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Introduction

Abstract: This study aims to develop and examine the validity and
practicality of an Electronic Student Worksheet (E-LKPD) based on the
Problem-Based Learning (PBL) model to enhance student engagement and
understanding in Informatics at the secondary school level. The research
employed a Research and Development (R&D) approach using the 4D
model (Define, Design, Develop, Disseminate) proposed by Thiagarajan,
Semmel, and Semmel. The E-LKPD was validated by material and media
experts and tested for practicality by students and teachers. Validation
results indicated an average score of 95.15% from material experts and
96.64% from media experts, both categorized as very high. Practicality tests
yielded an average of 96.28% from students and 96.84% from teachers and
students combined. These findings confirm that the developed E-LKPD is
highly valid and practical for use in Informatics learning. Moreover, its
implementation shows potential to foster student engagement and
understanding, aligning with the intended objectives of the development.

Keywords: E-LKPD; Model 4D; Problem-based learning; Research and
development

problem-solving abilities. This highlights the urgent
need to strengthen both the quality of teaching and the

Education plays a strategic role in the progress of a
nation, as the quality of human resources is shaped by
the effectiveness of learning processes. Careful planning
is therefore essential to ensure that every learner
experiences relevant and effective education. In the era
of the Fourth Industrial Revolution, the integration of
digital technology into education has become a necessity
to create innovative and engaging learning systems that
align with the characteristics of today’s learners
(Montuori et al, 2024). Despite rapid global
advancements in technology, Indonesia continues to
face significant challenges in education. Findings from
the Programme for International Student Assessment
(PISA) 2022 placed Indonesia below the OECD average
in reading, mathematics, and science, indicating
persistent gaps in students’ critical thinking and
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use of technology-based learning innovations to equip
students with 2lst-century competencies (Akbar &
Zahrotun, 2024; Natalia & Muhtarom, 2024; Pambudi et
al., 2024; Wahyuni et al., 2024).

One promising solution is the development of
interactive, technology-based learning media that
promote active engagement and problem-solving. The
Electronic Student Worksheet (E-LKPD) represents a
digital innovation designed to provide dynamic,
flexible, and easily accessible instructional resources
(Moreno-Palma et al., 2024). When combined with the
Problem-Based Learning (PBL) model, E-LKPD has the
potential to encourage independent, creative, and
critical learning, shifting students from passive
recipients of knowledge to active problem solvers
(Amron et al., 2025; Gitakarma & Tjahyanti, 2020).
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The context of SMAN 1 Siberut Barat Daya
illustrates the urgency of such an innovation. Although
stable internet access has only recently become available,
many students still struggle with digital literacy. Most
are familiar only with basic smartphone functions and
lack the ability to wuse productivity applications,
spreadsheets, or online collaboration platforms.
Furthermore, while laptops and personal computers are
largely unavailable, nearly all students own
smartphones, and the school provides tablets for those
without personal devices. This situation emphasizes the
importance of designing E-LKPDs that are fully
compatible with mobile devices. Teachers also face
barriers in implementing PBL effectively (Rich et al.,
2020). Developing problem scenarios that are locally
relevant and feasible with the available devices presents
considerable challenges. Limited instructional time two
45-minute sessions per week further restricts the
opportunities for in-depth exploration and discussion,
which are central to PBL. These limitations often result
in Informatics lessons that remain highly theoretical and
less engaging, leading to low student motivation and
minimal connection between classroom concepts and
real-world applications (Hidayah et al., 2025; Nengsih,
2020; Syaddad, 2020).

Beyond these classroom-level issues, broader
challenges relate to aligning the goals of national
educational reforms with practical realities. The
Merdeka Curriculum, introduced to promote flexibility,
creativity, and problem-solving, requires supportive
tools to be implemented effectively. Without adequate
digital resources particularly those that can be accessed
via smartphones the curriculum’s objectives risk
remaining aspirational rather than actionable (Weintrop
et al., 2019). Against this backdrop, the development of
a PBL-based E-LKPD tailored for mobile access becomes
both timely and necessary. Such innovation has the
potential to not only address gaps in digital literacy and
learning engagement but also to support teachers in
overcoming constraints of time, resources, and
pedagogy. By focusing on Informatics education, the
study also contributes to strengthening a subject that is
increasingly central in preparing students for
participation in a digital society (Fitriyah & Ghofur,
2018; Ismawati et al., 2023; Rizkika et al., 2022).

