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ABSTRACT

Introduction: vocational students often struggle to diagnose EFI systems due to the abstract nature of the
concepts and limited digital skills. Conventional teaching methods fall short in fostering creativity for solving
complex technical problems. This study aimed to develop and evaluate a Problem-Based Learning model
integrated with Digital Literacy (PBL-DL) to enhance students’ creativity in diagnosing EFI systems.
Method: using an adapted Borg and Gall development model, the study involved 176 participants, including
teachers, students, and media/material experts. The research proceeded through four stages: preliminary
study, design and development, user response testing, and effectiveness testing. Data collection instruments
included questionnaires, expert validation checklists, and creativity observation sheets. Analyses used
descriptive statistics, paired t-tests, and independent t-tests.

Results: the PBL-DL model significantly improved students’ creativity in diagnosing EFI systems. Indicators
such as fluency, originality, and elaboration showed statistically significant increases. The integration of
digital tools also enhanced students’ access to and engagement with learning materials. The model shows
potential for broader application in other complex vocational learning contexts.

Conclusions: integrating digital literacy into problem-based learning strengthens students’ creative
problem-solving and classroom engagement. The PBL-DL framework contributes to more effective vocational
education while supporting the development of essential 21st-century skills.

Keywords: Digital Literacy; Vocational Education; Creativity; EFI Diagnosis; Problem-Based Learning.
RESUMEN

Introduccion: los estudiantes de formacion profesional suelen enfrentar dificultades al diagnosticar sistemas
EFI debido a la naturaleza abstracta de los conceptos y a sus limitadas habilidades digitales. Los métodos
de ensenanza tradicionales no logran fomentar la creatividad necesaria para resolver problemas técnicos
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complejos. Este estudio tuvo como objetivo desarrollar y evaluar un modelo de Aprendizaje Basado en
Problemas integrado con Alfabetizacion Digital (ABP-AD) para mejorar la creatividad de los estudiantes en el
diagnostico de sistemas EFI.

Método: utilizando un modelo de desarrollo adaptado de Borg y Gall, el estudio involucré a 176 participantes,
incluidos docentes, estudiantes y expertos en medios y materiales educativos. La investigacion se llevo a
cabo en cuatro etapas: estudio preliminar, diseno y desarrollo, prueba de respuesta del usuario y evaluacion
de la efectividad. Se utilizaron cuestionarios, listas de validacion de expertos y hojas de observacion de la
creatividad. El analisis se realizo mediante estadisticas descriptivas y pruebas t pareadas e independientes.
Resultados: el modelo ABP-AD mejoro significativamente la creatividad de los estudiantes para diagnosticar
sistemas EFl. Indicadores como fluidez, originalidad y elaboracion mostraron aumentos estadisticamente
significativos. La integracion de herramientas digitales también mejord el acceso y la participacion de los
estudiantes en los materiales de aprendizaje. El modelo tiene potencial para ser aplicado en otros contextos
de formacion técnica compleja.

Conclusiones: La integracion de la alfabetizacion digital en el aprendizaje basado en problemas fortalece la
capacidad creativa para la resolucion de problemas y mejora la participacion en el aula. El modelo ABP-AD
representa un avance en la educacion profesional y promueve habilidades clave del siglo XXI.

Palabras clave: Alfabetizacion Digital; Educacion Vocacional; Creatividad; Diagnostico EFI; Aprendizaje
basado en Problemas.

INTRODUCTION

Automotive Engineering (AE) is an area of expertise in vocational education. Various researchers see AE as a
field with highly complex learning outcomes."? The general competencies taught cover the cognitive, affective,
and psychomotor domains.® Meanwhile, the skills that must be mastered are identification, understanding the
construction and workings of the system, care, maintenance, and troubleshooting the system.® This complexity
is often considered by educational practitioners in the field of AE, especially teachers, in managing learning
to achieve complex skills.® These concerns are also experienced by students, as noted by Nasrudi et al.®,
who found high learning difficulties in several units of competency, as evidenced by low learning outcomes.
One of the most concerned units of competency is the diagnosis of the electronic fuel injection (EFI) system
in motorcycle vehicles.®” The EFI system is a fuel spraying system whose working process is electronically
controlled, enabling fuel spraying efficiency tailored to the engine’s needs. The complexity of the electronic
construction of this system, which is abstract, makes it difficult to achieve learning outcomes when diagnosing
the damage that occurs.®

