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ABSTRACT

This study examines the effectiveness of Smart Home Training Kits in enhancing Higher-Order Thinking Skills
(HOTS) among vocational education students. The research follows a quasi-experimental design involving
two groups: an experimental group utilizing Smart Home Training Kits and a control group employing
traditional instructional methods. Pre-tests and post-tests were administered to evaluate improvements in
critical thinking, problem-solving, and creativity. Results indicate a significant improvement in HOTS within
the experimental group, demonstrating superior performance in analyzing, evaluating, and synthesis of
potential solutions related to smart home concepts. Furthermore, the Smart Home Training Kits provided
detailed, practical insights into technical principles, allowing students to gain a more realistic understanding
of complex topics. The findings suggest that integrating Smart Home Training Kits into vocational curricula
could bridge the gap between theory and practice, fostering critical thinking and innovation skills essential
in addressing modern workplace challenges.

Keywords: Smart Home Training Kits; Higher-Order Thinking Skills; Vocational Education; Innovative Tools.
RESUMEN

Este estudio examina la eficacia de los kits de capacitacion para hogares inteligentes para mejorar las
habilidades de pensamiento de orden superior (HOTS) entre los estudiantes de educacion vocacional. La
investigacion sigue un diseno cuasiexperimental que involucra dos grupos: un grupo experimental que utiliza
kits de capacitacion para hogares inteligentes y un grupo de control que emplea métodos de instruccion
tradicionales. Se administraron pruebas previas y posteriores para evaluar las mejoras en el pensamiento
critico, la resolucion de problemas y la creatividad. Los resultados indican una mejora significativa en HOTS
dentro del grupo experimental, lo que demuestra un rendimiento superior en el analisis, evaluacion y sintesis
de posibles soluciones relacionadas con conceptos de hogar inteligente. Ademas, los kits de formacion para
el hogar inteligente proporcionaron informacion practica y detallada sobre los principios técnicos, lo que
permitio a los estudiantes obtener una comprension mas realista de temas complejos. Los hallazgos sugieren
que la integracion de kits de capacitacion para hogares inteligentes en los planes de estudios vocacionales
podria cerrar la brecha entre la teoria y la practica, fomentando el pensamiento critico y las habilidades de
innovacion esenciales para abordar los desafios del lugar de trabajo moderno

Palabras clave: Kits de Formacion Para Hogares Inteligentes; Habilidades de Pensamiento de Orden Superior;
Educacion Vocacional; Herramientas Innovadoras.
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INTRODUCTION

Vocational education is very essential in developing the students to have the appropriate technical
competencies for them to take to the job market. However, the problems characteristic of the 21st century
require people more than simply having the necessary set of skills. Another component a student should
demonstrate is higher-order thinking skills (HOTS) which include problem-solving, critical thinking, and
innovation. HOTS is fast becoming indispensable because the current careers demand knowledge, and the
ability to educate, adapt, and proactively design solutions. Thus, there is a necessity for the formation of the
respective skills in the framework of vocational training, therefore, skills promoting the usage of such learning
methods are required.®

This study aspires to identify various difficulties in the field of vocational education and one of them is the
issue regarding the theory-practice relationship. Students have difficulties when applying certain concepts
and knowledge they have in their heads to actual life scenarios. The use of project-based learning and mutual
interactive tools can support this context. With the advancement in technology, the education sector is going
through a major change with the help of new technological learning aids.® Another is Smart Home Training Kits
which enables the students to learn directly through smart home technology training. Further, while computers
and other technology media have advanced the classroom learning process, such tools used do not mimic real-
life applications of the skills being taught to prepare learners for the marketplace. A vast majority of vocational
education institutions are still deficient in learning tools to offer hands-on and in-depth practical to do with the
existing and advanced technologies like smart homes. These limitations slow down the students from being able
to come up with the critical analysis and problem-solving skills required as more industry problems are solved.
Prior studies, for instance, have also given limited emphasis on training students in higher-order thinking skills
that are paramount to the New Economy.® Additionally, studies exploring the use of smart home technology in
vocational education are still limited, leaving a gap in the literature on how tools such as Smart Home Training
Kits can be effectively used to develop HOTS in vocational students.®

