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ABSTRACT

The wrong use of learning models in the robotics learning process can cause students to
not understand how to build a robotic system step by step. Likewise, the use of irrelevant
technology in the learning process can result in low graduate competence, as the competen-
cies possessed are not in accordance with industry needs. So, this study aims to assess the
impact and how robotic technology is applied in vocational education. This study employs a
systematic literature review methodology, following the preferred reporting items for system-
atic reviews and meta-analyses (PRISMA) guidelines. The review includes articles published
between 2018 and 2024, focusing on the use of robotic technology in vocational education.
A total of 26 relevant research studies were selected for analysis. The results of this study
show that universities, vocational high schools, and robotics training institutions use robotics
technology. The types of robots used include mobile robots, ARM robots, humanoid robots,
animal robots, training kits, and robotics system simulator applications. Learning models
integrated with this technology include project-based learning (PjBL), the most widely used,
problem-based learning (PBL), computer-based robotics, hands-on learning, CPLM, pair
learning, and EL-CP. Robotic technology impacts almost all knowledge domains, including
cognitive, psychomotor, and affective.
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1  INTRODUCTION

Robotic technology is one of the fastest-growing fields of science today, both in
industrial development 4.0 and 5.0. The development of Industry 4.0 emphasizes the
efficiency of robotics in the production process, which is supported by the concept of
artificial intelligence (AI) control systems. However, it differs from the development
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of Industry 5.0. This era will emphasize the development of robotic technology
that collaborates with humans, which is currently known as collaborative robots
(COBOTS). By applying robotic technology in the industry, we can increase creativ-
ity, welfare, and the quality of human life. Through this development, humans, as
drivers, will continue developing the latest ideas and innovations to solve their
problems. Thus, it will form a sustainable development between technology, eco-
nomic growth, social protection, and community welfare [1], [2]. Thus, the devel-
opment of robotics technology will also impact the development of skills humans
must possess to compensate. If this is not fulfilled, there will be a gap between
technological development and human skills. So, sustainable development will
not be achieved because many workers will be laid off due to inappropriate skill
requirements [3], [4].

To overcome the gap between robotic technology and industry needs, robotic
technology is also used as a learning medium in vocational schools [5]. The aim is to
develop the knowledge and skills students acquire to meet industry demands. As an
institution that focuses on preparing a professional and competent workforce in
their fields, vocational schools must equip students with skills relevant to current
industry needs [6]. Previous research indicates that the use of robotic technology in
the vocational school learning process can improve students’ skills, thus matching
the needs of the industry in the use of robotic technology [7], [8]. The application
of robotic technology in vocational education is essential due to the complexity
of the knowledge and skills required. This technology involves various aspects,
from Al-based programming systems to electronic circuits and robotic mechanical
systems, which must be understood by students [2], [9], [10].

However, implementing the current learning process in vocational education
often causes serious problems. The problem that often occurs is the unsystematic
learning process carried out by students because the learning model applied is
not based on the characteristics of robotic learning. This will confuse students
about the robotic learning carried out, thus significantly affecting student learn-
ing outcomes [11], [12]. The complexity of robotics learning is expected to ensure
that the learning model used can explain step-by-step how to build a robotic
system so that students understand better and can improve their competence.
In addition, using learning technology that is irrelevant to robotics’ learning
objectives is also a big problem. Often, with the robotic technology used in the
learning process, students can only program robots and not build robotic systems
from the beginning to testing [5]-[7]. Students should understand the robotics
system as a whole. With things like this, competency is not maximally achieved.
In robotic systems, students should be able to master programming competen-
cies, electronic circuits, electrical control circuits, and robotic mechanics using
robotic technology; these competencies are not well achieved [9], [13]. As a result
of this problem, vocational education graduates have skills that are less relevant
to industry needs because, in the industry, it is expected that vocational students
can understand robotic systems as a whole and can solve problems that occur in
these systems [14].

Robotic learning requires the proper technological support and an effective
learning model to provide hands-on experience to students. Robotic control system
learning will be more optimal if integrated with project-based learning [15], [16].
This model trains students to design, build, and test robots directly in a solid team.
Besides encouraging students to think critically and innovatively in solving prob-
lems, this model also hones collaboration skills, which are indispensable in facing
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the Industry 5.0 era [17], [18]. A suitable learning model is essential to ensure stu-
dents’ skills are industry-ready. Besides project-based learning, integrating robot-
icslearning with problem-based learning or work-based learning models can also
create a practical, interactive, and applicable learning process for students [19],
[20]. These three learning models have one common characteristic: student-cen-
tered learning. In this approach, students play an essential role in the learning
process, while the teacher is a facilitator who supports and directs. This model
allows students to be more active in exploring the needed knowledge and skills,
thus improving their understanding in a more profound and relevant way:.