Diagnosis in these systems is synonymous with the process of problem-solving with in-depth discovery and
identification methods.® Therefore, to overcome the problem of low diagnostic results, teachers adopt a
problem-based learning (PBL) model. PBL is a problem-centred learning model to be solved by students through
systematic steps with a scientific approach.®'2 |n general, problem-based learning can be approached
through five key stages: defining, organizing, hypothesizing, testing, and evaluating.>'*' |n the context of
the EFI system, PBL can be illustrated by starting with initial testing of system conditions, organizing based on
initial system data, proposing temporary conjectures from the initial test results, making system measurements,
and finally evaluating them.(® However, studies have yet to be specific in addressing the problem of students’
difficulties in diagnosing damage to the EFI system.®' The implementation of PBL in vocational education
in certain fields can be a trap for teachers in terms of time efficiency and effectiveness in achieving learning
objectives. As a result, students are confined to procedural problem-solving activities whose answers are
uncertain.®

Tan said that the application of PBL should be oriented to stimulate students’ learning creativity.*29 Learning
creativity is a creative thinking process skill that enables students to produce new ideas successfully and
continue to develop them through a learning process that integrates effective learning methods. Creativity is a
crucial aspect that can contribute to increased efficiency and effectiveness in problem-solving.?" Furthermore,
emphasized that creativity offers an alternative approach to preventing problems from escalating.® In addition,
the characteristics of the EFI system, whose electrical pathways are abstract, require creativity to facilitate a
quick understanding of the system.® The speed of the thinking process in identifying these problems is also a
qualification prioritized by the world of work.? Therefore, PBL managers must innovate in implementing it so
that student learning creativity can be optimally pursued to support the learning process of diagnosing the EFI
system effectively and efficiently.

Digitalization in learning is a leading option that can be integrated to enhance students’ learning creativity in
diagnosing EFI systems. 242 Digital media has provided a vast space for learners to explore knowledge and build
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their skills.?%27.28 The easy-access process, which can be completed at any time and from anywhere, provides
high flexibility to students, allowing for optimal learning efficiency.?*39 However, several studies warn that
integrating digital technology requires strong digital literacy (DL). DL is a fundamental aspect that underpins
skills such as accessibility, accuracy, relevance, and ethical use, as well as the justification of digital resources
used as a support tool for PBL problem-solving.©"32 DL can increase understanding in problem-solving and speed
up the work process effectively.®® Therefore, DL is very important to be integrated into PBL in order to increase
students’ learning creativity in diagnosing damage to the EFI system. This research specifically aims to design
a problem-based learning (PBL) model with a focus on integrating digital literacy (DL) in its application. More
specifically, aspects of digital literacy are integrated into the structure of PBL, allowing learning practitioners,
including students, to understand the structure comprehensively and develop an attitude to sort out digital
learning resources effectively.

METHOD
Research Design

=

8 experts
(4 Material and 4 Media)

Second stage

L—

=

Fourth stage ‘
96 students

Figure 1. Stages of Educational Development Research in Designing and Creating the Product

This study is an educational development research adapted from Plomp.®% The research followed several
stages, which included a preliminary study, product design and development, user response testing, and
effectiveness testing through a quasi-experimental design. The study aimed to produce an educational product
tailored to user needs. The entire design process involved key stakeholders, including vocational teachers,
media and content experts, as well as vocational students. These stages were believed to contribute to the
creation of an effective product capable of enhancing students’ competencies in accordance with industry
demands. Educational development research is considered capable of producing valuable products aligned with
the needs of both students and teachers due to their transparent involvement throughout the process. The
stages of this development research are illustrated in figure 1.

