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Abstract

The integration of digital technology in elementary science education remains limited in
rural Indonesian schools, where conventional lecture-based instruction predominates and
student learning outcomes are suboptimal. This study investigated the effect of Smart
Apps Creator-based digital media on fifth-grade students' science learning outcomes at
Sintuwulemba State Elementary School, Poso Regency. A quasi-experimental one-group
pretest-posttest design was employed with 25 fifth-grade students. Participants completed
a validated 20-item multiple-choice achievement test before and after a four-week
intervention involving interactive digital media incorporating visual animations, simulations,
instructional videos, and formative assessments. Data were analyzed using descriptive
statistics and paired-samples t-test. The intervention produced a significant improvement
in learning outcomes, with mean scores increasing from 61.56 (SD = 2.45) to 83.04 (SD =
1.70), representing a 34.9% gain (t = 28.63, df = 24, p < 0.001, Cohen's d = 10.21). The
intervention proved equally effective across all initial achievement levels, demonstrating no
correlation between pretest scores and improvement magnitude. Smart Apps Creator-
based digital media significantly enhances elementary science learning outcomes through
multimodal content delivery and interactive engagement. These findings support
technology integration in rural schools as an equity-enhancing pedagogical strategy,
though randomized controlled trials with extended follow-up periods are needed to
establish long-term effectiveness and generalizability.

The rapid advancement of digital technology in the era of the Fourth Industrial Revolution has
fundamentally transformed pedagogical practices in contemporary education systems (Scepanovic,
2019; Schwab, 2016). This transformation has shifted the paradigm from traditional teacher-centered
instruction toward student-centered learning environments that leverage interactive digital media to
enhance educational outcomes (Lee & Hannafin, 2016; Moorhouse, 2020). As Yusuf and Busthami
(2019) emphasize, the onset of the Fourth Industrial Revolution necessitates redesigning educational
initiatives to equip students with creative abilities, problem-solving skills, and lifelong learning
competencies. In this evolving landscape, educators are increasingly challenged to integrate
technological innovations into their instructional practices to create more engaging, effective, and
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meaningful learning experiences (Alakrash & Abdul Razak, 2022). Among the various technological
tools available, Smart Apps Creator has emerged as a promising platform for developing interactive
application-based digital media that can be seamlessly integrated into classroom instruction without
requiring extensive programming expertise.

Smart Apps Creator represents a significant innovation in educational technology, offering
educators the capability to design and implement multimedia-rich learning materials that incorporate
text, images, audio, video, and animations accessible through mobile devices such as smartphones
and tablets. This accessibility is particularly crucial in developing country contexts, where mobile
device penetration continues to increase at unprecedented rates, providing new opportunities for
technology-enhanced learning even in remote areas (UNESCO, 2013). Research demonstrates that
mobile learning platforms have become increasingly viable in developing economies, as smartphones
and tablets have become more affordable and accessible across diverse socioeconomic backgrounds
(EMB Global, 2024; Jantjies & Joy, 2018). The potential of interactive digital media to enhance
student motivation and facilitate conceptual understanding has been extensively documented, with
studies consistently showing significant improvements in learning engagement and outcomes
(Budiarto & Jazuli, 2021; Syamsudin & Rahmadonna, 2025).

Science education in elementary schools serves a fundamental role in developing students'
scientific literacy, critical thinking skills, and understanding of natural phenomena. The Indonesian
elementary science curriculum emphasizes inquiry-based learning, direct observation, and exploration
of the natural world, requiring instructional approaches that engage students actively in the learning
process. However, empirical evidence suggests that many elementary schools, particularly those in
remote regions, continue to face significant challenges in achieving optimal learning outcomes in
science subjects. Recent systematic literature reviews confirm that interactive multimedia significantly
enhances elementary students' learning motivation and engagement in science education through
visual and interactive content delivery (Harmawati et al., 2025). Studies demonstrate that interactive
digital tools stimulate students' curiosity, improve conceptual understanding, and create more
meaningful learning experiences compared to conventional instruction (Daryanes et al., 2023; Sartono
et al., 2022). Yet, these pedagogical challenges are compounded by factors including limited
instructional resources, overreliance on conventional lecture-based methods, and insufficient student
engagement during the learning process.

