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Abstract: Innovation in learning is an essential requirement, particularly in addressing the challenges
of 21st-century education, which demand more effective, interactive, and student-centered learning
processes. Fundamentally, innovation activities require strategies and skills to enhance students’ learning
effectiveness across the cognitive, affective, and psychomotor domains. One approach to achieving
this is to implement an appropriate learning model that aligns with the characteristics of the subject
matter and learners’ needs. In this context, the POE2WE learning model (Prediction, Observation,
Explanation, Elaboration, Write, and Evaluation) is a relevant alternative, as it promotes active student
engagement and supports the development of scientific and reflective thinking skills. This study
employed the McKenney development model, which consists of three main stages: Design,
Development, and Formative Evaluation. In the design stage, a needs analysis was conducted, followed
by the development of a learning structure and the preparation of instructional content integrated
with the POE2WE syntax. The development stage focused on creating an Android-based physics
learning application equipped with interactive features, learning materials, and evaluation components,
aligned with the POE2WE model. Subsequently, the formative evaluation stage was conducted to
assess the product’s feasibility and practicality through expert validation and limited user trials. The
research sample consisted of 124 respondents, including Physics Education students from Siliwangi
University and Midwifery students from the Tasikmalaya Health Polytechnic. Data were analyzed
using validity and practicality tests to determine the quality of the developed product. The results
indicated that the application achieved a very high level of validity, with a POE2WE learning model
validity score of 0.92 and a media validity score of 0.88. Furthermore, the practicality test yielded a
score of 88.3%, which falls into the “very practical” category. Therefore, the developed Android-
based physics learning application is considered highly valid and practical for use as an innovative
learning medium to support the physics learning process.
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B INTRODUCTION
Improving the quality of education in

Therefore, efforts to enhance educational quality
cannot rely solely on government policies but

Indonesia remains a critical responsibility of the
government, particularly in addressing persistent
issues related to low educational standards. As
highlighted by Larasati (2022), the problem of
low-quality education in Indonesia stems from
multiple interrelated factors, including limitations
in infrastructure, teacher competence, access to
learning resources, and regional disparities.

require strong collaboration among all
stakeholders, including schools, teachers,
students, parents, and the wider community. Such
collective engagement is essential to create a
supportive learning ecosystem that fosters
continuous improvement and equitable access to
quality education. Furthermore, the rapid
advancement of knowledge and technology in the
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21st century has significantly reshaped the
landscape of education. According to Sain et al.
(2024), these developments have driven a
profound transformation in educational systems,
shifting them toward more dynamic, flexible, and
technology-integrated approaches. Educational
transformation can be understood as an ongoing
process of development and renewal that
responds to the evolving demands of society and
global trends. This transformation not only
involves integrating digital technologies into
teaching and learning processes but also requires
changes in pedagogical practices, curriculum
design, and assessment methods to better prepare
learners for complex real-world challenges.

Technological developments entering the era
of the Industrial Revolution 4.0 have made the
need for technology in education inseparable from
education (Hoyles & Lagrange, 2010). One use
of technology in education is E-Learning. Based
on students’ cognitive development, learning
technology may be preferred for learning,
especially for teaching abstract concepts
(Setyawan, B., & Fatirul, AN, 2019).

The application of technology in the learning
process is closely associated with mobile devices,
particularly smartphones. The rapid development
of information and communication technology has
significantly influenced human lifestyles, leading
to increasing dependence on mobile devices
(Bretos et al, 2024). Smartphones have become
an integral part of daily life, serving not only as
communication tools but also as platforms for
accessing information, entertainment, and
educational resources (Arena, 2022). According
to a study by the International Data Corporation
(IDC), the global smartphone market reached
approximately 1.42 billion units in 2018 (Scarsella
& Stofega, 2018), and this number is projected
to continue increasing each year. This trend
indicates the widespread availability and
accessibility of smartphones across different social
and educational contexts.

Among various smartphone operating
systems, Android is currently the most widely used
platform worldwide. The open-source nature of
Android, combined with its flexibility and
affordability, has contributed to its dominance in
the global smartphone market. The extensive use
of Android devices creates significant
opportunities to integrate mobile-based learning
applications into educational practice (Bond et
al., 2022). Android-based learning applications
can be developed to provide interactive, flexible,
and personalized learning experiences that align
with students’ learning needs and preferences.

The development and utilization of Android-
based learning applications offer several
advantages in the educational process. First,
learning is no longer constrained by time and
space, allowing students to access learning
materials at any time and anywhere (Yul, 2023).
This flexibility supports self-directed learning and
accommodates diverse learning styles. Second,
mobile leaming applications enable the integration
of multimedia elements such as text, images,
animations, videos, and interactive simulations,
which can enhance student motivation and
engagement. Third, Android-based applications
can support adaptive learning by allowing students
to progress at their own pace and revisit learning
materials as needed.

This transformation in learning media has
significant implications for teaching and learning
processes (Hodges et al, 2020). Interactive
learning media can stimulate students’ interest,
encourage active participation, and foster deeper
understanding (Crompton & Burke, 2018).
Digital learning environments also support
collaborative, problem-based, and inquiry-based
learning, which are essential for developing 21st-
century skills such as critical thinking, creativity,
communication, and collaboration (Scheel,
2022).

In the context of science education,
particularly physics, the integration of technology
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becomes even more crucial (Zou et al, 2025).
Physics is often perceived by students as a difficult
subject due to its abstract concepts, complex
mathematical formulations, and the need for
strong conceptual understanding. Many students
experience difficulties learning physics because
the content is often presented in a
decontextualized, abstract manner. This challenge
is exacerbated by the continued reliance on
conventional learning media, such as textbooks,
which may not adequately support visualization
and conceptualization of physical phenomena.

Physics concepts such as force, motion,
energy, waves, and electromagnetic phenomena
often involve processes that are not directly
observable. As a result, students may struggle to
form accurate mental models, leading to
misconceptions and superficial understanding.
Traditional instructional methods that emphasize
rote memorization and passive learning further
contribute to these learning difficulties. In addition,
survey results from 124 respondents show that
68% of students reported difficulty understanding
physics concepts in depth, especially in relating
theoretical concepts to real-world phenomena.
Furthermore, most students indicated that the
learning process they experienced was still
predominantly conventional, characterized by
lecture-based instruction and limited opportunities
for exploratory learning. From a technology-use
perspective, although 81% of students reported
using smartphones for learning, only 39% actively
used learning applications, and most of these
applications did not support structured learning
processes grounded in specific instructional
models.

These findings are consistent with previous
studies indicating that the use of technology
without appropriate pedagogical design has not
significantly improved student engagement or
higher-order thinking skills (Scheel et al., 2022).
Moreover, research by Kearney et al. (2012)
emphasizes that integrating structured learning

models, such as POE2WE, is essential for
supporting more effective and meaningful digital
learning processes.

Therefore, the development of an Android-
based learning application integrated with the
POE2WE model represents a relevant solution
to address these issues, with the expectation of
improving student engagement, conceptual
understanding, and problem-solving abilities in a
more systematic and effective manner. The main
technological focus of this study should be
repositioned toward mobile learning technology
and Android-based application development,
combined with the pedagogical strength of the
POE2WE model. The innovation of this research
lies in integrating a structured constructivist
learning model into a digital application. The use
of information and communication technology
aims to increase the efficiency and effectiveness
of learning. The use of technology in learning has
shifted the delivery of material from lectures to
interactive learning media. Learning media that
were previously print-based have transitioned to
audiovisual media delivered online (Ardiansyah,
2020). Learning physics is considered one of the
most difficult subjects by students. Many students
experience difficulties learning physics material
because the learning is contextual and seems
abstract. One of them is caused by the use of
conventional learning media such as textbooks.