This study involved 204 respondents, comprising 20 vocational teachers (9,8 %), 176 vocational students (86,3
%), and eight media and content experts (3,9 %). The selection of the number and composition of respondents was
based on the need to include various stakeholders relevant to the context of developing a learning product for
two-wheeled vehicle EFI systems. To ensure a representative and comprehensive data distribution, respondents
were selected from both public and private schools, taking into account the differing characteristics, resources,
and instructional challenges of these two types of institutions. The detailed characteristics of the respondents
are presented in table 1 below.
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Table 1. Distribution of Respondents by Research Stage (N=204)

Stages Characteristics Number (n) Percentage (%)
Preliminary study Vocational teachers? 2 0,98
Vocational teachers 2 0,98
Vocational students? 8 3,92
Vocational students® 8 3,92
Development Material experts 4 1,96
Media experts 4 1,96
Evaluation (user response  Vocational teachers?® 6 2,94
testing) Vocational teachers® 10 4,90
Vocational students? 23 11,27
Vocational students® 41 20,10
Implementation Vocational students® 23 11,27
(Effectiveness testing) Vocational students® 23 11,27
(Control class)
Vocational students® 25 12,25
Vocational students® 25 12,25

(Control class)

Notes: a) State Vocational Schools and b) Private Vocational Schools

The sampling technique employed was purposive sampling for vocational teachers and subject-matter
experts, and proportional stratified random sampling for vocational students. Teachers were selected based
on specific criteria, namely, their role as instructors of EFI fuel system courses and a minimum of three years
of teaching experience. Students were proportionally selected from Grades XI and Xll of the Light Vehicle
Engineering and Motorcycle Engineering programs, and had completed coursework related to the EFI system.

Table 2. Validation Criteria for Material and Media Experts

Respondent

Expert Type Code Expertise Description
Expert of Material EMa1 Professor - Automotive Professor with 42 years of teaching experience in automotive
(EMa) Engineering engineering. Actively involved in research and development
of instructional models and serves as an advisor to the
national automotive professional association.
EMa2 Associate Professor - 30 years of experience in teaching automotive engineering.
Automotive Engineering Involved in developing instructional models, certified BNSP
assessor, automotive instructor, and collaborator with PT
Astra Daihatsu Indonesia.
EMa3 Associate Professor - 29 vyears of experience in automotive instruction.
Automotive Engineering Participated in instructional development, certified BNSP
assessor, and partnered with PT Nissan Indonesia.
EMa4 Associate Professor - 32 years of experience in teaching and model development.
Automotive Engineering Acts as BNSP assessor and collaborates with PT Nissan
Indonesia in vocational education.
Expert of Media EMe1 Professor - Learning 36 years of teaching in learning media. Focuses on digital
(EMe) Media media development and serves as a consultant in technology-
based instructional design.
EMe2 Professor - Learning 38 years of experience in instructional media, BNSP assessor,
Media and expert consultant in VR/AR-based media development.
EMe3 Associate Professor - 30 years of teaching. Specialized in Al-integrated learning
Learning Media media, certified BNSP assessor in Indonesia.
EMe4 Associate Professor - 37 years of experience in VR/AR-based instructional media
Learning Media development, certified BNSP assessor in Indonesia.

Meanwhile, the eight experts involved in product validation and evaluation comprised four subject-matter
experts and four media experts. These experts were selectively recruited through purposive sampling, based
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on their academic qualifications in the field of automotive engineering education (for subject-matter experts)
and instructional technology or media (for media experts) as presented in table 2. Additionally, they possessed
extensive professional experience, ranging from 29 to 42 years, in their respective fields, including university
lecturing, instructional media development, vocational education consulting, and BNSP certification as assessors.
All experts had also been actively engaged in the development of learning models or technology-based digital
media, and had track records of collaboration with automotive industries such as PT Astra Daihatsu and PT
Nissan Indonesia, as well as in the development of technology-integrated media for vocational education.

This approach was adopted to ensure the validity of the developed product, optimize user responses,
and secure credible assessments from field experts. All procedures were designed by systematic principles
of educational product development, ensuring academic accountability and alignment with the stages of
educational design research.