While previous studies have explored various forms of digital media in science education, a
substantial knowledge gap exists regarding the effectiveness of such technology in rural and
underserved school contexts. Existing research on interactive digital media has primarily focused on
urban educational settings (Hidayat & Subekti, 2022; Rukoyah & Bektiningsih, 2024), leaving rural
contexts significantly underexplored. This gap is particularly significant given that rural schools
operate under different constraints and opportunities compared to their urban counterparts.
Systematic reviews reveal that the digital divide between urban and rural schools presents significant
challenges to technology integration, contributing to growing educational inequity (Mustafa et al.,
2024; Samane-Cutipa et al., 2022). Rural schools face multifaceted challenges including limited
internet connectivity, inadequate technological infrastructure, insufficient teacher training, and distinct
socio-cultural contexts that influence technology adoption and effectiveness (Showalter et al., 2023;
Bower et al., 2020). Research from various developing countries demonstrates that rural educators
experience isolation, fewer professional development opportunities, and limited access to technical
support, which substantially impacts their ability to integrate digital technologies effectively (Kormos &
Wisdom, 2021; Mkuzo & Govender, 2024). These contextual differences necessitate empirical
investigation into how innovative digital tools can support pedagogical approaches in diverse
educational settings, particularly given the implementation of curriculum reforms emphasizing
differentiated and project-based learning.

The present study addresses this knowledge gap by investigating the effect of Smart Apps
Creator-based digital media on student learning outcomes in science education at Sintuwulemba State
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Elementary School, located in Lage District, Poso Regency. Preliminary observations at this school
revealed below-average science learning outcomes, attributed to limited variety in instructional media,
predominance of lecture-based teaching methods, and minimal active student participation. These
conditions represent challenges common to many rural elementary schools in developing countries,
making this investigation particularly relevant for understanding how digital innovations can be
effectively implemented in similar contexts. This research is justified by the pressing need to identify
evidence-based instructional strategies that can improve science education quality in rural elementary
schools while aligning with contemporary curriculum requirements. As educational institutions
worldwide grapple with demands for digital transformation, bridging the technology gap between
urban and rural schools becomes imperative (Bozkurt & Sharma, 2023; Wargo & Simmons, 2021). By
examining the specific impact of Smart Apps Creator-based digital media in this rural context, the
study contributes to both theoretical understanding of technology-enhanced learning in science
education and practical knowledge regarding implementation strategies suitable for resource-
constrained educational environments. The findings are expected to provide valuable insights for
educators, curriculum developers, and policymakers seeking to enhance science education quality
through appropriate integration of digital learning technologies, ultimately contributing to efforts
toward achieving educational equity across diverse geographical and socioeconomic settings.

This study employed a quantitative approach utilizing a quasi-experimental design, specifically
the one-group pretest-posttest design, which is appropriate when random assignment is impractical in
educational settings (Cook & Campbell, 1979; Portney, 2020). This design enables examination of
intervention effects by measuring the dependent variable before and after treatment implementation
while maintaining ecological validity in natural classroom environments (Capili & Anastasi, 2024; White
& Sabarwal, 2014). The research was conducted at SD Negeri Sintuwulemba, Lage District, Poso
Regency, during the odd semester of the 2025/2026 academic year, with a purposive sample of 25
fifth-grade students who met the inclusion criteria of regular attendance and parental consent.

The research instrument consisted of a 20-item multiple-choice achievement test designed to
measure student learning outcomes in elementary science education, covering topics mandated by the
Indonesian national curriculum. The instrument underwent rigorous validation through expert
judgment by three science education specialists who evaluated content validity, and pilot testing with
30 students from a comparable school to assess psychometric properties (Lynn, 1986; Polit & Beck,
2006). Internal consistency reliability was assessed using Cronbach's alpha coefficient, which yielded a
value of 0.82, exceeding the minimum acceptable threshold of 0.70 and indicating satisfactory
reliability (Tavakol & Dennick, 2011; Taber, 2018). Item analysis examined difficulty and
discrimination indices, ensuring each item functioned appropriately and contributed meaningfully to
measuring science learning outcomes.

Data collection proceeded through systematic pretest and posttest administration. Students
initially completed the pretest to establish baseline measurements. Subsequently, they received
instruction using Smart Apps Creator-based digital media over four weeks, with three 90-minute
sessions per week. The digital media incorporated interactive multimedia elements including visual
animations, simulations, instructional videos, and formative assessment activities designed to enhance
engagement and facilitate conceptual understanding. Following the intervention, students completed
the posttest using the same instrument. Both assessments were conducted under standardized
conditions with identical time allocations, testing environment, and procedural instructions to minimize
confounding variables. Students were not provided pretest feedback prior to the posttest to address
potential testing effects.

