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Introduction

Abstract: This study aimed to validate Phyleb-VIV, a web-based learning medium that
integrates a virtual laboratory, interactive simulations, and video-based instruction to
train junior high school students’ problem-solving skills in direct-current electricity.
The development research followed the ADDIE model, and this report focuses on the
implementation outcomes and formative expert evaluation. Expert validation was
conducted by three validators using a 1-5 Likert-type instrument across four aspects,
namely Content, Appearance and Design, Language and Communication, and
Interactivity and Engagement. Data were analyzed descriptively using mean Likert
scores (P) and validity criteria. The results indicated that all aspects fell into the Highly
Valid category, namely Content (P =4.80), Appearance and Design (P =5.00), Language
and Communication (P = 5.00), and Interactivity and Engagement (P = 4.75). These
findings confirm that Phyleb-VIV is suitable for classroom try-outs to examine its
practicality and effectiveness. Recurrent qualitative feedback from validators
emphasized the need for more diagnostic, topic-specific automated feedback and
regular content updates to maintain relevance. In conclusion, Phyleb-VIV
demonstrates excellent validity in terms of content, interface, communication, and
interactivity, and is ready for further testing to evaluate its impact on improving
students” conceptual understanding and problem-solving skills in direct-current
electricity.

Keywords: Direct-current electricity; Expert validation; Interactive simulations;

Problem-solving skills; Virtual laboratory; Web-based learning

skills, have not developed optimally among middle
school students. Problem-solving is a key 21st-century

Physics learning at the middle school (junior high
school) level faces complex challenges, particularly in
helping students grasp abstract concepts and apply
them to real-world problem solving. One topic that often
causes conceptual difficulties is direct current (DC)
electricity, =~ which  requires  logical thinking,
mathematical reasoning, and an understanding of
relationships among physical variables. Prior work
indicates that many students still hold misconceptions
about Ohm’'s law, current, voltage, and electric circuits
due to instruction dominated by memorization and
limited laboratory experience (Marcelina & Hartanto,
2021; Prastyaningrum & Pratama, 2019). Consequently,
higher-order thinking skills, including problem-solving
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competence that equips students to tackle contextual,
everyday problems. In physics learning, it relates not
only to cognitive outcomes but also to critical, analytical,
and reflective thinking when addressing scientific
problems. Studies show that problem-solving-oriented
education strengthens these skills (Abeden & Siew, 2022;
Alberida et al.,, 2022). However, efforts to cultivate
problem-solving are often hindered by limited
laboratory facilities, a lack of interactive media, and
suboptimal technology integration in science classes.
Adequate laboratory provision enhances practical
experiences that foster problem-solving (Alberida et al.,
2022). Interactive media—such as simulations or
educational software—can better attract students’
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interest and improve conceptual understanding
(Abeden & Siew, 2022; Asri et al,, 2024). Technology
integration also enables more flexible learning and
broader access to resources to support analytic skill
development (Wenno et al, 2021). Interactive
environments like virtual laboratories can reinforce
cognitive and collaborative skills, thereby facilitating
better problem-solving (Gunawan et al, 2018;
Ratnaningsih & Hertanti, 2020). These approaches are
relevant to unlocking students’ potential in physics
learning and in everyday life (Susetyo et al., 2021). This
situation calls for innovative media that visualize
abstract concepts, offer interactivity, and provide virtual
experimental experiences to support scientific
reasoning.

Several studies have developed technology-based
media—virtual laboratories, interactive simulations,
and video-based instruction—that effectively increase
motivation and understanding of physics concepts. For
example, videoscribe-based instructional videos have
improved physics conceptual understanding and
demonstrated media effectiveness (Listari et al., 2023).
Android-based learning media have been shown to
make physics learning more effective with positive
impacts on understanding (Nyemas, 2020). PhET
simulations have significant effects on concept mastery
and help students grasp physics content more deeply
(Yunita et al., 2020). Through such tools, teachers can
more successfully facilitate effective and engaging
learning (Aswara et al.,, 2022; Kamil, 2023). Previous
studies have documented the benefits of virtual
laboratories, interactive simulations, and video-based
instruction in electricity learning. Several web-based
learning platforms have also integrated more than one
of these approaches; however, empirical validation of
web-based media that coherently combine all three
within a single integrated environment remains very
limited. Virtual laboratories are proven to support
process skills and experimental activities, yet they are
often not accompanied by sustained, diagnostic
problem-solving feedback. Video-based instruction
facilitates concept visualization, but it tends to be one-
way and provides limited opportunities for interactive
exploration. Interactive simulations, on the other hand,
are effective for manipulating variables, but they are not
always supported by systematic conceptual narratives
and structured practical tasks. These conditions indicate
a research opportunity for the development and,
importantly, the validation of integrated learning media
that bring the three approaches together in a coherent
web-based platform. Further research is needed to
provide robust evidence of validity and design
feasibility for such integrated media.