Therefore, Smart Home Training Kits can help students develop HOTS through a project-based learning
process. Students are invited to analyze problems, design solutions, and apply these solutions to smart home
systems. This process stimulates critical thinking and creative problem-solving skills. The project-based
approach allows students to work in teams, collaborate, and share ideas, and skills that are critical in the
workplace. By using Smart Home Training Kits, learning no longer only focuses on teacher instructions, but
also on exploration and innovation by the students themselves. In the context of HOTS development, Smart
Home Training Kits enable students to think more deeply and critically about the technology they use. Students
are encouraged to not only follow instructions, but also evaluate how the system works, identify potential
problems, and look for ways to optimize system performance.® One of the main advantages of Smart Home
Training Kits is their ability to provide a learning experience that is close to real-world conditions. With realistic
simulations, students can learn in a context that is relevant to the latest technology trends, thereby preparing
them for the challenges of the world of work.

Various studies have shown that interactive technology-based learning can significantly increase student
engagement and learning outcomes. Using tools such as Smart Home Training Kits can make learning more
interesting, increase student motivation, and encourage them to learn independently.® In vocational education,
where technical skills are often a primary focus, it is important to incorporate learning approaches that develop
higher-order cognitive skills. Thus, Smart Home Training Kits are an excellent means for achieving this goal
because the training based on them combines both theory and practical application. Technology overall does
hold massive potential in redefining education but it must be done so with the right learning methodologies in
mind.? In this study, the quasi-experimental research design provides intentions of establishing the efficiency
of using Smart Home Training kits in enhancing HOTS in vocational education students. The quasi-experimental
method was chosen because it allows researchers to compare two groups of students: an experimental group
that uses Smart Home Training Kits and a control group that uses the more conventional methods.® This
approach gives more understanding of the effects these tools have on the thinking of the students more than a
general observation. Therefore, this research seeks to establish the extent to which Smart Home Training Kits
may be used as an innovative tool to enhance the teaching of HOTS. This research will also evaluate how these
tools shift thinking about smart home technology amongst students in context.®

The expected results imply that this research will be significant in enhancing the curriculum of vocational
education. If it undergoes the test and rates positive, Smart Home Training Kits could be embraced even more
by technical learning thus preparing students for a constantly aspiring industry. Moreover, it is believed that
this research will make a valuable contribution to the understanding of how interactive technology can be
applied to enhance critical and innovative thinking in vocational education. We hope that the results of this
research will be helpful to educators, curriculum developers, and representatives of educational policies. As
the world of work transforms and keeping in mind the rapid advancement in technology it becomes imperative
for students in vocational education to be equipped not only with technical skills but much more critical
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attributes of creativity, innovation, and analysis."?

Smart Home Training Kits are a way to practice such a thing in a more interesting and closely resembling
real-life setting. In the long run, the concept of Smart Home Training Kits in vocational training education
means that the workforce is more adequately equipped to handle the challenges of the new age. Employment
opportunities in this world of work will prefer students who can think critically and creatively alongside social
skills be imparted to enable him or her to fit into the larger society. Hence, rather than it is a study of how
students can gain technical skills using Smart Home Training Kits as a device, this research also delves into
how such a tool for learning can revolutionize the vocational training mode of learning by deepening skills,
relevance, and creativity. "

