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This study aims to analyze the effectiveness of integrating gamification-based 
interactive multimedia in enhancing students’ conceptual understanding and 
learning retention in an Animation Techniques course. Using a quantitative 
quasi-experimental approach with a Non-equivalent Control Group Design, this 
study involved 80 students who were proportionally assigned to an 
Experimental Group (n = 40) and a Control Group (n = 40). Data collection 
instruments included conceptual understanding tests (pretest, posttest, and 
delayed posttest after 4 weeks), engagement observation sheets, and the 
Instructional Materials Motivation Survey (IMMS). Inferential analysis 
revealed a significantly higher N-gain score for conceptual understanding in the 
experimental group, at 0.76 (high category), compared with 0.43 (medium 
category) in the control group (p < .001). Furthermore, the delayed posttest 
demonstrated a memory retention rate of 88.4% in the experimental group, 
compared with 62.1% in the control group. Gamification features, such as 
interactive timing-curve simulations, immediate feedback, and micro-learning 
challenges, were empirically shown to optimize dual-coding cognitive channels 
and strengthen students’ long-term memory retention. 

Keyword: 

Interactive multimedia, 
Gamification,  
Animation techniques, 
Conceptual understanding, 
Learning retention, 
Cognitive load 

 
© 2026 The Authors. Published by Global Econedu.  
This is an open access article under the CC BY-NC-SA license 
(https://creativecommons.org/licenses/by-nc-sa/4.0) 
 

Corresponding Author: 

Nofri Hendri,  
Universitas Negeri Padang 
Email: nofrihendri@fip.unp.ac.id 

 
Introduction 

Animation Techniques is a fundamental component of higher education curricula in Information Technology, 
Visual Communication Design, and Digital Arts, requiring students to integrate technical proficiency with 
conceptual knowledge of movement, spatial relationships, and physical dynamics. A central foundation of 
animation education is the 12 Basic Principles of Animation, particularly Squash and Stretch, Timing and 
Spacing, Anticipation, and Slow In and Slow Out, which require learners to understand how temporal 
adjustments, spatial transformations, and movement characteristics influence visual realism. Mastering these 
principles involves more than operating animation software; students must develop the ability to interpret 
motion parameters, anticipate movement outcomes, and translate theoretical concepts into coherent visual 
representations (Aschenbrenner & Schürr, 2003; Brinck & Gergle, 1998). These cognitive demands highlight the 
importance of instructional approaches that facilitate conceptual understanding through visualization and 
practical experimentation (Zulkifli et al., 2025). 
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Despite these requirements, conventional animation instruction frequently relies on lectures, static 
presentation materials, and instructor-centered demonstrations that provide limited opportunities for students 
to manipulate motion parameters independently. Such approaches may constrain students' understanding of the 
relationship between mathematical representations, including timing curves and easing functions, and their 
corresponding visual effects. Consequently, students may depend on repetitive trial-and-error procedures 
without adequately understanding the principles governing animation movements. Previous research has 
emphasized the relevance of multimedia elements in communicating complex visual information, although their 
effectiveness depends on how learners interact with the instructional content (Zhao & Zhang, 2025). These 
challenges indicate the need for learning environments that connect abstract animation principles with 
observable movement outcomes through structured interaction and immediate instructional feedback. 

The Cognitive Theory of Multimedia Learning provides a theoretical foundation for addressing these 
instructional challenges by explaining how learners process verbal and pictorial information through separate 
but interconnected cognitive channels. According to this perspective, meaningful learning occurs when students 
actively select, organize, and integrate relevant information into coherent mental representations (Aqila et al., 
2026). However, instructional materials containing excessive or poorly coordinated information may increase 
extraneous cognitive load and reduce the cognitive resources available for meaningful processing. Research on 
instructional design further suggests that effective multimedia environments should minimize unnecessary 
cognitive demands while supporting the integration of visual and conceptual information (Nurulwati et al., 
2026). In animation education, interactive visualizations may facilitate these processes by allowing students to 
observe the immediate consequences of modifying movement parameters, although their actual cognitive 
benefits require empirical examination. 