Development research in educational media should
not stop at product design; it also requires
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comprehensive validation by content and media experts.
The importance of expert validation lies in ensuring that
media are not only visually appealing but also aligned
with the curriculum and intended learning goals
(Alberida et al., 2022). Expert review is crucial to
evaluate content quality and the feasibility of classroom
use (Abeden & Siew, 2022). Without proper validation,
products may contain misinformation or be misaligned
with students” needs, adversely affecting their
understanding. Validation is therefore key to ensuring
media are fit for use from the perspectives of content
accuracy, clarity of presentation, language effectiveness,
and interactivity. A validation-focused study is thus
necessary before wide-scale classroom implementation.

This study develops and validates Phyleb-VIV
(Physics Learning Web-Based on Virtual Laboratory,
Interactive Simulation, and Video-Based Instruction).
Phyleb-VIV is a web-based integrated medium designed
to improve students’ problem-solving skills in DC
electricity. It combines a virtual laboratory for digital
experimental experiences, interactive simulations that
let students manipulate variables and observe real-time
outcomes, and video-based instruction that explains
foundational concepts contextually. This integration is
relatively novel in media development for lower-
secondary science.

Accordingly, this study aims to develop and
validate Phyleb-VIV as a web-based learning medium
for direct-current electricity to train junior high school
students” physics problem-solving skills, and to
establish its feasibility prior to practicality and
effectiveness testing. Practically, the findings are
expected to inform teachers and instructional media
developers in designing technology-enhanced learning
that is contextual, interactive, and meaningful.
Theoretically, this study contributes to physics learning
media research by presenting a coherent web-integrated
platform that combines a virtual laboratory, interactive
simulations, and instructional videos within a single
validated and feasible digital learning ecosystem for
secondary education.

Method

The study employed a Research and Development
(R&D) approach using the ADDIE development model
(Analyze, Design, Develop, Implement, and Evaluate),
as illustrated in Figure 1 (Branch, 2009). In the Analyze
stage, the research identified learning problems that
need to be addressed in direct-current electricity
instruction, reviewed and analyzed existing learning
materials in terms of their shortcomings and potential
for improvement, and examined learning needs as well
as the instructional goals and objectives to be achieved.

In the Design stage, the study formulated and produced
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a development plan for Phyleb-VIV as a learning
medium for direct-current electricity, designed the
learning scenarios to be implemented within the
medium, and prepared learning evaluation strategies
aligned with the objectives established during the
Analyze stage. In the Develop stage, Phyleb-VIV was
produced based on the prior design as a direct-current
electricity learning medium, including the analysis and
integration of a virtual laboratory, interactive
simulations, and video-based instruction within the
platform. In the Implement stage, the developed Phyleb-
VIV was subjected to formative expert validation by
three specialists with extensive experience in
instructional media development. Finally, in the
Evaluate stage, the expert validation results were
analyzed and the product was revised in accordance
with the feedback provided.
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Figure 1. Flow chart of the ADDIE model

A high-quality learning medium must meet validity
requirements. Therefore, this study used validation
sheets covering four aspects: content, appearance &
design, language & communication, and interactivity &
engagement. Data were analyzed using quantitative
descriptive analysis.

Expert validation of Phyleb-VIV was carried out
using validation sheets. The analysis applied a
descriptive qualitative interpretation of average
validator scores (P), which were converted to validity
criteria as shown in Table 1.

Table 1. Validity criteria for learning devices
Score Interval (P)

Criterion Description

421<P<5.00 Highly Valid Fit for use without revision
341<P<421 Valid Usable with minor revisions
261<P<341 Less Valid Usable with major revisions
1.00<P <261 Not Valid Requires comprehensive

improvement
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Result and Discussion
Expert Validation Results

Expert validation covered four aspects, namely
content feasibility, appearance and design, language and
communication, and interactivity and engagement.
Scores were assigned using a Likert scale of 1-5 (1 = very
unfit to 5 = highly fit). The ratings for each aspect were
summarized into a mean score (P). The results are
presented in Table 2.