Mastering the robotic control system is an urgent task that must be fulfilled
by vocational education institutions, given the growing demands of the industry.
Through an effective robotic learning process, vocational education can prepare
students to become skilled workers ready to face an increasingly automated indus-
trial world [20], [21]. This implementation will also reduce the gap between voca-
tional education and industry needs so that vocational education graduates will be
work-ready and globally competitive. The overall impact of robotic technology in
vocational education has been done previously through a meta-analysis [22], [23].
However, this study only looks at the impact of quantitative assessment. It does
not examine how the learning process is carried out, the technology used, and the
results obtained in a study. Therefore, this study is proposed to examine this so
that the process and results of robotics learning can be known well. So, the study
aims to discover the robotics technology, learning model, and learning outcomes
obtained by students in the robotics learning process. This literature and research
can provide readers and stakeholders with a comprehensive overview of the nov-
elty of this field [24], [25]. Ensuring the focus and direction of the research objec-
tives of the study, there are four research questions raised in the study, namely
as follows:

RQ1. What institutions use robotic technology as learning media in the learn-
ing process?

RQ2. What robotic technologies are used by vocational education institutions to
carry out the robotics learning process?

RQ3. What are my learning models integrated with robotic technology in the
learning process at vocational education?

RQ4. What are the student learning outcomes in vocational education using
robotic technology in the learning process?

This study is also based on previous research, which still has limitations in exam-
ining the application of robotic technology in vocational education. Darmawansah
[23] revealed that STEM-based robotic learning can affect students’ computational
thinking (CT), creativity, collaboration, and communication skills in physics, tech-
nology, engineering, mathematics, and interdisciplinary disciplines. This study was
also conducted by Adnan [26], revealing that the impact of robotic technology in
the learning process can significantly improve CT and adversarial thinking (AT)
skills, which are needed by the younger generation to face industrial develop-
ment 5.0. Cayetano-Jimenez [27], from his research, also emphasized that robotic
technology is currently being used at the K-12 school level, and in second place is
higher education. The research results still focus on the impact of robotic technol-
ogy on student learning outcomes, and the disciplines revealed are still general,
not focusing on the application in vocational education. The process of applying
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robotic technology in order to improve student learning outcomes has not been
studied explicitly.

Explicitly, research conducted by Ouyang and Xu [28] through a meta-analysis of
the application of robotic technology in the learning process in elementary schools,
junior high schools, high schools, and high schools has a significant impact on
improving learning outcomes and student attitudes and not a significant enough
impact on students’ CT skills. Sukardi [22] conducted a meta-analysis research that
was more focused on vocational education, which obtained overall results by apply-
ing robotic technology in the learning process in vocational schools, which will sig-
nificantly improve student learning outcomes. Based on the systematic literature
review and meta-analysis research conducted previously, it does not consider how
the learning process is carried out, the types of learning outcomes achieved by stu-
dents, and the robotic technology used in the learning process. These factors are
needed to investigate robotic technology’s research trends and objectives, whether
it can form new knowledge, or encourage students’ motivation and creativity to
improve their learning outcomes [29]. Based on results from previous studies, com-
prehensive research is still needed to investigate robotic technology’s role in voca-
tional education. Whether it is an investigation related to the learning process, the
robotic technology model used, or the learning outcomes obtained, the results of this
study can provide valuable information for researchers, practitioners, and teaching
staff in vocational education.

2  METHODOLOGY

The study was conducted to explore the learning process, robotic technology, and
the impact of robotic technology on student learning outcomes in vocational edu-
cation, so SLR research was conducted in this study. SLR is carried out using the
principles of preferred reporting items for systematic reviews and meta-analyses
(PRISMA) [30]. The PRISMA method’s principle of searching for articles uses three
search steps: identification, screening, and including [31], [32]. Searching for articles
using the PRISMA method has the advantage of filtering articles that are very strict
because, in this method, the inclusion and exclusion criteria for articles used in SLR
will be applied. In addition, through this method, the flow of article searches used in
research is clearly described [33], [34].