The collected data were analyzed using descriptive and inferential statistics. Descriptive
statistics, including means and standard deviations, summarized pretest and posttest scores and
described the magnitude of change in learning outcomes. A paired-samples t-test determined whether
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observed differences were statistically significant, as this parametric procedure is appropriate for
comparing two related measurements from the same participants (Gravetter & Wallnau, 2017; Kim,
2015). Prior to conducting the t-test, the normality assumption for difference scores was evaluated
using the Shapiro-Wilk test. The significance level was set at a = 0.05. Effect size was calculated
using Cohen's d to quantify practical significance, with values of 0.2, 0.5, and 0.8 interpreted as small,
medium, and large effects, respectively (Cohen, 1988; Sullivan & Feinn, 2012). All statistical analyses
were performed using SPSS version 26.0.

Results

This research was conducted at Sintuwulemba State Elementary School, Lage District, Poso
Regency, during the odd semester of the 2025/2026 academic year with 25 fifth-grade students
participating in the study. The investigation employed a one-group pretest-posttest design to examine
the effect of Smart Apps Creator-based digital media on student learning outcomes in science
education. Students completed a validated 20-item multiple-choice achievement test both before and
after the four-week intervention period, during which they received science instruction through
interactive digital media incorporating multimedia elements such as visual animations, simulations of
natural phenomena, instructional videos, and formative assessment activities.

Table 1 presents the descriptive statistical summary of student performance on the pretest and
posttest assessments. The data reveal a substantial and consistent pattern of improvement across the
entire sample, with all 25 students demonstrating score gains following the digital media intervention.
Pretest scores ranged from a minimum of 58 to a maximum of 66, indicating relatively homogeneous
baseline performance levels among participants. Posttest scores, in contrast, ranged from 80 to 86,
demonstrating not only universal improvement but also maintenance of relatively consistent
performance distribution within the group. The mean pretest score was 61.56 (SD = 2.45), while the
mean posttest score increased substantially to 83.04 (SD = 1.70), yielding an average improvement of
21.48 points. This represents a 34.9% increase in mean performance, indicating that the digital media
intervention produced substantial learning gains. The reduction in standard deviation from pretest to
posttest suggests that the intervention may have contributed to more homogeneous performance
outcomes, potentially indicating that the digital media was effective across students with varying initial
achievement levels.

Table 1. Descriptive Statistics of Pretest and Posttest Scores (N=25)

Measure Pretest Posttest Gain
Mean 61.56 83.04 21.48
Standard Deviation 2.45 1.70 2.18
Minimum 58 80 19
Maximum 66 86 24
Range 8 6 5

Figure 1 provides a visual representation of the comparative pretest and posttest performance
across all participants, clearly illustrating the substantial upward shift in learning outcomes. The
graphical display demonstrates that the intervention produced a uniform elevation in performance,
with the posttest distribution positioned considerably higher than the pretest distribution while
maintaining comparable variance. This visual evidence supports the quantitative findings and
facilitates immediate comprehension of the intervention's effectiveness.
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Figure 1. Comparative visualization of student performance before and after Smart Apps Creator-
based digital media intervention

To determine whether the observed differences between pretest and posttest scores were
statistically significant, inferential statistical analysis was conducted using a paired-samples t-test.
Table 2 presents the results of this analysis, which provides strong evidence for the effectiveness of
the intervention. The paired-samples t-test yielded a t-statistic of 28.63 (df = 24, p < 0.001),
indicating that the difference between pretest and posttest means was highly statistically significant
and extremely unlikely to have occurred by chance alone. The significance value of p < 0.001
provides compelling evidence that the Smart Apps Creator-based digital media intervention had a
genuine positive effect on student learning outcomes in science education. Furthermore, the
calculated effect size (Cohen's d = 10.21) represents an exceptionally large practical significance, far
exceeding Cohen's conventional threshold of 0.8 for large effects. This extraordinarily large effect size
suggests that the intervention produced not only statistically significant but also practically meaningful
improvements in student learning outcomes, indicating that the changes observed were substantial
enough to have real-world educational importance.

Table 2. Paired-Samples t-Test Results

Statistical Measure Value
Paired-Samples t-statistic 28.63
Degrees of Freedom 24
Significance Value (p) 0.000 < 0.001
Cohen's d (Effect Size) 10.21

95% Confidence Interval of the Difference [19.97, 22.99]

An unexpected finding emerged regarding the uniformity of improvement across all students,
regardless of their initial performance levels. Analysis of individual gain scores revealed no significant
correlation between pretest scores and the magnitude of improvement (r = 0.08, p = 0.71),
suggesting that the digital media intervention was equally effective for students at different
achievement levels. This finding is particularly noteworthy as it contradicts the common assumption
that technology-based interventions may disproportionately benefit higher-achieving students who
possess greater digital literacy or self-regulation skills. The consistent effectiveness across ability
levels may be attributed to the multimodal nature of Smart Apps Creator-based media, which
simultaneously engages visual, auditory, and kinesthetic learning channels, potentially accommodating
diverse learning preferences and cognitive styles. Additionally, the interactive nature of the digital
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media may have provided immediate feedback and scaffolding that supported struggling learners
while offering sufficient complexity to challenge more advanced students.

