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Abstract

Teacher education programs increasingly need to prepare preservice teachers to make pedagogically
sound decisions about digital technology rather than simply operate digital tools. This study examined
an ADDIE-guided redesign of an Educational Technology for Early Childhood course for preservice early
childhood teachers at Universitas Mataram, Indonesia. The development process included curriculum
analysis, redesign of the Semester Learning Plan (RPS), expert review by 10 lecturers, implementation
across 16 course meetings, and evaluation of seven student-developed digital game prototypes. Eight
randomly selected students rated each prototype on originality, innovation, aesthetics, functionality,
relevance, and perceived impact using a five-point scale. Expert feedback prompted revisions to learning-
outcome alignment, assessment, technology ethics and safety, learning resources, and interactive
learning activities. Six prototypes were rated in the study's good range and one in the adequate range.
Product-level means ranged from 3.65 to 4.38, with an overall mean of 3.97/5. Functionality received the
highest cross-product dimension mean (4.16), whereas aesthetics was the lowest (3.75). The findings
show that a curriculum-embedded design project can provide observable evidence of preservice
teachers' capacity to apply technological and pedagogical knowledge in authentic product development.
Because the study did not include a pretest-posttest competence measure or comparison group, the
findings indicate demonstrated design performance rather than causal improvement in competence.

1 Introduction

Digital transformation has intensified expectations that teacher education programs prepare graduates
to make principled decisions about technology rather than merely operate digital tools. A recent
systematic review found that preservice teachers often demonstrate stronger basic digital skills than
advanced pedagogical integration, ethical awareness, and critical decision-making [1]. In early childhood
education, this challenge is especially consequential because digital technology must be reconciled with
play, developmental appropriateness, accessibility, child safety, and adult mediation. Studies using the
technological pedagogical content knowledge (TPACK) perspective similarly show that effective
technology integration depends on the interaction among technological, pedagogical, and content
knowledge and on the institutional context in which teachers work [2, 3].

Digital game-based learning (DGBL) provides a useful context for developing this integrated professional
knowledge. Designing an educational game requires decisions about learning goals, task structures,
feedback, interaction, visual communication, and user experience. Reviews and meta-analytic studies
suggest that digital games can support motivation and learning when game mechanics are coherently
connected to educational purposes [4-6]. At the same time, preservice teachers may express positive
attitudes toward games while reporting limited preparation and uncertainty about how game-based
approaches should be integrated into instruction [7].

For this reason, teacher education research has increasingly moved beyond asking preservice teachers
to use or play digital games and has examined what happens when they design game-based learning
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experiences themselves. Design activities can make pedagogical reasoning visible because preservice
teachers must translate curriculum goals into interactive tasks, decide how feedback should operate,
and connect technological choices to the needs of learners [8—11]. In early childhood education, this
design work must also account for the distinctive developmental and relational conditions of young
children's learning [12].

The present study was conducted in the Early Childhood Education Study Program at Universitas
Mataram, Indonesia, within the Educational Technology for Early Childhood course. The development
work centered on a Semester Learning Plan (Rencana Pembelajaran Semester, RPS) and a culminating
project in which preservice teachers developed online educational games for early childhood learning.
The source project originally treated successful product development as evidence of improved student
competence. However, the available dataset contains no standardized pretest, posttest, or comparison
group. Accordingly, this article adopts a more conservative analytic position: prototype quality is
interpreted as evidence of demonstrated design performance after participation in the redesigned
course, not as proof of causal competence gains.

Two research questions guided the study: (1) How did expert review shape the redesign of the game-
based Educational Technology for Early Childhood course? and (2) What quality profile was
demonstrated by the digital educational game prototypes produced following implementation of the
redesigned course?

2 Methods
2.1 Research design

The study used a research-and-development approach organized through the ADDIE sequence of
Analysis, Design, Development, Implementation, and Evaluation. ADDIE functioned as an instructional-
development structure rather than as an experimental design. This positioning is consistent with design
and developmental approaches in digital game-based learning, which emphasize iterative alignment
among learning goals, design decisions, implementation, and evaluation [13]. The development objects
were the revised RPS for the Educational Technology for Early Childhood course and the digital game
prototypes produced during its implementation. The study workflow is summarized in Fig. 1.