2.1 Data collection

The article search strategy in this study is through two central databases,
namely the Scopus database and the Wiley Online Library database, where arti-
cles published and indexed by Scopus through the Wiley Online Library publisher
have gone through a rigorous selection and improvement process so that the
quality of the article will also be guaranteed. The articles to be selected are those
that discuss robotic technology in vocational education from various countries.
In the article search process, three main keywords used in the Scopus database
are the impact on learning, robotic technology, and the context of education. So
that more specifically, the keywords used for the Scopus database search are as
follows: (“impact” OR “influence” OR “increase knowledge” OR “improve skills” OR
“improve learning outcomes”) AND (“robotic technology” OR “robot education” OR
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“robotic learning”) AND (“on education” OR “on teaching” OR “school” OR “on stu-
dent skills” OR “on student knowledge”). Likewise, searching articles in the Wiley
database also uses the exact keywords. Articles that will be selected are articles
published from 2018 to 2024, and article searches are carried out from February
2024 to August 2024.

2.2 Inclusion and exclusion criteria

For the search for articles used in this SLR research to focus more on discussion,
inclusion, and exclusion criteria were applied to all articles searched. Determining
the inclusion criteria selects articles that can be used in this study, while the exclu-
sion criteria reject articles that cannot be included [35]. Thus, it can be interpreted
that all articles included in the inclusion criteria will be included as material in
this SLR study. The inclusion and exclusion criteria set in this article are shown in
Table 1. These inclusion criteria are set to tighten the selection process of articles
used in research so that the articles obtained are genuinely eligible and of good
quality. Thus, the articles that will be obtained will examine the impact of robotic
technology on the learning process in vocational education.

Table 1. Inclusion and exclusion criteria for article selection

Inclusion Criteria Exclusion Criteria

Articles that examine robotic technology in Articles that do not examine robotic technology in
vocational education vocational education
Articles published in international journals or Articles not published in international journals or
conferences conferences
Scopus indexed articles Articles that are not scopus indexed
Articles published from 2018 to 2024 Unpublished articles from 2018 to 2024
Articles written in English Articles written not in English
Using robotic technology in the learning process Does not use robotic technology in the
learning process
Contains the learning model used and the impact Does not include the learning model used and the
on students impact on students

2.3 Article selection procedure

The research procedure followed the PRISMA search method, which consists of
three main steps: identification, screening, and inclusion. The first step involved
searching for articles in Scopus and Wiley databases using the keywords men-
tioned in the data collection section. 140 were retrieved from the Scopus database,
and 908 identifiable articles on the impact of robotic technology in vocational
schools were retrieved from the Wiley database. This data resulted from an initial
search and was not filtered using the inclusion criteria set. At this stage of identi-
fication, the same articles from the Scopus and Wiley databases were also filtered
so that one of them had to be eliminated. This selection process uses the help of the
Mendelay application so that it can speed up the process and manage the results
well. At this stage, I also filtered articles that discuss industrial automation with
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robotics in the learning process because these two topics often become one, or
the discussion will also be separate. After this stage is completed, 308 articles are
obtained, which will proceed to further selection stages by applying the inclusion
criteria that have been set.

Identification of studies via databases and registers

g Records removed before screening:
‘g Records identified from: Duplicate records removed (n = 70)
55 Databases Scopus (n = 145) —> Records marked as ineligible by automation
= Databases Wiley (n = 908) tools (n = 614)
= Records removed for other reasons (n = 61)
Records excluded:
Records screened: di ducati B
(Based on Title and Abstract) > Does not discuss education (n = 82)
(n = 308) Does not include impact on students (n = 63)
E’ Articles not in English (n = 19)
g
2 v
w .
Reports assessed for eligibility Reports ?Xdudefi
(Based on Inclusion Criteria) »|  Notinvocational school (n = 64)
(n=144) Not Using Robotic Technology (n = 31)
Does not include impact on students (n = 16)
¢ Does not contain a learning model (n = 7)
g5t
e Studies included in review
g (n=26)

Fig. 1. PRISMA flowchart for searching research articles

The second stage in the PRISMA step is screening, divided into two activities: the
first screening through the title and abstract and the second screening of articles by
applying inclusion criteria and reading all parts of the article to ensure all the data
needed is available. From the results of the screening based on the title and abstract,
82 articles did not examine the world of education, 63 did not examine the improve-
ment or impact on students, and 19 were not in English. So, the articles obtained for
in-depth analysis were 144 articles. Filtering the two articles by guiding the inclu-
sion criteria set, 110 articles cannot be used as literature review material. Where
64 articles do not examine the world of vocational education, 31 do not use robotic
technology in the learning process, 16 do not examine the impact on students, and
seven do not contain learning models used in the learning process. Thus, from these
results, 26 articles are declared relevant to the systematic literature research con-
ducted. These 26 articles will be reviewed thoroughly to examine the impact and
learning process of robotics learning in vocational schools. Systematically, the steps
taken are shown in Figure 1.