Previous studies have shown that E-LKPDs can
enhance critical thinking, problem-solving, and
engagement across different learning contexts.
However, most research has focused on urban or
resource-rich environments, while limited attention has
been given to rural schools with restricted infrastructure
and low digital skills. Moreover, although PBL is widely
recognized as an effective pedagogical model, its
integration into mobile-friendly E-LKPDs aligned with

September 2025, Volume 11, Issue 9, 90-96

the Merdeka Curriculum remains underexplored. This
study addresses that gap by developing and validating
a PBL-based E-LKPD specifically designed for mobile
use in rural secondary schools (Rich et al., 2021). In doing
s0, it provides both theoretical contributions expanding
the literature on PBL integration into digital
worksheets —and practical outcomes offering a scalable
and context-sensitive  solution for enhancing
engagement and understanding in Informatics learning
(Risamasu & Pieter, 2023; Sari & Purwaningsih, 2023;
Zhalila et al., 2024).

Method

This study adopted a research and development
(R&D) approach as outlined by Sugiyono (2017). The
R&D method was selected because it is specifically
designed to produce educational products and to
evaluate their quality in terms of validity and
practicality (Zhang et al., 2024). In this study, the
product developed was an Electronic Student
Worksheet (E-LKPD) based on the Problem-Based
Learning (PBL) model for Informatics learning at the
secondary school level. Development research is
inherently iterative, requiring systematic evaluation at
each stage to ensure that the resulting product meets the
expected standards of quality (Syahputra & Abil, 2023;
Khoerunnisa et al., 2023; Hidar & Indana, 2025).

The development followed the Four-D Model (4D
model) proposed by Thiagarajan, Semmel, and Semmel
(1974) (Fitrah et al., 2025). This model consists of four
sequential stages: Define, Design, Develop, and
Disseminate. It was chosen because of its structured and
systematic nature, which has been widely applied in the
development of instructional media and teaching
materials. The stages of the 4D model were adapted to
the context of this study as described below (Putu & Jan,
2024; Zikri & Handayani, 2024).

Defining Stage

In the Define stage, the initial problems in
Informatics learning were identified. The analysis
included five steps: initial-final analysis to recognize
student difficulties in understanding Informatics
concepts, student analysis to explore the characteristics
and prior knowledge of tenth-grade students at SMAN
1 Siberut Barat Daya, task analysis to outline the skills
expected to be mastered, concept analysis to determine
the relevant subject matter, and the formulation of
learning objectives. Additional data were collected
through teacher interviews and a review of previous
studies to strengthen the foundation for product
development ( Ghaisani & Setyasto, 2023; Silfiyani et al.,
2024).
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Design Stage

The Design stage was carried out to create a
blueprint of the E-LKPD. This involved preparing
assessment instruments to measure students’
computational thinking skills, particularly through
problem scenarios related to the social impact of
informatics (Yulanda et al., 2023). Media selection was
conducted to ensure compatibility with student
conditions, resulting in the use of the wizer.me platform,
which is accessible via mobile devices. The format of the
E-LKPD was then defined as a digital worksheet
integrating the PBL model. Finally, an initial prototype
was created, including a storyboard, video-based
instructional materials, comprehension exercises, and
problem-based tasks (Fahrizy & Fathurrahman, 2024;
Rianda et al., 2025).

Development Stage
The Develop stage implemented the prototype
design and focused on expert validation and field
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testing. Material experts and media experts evaluated
the E-LKPD and provided feedback for revisions.
Afterward, a developmental trial was conducted with 50
students to gather responses and assess the practicality
of the E-LKPD in classroom practice (Dewitasari &
Rusmini, 2023; Sajidi & Parmin, 2025).

Deployment Stage

The  Disseminate stage extended  the
implementation of the E-LKPD to a wider context. A
field validation was conducted with tenth-grade
students at SMAN 1 Silaut to examine its practicality in
real classroom conditions. Following this, the product
was finalized and packaged with a user manual to
facilitate wider adoption by teachers and students
(Angeli & Giannakos, 2020; Wardhani et al., 2025).

The overall research procedure following the 4D
model is presented in Figure 1.

