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Abstract—There are many Augmented Reality (AR) 

applications in smart devices, but their use in education is less 

focused and does not meet the current syllabus. AR has a great 

potential to be used in education, especially in introducing 

abstract concepts. To use augmented reality in education, 

students and teachers must follow teaching and learning 

guidelines. Therefore, this study implied the development of an 

educational module with augmented reality in Geometry, 

specifically under Space, following the standards-based 

curriculum for primary school (KSSR) Year 4 lessons. This 

study aims to determine the effects of using a module with AR 

(GeomAR3) on student performance in learning Geometry 

compared to a traditional module (Geom3). This study was 

conducted quantitatively following a quasi-experimental design 

with a pre- and post-test. Fifty-nine (59) Year 4 students were 

involved in the study from a school selected through purposive 

sampling, with 29 of them as an experimental group and the 

remaining 30 as a control group. The point of assessing student 

performance is seen through the implementation instrument, 

such as a pre-test, a post-test, and a delayed post-test. The study 

data were analysed using Multivariate Analysis of Covariance 

(MANCOVA) with the pre-test score as a covariate. The results 

show a significant difference in student performance on the 

overall mean score for the post-test (F (1,59) = 33.848, p = 0.000; 

eta squared = 0.377) and the delayed post-test (F (1,59) = 14.740, 

p = 0.000; eta squared = 0.208), with the experimental group 

significantly better than the control group. In conclusion, the use 

of modules with AR was found to improve students’ 

achievement in learning Geometry due to the factor of the ability 

to visualize clearly, strengthen students’ long-term memory, and 

gain conceptual understanding through the experience shown 

by AR.  

 
Index Terms—Augmented reality, experimental design 

module, Geometry 

 

I. INTRODUCTION 

Industrial Revolution 4.0 (IR4.0) is an industrial 

transformation towards continuous automation in the 

manufacturing sector using smart and advanced technology. It 

optimises the use of computers and current technologies in 

producing industrial products based on machine-to-machine 

interaction. One of the components of IR4.0 is AR technology. 
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This technology is used by incorporating layers of virtual 

reality into the natural environment to allow users to 

experience the activity themselves [1, 2]. The augmented 

virtual reality or artificial reality layer uses computer graphics 

to incorporate text, audio, or video into the expected 

environment [3, 4]. 

Augmented reality or virtual reality in education has 

proven the efficacy of learning in achieving designed 

objectives from preschool, lower school, and secondary 

school to higher studies [5]. According to Papanastasiou et 

al. [5], AR is reported to support the use of 21st century 

technologies and 4 C’s of 21st century skills. These skills are 

collaboration, communication, creativity, critical thinking, 

and cooperation, as outlined in the Malaysia Education 

Blueprint (PPPM) 2013–2025 [6, 7]. 

The use of AR in education promotes students’ engagement 

in the classroom, enhances understanding of subject content, 

strengthens spatial skills, improves long-term memory, and 

increases students’ motivation [8–11]. According to a 

previous study [12], augmented reality can improve the 

quality of learning, strengthen understanding of challenging 

concepts, promote self-learning, manipulate virtual materials 

as actual learning aids, and enhance students’ spatial 

perception. In line with study [13], it was noted that using 

reality-based kits in learning could attract students’ interest, 

help deliver precise information, and allow students to answer 

questions 75% faster. 

To rebalance the function of AR, teachers must have 

sufficient knowledge of running the designed teaching and 

learning with the help of AR. However, the availability of 

devices in schools will further promote the use of this 

technology in education [11]. Several independent studies 

stated that AR is beneficial in increasing students’ interest and 

engagement in the classroom, as well as enabling mastery of 

difficult mathematics complex concepts compared to 

traditional learning [14, 15]. Mathematics teachers, in 

particular, can use augmented reality technology in selected 

subjects, especially when introducing abstract concepts to 

students, such as Geometry, algebra, and coordinates. 

Augmented reality with manipulative materials has a more 

positive impact on achieving learning objectives. At the same 

time, teachers can focus on learning without the need to 

contemplate on appropriate and sufficient teaching aid to be 

used in teaching and learning [16]. 

Moreover, a different study [9] established a connection 

between augmented reality and mathematics performance, 

motivation, and anxiety, further stating that the degree of 

students’ motivation and anxiety toward the subject affects 

mathematics performance. According to the study’s findings, 
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students who learnt using augmented reality demonstrated 

higher levels of motivation when using the Attention, 

Relevance, Confidence, and Satisfaction (ARCS) model. 