Vocational education is one of the education systems to equip students with relevant practices and technical
know-how to function effectively in the workplace. Thus, in the conditions of a constantly growing number
of globalization competitors and the development of new technologies, vocational education is emerging
as a necessity. The skills that one has developed through vocational education are relativity significant in
industry since there is always new technology that is being developed in organizations hence changing how
work is conducted.® However, despite these various changes that have been made and undergone through
the improvement processes in vocational education, there are still issues encountered, they include; low or
no participation of industry players; educational programs being irrelevant to the market; and low-quality
standards of the teachers taking in institutions. This results in a discrepancy between school-based skills and
work-based skills. "

This is one of the considerations that have to be considered as regards the educational process as well as
curriculum planning: the development of HOTS. HOTS comprise the ranging of complex and more sophisticated
thinking skills such as analysis, synthesis, evaluation and creation. HOTS has been defined as an ability apart
from the cognitive and knowledge acquisition IQ: The ability to not only recall and comprehend knowledge,
but apply, reason and judge the content in a higher order manner. In vocational education, the development
of HOTS is very crucial because students encounter situations that call for problem solving; critical thinking
and decision making. By developing these skills the students are in a better position to compete in the global
market and also are well prepared for change in, for example, technology.

Generally, development of HOTS in the context of vocational education can be viewed as a work in progress
if the learning methods applied are still predominantly rote based or standard procedures. As a result, the
new concept of education is required which will train people to be effective in the chosen professions but at
the same time will help them develop their efficient thinking. To this end, technology can be incorporated in
the learning process in order to make learning enjoyable as well as relevant and up to date. ICT strategies
could be a tool that support learning to improve interaction, participation in group activities, creative thinking
and learning. With ICT the students find learning more enjoyable and fun and are in a better position of
dealing with challenges they will come across at the work place. There is one way of incorporating technology
in education that will be discussed here and those are simulation-based learning tools including smart home
training kits. This tool is intended to teach the students in energy management, security and home automation.
Smart Home Training kits not only familiarizes students with new ideas in Smart Home technologies but also
provides hands-on experience on systems that are as close to real life as it can get.(® With these tools, students
can perform experiments and run simulations that enable the students to grasp the technicalities behind smart
home system. This interaction with technology directly helps students to build skills that are actually required
by industries out there. Having outlined the benefits of using Smart Home Training Kits, this paper will now
discuss the various advantages accrued to vocational education institutions as well as the learner by including
the training kits in their curriculum. For the first reason, this tool enables the students to have direct contact
with some of the technological tools adopted in teaching them this knowledge, which enhances their learning.
One of the ways that will make learning more meaningful and relevant is through activities that enable the
students to observe how what they learn in class is used in practice. Second, the use of this tool can enhance
the participation of students in the learning process.”

Students tend to be more motivated to learn when they can interact with tools, they find interesting and
useful. Third, this tool supports HOTS development through a project-based learning process, where students
are invited to analyze problems, design solutions, and apply these solutions to smart home systems.® Project-
based learning is a very relevant approach in the context of vocational education. This method prioritizes
student involvement in the learning process by working on real projects related to the subject matter. Project-
based learning encourages students to work in teams, collaborate, and solve problems creatively. Project-based
learning can improve critical thinking skills, communication skills, and collaboration abilities, all of which are
important components of HOTS. In vocational education, project-based learning can allow students to apply
technical knowledge in real-world situations, as well as develop interpersonal skills that are much needed in
the workplace. (%20

The integration of Smart Home Training Kits in the vocational education curriculum can be an innovative
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step to improve HOTS development. By using this tool, students not only learn theory but also practice applying
their knowledge in situations relevant to the world of work. For example, students can learn about smart
home security systems, and then design and implement appropriate security solutions for a home. The learning
process using Smart Home Training Kits can create an environment that supports exploration and innovation.
Students are invited to think critically about how smart home systems work and how they can optimize the
system’s performance. This process stimulates critical thinking and creative problem-solving skills.?"