2.2 Setting and course context

The study was conducted in the Early Childhood Education Study Program, Faculty of Teacher Training
and Education, Universitas Mataram, Indonesia, during the 2024 academic year. The redesigned course
was implemented with third-semester preservice teachers across 16 meetings. The intended course
outcome was that students would be able to design, create, and apply online games as educational
technology for early childhood learning. The course therefore combined conceptual study with a product-
development task rather than treating technology as a stand-alone technical skill.
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2.3 Analysis, design, and expert review

During the analysis stage, the research team reviewed the curriculum, program learning outcomes,
course learning outcomes, learning materials, assessment strategy, learning resources, and student
needs. These findings informed a redesigned RPS that aligned weekly learning activities, assessment,
and a project-based digital game task with the course learning outcomes.

An initial RPS draft was then reviewed by 10 lecturers with expertise in instructional planning and early
childhood education. Their feedback was organized into four broad areas: format and structure; content
and substance; language and writing; and additional curricular considerations. The review generated
substantive revisions, including clearer alignment among program outcomes, course outcomes, and sub-
outcomes; stronger attention to critical thinking and problem solving; inclusion of technology ethics and
safety for young children; updated learning resources; more explicit assessment criteria; and more
interactive learning activities.

2.4 Implementation and prototype development

The revised RPS was implemented across the 16-meeting course. The first half of the semester
addressed foundational concepts in educational technology, the development of educational technology,
and analysis of technology use in early childhood learning. Following the mid-semester examination,
students moved into a design-and-development phase. At the end of the course, seven digital game
prototypes were presented: Counting Object 1-10, Labelled Diagram, Crossword Puzzle, Spinning Wheel,
Match Up, Unjumble, and Counting Object.

2.5 Prototype evaluation and data analysis

Eight students were randomly selected as evaluators. Each prototype was rated on six dimensions:
originality, innovation, aesthetics, functionality, relevance, and perceived impact. Ratings used a five-
point scale. Consistent with the source study, mean scores were categorized as poor (1.00-2.33),
adequate (2.34-3.66), or good (3.67-5.00). Descriptive analysis was used to calculate product-level and
dimension-level mean scores.

During reconstruction of the article, the reported totals were checked against the item-level values
available in the institutional research report. Where a narrative statement and the item-derived mean
differed, the arithmetic mean and the consolidated summary were used. This affected the reported total
for Unjumble, for which the six item means yield approximately 4.06. No inferential test was added
because the original dataset and design do not support causal or population-level inference.

2.6 Ethics and consent

The study involved student-generated digital products, peer ratings, and lecturer review within an
educational research-and-development activity at Universitas Mataram. The research protocol entitled
"Development of Game-Based Learning Tools to Improve the Competence of Early Childhood Education
Students" was reviewed and approved by the Human Research Ethics Committee of the Faculty of
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Teacher Training and Education, Universitas Mataram, under Ethical Approval No.
2263/UN18.FS/BP3MF.0T/2024. All procedures involving human participants were conducted in
accordance with the ethical requirements of the approving committee, relevant institutional guidelines
and regulations of Universitas Mataram, and the ethical principles of the Declaration of Helsinki.
Informed consent to participate was obtained from all student participants and lecturer reviewers before
participation and before their responses or evaluations were used for research purposes. Participation
was voluntary, and confidentiality and anonymity of participant information were maintained throughout
data collection, analysis, and reporting.

3 Results

Expert review and implementation produced two complementary outcomes: a more explicitly aligned
course design and a set of digital game prototypes that made students' technology-integration
performance observable.

3.1 Expert-informed redesign of the RPS

Expert review led to changes that went beyond formatting. Reviewers requested clearer mapping among
program learning outcomes, course learning outcomes, and sub-outcomes; updated references and
learning resources; stronger assessment criteria; and a more transparent relationship between weekly
activities and intended outcomes. They also recommended adding technology ethics and safety for
young children and broadening the course's attention to emerging educational technologies. Table 1
summarizes the principal revisions.

Table 1
Expert-review recommendations and resulting design emphasis
Review area Key recommendation Resulting design
emphasis
Format and Standardize document formatting and visual Improved usability and
structure presentation transparency
Learning Strengthen alignment among program outcomes, Clearer constructive
outcomes course outcomes, and sub-outcomes; add critical alignment
thinking/problem solving
Content Add technology ethics and safety; update Broader professional and
technology topics and references ethical framing
Assessment Clarify criteria and diversify assessment through More authentic evidence
projects, presentations, and portfolios of learning
Learning Increase interactive activities, case work, simulation,  Stronger connection
activities and project-based learning between concepts and
practice
Media and Specify relevant digital applications, websites, and More concrete
resources software technology integration
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These changes repositioned the RPS from a schedule of topics into a more explicit instructional design
document. In particular, assessment and project work were linked more directly to the course outcome
requiring students to design and apply digital educational technology.

