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Abstract

Energy is a fundamental yet conceptually demanding topic
in primary science education. This study examined a
curriculum-aligned digital instructional model for teaching
energy concepts to Grade 5 students in Greece. A quasi-
experimental design was implemented across two
consecutive school years with two independent cohorts
comprising 78 students. The experimental groups
participated in  instruction integrating simulations,
educational games, interactive assessment, collaborative
activities, and student-generated video, whereas the control
groups received conventional textbook-based instruction.
The pre-test was used diagnostically. Quantitative analysis
focused on final assessment worksheets administered after
instruction. Post-test performance was compared separately
within each cohort using independent-samples t-tests, with
Welch’s correction where appropriate, and complementary
Mann—Whitney U tests because responses followed an

ordinal four-category coding scheme and distributions
deviated from normality. The experimental groups generally
achieved stronger post-test performance. Parametric
analyses identified significant differences in five of ten
categories in the first cohort and eight of ten in the second.
The non-parametric analyses confirmed three differences in
the first cohort and all eight in the second. The most
consistently supported findings across both cohorts
concerned energy forms, multiple-choice reasoning, and
energy transformations. Classroom observations additionally
indicated enthusiasm, sustained participation, collaboration,
friendly competition, and repeated attempts to improve
performance during the digital activities. Overall, the
findings suggest that the structured integration of digital
technologies may complement conventional primary science
instruction by supporting conceptual understanding,
visualization, feedback, persistence, and collaboration.

Keywords: Digital Game-Based Learning, Educational Simulations, Primary Science Education, Energy Concepts, Student-
Generated Video

1. Introduction

The increasing urgency of global environmental and energy-related challenges has intensified the need for effective energy
education across all levels of schooling. Climate change, unsustainable patterns of energy consumption, and growing
environmental pressures require citizens to develop not only scientific knowledge but also responsible attitudes and decision-
making skills regarding energy use and sustainability. Within this context, primary education plays a particularly important
role, as children begin to form foundational scientific understandings and environmental attitudes during their early school
years. Consequently, contemporary STEM education increasingly emphasizes the development of energy literacy through
learning experiences that connect scientific concepts with everyday life and sustainability-oriented thinking 21,

Despite its central role in science education, energy remains one of the most conceptually demanding topics for primary school
students. Research consistently demonstrates that children experience significant difficulties in understanding energy forms,
transformations, conservation, and degradation, while often confusing scientific and everyday meanings of the term “energy”
B3], Young learners frequently perceive energy as something that is “used up” or “produced” rather than converted from one
form to another, and they often struggle to reason about invisible or system-level energy processes. These misconceptions are
reinforced when instruction relies primarily on textbook-based explanations and static visual representations that do not
adequately support conceptual visualization and inquiry-based reasoning ™. As a result, traditional teacher centered approaches
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may limit students’ opportunities to actively explore and
reconstruct their understanding of complex energy-related
phenomena.
To address these challenges, educational technology has
increasingly been incorporated into STEM instruction to
support conceptual understanding through interactive and
multimodal learning environments. Digital simulations
enable students to visualize abstract scientific processes,
manipulate variables, and observe cause and effect
relationships in real time, thereby supporting inquiry based
learning and conceptual change ¢, Similarly, digital game-
based learning environments have been associated with
increased engagement, motivation, and conceptual
reinforcement, especially when they are integrated into
structured pedagogical sequences rather than used as
isolated activities [ 8l Interactive assessment platforms
additionally provide immediate feedback and opportunities
for self-regulated learning, while student-generated
multimedia activities encourage learners to organize,
represent, and communicate scientific ideas through
collaborative and multimodal forms of expression [ 19, As
part of the integrated instructional model, students in both
cohorts collaboratively produced short educational videos to
synthesize and communicate their understanding of energy
concepts through multimodal representation.
Building on these developments, the present study examines
an integrated, curriculum-aligned digital instructional
approach for teaching energy concepts to Grade 5 students
in primary education. Implemented with two independent
cohorts across consecutive school years, the study compares
students’ final assessment performance following digitally
supported instruction with that of students receiving
conventional textbook-based instruction. It also examines
the consistency of the observed between-group differences
across the two classroom implementations. Descriptive
classroom observations provide complementary evidence
concerning students’ participation, persistence,
collaboration, and responses to the digital activities,
including student-generated video.
The study was guided by the following research questions:
=  What differences in final assessment performance are
observed between Grade 5 students receiving the
integrated digital instructional approach and those
receiving conventional textbook-based instruction
within each cohort?
=  Which energy concepts show the most consistent
between-group differences across the two independent
cohorts?
=  What do descriptive classroom observations indicate
about students’ participation, persistence, collaboration,
and engagement during the digital learning activities,
including student-generated video production?

1.1 Digital Game-Based Learning in Primary STEM
Education

Digital game-based learning has increasingly been
recognized as an effective approach for supporting
engagement, motivation, and conceptual understanding in
STEM education. Educational games provide interactive
environments in which learners actively explore concepts,
solve problems, and receive immediate feedback, thereby
promoting active participation and iterative learning
processes [ 1, In primary education, game-based learning
environments appear particularly effective when activities
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are aligned with explicit learning objectives and integrated
within structured instructional sequences rather than used as
isolated entertainment tools I,

Research has shown that digital games can support
conceptual understanding in science domains by reducing
cognitive load and presenting abstract ideas through
multimodal and interactive representations ['?]. Features
such as repetition, time-based challenges, categorization
tasks, and immediate feedback have been associated with
improved engagement and conceptual consolidation among
younger learners 3], Recent studies in STEM education
further suggest that game-based learning environments can
facilitate reasoning and decision-making processes when
students are encouraged to apply scientific concepts in
authentic or problem-oriented contexts ['4],

1.2 Simulations and Energy Learning

Computer-based simulations have been extensively studied
as tools for teaching abstract scientific concepts by enabling
students to visualize invisible processes and explore
dynamic systems. PhET simulations have received
substantial empirical support in science education due to
their grounding in cognitive and learning sciences 1. These
simulations allow learners to manipulate variables, observe
real-time effects, and test hypotheses in a risk-free
environment, thereby promoting inquiry-based learning and
conceptual change ©.

Beyond conventional computer simulations, recent research
has highlighted the educational value of immersive virtual
environments for energy education. Guerra-Mota et al.
demonstrated that three-dimensional virtual learning
environments can support students’ exploration of
sustainable energy concepts through interactive experiences
that encourage inquiry, visualization, and active
participation 1],

In the context of energy education, simulations have been
shown to be particularly effective in supporting
understanding of energy transformations, conservation, and
system behavior. Lye et al. demonstrated that integrating
energy simulations within the SE instructional model
significantly improved primary students’ conceptual
understanding [, Similarly, Banda and Nzabahimana
reported that simulation-based instruction facilitated deeper
reasoning about energy conversion and reduced common
misconceptions ['"l. More recent studies confirm that PhET
simulations can help students overcome substance-based
conceptions of energy by making system-level processes
visible and manipulable 4 81,

Teachers play a crucial role in scaffolding students’
exploration, prompting explanations, and helping them
connect simulation outcomes to scientific principles [,

1.3 Student-Generated Video and Multimodal Learning
Researchers have increasingly recognized the pedagogical
value of student-generated digital artefacts, particularly
educational video, as tools for multimodal learning and
assessment. According to multimedia learning theory,
student-created videos help learners combine visual and
verbal information, supporting deeper understanding and
long-term retention of scientific concepts 1. This aligns
with constructivist perspectives that view learning as an
active process of knowledge construction rather than passive
reception.