The POE2WE (Prediction, Observation,
Explanation, Elaboration, Write, Evaluation)
model is a learning model developed to determine
students’ understanding of a concept using a
constructivist approach (Kearney et al, 2012).
This model can make students the subjects of
learning. Students are active in discovering
concepts through direct observation or
experimentation, rather than memorizing from
books or teacher explanations. Therefore,
innovation in learning is very much needed. In
essence, innovation activities require strategies and
skills that can increase students’ learning
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effectiveness, one of which is the use of the right
model, such as the POE2WE learning model
(Kearney et al., 2012). Therefore, improving
educational quality in Indonesia requires a holistic
strategy that integrates stakeholder collaboration,
pedagogical innovation, and technological
advancement to create a more effective, inclusive,
and future-oriented education system.

Previous studies on the POE2WE learning
model have generally reported positive impacts
on students’ conceptual understanding, learning
engagement, and scientific thinking skills.
However, most of these studies focused primarily
on implementing POE2WE in conventional
classroom settings or on its role as an instructional
framework, without examining in depth how each
stage contributes to specific cognitive outcomes.
In many cases, the findings were limited to general
improvements in learning achievement. At the
same time, critical aspects such as students’
problem-solving processes, reflective thinking,
and learning autonomy were not analyzed in
depth.

Furthermore, earlier studies tended to
position technology merely as a medium for
content delivery rather than as an integrated
learning environment that supports the complete
POE2WE cycle. As a result, the interaction
between constructivist learning processes and
digital learning features remains insufficiently
explored. For example, the Prediction and
Explanation stages, which are theoretically
essential for activating prior knowledge and
restructuring conceptual understanding, were
often implemented through traditional discussion
activities without digital scaffolding or real-time
feedback mechanisms. Similarly, the Write and
Evaluation stages were generally treated as
supplementary activities rather than as integral
components for strengthening metacognitive
reflection and self-assessment.

Another limitation identified in previous
research is the lack of analysis of how mobile

learning environments can support continuous
student interaction and independent learning.
Most studies only evaluated learning outcomes
quantitatively, without critically examining how
digital learning features influence students’
engagement, accessibility, and problem-solving
strategies throughout the learning process.

Therefore, this study attempts to address
these gaps by critically integrating the POE2WE
model into an Android-based learning application
in which each instructional stage is systematically
translated into interactive digital features. Unlike
previous studies, this research not only evaluates
learning outcomes but also examines how
implementing POE2WE in a mobile learning
environment facilitates structured problem-
solving, active engagement, and reflective
learning,

This study clearly distinguishes itself from
previous research in the field of digital physics
learning development. Most prior studies have
focused on technology use, such as Android-
based applications or digital simulations; however,
these efforts are generally limited to serving as
tools for content delivery or concept visualization,
without strong integration with a systematic
instructional model. Other studies have examined
the effectiveness of the POE2WE learning model.
However, its implementation has largely been
confined to conventional classroom settings or
simple LMS-based environments, with few
structured, interactive mobile applications.
Therefore, a gap remains between the utilization
of digital technology and the implementation of
constructivist learning models within an integrated
learning system.

The novelty of this study lies in the
comprehensive integration of the POE2WE
learning model with an Android-based learning
application, systematically designed to align with
each stage of the learning process (Prediction,
Observation, Explanation, Elaboration, Write,
and Evaluation). Unlike previous studies, the
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developed application not only functions as a
content delivery tool but also facilitates students’
scientific thinking in a structured manner. Each
feature of the application is intentionally designed
to support specific cognitive stages, thereby
guiding students in constructing conceptual
understanding and developing problem-solving
skills in this digital era.

Based on the identified research gaps and
the need to integrate an effective instructional
model within a digital learning environment, this
study is guided by the following research
questions:

1. How can an Android-based physics learning
application integrating the POE2WE model be
systematically designed and developed?

2. To what extent is the developed POE2WE-
based application valid in terms of learning
model design and media quality?

3. How practical is the application when
implemented in real learning contexts involving
university students?

4. To what extent is the integration of the
POE2WE model practical for students’ digital
learning activities?

B METHOD
Research Design and Procedures

This study employed a design-based
research approach using McKenney’s
development model, which comprises three main
stages: design, development, and formative
evaluation. This model was selected because it
emphasizes iterative product refinement through
systematic evaluation cycles, ensuring that the
developed product meets both theoretical validity
and practical usability requirements in educational
contexts (Tinoca et al, 2022). The McKenney
development model is particularly appropriate for
developing educational technology products, as
it integrates theory-driven design with empirical
testing in real learning environments.

The design stage focused on identifying
learning needs, defining instructional objectives,
and determining the conceptual framework of the
product to be developed. At this stage, an initial
prototype of the learning application was
designed with three essential product
characteristics in mind: content, support, and
interface. The content aspect emphasized the
alignment of learning materials with curriculum
standards, learning outcomes, and relevant
physics concepts. Special attention was given to
the accuracy, depth, and coherence of'the physics
concepts presented to ensure conceptual
correctness and pedagogical relevance.

The support aspect encompassed language
use and readability. The language employed in
the application was designed to be clear, concise,
and appropriate for the target users’ academic
level. Readability considerations included
sentence structure, terminology selection, and
clarity of explanations to minimize cognitive load
and facilitate comprehension. This aspect was
particularly important given the interdisciplinary
nature of the research sample, which involved
students from both physics education and
midwifery programs.

The interface aspect covered the
application’s visual design and layout. Interface
design focused on user-friendliness, consistency,
and aesthetic appeal, including color schemes,
typography, navigation structure, and the
integration of interactive features. A well-designed
interface was expected to enhance user
engagement, ease of use, and overall learning
experience.

The development stage involved translating
the initial design into a functional prototype. During
this stage, the prototype was constructed, tested,
and refined through a series of microcycles. Each
microcycle consisted of product development,
formative evaluation, and revision. These iterative
cycles allowed for continuous improvement of the
product based on feedback from experts and
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users. The formative evaluation conducted in this
stage aimed to identify weaknesses, technical
issues, and pedagogical shortcomings in the
prototype.

The formative evaluation stage was carried
out systematically to assess the validity and
practicality of the developed learning application.
Evaluation activities included expert validation,
small-group trials, and field testing. Feedback
from these evaluations was used to iteratively
revise and improve the prototype. This process
continued until the product met predetermined
criteria of validity, practicality, and usability. The
repeated evaluation—revision cycles ensured that
the final product was not only theoretically sound
but also feasible and effective for use in real
learning settings.

Participants

The sample for this study comprised 124
respondents, including students from the Physics
Education Study Program at Siliwangi University
and from the Midwifery Program at the
Tasikmalaya Health Polytechnic. The inclusion of
participants from different academic
backgrounds provided diverse perspectives on
the usability and effectiveness of the developed
learning application, thereby strengthening the
generalizability of the findings. The inclusion of
Midwifery students in the research sample was a
deliberate decision, given the interdisciplinary
nature of basic physics concepts in health physics
courses, which are also relevant to health sciences
education.

In the context of rotational dynamics and
motion concepts, these materials are connected
to biomechanical principles in human body
movement, joint motion, and ergonomic
positioning during patient care procedures.
Midwifery students are required to understand
body mechanics to perform safe patient handling,
assist with deliveries, and analyze movement
during maternal care. Thus, although the

application was developed within a physics
learning framework, the concepts presented
remain relevant to applied scientific contexts
encountered by Midwifery students.