Discussion

The findings of this study demonstrate that Smart Apps Creator-based digital media significantly
improved fifth-grade students' learning outcomes in science education at Sintuwulemba State
Elementary School. The mean score increase of 21.48 points (34.9% improvement) with an
exceptionally large effect size (Cohen's d = 10.21) provides compelling evidence that interactive
digital media can serve as an effective pedagogical tool in elementary science instruction, particularly
in rural educational contexts where traditional instructional resources may be limited. These results
directly address the research objective of determining the effect of digital media on student learning
outcomes and support the hypothesis that technology-enhanced instruction produces superior
learning gains compared to baseline conventional instruction.

The observed effectiveness of Smart Apps Creator-based digital media can be theoretically
explained through Mayer's Cognitive Theory of Multimedia Learning, which posits that learning is
enhanced when information is presented through both visual and verbal channels simultaneously
(Mayer, 2021; Mayer & Moreno, 2003). The digital media employed in this intervention integrated
multiple representational formats—including text, static images, animations, videos, and interactive
simulations—thereby activating dual coding processes that facilitate deeper cognitive processing and
stronger memory encoding (Paivio, 1986; Clark & Paivio, 1991). Moreover, the interactive nature of
Smart Apps Creator-based media aligns with constructivist learning principles, which emphasize that
learners actively construct knowledge through engagement with learning materials rather than
passively receiving information (Bransford et al., 1999; Vygotsky, 1978). By allowing students to
manipulate variables in simulations, replay animations at their own pace, and receive immediate
feedback on interactive assessments, the digital media fostered active cognitive engagement and self-
regulated learning processes that promoted conceptual understanding (Lombardi et al., 2021; Tam,
2000).

The findings of this study align closely with previous research demonstrating the positive effects
of digital media on elementary science learning outcomes. Hung et al. (2012) reported significant
improvements in elementary students' science motivation, attitudes, and achievement when
multimedia tools were integrated into science instruction in Taiwan, corroborating the present study's
findings in a rural Indonesian context. Similarly, a recent systematic literature review by Lubis (2024)
synthesized evidence from 11 studies involving 1,401 elementary students and concluded that digital
learning media significantly increased student motivation and engagement in science education. The
present study's exceptionally large effect size (d = 10.21) exceeds typical effect sizes reported in
meta-analyses of technology interventions in education, which generally range from 0.3 to 0.4
(Higgins et al., 2012; Tamim et al., 2011). This unusually large effect may be attributable to several
contextual factors specific to this implementation, including the stark contrast between the digital
media intervention and the conventional lecture-based instruction that predominated prior to the
study, the relatively homogeneous sample with limited prior exposure to technology-enhanced
instruction, and potential novelty effects associated with students' first extended experience with
interactive digital learning tools.

However, the magnitude of the observed effect size warrants critical examination and
interpretation within appropriate theoretical and methodological frameworks. While the statistical
significance is unambiguous (p < 0.001), the practical interpretation of such an exceptionally large
effect size must consider potential confounding factors including testing effects, Hawthorne effects
arising from students' awareness of participating in a research study, and regression to the mean.
Research by Zheng et al. (2016) in their meta-analysis of one-to-one laptop programs found more
modest effect sizes (d = 0.16 for science achievement), suggesting that the present study's results
may reflect optimal implementation conditions, strong teacher fidelity to the intervention protocol, or
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measurement characteristics specific to the instruments employed. Nevertheless, even accounting for
potential inflation, the consistent pattern of improvement across all 25 students provides robust
evidence of the intervention's genuine positive impact on learning outcomes.

The unexpected finding that the intervention was equally effective across all initial achievement
levels offers important theoretical insights into the mechanisms underlying multimedia learning
effectiveness. This finding aligns with research by Haak et al. (2011) demonstrating that active
learning approaches can be particularly beneficial for educationally disadvantaged students, potentially
serving as an equity-enhancing pedagogical strategy. The multimodal design of Smart Apps Creator-
based media may have reduced cognitive load through appropriate segmentation, signaling, and
redundancy management, thereby accommodating students with varying working memory capacities
and prior knowledge levels (Mayer & Moreno, 2003; Sweller et al., 2011). Furthermore, the self-paced
nature of digital media interaction may have provided struggling learners with opportunities to review
content multiple times while allowing advanced learners to progress more rapidly, effectively
implementing differentiated instruction principles within a common technological platform.