3  RESULTS AND DISCUSSION

A total of 26 relevant articles in this study will be analyzed in depth to answer
the research questions posed. Based on the data in the Table 2, it is known that
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since 2018, research on the impact of robotic technology in vocational education
has increased. In 2022, this research peaked, with eight scientific articles pub-
lished. Research on the impact of robotic technology has been conducted in various
parts of the world, especially in developed countries. Spain ranked first with six
published articles, receiving 296 citations. Turkey ranked second with two articles
cited 72 times, and Taiwan ranked third with two articles cited 16 times. Research
conducted by p- is the most cited research by other researchers, with 134 citations.
Researchers [36] are in second place with the number of citations 98 times cited by
other researchers, and research conducted by [37] is in third place with the number
of citations 92 times cited by other researchers.

Table 2. Data of articles performed systematic analysis literature review

Author Year  Education Level Country Citation
Garduno-Aparicio et al,, [36] 2018 | VC Mexico 98
Calvo et al., [37] 2018 | VC Spain 92
Aris and Orcos, [38] 2019 | VHS Spain 134
Huda et al., [39] 2019 | VC Indonesia 2
Wang et al., [40] 2020 | VC United States 4
Jormanainen and Tukiainen, [41] 2020 | VHS Finland 15
Zhong and Li, [42] 2020 | VHS China 59
Ibrahim et al., [13] 2020 | VC Malaysia 8
Morell et al., [15] 2021 | VC Spain 22
Cinar and Tuzun, [43] 2021 | VHS Turkey 25
Chookaew et al., [7] 2021 | RTI Thailand 5
Yilmaz Ince and Koc, [10] 2021 | RTI Turkey 47
Lee and Yi, [44] 2021 | VC South Korea 8
Hsieh et al., [45] 2022 | VC Taiwan 12
Bertacchini et al., [46] 2022 | VC Italy 19
Valls Pou et al., [47] 2022 | VHS Spain 42
Hussain et al., [17] 2022 | VC Australia 7
Hsu and Tsai, [48] 2022 | VC Taiwan 4
Boya-Lara et al., [49] 2022 | VC Panama 30
Souza et al,, [21] 2022 | VHS Brazil 9
Veber et al., [50] 2022 | VHS Slovenia 11
Praveena et al., [9] 2023 | VC India 3
Pellas and Tzafilkou, [51] 2023 | VC Greece 9
Suarez et al,, [52] 2023 | VC Spain 4
Diaz-Lauzurica and Moreno-Salinas, [53] 2023 | VHS Spain 2
Zhang, Chen et al,, [54] 2024 | VHS China 9

Notes: VHS: vocational high school, VC: vocational college, RTI: robotics training institute.
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Research in this field also experienced a rapid increase from 2018 to 2024;
starting in 2020, there were published studies. In 2021, there was also an
increase with five published studies, and the peak was in 2022 when eight
studies were carried out, which have also been published in Scopus-indexed
international journals. The findings also highlight that most developed and
developing countries have researched the impact of robotic technology when
integrated into vocational education. This finding reveals that researchers are
increasingly interested in discovering the impact of robotic technology in voca-
tional education every year. This finding also shows the importance of integrating
robotic technology in vocational education to produce competent and globally
competitive graduates.

3.1 RQ1. What institutions use robotic technology as learning media
in the learning process?

The results of the analysis show three types of institutions that use robotic tech-
nology as a learning medium: universities, vocational high schools, and robotics
training institutions. The percentage of each institution is shown in Figure 2.
From the figure, it can be seen that the use of robotic technology is most prev-
alent in universities, with a percentage of 57.69%, followed by vocational high
schools at 34.62%. Interestingly, robotics training institutions are also starting to
play a role with a percentage of 7.69%, where training is provided by industry
practitioners directly to students in schools both at the college level and voca-
tional high schools. This data shows that today, educational institutions equip
students with robotic technology skills, and industry practitioners are directly
involved [7], [10]. This proves the alignment of curriculum between vocational
education and the industrial world to produce graduates who are competent in
robotics systems.