At the primary level, student-generated video has been
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shown to promote collaboration, communication, and
metacognitive awareness, as learners must negotiate
meanings, translate scientific ideas into everyday language,
and justify their representations %211, Previous studies have
demonstrated that video-based learning can support
conceptual consolidation by encouraging students to revisit
and refine their understanding during the production
process. Empirical studies indicate that video production can
enhance content understanding, engagement, and self-
efficacy in STEM subjects %,

1.4 Synthesis and Research Gap

Overall, the reviewed literature indicates that digital games,
simulations, and student-generated multimedia can support
science learning by facilitating visualization, inquiry,
participation, and conceptual understanding. However,
important limitations remain. Previous research has often
examined these technologies separately rather than as
components of a coherent, curriculum-aligned instructional
sequence > 31 Furthermore, many studies have involved
single cohorts or short-term implementations, limiting
evidence concerning the consistency of outcomes across
different classroom groups. Relatively little research has
also examined the inclusion of student-generated
educational video in primary energy education. These
limitations provide the rationale for investigating integrated
digital learning approaches across repeated classroom
implementations.

The present study addresses these gaps by examining a
curriculum-aligned digital instructional model for primary
energy education across two independent cohorts in
consecutive school years. Its principal contribution lies in
evaluating the consistency of post-instructional differences
between experimental and control groups across two
authentic  classroom  implementations. The  study
additionally documents, through descriptive classroom
observations, students’ participation, persistence,
collaboration, and responses to the digital activities,
including student-generated video production. The video
activity is therefore considered a component of the
integrated instructional model rather than an independently
evaluated intervention.

2. Materials and Methods

2.1 Research Design

This study adopted a quasi-experimental, non-equivalent
group design to examine post-instructional differences in
Grade 5 students’ understanding of energy concepts
following two different instructional approaches. Random
assignment of individual students was not feasible because
the study was conducted in authentic school settings in
which students participated as members of intact classes 2.
Quasi-experimental designs are commonly used in
educational technology research conducted in real
classrooms, as they allow the investigation of instructional
approaches under ecologically valid conditions while
acknowledging limitations in group equivalence and causal
inference 12>,

The study was implemented across two consecutive school
years with two independent cohorts. This two-cohort design
enabled examination of whether the pattern of post-test
differences between the experimental and control groups
was consistent across separate classroom implementations,
addressing the limitation of relying on a single, short-term
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implementation ¥, In each cohort, the control group

received conventional textbook-based instruction aligned
with the national curriculum, whereas the experimental
group participated in a structured, curriculum-aligned digital
instructional model integrating simulations, educational
games, formative assessment, collaborative activities, and
student-generated multimedia. The same core instructional
sequence and learning objectives were maintained across
both cohorts to support comparability.
The pre-test was used diagnostically to explore students’
initial familiarity with the targeted energy concepts and was
not included in the inferential statistical analysis. The
quantitative component therefore focused on comparisons of
the final assessment performance of the independent
experimental and control groups within each cohort.
Descriptive classroom observations were additionally used
to document students’  participation,  persistence,
collaboration, and responses to digital activities.
Accordingly, the study focused on three dimensions:
=  Post-instructional performance in the assessed energy
concepts;
= The consistency of between-group differences across
the two independent cohorts; and
= Descriptively observed participation, persistence,
collaboration, and engagement during the digital
learning activities, including student-generated video
production 21,

2.2 Participants and Educational Context

The study involved 78 Grade 5 students (aged 10—11 years)
from public primary schools in Greece. During the first
school year, 42 students participated (21 experimental and
21 control), while during the second year, 36 students
participated (18 experimental and 18 control). Experimental
groups participated in the integrated digital instructional
model, whereas control groups received traditional
textbook-based instruction aligned with the national
curriculum.

The participating schools were comparable in terms of
socioeconomic background, digital infrastructure, and
access to computer laboratories with internet connectivity.
All instructional activities were aligned with the official
Greek National Science Curriculum for Grade 5 and the
corresponding Teacher’s Guide for Physics [, which
emphasizes the integration of energy concepts across
multiple scientific contexts.

Although random assignment of individual students was not
feasible, the experimental and control groups were
comparable in age and educational level, as all participants
attended Grade 5 classes within similar public-school
contexts. The diagnostic pre-test was used only to explore
students’ initial familiarity with the targeted concepts and
was not used to establish statistical equivalence between the
groups.

2.3 Instructional Model

The instructional model was designed as a technology-
enhanced, project-based learning sequence integrating PhET
simulations, Wordwall educational games, Quizizz-based
assessment, and student-generated multimedia activities
within a coherent instructional framework. The instructional
implementation comprised twelve teaching hours, followed
by two additional hours devoted to module evaluation,
resulting in a total duration of fourteen hours. The activities
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were implemented in the school computer laboratory, where
students worked in groups of three to four per computer.
The teacher acted primarily as a facilitator, supporting
inquiry, discussion, and collaborative problem solving 2%,
Students used selected PhET simulations to explore energy
forms, transformations, and energy systems through
interactive manipulation of variables and real-time
visualization of scientific processes. The simulations were
integrated into guided inquiry activities that encouraged
prediction, discussion, and conceptual reflection. Examples
of the PhET interactive simulations incorporated into the
instructional sequence are presented in Fig 1.

(6%) o] |~ (]
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Fig 1: Examples of PhET interactive simulations used during the
instructional sequence

To reinforce conceptual understanding, seven Wordwall
educational games were developed focusing on energy
forms, energy sources, transformations, renewable and non-
renewable energy, and energy-saving behaviors. The games
incorporated matching, classification, and quiz-based
activities designed to support repetition, immediate
feedback, and active engagement. Examples of the
Wordwall educational games integrated into the
instructional sequence are presented in Fig 2.

W
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Fig 2: Examples of Wordwall educational games integrated into
the instructional sequence

Quizizz ~was used throughout the instructional
implementation to provide formative assessment and
immediate feedback following key learning activities. At the
end of the instructional sequence, students also completed
an individual Quizizz activity consisting of 26 multiple-
choice items covering the main instructional topics. This
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activity supported consolidation and provided descriptive
information about students’ responses but was not used as
the principal outcome measure in the between-group
statistical analyses. The quantitative comparisons between
the experimental and control groups were based on the final
assessment worksheets. Examples of the Quizizz activities
are presented in Fig 3.