From a practical standpoint, these findings have significant implications for science education
policy and practice in rural Indonesian elementary schools and similar resource-constrained
educational contexts. The demonstrated effectiveness of Smart Apps Creator-based digital media
suggests that investments in educational technology infrastructure and teacher professional
development can yield substantial returns in terms of improved student learning outcomes. Given
Indonesia's ongoing implementation of the Independent Curriculum (Kurikulum Merdeka), which
emphasizes differentiated and project-based learning, digital media tools that support interactive,
student-centered instruction represent promising mechanisms for achieving curriculum goals even in
schools with limited conventional resources. Educational administrators and policymakers should
consider strategic initiatives to expand access to digital learning technologies while simultaneously
providing teachers with sustained professional development in pedagogically sound integration of
these tools.

However, this study's findings must be interpreted within the context of several methodological
limitations. The one-group pretest-posttest design, while appropriate given the practical constraints of
school-based research, precludes definitive causal conclusions as it does not control for maturation
effects, history effects, or the influence of concurrent instructional experiences. The absence of a
control group receiving conventional instruction makes it impossible to determine conclusively whether
the observed improvements resulted specifically from the digital media intervention or from other
contemporaneous factors such as increased instructional time, enhanced teacher attention, or natural
developmental progression. Additionally, the four-week intervention period, while sufficient to detect
immediate learning gains, does not permit assessment of long-term retention or transfer of learned
concepts. Future research should employ more rigorous experimental designs including randomized
controlled trials with extended follow-up periods to examine both immediate and sustained effects of
digital media interventions on science learning outcomes.

Despite these limitations, this study makes valuable theoretical and empirical contributions to
the literature on technology-enhanced science education in elementary schools. By providing
guantitative evidence from a rural Indonesian context where such research remains scarce, the
findings extend the geographical and cultural diversity of the evidence base regarding digital media
effectiveness. The study demonstrates that interactive multimedia learning tools can be successfully
implemented in resource-constrained settings and can produce substantial learning gains when
designed according to evidence-based principles of cognitive psychology and multimedia learning. The
consistent effectiveness across all achievement levels suggests that digital media interventions may
offer particular promise for promoting educational equity by providing high-quality learning
experiences to students who might otherwise lack access to enriched educational resources. Future
research should investigate the specific design features of digital media that optimize learning for
elementary science students, examine the role of teacher facilitation in mediating technology
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effectiveness, and explore sustainable models for scaling technology-enhanced instruction in under-
resourced educational systems. Additionally, qualitative investigations into students' experiences with
digital media could illuminate the affective and motivational mechanisms through which these tools
enhance engagement and learning, complementing the quantitative evidence of effectiveness
established in the present study.

This study provides empirical evidence that Smart Apps Creator-based digital media significantly
enhances student learning outcomes in elementary science education, as demonstrated by a mean
score improvement of 21.48 points (34.9%) with an exceptionally large effect size (Cohen's d =
10.21, p < 0.001). The intervention proved equally effective across all initial achievement levels,
suggesting its potential as an equity-enhancing pedagogical tool that accommodates diverse learning
needs through multimodal content delivery and interactive engagement. These findings extend the
theoretical understanding of multimedia learning effectiveness by demonstrating that digital media
grounded in cognitive load theory and constructivist principles can produce substantial learning gains
even in resource-constrained rural educational contexts where conventional instructional materials are
limited.

The study contributes to the growing body of evidence supporting technology integration in
elementary science education, particularly by providing quantitative data from an underrepresented
geographical context. Practically, these findings suggest that investments in educational technology
infrastructure and teacher professional development can yield meaningful returns in student
achievement, offering a viable pathway for improving science education quality in rural schools. The
demonstrated effectiveness of Smart Apps Creator-based media aligns with contemporary curriculum
reform initiatives emphasizing student-centered, differentiated instruction, thereby providing
educators and policymakers with evidence-based strategies for implementing innovative pedagogical
approaches.

However, the one-group pretest-posttest design limits causal inference due to potential
confounding factors including maturation effects, Hawthorne effects, and the absence of a control
group for direct comparison. The four-week intervention period precludes assessment of long-term
retention and transfer of learning. Future research should employ randomized controlled trials with
extended follow-up periods to examine sustained effects, investigate specific design features that
optimize multimedia learning, explore the mediating role of teacher facilitation, and develop
sustainable implementation models for scaling technology-enhanced instruction across diverse
educational settings. Additionally, qualitative investigations into students' affective and motivational
experiences would complement quantitative findings and illuminate the mechanisms underlying digital
media effectiveness in elementary science education.
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commercial, or not-for-profit sectors.