The success of using Smart Home Training Kits in vocational education is also influenced by the quality
of teaching and the pedagogical approach used by educators. A student-centered approach that prioritizes
students’ active participation in the teaching and learning process is very important to achieve the expected
results. Therefore, educators need to be equipped with the knowledge and skills necessary to use these tools
effectively. Training and professional development for educators are essential to ensure that they can integrate
technology into the learning process in appropriate and effective ways.®

Although technology has great potential in improving education, its implementation must be based on
appropriate learning methodologies. The quasi-experimental approach used in this research aims to test the
effectiveness of Smart Home Training Kits in increasing HOTS in vocational education students. The quasi-
experimental method was chosen because it allows researchers to compare two groups of students: an
experimental group that uses Smart Home Training Kits and a control group that uses traditional learning
methods. This approach provides deeper insight into the impact of these tools on students’ thinking skills. @

Previous research has also tended to focus more on developing technical skills alone, without paying enough
attention to developing higher-order thinking skills that are essential for success in the digital era. Additionally,
studies exploring the use of smart home technology in vocational education are still limited, leaving a gap
in the literature on how tools such as Smart Home Training Kits can be effectively used to develop HOTS in
vocational students. Therefore, this research aims to fill this gap by exploring how this tool can be used as an
innovative tool to support the development of HOTS.®%

Several studies have shown that interactive technology-based learning can significantly improve student
engagement and learning outcomes. Using tools such as Smart Home Training Kits can make learning more
interesting, increase student motivation, and encourage them to learn independently. In vocational education,
where technical skills are often a primary focus, it is important to incorporate learning approaches that develop
higher-order cognitive skills. Smart Home Training Kits provide the ideal platform to achieve this goal as they
combine theory with real practical application.®)

In the context of vocational education, where students often face challenges in applying their knowledge,
Smart Home Training Kits provide opportunities for students to learn through practice. The learning process no
longer only focuses on teacher instructions, but also on exploration and innovation by the students themselves.
By using this tool, students are invited to actively participate in the learning process, develop critical thinking
skills, and strengthen their understanding of the concepts being taught. Additionally, these tools also enable
students to work in teams, share ideas, and collaborate on completing projects, skills that are critical in the
workplace. @

Along with the increasing complexity of technology and demands in the world of work, vocational education
must be able to adapt to meet these needs. Using Smart Home Training Kits as an innovative learning tool
can help prepare students to face the challenges of an ever-evolving industry. Students skilled in smart home
technology not only have a competitive advantage in the job market but are also able to contribute to the
development of better technology solutions.

In the long run, it can be seen how technologies like Smart Home Training Kits are useful in preparing a
better workforce in the Vocational Education System. Critical and creative students will be special because
really jobs are dominated by technology.?” Hence, this work incorporates not only the use of Smart Home
Training Kits as technological training aids but also considers how the use of such aids transforms the technique
used by students in the development of higher-order thinking skills.?® In creating a further advanced and high
standard of vocational education there is a need to engage not only industrialists, educators, and government
agencies. In my opinion cooperation between the education sector and industry will assist in the development
of a curriculum that meets the marketplace. Besides that, policy support and subsidies from the government are
also crucially needed to guarantee that the field of vocational education will be able to progress and introduce
novelties. If everyone moves positively to develop vocational education and training, with cooperation and a
technology-oriented perspective, it is believed that vocational education would have been parity for future
challenges and have the potency to be an instrument in designing human capital in this country.®

Finally, the Smart Home Training kits can be also seen as an opportunity for the development of vocational
education and increasing HOTS among students as facing the challenges of the digital world. With these tools,
the abilities of students to learn interactively sharpen their knowledge, create, innovate, and collaborate.?
On the right note and with adequate political backing from all the strata, vocational education can sustainably
prove useful in molding itself to be relevant in the ever-emerging globe of work complexity. It is hoped that this
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research can make an important contribution to developing the vocational education curriculum and improving
the quality of education in Indonesia, with the hope of creating graduates who are not only technically skilled
but also have the high-level thinking skills needed in the world of work. This power and contribution is in
the light of the government’s quest to enhance the quality of vocational education in the country through
curriculum development that should produce graduates who possess not only technical competencies required
in workplaces all over the world but also high-order thinking skills as well.¢"

