mixed method with a sequential explanatory design, combining
true-experimental research with semi-structured interviews. It involved 76 participants,
divided into 38 experimental groups and 38 control groups selected at random. The results
of this study show that the mobile robotic training kit is significantly effective in improv-
ing students’ learning achievement, practical skills, and problem-solving skills in the field
of microcontroller control systems. This study provides empirical evidence of the impor-
tance of implementing a mobile robotics training kit in the learning process to improve
students’ competencies and prepare them with competencies relevant to the needs of the
world of work.

KEYWORDS
training kit, learning achievement, practical skills, problem solving skills, vocational education,
quality education

1  INTRODUCTION

Industrial electrical engineering education faces significant challenges in pre-
paring students with competencies relevant to the needs of industries that increas-
ingly use highly complex technology. Since the Industrial Revolution 4.0, industries
have increasingly used automation and robotics-based technology to carry out
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the production process. Both of these control systems use microcontrollers as the
core of the controller (the brain in a machine) [1], [2]. Thus, to produce gradu-
ates ready to face these challenges, they must master the microcontroller control
system. To master this control system, students must master the knowledge and
skills of both system design (electrical and electronic systems), microcontroller pro-
gramming, and manufacturing microcontroller-based systems according to their
functions [3], [4]. Therefore, the learning must also be contextualized according to
industry needs to produce competent graduates. From the results of the teaching,
students not only master knowledge and skills but can indeed create a system that
is to industry needs [5]. In this context, microcontroller learning must combine
theory and structured practice so that students feel the direct impact of applying
the concepts they learn.

In addition to the knowledge and practical skills that vocational students must
possess to build a microcontroller control system, problem-solving skills are also
one of the skills that students must master to overcome complex problems in the
system. In the era of Industrial Revolution 4.0, students are not only required to mas-
ter knowledge and practical skills, but they must also be able to identify and solve
problems that arise in a complex system [6], [7]. Through problem-solving skills,
students can identify maladies, generate solutions to problems, and perform and
evaluate the problems they have overcome [8]. To master these skills, the learning
process cannot be theoretical. However, it must actively involve students and put
them in hands-on learning situations that require them to think critically, creatively,
and analytically when dealing with real problems [9]. Through this learning process,
students can hone their knowledge and practical skills and train themselves to think
systematically and develop essential problem-solving skills [8]. With these skills, stu-
dents will be better prepared to face the challenges of the dynamic industrial world
and adapt to the ever-evolving technological demands in the era of the Industrial
Revolution 4.0 [10].

However, in the learning process, students often have difficulty understanding
microcontroller learning materials that are very complex, ranging from circuits,
programming, and direct testing [11]. The basic theory of control systems, input/
output processes, programming, and signal management is very complex and not
easily understood with a theoretical approach in the classroom. Without concrete
applications, students often have difficulty understanding theoretical concepts,
which results in low student achievement [12]-[14]. In this learning, students not
only master knowledge but also have to master practical skills in assembling cir-
cuits, programming microcontrollers, and operating and integrating various elec-
tronic components [15]. To master skills, educational institutions often experience
difficulties, such as the unsuitability of the practicum equipment used. Often, the
practicum tools used can only train programming but cannot train electronic cir-
cuits because the nature of the practicum tools used is finished, and students can
only program them. This will result in low practical skills obtained by students who
initially had to master the electronic circuit of input and output integration, pro-
gramming, and system testing; however, with learning tools (training Kkits), these
skills cannot be learned by students as a whole [5], [11].

This problem is crucial because the training kit used is too simplified by educa-
tors, making students not get concrete learning, which lowers students’ technical
skills and problem-solving skills. After all, it does not get students used to analyz-
ing problems from scratch [16], [17]. As [18] described, an effective microcontroller
training kit for learning should include practical, hands-on experiences that allow
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students to interact directly with hardware and software components. Training
kits should allow students to explore and experiment with real-world applications
and scenarios [19], [20]. To overcome this problem, a more applicable microcon-
troller training kit is designed to involve students directly in the learning process
and can directly apply microcontroller control systems in real applications. This
study is urgently needed considering the rapid development of technology and the
need for a competent workforce in microcontroller control systems that understand
knowledge, practical skills, and problem-solving skills. Microcontrollers are core
components in automation systems, robotics, and other intelligent controls widely
used in various industries [1], [2]. Industrial electrical engineering students must
master microcontroller control system competence to compete in an increasingly
competitive job market.

Based on this background, this study offers an innovative solution: designing
a mobile robotics training kit that can be used in the microcontroller learning
process. This training kit can be applied to a microcontroller control system as a
robotics system. Three types of robots can be applied: line followers, wall trac-
ers, and robots that can be controlled from a smartphone via Bluetooth. In addi-
tion, this training kit can be used for basic microcontroller learning by students.
With this concept, this training kit can make students more active and explore
the real application of microcontrollers. Thus, there are three specific objec-
tives in this study: (1) testing the effectiveness of the mobile robotics training
kit to improve student learning achievement, (2) testing the effectiveness of the
mobile robotics training kit to improve student practical skills, and (3) testing the
effectiveness of the mobile robotics training kit to improve the problem-solving
skills of industrial electrical engineering students in the field of microcontroller
control systems.