Moreover, the purpose of involving
Midwifery students was primarily to evaluate the
practicality and usability of the Android-based
learning application across different educational
backgrounds, rather than to compare discipline-
specific physics achievement. This
interdisciplinary approach supports the broader
objective of developing flexible digital learning
media to facilitate scientific reasoning and
problem-solving across multiple academic
contexts. Nevertheless, to avoid
overgeneralization, the interpretation of the
effectiveness results in this study is limited to
aspects of learning feasibility, engagement, and
conceptual support in interdisciplinary basic
science learning.

Procedure Development

Overall, the research procedures for
developing the physics learning application
followed the systematic stages of the McKenney
development model. The integration of design,
development, and formative evaluation stages
through iterative microcycles ensured a rigorous
and reflective development process. A
comprehensive overview of the research
procedure based on the McKenney development
model is presented in Figure 1, which illustrates
the sequence of activities from initial design to
the production of a valid and practical final
product.

At the planning stage, researchers
established the fundamental framework for
developing the Android-based physics learning
application. This stage aimed to ensure that the
product development was grounded in
pedagogical needs, technological feasibility, and
contextual relevance. Several key activities were
conducted at this stage. First, learning needs were
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1. NEEDS AND CONTEXT ANALYSIS
Identify learning needs, analyze context, and conduct a literature review.
2
Prototype | Self-Evaluation
Initial design of > Internal evaluation by +
the application. the research team.
Revision
2 Prototype Il Evaluation by Small Group No
Small group #  Gather feedback from a Revision
DESIGN, evaluation. small group of users. 'y
DEVELOPMENT, Yes l
AND
FORMATIVE Prototype Il Field Testing | No
EVALUATION Field testing #|  Try out the application in Revision
(initial). a limited setting. 'y
Yes l
Prototype IV Field Testing Il No
Extended field »  Try out the application in Revision
testing. a broader setting. “
Practical? No -
Is it practical to use? Revision
Yes
¥
3 Effectiveness Test
Evaluate the effectiveness of the application
S in improving learning outcomes.
SUMMATIVE
EVALUATION T
Effective? Revision
(Is it effective?)
Yes
12
4 POE-2WE ANDROID-BASED PHYSICS LEARNING APPLICATION
FINAL As an Innovative Learning Media for the Era of Industrial Revolution 4.0
PRODUCT

Figure 1. Procedure development

identified through preliminary observations and
informal discussions with physics educators and
students to pinpoint learning challenges,
particularly related to abstract physics concepts
and the limitations of conventional learning media.
The findings indicated a strong need for
interactive, visual, and student-centered learning
media that could support conceptual
understanding and independent learning.
Second, a literature review was conducted
to examine relevant theories and empirical studies
on mobile learning, augmented and virtual
experiments, the POE2WE learning model, and
digital learning in the context of the Industrial
Revolution 4.0. This literature review served as

the theoretical foundation for integrating the
POE2WE model into a mobile learning
environment. Third, a POE2WE model needs
analysis was carried out to identify how each
phase of the model could be optimally
implemented in an Android-based application,
including prediction activities, observation through
simulations or virtual experiments, conceptual
explanation, elaboration tasks, reflective writing,
and evaluation components.

Furthermore, a target user definition was
conducted to determine the characteristics of the
intended users, including age, educational
background, learning objectives, and prior
experience with digital learning applications. The
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primary target users were students and teachers
in physics-related educational contexts. Finally,
budget planning was carried out to estimate the
resources required for application development,
including software tools, content development,
expert validation, and trial implementation. This
planning stage ensured that the development
process was feasible and aligned with available
resources.

The design stage focused on translating the
conceptual framework into a concrete application
design and learning plan. At this stage, researchers
developed detailed application design
specifications and instructional designs that
integrated the POE2WE learning model into the
application structure. Initial user interface (UI)
sketches and user experience (UX) designs were
created to ensure that the application was
intuitive, visually appealing, and easy to navigate.
The Ul and UX designs emphasized simplicity,
consistency, and accessibility to enhance user
engagement and minimize cognitive load.

In parallel, researchers designed the
learning content structure, including the selection
and organization of physics topics to be presented
in the application. The learning materials were
developed in accordance with curriculum
standards and learning objectives. Each learning
unit was structured according to the stages of the
POE2WE model. For example, the prediction
stage was implemented through guiding questions
and problem scenarios, while the observation
stage utilized virtual experiments and interactive
simulations. The explanation stage provided
conceptual clarification through text, images, and
animations, while the elaboration stage included
contextual problem-solving tasks. The write stage
encouraged learners to reflect on their
understanding through short written responses,
and the evaluation stage consisted of formative
assessments and quizzes.

Additionally, learning videos, multimedia
elements, and evaluation instruments were
designed to support diverse learning styles and

promote active learning. The integration of these
components was intended to create a cohesive
and meaningful learning experience within the
Android-based platform.

At the evaluation stage, researchers
assessed the effectiveness, validity, and usability
of the developed application and the integrated
POE2WE learning model. A beta trial was
conducted involving physics teachers and
students as representative users. These
participants were invited to use the application in
real or simulated learning contexts and provide
feedback on various aspects, including content
accuracy, ease of use, visual design, and learning
effectiveness.

Data Collection Instruments

To ensure the replicability and robustness
of this study, the data were collected using
structured questionnaires with a 5S-point Likert
scale (ranging from 1 = Very Poor/Strongly
Disagree to 5 = Very Good/Strongly Agree). The
instruments are divided into expert validation
sheets and a user practicality questionnaire.

Instrument validity and reliability

Before being administered, the instruments
themselves underwent a construct validity
process (expert judgment) involving independent
educational measurement experts to ensure that
each item accurately measured the intended
constructs. Furthermore, the practicality
questionnaire was empirically tested for reliability,
yielding a Cronbach’s alpha of 0.85, indicating a
high level of internal consistency and reliability in
data collection. The detailed specifications of
each instrument are described as follows:

1. Material expert validation sheet

Source of Adaptation: Adapted from the
standard textbook evaluation framework by the
Indonesian National Education Standards Agency
(BSNP, 2014) and modified to fitthe POE2WE
pedagogical syntax. Indicators Measured: (1)
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Relevance of the Material to the higher education
physics curriculum, (2) Organization of the
Material conforming to the POE2WE phases, (3)
Quality of Evaluation Items, (4) Depth of the
Content, and (5) Impact on Cognitive Learning.
Sample Item: “The physics concepts and formulas
presented in the ‘Explanation’ phase are
scientifically accurate and free from theoretical
misconceptions.”

2. Media expert validation sheet

Source of Adaptation: Adapted from the
Learning Object Review Instrument (LORI)
developed by Nesbit et al. (2007), specifically
modified for mobile-based learning applications.
Indicators Measured: (1) Media Relevance, (2)
Software Engineering (application stability,
navigation, and responsiveness), (3) Interactivity
of features, and (4) Visual Aspects (U/UX
design, typography, multimedia integration).
Sample Item: “The application’s navigation is
intuitive, allowing users to transition smoothly
between the learning stages without experiencing
technical glitches/errors.”

3. Learning practitioner validation sheet

Source of Adaptation: Synthesized from the
pedagogical evaluation framework by Walker &
Hess (1984) and aligned with the constructivist
nature of the POE2WE model. Indicators
Measured: (1) Language Clarity and Readability,
(2) Learning Strategy Effect, and (3) Material
Organization from an educator’s perspective in
facilitating student-centered learning. Sample
Item: “The application effectively facilitates the
‘Observation’ phase by providing clear,
accessible, and highly engaging virtual
simulations.”