METHOD
Research Design

This research uses a quasi-experimental approach with a non-equivalent control group design, where two
groups of students are used: the teaching experimental group and the teaching control group.®? The subjects
of the experimental group will include Smart Home Training kits while for the control group, no gadgets in
their learning process will be used. This research design involved two principal assessments including a pre-
assessment test and post post-assessment test which were used in a bid to determine the HOTS of students
before and after the intervention. This measurement seeks to know if there is a rise in HOTS among the
two groups and thereby enable a comparison of STM with conventional methods. participants of the study
were students in vocational education enrolled in one of the vocational educations that offered automation
technology as a subject. The sample was obtained using a purposive sampling procedure involving two classes
with similar initial skills and demographics. The first class was used as the experimental class while the second
class was used as the control class. The groups comprise 30 students each.

Hypothesis

The hypothesis proposed in this research assumes that the use of Smart Home Training Kits can improve
Higher-Order Thinking Skills (HOTS) in vocational education students compared to conventional learning
methods. The following are the hypotheses tested in this research:

Null Hypothesis (Ho)
There is no significant difference between students who use Smart Home Training Kits and students who use
conventional learning methods in terms of HOTS improvement.

Alternative Hypothesis (H1)
Students who use Smart Home Training Kits show more significant improvements in HOTS compared to
students who use conventional learning methods.

Data Collection Instrument

The following instruments were used in data collection in this research. Pre-Test and Post-Test: The HOTS
that this test is aimed at assessing relates to the student before and after the intervention. This test comprises
questions that assess arguments, problem-solving, analysis, evaluation, and organization. The tests are designed
according to Bloom’s taxonomy and then modified according to the learning context using Smart Home Training
Kits. Observation: Hence, methods used by researchers to assess student engagement during the learning
process for the experimental and control groups were made during the learning process. We will observe the
student behaviours when working with the Smart Home Training Kits and how they address issues to do with
the projects assigned to them. User Experience Questionnaire: This self-administered questionnaire is used
to obtain information about students’ attitudes about their learning experience with Smart Home Training
Kits. They include ease of use, interest, motivation, and relevance to the learning activities and objectives as
would be assessed by the completed questionnaires. Semi-Structured Interviews: To get a rich understanding
of how students and teachers using Smart Home Training Kits felt about the experience, several of them from
the experimental group will be successfully interviewed. These interviews are planned to add the qualitative
characteristics to the results and shed more light on the efficiency of the too.

Smart training kits learning procedures

As for learning-teaching activities in the experimental group, the process of learning was provided by the
application of the project-based approach (Project-Based Learning) with the use of Smart Home Training Kits.
The first is an awareness of smart homes that includes students in learning, security, and device automation.
The teacher just goes through how the individual components in the Smart Home Training Kits function, so that
the students will have some background knowledge. Lastly, students are divided into small groups with each
being assigned a project of designing, planning, and improving a smart home system. Some teams are composed
to design security systems that include motion sensors and cameras while others volunteer to work on energy
systems for electrical optimization. In both the implementation and testing phases, each group employs Smart

https://doi.org/10.56294/dm2025476



Data and Metadata. 2025; 4:476 6

Home Training Kits to design innovative technologies based on the project under consideration.

Step 1: Introduction to Smart Home Technology
Explanation of smart home systems
Introduction to cnergy management
Sccurnity and automation systcms
Overview of Smart Home Training Kits

'

Step 2: Project Assignment and Grouping
Divide students into small groups
Assign different smart home projects

:

Step 3: Project Implementation
Groups start designing smart home systems
Usc Smart Home Training Kits to build and configure
solutions
Address technical challenges as they arisc
The teacher facilitates and provides guidance

* o o @

ki

Stcp 4: Testing and Troubleshooting
e Test the functionality of cach group’s smart home
systcm
identify 1ssues and troubleshoot problems
Optimize system performance
Ensure the system meets project requirements

A 4

Step 5: Presentation and Evaluation

Groups present their smart home projects

Explain design choices and technical details

Discuss challenges and how they were solved
Evaluate based on HOTS (analysis, cvaluation,
and critical thinking skills)

!