Students with high levels of mathematical anxiety were 

initially found to be able to offer encouraging performance in 

algebra and Geometry with the imposed augmented reality 

intervention. The study by Hanid et al. [17] showed similar 

findings: the effectiveness of augmented reality in improving 

student performance in Geometry, visualisation skills, and 

computational thinking as a problem-solving approach. A 

previous work  also conducted a study on the effectiveness of 

augmented reality in raising student performance in Geometry 

and visualisation skills, allowing teachers to use a variety of 

methods when instructing the subject [18]. 

In previous research on module development with AR, 

Maulana et al. [19] conducted a study among vocational 

school students on computer installation. They developed the 

ARRAKOM module to provide students with unlimited 

learning freedom (ubiquitous learning). Students can explore 

learning quickly anywhere using devices following 

Android-based AR. In addition, AR is applied in the module 

due to the shortage of actual media for this subject. 

Augmented reality is the technology chosen to overcome this 

media scarcity while promoting effective learning. The results 

of expert validity for the ARRAKOM module’s media 

development show excellent (75%) and good (25%) 

percentages, while the results of material validity show 

perfect (57%) and sound (43%) percentages. 

Meanwhile, Ibrahim et al. [20] conducted a study on Year 5 

students regarding the use of High-Order Thinking Skills 

(HOTS) mathematics modules in primary school. The 

quasi-experimental study was conducted with a sample of 

urban and rural school students in Kota Bharu, Kelantan. The 

study’s results, which had undergone Analysis of Covariance 

(ANCOVA) analysis, showed a significant difference in the 

students of the experimental group compared to the control 

group for schools in an urban area. However, students in rural 

schools showed no significant difference between the 

experimental group and the control group. 

Sari Dewi and Kuswanto’s [21] study aims to reveal the 

effectiveness of an AR-assisted physics e-module in 

improving mathematical communication and critical thinking 

abilities. The experimental study showed that the AR-assisted 

physics e-module improved mathematical and critical 

thinking abilities. Meanwhile, Su et al. [22] developed a 

virtual reality immersive learning mathematics’ geometric 

system to enhance students’ sensory experiences about 

mathematical geometry concepts. The study’s findings 

showed that using the virtual reality immersive learning 

mathematics’ geometric system can improve learning 

performance after completing the learning tasks of three 

geometric units of students compared to the control group. 

Meanwhile, a work by Arifuddin et al. [23] developed an AR 

module to improve students’ mathematical creativity, where 

the results demonstrated effective improvement on students’ 

mathematical creativity in the use of augmented reality 

module. Aspari and Hartono [24] developed a media module 

integrating GeoGebra to improve mathematics performance 

among students in Grade 4. The module was tested using an 

experimental design, indicating that GeoGebra media and 

modules have proven to be more effective. Meanwhile, 

another study [25] conducted a quasi-experimental design to 

determine the effects of modular instruction on third-year of 

Bachelor of Elementary Education (BEED) students at 

Eastern Samar State University (ESSU) in teaching word 

problem-solving. The findings of the study indicated that 

students exposed to modular instruction performed 

significantly better than the control group. Therefore, using 

modular instruction in teaching mathematics, specifically 

word problem solving is an effective teaching approach.  

The effectiveness of learning with augmented reality 

technology on performance is discussed in the study [26]. The 

study concerned the development and validation of an 

augmented reality-based programming teaching system for 42 

Grade 5 and Grade 6 students in Taiwan. The study carried 

out experimentally and by observation stated that the 

experimental group of students who learnt with the 

augmented reality method showed significantly higher 

post-test score performance than the traditional method. The 

performance of post-test scores shows that learning with the 

help of augmented reality applications promotes effective 

teaching and learning for students. In addition, a study of the 

effectiveness of WebAR on the English language 

performance of elementary school students in Iraq was 

conducted with the implementation of a pre-test and a 

repeated post-test [27]. The second and third post-test results 

showed significant results, with a better mean score for the 

experimental group students than the control group students. 

The significant results of the post-test with the experimental 

group being better than the control group were also discussed 

in the study by Prabakaran and Saravanakumar [28] through 

ANCOVA analysis to determine the effectiveness of 

e-content of mathematics interactive modules on mathematics 

performance. 