3.2 Digital game prototypes

Following implementation of the revised RPS, students produced seven online educational game
prototypes. The development task required students to move from learning about technology to making
decisions about content representation, interaction, visual design, functionality, and relevance to early
childhood learning. Table 2 presents the product-level evaluation results.

Table 2
Product-level evaluation of the seven digital game prototypes
No. Prototype Mean score (1-5) Category
1 Counting Object 1-10  3.85 Good
2 Labelled Diagram 3.69 Good
3 Crossword Puzzle 4.38 Good
4 Spinning Wheel 3.65 Adequate
5 Match Up 417 Good
6 Unjumble 4.06 Good
7 Counting Object 4.00 Good
Overall mean 3.97 Good

Six of the seven prototypes were rated within the study's good range, while Spinning Wheel was rated
adequate. Crossword Puzzle received the highest mean score (4.38), followed by Match Up (4.17),
Unjumble (4.06), Counting Object (4.00), Counting Object 1-10 (3.85), Labelled Diagram (3.69), and
Spinning Wheel (3.65). The mean of the seven product-level totals was 3.97 out of 5. The product-level
score pattern is shown in Fig. 2.

3.3 Dimension-level quality profile
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Table 3

Mean ratings across the seven prototypes by
evaluation dimension

Evaluation dimension = Mean score (1-5)
Functionality 4.16
Relevance 4.00
Perceived impact 3.98
Originality 3.97
Innovation 3.97
Aesthetics 3.75

Dimension-level aggregation adds detail to the product totals. Functionality had the highest mean across
the seven prototypes (4.16), followed by relevance (4.00), perceived impact (3.98), originality (3.97),
innovation (3.97), and aesthetics (3.75) (Table 3). The relatively strong functionality result indicates that
students were generally able to make their prototypes operate as intended. Aesthetics was the weakest
dimension overall, and originality also varied noticeably between products. These patterns identify
specific areas for future instructional support, particularly visual communication, child-centered
interface design, creative ideation, accessibility, and iterative playtesting. The dimension-level profile is
visualized in Fig. 3.

4 Discussion

The central contribution of this study is not a claim that digital games automatically improve preservice
teacher competence. Rather, the findings show how a curriculum-embedded design process can make
technological-pedagogical performance visible. This interpretation is consistent with research showing
that preservice teachers can develop professionally relevant understandings when they move beyond
discussing technology integration and engage in the design of game-based learning experiences [8-11].
Design tasks externalize professional reasoning: students must decide what children are expected to
learn, how interaction will support that learning, what feedback a game should provide, and how the
digital product will fit within a wider pedagogical sequence.

The expert-review findings also align with a TPACK-oriented view of technology integration. In early
childhood education, technological skill alone is insufficient; appropriate practice depends on the fit
among technology, pedagogy, content, learners, and context [2, 3]. The RPS revisions strengthened these
connections by clarifying the relationship among outcomes, learning activities, assessment, digital
resources, and the developmental context of early childhood education. The inclusion of ethics and
safety was particularly important because professional digital competence includes decisions about
privacy, developmentally appropriate use, accessibility, and adult mediation, not only technical
proficiency [1, 2].
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The prototype ratings provide a second insight. An overall mean of 3.97 indicates that the assignment
generally resulted in products meeting the study's quality criteria, but the range from 3.65 to 4.38 shows
meaningful variation in design quality. A completion-only assessment would have obscured this
variation. Rubric-based evaluation made it possible to identify which aspects of design were
comparatively strong and which required further development. Functionality was the strongest
dimension, while aesthetics was the weakest. This suggests that novice designers may achieve basic
operational and curricular relevance before developing more sophisticated visual and user-experience
design.

The study extends the literature on game design in preservice teacher education by focusing specifically
on early childhood education. Previous studies have reported that game-design activities can support
technology-integration knowledge, professional confidence, and reflective pedagogical decision-making,
although outcomes are not necessarily uniform across all competencies [8-11]. The present findings
reinforce the importance of matching claims to measured outcomes. Here, prototype scores are a direct
outcome; broader claims about competence development require stronger designs with baseline
measures, repeated assessment, or comparison groups.