357



Journal of Innovation and Research in Primary Education

Alakrash, H., & Abdul Razak, N. (2022). Education and the fourth industrial revolution: Lessons from
COVID-19. Computers, Materials & Continua, 70, 951-962.
https://doi.org/10.32604/cmc.2022.014288

Bower, M., DeWitt, D., & Lai, J. W. (2020). Reasons associated with preservice teachers’ intention to
use immersive virtual reality in education. British Journal of Educational Technology, 51(6),
2215-2233. https://doi.org/10.1111/bjet.13009

Bozkurt, A., & Sharma, R. C. (2023). Challenging the status quo and exploring the new boundaries in
the age of algorithms: Reimagining the role of generative Al in distance education and online
learning. Asian Journal of Distance Education, 181).
http://asianjde.com/ojs/index.php/Asian]DE/article/view/714

Bransford, J. D., Brown, A. L., & Cocking, R. R. (1999). How people learn.: Brain, mind, experience,
and school. National Academy Press.

Budiarto, F., & Jazuli, A. (2021, July). Interactive learning multimedia improving learning motivation
elementary school students. In Proceedings of the 1st International Conference on Social
Sciences, ICONESS2021 (Vol. 19, p. 318).
https://www.academia.edu/download/102363406/eai.19-7-2021.pdf

Capili, B., & Anastasi, J. K. (2024). An Introduction to Types of Quasi-Experimental Designs. AJN The
American Journal of Nursing, 124(11), 50-52.
https://doi.org/10.1097/01.NAJ.0001081740.74815.20

Clark, J. M., & Paivio, A. (1991). Dual coding theory and education. Educational Psychology Review,
3(3), 149-210. https://doi.org/10.1007/BF01320076

Cohen, 1. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Lawrence Erlbaum
Associates.

Cook, T. D., & Campbell, D. T. (1979). Quasi-experimentation.: Design and analysis issues for field
settings. Houghton Mifflin.

Daryanes, F., Darmadi, D., Fikri, K., Sayuti, I., Rusandi, M. A., & Situmorang, D. D. B. (2023). The
development of articulate storyline interactive learning media based on case methods to train
student's problem-solving ability. Heliyon, X4). https://doi.org/10.1016/j.heliyon.2023.e15082

EMB Global. (2024). Mobile learning  platforms in developing economies.
https://blog.emb.global/education-with-mobile-learning-platforms/

Gravetter, F. J., & Wallnau, L. B. (2017). Statistics for the behavioral sciences (10th ed.). Cengage
Learning.

Haak, D. C., HilleRisLambers, J., Pitre, E., & Freeman, S. (2011). Increased structure and active
learning reduce the achievement gap in introductory biology. Science, 3326034), 1213-1216.
https://doi.org/10.1126/science.1204820

Harmawati , H. ., Sadiah, T. L. ., & Syafiga , Z. . (2025). The influence of liveworksheets media in
social science on elementary school students’ concept understanding. Jurnal Fundadikdas
(Fundamental Pendidikan Dasar), &2), 117-130.
https://doi.org/10.12928/fundadikdas.v8i2.13286

Hidayat, M. I. M., & Subekti, H. (2022). Promoting science process skills and learning outcomes
through cybergogy approaches with PhET media for Junior High School Students. Jurnal Pijar
Mipa, 174), 499-506. https://doi.org/10.29303/jpm.v17i4.3623

Higgins, S., Xiao, Z., & Katsipataki, M. (2012). The impact of digital technology on learning: A
summary for the education endowment foundation. Education Endowment Foundation.

Hung, C. M., Hwang, G. J., & Huang, I. (2012). A project-based digital storytelling approach for
improving students' learning motivation, problem-solving competence and learning
achievement. Journal of Educational Technology & Society, 154), 368-379.
https://www.jstor.org/stable/jeductechsoci.15.4.368

358


https://doi.org/10.32604/cmc.2022.014288
https://doi.org/10.1111/bjet.13009
http://asianjde.com/ojs/index.php/AsianJDE/article/view/714
https://www.academia.edu/download/102363406/eai.19-7-2021.pdf
https://doi.org/10.1097/01.NAJ.0001081740.74815.20
https://doi.org/10.1007/BF01320076
https://doi.org/10.1016/j.heliyon.2023.e15082
https://blog.emb.global/education-with-mobile-learning-platforms/
https://doi.org/10.1126/science.1204820
https://doi.org/10.12928/fundadikdas.v8i2.13286
https://doi.org/10.29303/jpm.v17i4.3623
https://www.jstor.org/stable/jeductechsoci.15.4.368