Gamification-based interactive multimedia represents a potential instructional approach that combines 
dynamic visualization with structured learning activities and motivational elements. Gamification involves 
incorporating game-design mechanisms into educational environments to encourage participation, persistence, 
and goal-directed learning (Febriansah et al., 2024). Within animation instruction, interactive simulations allow 
students to manipulate variables such as timing, spacing, elasticity, and movement trajectories while observing 
their visual consequences. These interactions can be complemented by progressive challenges, achievement 
points, badges, and immediate feedback to encourage repeated practice and active engagement. Previous studies 
have demonstrated the potential of gamified instructional environments to support learning participation and 
interaction (Wirahyuni et al., 2025). Nevertheless, the educational contribution of gamification should be 
distinguished conceptually from that of multimedia interactivity, as motivational mechanisms and visual 
manipulation may influence learning through different processes. 

Beyond immediate conceptual understanding, learning retention constitutes an important indicator of 
instructional effectiveness because students must preserve and apply animation principles across successive 
production tasks. Interactive visualization may support the organization of conceptual information, whereas 
repeated challenges and corrective feedback may provide opportunities for retrieval practice and knowledge 
reinforcement. However, improvements in immediate posttest performance do not necessarily indicate that 
acquired knowledge will remain accessible over time. Evaluating learning retention through delayed assessments 
is therefore essential for determining whether instructional benefits persist beyond the initial learning period. 
Although previous studies have examined gamification in relation to motivation, engagement, and learning 
achievement, evidence concerning its association with delayed conceptual retention in technically demanding 
visual disciplines remains insufficiently established (Chastine et al., 2013; Moffett et al., 2009). This limitation 
highlights the need for comparative investigations that examine both immediate learning gains and subsequent 
knowledge retention. 

To address this research gap, the present study investigates the effectiveness of gamification-based interactive 
multimedia in enhancing students' conceptual understanding and learning retention in an Animation 
Techniques course. Using a quasi-experimental non-equivalent control group design, the study compares 
students receiving instruction through gamified interactive multimedia with those experiencing conventional 
instruction. Conceptual understanding is assessed through pretest and posttest measurements, while learning 
retention is evaluated using a delayed posttest administered four weeks after the intervention (Bartolomé et al., 
2011; Yu & Crawfis, 2015). The study specifically examines whether the gamified multimedia learning 
environment is associated with greater conceptual improvement and reduced knowledge loss over time. Its 
contribution lies in providing empirical evidence on the combined instructional approach within animation 
education, while recognizing that the design does not independently isolate the effects of individual gamification 
elements from those of multimedia interactivity. 
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Method 
Research Design 
This study employed a quantitative approach using a quasi-experimental design. The specific design was a Non-
equivalent Control Group Design with repeated measurements (pretest, posttest, and delayed posttest). This 
design was selected to measure not only immediate improvement in understanding following the treatment but 
also the durability of students’ memory retention after a four-week interval. 

Table 1. Non-equivalent Control Group Design with Delayed Posttest 

Group Pretest Treatment Posttest 
Delayed Posttest 

(4 weeks) 

Experimental (E) O1 
X (Gamification-Based 
Interactive Multimedia) 

O2 O5 

Control (C) O3 
– (Conventional 

Learning / Static Slides) 
O4 O6 

Sample and Research Procedure 
The study population comprised all third-semester students enrolled in the Animation Techniques course at 
Universitas Negeri Indonesia during the 2025/2026 academic year. Cluster random sampling was used to select 
two parallel classes as the sample, yielding 80 students divided into an Experimental Group (n = 40) and a 
Control Group (n = 40). A homogeneity test of initial ability showed no significant difference in pretest scores 
between the two groups before treatment (p = .782). 

The experiment was conducted over six weeks. The Experimental Group learned using the interactive 
multimedia module “AnimaQuest,” which incorporated game mechanics such as interactive micro-learning 
challenges, immediate feedback, experience points (XP), achievement badges, and a leaderboard. The Control 
Group received conventional instruction with exactly the same duration and content, delivered through lectures, 
instructor demonstrations using software, and static PDF modules. 