Robotic technology is now being applied as a learning medium in various depart-
ments. At the university level, robotic technology is used in electrical engineering,
electronics engineering, and industrial electronics engineering, where students focus
on building robotic systems, both in terms of electronic circuits and programming,
so that robots can function as intended [13], [37], [46], [48]. In addition, the auto-
mation engineering, mechatronics engineering, and robotics engineering majors’
study robotic technology in more depth. In these majors, students are equipped with
knowledge of robot motion system design (mechanical), electronic circuit design,
and robotic programming [15], [36], [44], [50]. The application of this technology has
also been incorporated into the informatics engineering major, which focuses on the
development of effective and reliable robotic programming. Robotic programming
based on Al is widely developed in this department, allowing robots to make deci-
sions independently. [9], [43], [52], [53]. The Mechanical Engineering Department has
also utilized this technology, focusing on applying robotic technology in industry as
done by [17], [51], where robotic technology is taught to students to perform welding
processes. Research by [40], [49] shows that in learning robotics in this department,
students are equipped with knowledge about the application of robotic systems to
perform turning processes.
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57.69% 15 Article

Application of robotic technology in
Vocational College

Application of robotic technology in
Vocational High School

7.69% 2 Article

Application of robotic technology in
Robotics Training Institute

Fig. 2. Use of robotics technology in various educational institutions

The application of robotic technology is also carried out at the vocational high
schoollevel in the Mechatronics Engineering and Industrial Automation Engineering
majors. At the vocational high school level, students are equipped with knowledge
about the application of robotic components and how to apply robotic technology
to run processes in industry. However, in high school, students are not yet equipped
with the skills to analyze and design robotic systems but instead focus on using these
technologies in industry [5], [41]. In addition to official educational institutions,
industry practitioners provide robotic technology training for students through
training programs. The training program provided by the industry focuses more
on strengthening practical skills in robotic technology for industrial needs [7], [10].
These results show that the skills to master robotic technology are needed today to
overcome production problems in the industry.

3.2 RQ2.What robotic technologies are used by vocational education
institutions to carry out the robotics learning process?

Overall, six types of robotic learning media are used: mobile robotics, ARM robots,
humanoid robots, animal robots, robotic training kits, and robotic software simu-
lations, as shown in Figure 3. With 11 studies, mobile robotics technology ranked
first as the most widely used by vocational education institutions. Mobile robotics
focuses on developing robots that can move around using wheels as propulsion,
either automatically or manually, and are controlled by students. Based on these
11 studies, mobile robotics is divided into three categories based on its operating
system. First, mobile robots are controlled using joysticks or student smartphones
[13], [38], [51]. Second, mobile robotics work with line guidance, where the robot
moves following a predefined path [9], [48]. Third, robots with more complex sys-
tems, which already use the concept of Al allow the robot to move by mapping the
room in which it operates [5], [42], [44], [52].

The ARM robot, a mechanical arm designed for specific tasks, is among the most
widely used types of robots in vocational education, with six studies highlighting
its application. These robots are utilized in simulations to transport goods and in
mechanical engineering classes to teach welding tasks [15], [37]. In mechatronics and
automation engineering departments, ARM robots are integrated into automation
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systems for assembly processes in manufacturing, demonstrating their versatility in
industrial applications [7], [32], [40], [46]. Humanoid robots, featured in three stud-
ies, are designed to resemble humans, enabling students to create robots capable
of movement and human interaction. These complex robots, studied primarily at
the university level, involve advanced mechanical, motion, and embedded control
system designs, often incorporating Al [45], [46], [54]. Lastly, animal robots, used
to simulate animal movements, include four-legged robots resembling dogs and
six-legged robots resembling spiders, which are employed for tasks such as trans-
porting goods, further showcasing the diverse applications of robotic technology in
education [41], [49].

(Aris & Orcos, 2019), (Ibrahim et al., 2020)
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(Souza et al., 2021), (Suarez et al., 2023)

(Cinar & Tuzun, 2021), (Zhong & Li, 2020) 1. Mobile Rohotic
(Diaz-Lauzurica & Moreno-Salinas, 2023)

(Hsu & Tsai, 2022), (Lee & Yi, 2021)

(Calvo et al,, 2018), (Wang et al., 2020)
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(Valls Pou et al., 2022)
(Hussain et al., 2022)

3. Humanoid Robot 6. Software Simulation

Fig. 3. Robotic technology used in the learning process in vocational education

In addition to robots designed in certain forms, robotic learning media are used
only as simulation training kits, as shown in Figure 3. In the training kit, all robotic
components are provided so that students can simulate and program robot parts
using this technology, such as the use of sensors, microcontrollers, and actuators
(DC motors, servo motors) to move a robot [10], [39]. Finally, with the rapid advance-
ment of information technology, there are now applications that can be used to
simulate robot movements, both mobile robots and ARM robots. By using the sim-
ulation application, students can practice robotic programming, and the results
are simulated through the application directly according to the instructed work-
ing principle. Using this simulation application, students can learn robotic signs
using physical robots so that the application can be a tool in the robotics learning
process [45], [47].