Step 6: Reflection and Feedback
e Provide feedback on group performance

Reflect on learning outcomes and project
cffectivencss

Figure 1. Smart training kits learning procedures

Educational activities imply that students should be able to solve technical problems that occur when
accomplishing a task with limited help from a teacher who is a guide. In the end, all groups share their findings,
demonstration of the proposed smart home system design, problem encountered, and solution implemented.
Amalgamated project outcomes are assessed and rated using HOTS analysis including problem analysis, solution
evaluation, and technical decision. However, for the learning process to occur several project rules should be
followed by students. Every person participating in the group is required to contribute to the creation and
application of the solution. There has to be cooperation within a team; roles and responsibilities cannot be
favourited. Students should also be capable of finding solutions to some of the challenges faced during the
project, by applying reasonable and rational processes. Organizations trying to apply this change are free to
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be creative and innovative, which in this case, allows each group to change or add new features to existing
systems. In addition, each group is required to document the entire project development process and present
the results to the class, including the steps taken, challenges faced, and solutions implemented.

Data Analysis Techniques

It is therefore proposed that data collected from the pre-test and post-test as well as other instruments
developed will be analyzed using statistical techniques to test the proposed hypothesis. Also used in the study
was the normality test, before conducting the hypothesis test the data will be checked for its normality to
determine whether it has a normal distribution or not. To check the normalization the Kolmogorov-Smirnov of
Shapiro-Wilk test was done. Homogeneity Test: Before the implementation of the homogeneity test we can
compare the variances of the control and experimental groups. On the other hand, Levene’s test of homogeneity
of variance can be performed to compare the variance of groups. Paired Sample t-Test: This test is applied
to determine the change that was recorded in the post-test results of both the experimental and the control
group in as much as HOTS is concerned. However, if the data is not normally distributed, a non-parametric test
like the Wilcoxon Signed-Rank Test will be employed. Independent Sample t-test: This test was administered
to allow the researcher to determine the magnitude of the difference between the experimental group and
the control group post the post-test exercise. The purpose of this test is to determine if using Smart Home
Training Kits produced a statistically significant increase in the HOTS methodology than traditional learning
methodologies. ¥

RESULTS AND DISCUSSION
Data Analysis and Findings

The finding of this study seeks to test the formulated hypothesis regarding the impact of incorporating
Smart Home Training Kits in enhancing the HOTS of students in vocational education. Based on the quasi-
experimental method applied, the results are divided into two main parts: HOTS were assessed using pre- and
post-test scores as well as from the data collected such as the rating of user experience, observation checklists,
brief interviews, and project notes. Nevertheless, the instruments used in the research first have to undergo
validation by the experts before the research is conducted. Table 1 shows the validity expert results test:

Table 1. Results of the validity expert result test

Aspects Pre-Test Post-Test Questionnaire Rubric
Score Score Score Score
Relevance 4,7 4,8 4,6 4,7
Clarity 4.5 4,6 4,7 4,6
Equity & Difficulty 4,6 4,7 4,5 4,5
Completeness 4,8 4.9 4,8 4,8

Descriptive analysis results for pre-test and post-test in the experimental and control groups. The table
shows 2 descriptive analysis results for the pre-test and post-test:

Table 2. Results of the descriptive analysis results for pre-test and post-test

Group Average Pre-Test Pre-Test Standard Average Post-Test Post-Test Standard
Score Deviation Score Deviation

Experiment Group 65,4 4,2 85,3 5,0

Control Group 64,9 4,0 75,6 4,8

According to the result tabulated in the table above, the experiment group had a greater improvement of
the post-test average score compared to the control group which substantiates the usefulness of Smart Home
Training Kits in the improvement of HOTS. Furthermore, the normality test was applied to determine the
suitability of the data to inferential tests regarding the degree to which it was normally distributed. The results
of the Shapiro-Wilk test were used to determine the distribution of the data.

