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ABSTRACT 

This study investigates The Effectiveness of 3D printing-based Instructional Resources on the development 

of Mental Imagery and Academic Achievement in upper primary students studying mathematics. The 

integration of 3D printing technology into mathematics instruction aims to provide tangible, hands-on 

learning experiences that enhance students' understanding of abstract concepts. A quasi-experimental 

design with pre-test and post-test measures was employed, involving a sample of upper primary students 

divided into control and experimental groups. The experimental group received mathematics instruction 

using 3D printed models, while the control group followed traditional teaching methods. Data were collected 

using standardized tests to measure Mental Imagery and Academic Achievement before and after the 

intervention. The results revealed that students exposed to 3D printing-based resources showed significant 

improvement in both Mental Imagery and Academic Achievement compared to those in the control group. 

This study highlights the potential of 3D printing technology as an effective instructional tool in enhancing 

cognitive and academic outcomes in mathematics education at the upper primary level. Implications for 

educators and recommendations for future research are discussed. 

KEYWORDS:3D printing, Instructional Resources, Mental Imagery, Academic Achievement, Mathematics, 

Upper Primary Students 
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1.1 INTRODUCTION  

As Mathematics is considered as a dry subject so, to 

create interest in learning mathematics has been a 

constant problem for teacher. There are some 3D 

concepts in mathematics like trigonometry, 

visualisation of 3D shapes, coordinate geometry 

which need to be taught with more clarity with the 

help of 3D printing. The teaching process is made 

easier by 3D printers. It also boosts students’ 

involvement in the classes. 3D printing enables 

students to transmit their ideas into reality. Students 

who can physically examine their projects will more 

actively participate in classes, and their spatial 

imaginations are effectively stimulated. Spatial 

imagination becomes effective when students’ have 

better mental imagination or Mental 

Imagery.Dr.Kraishan, O.M. (2015) in his journal The 

Relationship between Mental Imagery, Creative 

Thinking and Academic Achievement of Tenth 

Grade Students in Physics described that the 

relationship between mental imagination and 

Academic Achievement is a strong correlated 

relationship.Hence Academic Achievement holds a 

very imperative place in education as well as in the 

learning process.Academic achievement also 

indicates the knowledge attained and skilldeveloped 

in the school subject, generally designated by test 

scores. Therefore, by using 3D printed as 

instructional resource students’ Academic 

Achievement may be affected. 

1.2 RATIONALE OF THE STUDY  

During the last few decades, 3D printing has become 

an interesting concern of research in worldwide. 

Many researches have been conducted in science and 

technology, medical field, and also in the education 

field. Some of them are – An application of 3D 

Printing Technology for Rapid Prototyping of an IoT 

Enabled Sensor Enclosure (Dhawale et.al, 2022), 

The effect of 3D Printing technology on primary 

school students' content knowledge, anxiety and 

interest toward science (Stylos, 2021). 

The researcher found that no study has been done on 

3D printing withthe variablesMental Imagery and 

Academic Achievement of students of upper primary 

students. The researcher chosen this area to study as 

a research gap area forupper primary students, and 

on the light of fulfilling the existing research gaps. 

OBJECTIVES  

 To study the effect of 3D printing based 

Instructional Resources on Mental Imagery of 

upper primary students. 

 To study the effect of 3D printing based 

Instructional Resources on Academic 

Achievement of upper primary students. 

 

1.3 HYPOTHESES  

HO1 There will be no significant effect of 3D 

Printing based Instructional Resources in 

mathematics on Mental Imagery of upper primary 

students.  
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HO2 There will be no significant effect of 3D 

printing based Instructional Resources in 

mathematics on Academic Achievement of upper 

primary students. 

1.5 METHODOLOGY OF THE STUDY 

In this study, quasi experimental method was used 

by the researcher. The research design for the quasi-

experimental method was two group pre-test post-

test research design which consist of control group 

and experimental group. Treatment was given to 

experimental group by using 3D printed instructional 

model. 

1.6 POPULATION AND SAMPLE OF THE 

STUDY 

Students studying in CBSE Board schools constitute 

the population of the study. CBSE board and class 

VII had been selected by purposive sampling. 

Simple Random Technique was used in the selection 

of students from those selected schools. A sample of 

80 students had been selected as the sample of the 

study in order to fulfil the objective of present 

experimental study. 

1.7 TOOLS USED FOR THE STUDY 

Keeping in view the nature of the problem 

belowmentioned was used in the study: - 

1. Mental Imagery Questionnaire (MIQ-R) by P. M. 

Rajamanickam (1995). 

2. Self-constructed AcademicAchievement Test of 

Mathematics 

1.8 DATA ANALYSIS AND INTERPRETATION OF 

RESULTS 

In this study, the data analysis was done 

quantitatively with the help of both descriptive 

statistics: Mean, Standard Deviation and inferential 

statistics: CR. 

 To study the effect of 3D printing based 

Instructional Resources on Mental Imagery of 

Upper Primary students.  

Table 1.0 Mean, S.D and t-test post-test scores of 

Mental Imagery 

Phases Experimental Control 

No. of 

students 

40 40 

Mean 58.525 55.175 

SD 17.85409 16.284 

CR 2.0153 

Significance  At 0.05 level 

 

The table exhibited the mean and standard deviation 

of the post-test score of Mental Imagery of 

experimental and control groups. Mean and Standard 

deviation of the experimental group were58.525 and 

55.175 whereas the mean and standard deviation of 

the controlled group were 17.85 and16.284 

respectively. The calculated t-value was found to be 

2.0153 which was significant at 0.05 level of 
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significance.Hence, the formulated hypothesis was 

rejected. 

 To study the effect of 3D printing based 

Instructional Resources on Academic 

Achievement of upper primary students. 

Table 1.1 Mean, S.D and t-test post-test scores of 

Academic Achievement 

Phases Experimental Control 

No. of 

students 

40 40 

Mean 18.325 17.9 

SD 4.491516 5.1877 

CR 1.9902 

Significance  At 0.05 level 

 

The table showed that the mean and standard 

deviation of the post-test score of the experimental 

group and control group were 18.325 and 17.9 and 

standard deviation of the experimental and control 

group were 4.4915 and 5.1877respectively. The 

calculated C.R. was found to be 1.9935 which was 

significant at 0.05 level of significance. This C.R. 

value indicates that 3D printing showed 

improvement in learning and it was confirmed by the 

Researchers Kuen-Yi Lin, et.al. (2018).Therefore, 

the formulated hypothesis was rejected. 

1.9 SUGGESTIONS FOR FURTHER RESEARCHES 

3D printing forInstructional Resources offers a 

fertile ground for further researches in education by 

enabling the creation of customized, tactile learning 

aids that enhance student engagement and 

comprehension. Researchers can explore the impact 

of 3D-printed models on spatial reasoning skills, 

particularly in subjects like geometry and biology 

where physical models can elucidate complex 

structures. Additionally, studies can investigate the 

effectiveness of 3D-printed manipulatives in 

supporting students with special needs, providing 

personalized tools that cater to individual learning 

styles and requirements.  

1.10 CONCLUSION 

It is an attempt to develop new thinking and attitude 

of pupil teachers and Upper Primary students 

towards 3D resources. The students were taught 

concepts of mathematics with the help of 3D printing 

based Instructional Resources showed improvement 

in the scores Mental Imagery and Academic 

Achievement as compared with those who were 

taught with traditional methods. It was also noted in 

the study that, there is a significant effect of 3D 

printing based Instructional Resources on Mental 

Imagery and Academic Achievement of Upper 

Primary students. 
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