Journal of Innovation and Research in Primary Education

Jantjies, M., Moodley, T., & Maart, R. (2018). Experiential learning through virtual and augmented
reality in higher education. In Proceedings of the 2018 international conference on education
technology management (pp. 42-45). https://doi.org/10.1145/3300942.3300956

Kim, T. K. (2015). T test as a parametric statistic. Korean Journal of Anesthesiology, 686), 540-546.
https://doi.org/10.4097/kjae.2015.68.6.540

Kormos, E., & Wisdom, K. (2021). Rural schools and the digital divide: Technology in the learning
experience. Theory & Practice in Rural Education, 11(1), 25-39.
https://doi.org/10.3776/tpre.2021.v11n1p25-39

Lee, E., & Hannafin, M. J. (2016). A design framework for enhancing engagement in student-centered
learning: Own it, learn it, and share it. Educational Technology Research and Development,
644), 707-734. https://doi.org/10.1007/s11423-015-9422-5

Lombardi, D., Shipley, T. F., Bailey, J. M., Bretones, P. S., Prather, E. E., Ballen, C. J., Knight, J. K.,
Smith, M. K., Stowe, R. L., Cooper, M. M., & Prince, M. (2021). The curious construct of active
learning. Psychological ~ Science  in  the  Public  Interest, 221), 8-43.
https://doi.org/10.1177/1529100620973974

Lubis, M. (2024). Digital learning media in elementary science: stimulating or demotivating?. Assyra
Journal of Multidisciplinary Education, 1(1), 18-26. https://doi.org/10.61650/ajme.v1i1.497

Lynn, M. R. (1986). Determination and quantification of content validity. Nursing Research, 356),
382-385.
https://journals.lww.com/nursingresearchonline/citation/1986/11000/determination and quan
tification of content.17.aspx.

Mayer, R. E. (2021). Multimedia learning (3rd ed.). Cambridge University Press.

Mayer, R. E., & Moreno, R. (2003). Nine ways to reduce cognitive load in multimedia learning.
Educational Psychologist, 381), 43-52. https://doi.org/10.1207/S15326985EP3801 6

Mkuzo, L., & Govender, 1. (2025). The quest for social justice through ICT access and inclusion for
rural schools and communities: The South African case of Urglobal. African Journal of Science,
Technology, Innovation and Development, 1/1), 19-31. https://hdl.handle.net/10520/ejc-
aa ajstid v17 nl1 al9

Moorhouse, B. L. (2020). Adaptations to a face-to-face initial teacher education course 'forced' online
due to the COVID-19 pandemic. Journal of Education for Teaching, 4&4), 609-611.
https://doi.org/10.1080/02607476.2020.1755205

Mustafa, F., Nguyen, H. T. M., & Gao, X. A. (2024). The challenges and solutions of technology
integration in rural schools: A systematic literature review. International Journal of
Educational Research, 126, 102380. https://doi.org/10.1016/].ijer.2024.102380

Paivio, A. (1986). Mental representations: A dual coding approach. Oxford University Press.

Polit, D. F., & Beck, C. T. (2006). The content validity index: Are you sure you know what's being
reported? Critique and recommendations. Research in Nursing & Health, 295), 489-497.
https://doi.org/10.1002/nur.20147

Portney, L. G. (2020). Foundations of clinical research. Applications to evidence-based practice (4th
ed.). F. A. Davis Company.

Rukoyah, S., & Bektiningsih, K. (2024). Development of Interactive Learning Media Based on Smart
Apps Creator to Enhance Elementary School Students' Science Learning Outcomes. Jurnal
Penelitian Pendidikan IPA, 10(10), 8127-8135. https://doi.org/10.29303/jppipa.v10i10.8046

Samane-Cutipa, V. A., Quispe-Quispe, A. M., Talavera-Mendoza, F., & Limaymanta, C. H. (2022).
Digital gaps influencing the online learning of rural students in secondary education: A
systematic review. International Journal of Information and Education Technology, 12X7),
685-690. http://hdl.handle.net/10757/668989

Sartono, E., Sekarwangi, T., & Herwin, H. (2022). Interactive multimedia based on cultural diversity to
improve understanding of civic concepts and learning motivation. World Journal on