4. User practicality questionnaire

Source of Adaptation: Adapted from the
System Usability Scale (SUS) combined with
instructional media evaluation items, consisting of
20 statement items. Indicators Measured: (1)

Ease of use, (2) Clarity of digital instructions, (3)
Accessibility, and (4) User engagement in learning
abstract physics concepts through the mobile
platform. Sample Item: “I find it easy to operate
the virtual experiments on my smartphone during
the observation stage.”

Data Analysis

Data were collected using questionnaires
and interview guides to obtain both quantitative
and qualitative feedback. The questionnaires were
designed to capture users’ perceptions of the
application’s functionality, clarity, and instructional
value, while interviews provided deeper insights
into users’ experiences and suggestions for
improvement. In addition to usability evaluation,
researchers also assessed the effectiveness of the
POE2WE model enhancing users’ understanding
of physics concepts. This evaluation was
conducted using learning outcomes tests
administered before and after trial implementation.

The evaluation results were analyzed and
used to revise and improve the application.
Identified weaknesses, technical issues, and
pedagogical shortcomings were addressed
through iterative refinements to ensure that the
application met established quality standards.

Following the evaluation and revision
process, the application entered the launch stage.
At this stage, researchers conducted final
improvements based on evaluation results and
prepared marketing and dissemination strategies
to introduce the application to target users.
Promotional efforts included social media
dissemination, academic forums, and
collaboration with educational institutions.
Subsequently, the application was officially
launched on the Google Play Store and other
Android application distribution platforms,
making it accessible to a broader audience.

The final stage involved maintenance and
continuous development to ensure the
application’s sustainability and long-term
relevance. Routine maintenance activities were
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conducted to address technical issues, update
content, and ensure compatibility with new
versions of the Android operating system.
Additionally, researchers considered further
development by adding new learning content,
enhancing features, or integrating emerging
technologies to continuously improve the
application’s quality and effectiveness.

The sampling technique used in this study
was purposive sampling, with participant selection
based on characteristics such as age, educational
background, and prior user experience with
digital learning applications. Data collected from
expert validation and user trials were analyzed
using the Aiken’s V index to determine the validity
of'the learning materials and media components.
This analysis provided quantitative evidence of

the application’s content and media validity,
supporting the conclusion that the developed
Android-based physics learning application was
valid, practical, and suitable for implementation
in educational settings.

%
V_n(c—l)

With,

v : index of agreement of respondents about
validity item

s : score Which set respondents reduced score
Lowest (s=7r-1)

r : score selected category to respondents

n : amount respondents

¢ : amount category Which filled respondents

Table 1. Product validity criteria (Retnawati, 2016)

Range markV RangemarkVin %  Level Validity
0.81-1.00 81-100 Very Valid
0.61-0.80 61-80 Valid
0.41-0.60 41-60 Enough Valid
0.21-0.40 21-40 Not enough Valid
0.00-0.20 0-20 Very less Valid

The practicality of the product being
developed is identified based on student
responses after learning. Students respond to
learning by choosing 20 statements of their own
accord, with arating scale of 1-5. Next, the data
were analyzed using the following equation.

Y score obtained
Y (maximum score) (number of respondents)

Percentage = X 100%

The percentage of student responses is
interpreted based on the product practicality
criteria presented in Table 2

Table 2. Product practicality criteria (Arikunto,
2009)

Average (%) Category
85-100 Very Practical
70-84 Practical
55-69 Enough Practical
54-59 Not enough Practical

0-49 No Practical

B RESULTAND DISCUSSION
Product Development

This study successfully implemented a
design-based research approach utilizing the
McKenney development model, which
systematically progressed through three core
stages: Design, Development, and Formative
Evaluation. During the initial planning and analysis
phase, preliminary observations and rigorous
needs assessments were conducted to identify
students’ persistent difficulties in understanding
abstract physics concepts and solving complex
contextual problems. The empirical findings
revealed that students experienced low
engagement in conventional lecture-based learning
environments and urgently required interactive
digital learning media to facilitate structured
scientific thinking. Based on these contextual
needs, an Android-based physics learning
application integrating the POE2WE learning
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model was systematically designed and
developed through iterative microcycles.

The developed application includes several
main features aligned with the stages of the
POE2WE model: Prediction, Observation,
Explanation, Elaboration, Write, and Evaluation.
The Prediction feature allows students to
formulate hypotheses and activate prior
knowledge before learning activities begin. The
Observation stage presents interactive
simulations, animations, and contextual
visualizations to support conceptual exploration.
The Explanation feature facilitates conceptual
clarification through guided discussion and
multimedia content. The Elaboration stage
provides contextual problem-solving tasks
connected to real-life situations, while the Write
feature encourages reflective learning through
written responses and summaries. Finally, the
Evaluation feature includes quizzes, automated
feedback, and self-assessment activities to
measure students’ conceptual understanding and
learning progress.

Compared with previous digital learning
media, the developed application offers several
innovations. First, the application systematically
integrates the entire POE2WE learning cycle into
amobile learning environment rather than merely
presenting digital content. Second, the application
emphasizes structured scientific reasoning and
problem-solving processes supported by
mnteractive multimedia features. Third, the mobile-
based design increases learning flexibility and
accessibility, allowing students to engage in
independent learning activities at any time and
anywhere. These innovations distinguish the
developed application from conventional LMS-
based or presentation-oriented learning media.

Table 3. Validation results

Validation Aspect Score Category
Content Validity 0.92  Very Valid
Media Design 0.88  Very Valid
Validity

Learning Model 0.90 Very Valid
Integration

User Interface 0.86 Valid
Design

The media validation process involved
experts in physics education, instructional design,
and educational technology. Validation focused
on content appropriateness, instructional design
quality, interface usability, interactivity, and
alignment with the POE2WE framework. The
validation results demonstrated that the developed
application achieved content validity (0.92) and
media design validity (0.88), both categorized as
“very valid.” The validators highlighted that the
application successfully integrated constructivist
learning principles with interactive digital learning
features. However, several suggestions were
provided, including improving navigation
consistency, simplifying several instructions, and
enhancing visual clarity in simulation activities.

Qualitative feedback from validators
indicated that the application was highly interactive
and pedagogically appropriate for supporting
conceptual learning and scientific reasoning.
Nevertheless, revisions were conducted based
on expert recommendations, particularly
regarding interface readability, button placement
consistency, and simplification of instructional
wording,

Material Validation

The validity of the learning material was
analyzed using Aiken’s V index to assess the
conceptual alignment between the physics content
and the POE2WE pedagogical syntax. Based on
the expert evaluation, the developed application
achieved an overall content validity index of 0.92,
placing it firmly within the “Very Valid”
category.

As illustrated by the specific assessment
dimensions in Figure 5, the index for Relevance
of the Material reached 0.92, Organization of
the Material scored 0.88, Evaluation Items /
Practice Questions yielded 0.92, Depth of the
Content stood at 0.80, and Impact on Learning
obtained 0.88. This high index indicates that the
physics content, particularly the rotational
dynamics module, is systematically integrated into
the Prediction and Explanation phases on the
Android platform.
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Figure 5. Material validation results diagram

Unlike conventional printed textbooks, the
instructional design embedded in this application
prompts students to confront their initial
preconceptions before being exposed to formal
theoretical definitions. This finding strongly aligns
with the foundational theoretical framework of
the POE2WE model, which asserts that
structured digital elaboration of physics concepts

0.94

significantly mitigates student misconceptions and
meets the rigorous cognitive demands of higher-
education physics standards.

Media Validation

The media validation process focused
primarily on software engineering, visual
aesthetics, and the interactivity of the application
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Figure 6. Diagram of media expert validation results

interface. The quantitative analysis using Aiken’s
V index yielded a design media validity score of
0.88, which falls within the “Very Valid” category.