2 LITERATURE REVIEW

Some previous researchers have developed various training kits that can be
used in learning microcontrollers or embedded systems to improve learning qual-
ity, as shown in Table 1. From the literature study results, there are generally
three types of learning tools (training kits) used in the microcontroller learning
process: simulation applications, portable training kits, and robotics training Kkits.
First, using simulation applications has been proven to improve student program-
ming skills, but learning can only be done virtually by using simulation applica-
tions (tinkercad). So, the limitations of this learning practical skills that students
must master are not well mastered by students [11]. Second, some researchers
use portable training kits, where this training kit can be used for learning the
basic concepts of microcontroller-based control systems, such as the operation of
inputs and system outputs. The development of portable training kits has been
carried out in various fields of control systems that are growing rapidly at this
time, namely the Internet of Things (IoT) control system [12], [13], [21], and arti-
ficial intelligence (AI) [14]. From the results of the development that has been
carried out, this training kit has also proven to be well used in the learning pro-
cess and tested valid, practical, and effective for increasing student knowledge,
satisfaction, and confidence.
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Table 1. Summary of previous relevant research

Technology Applied Research Results

Mobile robotics training kit Positive impact on students’ intellectual ability and learning
(wall follower) [22] satisfaction

Simulation application (Tinkercad Improve students’ programming skills

application) [11]

Lego Mindstorm robot training kit [23] | Cultivate logical thinking and improve students’ understanding
of technical operations

Portable training kit (IoT system) [12] Increase student satisfaction and confidence

Mobile robotics training kit Improve student engagement in robotics and technical literacy
(wall follower and wall follower) [24]

Mobile robotics training kit (ROS-based | An open-source robotic device that can be used in

omnidirectional) [25] university learning

Lego Mindstorm robot training kit [26] | Improve students’ practical skills, motivation, and self-directed
learning

Mobile robotics training kit Positive impact on student engagement, motivation and

(wall follower) [27] satisfaction

Mobile robotics training kit Improve students’ logical thinking, problem-solving skills,

(wall follower) [28] and communication skills

Portable training kit (IoT system) [13] | The training kit is categorized as valid and practical for
use in the learning process and effective for increasing
student knowledge

Portable training kit (IoT system) [21] Improve student knowledge

Portable training kit (Artificial The results of laboratory tests (training kits can work according
Intelligence System) [14] to their functions) also categorize training kits as valid, very
practical for use in the learning process, and effective for
improving student knowledge

Mobile robotics training kit Improve student knowledge
(wall follower) [5]

Third, several researchers have developed microcontroller training Kkits or
embedded systems for mobile robotics applications. Currently, some researchers
use mobile robotics from Lego Mindstorm, which is already in the form of modules
of robotics components [23], [26]. Lego Mindstorm robots have also been shown to
improve students’ practical skills, motivation, and independent learning and foster
logical thinking. However, at the university level, using this tool has the disadvan-
tage that the components are already provided as finished packaging (modules).
Students only combine one module with another. At the university level, students
must directly understand the design, components, assembly, programming, and test-
ing [29], [30]. To overcome this gap, researchers have developed training kits in the
form of line-follower robots that work to follow lines and wall-follower robots that
work to follow walls. Students can assemble robotic systems, including mechanical
and electronic circuits and robotic programming, using this robot. The results also
show that this training kit can improve students’ knowledge, engagement, motiva-
tion, technical skills, technical literacy, problem-solving skills, logical thinking, and
communication [5], [22], [24], [27], [28].

In addition to line follower and wall follower robots, there is also a study that
develops a robotic mobile training kit based on the Robot Operating System (ROS),
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where this robot can move by mapping the conditions of the room around it [25].
The study results show that the robot developed is open source in that anyone can
make it by following the guidelines in the paper [25], and it has been tested to be
used in learning processes at the university level. Based on the results of the litera-
ture study, it is known that the robotic mobile training kit developed at the university
level must be able to work autonomously using line guides, walls, and even the most
sophisticated ones swarm by mapping the room directly. From the results of various
studies that have been conducted, there are still various limitations, namely that the
training kit developed can be used by students who already have basic competen-
cies in the field of microcontrollers or embedded systems so that students starting
from the basics cannot use it [24], [25]. Based on the reviewed studies, there are lim-
itations, such as only assessing practical skills in the programming element, but the
mechanical and electronic circuit elements are not assessed [11], [26]. In addition,
problem-solving skills that students need to solve complex problems systematically
in the field of microcontroller control systems are still few researchers who study
them [28].

Based on previous studies, the novelty offered in this study is a mobile robotic
training kit that can interpret the microcontroller control system from the basics to
the application of the system. So, basic learning of microcontrollers, namely under-
standing microcontroller input and output devices for real applications in robotics
systems, can be done. So that students who do not have the initial skills and knowl-
edge and students who already have good competence can use this training kit in
the learning process. Three types of robots can be applied: line follower robots, wall
followers, and robots controlled from smartphones via Bluetooth. Thus, this training
kit has a high flexibility in practicum projects and basic understanding. So that using
this training kit can cover all the learning material that students will study during one
semester, not only focusing on one learning topic. In addition to focusing on the
training kit applied, novelty is also raised in the topic of study, namely examining
the impact of using a mobile robotic training kit to improve learning achievement
(knowledge), practical skills of microcontrollers as a whole, and problem-solving
skills of students in the field of microcontroller control systems.

3  RESEARCH METHODS
3.1 Research design

This study uses a mixed-methods approach with a sequential explanatory design
that combines quantitative and qualitative data in a single study [31]. The study
was conducted in two stages. The first stage involved collecting quantitative data to
gather numerical data on students’ knowledge, practical skills, and problem-solving
abilities. The second stage involved qualitative data collection, which aimed to
explore and deepen the findings from the quantitative data through semi-structured
interviews with students. In the first stage, the researcher used a true-experimental
pretest-posttest control group design, where two groups were used in the study:
the experimental group (receiving treatment) and the control group (not receiving
treatment). A simplified version of the study design used is shown in Figure 1. This
study method demonstrates a cause-and-effect relationship between independent
and dependent variables through strict control of external factors. By randomly allo-
cating participants into experimental and control groups, the effects of independent
variables can be isolated while minimizing research bias [32].
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3.2 Research participation

This study involved four diploma students (Bachelor’s degree) majoring in indus-
trial electrical engineering at the faculty of engineering at the Universitas Negeri
Padang in Indonesia, as well as 76 students, consisting of 24 (31.58%) female and 52
(68.42%) male students. To determine the number of test subjects in true-experiment
research, there is no minimum size that must be met, but several previous studies
suggest a minimum of 15 test subjects in both the experimental and control classes
[32], [33]. The process of dividing the experimental and control groups is random-
ized so that all students have an equal opportunity to enter the research group,
which can reduce selection bias and allow for more reliable causal inference about
the effects of the intervention group [34].