Table 2. Phyleb-VIV validation results

Aspect P (Mean) Category
Content 4.80 Highly Valid
Appearance and Design 5.00 Highly Valid
Language and Communication 5.00 Highly Valid
Interactivity 4.75 Highly Valid

All aspects met the Highly Valid category; therefore
Phyleb-VIV was deemed feasible to proceed to
classroom  implementation.  Consistency  across
validators was high, indicating stable judgments on all
four aspects. Recurrent qualitative suggestions
emphasized strengthening topic-specific automated
feedback and updating materials so that content remains
relevant to daily-life contexts.

Discussion by Aspect
Content Feasibility (P = 4.80, Highly Valid)

The validation results indicate that the Content
Feasibility aspect obtained an average score of P = 4.8
(very valid category). Three core indicators achieved the
maximum score (P = 5.0), while two other indicators
received relatively lower scores (P =4.7 and P =4.3). The
score of P = 5.0 on the indicator assessing the alignment
between media content, basic competencies, and
learning objectives confirms that the media content is
perceived as fully aligned with the intended learning
outcomes. Conceptually, this reflects the practice of
constructive alignment, in which materials, learning
activities, and objectives are systematically designed to
ensure that instruction remains focused on targeted
competencies (McLoughlin, 2001; Wilhelm et al., 2019).
The same maximum score (P = 5.0) on the indicator of
conceptual accuracy and correctness of information
demonstrates that validators considered the material to
meet the scientific rigor required for science learning.
Conceptual accuracy is a prerequisite for preventing
misconceptions and for supporting the development of
stable scientific understanding (Awila et al., 2025; Eljinsa
& Zambhari, 2024; Fikriana et al., 2023; Pacaci et al., 2024).
Furthermore, the score of P = 5.0 on the indicator
concerning the depth and breadth of content
appropriate to students’ developmental level suggests
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that the material complexity is well-suited to the target
users. This is essential because developmentally
appropriate instructional design tends to reduce
irrelevant cognitive load and helps learners allocate their
mental resources toward understanding core concepts
(Arsyad & Adnan, 2024; Fahlevi et al., 2022).
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Figure 2. Display of material content in Phyleb-VIP

On the indicator of integration between content,
examples, and exercises (P = 4.7), validators still rated
the quality highly; however, this score suggests that the
integration of concepts-examples-exercises could be
further enriched to become more “instructional” rather
than merely “informational.” Instruction employing
contextual examples typically presents structured
illustrations that reinforce conceptual understanding
and train higher-order thinking skills to strengthen
knowledge transfer (Afriwardani et al., 2023; Izzah &
Desnita, 2023). This finding offers opportunities for
improvement in exercise design, such as adding tiered
question variations, clarifying the linkage between
examples and subtopic objectives, or incorporating brief
prompts that encourage self-explanation so that learners
understand the reasoning behind each step or answer
provided (Abdjul et al., 2024; Fajri et al., 2024; Wittwer &
Renkl, 2010). The lowest score within this aspect was
found in the indicator assessing content currency and
relevance to real-life contexts (P = 4.3). Although still
categorized as highly valid, this score indicates a need to
strengthen the “contextual” and “authentic” dimensions
so that the material becomes more closely connected to
students’ real-life experiences. Educational literature
emphasizes that incorporating everyday-life contexts
and authentic tasks helps learners recognize the
relevance of science, enhances meaningfulness, and
strengthens motivation as well as transfer of conceptual
application (Cheung & Kulasegaram, 2022; Kamila et al.,
2024; Kuhn & Miiller, 2014). Therefore, updating
examples and case studies with more current
phenomena is recommended.
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The high validation score for the content aspect
indicates that Phyleb-VIV’s materials are aligned with
the competencies of direct-current electricity (current,
voltage, resistance, power, energy) and that they
successfully describe relationships among physical
variables as well as connections across concepts.
Designing physics learning materials that are
comprehensive and cover the full breadth of content
fosters a more structured and goal-directed learning
trajectory and improves students’ understanding
through conceptual cohesion across topics. Such an
approach is supported by the notion of concept
connectivity, which emphasizes how physical
phenomena can be wunderstood from multiple
perspectives and how concepts are interlinked within a
single learning framework (Dingel et al., 2023). Likewise,
integrated sequencing of content within science
curricula positions physics principles as components of
an interconnected conceptual chain, including
Disciplinary Core Ideas and Crosscutting Concepts, so
that content does not stand in isolation but forms a
sustained learning network (Langbeheim et al., 2023).
This integrated placement also aligns with the benefits
of visualization and topic mapping in physics education
to identify interrelated ideas, enabling students to
recognize both visual and conceptual bridges between
topics (Marrone & Linnenluecke, 2020).