In addition, an intervention using augmented reality 

applications to identify student performance in identifying 

geometric shapes showed that the experimental group was 

better than the group that traditionally learnt from Arvanitaki 

and Zaranis [29]. Meanwhile, the use of augmented reality in 

Content and Language Integrated Learning (CLIL) for 

learning the English language positively impacted the 

experimental group, which showed improvement in 

performance compared to traditional learning [30]. A 

previous study [31] also discussed similar findings from a 

study on basic programming conducted on 94 second-year 

students at a higher education level. An animation-based 

software was developed with AR technology and was used as 

an intervention for the experimental group. The study was 

conducted as a quasi-experiment with a non-equivalent 

control group model to assess effectiveness by pre- and 

post-test. 

To determine the efficacy of using augmented reality in a 

delayed post-test, a study discussing the use of Geometry 

Teaching Assistive Materials (GLA) on an experimental 

group provided significant effects with an interval of two to 

four weeks after the intervention was implemented [32]. The 

study was conducted on 80 first-year students at a polytechnic. 

Studies that showed significant gains in post-testing for 

groups using augmented reality in Physics were also 

evidenced in a study by Dünser et al. [33]. This study utilised 
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an interactive augmented reality book for teaching and 

learning physics with ten high school students. Augmented 

reality impacted long-term memory one month after the 

intervention. Thus, through the findings of the independent 

study, it is indicated that the use of augmented reality provides 

benefits in terms of long-term memory retention of a concept 

that has been learnt. 

Thus, through the reference to various sources of 

independent studies on the development, effectiveness, and 

usefulness of modules in education, an investigation related to 

the use of modules was drawn up to be implemented in the 

elementary school curriculum in Malaysia. This study fills in 

the gap of previous studies by developing modules integrated 

with augmented reality technology for learning geometry, 

focusing on the topics: perimeter, area, volume and 

problem-solving of each topic. The module was designed to 

assist students in learning geometry topics and adopting AR 

applications using smart devices and acts as a guide to 

students and teachers so that progress in geometry can be 

identified clearly. GeomAR3 modules offer opportunities for 

students to visualise, and reinforce fundamental concepts of 

Geometry as well as collaborative learning opportunities. 

 

II. OBJECTIVES AND HYPOTHESES 

A. Objectives 

This study aims to determine the effects of using a module 

with AR compared to a module without AR integration in 

learning geometry among Standard Four (Year 4) pupils in 

primary school.  

B. Hypotheses 

The study hypotheses are as follows:  

H1: There was a significant difference in the use of 

modules with AR reflected in the post-test mean score 

between students in the control group and those in the 

experimental group. 

H2: There was a significant difference in the use of 

modules with AR reflected in the post-delayed test mean 

score between students in the control group and those in the 

experimental group.  

 

III. METHODOLOGY 

A. Research Design 

The research design for this study is a pre-post 

quasi-experimental design to investigate the effects of using a 

module with the integration of Augmented Reality (AR) on 

students’ cognitive performance in the form of a post-test and 

a delayed post-test. The choice of an experimental design 

arises following the researchers’ aim to investigate the effect 

of using the module to integrate AR, known as GeomAR3. 

The quasi-experiment of causal comparing is ideal for 

investigating an intact group intervention’s effectiveness and 

is used when a true experimental design is impossible [34]. 

The quasi-experimental design is based on the 

non-equivalence group [35] and does not involve random 

sampling [36]. Table I shows the quasi-experimental design. 

The purpose of having different experimental and control 

groups is to control any confounding extraneous variables that 

may threaten the internal validity of the design. Two 

instructional strategies, the AR strategy with the GeomAR3 

module and the conventional strategy with the Geom3 module, 

were conducted in both study phases. For the experimental 

groups, the GeomAR3 module was implemented. 

Overall, the study ran for seven weeks, and the delayed 

post-test was conducted two weeks after the post-test was 

performed. The researchers appointed a teacher for each 

group in this design, and the teacher was chosen from the 

class’s mathematics subject teacher. The students from the 

experimental and control groups were divided into three or 

four individuals per group to promote collaborative 

discussion. The selection of small group members should 

consist of students with various levels of performance, low, 

medium, and high, based on the scores from the pre-test given 

before the intervention. Students build knowledge with the 

help of better-achieving group members, as outlined in social 

constructivism theory [37].   
 