The process of randomizing the sample was done by giving a sequential number
to all students ranging from 1 to 76, and the purpose of this study was to blind stu-
dents to reduce the effects of bias. Students who get odd numbers are included in the
experimental group (N = 38), and students who get even numbers will be included
in the control group (N = 38). All students in the study did not yet have knowledge
and skills about microcontroller-based control systems. They only know the intro-
duction and basic electronic control systems learned in previous courses in the first
and second semesters. The researcher determined that the students were majoring
in industrial electrical engineering. They had obtained research approval from the
dean or chairman of the Faculty of Engineering, Universitas Negeri Padang, with
letter number 1961/UN35.2.1/LT/2024. All students have agreed to participate in the
research for one whole semester. The lecturer assigned to teach in the experimental
class has agreed to participate in the study and use the mobile robotics training kit
developed in the learning process. Likewise, the lecturer assigned to teach in the
control class has also agreed to participate in the research.

3.3 Research procedure

This study was conducted for one semester, consisting of 16 meetings in a for-
mal classroom environment. There was one meeting per week for 210 min per
meeting. The study was conducted in a formal learning process as usual, without
opening a special class for research, in both the experimental and control groups.
In week 1, the study was carried out by dividing the group into two groups: exper-
imental and control groups. Week 2 assessed the student’s learning achievement,
practical skills, and problem-solving skills before the study. Pre-test research was
conducted to determine the initial skills and knowledge possessed by students, thus
allowing the study to measure the impact of the treatment by comparing the initial
and post-assessments [35].

Week 1 Week 2 ‘Weeks 3 to 15 Week 16
Group Distribution  Student Initial Assessment ~ Microcontroller Practicum Learning Process  Student Final Assessment
Group A - . Learning is conducted based Protect o » Interview
I-} = 5 - b= =1
Experiment = | S B Z [=» onthe curriculum + Mobile = . ) . S BT P Semi-Structured
£ a4 . e X Mobile Robotic £ a4 .
(n=38) 2 4o Robotic Training Kit - 2 4w Interview
RS £ 23§
5573 £5%=2
555 ¢ S L8 2
A RS e T : m PSS E
Group B 238 2 Learning is conducted based on the curriculum F S %
£
Control | §& e P + = a2
(n=38) Conventional Training Kit

Fig. 1. Research implementation procedure
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b

Fig. 2. a. conventional training kit, b. mobile robotic training kit

The microcontroller practicum learning process was carried out from weeks
3 to 15 using the same learning topics in the experimental and control groups,
but they received different treatments. The control group used a conventional
training kit previously used in the microcontroller practicum learning process,
as shown in Figure 2a. Based on the results of previous research, such training
kits can significantly increase student knowledge [13], [21]. However, the exper-
imental class uses a mobile robotic training kit with an Arduino nano microcon-
troller, as shown in Figure 2b. The researcher developed this training kit to be
applied in the process of learning a microcontroller practicum with an applicative
concept. The developed training kit can be used in various applications. First,
this training kit was used by students to learn the basic concepts of microcontrol-
ler programming with various integrated input and output devices. In addition,
through this training kit, students conduct a practicum by applying microcontrol-
ler control systems in robotic systems such as line follower robots, wall tracers,
and mobile robots that can be controlled via smartphones. With this concept, the
application of microcontroller control systems can be explored directly by stu-
dents so that learning will be centered on students and student competence can
be improved [36].

For 13 weeks, the learning topics that students will study consist of six main
topics. In week 3, students will learn the basics of the microcontroller control sys-
tems and the components used. In weeks 4 to 5, students will learn programming
and the installation of microcontroller digital input and output components. Here,
students will learn how to control digital inputs and outputs connected to the
microcontroller. Week 6 to 7 students will learn the basics of programming and
installation of analog inputs and programming and installation of outputs that use
PWM (pulse width modulation). Weeks 8 through 10, students learn serial microcon-
troller communication using a universal asynchronous receiver/transmitter (UART),
I2C (inter-integrated circuit), and serial peripheral interface (SPI). In weeks 11 to 12,
students learn the programming algorithm of branching microcontrollers to be used
as an integrated control system.
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a b

Fig. 3. Application of mobile robotic training kit: a. used as a wall tracer robot, b. used as a line follower
robot, ¢. used as a robot controlled by a smartphone, d. used in basic microcontroller practicum

From the 13th to the 15th week, students create a project to implement a micro-
controller control system in an industry using the learning they have done before.
This aims to monitor the maturity of knowledge and skills owned by students
and can be applied in real applications. Here, there are differences in application
between the experimental control group. The experimental group of tools used in
the learning process can already be used directly to apply microcontroller control
systems to a robotics system, while the control group of tools used can only simulate
the system made by students. Robots that can be used with mobile robotics training
kits include line-following robots, wall-following robots, and robots that can be con-
trolled using smartphones, as shown in Figure 3. After completing the learning pro-
cess, in week 16, a posttest will be conducted to determine learning achievements,
practical skills, and problem-solving skills in microcontroller control systems that
students have mastered. At the end of the study, semi-structured interviews were
conducted with students in the experimental group to evaluate their learning expe-
riences while using the mobile robotics training Kkit.