Disseminate

(Field testing, \

Productpackaging, |
Bruadﬂ' adoption) /

-
4 Develop \ /
/ (Expert validation,

Product revision, \

Figure 1. Research Procedures Using the 4D Model

As shown in Figure 1, the research followed a
structured sequence beginning with problem
identification and analysis, followed by the design of the
digital worksheet, expert validation and developmental
trials, and finally broader dissemination (Saputra et al.,
2024). This systematic process ensured that the
developed PBL-based E-LKPD met the required criteria
of validity and practicality, while also aligning with the
specific needs of Informatics learning in secondary
schools (Grover & Pea, 2020; Liu et al., 2024).

Result and Discussion

The development of the E-LKPD followed the four
stages of the 4D model: Define, Design, Develop, and
Disseminate. In the Define stage, preliminary analysis
was carried out to identify students’ learning difficulties
in Informatics and to understand their prior knowledge,
digital skills, and learning needs. This stage provided
the foundation for selecting relevant concepts and
formulating learning objectives aligned with the
Merdeka Curriculum. The findings confirmed that

students required learning tools that were mobile-
friendly and capable of fostering computational
thinking and problem-solving skills.

In the Design stage, the initial prototype of the E-
LKPD was created. Assessment instruments were
prepared to measure computational thinking, media and
formats were selected, and the E-LKPD was designed
using wizer.me. This platform allowed the integration of
video-based materials, comprehension tasks, and
problem-based activities. The design aimed to make the
learning process more interactive and engaging while
ensuring accessibility through smartphones, which are
widely used by students in rural schools.

The Develop stage focused on validation and
refinement. Expert validation showed that the E-LKPD
met very high standards in both content and media
quality. Material experts rated content feasibility,
language, and usefulness highly, with an overall score of
95.15%. Similarly, media experts highlighted the
display, ease of use, and consistency, with an overall
score of 96.64%. These results confirm that the E-LKPD
was theoretically valid and technically well designed.
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Table 1. Material expert validation results

Aspect Percentage (%)
Content Appropriateness 96.50
Language 95.90
Presentation 94.70
Usability 93.50
Average 95.15

Table 2. Media expert validation results

Display Percentage (%)
Ease of use 96.50
Consistency 97.40
Format 98.30
Graphics 96.50
Average 94.50

The Disseminate stage evaluated the practicality of
the E-LKPD through trials with students and teachers.
The results demonstrated that the E-LKPD was highly
practical. Students found it easy to use, attractive, and
supportive of independent learning, while teachers
emphasized its convenience and its alignment with
instructional objectives. The average practicality score
from students was 96.28%, and from both students and
teachers 96.84%, both within the “very high” category.

Table 3. Practicality results from students
Aspect

Percentage (%)

Ease of use of the job sheet 97.30
Ease of understanding the material 94.60
Attractiveness of Job sheet 95.70
Learning Independent 97.20
Achievement of Learning goals 96.60
Average 96.28

Table 4. Practicality results from teachers and students

Aspect Percentage (%)
Ease of use 96.10
Ease of understanding 95.50
Student Independence 95.60
Learning Independent 98.80
Teacher convenience 98.50
Average 96.84

These results align with earlier research that
emphasizes the effectiveness of validated and user-
friendly digital worksheets in fostering engagement and
learning autonomy. In rural contexts like SMAN 1
Siberut Barat Daya, where digital literacy and
infrastructure remain limited, the practicality of mobile-
accessible E-LKPD is particularly valuable. The findings
highlight that this innovation supports students’
independent learning and motivation while assisting
teachers in implementing PBL effectively within limited
instructional time.

Overall, this study demonstrates that the
integration of PBL into a mobile-friendly E-LKPD is both
valid and practical for Informatics learning. The novelty
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of this research lies in its adaptation of digital
worksheets for rural school contexts, focusing on
smartphone accessibility and PBL integration. This
approach provides a theoretical contribution by
expanding the literature on PBL-based digital learning
tools and a practical contribution by offering a scalable
solution that bridges the gap between curriculum
reforms and classroom realities in Indonesia.

Conclusion

This study successfully developed an Electronic
Student Worksheet (E-LKPD) based on Problem-Based
Learning (PBL) for Informatics using the 4D
development model (Define, Design, Develop,
Disseminate). The validation process confirmed that the
product met very high standards of content and media
quality, while practicality testing showed that the E-
LKPD is easy to use, engaging, and supportive of
students’ learning independence. These findings
indicate that the developed E-LKPD is both valid and
practical, making it a feasible tool to enhance Informatics
learning in secondary schools.
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