Table 3. Results of the Shapiro-Wilk test

Group Pre-Test (p-value) Post-Test (p-value)
Experiment 0,145 0,067
Control 0,132 0,089
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The results show that the data in both groups, for both pre-test and post-test, were normally distributed (p
> 0,05). Levene’s Test was used to examine the homogeneity of variances between the experiment and control

groups.

Table 4. Results of Levene’s Test

Variable F Sig. (p-value)
Pre-Test 1,432 0,236
Post-Test 2,108 0,152

The analysis indicates that the variances of the experiment group to the control group were similar (p
> 0,05) suggesting that the groups could be compared parametrically. In this case, the data collected was
analyzed using the Paired Sample T-Test in order to compare pre-test and post- test scores in each group. To
establish the researching hypothesis the two condition Independent Sample T-Test was used to compare the
post test results between the experimental and control groups.

Table 4. Results of T-Test

Test Type Variable t Sig. (p-value) Interpretation

Paired Sample T-Test Pre-Test vs 10,547 <0,001 Significant improvement in HOTS within the

(Experiment Group) Post-Test experiment group after using Smart Home
Training Kits.

Paired Sample T-Test Pre-Test vs 6,837 <0,001 Significant improvement in HOTS within the

(Control Group) Post-Test control group, but smaller than the experiment
group.

Independent ~ Sample  Post-Test 5,467 <0,001 Significant difference between post-test scores

T-Test of experiment and control groups; larger

increase in HOTS in the experiment group.

Pre-Test and Post-Test Scores for Experiment and Control Groups

Scores

J pand Test Type

Figure 3. Pre-Test and Post-Test Scores

The studies of this investigation also offer strong empirical support for the utilization of Smart Home Training
Kits in increasing higher-order thinking skills (HOTS) in the vocational training context. The findings suggest
that applying the kits positively affected the student’s performance in analytical, evaluative, and innovational
activities when used in combination with project-based learning.®¥ These results partially support and build on
the findings of prior research in which the impact of technologies incorporated into learning environments on
cognitive skills was examined. Studies show that the use of ICT in learning and teaching improves critical and
problem-solving abilities.®® However, this study goes further than just the overall application of technology to
address HOTS using the Smart Home Training Kits. Through their incorporation into the PMB format, these kits
helped students not only be mere consumers of the information but also actual contributors to the formulation,
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deployment, and fine-tuning of prototypical smart home systems. This is consistent with the observations of ¢
and ©” who broadly pointed out that PBL enhances students’ deep learning when learners independently work
and solve problems in context.

That the HOTS significantly increased in the experiment group (t = 10,547, p < 0,001) gives evidence that
the Smart Home Training Kits did more than train ICT knowledge and cognizance. While working with the Kkits,
students acquired practical skills in search and identification of issues, in addition to design and optimization,
which are recognized as the elements of a technologically sustainable knowledge base of the XXI century. Thus,
the experiment group involved in the activity demonstrated a more varied approach toward learning, while the
control group received rather conventional targeted instructions; that is why in the course of the experiment,
the knowledge level of the experiment group appeared higher. The results of the paired sample t-tests suggest
that both groups benefited from the pre- and post-test since the differences as well as the learning effect were
observed in both settings. However, the degree of improvement was, for the most part, markedly divergent.
Many treatments used to teach the experiment group, which participated in the study using Smart Home
Training Kits, exhibited satisfactory improvement in HOTS scores, which went up to an average of 85,3 in the
post-test from the previous average of 65,4. The control group, however, achieved a mean score of 75,6 on the
post-test, from a mean score of 64,9 on the pre-test. Both groups presented learning gains but to a different
extent in which the experiment group’s gains were much higher, therefore, approval that the kits had enhanced
the learning experience.®®