According to the data distribution presented
in Figure 6, the specific Aiken’s V values for each
indicator are as follows: Relevance of the Media
(0.92), Organization of the Material (0.88),
Evaluation Items / Practice Questions (0.92),
Language Aspect (0.88), Learning Strategy

Aspect (0.88), Navigation Aspect (0.92), and
Visual Aspect (0.88). The seamless integration
of responsive multimedia components, such as
embedded instructional videos designated for the
Observation phase, effectively translates abstract
physical phenomena into tangible digital formats
without inducing cognitive overload.

This outcome reinforces prior empirical
research indicating that Android-based virtual
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laboratories and digital visualization tools
significantly enhance visual learning and
conceptual retention among digital-era learners.
By bridging interactive visual assets with the
constructivist flow of POE2WE, the media
architecture successfully meets the technological

4.70 7
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Average Score

integration benchmarks required in the Industrial
Revolution4.0

Learning Practitioner Validation

The validation by learning practitioners was
conducted to gauge the empirical pedagogical
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Figure 7. Diagram of learning expert/practitioner validation results

feasibility of the application from an educator’s
standpoint in facilitating student-centered learning
environments. As computed using Aiken’s V
index, the learning model’s integration achieved
a high validity score 0of 0.90 (Very Valid).

The breakdown of Aiken’s V indexes
shown in Figure 7 reveals that Relevance of the
Media, Evaluation Items/Practice Questions,
and Ease of Use Aspect tied for the highest
score of 0.92. Meanwhile, the indicators for
Organization of the Material, Language
Aspect, Learning Strategy Aspect, and Visual
Aspect remained consistently stable at 0.88.

Practitioners highly commended the built-
in Evaluation and Write modules, which are
intentionally structured to lock the learning
pathway sequentially. This digital scaffolding
effectively prevents students from skipping critical
cognitive phases a systemic flaw frequently
encountered in unstructured, open-ended
educational apps. Consequently, the application
operates as a robust digital facilitator
that shifts the educational paradigm from

conventional teacher-centered instruction
toward self-regulated, structured student
learning.

User Response (Practicality Test)

The practicality test was conducted by 124
respondents, comprising Siliwangi University
Physics Education students and Tasikmalaya
Health Polytechnic Midwifery Students. To ensure
arigorous methodological approach and to avoid
the limitations of a single combined average, the
practicality data were analyzed separately for
each group, taking into account their distinct
academic backgrounds.

Based on data collected from the Physics
Education students (n=74), the application
achieved a very high practicality score of 4.7
(93.5%). The high score from this group indicates
that integrating the POE2WE model into the
application aligns well with their pedagogical needs
and structured scientific inquiry. As prospective
educators, this group found the sequential learning
phases highly relevant and easy to follow.
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For the Midwifery students (n=50), the
practicality test yielded a score of 4.4 with a
percentage of 88.3%. This result also falls into
the “very practical” category. It demonstrates that
the application’s interface and clear explanations
helped non-physics majors bridge the gap in their
understanding of basic physics concepts in a
health context without causing cognitive overload.

Combining both groups yields an overall
average practicality score 0f 4.6 (91.4%). This
is strong evidence that the product is in a very
practical category. The application has proven
itself to be a highly usable and well-received
medium in supporting learning activities, opening
up huge opportunities for more efficient education
through technology. The relatively small
differences between the two groups demonstrate
that the developed application is practical and
can be implemented across diverse student
populations. These findings support previous
studies indicating that mobile learning applications
integrated with constructivist learning models can
enhance user engagement, accessibility, and
learning flexibility. Overall, the average practicality
score of 88.3% falls within the “very practical”
category, indicating that the application is suitable
for broader implementation in digital learning
environments.

Overall, this study successfully developed
an Android-based physics learning application

using the POE2WE (Prediction, Observation,
Explanation, Elaboration, Write, Evaluation)
model. The development process ensured the
product met the criteria of validity and practicality.

The quality was confirmed through expert
validation. The validity of the POE2WE learning
model integration was assessed by learning
experts, indicating a validity value of 0.92 (very
valid), demonstrating that each phase was
appropriately embedded. In addition, media
validity, evaluated by media experts, was 0.88
(very valid), highlighting the application’s high
standards in interface design, visual presentation,
and technical functionality.

Supported by the high practicality score
from user testing (91.4%), the application reflects
positive user perceptions of its ability to support
independent learning. Students reported that
interactive features, such as virtual experiments
and formative assessments, helped them better
understand abstract physics concepts.
Furthermore, educators noted that the application
can serve as an effective supplementary learning
tool that aligns with contemporary instructional
strategies in the digital era.

The exceptionally high overall practicality
score (91.4%) is driven by the application’s
accessibility and self-paced nature. The Android
platform allows students to complete the
Elaboration and Evaluation phases anytime,
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anywhere, accommodating different individual
learning paces. The high user engagement is
closely linked to the constructivist core of the
POE2WE model, which transforms students from
passive readers into active digital explorers. This
conclusion supports the assertions of Wirjawan
etal. (2020) and Scheel et al. (2022), who stated
that mobile learning platforms equipped with clear,
stage-by-stage pedagogical designs yield
significantly higher user practicality, self-
organization, and satisfaction than generic digital
reading tools.

Qualitative Evidence of Student Engagement
and Problem-Solving Processes

To complement the quantitative findings,
qualitative data were collected through classroom
observations and open-ended feedback obtained
during the pilot implementation of the POE2WE-
based Android learning application. The
qualitative findings provide additional insights into
students’ engagement and problem-solving
processes while interacting with the application.

Student Engagement

Observation results indicated that students
actively interacted with the learning materials,
simulations, and quizzes embedded within the
application. Most students completed all learning

stages independently and frequently revisited
specific content sections before answering the
quiz questions. Several students reported that the
multimedia features and structured learning
sequence increased their motivation to learn
physics.

Pilot Study Result

A pilot study was conducted to evaluate
the initial feasibility, usability, and
comprehensibility of both the application and
research instruments before large-scale
implementation. The pilot study involved a small
group of students representing the target users of
the application. The primary objectives were to
identify technical issues, examine students’
understanding of the learning instructions, evaluate
the flow of interactions within the application, and
assess the suitability of assessment instruments.

The pilot study findings showed that
students responded positively to the interactive
features and multimedia components integrated
into the application. Observation results indicated
that students were more actively engaged during
learning activities, particularly in the Prediction
and Observation stages. Questionnaire results
also showed that most students considered the
application easy to use, visually attractive, and
helpful in understanding physics concepts.

Table 4. Pilot study practicality results

Aspect Evaluated Percentage Category
Ease of Use 89% Very Practical
Learning Engagement 91% Very Practical
Interface Attractiveness 87% Very Practical
Clarity of Instruction 84% Practical
Overall Partically 88.3% Very Practical

Effectiveness test result

The effectiveness test results showed that
implementing the POE2WE-based Android
learning application improved students’ learning
outcomes and problem-solving abilities. The

average pre-test score was 58.2, while the
average post-test score increased to 81.4. The
N-gain analysis yielded a score 0of 0.67, which
falls into the medium-to-high improvement
category.
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Table 5. Effectiveness test result

Variable Pre-test Post-test N-gain Category
Learning Outcomes 58.2 81.4 0.67 Medium-High
Problem-Solving Ability 55.6 79.3 0.64 Medium

These findings indicate that the developed
application effectively supports students’
understanding of physics concepts and facilitates
structured learning processes through the stages
of Prediction, Observation, Explanation,
Elaboration, Write, and Evaluation. The
interactive features integrated into the application
also contributed to increasing students’
engagement and participation during the learning
process. The results are consistent with previous
studies indicating that mobile learning, integrated
with constructivist learning models, can
significantly enhance conceptual understanding
and problem-solving skills in physics.