TABLE I: RESEARCH DESIGN 

 Pre-test 
Behaviou

r 
Post-test Delayed Post-test 

Treatment O1 X1 O2 O3 

Control O1 X2 O2 O3 

O1:Pre-test 

X1: Control group (Using module without AR integration)  

X2: Treatment group (Using module with AR integration)  

O2: Post-test 

O3: Delayed Post-test 

 

B. Sampling Process 

In this ongoing study, the researcher conducted a purposive 

sampling study on Year 4 students at a Muallim District, 

Perak, Malaysia school. Year 4 was selected based on the 

suitability of the subject under Geometry to be applied using 

augmented reality. The rationale for the selection of schools is 

that there are no more studies related to the use of augmented 

reality in Geometry carried out in the selected school. In 

addition, the consideration of school selection was made by 

looking at four criteria, namely: (1) the number of classes 

must exceed two classes to allow randomisation to be made; 

(2) primary schools with Mathematics instructional time of 30 

minutes per period to comply with the number of time 

required in the GeomAR3 module; (3) there is an ICT base 

facility for the use of technology in teaching and learning; and 

(4) no streaming based on performance levels is done in 

determining students' ranking. As the selection is done 

purposively according to the characteristics the researcher 

sets, the possibility of generalisation is limited. 

59 samples were involved in the study taken from two 

selected intact classes. 30 of them were in the control group, 

and the remaining 29 samples were in the experimental group. 

Group assignment was randomized. 

C. Data Analysis 

The results were further analyzed using a statistical tool 

known as IBM SPSS version 25. A one-way Multivariate 

Analysis of Covariance (MANCOVA) test was conducted on 

the two groups to determine any differences in the students’ 

International Journal of Information and Education Technology, Vol. 13, No. 9, September 2023

1480



  

mathematical values on the Pythagoras theorem, 

transformation, solid geometry II, and statistics. Every 

individual in the sample was measured twice using a similar 

test before and after a period, and the two-measurement data 

were compared. This quasi-experimental study did not 

involve a random selection of the respondents in both the 

treatment and control groups. Hence, homogeneity testing 

was conducted to predetermine the intelligence profiles and 

levels of thinking ability among the samples. Therefore, a 

pre-test was conducted at the beginning of this study to 

determine the similarity between the two sample groups. 

D. Module with Augmented Reality 

The GeomAR3 module was developed based on spatial 

concepts, with the titles ―perimeter,‖ ―area,‖ ―volume,‖ and 

―problem-solving.‖ The titles contained in this module are 

equivalent to the number of Standards-Based Curriculum for 

Primary School (KSSR) in Mathematics lessons for Year 4 

students in national schools. The content includes 

introductory notes, reinforcement exercises, enrichment 

exercises, and quizzes at the end of each title and the end of 

the module. The answers are provided as a guide to the 

students to make it easier to check the answers independently. 

Meanwhile, the GeomAR3 module teacher’s notes are also 

available to guide teachers in implementing teaching and 

learning with this module. The use of applications with 

augmented reality, known as Solidos RA is highlighted in 

every module activity. Students need to scan the QR code 

using the app (refer to Fig. 1), and the effect can be seen on the 

device (refer to Fig. 2). The impact of augmented reality can 

be seen in the shape characteristics, dimensions, and values 

displayed by identifying measurements such as perimeter, 

area, or volume content in solving daily problems, as in the 

diagram. 

 

  
Fig. 1. AR scanning activity by student. 

 

  

 
Fig. 2. AR effect on scanning in GeomAR3 module. 

 

E. Module without Augmented Reality 

The difference between the GeomAR3 module and the 

Geom3 module is the absence of augmented reality in the 

Geom3 module. The Geom3 module is a traditional module 

that contains the same Space content as the GeomAR3 

module. This module also provides introductory notes, 

reinforcement exercises, enrichment exercises, and quizzes at 

the end of each title and the end of the module. The use of the 

Geom3 module was given to a control group that also 

received a traditional intervention. 

 

IV. RESULTS 

A. Demographic Characteristics 

In this study, 59 students participated, 30 in the control 

group and 29 in the experimental group; random selection 

was done to determine the groups (refer to Table II). The 

control group consisted of 17 male students and 13 female 

students. Meanwhile, the experimental group consisted of 20 

male and nine female students. 