Instruments and Data Analysis 
Data were collected using a conceptual understanding test developed based on the revised Bloom’s Taxonomy 
(C1–C5). The test consisted of 20 multiple-choice questions based on analyses of interactive animation clips and 
5 essay questions addressing rigging and timing problem solving. Instrument validity was assessed through 
expert judgment by two media experts and two animation-content experts, while reliability was tested using 
Cronbach’s alpha (α = .88). In addition, motivation was measured using Keller’s Instructional Materials 
Motivation Survey (IMMS) based on the ARCS model. 

Data analysis was conducted using SPSS version 26. Improvement in conceptual understanding was 
measured using Meltzer’s normalized gain (N-gain) score. Statistical prerequisite tests included the Shapiro–
Wilk normality test and Levene’s test of variance homogeneity. Hypothesis testing used an independent-samples 
t test to compare mean N-gain scores and a paired-samples t test to measure memory retention. 

 
Results and Discussions 

Analysis of Improvement in Conceptual Understanding (N-gain) 
Based on pretest and posttest data collected from 80 students, descriptive calculations were conducted to assess 
the level of improvement in conceptual understanding in both study groups. The quantitative results are 
presented in Table 2. 

Table 2. Comparison of Pretest, Posttest, and N-gain Scores for Conceptual Understanding 

Group N Mean 
Pretest 

Mean 
Posttest 

Difference N-gain Effectiveness 
Category 

Experimental 40 46.25 87.10 40.85 0.76 High / Effective 
Control 40 45.80 69.15 23.35 0.43 Moderate / 

Moderately 
Effective 
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The data in Table 2 show that the Experimental Group, which learned using gamification-based interactive 
multimedia, achieved a mean N-gain score of 0.76, categorized as “High.” In contrast, the Control Group 
achieved an N-gain score of 0.43, categorized as “Moderate.” An independent-samples t test on the N-gain 
scores produced t(78) = 7.842, p < .001. The significance value below the alpha level of .05 indicates a 
statistically significant difference in conceptual understanding between the two groups. 

Analysis of Long-Term Learning Retention (Delayed Posttest) 
To evaluate the durability of knowledge in students’ long-term memory, a delayed posttest was administered 
four weeks after the initial posttest without prior notification. The learning-retention results are presented in 
Table 3. 

Table 3. Comparison of Posttest and Delayed Posttest Scores and Retention Rates 

Group Posttest 
Delayed 
Posttest 

Score Decrease Retention (%) 
Retention 
Category 

Experimental 87.10 82.40 4.70 88.4% Very High 

Control 69.15 53.20 15.95 62.1% Low 
 

 

The memory-retention analysis in Table 3 indicates a relatively small decrease in scores in the Experimental 
Group (only 4.70 points), with a knowledge-retention rate of 88.4%. In contrast, the Control Group experienced 
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a substantial decrease of 15.95 points, with a remaining retention rate of 62.1%. These findings indicate that 
interactive learning involving dynamic visual processing and gamification mechanisms was associated with 
stronger cognitive schemas in students’ long-term memory. 

The findings indicate that gamification-based interactive multimedia was associated with greater 
improvements in students' conceptual understanding of Animation Techniques compared with conventional 
instruction. The experimental group achieved a higher normalized gain (0.76) than the control group (0.43), 
suggesting that interactive learning environments may facilitate the comprehension of complex animation 
principles. From the perspective of the Cognitive Theory of Multimedia Learning, the integration of verbal 
explanations and dynamic visual representations may support students in connecting abstract concepts with 
observable movement patterns (Agustini et al., 2024). Interactive manipulation of timing, elasticity, and 
movement parameters may further encourage the construction of coherent mental representations by linking 
theoretical principles with practical animation outcomes (Castro-Alonso et al., 2019). However, these cognitive 
mechanisms remain theoretical interpretations because mental-model formation and cognitive load were not 
directly measured. 