Quizizz - v Quizsettngs

el
]

Fig 3: Examples of Quizizz-based assessment activities integrated
into the instructional sequence

As a culminating activity, students collaboratively created
short educational videos on energy concepts using drawings,
narration, and simple digital editing tools. The video
production activity encouraged students to organize and
communicate scientific ideas, connect energy concepts with
everyday contexts, and reflect on their learning through
multimodal representation. An example of student-generated
visual material developed as part of the multimodal learning
activities is presented in Fig 4.

Fig 4: Example of student-generated visual material illustrating
responsible energy use and environmental protection

The instructional sequence was designed to progress from
exploration to consolidation. Students first explored energy
concepts through PhET simulations, reinforced their
understanding using Wordwall activities, received formative
feedback through Quizizz, and finally synthesized their
learning by producing collaborative educational videos.
Table 1 presents the organization of the instructional
sequence, including the duration, thematic focus, learning
objectives, and digital materials used in each stage of the
implementation.
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Table 1: Organization of the Energy Instructional Sequence

Duration . . S . . .
(hours) Topic Learning objectives Digital materials

2 Forms of energy Students identify and describe different forms of energy. PhET s1mu1g;grelz; Wordwall

Students identify and describe different energy sources used in | PhET simulations; Wordwall
1 Energy sources

everyday contexts. games
1 Renewable and non- Students distinguish between renewable and non-renewable energy | Worksheet; Wordwall games;
renewable energy sources sources and discuss their environmental implications. collaborative activities
. Students explain how energy is transformed from one form to PhET simulations; Wordwall
2 Energy transformations . . J .
another and provide examples of energy transformations. games; Quizizz
Students explain that the human body obtains energy from food and
2 Food and energy functions as an energy converter, relating energy intake to bodily | PhET simulations; Quizizz
energy demands.
5 Energy use and Students explain the importance of energy conservation and identify Wordwall games; Quizizz
conservation practical energy-saving behaviors.
Students collaboratively create a dramatized educational video  |Handmade animated sketches;
Student-generated . .
2 . . addressing renewable and non-renewable energy sources, energy role recording; CapCut;
educational video . . .
transformations, and energy-saving practices. Runway
. Students consolidate and evaluate their understanding of energy
Module evaluation and . . .
2 iy concepts and reflect on the usefulness of digital games and Quizizz; evaluation sheets
consolidation . . .
simulations for learning.

As shown in Table 1, the instructional sequence followed a
structured progression from the recognition of energy forms
and sources to more complex concepts involving energy
transformations, renewable and non-renewable energy
sources, energy use, and conservation. Digital simulations,
educational games, worksheets, and interactive assessment
activities were integrated throughout the sequence to
provide multiple opportunities for exploration, practice,
feedback, and conceptual consolidation. The student-
generated educational video served as a culminating
collaborative activity, enabling students to synthesize and
communicate the energy concepts addressed during
instruction. Overall, the instructional model comprised
twelve teaching hours, followed by two additional hours
devoted to module evaluation.

2.4 Learning Objectives and Instructional Task

The instructional model was aligned with the Greek
National Science Curriculum for Grade 5 and the
corresponding Teacher’s Guide for Physics . Nine
learning objectives guided the instructional design,
addressing students’ understanding of energy forms, energy
sources, renewable and non-renewable energy sources,
energy transformations, energy use in technological and
biological systems, energy degradation, and sustainability-
oriented energy-saving behaviors.

The instructional sequence progressed from the recognition
and classification of energy forms and sources to more
complex reasoning about energy transformations, energy

degradation, and energy use in natural, technological, and
biological systems. Simulations, worksheets, digital games,
formative  assessment activities, and collaborative
multimedia production were aligned with these objectives to
provide multiple forms of representation, inquiry, practice,
and conceptual consolidation 27281,

The nine learning objectives were defined as follows:

O1: Recognize different forms of energy.

02: Identify different energy sources.

03: Distinguish between renewable and non-renewable
energy sources.

04: Understand that energy can be transformed from one
form to another.

05: Explain energy transformation chains in technological
systems, such as a hydroelectric power plant.

06: Recognize that humans intentionally transform energy
to meet their needs.

O7: Explain that part of the energy in transformations is
converted into heat.

08: Identify the human body as an energy converter and
relate food energy intake to bodily energy demands.

09: Develop awareness of renewable energy use,
environmental sustainability, and energy-saving behaviors.
To ensure systematic alignment between the learning
objectives and the instructional activities, each major task
was mapped onto the corresponding objective or objectives.
Table 2 presents this alignment and summarizes the
pedagogical rationale underlying each instructional task.
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Table 2: Alignment of Instructional Tasks with Learning Objectives
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Task .. Associated . . .
Code Description of Task Objective(s) Justification of Alignment
Identify and categorize different forms of energy (kinetic, Supports the recognition and C.l asmﬁcatlop of dlfferjcn.t
T1 . . 01 forms of energy through interactive simulations and digital
potential, thermal, electrical, etc.). S
activities.
Identify energy sources and associate them with familiar . Develops students” ability to recognize and. 14ent1fy
T2 . 02 different energy sources through simulations, digital games,
everyday contexts and devices.
and everyday examples.
Lo Supports the classification of energy sources and promotes
Distinguish between renewable and non-renewable energy s . .
T3 . . . T 02,03, 09 sustainability-oriented reasoning through worksheets,
sources and discuss their environmental implications. A . . .
Wordwall activities, and collaborative discussion.
. . . Develops understanding energy of transformations and
Explore energy transformations using interactive . . .
T4 . . . : 04, 06 illustrates how humans intentionally transform energy for
simulations in natural and technological systems. .
different purposes.
Strengthens understanding of sequential energy
Trace the complete energy transformation chain into a transformations within a complex technological system
T5 ’ 04, 05 . . . ..
hydroelectric power plant. through PhET simulations, teacher guidance, and Quizizz
activities.
Explain why part of the energy is converted into heat Introduces energy degradation and suppprts stud;nts n
T6 . . o7 recognizing that part of the energy involved in
during energy transformations. . . ;
transformations is converted into heat.
Relate food energy intake to bodily functions and Integrates b1qloglcal and physm.al perspectives on encrgy
T7 . 08 by connecting food energy with bodily functions and
recognize the human body as an energy converter.
energy demands.
Identify practical energy-saving behaviors and explain Develops awareness of energy conservation, responsible
T8 | how renewable energy use contributes to environmental 09 energy use, and environmental sustainability through
sustainability. digital games and collaborative activities.
Create a collaborative educational video presenting energy Enables students to synthesize and communicate their
T9 forms, renewable and non-renewable energy sources, 01, 03, 04, understanding through multimodal representation,
energy transformations, and everyday energy-saving 09 integrating scientific concepts with sustainability and real-
practices. life applications.