For teacher education practice, the findings support a development sequence in which preservice
teachers analyze curriculum and child-learning goals, examine examples of digital games, design and
build prototypes, receive formative feedback, test products, and revise their designs. Future iterations
should add authentic child-user testing under appropriate ethical oversight, accessibility checks,
documentation of design decisions, and structured reflection linking each technological choice to a
pedagogical rationale. Such additions would transform a product-oriented assignment into a more
complete professional learning cycle.

Several limitations constrain interpretation. First, the source report does not state the full course
enrollment, so the proportion of students represented by the eight evaluators cannot be established.
Second, the evaluators were peers rather than independent experts or child users, which may have
introduced familiarity or leniency effects. Third, the study relied on descriptive ratings and did not report
inter-rater reliability. Fourth, there was no pre-course baseline, post-course competence measure, or
comparison group. Fifth, the games were evaluated as prototypes rather than through direct
measurement of learning outcomes among young children. These limitations mean that the study
demonstrates the quality of produced artifacts and the feasibility of the course design, but not causal
improvement in competence or child learning.

5 Conclusion

An ADDIE-guided redesign of an early childhood educational technology course enabled preservice
teachers to move from conceptual study to the production of seven digital game prototypes. Expert
review strengthened the alignment of learning outcomes, activities, assessment, learning resources, and
technology ethics and safety. Six prototypes were rated in the study's good range, and the overall

Page 8/14



product-level mean was 3.97/5. Functionality was the strongest cross-product dimension, while
aesthetics was the weakest. These findings provide evidence of demonstrated digital game-design
performance after implementation of the redesigned course; they do not, by themselves, establish
causal improvement in competence. Future research should incorporate baseline and post-intervention
measures, independent expert evaluation, child-user testing, accessibility and ethical design criteria, and
stronger reliability evidence. Within these limits, the study offers a practical model for embedding
authentic digital design work into early childhood teacher education.

Declarations

Ethical approval

This study was reviewed and approved by the Human Research Ethics Committee of the Faculty of
Teacher Training and Education, Universitas Mataram, under Ethical Approval No.
2263/UN18.FS/BP3MF.0T/2024. The approved research protocol was entitled "Development of Game-
Based Learning Tools to Improve the Competence of Early Childhood Education Students". All
procedures involving human participants were conducted in accordance with the ethical requirements of
the approving committee, relevant institutional guidelines and regulations of Universitas Mataram, and
the ethical principles of the Declaration of Helsinki.

Consent to participate

Informed consent to participate was obtained from all student participants and lecturer reviewers before
their participation and before their responses or evaluations were used for research purposes.
Participation was voluntary, and participants were informed of the purpose and procedures of the study.
Confidentiality and anonymity of participant information were maintained throughout data collection,
analysis, and reporting.

Consent to publish

Not applicable. The manuscript contains only aggregated and non-identifiable data and does not include
any information, images, or other material that could identify individual participants.

Competing interests

The authors declare no competing interests.

Funding

Page 9/14



This research was supported by BLU (PNBP) Universitas Mataram in 2024. The institutional research
report does not state a grant number.

Author Contribution

M.A.M.H. contributed to conceptualization, methodology, formal analysis, interpretation of the findings,
visualization, and writing of the original manuscript, and coordinated the revision and final preparation of
the manuscript. B.N.A. contributed to conceptualization, research design, investigation, development of
the instructional framework and Semester Learning Plan (RPS), data collection, validation, and review
and editing of the manuscript. .M.S.A. contributed to investigation, instructional and educational game
design, validation, interpretation of the findings, and review and editing of the manuscript. All authors
reviewed and approved the final version of the manuscript and agreed to be accountable for the work.

Acknowledgement

The authors gratefully acknowledge the support of the Faculty of Teacher Training and Education and
the Institute for Research and Community Service (LPPM), Universitas Mataram, in facilitating this
research. The authors also thank the lecturers who contributed to the review and refinement of the
Semester Learning Plan (RPS), and the preservice early childhood education students who participated
in course implementation, digital game development, and prototype evaluation.

Data Availability

The supporting data comprise the aggregated prototype-rating results and the revised Semester
Learning Plan (RPS) documented in the institutional research report. These materials are not deposited
in a public repository and are available from the corresponding author upon reasonable request.