3.3 RQ3.What are my learning models integrated with robotic technology
in the learning process at vocational education?

Based on the results obtained, eight types of learning models have been developed
and used in the learning process that integrates with robotic technology, as shown
in Table 3. The project-based learning (PjBL) model is the most widely used learning
method, and 17 studies use this method. Through the PjBL model, students will be
directly involved in working on a robotic project that students do. Thus, students
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will get direct experience designing and building a robotic system through this
learning. Through direct teamwork, this learning will significantly improve stu-
dents’ problem-solving, communication, and collaboration skills. In addition, this
learning process will also increase students’ responsibility for the work they do to
be adequately completed [10], [17], [36].

Table 3. Learning models integrated with robotic technology

Learning Model NS % Researcher

Project-based learning 17 65.38 [9], [10], [13], [15], [17],
[36]-38], [40], [41],
[44]-[49], [51]

Problem-based learning 3 11.54 [7], [39], [43]
Computer-based robotics 1 3.85 [21]
Hands-on learning 1 3.85 [52]
Cyber-physical learning model 1 3.85 [50]
Pair learning 1 3.85 [42]
Design thinking 1 3.85 [53]
Embodied learning-based computer programming 1 3.85 [54]

Note: NS: number of studies.

Second, a problem-based learning (PBL) model was carried out three times
in the research and integrated into the robotics learning process. This learning
model emphasizes problem-solving in a very complex robotic system. This learn-
ing process can improve students’ analytical skills and help them solve problems
when using robotic technology in the learning process [55]. In addition, several
learning models have been developed by researchers to improve the success of
robotics learning, as done by [5], who developed the computer-based robotics
learning model. This learning model will train students to understand the basic
concepts of robotics and CT skills of robotics programming that are needed today.
Through this learning model, the educator is a facilitator who determines the
learning content and guides students to complete the robotic tasks. This learn-
ing model is developed from the disconnection learning model, where this learn-
ing model is suitable for understanding robotics concepts but not for training
students’ practical skills.

Research conducted by [52] developed a robotics learning model called hands-on
learning. This model emphasizes direct student involvement in the learning process
through robotic practicum. In this model, students design, assemble, and program
robots directly through practicum in the laboratory. In addition, [50] developed a
robotics learning model known as the cyber-physical learning model (CPLM), which
integrates virtual reality (VR) technology in the learning process. Through VR, stu-
dents are trained to use robots in simulations directly connected to real robots. This
model suggests ten steps of robotics learning, namely: VR motivational video presen-
tation, provision of theoretical materials, simulation and demonstration, indepen-
dent simulation exercises, evaluation of simulation exercise results, demonstration
in the physical environment, training with VR, evaluation of tasks in VR environ-
ment, physical tasks, and overall evaluation. This model has been proven to be
effective in the robotics learning process.
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6 Learning Syntax
Project-base learning  Essential Question — Designing Project Plan — Create a Schedule Project — Monitor Student
and Project Progress — Assessing — Evaluating
5 Learning Syntax

Problem-base learning s qen; orientation to the problem —» Organizing Students to Learn —» Individual and group
research guide — Develop and present the work — Analyzing and Evaluating

2 Learning Syntax
Computer-hased robotics Presentation of learning materials (theory) — Conduct an experiment (practicum)
5 Learning Syntax
Hands-on learning Tutorial Introduction — Project Implementation — Direct Experience — Active

Participation — Increased Complexity

10 Learning Syntax

Cyber-physical learning Motivation with Virtual Reality — Pre-test and Lecture — Problem Simulation — Simulation
Training — Simulation Task Evaluation — Physical Learning — Cyber Virtual Reality
Training — Evaluation of Procedural Knowledge — Physical Tasks — Post-test

7 Learning Syntax
Pair learning Introduction and Preparation — Pair Formation — Pair Learning Guide — Role
Rotation — Learning Project — Evaluation and Feedback — Reflection and Discussion
5 Learning Syntax
Design thinking Empathy — Interpretation/Definition — Ideation — Experimentation — Evolution
. . 4 Learning Syntax
Embodied Learning-Based duc ed d skl . K .
Computer Programming Intro uction — Knowledge and Skill Learning — Group Work — Presentation
and Evaluation

Fig. 4. Learning model in robotics learning

A robotics learning model was also developed by [42] through applying the pair
learning model, where students work in teams of two. This model significantly
improves robotic systems’ teamwork, communication, and problem-solving skills.
In addition, [53] developed the design thinking model, which consists of five steps:
empathy, interpretation or definition, ideation, experimentation, and evolution. This
model effectively develops creativity and increases student motivation in robotics
learning. Recent research by [54] developed the embodied learning-based computer
programming (EL-CP) model, which consists of four stages: introduction, knowledge
and skills learning, group work, and presentation and evaluation. This approach
creates active interaction between students and the learning environment. The
results showed that the EL-CP model effectively improved students’ robotics learning
achievement.