Collection Data and Instruments

The preliminary study stage was conducted from November to December 2024. Data were collected to
identify curriculum needs, required competencies, teaching materials, and learning challenges related to the
two-wheeled vehicle EFI system. A total of 20 respondents participated in this stage, consisting of 4 vocational
teachers and 16 students. Data collection techniques included surveys, limited interviews, and focus group
discussions (FGDs). The instruments used were questionnaires comprising 16 items, covering aspects such as the
use of media and instructional models, student learning outcomes, and support for instructional development. %

The design and development stage took place from January to March 2025. During this phase, the researchers
designed a guidebook for a Problem-Based Learning (PBL) model integrated with digital literacy, based on the
analysis from the preliminary study. The draft product was then validated by eight experts, comprising four
subject-matter experts and four media experts. Validation was conducted using a structured questionnaire.
The subject-matter experts assessed content relevance, instructional syntax, language, and formatting across
21 items. Meanwhile, media experts evaluated the design, visualization, consistency, contextual alighment,
and user-friendliness across 16 items.(?

Subsequently, the evaluation stage (user response testing) was conducted in March 2025, involving limited
trials to assess user perceptions of the developed product. A total of 80 vocational students participated in
the event. Data were gathered using a perception questionnaire consisting of 12 items, focusing on design and
visualization, consistency, ease of use, and language appropriateness.(?

The final stage, implementation (effectiveness testing), was carried out in April 2025 using a quasi-
experimental design with a pretest-posttest control group format. The experimental group received instruction
using the PBL-based guidebook, while the control group was taught using conventional methods. Effectiveness
was measured by observing students’ learning creativity using an observation instrument comprising 12
indicators, including fluency, originality, elaboration, collaboration, and implementation. (%29

All data collection procedures in this study adhered to research ethics principles, including obtaining informed
consent, maintaining confidentiality, and ensuring that participation was entirely voluntary. Respondents
retained full rights to withdraw from the study at any time without any consequences. This research received
formal approval from the relevant educational institutions, and all processes were conducted transparently,
traceably, and accountably by scientific standards.

Data Analysis

The data analysis in this study was conducted by the four stages of the research process: needs analysis,
product validation, user response testing, and effectiveness testing. At the needs analysis stage, descriptive
statistics were used to categorize students’ and teachers’ responses regarding the urgency of developing a
learning model integrated with digital literacy. Responses were grouped into five categories: Very Need (VN),
Need (N), Fairly Need (FN), Not Need (NN), and Very Not Need (VNN). In the validation stage, the same
descriptive method was used to analyze scores from eight expert validators (four media experts and four
subject matter experts). Their assessments were categorized into five levels of feasibility: Very Feasible (VF),
Fairly Feasible (FF), Not Feasible (NF), and Very Not Feasible (VNF). The scoring intervals were determined
using the same statistical thresholds applied in the previous stage. This consistency enhances the transparency
and replicability of the analysis. At the user response stage, responses from 80 vocational students and 16
teachers regarding the usability and practicality of the guidebook were analyzed using the same descriptive
technique. Categories used include Very Good (VG), Good (G), Fairly Good (FG), Not Good (NG), and Very
Not Good (VNG). These classifications provided clear and structured feedback to assess user satisfaction and
product usability. The classification was based on the ideal mean (Mi) and standard deviation (SDi), with score
intervals and corresponding categories presented in table 3.
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Table 3. Interval Score and Category Determination Framework

Interval score Needs Analysis Validation User Response
M>Mi+1,5 Sdi Very Need Very Feasible Very Good
Mi+0,5 SDi<M<Mi+ 1,5 SDi Need Feasible Good
Mi-0,5 SDi<M<Mi+ 0 SDi Fairly Need Fairly Feasible Fairly Good
M>Mi+1,5 Sdi Very Need Very Not Feasible Very Not Good

Lastly, in the effectiveness testing phase, inferential statistical techniques were implemented. A paired-
sample t-test was performed to analyze the change in creativity scores of students in the experimental group
before and after the intervention. A normality test was conducted to ensure the data were normally distributed
and suitable for parametric analysis. The outcome indicated a significant p-value of 0,000 (p < 0,05), which
confirms the model’s effectiveness in improving creativity. An independent sample t-test was performed to
assess the difference in post-test scores between the two groups. The significance value was p = 0,000, which
further validated that the problem-based learning integrated with a digital literacy approach provided to the
experimental group was more effective than the conventional approach used with the control group. All tests
were performed using SPSS, which was selected for its strong analytic capabilities, reliability, and considerable
academic reputation.®® A combination of descriptive and inferential statistical methods was employed, utilizing
a trusted statistical package to ensure the results were accurate, valid, and reliable.

