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	Abstract





	
	This study is motivated by the low level of science concept understanding among children aged 5–6 years due to the dominance of teacher-centered and verbalistic learning approaches. The main objective of this research is to develop a constructivism-based picture card media that is effective in improving children’s understanding of science concepts. The method employed is Research and Development (R&D) using the 4D model (Define, Design, Develop, Disseminate). The research subjects involved 15 children from group B at RA Al-Aziziyah Kapek, West Lombok. The results indicate that the developed media achieved a very high level of validity based on expert evaluations (96% for material experts and 92% for media experts). The practicality of the media is also categorized as very good, with a teacher response score of 94%, particularly in terms of ease of use and its ability to engage children. In terms of effectiveness, there is a significant improvement in children’s science concept understanding, as evidenced by the Paired Sample T-Test results (sig. 0.000 < 0.05), with the mean score increasing from 9.87 to 15.93 and an N-Gain score of 0.60 (moderate category). Therefore, the constructivism-based picture card media is proven to be effective in enhancing science concept understanding in early childhood.
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INTRODUCTION 
Developing early childhood scientific literacy is a global priority for fostering critical thinking and technological readiness (Tanjung et al., 2023); this process should focus on child-centered exploration (Watini, 2020) and the cultivation of ecological awareness (N. J. W. Priyanti, 2021). During the preoperational stage, children require concrete experiences to build symbolic capabilities (Watini, 2019); consequently, the effectiveness of inquiry-based learning relies heavily on the educator's strategies (Udju et al., 2024a) and the quality of learning media (Warmansyah et al., 2023). However, the reality at RA Al-Aziziyah reveals a dominance of lecture-based methods that position children as passive subjects, despite the fact that the synergy between religious values ​​and science is vital for critical reasoning (N. Priyanti, 2024). A lack of concrete media results in poor conceptual mastery, necessitating a constructivist approach (Warmansyah et al., 2023) that emphasizes active interaction and scaffolding within the Zone of Proximal Development (Licata-Dandel et al., 2021). Integrating visual media has been shown to optimize visual-verbal information processing (Sahiti & Stamp, 2021) while simultaneously boosting learning motivation (Escayg, 2020).
Literature confirms that picture cards effectively enrich vocabulary and classification skills through tangible visual presentation (Pakpahan & Saragih, 2022). These media facilitate meaningful conceptual representation (Sit et al., 2020)—adapting to children's cognitive processes (Sari et al., 2024)—and assist in the systematic organization of knowledge (Zaitun et al., 2025). The use of contextual images is believed to strengthen the foundation of scientific literacy from an early age (Angkur, 2025). Unfortunately, the majority of current picture card usage remains static and unidirectional, failing to optimally trigger independent knowledge construction (Åkerblom & Thorshag, 2021). This situation creates an urgent need to develop scaffolding-based interactive picture cards capable of transforming children's scientific inquiry processes into deeper and more exploratory experiences.
Current science instruction remains dominated by a verbalistic, teacher-centered approach, thereby failing to optimize children's active engagement and concrete experiences (Udju et al., 2024a). Although picture cards have been widely studied, most research has focused on basic literacy aspects and has not systematically integrated constructivist principles into media design. Furthermore, empirical testing regarding the validity, practicality, and effectiveness of picture card media in a science context remains very limited (Pakpahan & Saragih, 2022). Consequently, a gap has emerged between the demands for exploratory science learning and the availability of scientifically validated interactive media in early childhood education institutions.
METHODS (Palatino Linotype 11, Space 1.15, Justify)
This study employs the Research and Development (R&D) method using the 4D development model, comprising the Define, Design, Develop, and Disseminate phases (Indaryanti et al., 2025). This framework was selected to produce a constructivist-based picture card medium that is both theoretically valid and practically effective. Systematically, the procedure begins with the Define phase to identify gaps in classroom science learning, followed by the Design phase to formulate card content and scaffolding-based guiding questions. During the Develop phase, content and media experts validate the product, and revisions are made prior to field testing. Finally, a limited-scale Disseminate phase is conducted to measure the impact of the medium's implementation on enhancing children's conceptual understanding in real-world learning settings.
The study was conducted at RA Al-Aziziyah Kapek, West Lombok, involving 15 children from Group B (aged 5–6 years) selected through purposive sampling. This selection was based on the cognitive characteristics of early childhood learners in the preoperational stage, who require concrete, visual, and play-based learning experiences to comprehend their environment (Bernier et al., 2023). To facilitate data collection, research instruments were developed based on standard indicators for early childhood science concept understanding (Tanjung et al., 2023). Data were gathered through observations of children's activities, teacher practicality questionnaires, and performance tests utilizing a 0–3 scale assessment rubric. To ensure data reliability, all instruments underwent expert validation to confirm that language and content aspects aligned with the psychological profile of early childhood learners (Aini et al., 2019).
The resulting product consists of A6-sized, double-sided picture cards made from laminated art carton for safety and durability. The front of the card features visually engaging illustrations of scientific phenomena, while the back contains guiding questions designed to stimulate the children's critical thinking skills. To assess product quality, validity and practicality data were analyzed using descriptive percentage analysis. Meanwhile, the effectiveness of the media in enhancing conceptual understanding was tested quantitatively using a Paired Sample T-Test to compare pre-test and post-test results. The extent of the improvement in the children's understanding was then analyzed using N-Gain scores to determine whether the media's effectiveness fell into the low, medium, or high category. 
FINDINGS AND DISCUSSION 
The results of this study present the feasibility and effectiveness of constructivism-based picture card media in improving the understanding of science concepts among children aged 5–6 years. The data presented represent the final results of the validation process, practicality testing, and effectiveness testing after the media were implemented in the learning process.
Table 1. Summary of Research Results
	Assessment Aspect
	Indicator
	Result
	Category

