Investigating the Impact of 3d Model in Finding the Volume

ABSTRACT 
	[bookmark: _Hlk198891107]This action research investigated the effectiveness of three-dimensional (3D) models in enhancing the understanding of Grade 4 students in volume, particularly in calculating the volume of rectangular prisms. Grounded in Piaget's theory of cognitive development, the study emphasized the value of hands-on learning during the concrete operational stage of cognitive development. Conducted at San Rafael Integrated School during the 2024–2025 school year, a quasi-experimental design was employed, involving 60 students divided into two groups: a control group and an experimental group. The control group received traditional instruction, while the experimental group was taught using physical 3D models. Results showed that while both groups scored below expectations in the pre-test, the experimental group demonstrated significantly greater improvement in the post-test (x̅ = 9.83) compared to the control group (x̅ = 6.93). This comparison was based on the mean increase in scores from the pre-test to the post-test, highlighting the impact of the 3D model intervention on student performance. A statistically significant difference was confirmed (t = 3.329, p = 0.002), and a large effect size (Cohen’s d = 0.860) indicated a strong positive impact of the intervention. In practical terms, an average student at the 50th percentile could advance to the 81st percentile when taught using 3D models—outperforming 81% of peers, compared to just 50% without the intervention. These findings highlight the pedagogical value of 3D models in enhancing spatial reasoning and conceptual understanding in mathematics education.
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1. INTRODUCTION   
Understanding the volume of three-dimensional (3D) objects poses significant cognitive challenges for students, particularly during the transition from two-dimensional (2D) to 3D thinking (Kok, 2020). This difficulty often leads to misconceptions and error patterns in applying mathematical formulas for volume calculation (Corum, 2017). Traditional teaching methods that emphasize rote memorization of formulas may not effectively address these challenges, resulting in persistent misunderstandings among learners (Guner, 2020).
 	
Consequently, students struggle to apply mathematical concepts to real-world problems, hindering their overall mathematical proficiency (Davis & Simmt, 2015). Addressing these cognitive challenges is essential for improving students' understanding of geometric principles and their applications (Sudirman et al., 2020). Internationally, students often struggle to distinguish between area and volume, frequently confusing two-dimensional measurements with three-dimensional ones (Huang & Wu, 2019). For instance, students may incorrectly apply area formulas when attempting to calculate volume, leading to significant errors in problem-solving (Sisman & Aksu, 2015). These misconceptions highlight a global need for instructional strategies that enhance spatial reasoning and conceptual understanding of geometric principles (Fujii, 2020). Educational systems worldwide are seeking innovative approaches to address these challenges and enhance students’ learning outcomes in mathematics (Lowrie et al., 2019). Implementing effective teaching methods that foster a deeper understanding of volume concepts is essential, as these strategies not only strengthen conceptual comprehension but also lead to improved performance and problem-solving skills in mathematics (Abramovich et al., 2019).
In the Philippines, challenges in mathematics education are evident, with students demonstrating low proficiency in geometry, particularly in understanding volume (Verzosa & Vistro-Yu, 2019). The 2018 Programme for International Student Assessment (PISA) results indicated that Filipino students scored below the global average in mathematics, underscoring the need for improved instructional methods (Alinsunurin, 2021). Traditional teaching approaches may not effectively engage learners or cater to diverse learning styles, contributing to these challenges (Cimermanová, 2018). Consequently, there is a pressing need to explore innovative teaching strategies that can enhance students' understanding and application of volume concepts (Englund et al., 2016). Addressing these national educational challenges is crucial for enhancing students' mathematical competencies (Wittmann, 2020). 

Furthermore, the lack of resources and training for teachers in implementing new instructional strategies exacerbates the problem (Johnson et al., 2016). Many educators rely on traditional methods due to limited access to innovative teaching tools and professional development opportunities (Smith & Gillespie, 2023). This situation hinders the adoption of effective teaching practices that could improve students' understanding of geometric concepts (Mamali, 2015). Addressing these systemic issues is crucial for creating an educational environment that fosters learning and growth (Darling-Hammond & Cook-Harvey, 2018). By providing adequate support and resources, educators can better assist students in overcoming challenges related to volume calculation (Mirzajani et al., 2016). 

The integration of 3D models in education has shown promise in enhancing students' spatial visualization skills and understanding of geometric concepts (Mjenda et al., 2023). By engaging with 3D models, students can interact with and manipulate shapes, resulting in a deeper understanding of volume (Fujita et al., 2017). This hands-on approach can bridge the gap between theoretical knowledge and practical application (Chen et al., 2019). Studies have demonstrated that incorporating 3D modeling into the curriculum can improve students' problem-solving abilities and mathematical performance (Levin & Verner, 2020). Implementing such innovative teaching methods may address the challenges students face in understanding volume calculation (Qian & Lehman, 2017).