3.4 RQ4.What are the student learning outcomes in vocational education
using robotic technology in the learning process?

Based on the results obtained, it is clear that robotic technology’s impact has
spread to all three knowledge domains, namely the cognitive, psychomotor, and
affective domains, as shown in Table 4. Table 4 shows that research in the cog-
nitive domain is most widely carried out by researchers, especially in CT skills,
problem-solving, and academic knowledge. In the field of CT skills, most researchers
conducted 11 times. These results show that equipping students with logical and
structured thinking patterns in the robotics learning process is essential. This skill
is very influential in helping students solve problems found in robotic systems [41].
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Second, problem-solving skills are also the main focus of researchers in the cognitive
domain, with seven studies examining this skill. This skill is needed in the robotics
control system, where learning is theoretical, and one must be able to apply this
knowledge to solve problems in the robotics control system.

Table 4. The impact of robotic technology on student learning outcomes

SK Knowledge and Skills NS % Researcher
Cognitive Computational thinking 11 42.31 [5], [10], [40], [41], [43],
[45]-[49], [51]
Problem-solving 7 26.92 [9], [13], [38], [42], [43],
(501, [52]
Academic knowledge 7 26.92 [17], [36], [37], [44], [49],
(53], [54]
Collahoration 3 11.54 [9], [15], [38]
Creativity 2 7.69 [38], [48]
Communication 1 3.85 (9]
Psychomotor Robotics technical skills 1 3.85 (7]
Affective Motivation 8 30.77 [15], [38], [39], [41],
[50], [52]-[54]
Interest 7 26.92 [36]-[39], [41], [50], [52]

Note: SK: scope of knowledge, NS: number of studies.

In addition, the knowledge area of robotic control systems has also been high-
lighted by research, with evidence of seven studies that have examined this. This
shows that students need knowledge to solve problems in the robotics system.
Without solid knowledge, this cannot be done well. In the cognitive domain, the
aspects of communication, and creativity are still less highlighted by researchers.
Until now, there have been only three studies that discuss the communicative aspect,
two studies that discuss the creativity aspect, and one study that discusses commu-
nication. Collaboration and communication are indispensable in an industrial work
environment with a teamwork system. Likewise, students need creativity to develop
new ideas to innovate and solve problems in the robotic system [56].

The affective domain, highlighted in the research, encompasses two key aspects:
motivation and interest. Eight studies have examined motivation, emphasizing the
importance of creating innovative learning processes to make robotics education
more engaging for students. Similarly, seven studies on interest demonstrate that
incorporating innovative robotic technologies can significantly enhance student
engagement. Both motivation and interest are critical in shaping student learning
outcomes, as higher levels of these factors correlate with better academic perfor-
mance [57]. Despite its importance, the psychomotor domain, efficient skills in
robotic control systems, remains underexplored, with only one study delving deeply
into this area [7]. Practical skills are vital for students entering the robotics work-
force, necessitating further research to ensure students grasp theoretical concepts
and acquire hands-on capabilities. Additionally, aspects such as communication, cre-
ativity, and collaboration, essential for teamwork-driven industrial environments,
warrant more focused investigation. Future research should address these gaps
to better prepare students for the demands of an increasingly complex industrial
landscape.
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4  DISCUSSION

The first finding in this study found that the application of robotic technology
in the learning process is mainly carried out in vocational school colleges with a
percentage of 57.69%, second in vocational high schools with 34.62%, and third in
training institutions with 7.69%. This result is not without good reason; mastery
of the robotics control system requires complex and in-depth knowledge and skills
because the robotics control system involves various disciplines that must be mas-
tered by students, such as programming systems, electronic circuits, control circuits,
and mechanical robot movement systems [58]. Thus, in the curriculum at the uni-
versity level, students are required to develop practical competencies, innovation,
and the development of the latest technology through research [59], [60]. At the
same time, in the vocational high school level curriculum, students are equipped
with practical skills applicable to specific jobs according to industry needs, such as
using robots in industry for production systems. However, to face the development
of Industry 5.0, vocational high schools need to integrate robotic technology into the
learning process. However, at this level, students can only use robots according to
industrial needs [61], [62].