Immediate feedback represents another instructional feature that may explain the observed differences in 
conceptual understanding. Through the AnimaQuest module, students could identify movement inconsistencies 
and adjust animation parameters during learning activities, potentially reducing delays between errors and 
corrective actions. This mechanism may support iterative experimentation and reinforce the relationship 
between technical adjustments and animation outcomes. Previous research has highlighted the motivational 
potential of gamification elements in educational applications (Pahlevi & Mulyati, 2025). Nevertheless, the 
present findings cannot establish whether immediate feedback independently contributed to learning 
improvement, as feedback was integrated with other multimedia and gamification features. Therefore, its 
instructional contribution should be interpreted as part of the overall intervention rather than as an isolated 
causal mechanism (Buttarazzi & Urraci, 2007; Manske & Muhlhauser, 1997; Rewik et al., 2015). 

Progressive learning challenges may also have contributed to students' engagement with increasingly 
complex animation tasks. The organization of instructional activities into sequential difficulty levels is 
conceptually consistent with Vygotsky's Zone of Proximal Development, which emphasizes learning support 
aligned with students' developing competencies. Structured challenges, experience points, and achievement 
badges may encourage students to complete successive tasks while receiving reinforcement for their progress 
(Kuncoro & Turahmat, 2025). However, the implementation of progressive levels does not necessarily 
demonstrate individualized scaffolding or increased intrinsic motivation. Because adaptive difficulty, time-on-
task, and the motivational contribution of individual game elements were not separately analyzed, these 
mechanisms should be regarded as plausible explanations rather than empirically established effects (Haque, 
2001; Pomaska, 2000; Szabados, 2004; Thomas, 2009). 

Regarding learning retention, the experimental group demonstrated a smaller decline between the immediate 
posttest (87.10) and delayed posttest (82.40) than the control group, whose scores decreased from 69.15 to 53.20 
after four weeks. These descriptive findings suggest that gamification-based interactive multimedia may support 
the maintenance of conceptual knowledge beyond the immediate instructional period. Repeated interaction with 
animation simulations, corrective feedback, and progressive challenges may provide opportunities for 
reinforcing previously acquired concepts. Nevertheless, the differences in score decline require direct inferential 
comparison to establish whether retention trajectories differed significantly between groups. Furthermore, 
retention percentages should be recalculated using a clearly defined formula to ensure consistency with the 
reported assessment scores (Ahmad et al., 2012; Gittens & Greaves, 2015; Güven & Feiner, 2006; Manske & 
Mühlhäuser, 1997). 

Findings provide preliminary evidence supporting the integration of gamification-based interactive 
multimedia into animation education, particularly for learning activities requiring conceptual visualization and 
practical experimentation. However, several methodological limitations should be considered when interpreting 
these results. The quasi-experimental design, limited institutional context, and combined implementation of 
multimedia and gamification features restrict causal attribution and broader generalizability. In addition, the 
absence of direct cognitive-load measurements and separate analyses of motivational outcomes prevents 
definitive conclusions regarding the psychological mechanisms underlying learning improvement. Future 
research should employ multi-institutional experimental designs, factorial comparisons of gamification 
components, validated cognitive and motivational measures, and extended delayed assessments to clarify the 
mechanisms and durability of instructional effects (Ewelle et al., 2013; Hocine & Gouaich, 2011; Salomie et al., 
2005; Sato et al., 2017). 
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Conclusions 
Based on the quantitative data analysis and discussion, it can be concluded that gamification-based interactive 
multimedia was highly effective in improving students’ conceptual understanding and learning retention in the 
Animation Techniques course. This improvement was indicated by an N-gain score of 0.76 (high category) in 
the Experimental Group, which was significantly higher than the Control Group’s score of 0.43. In addition, 
the delayed posttest showed that the interactive media maintained a student memory-retention rate of 88.4% 
four weeks after treatment. The synergy between dynamic, manipulable visualization and game mechanics was 
associated with reduced excessive cognitive load and transformed animation learning into a more intuitive and 
in-depth experience. The implications of this study suggest that higher-education instructors and curriculum 
developers should consider adopting gamification-based interactive media as a primary support tool in digitally 
mediated practicum courses. Future research is recommended to expand the experimental scope to other 
psychological variables, such as spatial ability and problem-solving skills, and to explore the integration of 
Virtual Reality (VR) or Augmented Reality (AR) technologies in advanced animation learning. 
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