All phases of the study were conducted by the principles of research ethics, protecting the welfare, rights,
and comfort of participants. In this study, informed consent was secured from respondents, including teachers,
students, and experts, after briefing participants on the purpose and processes involved, as well as their
expected roles. Participation was voluntary, and respondents were free to withdraw without any negative
implications. There was, however, a preliminary study that was consented to, which included interviews,
surveys, and focus group discussions. During the product validation and user response phases, expert and user
feedback were gathered anonymously and used solely for model refinement. During the effectiveness testing
stage, data were collected through observation and evaluation with the permission of the participating schools.
All personal data was kept confidential, with no identifying information disclosed in reports or publications.
Additionally, flexibility in participation was ensured, as the data collection was scheduled in a manner that
did not disrupt learning activities. Together, these ethical aspects made sure that the research upheld the
participants’ dignity, privacy, and autonomy.

RESULTS
Preliminary Study: Identification of Learning Needs

The results of the survey conducted with 16 vocational students indicated that all four assessed aspects
were categorized as Very Need. The detailed findings are presented in table 4.

Table 4. Survey Results on Learning Needs

No Aspects Nuer::;; &l Mean Score  Category
1 Media usage 4 16,10 Very need
2 Learning model implementation 4 16,25 Very need
3 Student learning outcomes 4 16,55 Very need
4 Support for instructional innovation 4 16,52 Very need

Total/Average 16 16,42 Very need

Note: scoring based on a Likert scale from 1 (Very Not Need) to 5 (Very Need).

Furthermore, the descriptive qualitative findings obtained from limited interviews and focus group discussions
(FGDs) involving vocational teachers and students are summarized in table 5.

https://doi.org/10.56294/saludcyt20251938 ISSN: 2796-9711


https://doi.org/10.56294/saludcyt20251938

7 Deni Ramdani S, et al

Table 5. Interview and FGD Results on EFI System Learning

Data source

Key Findings

Meaning

Teacher Interview

EFl material is considered abstract and difficult to
understand without interactive visual media. [T1,

T2, T3, and T4]

Learning media is still manual and does not support
real-world practice. [T2 and T4]

One-way learning, lacking student exploration skills.
[T1 and T2]

Students’ digital skills are still low. [T3]

Students feel bored with lectures. [T1, T4]
Difficulty understanding EFI sensors and actuators.
[T2, T3, and T4]

Rely solely on teacher explanations. [S6, 57, and S9]
Desires  project-based learning, videos, or
simulations. [S1, S2, S3, S4]

Teacher and Student
Focus Group Discussion

Teachers expressed the need for
learning that utilizes interactive
digital media and problem-solving-
based models to encourage students
to be more active and understand
concepts better.

Students desired more engaging
learning models, based on real-
world practice, and utilizing digital
technologies such as video, animation,
and independent exploration.

Note: T = Teacher and S = Student

Findings from the preliminary study indicate an urgent need for innovative learning approaches that go
beyond conventional methods by actively engaging students through a problem-based learning (PBL) approach.
In addition, the integration of digital literacy emerged as a critical requirement to support students in
understanding abstract concepts and enhancing their learning creativity, particularly in mastering the complex

competencies of the EFI system.

Design and Development

Training Object1 ]

Training Object2 ]

>

Training Object3 ]

PRELIMINARY STUDY
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Figure 2. Problem-based Learning Steps Integrated with Digital Literacy in the EFl System Competency
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The guidebook, which will serve as the development product, describes the steps in the developed learning
model. In addition, the theory of the learning model, which consists of the understanding, foundation, benefits,
and relevance of problem-based learning integrated with digital literacy, is also described. It aims to provide
information to teachers as learning practitioners on the importance of problem-based learning models integrated
with digital literacy, as well as the concept of the process. The steps of the problem-based learning model are
described as follows: (1) Formulate a problem topic; (2) Organize the problem; (3) Formulate hypotheses; (4)
Test hypotheses; and (5) Formulate problem-solving solutions.