The lesser t-value of the independent sample t-test adds more credibility to the study to the assertion that
the Smart Home Training Kits positively affected student performances. This means the extent of improvement
seen in the HOTS in the experiment group post-test was much higher than that seen in the control group post-
test and the difference between the two groups is statistically significant (t = 5,467, p< 0,001). This could be
attributed to the fact that; the kits made the students practice the theoretical activities as they undertook
different practical as practical problem-solving tasks that helped them develop their skills and cognitive
abilities. Therefore, the normality and homogeneity tests were conducted before the inferential tests, as a
way of ensuring the subsequent analysis would be valid. The Shapiro-Wilk normality test showed that both the
pre-test and post-test scores of the experiment and control groups followed a normal distribution (p > 0,05).
Furthermore, the results obtained from Levene’s test for homogeneity of variance indicated that the groups
studied had homogeneous variance (F (2,102) = 2,87; p > 0,05) hence suiting the parametric analysis. These
preliminary tests show that the assumptions required for carrying out the paired sample t-test as well as the
independent sample t-test have been met hence the validity of the results. That the HOTS of the experiment
group improved significantly could be due to the active learning brought by the Smart Home Training Kits.
This kind of problem also helped in related educational schemes, altogether because the students were able
to interrelate with the kits and perform based on real-life problems to solve, design systems, and manage
projects.®” This accords with Bloom’s Taxonomy especially the analytical, synthetic, and evaluative domains
that constitute HOTS. The integration of these kits availed students practical chances to solve technical
problems, mash in group efforts in handling complex tasks, and come up with new solutions to new smart
home challenges. It might have also helped the students sharpen their critical thinking skills and gain solutions-
focused perspectives to problems. 0

The kits were useful in a cognitive and extrinsic motivational sense where students were more interested
in the results of these work than in a control group setting. Consequently, this study offers practical insights
to educators and curriculum developers in vocational education. It is also important to understand how tools
like smart home training kits can further improve the employability of the matter by extending the theory-
practice course.“) These results indicate that such tools do not only enhance students’ activity but yield more
significantly enhanced learning outcomes in HOTS, as students will encounter such technical tasks in their work
in the future. Subsequent studies should extend the analysis into the later stages of students’ careers and
understand the effects of Smart Home Training Kit equipment and other developing tools that prepare students
for an improved employability level and better performance at work in technical professions. Moreover, using
such tools in other courses including engineering, automation, and IT professions could also provide more proof
of the usefulness of such tools in improving higher cognitive skills in different fields.“

CONCLUSION

This study confirms that integrating Smart Home (SH) Training Kits into Project-Based Learning (PjBL)
effectively enhances students’ Higher-Order Thinking Skills (HOTS) in vocational education. The experimental
group, using SH Training Kits, demonstrated a significantly greater improvement in HOTS compared to the
control group. This finding supports the value of combining tangible, tech-enhanced resources with active
learning approaches to develop flexible thinking, problem-solving skills, and practical technical knowledge.
PjBL, combined with SH Training Kits, allows students to work on real-world projects like designing energy
management or security systems, which fosters engagement, creativity, teamwork, and critical thinking—

https://doi.org/10.56294/dm2025476



Data and Metadata. 2025; 4:476 10

all essential components of HOTS. This hands-on approach helps prepare students for technical careers by
enhancing cognitive skills and encouraging collaborative problem-solving. The implications of this study are
significant for educators and curriculum developers, suggesting that vocational education should incorporate
tools like SH Training Kits and PjBL to better align with industry demands. Future research should explore the
long-term impact of these tools on employment outcomes and investigate their applicability in other fields,
such as engineering and IT.
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