Despite the potential benefits of 3D modeling in teaching volume calculation, there is a lack of comprehensive research examining its effectiveness in the Philippine educational context (Tao et al., 2022). Existing studies have primarily focused on other regions, leaving a gap in understanding how 3D models can be utilized to improve geometry education locally (Kaiser, 2020). This research aims to fill that gap by investigating the impact of 3D models on students' ability to find volumes, providing insights that could inform teaching practices and curriculum development (İbili et al., 2019). By exploring the effectiveness of 3D modeling in the local context, educators can develop strategies tailored to the specific needs of Filipino students (Refugio et al., 2020). Ultimately, this study seeks to contribute to the improvement of mathematics education in the Philippines (Lomibao, 2016).

2. methodology
This study employed a quasi-experimental design with pre-test and post-test assessments for both control and experimental groups. Due to ethical and practical constraints, two intact Grade 4 sections at San Rafael Integrated School were used. This design allows for comparison between groups without random assignment (Thomas, 2020).
A researcher-made 25-item multiple-choice test was used, aligned with the Grade 4 Mathematics competencies: M4ME-IVe-63 and M4ME-IVE-64. Content validity was confirmed by three experts using Aiken’s V (score: 0.94). Reliability was tested through a pilot study at Sibajay Elementary School, with a Cronbach’s alpha of 0.701 after item reduction. Although this value is slightly above the minimum threshold, it is generally considered acceptable for instruments in the early stages of development or in exploratory studies (Tavakol & Dennick, 2011; Nunnally & Bernstein, 1994). Thus, the instrument demonstrates sufficient internal consistency for research purposes. The study involved two Grade 4 sections (30 students each). Using simple random sampling, a coin toss assigned one section as the experimental group (taught using 3D models) and the other as the control group (taught using traditional methods). Students absent in either test were excluded. Respondents were aged 10–11 years, with a balanced  number of students distribution.
The researcher followed the following procedures in conducting the action research:
1. Ethical Clearance was obtained from the University Research Ethics Board by submitting the research proposal, curriculum vitae, and risk management plan. 
2. A permission letter was submitted to the School Principal of San Rafael Integrated School to conduct the study. Upon approval, a second letter was sent to the class advisers, explaining the purpose and method of the study.
3. A pre-test was administered to both the control and experimental groups to assess their baseline understanding of volume. 
4. The experimental group was taught using 3D models to enhance conceptual understanding of volume. The control group was taught through traditional methods based on the existing curriculum, which included teacher-led lectures, textbook explanations, two-dimensional illustrations of three-dimensional shapes, and formula-based problem solving without the use of physical manipulatives.
5. After the intervention, a post-test was administered to both groups to assess changes in performance. 
6. The completed post-test responses were retrieved, scored, encoded, and analyzed using appropriate statistical tools. Specifically, mean and standard deviation were computed to describe student performance, while an independent samples t-test was conducted to determine the significant difference between the experimental and control groups.

3. results and discussion
Table 1 to Table 5 show the results of the pre-test and post-test analyses comparing the control and experimental groups. This section presents the effectiveness of 3D models in teaching volume, using statistical tools to determine significant differences and the impact of the intervention.
Table 1 shows that both groups performed below expectations in the pre-test, with transmuted grades of 66 (control) and 71 (experimental). Despite the experimental group scoring slightly higher, results indicate limited prior understanding of volume. 
Table 1. Average pre-test score achievement in finding the volume in the control and 
experimental groups
	Group
	Total Score
	Standard Deviation
	Mean
	Transmuted Grade
	Remarks

	Control
	25
	2.63
	6.67
	66
	Did Not Meet Expectations

	Experimental
	25
	3.16
	11.33
	71
	Did Not Meet Expectations


One critical factor contributing to these low scores is the cognitive challenge students face in transitioning from two-dimensional (2D) to three-dimensional (3D) conceptualization. Understanding volume requires the mental integration of length, width, and height—an abstract task that is difficult to achieve without sufficient spatial reasoning skills (DeSutter & Stieff, 2017; Lowrie et al., 2019). The slightly better performance of the experimental group may be explained by incidental or informal exposure to volumetric concepts or inherent differences in spatial visualization abilities (Boaler et al., 2016; Burte et al., 2017). However, both groups’ performances confirm that traditional teaching strategies are insufficient for fostering a robust understanding of volume.

Table 2 presents a significant difference in pre-test scores, with the experimental group outperforming the control group (x̅e = 11.33 vs. x̅c = 6.67; p = 0.001). This indicates a prior conceptual advantage for the experimental group, which should be considered when assessing the intervention.
Table 2. Mean comparison between pre-test scores of the control group and experimental group.
	Group
	Mean
	Standard Deviation
	t-value
	p-value
	Interpretation

	Control
	6.67
	2.63
	
	0.001
	There is significant difference on the average pre-test score between the experimental and control group.

	Experimental
	11.33
	3.16
	
	
	


The statistically significant pre-test advantage of the experimental group demands deeper interpretation beyond surface-level performance. This disparity likely reflects differences in students' prior exposure to spatial learning or informal experiences with three-dimensional thinking. Boaler et al. (2016) suggest that students who engage more frequently in spatial tasks tend to exhibit stronger conceptual foundations in volume-related topics. Complementing this, Lowrie et al. (2019) highlight how spatial visualization skills are not uniformly developed among learners, which can directly influence their initial readiness to understand volumetric concepts. Hence, what appears to be a numerical advantage in the experimental group may stem from pre-existing cognitive advantages rather than the early impact of the intervention itself.