Meanwhile, digital literacy that will be integrated into the syntax of problem-based learning consists of the
following: (1) Application and understanding of basic ethics in the use of digital media by the learning context;
(2) Accuracy in accessing information from available digital media and learning resources; (3) Exploration of
problems and solutions in digital resources appropriately according to learning topics; (4) Collection of data
according to the context in digital learning resources as support for solutions; and (5) Filtering and evaluation
of information in decision making, as well as interpretation of results in digital media. The syntax of PBL
integrated with digital literacy is presented in figure 2.

The development stage begins with preparation, which involves selecting materials (basic competencies,
indicators of competency achievement, and lesson plans), creating integrated syntax, and preparing
development products in the form of a learning model guidebook. The design of the problem-based learning
model guidebook, integrated with digital literacy, is tailored to the theme of digital literacy. Text writing
involves selecting the type of font, font size, spacing, and adopting a simple sentence structure. The elements
of creating book media include image editing, context-adjusted cover design, book size, page count, paper
type, chart editing, and colour selection. Completing the guidebook involves structuring its contents, printing,
and binding the book. Figure 3 presents the cover design of the guidebook for problem-based learning models
integrated with digital literacy.

%’ SaE
‘o o
ko

Figure 3. Cover of the Guidebook for a Problem-Based Learning Model Integrated with Digital Literacy

After the product has been developed, the next step is to conduct a feasibility validation test by asking for
an expert assessment. Experts involved include material experts and media experts. Table 6 is a summary of
the results of validation conducted by material experts, media, and learning practitioners. Based on the results
of material validation, it can be concluded that the material’s suitability to the learning context falls into the
“feasible” category. The value of the suitability of learning steps, language, and format is in the “very feasible”
category. The results of media validation obtained a feasibility value for design and visualization in the “very
feasible” category. The feasibility value in terms of consistency and context suitability falls into the “feasible”
category. Meanwhile, the assessment conducted by learning practitioners yielded results that fall into the very
feasible category, as indicated by the video output, consistency, context suitability, and ease of use. Thus, it
can be concluded that the feasibility of the developed product falls into the “very feasible” category for use
and implementation.

https://doi.org/10.56294/saludcyt20251938 ISSN: 2796-9711


https://doi.org/10.56294/saludcyt20251938

9 Deni Ramdani S, et al

Table 6. Result of Product Feasibility

Expert Aspect Score Category
Expert of Material (EMa) Suitability of the material 4,22 Feasible
Syntax suitability 4,40 Very Feasible
Language and format 4,40 Very Feasible
Expert of Media (Eme) Design and visualization 4,25 Very Feasible
Consistency 4,00 Feasible
Context suitability 4,00 Feasible
Ease of use 4,67 Very Feasible

User Response Test Result

The results of the responses from teachers and students in the first stage are shown in table 7 below. The
results of the user response analysis, conducted in the first stage of the product’s implementation, were
obtained in four aspects. All aspects of the teacher received a very good assessment. Meanwhile, for students,
design and visualization, consistency, and language suitability are in the “good” category. At the same time,
the aspect of ease of use received a “very good” assessment. Thus, in the first stage of implementation, a very
good response to the developed product was obtained.

Table 7. Limited Scale Assessment Results

Score Category
No Aspect
Teacher Student Teacher Student
1 Design and visualization 4,67 4,00 Very Good Good
2 Consistency 4,33 3,67 Very Good Good
3 Context suitability 4,33 4,67 Very Good Very Good
4 Ease of use 4,67 4,00 Very Good Good

The results of the response test in the second stage of implementation are presented in table 8. All aspects,
including design and visualization, consistency, ease of use, and language suitability, fall into the “very good”
category in the assessment of teachers and students. Thus, the first stage of implementation received a very
good response.