As shown in Table 2, the instructional tasks were
systematically aligned with the learning objectives, ensuring
coherence between curriculum goals, instructional activities,
and the digital tools employed. The sequence progressed
from the recognition of basic energy concepts to more
complex reasoning about energy transformations, energy
degradation, and sustainability. The final student-generated
video provided an opportunity for students to integrate and
communicate multiple energy concepts through a
collaborative and multimodal learning activity.

2.5 Data Collection Instruments

The study employed a quasi-experimental quantitative
design supplemented by descriptive classroom observations
and student artefacts. Data were collected through a
diagnostic pre-test, final assessment worksheets, Quizizz
performance data, classroom observations, and student-
generated materials. The final assessment worksheets
provided the principal quantitative outcome data, whereas
the remaining sources were used diagnostically, formatively,
or descriptively.

2.5.1 Diagnostic Pre-test and Final Assessment
Worksheets

Students’ familiarity with energy concepts was explored
before instruction using a structured diagnostic pre-test. The
pre-test included multiple-choice and open-ended questions
addressing students’ initial understanding of selected energy
concepts. It was used exclusively for diagnostic purposes
and was not subjected to inferential statistical analysis.
Following completion of the instructional implementation,
the experimental and control groups completed final
assessment worksheets covering ten conceptual categories.
The assessment included multiple-choice items, matching

tasks, table-completion activities, open-ended questions, and
tasks requiring explanation of energy transformations in
everyday and technological contexts. The items were
aligned with the instructional objectives and reviewed by
two experienced primary science educators to support
content validity. Responses to the final assessment
worksheets constituted the principal data used in the
statistical comparisons.

2.5.2 Quizizz Performance Data

Quizizz platform data provided formative and descriptive
information about students’ responses and accuracy across
conceptual areas such as energy forms, energy
transformations, hydroelectric energy, and renewable and
non-renewable energy sources. These data were used to
support feedback and monitor students’ progress during the
instructional sequence but were not included in the
inferential comparisons between the experimental and
control groups.

2.5.3 Classroom Observations and Student Artefacts
Classroom observations were conducted throughout the
instructional ~implementation to document students’
participation, persistence, collaboration, and responses to
digital activities. Attention was given to students’ use of
repeated attempts, responses to immediate feedback,
collaborative problem solving, and friendly intergroup
competition.  Student-generated  materials, including
educational videos, were retained as examples of the
collaborative and multimodal activities completed during
the instructional sequence.

The observations were not scored using a standardized
instrument or subjected to formal qualitative coding. They
were therefore used only as complementary descriptive
evidence and were not included in the statistical analysis.
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Similarly, the student-generated videos were considered
components of the integrated instructional model rather than
independently evaluated outcome measures.

2.6 Data Analysis

Quantitative analyses were conducted using jamovi (version
2.7.38). The statistical analysis focused exclusively on
students’ responses to the final assessment worksheets
administered after completion of the instructional
implementation.  The  diagnostic  pre-test, Quizizz
performance data, classroom observations, and student-
generated materials were not included in the inferential
statistical analysis.

Students’ responses to the final assessment worksheets were
coded using four categories: 1 = correct, 2 = partially
correct, 3 = incorrect, and 4 = no response. Consequently,
lower scores represented better performance. Means and
standard deviations were calculated separately for the
experimental and control groups within each cohort.

The two cohorts were analyzed separately because they
comprised different and independent samples. In the first
cohort, the experimental and control groups each included
21 students; in the second cohort, each group included 18
students. Independent samples t-tests were used to compare
post-test performance between the experimental and control
groups across the ten conceptual categories. Levene’s test
was used to assess the assumption of homogeneity of
variance. When this assumption was violated, Welch-
adjusted t-statistics and degrees of freedom were reported.
Shapiro—Wilk tests indicated significant deviations from
normality across the assessed categories. Given these
results, the ordinal response-coding structure, and the
relatively small sample sizes, Mann—Whitney U tests were
additionally conducted as complementary non-parametric
analyses. Cohen’s d and rank-biserial correlations were
calculated as effect-size measures for the parametric and
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non-parametric analyses, respectively. All statistical tests
were two-tailed, and statistical significance was set at p <
.05.

Finally, the pattern of statistically significant and non-
significant findings was compared descriptively across the
two independent cohorts. This cross-cohort examination was
used to identify conceptual categories showing consistent
between-group differences across the two classroom
implementations and was not treated as a longitudinal
comparison of the same students.

2.7 Ethical Considerations

The study followed ethical guidelines for educational
research. Participation was voluntary, written parental
consent was obtained for all participating students, and
anonymity and confidentiality were ensured throughout data
collection and analysis. All findings are reported in
aggregate form without identifying individual participants.

3. Results and Discussion

The quantitative results presented in this section are based
primarily on the final assessment worksheets completed by
the experimental and control groups after the instructional
implementation. Quizizz performance is reported separately
as descriptive formative evidence. The classroom
observations are also presented separately and were not
included in the statistical analyses.

3.1 Descriptive Quizizz Performance

Quizizz was used during the instructional sequence to
provide immediate feedback and opportunities for practice
and consolidation. Table 3 summarizes the experimental-
group students’ descriptive performance across the main
conceptual categories included in the Quizizz activities.
These results were not used in the inferential comparisons
between the experimental and control groups.

Table 3: Descriptive performance across the Quizizz conceptual categories

Conceptual category Related items (Q.No.) | Mean correct (%) | Range (%) Key observation
En_ergy_forms and 2.3, 4,12, 17-20 89 76-100 Very.hlgh performance in 1dent1fym.g kinetic,
identification potential, thermal, nuclear, and electrical energy
Energy transformations and Strong understanding in familiar, everyday contexts;
. 5-11 82 67-100 - S -
conversions lower performance in less familiar transformations
Photosynthesis and biological Good understanding of energy use in biological
ener 1,5 91 81-100 processes and the human body as an energy
&y converter
Hydroelectric energy 13-16 62 24-100 Conceptual difficulty in tracmg complete energy
conversion chains
Renewable vs non-renewable 22,23 64 29-100 Higher success W?th renewable sources; difficulty
sources when visual cues were absent
Environmental benefits of 24 36 . Most students recognized environmental advantages
renewable energy of renewables
. . Excellent understanding of practical energy-saving
Energy-saving behaviours 25 100 — actions
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As shown in Table 3, students demonstrated high
performance in identifying different forms of energy,
recognizing energy transformations in familiar contexts, and
understanding energy use in biological systems. The highest
percentages were recorded for energy-saving behaviors
(100%), photosynthesis and biological energy (91%), energy
forms and identification (89%), and environmental benefits
of renewable energy (86%).

Lower performance was observed for hydroelectric energy
(62%) and the distinction between renewable and non-
renewable energy sources (64%). These descriptive results
suggest that students experienced greater difficulty when
required to trace complete energy-transformation chains or
distinguish systematically between different types of energy
sources. Because these data were obtained from formative
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Quizizz activities completed during the instructional
sequence, they are interpreted descriptively and not as
independent evidence of intervention effectiveness.