Table 3 indicates that the experimental group (x̅e = 21.17) outperformed the control group (x̅c = 13.60) in the post-test. The results indicateTable 3 presents the change score analysis, addressing the initial performance gap between groups. The experimental group showed greater improvement from pre-test to post-test than the control group, which improved understanding of volume in the experimental group, while the control group showed limited progress.
Table 3. Average post-test scores of the control and experimental group
	Group
	Total Score
	Standard Deviation
	Mean
	Transmuted Grade
	Remarks

	Control
	25
	2.92
	13.60
	73
	Did Not Meet Expectations

	Experimental
	25
	4.06
	21.17
	90
	Outstanding


The results strongly affirm that 3D models are not just supplementary tools but essential instructional strategies for enhancing elementary students’ understanding of volume. A growing body of evidence confirms that 3D visual aids do more than boost test scores—they actively nurture the spatial reasoning skills necessary for conceptualizing geometric structures. Aslan et al. (2024) found that interactive 3D tools significantly improved students’ academic outcomes in geometry by making abstract mathematical concepts more tangible and comprehensible. Likewise, Widodo et al. (2021) demonstrated that students retained and applied volume-related knowledge more effectively when taught with physical 3D models, showcasing the clear cognitive benefits of tactile and visual learning.

Table 4 presents the change score analysis, addressing the initial performance gap between groups. The experimental group showed greater improvement from pre-test to post-test than the control group.
Table 4. Mean comparison in the change of scores between the control and experimental groups.
	Independent Samples Test

	Variable
	t-test for Equality of Means

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	Lower
	Upper

	Difference of Pre-test & Posttest Scores
	3.329
	58
	0.002
	2.900
	0.871
	1.156
	4.644


The consistent advantage of the experimental group in understanding volume underscores the growing body of research supporting the educational impact of 3D models in mathematics instruction. Recent studies have shown that 3D teaching aids are not only visually engaging but also cognitively transformative. Kurniawan et al. (2022) found that elementary students using 3D models significantly improved their problem-solving and spatial reasoning abilities. Similarly, Widodo et al. (2021) concluded that tactile learning through physical 3D objects led to better retention of volume concepts, reinforcing the idea that hands- on experiences deepen understanding.

Table 5 illustrates a large effect size (0.860), suggesting the experimental group benefited significantly from the intervention.
Table 5. Effect Size of the 3D Model Intervention
	Source
	F
	p-value
	Effect Size (Cohen’s d)
	Percentile point equivalent
	Interpretation

	Intervention
	9.71
	3.16
	0.86
	31.82
	The intervention has a large effect on students' scores.


This divergence in outcomes between the two groups mirrors prior research affirming the unique benefits of 3D learning tools. Zulaiha et al. (2024) found that the three-dimensional model significantly improved elementary students' achievement in learning volume, echoing the results observed in the experimental group. Similarly, Phuc and Tam (2024) demonstrated that tactile and visual manipulation of 3D-printed models greatly enhanced high school students’ skills in measuring and calculating volume—skills that remained underdeveloped in the control group. These findings suggest that 3D model instruction does not merely support rote learning but fosters active problem-solving and conceptual clarity, leading to transformative learning experiences.
4. Conclusion
The following are the conclusions drawn from the results of this study:
1. The pre-test results revealed that both the control and experimental groups fell below the proficiency level outlined in the K to 12 grading system, highlighting the need for more effective teaching strategies in delivering volume-related concepts. 
2. There was a statistically significant difference in the mean pre-test scores between the control and experimental groups, indicating that the two groups did not begin the intervention at the same level of understanding in finding volume.
3. The experimental group achieved a higher average post-test score than the control group, indicating that the use of 3D models significantly enhanced students’ ability to find the volume of rectangular prisms.
4. The statistically significant difference in the change of scores between the control and experimental groups highlights the greater effectiveness of instruction using 3D models compared to traditional teaching methods. This result affirms that incorporating concrete visual tools in mathematics instruction substantially enhances students' ability to understand and apply the concept of volume.
5. The effect size results indicate a very large effect of the 3D model intervention. This confirms that the use of 3D models significantly improved students' skills in finding volume, demonstrating both statistical and educational impact over traditional teaching methods.
The study revealed that both groups started below the expected proficiency level. The experimental group showed significantly greater improvement after the intervention. This confirms the effectiveness and strong educational impact of using 3D models in teaching volume concepts in mathematics.
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