Table 8. Large Scale Assessment Results

Score Category
No Aspect
Teacher Student Teacher Student
1 Design and visualization 4,82 4,50 Very Good
2 Consistency 4,38 4,33 Very Good
3 Context suitability 4,41 4,67 Very Good
4 Ease of use 4,82 4,50 Very Good

Effectiveness Test Results
In this test, the hypothesis formulated is as follows. The results of the paired sample t-test are shown in
table 9.

Table 9. Paired Sample t-Test Results
Pair Mean Difference (Md) t Statistic p-value

Experiment Pretest - Experiment

Posttest -17,250 24,949 0,000

Based on the results of the analysis above, the significance value in the experimental class pretest and
posttest pair is 0,000. The significance value is smaller, with P < 0,05. Thus, there is a significant increase in
student learning creativity after applying a problem-based learning model integrated with digital literacy. Then,
the second analysis, related to the difference in learning creativity as measured in the questions, compares
the average difference in learning creativity between the experimental posttest class and the posttest control
class (table 10). Data analysis using the independent sample t-test assisted by SPSS V21, which has gone through
the previous data normality test. In this test, the hypothesis formulated is as follows. The independent sample
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t-test results are shown in table 10. Based on the results of the analysis above, a significance value of 0,000

was obtained. The significance value is smaller, or P < 0,05. Thus, there is a significant difference in the average
learning creativity of experimental posttest and posttest control class students.

Table 10. Independent Sample t-Test ResultS

Comparison Mean Difference (Md) t Statistic p-value
Experiment Posttest - Control 6,625 8,981 0,000
Posttest

DISCUSSION

The problem-based learning model product integrated with digital literacy (PBL-DL), developed in this study,
aims to increase student learning creativity in the competency of diagnosing and repairing motorcycle injection
systems, systematically packaged in an implementation guidebook. The model implementation guidebook aims
to provide guidelines that can facilitate teachers in implementing the PBL-DL model to stimulate student
learning creativity. In implementing the PBL-DL model, the guidebook is also supported by lesson plans and
job sheets, which are also the result of development. The PBL-DL model is positively perceived by vocational
learning practitioners, namely teachers and students. They jointly assessed the PBL-DL model book with very
good criteria. This indicates that the model can be applied in learning, particularly to enhance student creativity
in diagnosing and repairing motorcycle injection systems. Most teachers provided positive comments, stating
that digital literacy is crucial for students in the current era of technological development.©®

So far, vocational learning remains stuck in the same process as before, namely, relying on traditional
methods and strategies. This illustrates a problem that shows that vocational learning has not developed and
has not been adaptive to date.® Failing to adapt to developments can result in a gap in the skills students need
to achieve. Learning in the era of digital transformation requires strong digital literacy.®:3® Digital literacy
is essential for better learning. It will help students gain a comprehensive understanding of the right digital
technology to support learning achievement.®® Strong digital literacy will be the foundation of students’
mastery of built-in digital technology.“® In addition, the ability to find appropriate and relevant digital learning
resources is a key impact of digital literacy on students.“" It is hoped that with good digital literacy followed
by high mastery of digital technology, students can learn more effectively and efficiently than before.“?
Additionally, the integration of digital learning resources accessible through digital technology can provide
broad and comprehensive insights and learning experiences. "

On the other hand, teachers also responded to problem-based learning, stating that it is very good to
implement. Problem-based learning can provide students with a sense of meaning in their learning.“®¥ In
addition, the inseparability of life from problems makes problem-based learning particularly effective when
applied in vocational learning.“*) Problem-based learning is highly relevant to these competencies, especially
in diagnosing and repairing motorcycle injection systems." Teachers strongly agree that a comprehensive
understanding of relevant technology and learning resources is integrated into the problem-solving process
in learning. Teachers agree to the integration of digital literacy in problem-solving based on various factors.
Efficiency and effectiveness in problem-solving are the primary reasons why teachers agree to integrate digital
literacy.*® In addition, through learning with digital literacy integration, students can gain a broad overview
of learning resources that are useful in solving problems, especially complex ones.®® Thus, teachers’ perception
of the feasibility of a model that embeds digital literacy is a significant signal of the shift towards learning
processes aligned with current developments.