 
TABLE II: DEMOGRAPHY 

 Control Group Experiment Group 

Total 

respondents 
30 29 

Gender 
Male Female Male Female 

17 13 20 9 

 
TABLE III: SUMMARY STATISTICS OF THE PERFORMANCE TEST 

 
Group 

Mea

n 
Std. Deviation (SD) N 

Post-test 
Control 12.3 7.795 30 

Treatment 23 11.219 29 

Delayed Post-test 

Control 
12.3

7 
9.301 30 

Treatment 
19.4

8 
11.444 29 

 

The post-test and delayed post-test scores were analysed 

descriptively (refer to Table III) to obtain the mean and 

Standard Deviation (SD) for the experimental and control 

group students. Descriptive analysis showed that the mean 

score for the post-test of the control group was 12.3 (SD = 

7.795), and that of the GeomAR3 experimental group was 23 

(SD = 11.219). Meanwhile, the mean score of the delayed 

post-test for the control group was 12.37 (SD = 9.301), and 

that of the GeomAR3 experimental group was 19.48 (SD 

=11.444). 

B. Multivariate Analysis 

A one-way Multivariate Analysis of Covariance 

(MANCOVA) between groups was performed to compare the 

student performance in learning geometry for Standard Four 

students. The pre-test score was used as the covariate. The 

dependent variables in this study are two performance tests: 

the post-test and the delayed post-test. Meanwhile, the 

independent variable was the two groups (the group using the 

module with AR and the group without AR). The SPSS 

analysis met the normality assumption, with skewness and 

kurtosis values between −1.141 and 0.523. Pre-analysis 
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screening procedures for examining multivariate assumptions 

(normality, outliers, multicollinearity, and homogeneity of 

covariance matrices) were carried out quantitatively using 

SPSS, and the analysis resulted in no severe noticeable 

violations. A further check on the homogeneity of 

variance-covariance matrices, calculated by Box’s M test 

using SPSS (M = 10.204, F = 1.603, p = 0.142>0.05), 

indicates no violation. 

A statistically significant difference existed in the mean of 

the students’ mathematical performance between the two 

groups, with Wilks’ lambda value = 0.622, sig = 0.000 

(p<0.05), and a partial eta square of 0.378. The magnitude of 

the differences demonstrated a considerably significant effect 

(based on Cohen, 1988). When the result for the dependent 

variables was considered separately, there was statistical 

significance in the post-test: F (1,59) =33.848, p = 0.000; eta 

squared = 0.377; and in the delayed post-test, F (1,59) = 

14.740, p = 0.000; eta squared = 0.208. An inspection of the 

mean score indicated that the treatment group reported higher 

mean scores in the post-test (mean = 23.00, SD = 11.219) than 

in the control groups (mean = 12.30, SD = 7.795). A similar 

result was also found in the delayed post-test, where the 

treatment group scored higher mean scores (mean = 19.48, 

SD = 11.44) than the control group (mean = 12.37, SD = 

9.301) (refer Table III). 

 

V. DISCUSSION 

A. Student Performance in the Post-Test 

Post-test performance showed that students in the 

experimental group scored higher mean scores than students 

in the control group. This result indicates that the GeomAR3 

module developed with the integration of AR positively 

impacts student performance after the related intervention. 

The mean score of the experimental group students was 

significantly better than the control group students’ post-test 

mean score. Subsequent MANCOVA analysis showed that 

hypothesis 1 (H1) failed to be rejected. This significant result 

for students receiving the intervention with AR aligns with the 

study by Aspari and Hartono [24], which involved using 

modules with GeoGebra software and a modular approach 

[25] to teaching multivariate problem-solving. In addition, 

studies that use augmented reality also show significant 

results for experimental groups compared to groups that use 

traditional methods, such as those conducted by researches 

[26, 28, 38] 

The effectiveness of using an AR application in this study is 

demonstrated by the fact that students could visualise the 

shape characteristics, length, size, and dimensions of the 

shape that can be controlled by the device rather than a printed 

diagram on paper, as is commonly used in teaching and 

learning. Fig. 3 shows the learning among students in the 

experimental group through exposure to augmented reality, 

where students could see the impact and difference between (a) 

two-dimensional (2D) and (b) three-dimensional (3D) shapes 

in the GeomAR3 module. In addition, the app also shows the 

measurements given virtually as a guide to get answers to the 

questions given in the GeomAR3 module. 