In addition, students’ problem-solving
ability showed substantial improvement, with the
average score increasing from 55.6 on the pre-
test to 79.3 on the post-test, resulting in an N-
gain score of 0.64, categorized as medium
improvement. This finding indicates that the
application not only enhanced students’ mastery
of physics concepts but also strengthened their
ability to analyze problems, formulate solution
strategies, and evaluate results systematically.

The application’s effectiveness can be
attributed to the structured implementation of the
POE2WE learning model, which comprises six
interconnected stages: Prediction, Observation,
Explanation, Elaboration, Write, and Evaluation.
These stages guided students through an active
and reflective learning process. During the
Prediction stage, students were encouraged to
activate prior knowledge and formulate initial
hypotheses. In the Observation stage, they
interacted with digital simulations and learning
materials to verify their predictions.

The Explanation and Elaboration stages
enabled students to construct conceptual
understanding and connect theoretical concepts
to practical contexts. Meanwhile, the Write stage

facilitated reflective thinking and knowledge
consolidation, and the Evaluation stage provided
opportunities for self-assessment and feedback.
Moreover, integrating the POE2WE model into
an Android-based platform significantly enhanced
access to learning and engagement. The mobile
application enabled students to access learning
materials anytime, anywhere, promoting flexible,
self-directed learning. Its interactive features,
including multimedia content, guided exercises,
immediate feedback, and structured learning
pathways, contributed to increased motivation,
active participation, and sustained engagement
throughout the learning process.

The effectiveness findings are consistent
with previous studies indicating that mobile
learning environments integrated with
constructivist instructional models can significantly
improve conceptual understanding and higher-
order thinking skills, particularly in science and
physics education. The combination of
pedagogically structured learning and digital
accessibility appears to provide an optimal
learning environment that supports both cognitive
development and learner autonomy.

Following the evaluation and revision
process, the POE2WE-based Android learning
application can be considered an effective and
innovative learning medium for supporting physics
education in the digital era. Its successful
implementation demonstrates the potential of
integrating constructivist learning models with
mobile technology to enhance students’ academic
performance, problem-solving abilities, and
overall learning experiences.

Implications for Practice

The findings of this study provide several
important implications for educational practice,
particularly in the integration of digital learning
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technologies and constructivist instructional
models in physics education. For lecturers and
teachers, the POE2WE-based Android learning
application offers an alternative instructional
medium that facilitates active, student-centered
learning. The integration of Prediction,
Observation, Explanation, Elaboration, Write,
and Evaluation stages enables educators to guide
students systematically through scientific reasoning
and problem-solving activities rather than relying
solely on conventional lecture-based instruction.
The mobile learning format also supports flexible
learning environments, allowing students to access
instructional materials both inside and outside the
classroom.

For educational institutions, the developed
application demonstrates the potential of
integrating mobile learning technologies into digital
learning ecosystems to support 21st-century
competencies such as critical thinking,
independent learning, collaboration, and problem-
solving skills. The findings suggest that mobile-
based constructivist learning media can enhance
student engagement and learning outcomes,
particularly in science-related subjects that require
conceptual visualization and inquiry-based
activities. Therefore, schools and universities may
consider integrating similar digital learning
innovations into curriculum implementation and
blended learning strategies.

For educational media developers, this study
highlights the importance of combining
technological innovation with pedagogically
grounded instructional design. The effectiveness
of the developed application was determined not
only by multimedia features but also by the
systematic integration of the POE2WE learning
model into its structure. This finding emphasizes
that educational technology should function not
only as a content delivery platform but also as a
facilitator of cognitive and metacognitive learning
processes.

From a policy perspective, the study
underscores the growing need for digital

transformation in education, particularly the
development of interactive and adaptive learning
media. Educational policymakers may use these
findings as a reference for encouraging the
integration of mobile learning applications and
constructivist instructional approaches into
science education programs. In addition, the
study provides recommendations for broader
implementation of mobile-based learning systems
to improve accessibility, flexibility, and learning
quality in higher education.

Limitations of the Study

Despite the positive findings, this study has
several limitations that should be acknowledged
critically. First, the research employed a relatively
small sample of students from only two academic
programs, which may limit the generalizability of
the findings to broader educational contexts.
Although the interdisciplinary inclusion of
Midwifery students was intended to assess the
application’s flexibility and practicality across
diverse educational backgrounds, variations in
prior physics knowledge may have influenced
learning outcomes.

Second, the effectiveness evaluation used
a one-group pretest—posttest design without a
control group. Consequently, the observed
improvement in learning outcomes and problem-
solving abilities cannot be attributed exclusively
to the developed application without considering
other potential external factors. Future studies are
therefore recommended to employ more rigorous
experimental designs, such as quasi-experimental
or randomized controlled designs, to strengthen
causal inference.

Third, the implementation period was
relatively short and focused primarily on the initial
evaluation of effectiveness. Long-term impacts
of'the application on students’ retention, higher-
order thinking skills, and independent learning
behaviors were not comprehensively investigated.
In addition, the study mainly relied on quantitative
evaluation instruments, while deeper qualitative
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exploration regarding students’ learning
experiences and interaction patterns within the
application remains limited.

Nevertheless, these limitations do not
diminish the study’s overall contribution. Instead,
they provide important directions for future
research and further refinement of the developed
learning application. The present study still offers
meaningful contributions to the integration of
constructivist leamning models and mobile learning
technologies in physics education, particularly in
supporting interactive, flexible, and problem-
oriented digital learning environments.

B CONCLUSION

Overall, the results demonstrate that the
Android-based physics learning application
developed using the POE2WE model is valid,
practical, and feasible for use in educational
settings. These findings suggest that integrating
the POE2WE learning model into an Android-
based platform provides a highly valid and
practical digital learning environment that facilitates
students’ learning. Consequently, this application
represents a promising innovation in digital
physics learning media and provides a foundation
for further research and large-scale
implementation.

B DECLARATION OF GENERATIVE
Al USAGE IN THE WRITING
PROCESS
During the writing of this manuscript, the

author(s) employed Al tools to assist with
language. The author(s) have reviewed and edited
the content generated by this tool and assume
full responsibility for the content of the published
article.

B REFERENCES

Abazi-Bexheti, L., Kadriu, A., Apostolova-
Trpkovska, M., Jajaga, E., & Abazi-Alili,
H. (2018). LMS solution: Evidence of
google classroom usage in higher

education. Business Systems Research,
9(1), 132—144. https://doi.org/10.2478/
bsrj-2018-0003

Akcayyr, M., & Akgayyr, G. (2017). The
advantages and challenges of augmented
reality for education: A systematic review
of the literature. Educational Research
Review, 20, 1-11. https://doi.org/
10.1016/j.edurev.2016.11.002

‘Alturki, U., & Aldraiweesh, A. (2021).
Application of learning management system
(LMS) during the COVID-19 pandemic:
A sustainable acceptance model of the
expansion technology approach.
Sustainability, 13(19), Article 10991.
https://doi.org/10.3390/su131910991

Ardiansyah, M., & Brorsen, K. R. (2020).
Mixed quantum—classical dynamics with
machine learning-based potentials via
Wigner sampling. The Journal of Physical
Chemistry A, 124(44), 9326-9331.
https://doi.org/10.1021/acs.jpca.0c08253

Arena, F., Collotta, M., Pau, G., & Termine, F.
(2022). An overview of augmented reality.
Computers, 11(2), Article 28. https://
doi.org/10.3390/computers11020028

Arikunto, S. (2009). Dasar-dasar evaluasi
pendidikan (edisi revisi). Bumi Aksara.