Meanwhile, in the control group, learning was conducted based on the material
outlined in the applicable curriculum, namely (1) basic concepts of microcontroller
control systems and the components used, (2) programming and installation of digital
input and output components of microcontrollers, (3) programming and installation
of analog inputs and programming and installation of outputs using PWM, (4) serial
communication of microcontrollers using UART, 12C, and SPI, and (5) microcontrol-
ler branching programming algorithms. In the control group, this learning material
was taught for a whole semester using an already available conventional training
kit, as shown in Figure 2a. Learning is conducted without creating a direct micro-
controller control system application project due to the limitations of the training kit,
which can only be used for learning the proof of concept of microcontroller control.
Therefore, the control group was not trained to develop knowledge and skills in
applying microcontroller control systems, including design, construction, program-
ming, and direct testing for real-world applications. This is a significant difference
from the experimental group.

3.4 Research instruments

Learning achievement assessment instrument. Assessment of student learn-
ing achievement using test instruments, namely multiple-choice questions for stu-
dent pretest and posttest assessments. The preparation of the test instrument includes
all learning materials studied by students from the 3rd to the 15th meeting and the
literature review that has been done. Thus, the test instrument is arranged based
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on six elements of assessment, namely understanding the concept of microcontrol-
ler, understanding the concept of microcontroller input and output, microcontroller
input and output circuit, microcontroller control system design [21], and microcon-
troller input and output components and microcontroller programming [5], [37].
The test instrument developed consists of 30 questions, each with four alternative
answers. The assessment scores obtained by students will be converted into values
ranging from 0 to 100. The difficulty level of the test instruments is based on the stu-
dent’s knowledge level according to the latest revision of Bloom’s taxonomy, ranging
from level C2 (understanding) to level C5 (evaluation), with test questions as shown
in Table 2 [38].

The instrument used is tested for validity and reliability first to determine the
accuracy and consistency of the measurements taken [39]. Instrument testing was
carried out by 36 students who were studying in semester 5. All of these students
carried out microcontroller practicum learning in the previous semester 3, then ana-
lyzed the validity of the test instrument using the point biserial correlation analysis
technique and reliability using the Kuder-Richardson analysis technique known as
KR-20. From the results of the validity analysis, the r-value ranged from 0.372 to
0.677. The results obtained are greater than the r-table value (>0.2709), so it can be
assumed that 30 valid question items are used to measure student learning achieve-
ment. Furthermore, the reliability test results show that the KR-20 value is 0.906,
greater than the minimum limit (>0.70), so the test instrument is reliable for mea-
suring student learning achievement. These results show that the test instrument
developed can measure student learning achievement accurately and show high
measurement consistency [40], [41].

Table 2. Multiple-choice test instrument grid

Number of Questions

Main Topic Subtopics
c2 €3 ¢ G5

Microcontroller Concepts | Functions and parts of a microcontroller 1 2

Configuration of input, output, and communication
pins of a microcontroller

Programming Languages | Functions of C language programming instructions | 4 4 2 4

Translating flowcharts into C language programs

Microcontroller Inputs Types of digital/analog inputs according to 1 3 4
their functions
Sensor output criteria

Microcontroller Outputs | Types of microcontroller outputs 3 2

Types of drivers for operating microcontroller
outputs

Practical skills assessment instrument. Students’ practical skills are assessed
using a practical skills assessment rubric. The instrument developed contains nine
assessment criteria: (1) Preparation of microcontroller components, (2) Making a
microcontroller input device circuit, (3) Making a microcontroller output device
circuit, (4) Using programming applications, (5) Writing microcontroller programs,
(6) Using microcontroller communication protocols, (7) Designing microcontroller
control systems, (8) Testing microcontroller control systems, (9) Using debugging
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tools in programming applications. The assessment framework also refers to previ-
ous research to increase the instruments’ validity [29], [30]. Each criterion is scored
from 1 (lowest) to 4 (highest) with different rubrics. The scores obtained by students
will be converted into scores from 0 to 100. The instrument developed also went
through the validity and reliability test stages with the same respondents during
the learning achievement instrument trial. The validity analysis uses the product
moment equation, and reliability is measured using the Cronbach alpha equation.
The validity test results obtained R-values ranging from 0.605 to 0.663, where these
results are greater than the r-table value (>0.2709), so it can be interpreted that
the nine criteria proposed are valid to measure students’ practical skills. The reli-
ability test results also show a Cronbach alpha value of 0.807, where this result is
greater than the minimum limit (>0.70), so the rubric developed can assess students’
practical skills. Thus, it can be concluded that the developed rubric can accurately
measure students’ practical skills and be assessed with high consistency [39], [42].

Problem-solving skills assessment instrument. Assessed students’ problem-
solving skills using a questionnaire adapted from expert opinions [43], [44]. To
master problem-solving skills, there are four steps of problem-solving that students
must master: (1) problem definition and formulation, (2) generation of alternative
solutions, (3) decision-making, and (4) solution implementation and verification.
These four steps were developed into dimensions of student problem-solving assess-
ment. Thus, the instrument developed consists of four assessment dimensions with
24 items arranged as a questionnaire. The scoring system for each assessment item
uses a Likert scale with five answer options. The scores obtained by the students
were converted into values from 0 to 100. This problem-solving assessment ques-
tionnaire was tested beforehand with the same respondents as the test question.
Testing was carried out to test the validity and reliability of the questionnaire, with
data analysis of the validity test using product moment analysis and reliability using
Cronbach’s alpha analysis. From the results of the validity test, the r-value obtained
ranged from 0.435 to 0.671, and the results obtained were greater than the r-table
value (>0.2709). The reliability test results get a value of 0.886, which is also greater
than the minimum of Cronbach’s alpha (>0.70). The results of these two tests show
that the instrument used can measure student problem-solving skills with good
accuracy and consistency [39], [42].