3.2 Post-Test Comparison Between Experimental and
Control Groups: First Cohort

In the first cohort, the experimental and control groups each
consisted of 21 students. Post-test performance was
compared across ten conceptual categories using
independent-samples t-tests. Welch’s correction was applied
where Levene’s test indicated unequal variances. Because
the response scale was ordinal and the distributions deviated
significantly from normality, Mann—Whitney U tests were
additionally conducted as complementary non-parametric
analyses. Table 4 presents the results.

Table 4: Post-test comparison between the experimental and control groups in the first cohort

Conceptual category Contro(é %oup M Expert]‘rze(r;tgj group| . ‘ af N Mann—lP]Vhttney P (U)
Energy forms 2.57 (0.93) 1.00 (0.00) Welch | 7.78 20.00 <.001 52.50 <.001
Fill-in-the-blank tasks 2.67 (1.15) 1.86 (1.39) Student | 2.05 40 .047 156.00 .080
Multiple-choice reasoning 2.10 (1.09) 1.19 (0.60) Welch | 3.33 31.13 .002 125.00 .003
Table completion 1.90 (1.09) 1.38 (0.81) Welch | 1.77 36.79 .085 166.00 .091

Energy degradation 3.57 (0.51) 3.57 (1.08) Student | 0.00 40 1.000 171.00 119
Matching activities 2.33(1.24) 1.76 (1.26) Student | 1.48 40 .146 169.50 154
Hydroelectric power plant operation|  3.62 (0.74) 2.67 (1.49) Welch | 2.62 29.25 .014 156.50 .065
Renewable versus non-renewable | 57 1 17) 2.19(1.29) Student | 1.00 | 40 321 180.50 301

energy sources

Energy transformations 3.10 (0.83) 2.29 (0.90) Student | 3.02 40 .004 115.50 .005
Energy consumption decisions 2.24 (1.26) 1.71 (1.31) Student | 1.32 40 .194 175.00 191

The parametric analyses identified statistically significant
differences in five of the ten conceptual categories. The
experimental group achieved significantly lower mean
scores, indicating better performance, in energy forms (p <
.001), fill-in-the-blank tasks (p = .047), multiple-choice
reasoning (p = .002), hydroelectric power plant operation (p
=.014), and energy transformations (p =.004).

The complementary Mann—Whitney U analyses confirmed
statistically significant differences in energy forms (p <
.001), multiple-choice reasoning (p = .003), and energy
transformations (p = .005). However, the differences in fill-
in-the-blank tasks (p = .080) and hydroelectric power plant
operation (p = .065) were not statistically significant under
the non-parametric analysis. These two findings should
therefore be interpreted cautiously.

Neither analysis identified statistically  significant
differences in table completion, energy degradation,
matching activities, renewable versus non-renewable energy

sources, Or energy

consumption decisions.

Energy

degradation was particularly notable because both groups
obtained the same mean score (M = 3.57), although their
score distributions differed.

Overall, the first-cohort results indicate stronger
experimental-group performance in several conceptual
categories. The most robust findings concerned energy
forms, multiple-choice reasoning, and energy
transformations, as these differences were supported by both
the parametric and non-parametric analyses.

3.3 Post-Test Comparison Between Experimental and
Control Groups: Second Cohort

The second cohort consisted of 18 students in the
experimental group and 18 students in the control group.
The same analytical procedure was applied: independent-
samples t-tests were conducted, Welch’s correction was used
where appropriate, and Mann—Whitney U tests provided
complementary non-parametric evidence. Table 5 presents
the results.

Table 5: Post-test comparison between experimental and control groups in the second cohort

Conceptual category Contro(é,;r);;oup M |Exp ertﬂn;e(r;tlz;j sroup Test t df P W%f:::y ulP )
Energy forms 3.06 (1.21) 1.00 (0.00) Welch 7.20 17.00 | <.001 36.00 <.001
Fill-in-the-blank tasks 2.17 (1.25) 1.50 (1.15) Student 1.67 34 .105 117.00 .091
Multiple-choice reasoning 2.39 (1.33) 1.22 (0.65) Welch 3.34 24.60 .003 85.00 .004
Table completion 2.67 (1.41) 1.33 (0.77) Welch 3.52 26.20 .002 78.00 .002
Energy degradation 3.50 (1.15) 2.50 (1.54) Welch 2.20 31.40 .035 108.00 .038
Matching activities 2.89 (1.13) 1.72 (1.23) Student 2.96 34 .006 87.00 011
Hydroelectric power plant operation 2.89 (1.28) 1.67 (1.28) Student 2.86 34 .007 91.00 .013
Renewable versus non-renewable |, 15 | 55 1.50 (1.15) Student | 1.67 34 105 117.00 | .091
energy sources
Energy transformations 2.06 (1.06) 1.00 (0.00) Welch 4.24 17.00 | <.001 63.00 <.001
Energy consumption decisions 2.56 (1.46) 1.00 (0.00) Welch 4.51 17.00 | <.001 72.00 <.001
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The parametric analyses identified statistically significant
differences in eight of the ten conceptual categories: energy
forms (p <.001), multiple-choice reasoning (p =.003), table
completion (p = .002), energy degradation (p = .035),
matching activities (p = .006), hydroelectric power plant
operation (p = .007), energy transformations (p < .001), and
energy consumption decisions (p < .00I). In every
significant category, the experimental group obtained a
lower mean score than the control group.

The Mann—Whitney U analyses confirmed the same eight
differences: energy forms (p < .001), multiple-choice
reasoning (p = .004), table completion (p = .002), energy
degradation (p = .038), matching activities (p = .011),
hydroelectric power plant operation (p = .0/3), energy
transformations (p < .001), and energy consumption
decisions (p <.001). This agreement between the parametric
and non-parametric analyses provides a consistent pattern of
results within the second cohort.

No statistically significant differences were identified for
fill-in-the-blank tasks or renewable versus non-renewable
energy sources. Although the experimental group obtained
numerically lower mean scores in both categories, the
differences did not reach statistical significance under either
analytical approach.

Overall, the second-cohort results indicate a broad pattern of
stronger post-test performance in the experimental group.
Unlike the first cohort, all statistically significant parametric
findings were confirmed by the corresponding non-
parametric analyses.

3.4 Cross-Cohort Comparison

The cross-cohort comparison examined the consistency of
the pattern of between-group differences across the two
independent classroom implementations. Because different
students participated in the two cohorts, this comparison was
descriptive rather than longitudinal.

Based on parametric analyses, energy forms, multiple-
choice reasoning, hydroelectric power plant operation, and
energy transformations showed statistically significant
differences in both cohorts. However, the complementary
Mann—Whitney U analyses produced a more conservative
cross-cohort pattern. Energy forms, multiple-choice
reasoning, and energy transformations were the only
categories showing statistically significant differences under
both analytical approaches in both cohorts.