The feasibility of digital literacy applied to problem-based learning is supported by previous relevant
research. The research concluded that digital literacy is highly effective when applied to learning, particularly
in vocational education.®4) The number of competencies that involve sub-competencies in analysing complex
system damage is the reason problem-solving is not limited only to solving existing problems; the depth and
meaningfulness of the problem-solving process are also important aspects that students must experience. This
is the feasibility of digital literacy in assisting problem-solving, as it will provide a comprehensive perspective
on selecting appropriate and extensive learning resources.“®

Other research reinforces the appropriateness of digital literacy in vocational learning. The research
illustrates the low level of mastery of digital technology as a learning support.“-9 In the case of a low level of
mastery of digital technology, the study revealed that teachers’ awareness of the presence of digital technology
that can support learning still needs improvement. In addition, teachers’ understanding of technology and digital
learning resources still needs to be improved.®5:52 Thus, a learning innovation that can instil digital literacy
in teachers’ learning is urgently needed. Hence, the development of PBL-DL is very feasible for application in
vocational learning, one of which is the competency of diagnosing and repairing injection systems.

The orientation of implementing problem-based learning, integrated with digital literacy, is to achieve
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student learning outcomes. However, on the other hand, this orientation is crucial in developing other essential
skills for learning, particularly as the foundation for the learning process."" Learning to be creative is a vital skill
for students to develop in their academic pursuits. Learning creativity will affect student stimulation in applying
learning innovations. Learning is crucial for improvement and enhancement to increase the effectiveness of,
thereby maximising competency. (%5

In the implementation of the PBL-DL model in the competency of diagnosing and repairing motorcycle
injection systems, it has been proven that the model is effective in increasing student learning creativity. The
effectiveness trial showed that the class that implemented the PBL-DL model proved to have higher student
learning creativity than the class that used the same learning model as before. The creativity is evident in the
students’ fluency and flexibility in thinking and carrying out practical activities. In addition, the discovery of
appropriate problem formulation ideas, followed by extensive solutions, is a visible part of learning creativity.
Innovation in the form of solutions for repairing motorcycle injection systems is also seen in most students.

The effectiveness of the PBL-DL model in enhancing student learning and creativity demonstrates that the
model is highly feasible for application in learning, particularly in the competency of diagnosing and repairing
motorcycle injection systems. Several key factors significantly impact effectiveness. The integration of a
comprehensive understanding of various learning resources that offer efficiency and effectiveness in problem-
solving is a crucial aspect of enhancing learning creativity.®*> This is what digital technology can provide: a
wide range of learning resources supported by strong digital literacy. Additionally, the nature of digital media,
which enables the transformation of abstract systems into reality, is also a significant factor influencing the
growth of student learning and creativity.®

Despite the promising findings, this study has several limitations. First, the implementation and testing
were limited to EFI diagnostic competencies in motorcycle systems, which may not fully represent the model’s
applicability across other vocational domains or broader automotive systems. Second, the duration of the
intervention was relatively short, which may have limited the long-term observation of creativity development.
Third, students’ digital literacy levels varied, which could have influenced the consistency of outcomes.
Therefore, future research is recommended to apply the PBL-DL model in diverse vocational settings and over
more extended periods to evaluate its sustained impact. It is also recommended to integrate initial digital
literacy training before implementing PBL-DL to ensure more equitable engagement and outcomes across
student groups.

CONCLUSIONS

This study successfully developed a Problem-Based Learning model integrated with Digital Literacy (PBL-DL)
to enhance students’ creativity in diagnosing EFI systems. The model was systematically designed, validated by
experts, and implemented through a structured development process. Findings confirmed that the PBL-DL model
significantly improved students’ creative thinking, particularly in fluency, originality, and elaboration. Expert
validation and user responses from both teachers and students categorized the model as highly feasible and
very good in terms of usability, practicality, and content relevance. The model also demonstrated effectiveness
in fostering student engagement and supporting system-based problem-solving in complex technical contexts.
These results affirm that the PBL-DL model meets its intended objective and can serve as a viable instructional
framework in vocational education. It holds strong potential for replication and adaptation in other domains
that require creativity and digital competence.
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