Semi-structured interview instrument. Semi-structured interviews were con-
ducted after the learning process was carried out for one semester to explore experi-
ences,perceptions,and theimpactofusingmobileroboticstrainingkits. Theresearcher
developed four questions to explore the impact of mobile robotics training kits in
the microcontroller learning process, supported by previous research [42], [45].
The interviews were conducted with 15 students (1 female and 14 males) selected
randomly from the experimental group. The interviews lasted 15 to 20 minutes and
were conducted via the Zoom Meet application, with audio recording. The interviews
were conducted in the student’s native language (Indonesian). The list of questions
posed to the students is as follows:

Q1. Inyouropinion, how does the use of the Mobile Robotics Training Kit affect your
understanding of the microcontroller control system theory that you learned in
class? Explain and give examples.

Q2. Inyour opinion, can using the Mobile Robotics Training Kit in the learning pro-
cess improve your practical microcontroller skills? Explain and give examples.
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Q3. Have you ever encountered technical challenges while learning to use the
Mobile Robotics Training Kit? How did you overcome them? Explain and
give examples.

Q4. Are there any specific experiences or stories from using this tool that you think
are important to share? Please explain in detail.

3.5 Data analysis technique

The study data will be analyzed using SPSS V25.0. Descriptive statistics in the
form of mean values (M) and standard deviations (SD) of each dependent vari-
able measured will be presented. Before conducting statistical analysis, normality
(Kolmogorov-Smirnov) and homogeneity (Levene) tests will be performed with a
p-value > 0.05. If the assumptions are not met, nonparametric tests will be used. The
first analysis will use a paired sample t-test to determine the difference in pretest
and post-test scores between the experimental and control groups. Next, an inde-
pendent t-test was used to examine the differences in pretest scores between the two
groups and the differences in problem-solving skills in each assessment dimension.
The third analysis used a one-way ANCOVA with pretest scores as a covariate to com-
pare post-test results between the experimental and control groups. Finally, effect
size analysis (partial eta squared and Cohen’s d) was conducted to measure the mag-
nitude of the treatment effect on each variable and dimension assessed [39], [42].
This analysis aims to demonstrate the effectiveness of using the Mobile Robotics
Training Kit in improving the learning achievement, practical skills, and problem-
solving abilities of industrial electrical engineering students in microcontroller
control systems.

Meanwhile, qualitative data were analyzed using thematic analysis [46], follow-
ing six steps of analysis, namely, familiarization, coding, theme generation, theme
review, theme definition and naming, and writing. To further improve the qual-
ity of the data obtained, the theme definition and naming stages were carried out
jointly by all researchers. Translation software (https://evernote.com) was used to
transcribe the audio interview data. The qualitative analysis results are directly sup-
ported by student quotes (ST), so each student is assigned a code from ST0O to ST14
to distinguish them from one another.

4  RESULTS
4.1 Preliminary data analysis

Preliminary analysis was conducted to test the data assumptions that must be
met to conduct paired sample t-test, independent t-test, and ANCOVA analysis. First,
the data normality test was carried out using Kolmogorov-Smirnov analysis, and
the results are shown in Table 3. From the results, it is known that the learning
achievement variable data is usually distributed with a p-value of the pre-test exper-
imental group (p = 0.200 > 0.05) and control (p = 0.127 > 0.05) and the post-test
data experimental group (p = 0.064 > 0.05) and control (p = 0.200 > 0.05). Data on
practical skills variables are also normally distributed with a p-value of the pre-test
experimental group (p = 0.200 > 0.05) and control (p = 0.200 > 0.05) and post-test
data for the experimental group (p =0.109 > 0.05) and control (p = 0.200 > 0.05). Data
on problem-solving skills variables are also normally distributed with a p-value of
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pre-test experimental group (p=0.117 > 0.05) and control (p =0.195 > 0.05), and post-
test data for the experimental group (p = 0.067 > 0.05) and control (p = 0.200 > 0.05).
Thus, from the results of this test, it is known that the variable data on learning
achievement, practical skills, and problem-solving skills meet the data normality
assumption test requirements.

Table 3. The results of testing the normality and homogeneity of the data

K-S Levene
Variables Values
Statistic p-Value Statistic p-Value

Learning Achievement Pre-test Exp 0.114 0.200 0.138 0.712
Con 0.127 0.127

Post-test Exp 0.139 0.064 0.390 0.534
Con 0.116 0.200

Practical Skills Pre-test Exp 0.115 0.200 0.036 0.849
Con 0.118 0.200

Post-test Exp 0.129 0.109 2.337 0.131
Con 0.116 0.200

Problem-Solving Pre-test Exp 0.128 0.117 0.090 0.765
Con 0.119 0.195

Post-test Exp 0.138 0.067 0.242 0.624
Con 0.094 0.200

Note: K-S = Kolmogorov Smirnov, Exp = experiment group, Con = control group.

The second test was a data homogeneity test, the results of which are shown
in Table 3. Based on the results obtained, it is known that the pre-test and post-
test data of learning achievement variables between the experimental and control
groups are homogeneous, with the p-value of pre-test data (p = 0.712 > 0.05) and
post-test (p = 0.534 > 0.05). The pre-test and post-test data of student practical skills
variables between the experimental and control groups were also homogeneous,
with the p-value of pre-test (p = 0.849 > 0.05) and post-test (p = 0.131 > 0.05) data.
The pre-test and post-test data of the problem-solving skills variable between the
experimental and control groups were also homogeneous, with the p-value of the
pre-test (p =0.765 > 0.05) and post-test data (p = 0.624 > 0.05). From the results of this
test, it is known that the data on learning achievement variables, practical skills, and
problem-solving skills fulfill the assumption test of data homogeneity.