From an evaluation and validation standpoint, a
comprehensive design should be accompanied by expert
review by both media and subject-matter specialists to
ensure content quality and curricular relevance, so that
integration across concepts proceeds without
informational distortion or conceptual error. This
practice is consistent with holistic, structure-oriented
design principles and with literature emphasizing
expert validation to secure alignment of content with
learning goals and curricula (Ispal & Ishak, 2022), as well
as sensitivity to learners’ contexts to optimize conceptual
understanding (Chhabra & Das, 2023). In sum,
comprehensive, integrated, and connectivity-oriented
physics materials play a pivotal role in shaping a
structured and navigable learning pathway; this
approach enables students not merely to memorize but
to understand real-world applications of physics
concepts and their links to subsequent topics, thereby
strengthening higher-order thinking and problem-
solving skills.

Appearance & Design (P = 5.00, Highly Valid)

Validation results for the Media Appearance and
Design Aspect demonstrate very strong and consistent
quality, with an average score of P = 5.0 (very valid
category). This score indicates that validators perceived
the media design not only as visually appealing but also
as functionally effective as a learning interface that
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minimizes confusion and supports information
processing. The maximum score (P = 5.0) for the
indicator assessing an attractive, proportional, and non-
confusing layout suggests that the arrangement of
content elements effectively helps users map the
information flow clearly, thereby reducing unnecessary
cognitive load. This aligns with multimedia design
principles emphasizing the reduction of extraneous
cognitive load so that learners can focus on core learning
ideas (Ismawati et al.,, 2023; Skulmowski & Xu, 2022).
Similarly, the maximum score for the indicator
evaluating the combination of colors, images, and text in
supporting readability and aesthetics (P = 5.0) indicates
that color selection and typography were considered
capable of maintaining readability while enhancing the
visual experience. Appropriate text-background color
contrast influences readability, retention, and users’
aesthetic perception; thus, effective visual design
contributes not only to appearance but also to learning
quality (Aini & Mulfit, 2022; Hall & Hanna, 2004; Istyadji
et al., 2022).

al'y;

Figure 3. Phyleb-VIV interface view

The score of P = 5.0 on the indicator assessing ease
of navigation confirms that the menu/button structure
and transitions between sections are intuitive. Ease of
navigation constitutes a core element of usability as an
interaction outcome, reflected in effectiveness,
efficiency, and user satisfaction within a specific context
of use. Simple and consistent navigation enables users to
achieve learning goals without interface-related
disruptions (Cook & Dupras, 2004; Li & Luximon, 2020).
The maximum score (P = 5.0) for the clarity and
relevance of images, audio, and video indicates that the
media met validators” expectations regarding the
necessity of clear and relevant visual learning resources.
Theoretically, the quality and relevance of multimedia
elements contribute to learning when they clarify
concepts rather than introduce distractions. Multimedia
assets function as reinforcements of conceptual
representation rather than mere ornaments (Ceken &
Taskin, 2022; Mayer, 2017). Finally, the score of P = 5.0
on the indicator of consistent visual design supporting
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material comprehension reflects stylistic consistency in
icon patterns, typography, heading hierarchy, and
information presentation. In digital learning media,
aesthetics and visual consistency are associated with
perceived usability —interfaces perceived as visually
pleasing and well-organized are also perceived as easier
to use—which enhances learning comfort and reduces
interaction barriers (Gan et al., 2015).

The maximum score on this aspect indicates a
consistent interface, clear navigation, and visual
affordances that effectively support learning. Design
quality plays a strategic role in facilitating the
understanding of abstract concepts and minimizing
cognitive load when students interact with simulations
and virtual experiments. In physics learning media, a
consistent interface, clear navigation, and learning-
oriented visual affordances are core design functions
that enable structured, goal-directed, and readily
comprehensible learning. Interface consistency helps
students recognize interaction patterns and reduces
cognitive load when moving across topics, allowing
them to focus on conceptual understanding rather than
on how to operate the medium (Faudzi et al., 2023).
Moreover, a clear and visually consistent graphical
interface eases access to interrelated content, thereby
maintaining cohesion between prior and new materials.
In mobile-learning and digital environments,
standardized interface design frameworks have been
shown to increase instructional effectiveness by
lowering cognitive barriers and simplifying navigation
across integrated sequences of materials.