	Material Expert Validation
	Content suitability, conceptual depth, language
	96%
	Highly Feasible

	Media Expert Validation
	Visual design, attractiveness, clarity of presentation
	92%
	Highly Feasible

	Practicality
	Ease of use, clarity of instructions, efficiency
	94%
	Highly Practical

	Effectiveness
	Average Pre-test
	9.87
	-

	
	Average Post-test
	15.93
	-

	
	N-Gain Score
	0.60
	Moderate

	
	Significance Test
	0.000 < 0.05
	Significant


The data in Table 1 confirm that the developed picture card media possess a very high level of validity, both in terms of material substance and media design. Material experts assessed that the presented content is aligned with children's developmental stages and relevant to everyday scientific phenomena, while media experts appreciated the concrete visualizations that facilitate concept comprehension. From the practicality perspective, teachers reported that this media is highly applicable and easy to use without requiring complicated additional equipment, while also being effective in maintaining students' focus and active engagement. These findings are supported by a significant increase in the average score from 9.87 (pre-test) to 15.93 (post-test) with an N-Gain value of 0.60 (moderate category). Statistically, these results demonstrate that the use of constructivism-based picture card media has a significant impact on improving children's science learning outcomes. The primary strength of this study lies in the integration of the constructivist approach, which transforms picture cards from merely passive visual aids into interactive scaffolding instruments. The notable improvement in the exploration indicator demonstrates that the guiding questions embedded in the media encourage children to construct knowledge through social interaction and direct experience. These findings reinforce constructivist theory regarding the importance of active engagement in concept discovery, while also supporting dual coding theory, which states that the synergy of visual and verbal information enhances memory retention. By facilitating a shift in the learning paradigm from teacher-centered to child-centered, this innovation not only improves science understanding but also meaningfully develops critical thinking and communication skills among young children.
This picture card media achieved a very high level of feasibility through material validation (96%) and media validation (92%), demonstrating that the content is appropriate for children's linguistic capacities and that the visual presentation is effective in simplifying abstract concepts. These findings reinforce the thesis that visual instruments aligned with cognitive development can accelerate conceptual understanding and create strong information retention through the dual coding mechanism (Sahiti & Stamp, 2021). With a practicality score of 94%, this media has proven to be highly applicable and facilitates teachers in maintaining students' focus and learning motivation. This finding is consistent with the view that simple yet interactive media are far more effective for early childhood learners than complex media (Udju et al., 2024), while simultaneously stimulating independent inquiry processes through scaffolding techniques (Licata‐Dandel et al., 2021). The effectiveness of the media was validated by the increase in the average score from 9.87 to 15.93 with an N-Gain of 0.60 (p < 0.05), confirming the substantial impact of concrete learning experiences on learning outcomes (Escayg, 2020). Unlike conventional picture cards, which tend to function passively (Pakpahan & Saragih, 2022), this innovation successfully transforms the learning paradigm from teacher-centered to child-centered. These results position constructivism-based picture card media as an applicable solution for strengthening science literacy as well as the foundations of critical thinking and communicative skills among children in early childhood education institutions.
CONCLUSION 
This study confirms that constructivism-based picture card media is highly feasible, practical, and effective for enhancing scientific concept understanding in children aged 5–6 years. The quality of the media was validated by experts, who confirmed that its content and visual design align with children's developmental stages; furthermore, its high level of practicality enables educators to foster a focused and participatory learning atmosphere. The intervention's success is evidenced by a significant improvement in children's learning scores—falling within the moderate N-Gain category—particularly in exploration and classification skills stimulated by "trigger questions" during the knowledge construction process. Thus, this media innovation serves as a strategic solution to transform learning approaches from a teacher-centered model into one that is interactive, meaningful, and aligned with the pedagogical needs of early childhood learners..
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