This is in contrast to the approach in the Geom3 module, 

where students in the control group did not have the 

opportunity to see the dimensions of the shapes. Fig. 4 shows 

the shape drawings commonly used in teaching and learning 

involving (a) two-dimensional and (b) three-dimensional 

shapes. Students need to imagine the dimensional 

representation of the shapes involved without the help of 

embedded reality. Problem-solving depends on concept 

mastery and memory memorisation alone, without hands-on 

activity. 

 

 
(a) 

 
(b) 

Fig. 3. AR effect on each dimensional shape: (a) two-dimensional shape; (b) 

three-dimensional shape. 

 

 
(a) 

 

 
 (b) 

Fig. 4. AR effect on each dimensional shape: (a) two-dimensional shape; (b) 

three-dimensional shape. 

 

The study’s results by Maffei [39] also contradict this study 

in which the post-test did not impact either group, whether the 

experimental group was given an augmented reality 

intervention or a control group with an approach without 
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augmented reality. The results were analyzed using Quade’s 

Rank ANCOVA, showing an increase in performance in the 

post-test for both groups compared to the pre-test. This result 

contradicts the study [32, 40], which found no significant 

effect of augmented reality in the experimental group due to 

improved learning quality in both groups post-test. However, 

the findings in this study were not analysed by comparing pre 

and post-tests as in the previous study. 

Based on the post-test results, the researchers concluded 

that the GeomAR3 module with augmented reality has 

features that enable students to master the concepts under 

Geometry of Space, namely ―perimeter‖, ―area‖, ―volume 

content‖, and ―problem-solving‖. The post-test given after the 

intervention for both groups showed that the students in the 

experimental group could reapply their understanding of 

―space‖ with the use of an augmented reality application more 

clearly. Referring to Fig. 5, the experimental group students’ 

use of the perimeter concept calculation (a) was more useful 

than that of the control group students (b) in solving common 

problems. The question is about ―perimeter‖, which requires 

students to add up the perimeter of a given shape. The 

experimental group students in (a) could add the 

measurements through the multiplication method and then 

give the correct answer, while the control group students in (b) 

made the mistake of using the volume formula for this 

question. Thus, the answer was given incorrectly, causing the 

performance of the control group students to be lower in the 

post-test. 
 

 
(a) 

 
(b) 

Fig. 5. Formula used in problem-solving question: (a) Formula applied by 

students in the experimental group; (b) Formula applied by students in the 

control group. 

 

The questions in the post-test consist of related questions in 

the form of sub-questions and problem-solving. As Fig. 6 is a 

sub-question, it shows the Experimental Group (a), in which 

students could make correct calculations and answers along 

with units for the perimeter. Meanwhile, students in the 

Control Group (b) still made mistakes using the wrong 

formula in the perimeter problem-solving questions. 

 
(a) 

 
(b) 

Fig. 6. Calculation shown: (a) Calculation shown by students in the 

experimental group; (b) Calculation shown by students in the control group. 

 

B. Student Performance in the Delayed Post-Test  

Analysis of the delayed post-test showed similar results as 

the post-test. In the delayed post-test, students in the 

experimental group exhibited significantly higher mean 

scores than those in the control group. The results of the 

MANCOVA analysis show that the second hypothesis (H2) is 

also supported in this study. This result reaffirms the results of 

previous studies that learning using augmented reality has an 

impact in terms of better performance in the post-test and the 

delayed post-test [32, 33]. The findings of this study align 

with the period conducted by Gargrish et al. [32], which after 

two and four weeks, also showed the ability of students’ 

memory to affect their performance subsequently. Similar 

findings for the use of modules were also demonstrated in a 

study by Ibrahim et al. [20] with an experimental group using 

HOTS modules showing significant differences in delayed 

post-test scores compared to a control group. 

However, the findings of this study contradict the study by 

Elsayed et al. [27], which did not show any improvement 

between students who learnt using augmented reality in the 

experimental group versus the control group students in the 

delayed post-test two months after the intervention was 

implemented. According to Yiğit et al. [41], the deterioration 

of students’ scores in the delayed post-test was influenced by 

the lapse of time during which the test was conducted, which 

caused the retention of memory of the intervention to 

decrease. 