References

1. Zeng M, Abdullah Z, Cheah KSL. Pre-service teachers' digital competence: a systematic review of
factors, frameworks, and global patterns. Int J Learn Teach Educ Res. 2025;24(8):218-47.
https://doi.org/10.26803/ijlter.24.8.10.

2. Gbemu LA, Abroampa WK, Osei EO. Assessing ICT competencies of early childhood teachers in the
global south using the TPACK framework. Discover Educ. 2026. https://doi.org/10.1007/s44217-
026-01767-5.

3. Li J, Bai B. Profiling TPACK in early childhood education: a multilevel latent profile analysis of
teachers and preschools. Educ Inf Technol. 2025;30:26827-55. https://doi.org/10.1007/s10639-
025-13800-5.

Page 10/14



4. Behnamnia N, Kamsin A, Ismail MAB. The landscape of research on the use of digital game-based
learning apps to nurture creativity among young children: a review. Think Skills Creat.
2020;37:100666. https://doi.org/10.1016/j.tsc.2020.100666.

5. Hussein MH, Ow SH, Elaish MM, Jensen EO. Digital game-based learning in K-12 mathematics
education: a systematic literature review. Educ Inf Technol. 2022;27:2859-91.
https://doi.org/10.1007/s10639-021-10721-x.

6. Fadda D, Pellegrini M, Vivanet G, Zandonella Callegher C. Effects of digital games on student
motivation in mathematics: a meta-analysis in K-12. J Comput Assist Learn. 2022;38(1):304-25.
https://doi.org/10.1111/jcal.12618.

7. Hu H, Sperling RA. Pre-service teachers' perceptions of adopting digital games in education: a mixed
methods investigation. Teach Teach Educ. 2022;120:103876.
https://doi.org/10.1016/j.tate.2022.103876.

8. Artym C, Carbonaro M, Boechler P. Pre-service teachers designing and constructing 'good digital
games'. Aust Educ Comput. 2016;31(1).

9. Engin RA. The effect of designing educational digital games on pre-service teachers' some
competencies. J Pedagog Sociol Psychol. 2023;5(3):195-208.
https://doi.org/10.33902/jpsp.202323576.

10. Weisberg L, Dawson K, Dana NF. Engaging preservice teachers in the design of digital breakout
games in an educational technology course. J Digit Learn Teach Educ. 2022;38(2):71-88.
https://doi.org/10.1080/21532974.2022.2038738.

11. Eyal L, Rabin E, Meirovitz T. Pre-service teachers' attitudes toward integrating digital games in
learning as cognitive tools for developing higher-order thinking and lifelong learning. Educ Sci.
2023;13(12):1165. https://doi.org/10.3390/educsci13121165.

12. Nolan J, McBride M. Beyond gamification: reconceptualizing game-based learning in early childhood
environments. Inf Commun Soc. 2014;17(5):594-608.
https://doi.org/10.1080/1369118X.2013.808365.

13. Ishak SA, Din R, Hasran UA. Defining digital game-based learning for science, technology,
engineering, and mathematics: a new perspective on design and developmental research. J Med
Internet Res. 2021;23(2):e20537. https://doi.org/10.2196/20537.

14. Prensky M. Digital Game-Based Learning. New York: McGraw-Hill; 2001.
15. Sugiyono. Metode Penelitian Kuantitatif, Kualitatif, dan R&D. Bandung: Alfabeta; 2008.
16. Republic of Indonesia. Law No. 14 of 2005 on Teachers and Lecturers. Jakarta; 2005.

Figures

Page 11/14



Instructional Development and Evaluation Sequence

Analysis i Implementation Evaluation

Curriculum review RPS alignment Draft RPS 16-meeting course 7 prototypes

Learning outcomes Assessment plan Expert review by 8 peer evaluators

Game development
Student needs 10 lecturers P

Project-based game task after mid-semester 6 dimensions
Course resources Revision 5-point scale

Course redesign translated conceptual learning into observable digital-game design performance.

Figure 1

ADDIE-guided development and evaluation workflow used in the study
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Prototype Mean Scores by Product
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Figure 2

Mean quality scores of the seven student-developed digital game prototypes
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Mean Scores by Evaluation Dimension
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Figure 3

Mean ratings across the six prototype-evaluation dimensions

Page 14/14