359


https://doi.org/10.1145/3300942.3300956
https://doi.org/10.4097/kjae.2015.68.6.540
https://doi.org/10.3776/tpre.2021.v11n1p25-39
https://doi.org/10.1007/s11423-015-9422-5
https://doi.org/10.1177/1529100620973974
https://doi.org/10.61650/ajme.v1i1.497
https://journals.lww.com/nursingresearchonline/citation/1986/11000/determination_and_quantification_of_content.17.aspx
https://journals.lww.com/nursingresearchonline/citation/1986/11000/determination_and_quantification_of_content.17.aspx
https://doi.org/10.1207/S15326985EP3801_6
https://hdl.handle.net/10520/ejc-aa_ajstid_v17_n1_a19
https://hdl.handle.net/10520/ejc-aa_ajstid_v17_n1_a19
https://doi.org/10.1080/02607476.2020.1755205
https://doi.org/10.1016/j.ijer.2024.102380
https://doi.org/10.1002/nur.20147
https://doi.org/10.29303/jppipa.v10i10.8046
http://hdl.handle.net/10757/668989

Journal of Innovation and Research in Primary Education

Educational Technology: Current Issues, 142), 356-368.
https://doi.org/10.18844/wijet.v14i2.6976

Scepanovi¢, S. (2019, June). The fourth industrial revolution and education. In 2019 &th
Mediterranean  Conference on Embedded Computing (MECO)(pp. 1-4). IEEE.
https://doi.org/10.1109/MECO.2019.8760114

Schwab, K. (2016). 7he fourth industrial revolution. World Economic Forum.

Showalter, D., Klein, R., Johnson, J., & Hartman, S. L. (2023). Why rural matters 2023: The state of
rural education. Rural School and Community Trust.

Sullivan, G. M., & Feinn, R. (2012). Using effect size—or why the P value is not enough. Journal of
Graduate Medical Education, 43), 279-282. https://doi.org/10.4300/JGME-D-12-00156.1

Sweller, J., Ayres, P., & Kalyuga, S. (2011). Cognitive load theory. Springer.

Syamsudin, E., & Rahmadonna, S. (2025). Development Of Melatik: Interactive Learning Multimedia
To Enhance Students'motivation And Learning Outcomes In Informatics Education. Research
and Development Journal of Education, 11(1), 455-461.
http://dx.doi.org/10.30998/rdje.v11i1.28806

Taber, K. S. (2018). The use of Cronbach's alpha when developing and reporting research instruments
in science education. Research in Science Education, 4&6), 1273-1296.
https://doi.org/10.1007/s11165-016-9602-2

Tam, M. (2000). Constructivism, instructional design, and technology: Implications for transforming
distance learning. Educational Technology & Society, 32), 50-60.
https://www.jstor.org/stable/jeductechsoci.3.2.50

Tamim, R. M., Bernard, R. M., Borokhovski, E., Abrami, P. C., & Schmid, R. F. (2011). What forty
years of research says about the impact of technology on learning: A second-order meta-
analysis and validation study. Review of Educational Research, 81(1), 4-28.
https://doi.org/10.3102/0034654310393361

Tavakol, M., & Dennick, R. (2011). Making sense of Cronbach's alpha. International Journal of Medical
Education, 2, 53-55. https://doi.org/10.5116/ijme.4dfb.8dfd

UNESCO. (2013). UNESCO policy guidelines for mobile learning. United Nations Educational, Scientific
and Cultural Organization.

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. Harvard
University Press.

Wargo, E. S., & Simmons, J. (2021). Technology Storylines: A Narrative Analysis of the Rural
Education Research. Rural Educator, 4X2), 35-50. https://eric.ed.gov/?id=EJ1315190

White, H., & Sabarwal, S. (2014). Quasi-experimental design and methods (Methodological Briefs:
Impact Evaluation 8). UNICEF Office of Research.

Yusuf, B., & Busthami Nur, A. H. (2019). Pedagogical orientation in the fourth industrial revolution:
Flipped classroom model. In A. Raman & M. Rathakrishnan (Eds.), Redesigning higher
education initiatives for industry 4.0 (pp. 85-104). IGI Global.

Zheng, B., Warschauer, M., Lin, C. H., & Chang, C. (2016). Learning in one-to-one laptop
environments: A meta-analysis and research synthesis. Review of Educational Research,
864), 1052—-1084. https://doi.org/10.3102/0034654316628645

360


https://doi.org/10.18844/wjet.v14i2.6976
https://doi.org/10.1109/MECO.2019.8760114
https://doi.org/10.4300/JGME-D-12-00156.1
http://dx.doi.org/10.30998/rdje.v11i1.28806
https://doi.org/10.1007/s11165-016-9602-2
https://www.jstor.org/stable/jeductechsoci.3.2.50
https://doi.org/10.3102/0034654310393361
https://doi.org/10.5116/ijme.4dfb.8dfd
https://eric.ed.gov/?id=EJ1315190
https://doi.org/10.3102/0034654316628645