Hydroelectric power plant operation was significant in both
cohorts according to the parametric analyses, but its first-
cohort Mann—Whitney result did not reach statistical
significance (p = .065). Fill-in-the-blank tasks reached
parametric significance only in the first cohort and were not
confirmed by the corresponding non-parametric analysis.
Table completion, energy degradation, matching activities,
and energy consumption decisions showed significant
differences only in the second cohort. Renewable versus
non-renewable energy sources did not show a statistically
significant between-group difference in either cohort.

Taken together, the findings indicate a core pattern of
consistently stronger experimental-group performance in
energy forms, multiple-choice reasoning, and energy
transformations. The remaining categories demonstrated
cohort-specific variation or differences between the
parametric and non-parametric results. Accordingly, the
evidence supports an association between participation in
the integrated digital instructional model and stronger post-
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test performance in selected conceptual areas, while not
establishing an exclusive causal effect of the instructional
approach.

3.5 Descriptive Findings from Classroom Observations
Descriptive classroom observations indicated high levels of
enthusiasm and sustained participation during the
simulations, digital games, Quizizz activities, and student-
generated video production. Students remained focused on
completing the activities, discussed possible solutions within
their groups, and responded actively to the immediate
feedback provided by the digital environments.

The opportunity to repeat the activities was used
extensively. Students frequently attempted the games more
than once until they achieved the correct result or improved
their performance. Friendly competition was also evident,
particularly when groups compared scores and attempted to
achieve the highest ranking. Collaborative discussion and
peer support were observed during the simulations, games,
and video-production activities.

These observations were not derived from the final
assessment worksheets, were not scored using a
standardized observation instrument, and were not included
in the statistical analysis. They are therefore interpreted only
as complementary descriptive evidence of participation,
persistence, collaboration, and engagement during the
instructional implementation.

3.6 Discussion

The present study examined an integrated, curriculum-
aligned digital instructional model for teaching energy
concepts in Grade 5 across two independent school-year
cohorts. Overall, the experimental groups generally obtained
lower post-test scores, indicating stronger performance
under the coding scheme employed. However, the degree of
statistical support varied between cohorts and analytical
approaches. In the first cohort, the parametric analyses
identified significant differences in five of ten categories,
whereas the complementary Mann—Whitney U tests
confirmed three. In the second cohort, both analytical
approaches identified the same eight significant differences.
This general pattern is consistent with previous research
indicating that simulations and digital game-based learning
can support conceptual understanding and active
participation when integrated into structured pedagogical
sequences [> 3 12, 141,

The most robust cross-cohort findings concerned energy
forms, multiple-choice reasoning, and energy
transformations. These categories showed statistically
significant differences under both the parametric and non-
parametric analyses in both cohorts. Hydroelectric power
plant operation was significant in both cohorts according to
the parametric analyses, but the first-cohort Mann—Whitney
result did not reach statistical significance. Consequently,
the hydroelectric finding should be interpreted more
cautiously.

3.7 Learning OQutcomes in Relation to the Instructional
Objectives

Energy forms and energy transformations produced the most
consistently supported between-group differences. These
concepts were addressed through simulations, digital games,
visual materials, collaborative activities, and interactive
assessment. This combination may have offered repeated
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observe
conceptual

opportunities to identify energy forms,
transformations dynamically, practice
classifications, and receive immediate feedback.
This interpretation is consistent with studies showing that
simulations can facilitate the visualization of abstract or
otherwise invisible scientific processes and support inquiry-
oriented conceptual development [>% 16181 Energy concepts
are often difficult because students tend to develop
fragmented rather than integrated representations of forms,
transfers, and transformations > 4. The recurrence of
differences in energy forms and transformations across both
cohorts suggests that these concepts were particularly
compatible with the visual, interactive, and practice-oriented
features of the instructional model 27-28],

Energy transformations constitute a particularly relevant
finding because understanding transformation processes
requires students to move beyond naming isolated forms of
energy and consider how energy changes within a system.
Dynamic representations may have supported this transition
by making transformation sequences visible and allowing
students to explore relationships among system components.
Previous research has similarly identified the value of
interactive simulations for supporting the understanding of
dynamic systems and energy transformations [ !6 131,
Hydroelectric power plant operation also involved a multi-
stage transformation sequence connecting water, motion,
turbines, generators, and electrical energy. Although the
parametric analyses indicated significant differences in both
cohorts, the first-cohort non-parametric result was marginal
and non-significant. The results therefore provide some
evidence that visualization and guided exploration supported
understanding of this complex system, but the cross-cohort
evidence is less robust than for energy forms and energy
transformations. Research on interactive and virtual
environments nevertheless supports the value of
visualization and active exploration for learning about
complex energy systems [ 16,

3.8 Differences Across Conceptual Categories and
Cohorts

The results were not uniform across all conceptual
categories. In the second cohort, both analytical approaches
identified differences in table completion, energy
degradation, matching activities, and energy consumption
decisions. These categories did not show significant
differences in the first cohort. Conversely, fill-in-the-blank
tasks reached significance only in the first-cohort parametric
analysis and were not confirmed by the corresponding
Mann—Whitney test.

This variation demonstrates that the instructional model was
not associated with an identical pattern of results in every
classroom implementation. Such variation is plausible in
authentic educational settings involving independent groups
of students. It also illustrates the importance of reporting
both analytical approaches, particularly when outcomes are
based on an ordinal coding system and relatively small
samples.

Renewable versus non-renewable energy sources did not
show a significant between-group difference in either cohort
under either analytical approach. The descriptive Quizizz
results also indicated moderate performance in this area.
Although students could recognize familiar examples,
systematic classification may require more explicit
conceptual organization and opportunities to apply the
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distinction across varied contexts. This issue is important
within approaches to energy literacy that connect scientific
understanding with informed decision-making about energy
use and sustainability 2],

Energy degradation also produced different patterns across
cohorts. No significant difference was found in the first
cohort, whereas both analyses identified a significant
difference in the second. Research has consistently shown
that energy degradation, conservation, and system-level
energy reasoning are demanding for students [ 4.
Understanding degradation requires more than recognizing a
transformation; students must also consider how energy
becomes dispersed, often as heat, and become less useful for
performing processes. This concept may therefore require
additional instructional time, carefully sequenced
representations, explicit teacher guidance, and tasks
designed specifically to support system-level reasoning > 41,

3.9 Digital
Engagement
The findings support the pedagogical value of integrating
different digital resources into a coherent instructional
sequence. Research on digital game-based learning indicates
that games can encourage participation, practice, feedback,
and conceptual reinforcement when they are aligned with
explicit learning objectives 7> % 12 14, In the present study,
the games were used within a broader sequence rather than
as isolated recreational activities.

Simulations performed a complementary function by
enabling students to interact with dynamic representations,
manipulate variables, observe relationships, and explore
processes that are difficult to represent through static
textbook materials [ ¢l Research in energy education has
also highlighted the potential of simulations and virtual
environments for exploring transformations and sustainable
energy systems [ 18],

Descriptive classroom observations indicated enthusiasm
and sustained participation during the simulations, games,
Quizizz activities, and video production. Students frequently
repeated activities until they obtained a correct result or
improved their performance. Friendly competition between
groups and collaborative discussion were also observed.
These behaviors suggest that immediate feedback and
repeated attempts may have supported persistence and active
participation. Nevertheless, these observations were not
collected through a standardized engagement scale and
should therefore be interpreted descriptively rather than as
measured changes in motivation.