Various types of robotic technologies, such as mobile robots, ARM robots, human-
oid robots, robotic training kits, and control system simulation applications, have
been implemented [13], [38], [45]. Mobile robotic technology and ARM robots (robot
manipulators) are the most widely used by vocational schools. The results obtained
are also based on many uses in industry, such as the application of mobile robotic
systems in the form of automatic guided vehicle (AGV) robots, which are very widely
used by industry today for product distribution systems [63], [64]. In addition, the
utilization of manipulator robots in industry today is no joke; almost all production
systems in the industry use robots as production machines. Applications such as
welding, turning, combining components, moving goods, and packing goods to paint
cars in the automotive industry [65], [66]. Thus, by applying robotic technology in
the learning process in vocational education, students can learn technology relevant
to industrial needs—the competencies they acquire become very suitable with the
current industrial progress.

In addition to using good technology, applying the right learning model will also
affect the learning process in vocational schools. As the results obtained, eight learn-
ing models have been used and developed to carry out the robotics learning process.
Where the most widely used models are PjBL and PBL, in all models, three similari-
ties must exist in robotics learning: first, at the beginning of learning, students must
be equipped with robotic science (theory) to deliver student understanding [41], [48].
In the second stage, students are asked to design a robotic control system according
to their function (design) [15], [48], students make robots according to the design
they have made (experimentation) [46], [47]. Thus, in the robotic learning process,
students must be able to play an active role in the learning process (student-centered
learning). Educators are only facilitators who direct the robotic work done by stu-
dents [15], [53]. Involving students directly in the learning process will make them
better understand the robotic system they are working on so that it can improve the
competencies they will get [53], [54].

The suitable application of robotic technology and learning models in the robotics
learning process will have a significant impact on student learning outcomes in
terms of cognitive, psychomotor, and affective [9], [15], [46]. The research results
show nine robotics robots have optics latencies, most of which are CT skills, problem-
solving, and problem-solving knowledge. Vocational students need CT skills because
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this ability trains students to solve problems logically and systematically with five
primary elements: abstraction, generalization, algorithm, modularity, and decompo-
sition [43], [51]. The good CT skills possessed by students will also improve vocational
students’ problem-solving skills. Students need these complex problems in robotic
systems. Students must be able to analyze and fix problems in the system [47].
In addition, using robotic technology can also improve students’ practical skills, cre-
ativity, collaboration, interest, and motivation in learning, where all skills are needed
to overcome the challenges of industrial development 5.0 [9], [41], [48].

5 CONCLUSION

Based on the results of the study, it is known that three types of vocational educa-
tion institutions use robotic technology in the learning process: vocational colleges,
vocational high schools, and robotics training institutions from industry. The institu-
tions that use this technology the most are vocational colleges, with 15 studies exam-
ined at this level, reaching a percentage of 57.69%. The robotic technologies used
by these educational institutions consist of six types: mobile robots, ARM robots,
humanoid robots, animal robots, training kits, and robotics simulation applications.
The most frequently used technology is mobile robots, with 11 studies examining
it. In its application, robotic technology is integrated with seven learning models:
PjBL, PBL, computer-based robotics, hands-on learning, the cyber-physical learn-
ing model (CPLM), pair learning, and design thinking EL-CP. The most widely used
learning model and considered most effective by researchers is PjBL, with 17 studies
supporting it. The impact of robotic technology is also significant, spanning students’
cognitive, psychomotor and affective domains. The most frequent research focuses
on students’ CT and problem-solving skills, as through these skills, students indi-
rectly also exercise their critical thinking, communication, and collaboration skills
in solving problems related to robotic systems.

Based on the results obtained, the implication is that it is important to integrate
robotic technology in the learning process in vocational education because it sig-
nificantly impacts the development of student skills and knowledge relevant to the
needs of Industry 5.0. Vocational education institutions are also strongly encouraged
to integrate robotic technology in the curriculum, such as robot manipulators (ARM)
and mobile robotics, which can train problem-solving, collaboration, and critical
thinking skills. In the learning process, students must be given hands-on experience
in designing and operating robotic systems through experiential learning meth-
ods such as PjBL or PBL to produce work-ready graduates to produce work-ready
graduates with robotic competencies the industry needs.

The results obtained in this systematic literature review are limited to assessing the
impact and how robotic technology is applied in vocational education. Therefore, this
study did not study the impact on other educational institutions, such as elementary
schools, junior high schools, and senior high schools. Thus, future research can use
this study as a reference to conduct further research to determine the impact and
process of implementing robotic technology in various educational institutions.
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