4.2 Analysis of the effectiveness of the mobile robotic training kit

The first test uses paired sample t-test analysis to determine the difference in
student learning outcomes before and after learning is done. The results of the
test obtained are shown in Table 4. From the test results, it is known that the vari-
able learning achievement of the experimental group and the control group has a
significant difference in learning achievement and a large impact on the p-value
and effect size of the experimental group (p = 0.000 and g = 2.98) and control
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(p = 0.000 and g = 1.33). The practical skills variable also significantly affects the
p-value and effect size obtained by the experimental (p = 0.000 and g = 3.83) and
control (p =0.000 and g = 2.79) groups. The problem-solving skills variable also sig-
nificantly affects the p-value and effect size obtained by the experimental group
(p =0.000 and g = 3.41) and the control (p =0.000 and g = 2.56). Based on the results
obtained, it is known that the experimental class using the mobile robotics training
kit has a significant impact on improving student learning achievement, practical
skills, and problem-solving skills. However, the control group that did not receive
treatment like the experimental group also greatly improved student learning
achievement, practical skills, and problem-solving skills. So, to find out which group
is superior, further analysis is carried out using ANCOVA analysis.

Table 4. Results of paired sample t-test and independent t-test of pretest data

S Group Paired Sample T-test Independent T-test (Pre-test)
t p g M SD t p
Learning Achievement Exp 9.387 0.000 | 298 | 7153 | 829 | 0351 | 0.726
Con 4190 | 0000 | 133 | 7221 | 8.68
Practical Skills Exp 12.045 | 0.000 | 383 | 66.18 | 899 | 0241 | 0810
Con 8793 | 0.000 | 2.79 | 6568 | 9.09
Problem-Solving Exp 10.720 | 0.000 | 341 | 6879 | 561 | 0904 | 0.369
Con 8056 | 0.000 | 256 | 6766 | 529

Note: t=t-value, p = p-value, g = effect size hedges, M = mean, SD = standard deviation.

Before the ANCOVA analysis, the second analysis, the independent t-test, was
conducted to determine the differences in learning achievement, practical skills,
and problem-solving skills of experimental and control group students before learn-
ing. The results of the tests conducted are shown in Table 4. Testing the learning
achievement variable proved that there was no significant difference with a p-value
(p = 0.726 > 0.05); this result was also seen from the average value of the experi-
mental group (M = 71.53 and SD = 8.29) and the control (M = 72.21 and SD = 8.68).
Testing the student practical skills variable also shows no significant difference with
the p-value (p = 0.810 > 0.05); this result is also seen from the average value of the
experimental (M =66.18 and SD =8.99) and control (M = 65.68 and SD =9.09) groups.
The assessment of the problem-solving skill variable also did not experience a signif-
icant difference with a p-value (p = 0.369 > 0.05); this result was also seen from the
mean value of the experimental (M =68.79 and SD =5.61) and control (M =67.66 and
SD = 5.29) groups. From these results, experimental and control groups of students
have the same learning achievement, practical skills, and problem-solving skills. So
that there is no inequality of knowledge between groups, and the validity of the
study results obtained can be increased [47].

The third test, using ANCOVA analysis, aims to determine the differences in learn-
ing achievement, practical skills, and problem-solving skills between experimental
and control classes after the learning process. The results of this test are shown in
Table 5. The test results revealed that there was a significant difference in student
learning achievement with a p-value (p = 0.000 > 0.05), with an average value of
experimental (M = 85.184 and SD = 6.371) and control (M = 79.26 and SD = 7.047).
Testing the practical skills variable also shows there is a significant difference
with a p-value (p = 0.000 > 0.05) between the average value of the experimental
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(M =82.42 and SD =9.565) and control (M = 76.26 and SD = 7.333) groups. Testing the
problem-solving skills variable, there is also a significant difference with a p-value
(p =0.000 > 0.05), with the average value of the experimental group (M = 84.89 and
SD=7.333) and the experimental control (M =78.84 and SD =6.756). Thus, it is known
that the experimental group using the robotic mobile training kit can improve stu-
dent learning achievement, practical skills, and problem-solving skills better than
the control group.

Table 5. ANCOVA test results of posttest and pretest scores as covariates

Variables Group M SD F p-value n?
Learning Achievement Exp 85.184 6.371 15.731 0.000 0.177
Con 79.26 7.047
Practical Skills Exp 82.42 9.565 13.830 0.000 0.159
Con 76.26 7.388
Problem-Solving Exp 84.89 7.333 13.662 0.000 0.158
Con 78.84 6.756

Note: n? = partial eta squared.
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Fig. 4. Histogram of research data distribution

In addition to analyzing differences in ANCOVA analysis, it also analyzes the
impact of mobile robotic training kits in the learning process through partial eta-
squared analysis. The results obtained are categorized into three categories, namely
0.01 (small effect), 0.06 (medium effect), and 0.14 (big effect) [48]. The results of test-
ing the learning achievement variable received a value of n? = 0.177 (large effect),
practical skills n?=0.159 (big effect), and problem-solving skills n?=0.158 (big effect).
So, the ANCOVA test results show that the mobile robotics training kit significantly
impacts student learning achievement, practical skills, and problem-solving skills.
However, to find out the distribution of post-test scores obtained by students in
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all assessment variables (see Figure 4). These results show that the value inter-
vals obtained by all students are visible from the differences in student learning
achievement, practical skills, and problem-solving skills.

Mean Problem Solving Score for Each Assessment Dimension
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Fig. 5. The difference between the average value of problem-solving skills of the experimental group
and the control group on the post-test value

Suppose analyzed in depth for each dimension of problem-solving skills using
the independent t-test. In that case, there is a significant difference between the
experimental and control groups, as shown in Figure 5. This result is based on
the t-value and p-value obtained in the dimensions of problem definition and
formulation (t = 3.491 and = 0.001 < 0.05), generation of alternative solutions
(t=3.667 and = 0.000 < 0.05), decision-making (t = 3.097 and = 0.03 < 0.05), solution
implementation and verification (t=3.525 and = 0.01 < 0.05). In addition, an analysis
of the impact on each element was also carried out using Cohen’s d analysis, which
was categorized into three categories, namely, 0.2 (small effect), 0.5 (medium effect),
and 0.8 (large effect) [49]. Thus, it is known that the mobile robotics training kit has
a significant impact on improving problem definition and formulation (d = 0.812),
generation of alternative solutions (d = 0.839), and solution implementation and ver-
ification (d = 0.846), while having a moderate impact on improving decision-making
(d =0.705) of students.