This study’s delayed post-test results can answer the 

second hypothesis (H2) well. Even though both groups’ mean 

score performance decreased in the delayed post-test, the 

experimental group still had a higher delayed post-test mean 

score than the control group. In the post-scheduled test, 

knowledge retention became the focus following a two-week 

study interval. Fig. 7 shows the experimental and control 

group students using the correct formula and calculation 

method to solve the volume content problem. In this question, 

both students could demonstrate good retention of the volume 

content concepts they have learnt. 

However, for the series of sub-questions in Fig. 7, students 

faced difficulties solving non-routine questions such as those 

in Fig. 8. This question asks students to describe the shape 
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according to the given feature and perform a successful 

method of trying to solve the problem. Students in the 

Experimental Group (a) who are used to manipulating size 

and shape in real-world applications were able to give correct 

answers, although less than perfect, due to the absence of unit 

writing at the end of the solution. In the experimental group, 

students could interpret and reapply the concept of volume 

content in solving non-routine problems. The error of these 

students was due to the absence of units written in the final 

answer, which made it unworthy of total marks. However, the 

solutions and calculating methods are suitable for solving 

non-routine volume content problems. 

 

    
(a)                                            (b) 

Fig. 7. Correct calculation in routine question by: (a) Correct calculation in 

routine question by experimental students; (b) Correct calculation in routine 

question by control students. 

 

 
(a) 

 
(b) 

Fig. 8. Solution in non-routine question: (a) Solution in non-routine question 

by experimental student; (b) Solution in non-routine question by control 

student. 

 

In contrast, students in the Control Group (b) could not 

imagine the shape according to the criteria given and could 

not produce the right way of calculating to solve the problem. 

The students in the control group only described the cube 

shape in two dimensions, even though this question is related 

to volume content. The given unit also demonstrates the 

answer to the area concept, which leads to two dimensions. 

This is because the control group students did not have the 

opportunity to experience the interactive experience in an 

augmented reality application that shows precise dimensions 

for three-dimensional (3D) shapes. 

The delayed post-test showed good problem-solving skills 

for the experimental group students (see Fig. 9). The 

experimental group of Students (a) completed the operations 

involved in obtaining the area of a triangle and wrote a 

complete answer. While Students (b) could apply the correct 

triangle area formula for the control group, a discrepancy in 

the calculation caused the answer to be unmarked due to the 

error. This shows that the experimental group students can 

retain problem-solving skills well when allowed to learn with 

the application of augmented reality in the GeomAR3 

module. 

A related question to the problem in Fig. 9 also shows that 

students can give correct answers if the previous calculations 

are accurate. Fig. 10 shows that students in the Experimental 

Group (a) could provide correct answers because they already 

had a solid foundation, even though the analyses performed 

did not follow the actual division procedure. In contrast, 

students in the Control Group (b) still faced conceptual 

confusion in solving the problem correctly. 

In conclusion, students who use augmented reality 

applications in modules have advantages in terms of 

long-term memory retention. The memory of a given 

intervention that is hands-on and interactive allows students 

to reapply to the geometry lesson they learnt in questions 

because they have mastered problem-solving skills well. 
 

 
(a) 

 
(b) 

Fig. 9. Method of the calculation shown by: (a) Method of the calculation 

shown by experimental student; (b) Method of the calculation shown by 

control student. 

 

 
(a) 

 
(b) 

Fig. 10. Calculation shown by: (a) Calculation shown by the experimental 

student; (b) Calculation shown by the control student. 
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VI. CONCLUSION 

This study is about the effectiveness of using modules with 

augmented reality in aiding Year 4 students in primary school 

in learning Geometry. This quasi-experimental study with pre 

and post-test design aims to identify the extent of the 

effectiveness of modules developed with augmented reality 

technology (GeomAR3) compared to traditional modules 

without augmented reality (Geom3). The module’s 

effectiveness is known through student performance in the 

post-test and the delayed post-test. The effectiveness study 

analysis was conducted through MANCOVA analysis, 

considering the pre-test as a covariate. The study results 

showed a significant difference in the overall mean score of 

the post-test and the delayed post-test, with the experimental 

group showing a significant difference in improvement 

compared to the control group. Conclusively, the use of 

modules with augmented reality technology was found to 

improve student performance in Geometry compared to 

traditional methods. Augmented reality technology can help 

students master Geometry concepts based on visualisation 

ability, strengthening students' long-term memory besides 

gaining conceptual understanding through the experience 

shown by AR. 
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