Arista, F. S., & Kuswanto, H. (2018). Virtual
physics laboratory application based on the
Android smartphone to improve learning
independence and conceptual
understanding. International Journal of
Instruction, 11(1), 1-16. https://doi.org/
10.12973/1ji.2018.1111a

Bervell, B., & Arkorful, V. (2020). LMS-enabled
blended learning utilization in distance
tertiary education: Establishing the
relationships among facilitating conditions,
voluntariness of use and use behaviour.
International Journal of Educational
Technology in Higher Education, 17(1),
Article 46. https://doi.org/10.1186/
s41239-020-0183-9



Nana & Ahmad, Developing a POE2WE-Based Interactive Mobile...

Bond, M., Bedenlier, S., Marin, V. 1., & Hindel,
M. (2021). Emergency remote teaching in
higher education. Educational
Technology Research and Development,
69(1),307-325. https://doi.org/10.1007/
s11423-020-09872-2

Bradley, V. M. (2020). Learning Management
System (LMS) use with online instruction.
International Journal of Technology in
Education, 4(1),68-92. https://doi.org/
10.46328/ijte.36

Bretos, M. A., Ibafiez-Sanchez, S., & Orus, C.
(2024). Applying virtual reality and
augmented reality to the tourism
experience: A comparative literature
review. Spanish Journal of Marketing -
ESIC, 28(3), 333-360. https://doi.org/
10.1108/SJIME-03-2023-0052

BSNP. (2014). Instrumen penilaian buku teks
pelajaran tahun 2014. Badan Standar
Nasional Pendidikan.

Crompton, H., & Burke, D. (2018). The use of
mobile learning in higher education: A
systematic review. Computers &
Education, 123, 53—64. https://doi.org/
10.1016/j.compedu.2018.04.007

Dhote, S., Vichoray, C., Mankar, V., & Dhote,
R. (2024). STEM-based AR physics
assisted resources in smart learning system.
2nd International Conference on
Emerging Research in Computational
Science (ICERCS 2024). IEEE.

Euler, E., Gregorcic, B., & Linder, C. (2020).
Variation theory as a lens for interpreting
and guiding physics students’ use of digital
learning environments. European Journal
of Physics, 41(4), Article 045701. https:/
/doi.org/10.1088/1361-6404/ab895¢

Eveline, E., Suparno, S., & Ardiyati, T. K.
(2019). Development of interactive
physics mobile learning media for enhancing
students” HOTS. Jurnal Penelitian &
Pengembangan Pendidikan Fisika,
5(2),123-132. https://doi.org/10.21009/
1.05206

Fullan, M., Quinn, J., Drummy, M., & Gardner,
M. (2020). Education reimagined. The
future of learning. New Pedagogies for
Deep Learning.

Gunawan, G., Harjono, A., Hermansyah, H., &
Herayanti, L. (2018). Development of
virtual laboratory based on Android for
physics learning. Journal of Physics:
Conference Series, 1108(1), Article
012015. https://doi.org/10.1088/1742-
6596/1108/1/012015

Halim, A., Syaftrizal, S., Susanna, S., & Elizar, E.
(2021). Physics education in the Industrial
Revolution 4.0: Integration of internet of
things (IoT) in physics laboratory. Journal
of Physics: Conference Series, 1882(1),
Article 012130. https://doi.org/10.1088/
1742-6596/1882/1/012130

Hanafi, H. F., & Samsudin, K. (2012). Mobile
learning environment system (MLES): The
case of Android-based learning application
onundergraduates. International Journal
of Advanced Computer Science and
Applications, 3(3), 63—66. https://doi.org/
10.14569/1JACSA.2012.030311

Henukh, A., Astra, I. M., Setyaningsih, S., &
Sulisworo, D. (2021). The use of Google
Classroom as ICT literacy to improve
physics students collaboration skill in
industrial revolution 4.0. AIP Conference
Proceedings, 2331(1), Article 030002.
https://doi.org/10.1063/5.0041656

Hodges, C., Moore, S., Lockee, B., Trust, T.,
& Bond, A. (2020). The difference
between emergency remote teaching and
online learning. Educause Review, 27(1),

1-9.

Hoyles, C., & Lagrange, J.-B. (Eds.). (2010).
Mathematics education and technology-
rethinking the terrain: The 17th ICMI
study (Vol. 13). Springer Science &
Business Media. https://doi.org/10.1007/
978-1-4419-0146-0

Janiesch, C., Zschech, P., & Heinrich, K. (2021).
Machine learning and deep learning.

1063



1064

Jurnal Pendidikan MIPA, Vol. 27, No. 02, pp. 1044-1066, June 2026

Electronic Markets, 31(3), 685-695.
https://doi.org/10.1007/s12525-021-
00475-2

Karimah, U., Sunarti, T., & Munasir, M. (2023).
Digital era for quality education:
Effectiveness of discovery learning with
Android to increase scientific literacy.
IJORER: International Journal of
Recent Educational Research, 4(6),
674-686. https://doi.org/10.46245/ijorer.
v416.437

Kasim, N.N. M., & Khalid, F. (2016). Choosing
the right learning management system
(LMS) for the higher education institution
context: A systematic review. International
Journal of Emerging Technologies in
Learning, 11(6), 55-61. https://doi.org/
10.3991/ijet.v11i06.5644

Kearney, M., Schuck, S., Burden, K., &
Aubusson, P. (2012). Viewing mobile
learning from a pedagogical perspective.
Research in Learning Technology, 20(1),
Article 14406. https://doi.org/10.3402/
r1t.v20i0.14406

Kohl, P. B., & Finkelstein, N. D. (2008). Patterns
of multiple representation use by experts
and novices during physics problem solving.
Physical Review Special Topics - Physics
Education Research, 4(1), Article
010111. https://doi.org/10.1103/
PhysRevSTPER.4.010111

Kurniati, P., Kelmaskouw, A. L., Deing, A.,
Bonin, B., & Haryanto, B. A. (2022).
Model proses inovasi Kurikulum
Merdeka implikasinya bagi siswa dan
guru abad 21 [The Independent
Curriculum innovation process model and
its implications for 2 1st century students
and teachers). Jurnal Citizenship Virtues,
2(2),408-423. https://doi.org/10.37640/
jev.v2i2.1516

Larasati, A. (2022). Analisis faktor penyebab
rendahnya mutu pendidikan di
Indonesia [ Analysis of the factors causing

the low quality of education in Indonesia].
Jurnal Pendidikan Dan Kebudayaan,
12(2), 145-156.

Lestari, S., Setyarsih, W., & Qosyim, A. (2019).
The role of physics learning in Industrial
Revolution 4.0 era. Journal of Physics:
Conference Series, 1233(1), Article
012018. https://doi.org/10.1088/1742-
6596/1233/1/012018

Liang, Y., Zou, D., Xie, H., & Wang, F. L.
(2023). Exploring the potential of using
ChatGPT in physics education. Smart
Learning Environments, 10(1), Article
17. https://doi.org/10.1186/s40561-023-
00273-7

Mayer, R. E. (2020). Multimedia learning (3rd
ed.). Cambridge University Press. https://
doi.org/10.1017/9781316941355

Nesbit, J. C., Belfer, K., & Leacock, T. L.
(2007). Learning object review
instrument (LORI) version 1.5. Simon
Fraser University.