Language & Communication (P = 5.00, Highly Valid)
Validation results for the language and
communication aspect demonstrate very strong and
consistent performance, with maximum scores across all
indicators (P = 5.0; average P = 5.0; very valid category).
This indicates that validators perceived the language
used in the Phyleb-VIV media not only as grammatically
correct but also as functioning effectively as an
instructional ~communication tool that reduces
misinterpretation and minimizes irrelevant processing
load. The maximum score on the indicator assessing
language compliance with standard conventions and
clarity (P = 5.0) suggests that diction, spelling, and
sentence structure were well organized, thereby
enhancing readability and comprehension fluency.
Presenting material in simpler and more accessible
language supports improved student understanding
compared to more complex standard formats (Maulida
et al, 2024, Munfaridah et al.,, 2021). The indicator
evaluating effective, communicative, and age-
appropriate sentences also achieved P = 5.0. From an
instructional perspective, effective sentences
appropriate to learners” developmental levels help focus
221
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attention on core ideas. This aligns with cognitive load
theory, which emphasizes reducing extraneous load
caused by inefficient presentation so that working
memory capacity can be allocated to constructing
understanding (Kirschner, 2002; Sweller, 2023). Concise
and structured presentation enhances meaningful
learning compared to lengthy and less-directed text.

@ Phytab-viv
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Figure 4. Class description view in Phyleb-VIP

The maximum score (P = 5.0) for the indicator
assessing clarity and correctness of technical
terminology indicates that the Phyleb-VIV media
anticipates terminological barriers often associated with
misconceptions in science learning. Clear explanations
of key terms (names, functions, characteristics) before or
during conceptual use help learners build more stable
understanding (Chiu & Churchill, 2016; Lubis et al.,
2023). Furthermore, emphasizing key terms through
headings, visual markers, and signaling/cueing
techniques enhances learning outcomes by directing
attention to essential information (Schneider et al., 2018;
Gog, 2021). Finally, the maximum score (P = 5.0) for the
indicator assessing clarity of instructions confirms that
the instructional language is operational and
unambiguous, enabling users to follow usage steps
smoothly. Conceptually, ease of following instructions is
part of usability quality, encompassing effectiveness,
efficiency, and satisfaction in achieving learning
objectives (Gunesekera et al, 2019; Jahnke, 2022).
Overall, Phyleb-VIV fulfills instructional
communication quality standards through standard and
accessible language, effective age-appropriate sentences,
clear technical terminology, and operationally clear
instructions, all contributing to a smoother learning
experience and potentially enhanced conceptual
understanding.

Interactivity & Engagement (P = 4.75, Highly Valid)
Validation results for the Interactivity and user

engagement aspect indicate very high quality, with an

average score of P = 4.75. The maximum score (P = 5.0)
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for the indicator assessing support for active learner
participation suggests that, according to validators, the
interaction design effectively shifts learners from
passive information recipients to active participants
(e.g., through exploration, responses to tasks/questions,
or manipulation of interactive elements). Active
engagement increases the likelihood of meaningful
processing and strengthens conceptual understanding,
particularly when activities direct attention to relevant
information and minimize distractions. The maximum
score (P = 5.0) on the self-paced learning indicator
indicates that the media supports learners in regulating
their learning pace (e.g., revisiting content, progressing
according to readiness, and organizing their learning
sequence). Self-paced design is a crucial feature of digital
learning environments for accommodating differences
in ability and learning rhythm. Research on self-directed
learning design emphasizes the importance of adequate
structure and support to ensure effectiveness without
causing cognitive confusion (Ebbini, 2023; Englmeier,
2025).

The score of P = 5.0 for the motivation and curiosity
indicator confirms that interactive elements contribute
meaningfully to engaging learning experiences.
Literature on interactive digital environments
demonstrates that well-designed interactivity enhances
engagement and motivation by fostering a sense of
control, appropriate challenge, and an immersive
learning experience (Li et al., 2024; Shadiev et al., 2025).
However, the feedback indicator received the lowest
score (P =4.0; valid category), consistent with validators’
comments recommending the addition of feedback on
students’ quiz results at the end of each subtopic session.
This suggests that while feedback features are present,
they have not yet achieved optimal quality compared to
other interactivity components.