The persistence of difficulties in energy degradation and
renewable versus non-renewable sources demonstrates that
technology alone does not guarantee conceptual
understanding. Digital tools are most educationally
meaningful when embedded in purposeful instructional

Games, Simulations, Feedback, and

designs incorporating teacher guidance, discussion,
feedback, and targeted scaffolding (&8 12131,
3.10 Consistency Across Two Independent

Implementations

The implementation of the same core instructional model
with two independent cohorts provided an opportunity to
examine the consistency of the observed pattern. Under both
analytical approaches, energy forms, multiple-choice
reasoning, and energy transformations showed significant
differences in both cohorts. The second cohort exhibited a
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broader pattern, with eight categories reaching significance
under both the parametric and non-parametric analyses.
These findings indicate a consistent core accompanied by
cohort-specific variation. They do not demonstrate
longitudinal improvement because different students
participated in each implementation. Nor do they establish
full reproducibility or an exclusive causal effect of the
instructional model. Instead, they show that stronger
experimental-group performance in selected conceptual
areas appeared across two separate classroom applications.
This interpretation is consistent with research emphasizing
that technology-enhanced learning depends not simply on
access to digital tools but on their integration into coherent,
curriculum-aligned pedagogical designs [ % 1. 121, The
results provide evidence that the structured combination of
simulations,  games, interactive  assessment, and
collaborative activities can be implemented across different
cohorts while maintaining a generally favorable, although
not identical, pattern of outcomes.

3.11 Student-Generated Video as a Multimodal Synthesis
Activity

Student-generated video was included as a culminating
collaborative activity through which students organized and
communicated energy concepts using narration, drawings,
role recording, and simple digital editing. This activity is
compatible with multimedia learning theory, which
emphasizes the active selection, organization, and
integration of verbal and visual information P! Previous
research also suggests that student-created videos can
promote participation, collaboration, and ownership by
positioning students as producers rather than passive
recipients of content [1% 201,

In the present study, however, video production was not
investigated as an independent instructional variable, and
the resulting videos were not subjected to formal qualitative
coding. No separate conclusion can therefore be drawn
about the specific effect of video production on conceptual
understanding. The activity should instead be understood as
one component of the integrated instructional model.
Descriptive observations indicated that students collaborated
actively during video production and remained focused on
completing the shared multimedia product.

3.12 Curriculum Alignment and Sustainability-Oriented
Energy Literacy

A strength of the instructional model was its alignment with
the Greek National Science Curriculum for Grade 5 and the
corresponding Teacher’s Guide ?°1. The systematic mapping
of learning objectives onto instructional tasks supported
coherence among curriculum goals, classroom activities,
and digital resources. Such alignment is important for the
practical implementation of educational technologies in
primary education, where instructional time and mandated
learning outcomes must be considered.

The inclusion of renewable energy, energy-saving behavior,
and sustainability-oriented contexts also reflects approaches
to energy literacy that combine conceptual knowledge with
informed decision-making [ 2. The strong descriptive
Quizizz performance in energy-saving behaviors suggests
that familiar, everyday contexts were accessible to students.
However, the absence of significant between-group
differences in distinguishing renewable from non-renewable
sources demonstrates that general sustainability awareness
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should not be equated with systematic conceptual
classification.

3.13 Implications for Instructional Design

The findings suggest several implications for the design of
primary energy instruction. First, simulations, digital games,
and interactive assessment can be combined to provide
complementary opportunities for visualization, exploration,
practice, repetition, and immediate feedback. The consistent
findings for energy forms and transformations indicate that
this combination may be particularly appropriate for
concepts that benefit from dynamic and visual
representation.

Second, abstract concepts such as energy degradation
require more explicit scaffolding. Instruction could include
additional simulation scenarios emphasizing energy
dispersion, structured teacher prompts addressing everyday
expressions such as “energy is used up,” and activities that
require students to trace energy through complete systems >
3,4]

Third, digital games should allow repeated attempts
accompanied by explanatory feedback rather than merely
displaying scores. The classroom observations suggested
that students made active use of repetition and were
motivated to improve their performance. Friendly
competition can support participation, but it should be
balanced with collaboration and conceptual discussion.
Finally, student-generated video can be retained as a
collaborative synthesis activity, particularly when students
are asked to explain concepts, connect them with everyday
contexts, and communicate them through multiple
representations [ 1201, Future studies should evaluate video
production independently through systematic analysis of the
resulting artefacts or through designs capable of
distinguishing its contribution from that of the other
components.

Overall, the study provides evidence of an association
between participation in a curriculum-aligned digital
instructional model and stronger post-test performance in
selected energy concepts. The most consistently supported
findings concerned energy forms, multiple-choice reasoning,
and energy transformations. At the same time, differences
between cohorts and persistent difficulty in selected areas
underline the importance of cautious interpretation, targeted
scaffolding, and further research with larger samples and
additional educational contexts.

4. Conclusion

This study examined an integrated, curriculum-aligned
digital instructional model for teaching energy concepts in
Grade 5 primary education across two independent cohorts.
Overall, the experimental groups generally achieved
stronger post-test performance than the control groups,
although the pattern and strength of the statistical evidence
varied between cohorts and analytical approaches.

In the first cohort, the parametric analyses identified
significant between-group differences in five of the ten
conceptual categories, whereas the complementary Mann—
Whitney U tests confirmed three. In the second cohort, both
analytical approaches identified the same eight significant
differences. The most consistently supported findings across
both cohorts concerned energy forms, multiple-choice
reasoning, and energy transformations. Hydroelectric power
plant operation reached significance in both cohorts under
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the parametric analyses, but the corresponding first-cohort
Mann—Whitney result was not significant and should
therefore be interpreted cautiously.

The findings suggest that digital technologies may be
educationally valuable when purposefully integrated into a
coherent instructional sequence. Within the present model,
simulations supported visualization and exploration, digital
games offered opportunities for practice and repeated
attempts, and interactive assessment provided immediate
feedback. Student-generated video served as a collaborative
multimodal synthesis activity rather than as an
independently  evaluated  instructional = component.
Descriptive classroom observations additionally indicated
enthusiasm, persistence, collaboration, friendly competition,
and sustained participation during digital activities.

The results were not uniform across all conceptual areas.
Renewable versus non-renewable energy sources did not
show significant between-group differences in either cohort.
Energy degradation showed a significant difference only in
the second cohort, indicating that abstract and system-level
energy concepts may require more explicit scaffolding,
additional instructional time, and carefully sequenced
representations.