Panggabean, D. D., Naibaho, G. D. M., &
Simangunsong, I. T. (2023). Improving
students’ concept with POE2WE learning
model assisted by PhET Android
simulation. Jurnal Penelitian Pendidikan
IPA, 9(5), 2351-2357. https://doi.org/
10.29303/jppipa.v9i5.2892

Ramadani, E. M., & Nana, N. (2020).
Pengembangan media pembelajaran
berbasis aplikasi Android menggunakan
Power Point Ispring Suite 9 dengan
model POE2WE pada materi teori
kinetik gas [Development of Android
application-based learning media using
Power Point Ispring Suite 9 with the
POE2WE model on the kinetic theory of
gases material]. Jurnal Pendidikan
Fisika Tadulako Online (JPFT), 8(3),
85-91.

Ramadhani, R., Umam, R., Abdurrahman, A, &
Syazali, M. (2019). The effect of flipped-
problem based learning model integrated



Nana & Ahmad, Developing a POE2WE-Based Interactive Mobile...l

with LMS-Google Classroom for senior
high school students. Journal for the
Education of Gifted Young Scientists,
7(2), 137—-158. https://doi.org/10.17478/
jegys.548350

Ramandani, A. (2021). Literatur review
penerapan augmented reality pada
pendidikan. ResearchGate.

Raza, S.A., Qazi, W., Khan, K. A., & Salam, J.
(2021). Social isolation and acceptance of
the Learning Management System (LMS)
in the time of COVID-19 pandemic: An
expansion of the UTAUT model. Journal
of Educational Computing Research,
59(2), 183-208. https://doi.org/10.1177/
0735633120960421

Retnawati, H. (2016). Analisis kuantitatif
instrumen penelitian (Panduan peneliti,
mahasiswa, dan psikometrian). Parama
Publishing.

Rusdiana, A., Sulhan, M., Arifin, I. Z., &
Kamludin, U. A. (2020). Penerapan
model POE2WE berbasis blended
learning Google Classroom pada
pembelajaran masa WFH pandemic
Covid-19. Pusat Penelitian dan Penerbitan
UIN Sunan Gunung Djati Bandung.

Sain, N., Ahmad, J., & Halim, A. (2024).
Educational transformation in the 21st
century: Shifting towards dynamic and
technology-integrated approaches.
International Journal of Educational
Technology, 11(1), 23-35.

Scarsella, R., & Stofega, W. (2018). Worldwide
smartphone forecast, 2018-2022.
International Data Corporation (IDC).

Scheel, L., Vladova, G., & Ullrich, A. (2022).
The influence of digital competences, self-
organization, and independent learning
abilities on students’ acceptance of digital
learning. International Journal of
Educational Technology in Higher
Education, 19(1), Article 44. https://
doi.org/10.1186/541239-022-00350-w

Setyawan, B., & Fatirul, A. N. (2019).
Pemanfaatan teknologi e-learning dalam
pembelajaran konsep abstrak bagi
mahasiswa. Jurnal Teknologi
Pendidikan, 7(2), 112—124.

Siswanto, J., Tri Jaka Harjanta, A., Kurnia
Prahani, B., & Suminar, 1. (2022). The
validity and practicality of the integrated
learning model: Physics, digital, and local
wisdom. KnE Social Sciences, 7(19),
374-383. https://doi.org/10.18502/
kss.v7i19.12489

Sitepu, T. E. (2022). Pengaruh digitalisasi
pendidikan terhadap nilai kearifan lokal
Indonesia di sekolah dasar. Seminar
Nasional 2022-NBM Art. Universitas
Muhammadiyah Sumatera Utara.

Sugiyanto, S., Sukardiyono, S., & Aznam, N.
(2020). The implementation of POE2WE
model to improve students’ critical thinking
skills in physics. Journal of Physics:
Conference Series, 1521(2), Article
022031. https://doi.org/10.1088/1742-
6596/1521/2/022031

Sung, Y. T., Chang, K. E., & Liu, T. C. (2016).
Effects of integrating mobile devices with
teaching and learning on students’ learning
performance: A meta-analysis and research
synthesis. Computers & Education, 94,
252-275. https://doi.org/10.1016/j.
compedu.2015.11.008

Syahrial, S., Asrial, A., Kurniawan, D. A., &
Chan, F. (2021). Integrating TPACK
framework into physics learning media
innovation: A systematic review.
International Journal of Evaluation and
Research in Education, 10(2), 650—658.
https://doi.org/10.11591/ijere.v10i12.
21049

Tinoca, L., Pinto-Llorente, A. M., & Henriques,
S. (2022). Iterative product refinement
through systematic evaluation cycles in
educational technology design-based
research. Educational Research Review,

1065



1066

Jurnal Pendidikan MIPA, Vol. 27, No. 02, pp. 1044-1066, June 2026

35, Article 100412. https://doi.org/
10.1016/j.edurev.2022.100412

Walker, D. F., & Hess, R. D. (1984).
Instructional software: Principles and
perspectives for design and use.
Wadsworth Publishing Company.

Werdiningsih, W. (2021). Manajemen sumber
daya manusia dalam meningkatkan
kompetensi guru melaksanakan
pembelajaran daring [Human resource
management in improving teacher
competency in implementing online
learning]. Southeast Asian Journal of
Islamic Education Management, 2(1),
1-16. https://doi.org/10.19109/sajiem.
v2i1.7371

Wibowo, F. C., Hasbey, H., Aziz, T. A., Darman,
D. R., Kusuma, A. F. A. K, lIhsan, &
Bunyami, M. A. H. (2025). Integrating
artificial intelligence chatbot climate change
with physics digital modules for student
learning assistants. Multidisciplinary
Science Journal, 7(12), Article 2025583.
https://doi.org/10.31893/multiscience.
2025583

Wirjawan, J. V. D., Pratama, D., Batlolona, J.
R., Netrida, N., Wijaya, A., & Loupatty,
M. (2020). Android-based physics
learning-media apps for high school
students. Journal of Physics: Conference
Series, 1428(1), Article 012024. https://
doi.org/10.1088/1742-6596/1428/1/
012024

Yasin, M., Jauhariyah, M. N. R., & Shodiqin,
M. A. (2022). Interactive learning media
innovation in physics to enhance students’
problem-solving skills in the digital era.
Eurasia Journal of Mathematics,
Science and Technology Education,
18(3), Article em2084. https://doi.org/
10.29333/ejmste/11696

Yul, F. A. (2023). Perancangan aplikasi media
pembelajaran berbasis Android mata

kuliah sistem operasi [ Design of Android-
based learning media applications for
operating systems courses|. JIPI (Jurnal
Ilmiah Penelitian Dan Pembelajaran
Informatika), 8(1), 195-204. https://
doi.org/10.29100/jipi.v8i1.3906

Yunita, Y., & Nana, N. (2020). Penggunaan

model pembelajaran POE2WE dengan
bantuan aplikasi Zenius Education
untuk meningkatkan pemahaman
konsep dalam pembelajaran fisika [ The
use of the POE2WE learning model with
the help of the Zenius Education application
to improve conceptual understanding in
physics learning]. OSF Preprints. https://
doi.org/10.35542/0sf.i0/ecxyw

Zou, Y., Kuek, F., Feng, W., & Cheng, X. (2025).

Digital learning in the 21st century: Trends,
challenges, and innovations in technology

integration. Frontiers in Education, 10,
Atrticle 1358354.

Zulkarnain, Z., Zulhafizh, Z., & Atika, N. (2020).

Digital transformation in physics education:
Challenges and opportunities in the Industry
4.0 era. Journal of Baltic Science
Education, 19(6), 901-915. https://
doi.org/10.33225/jbse/20.19.901