Feedback effectiveness depends largely on the
informational quality provided —not merely indicating
correct or incorrect answers, but helping learners
understand performance gaps, refine strategies, and
identify next improvement steps. Influential feedback
models emphasize task-, process-, and self-regulation-
oriented feedback (e.g., explanations of why answers are
incorrect, cues to key concepts, and suggestions for
corrective steps), as superficial feedback often fails to
produce meaningful learning improvement (Adarkwabh,
2021; Ada et al., 2017; Mandouit & Hattie, 2023).

Therefore, a key recommendation derived from this
validation finding is to develop subtopic-based quiz
feedback that includes confirmation of results
(correct/incorrect), brief scientific or conceptual
explanations, hints or references to relevant material
sections, and opportunities for retry or short
remediation before proceeding. In online learning
contexts, well-designed informative and relevant
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feedback —including automated feedback—has been
shown to contribute positively to learning outcomes
when aligned with learners’ needs.

The high score on interactivity confirms that
Phyleb-VIV  enables active exploration through
interactive simulations and a virtual laboratory (e.g.,
PhET), while also providing feedback on student
learning outcomes. These findings are consistent with
literature reporting that simulation media such as PhET
can enhance learning motivation, opportunities for
independent practice, and conceptual understanding in
science education. In particular, web-integrated PhET
has been associated with gains in conceptual
understanding and motivation in electricity learning
(Balasubramani et al., 2025), and PhET as a game-based
learning tool has been linked to significant
improvements in conceptual understanding and
motivation in physics (Fanshawe et al., 2020).
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Figure 5. Feedback in the quiz: (a) before validation and (b)
after validation
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Figure 6. Interactive learning display on the Phyleb-VIV

More broadly, research on interactive learning
environments emphasizes that responsive, interactive
media increase learner engagement and support more
self-directed, sustained learning (Anthonysamy, 2022;
Patrick et al., 2025). Within a wider instructional-design
perspective, adaptive and interactive models that
incorporate real-time feedback are also associated with
heightened engagement, and work on self-regulated
learning (SRL) supported by smart technologies
indicates that interactivity can scaffold pathways
responsive to individual needs (Setiawan, 2025).

Overall, the very high validity profile across all
aspects indicates that Phyleb-VIV is ready for classroom
trials of practicality and effectiveness. Its contribution
resides in the integration of three approaches —a virtual
laboratory, an interactive simulation, and video-based
instruction —within a single web platform. By uniting
these components, Phyleb-VIV can maximize synergies
among concept visualization, variable-manipulation-
based exploration, and contextual worked examples to
address misconceptions and improve problem-solving
readiness. Current findings are based on expert
validation; empirical evidence of effectiveness for
improving students” problem-solving performance has
yet to be measured. The next phase should therefore
involve field testing (pretest-posttest) to estimate N-
Gain in conceptual understanding and problem-solving
performance, accompanied by process data (interaction
logs, and the quality of reflective responses). Evaluation
may be conducted within a cognitive-metacognitive
assessment framework and include analyses of teachers’
and students’” perceptions of usability. Finally, the small
validator sample and relatively homogeneous school
context constitute limitations that warrant multi-site
replication.

Conclusion

Phyleb-VIV—a web-based learning medium
integrating a virtual laboratory, interactive simulation,
and video-based instruction for direct-current
electricity —achieved a very high level of expert validity
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(overall P~4.89), indicating that the product is suitable to
proceed to the next evaluation stage. Aspect-level
validation scores were consistently strong for Content
Feasibility (P=4.80), Appearance & Design (P=5.00),
Language & Communication (P=5.00), and Interactivity
& Engagement (P=4.75). The key refinement identified
by validators concerns the feedback component (relative
to other indicators): the next iteration should add
diagnostic, topic-specific automated feedback for
students’ responses in the end-of-subtopic quizzes,
explicitly linked to common error patterns and core
concepts. With this targeted improvement, subsequent
studies should focus on classroom implementation to
examine usability with teachers and students and to
quantify learning outcomes (e.g., N-gain for conceptual
understanding and improvements in physics problem-
solving performance).
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