4.3 Results of qualitative analysis of semi-structured interviews

Semi-structured interviews were conducted to examine the impact of the mobile
robotic training kit, which has been quantitatively proven to improve students’
knowledge, practical skills, and problem-solving skills. The results of the interviews
showed that all students stated that contextual-based learning (hands-on learning)
could improve their understanding of the microcontroller learning process (ST00).
Therefore, using this training kit makes learning more student-centered, and 3/15
students stated that it makes it easier for students to conduct practical work (ease of
use), significantly improving their practical skills (ST03). These results also confirm
that 6/15 students demonstrated good literacy skills in seeking information to solve
problems (ST10). In-depth, three out of 15 students developed self-confidence (ST11),
and three out of 15 students developed strong motivation to learn (ST09). As a result,
5/15 students developed self-directed learning, where they automatically carried out
the learning process without any instructions from the lecturer (ST05). Thus, the
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contextual approach improved cognitive understanding and shaped independent,
adaptive, and reflective learning characteristics.

ST00: “However, my understanding of this theory became more concrete and
easier to understand when I implemented it directly using the training kit.”

STO3: “Then, because there is a module that has been created, it becomes more
focused, making it easier for us to conduct trials and carry out the programming.”

ST10: “We initially read the robot’s report, the datasheet of the robot driver, the
location of the pins, and how to assemble it.”

ST11: “Well, because of that, sir, I have become more confident in undertaking
projects related to microcontrollers.”

ST09: “... When we finished fixing the program ... the robot worked as we had
hoped, we were very happy. This increased my motivation to learn more about
programming ...”

STO5: “.. I can also make my own robot and invite my friends to make their
own robots too ...”

In addition to the data above, our interviews also found that this training kit
impacts 21st-century skills that are essential today. A total of 12 students demon-
strated good critical thinking skills by analyzing technical problems, applying log-
ical solutions, identifying wiring errors, or designing robot control logic (STO6).
Furthermore, nine out of 15 students demonstrated good collaboration skills through
group projects, task division, discussions, and providing feedback when technical
challenges arose (ST12). Additionally, creativity skills were evident, with seven out
of 15 students attempting to innovate in the innovation practical process regarding
robot design or developing functions in programming (ST02). Furthermore, four out
of 15 students demonstrated good communication skills through the importance of
team communication in completing tasks together (ST00). These results indicate that
the training kit not only impacts knowledge, practical skills, and problem-solving
abilities but also has the potential to influence the development of soft skills, which
are crucial for addressing the challenges of the industrial world.

STO6: “Technically, the error is usually caused by incorrect pin input. This also
happens frequently, or it is usually caused by the placement of the sensor, the line
follower sensor.”

ST12: “The main thing, sir; is that after several attempts and discussions with
the team, I managed to develop a more suitable algorithm, sir.”

STO2: “At that time, the solution was to add a filter program and adjust the
average sensor value to reduce noise and recalibrate the sensor threshold.”

ST00: “However, through many discussions and experiments, we repeatedly
discovered various pieces of information ...”

5  DISCUSSION

The first finding of the mobile robotic training kit applied in the microcontrol-
ler learning process is significant and has a major impact on improving students’
microcontroller control system learning achievement. This is also consistent with
previous research where using well-designed mobile robotic training devices in the
microcontroller learning process can effectively improve student academic learn-
ing outcomes [50], [51]. Training kits have shown significant results in improving
microcontrollers’ conceptual knowledge and cognitive schema construction, as
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they provide hands-on experience and practical application of theoretical concepts
learned [26], [52]. The use of mobile robotics training kits is also supported by Edgar
Dale’s cone of experience theory, which emphasizes that students understand and
retain information better when they are directly involved with the material through
various sensory modalities, such as being directly involved in working on robotics
projects [53], [54]. The results obtained can be explained by using a mobile robotic
training kit containing material relevant to learning needs and technological devel-
opments so that the concepts of microcontroller learning can be conveyed well to
students. However, it should be noted that the use of training kits and project-based
learning in the learning process, if not preceded by a good explanation of the con-
cept of the material, can also affect the mastery of understanding and can even have
no effect on student learning achievement [55].

The second finding revealed that the mobile robotic training kit significantly
improves students’ practical skills with microcontroller control systems, which is
consistent with previous research [28]. Previous research confirms that mobile
robotic training kits can improve three domains of students’ much-needed practi-
cal skills, namely programming, electronic circuits, and mechanical skills [26], [30].
Using training kits in the learning process allows students to do interactive, hands-on
learning and get feedback so that students can see the results of applying the concepts
they learn. Direct engagement with the training kit allows students better to under-
stand technical concepts through real-life experiences [27]. This type of learning can
improve technical skills and provide valuable learning experiences for students to
face the real challenges they will face [26]. The good results are due to the role of
using training kits and the learning model applied by emphasizing student-centered
learning through project-based learning so that the learning experience is more
memorable to students and impacts their practical skills [22], [23].

The findings of the mobile robotics training kit significantly impact improving
students’ problem-solving skills, which are needed especially in vocational edu-
cation because they are often faced with complex system problems that require
in-depth analysis and creative solutions [3]. Previous research has also revealed
that learning by using an applicable training kit can systematically improve stu-
dents’ problem-solving skills, thus helping them design effective and efficient
solutions [8], [23]. This theory of constructivism emphasizes that knowledge and
skills can be built through direct experience and interaction with the surrounding
world, not just passively received [56]. Thus, using training kits supports experi-
ential learning, where students actively build their knowledge and skills through
real practice, and significantly impacts students’ problem-solving skills. Using the
training kit, they recognize the theory and apply the concepts learned to solve the
problems encountered [57].