The findings should be interpreted considering several
limitations. The study used a quasi-experimental design with
intact groups, relatively small samples, ordinal response
coding, and no delayed post-test. The two cohorts consisted
of different students and therefore cannot provide evidence
of longitudinal improvement. Classroom observations were
descriptive and were not recorded using a standardized
observation instrument. Furthermore, because the digital
activities were implemented as an integrated model, the
study cannot determine the independent contribution of
simulations, games, interactive assessment, collaboration, or
student-generated video.

Future research should examine the instructional model with
larger and more diverse samples, across multiple
educational contexts, and include delayed assessments of
knowledge retention. Further studies could also use designs
capable of examining the individual and combined
contributions of the model’s components and standardized
measures of engagement, collaboration, and motivation.
Finaly, future studies could incorporate a delayed
assessment within the same school year, before students
complete primary education, to examine the retention of
conceptual understanding.

Overall, the findings support the structured integration of
digital technologies as a complement to conventional
primary science instruction. When aligned with clear
learning objectives and appropriate teacher guidance, such
approaches may provide meaningful opportunities for
visualization, exploration, feedback, persistence,
collaboration, and the development of energy understanding.

5. Acknowledgments

The authors would like to thank the participating primary
schools, teachers, students, and parents for their valuable
cooperation throughout the implementation of this study.
Their willingness to participate made this research possible.

The authors would also like to express their sincere
appreciation to the academic reviewers and colleagues
whose valuable comments contributed to the improvement
of this manuscript.

www.multiresearchjournal.com

6. References

1. Rousell D, Cutter-Mackenzie-Knowles A. A systematic
review of climate change education. Children’s
Geographies. 2020; 18(2):191-208.

2. Santillin OS, Cedano KG. Energy literacy: A
systematic review of scientific literature. Energies.
2023; 16(21):7235.

3. Nordine J, Krajcik J, Fortus D. Transforming energy
instruction in middle school to support integrated
understanding and future learning. Science Education.
2011; 95(4):670-699.

4. Widyalistyorini D, Siyam IN, Yanti W, Rezeki IFT,
Julianto J, Rahmawati E. Overcoming misconceptions
of elementary school students in energy using PhET
simulations. Teknodika. 2024; 22(2).

5. Perkins KK, Podolefsky NS, Lancaster K, Moore EB.
Creating effective interactive tools for learning: Insights
from the PhET Interactive Simulations Project.
Proceedings of the World Conference on Educational
Media and Technology. Denver, Colorado, 2012, 436-
441.

6. Falloon G. Using simulations to teach young students
science concepts: An experiential learning theoretical
analysis. Computers & Education. 2019; 135:138-159.

7. Clark DB, Tanner-Smith EE, Killingsworth SS. Digital
games, design, and learning: A systematic review and
meta-analysis. Review of Educational Research. 2016;
86(1):79-122.

8. Kalogiannakis M, Papadakis S, Zourmpakis A.
Gamification in science education: A systematic review
of literature. Education Sciences. 2021; 11(1):22.

9. Mayer RE. Multimedia Learning. 3™ edn. Cambridge,
Cambridge University Press, 2020.

10. Atkinson A, Bell P, De La Rosa I, DeGeorge T.
Student-created videos in online STEM education: A
large, interdisciplinary, randomized control study.
Discover Education. 2024; 3(1):2.

11. Fitzgerald M, Evans K. Integrating digital tools to
enhance access to learning opportunities in project-
based science instruction. TechTrends. 2024; 68:882-
891.

12. Sun L, Chen X, Ruokamo H. Digital game-based
pedagogical activities in primary education: A review
of ten years’ studies. International Journal of
Technology in Teaching and Learning. 2021; 16(2):78-
92.

13. Videnovik M, Madevska Bogdanova A, Trajkovik V.
Game-based learning approach in computer science in
primary education: A systematic review. Entertainment
Computing. 2024; 48:100616.

14. Dorouka P, Kalogiannakis M. Teaching
nanotechnology concepts in early-primary education:
An experimental study wusing digital games.
International Journal of Science Education. 2023;
46(13):1311-1338.

15. Guerra-Mota M, Dimosthenis M, Xenos M, Sa MM.
Development of a 3D virtual world tool for sustainable
energy education. Proceedings of the Conference on
Sustainable Energy Education - SEED 2024. Valencia,
Spain, 2024, 646-654.

16. Lye SY, Wee LK, Kwek YC, Abas S, Tay LY. Design,
customization and implementation of energy simulation
with the 5E model in an elementary classroom.

899


http://www.multiresearchjournal.com/

International Journal of Advanced Multidisciplinary Research and Studies

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Educational Technology & Society. 2014; 17(3):121-
137.

Banda HJ, Nzabahimana J. Effect of integrating physics
education technology simulations on students’
conceptual understanding in physics: A review of
literature. Physical Review Physics Education
Research. 2021; 17(2):023108.

Diab H, Daher W, Rayan B, Issa N, Rayan AA.
Transforming science education in elementary schools:
The power of PhET simulations in enhancing student
learning. Multimodal Technologies and Interaction.
2024; 8(11):105.

Arbesser-Rastburg G, Safikhani S, Gustin M, Hopfe CJ.
Project Beyond: An escape room game in virtual reality
to teach building energy simulations. arXiv, 2024.
Naimah A. The use of video as a learning media in
science learning (a systematic review). AL-ISHLAH:
Jurnal Pendidikan. 2022; 14(4):6941-6950.

Ahmed S, Aminu A, Baraya AG. Impact of video
game-based instructional strategy on students’ interest
and conceptual understanding of senior secondary
school physics. Science Research. 2023; 11(2):13-17.
Shadish WR, Cook TD, Campbell DT. Experimental
and Quasi-Experimental Designs for Generalized
Causal Inference. Boston, Houghton Mifflin, 2002.
Chang HY. Science teachers’” and students’
metavisualization in scientific modeling. Science
Education. 2022; 106(2):448-475.

Teixeira I, Vasconcelos C. The use of educational
games to promote learning in geology. Geosciences.
2024; 14(1):16.

Aliathun A. A systematic review of technology-
enhanced problem-based learning in the 21% century.
Cypriot Journal of Educational Sciences. 2024;
19(4):396-408. Doi: 10.18844/cjes.v19i4.9266
Apostolakis E, Panagopoulou E, Savvas S, Tsagliotis N,
Pantazis G, Sotiriou S, et al. Fysika E° Dimotikou:
Erevno kai Anakalipto - Vivlio Daskalou [Science,
Grade 5: I Investigate and Discover - Teacher’s Book].
Athens: Organismos Ekdoseos Didaktikon Vivlion
(OEDB), 2006.

Fortus D, Sutherland Adams LM, Krajcik JS, Reiser BJ.
Assessing the role of curriculum coherence in students’
learning about energy. Journal of Research in Science
Teaching. 2015; 52(10):1408-1425.

Gerhatova Z, Perichta P, Palcut M. Project-based
teaching of the topic “Energy Sources” in physics via
integrated e-learning. Education Sciences. 2020;
10(12):371.

www.multiresearchjournal.com

900


http://www.multiresearchjournal.com/