Through problem-solving skills, students are trained not only to make improve-
ments but students will be trained starting from how to identify problems, make
solutions to the problems they face, make decisions on solutions to be carried out,
work on these problems, and test the results of the improvements they do [56].
Students using robotic mobile training Kits in the learning process can better apply
the solutions generated to overcome the problems, characterized by increased stu-
dent problem-solving skills. Apart from using robotic mobile training kits, learning
achievement also influences problem-solving skills. Students can identify and under-
stand a problem by mastering strong theoretical concepts. Students with exemplary
learning achievements can think logically and systematically to formulate effective
solutions [58], [59]. In addition, students’ practical skills also affect problem-solving
skills. Mastery of theory and good practical skills will strengthen them in implement-
ing solutions in the real field. Through practical skills, students can operate tools,
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analyze technical data, and apply relevant methods; they will be better prepared to
face real challenges that require holistic problem-solving [60]. Through this study;,
both learning achievement and practical skills also significantly improve students’
problem-solving skills.

The good learning outcomes obtained by students are supported by the learning
model used in the microcontroller practicum learning process. In addition to using
a mobile robotic training kit that applies to the learning process, the study also uses
a project-based learning (PBL) model. This learning model provides opportunities
for students to identify and formulate problems directly through robotics projects.
In this learning model, they can also generate alternative solutions, make decisions
based on the results of real experiments, implement solutions, and verify the solu-
tions they choose [23], [60]. Integrating PBL learning steps can deepen the four
dimensions of problem-solving skills measured. In addition, this complex hands-on
work can also improve the practical skills and knowledge of microcontroller con-
trol systems learned by students [50]. Applying the mobile robotics training kit inte-
grated with the PBL model will enrich students’ learning experience by providing
relevant practical skills, improving their understanding of technical concepts, and
preparing them to make more informed and data-driven decisions professionally.

5.1 Implications

This study shows that the use of Mobile Robotics Training Kits significantly
improves learning outcomes, practical skills, and problem-solving abilities among
Industrial Electrical Engineering students [52]. Vocational education institutions can
adopt mobile robotics training kits as interactive learning tools for microcontrol-
ler practicals. Through the PBL approach, students not only learn theory but also
implement real-world solutions in robotics projects while also developing team-
work skills—a key competency required by industry. However, these implications
cannot yet be generalized comprehensively, as this study was limited to testing at
the Universitas Negeri Padang. Therefore, for broader generalization, further stud-
ies need to be conducted at other institutions with different student characteristics,
learning environments, and facilities, as these three factors significantly influence
study outcomes [47].

5.2 Research limitations

The positive impact of the mobile robotics training kit in the microcontroller
practicum learning processisinseparable from thelimitations of the study conducted.
The first limitation is that the study was conducted with a limited sample, namely, at
one of the Indonesian universities in Sumatera Barat Province (Universitas Negeri
Padang, Faculty of Engineering, Department of Industrial Electrical Engineering),
so the results of this study cannot be generalized to a broader population and other
disciplines. However, the researcher has tried to minimize bias in the study pro-
cess by randomizing the test subjects included in the experimental and control
groups, and from the test results, it has also been confirmed that the two groups
have the same knowledge and skills. The second limitation is that the data taken are
still one, namely quantitative data, while qualitative data are not taken. This data is
beneficial for understanding students’ in-depth condition after the learning process.
By combining these two data sets, the phenomena that occur in the study can be
identified holistically.
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5.3 Future research directions

Future research is expected to develop a robotic mobile training kit built into
mechanical and electronic circuits and programmed from scratch. This is a short-
coming of this study, where this robotic mobile training kit cannot be changed
mechanically. However, in terms of electronic circuits and programming, it can
be made according to the projects that students work on. In addition to testing the
effectiveness of the robotic mobile training kit, further research can examine how
students’ level of acceptance of this technology can be measured through the tech-
nology acceptance model (TAM). Most importantly, the study results contained cogni-
tive (learning achievement and problem-solving) and psychomotor (practical skills)
domains. Thus, the study can also examine the effect of this training kit on students’
affective domain, that is, attitude, motivation, and interest in carrying out the learn-
ing process. The robotic car training kit’s effect can be determined comprehensively
based on future research recommendations.

6  CONCLUSION

The results of this study have provided empirical evidence of the effectiveness
of mobile robotic training kits in improving the quality of microcontroller practi-
cum learning in the Department of Industrial Electrical Engineering. Based on the
results of the paired sample t-test, both the experimental and control groups experi-
enced significant differences in pretest and posttest results. Both groups experienced
increased learning achievement variables and practical and problem-solving skills.
An ANCOVA test was conducted with pretest data as the covariate to determine the
difference between the two classes. From the test results, it was found that there
were significant differences in both learning achievement variables, practical skills,
and problem-solving skills measured. The experimental group that used the robotic
mobile training kit was superior to the control group. Thus, this study confirms that
integrating mobile robotic training kits in the microcontroller practicum learning
process can improve learning achievement and the skills and problem-solving skills
of industrial electrical engineering students.

Based on these results, vocational colleges need to develop practicum equipment
that is flexible and applicable in the application process to make students actively
participate in the learning process instead of being passive in receiving learning
from lecturers. Although the conventional training kit used in the control group also
makes students active, students cannot apply microcontroller system learning to
real applications using this training kit. A robotic mobile training kit can be used in
robotic applications. Thus, using a mobile robotics training kit helps students under-
stand knowledge, practical skills, and problem-solving more effectively, allowing
them to face the challenges of real work in the industry.
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