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Abstract

Looking at theweakness of students in learning geometry, a studywas conducted on usingmod-
ules with augmented reality technology for primary school students. This study aims to identify
the effectiveness of using such modules on students’ conceptual and procedural knowledge in
geometry, particularly for Year 4. A random sampling of students was conducted to determine
the experimental group of students who studied using modules with augmented reality. In
contrast, the control group studied with traditional module methods. Fifty-nine students were
involved in this study, with 29 in the experimental group and 30 in the control group. The study
results analyzed by ANCOVA showed that the conceptual and procedural scores of the experi-
mental group students were significantly better than the control group students in the post-test
and the delayed post-test. Using modules with augmented reality benefits students’ conceptual
and procedural knowledge in learning geometry. This study indirectly allows students to learn
geometry concepts through an augmented reality technology approachwith smart devices. Stu-
dents also have the opportunity to learn through a student-centered approach and collaborative
learning strategies while using augmented reality applications in learning. Simultaneously, us-
ing this technology is an innovation that also benefits teachers and stakeholders.

Keywords: augmented reality; conceptual knowledge; geometry, module, procedural knowl-
edge; Spatial.
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1 Introduction

Augmented reality can potentially be used in teaching complex concepts such as Science, His-
tory, Arts, and more [4]. Various disciplines, such as mathematics, can apply augmented reality
to enhance learning [26]. Studies on augmented reality were conducted to convey abstract con-
cepts such as geometry [3] and Coordinates [19, 37]. Students can explore shapes from different
dimensions and see the angles, sides, and features of a shape through the effects offered in an
augmented reality application. According to Pedaste et al. [35], the performance of students who
are taught with the aid of augmented reality applications is better than the use of the web, which
is static and does not offer direct interaction with materials.

Students experience problems in geometry when they struggle to visualise shapes, especially
three-dimensional shapes. Challenges are encountered when students are given stimulus ma-
terials such as two-dimensional figures. This challenge is stated in the study of Abdinejad et
al.[1], which states that the biggest difficulty for students is to imagine the model or shape of
a three-dimensional structure in a two-dimensional version. Students cannot recognise and de-
scribe three-dimensional features that are not visible in the two-dimensional diagram, which in
turn leads to misconceptions about shapes and leads to errors when solving problems involving
geometry [20]. This problem occurs following students’ weakness in visualising shapes, which
is an important support in learning geometry concepts [44]. Conceptual knowledge needs to be
solid to enable students’ mastery of procedural knowledge in geometry. Thus, the solution pro-
posed to overcome the weakness of students’ visualisation in three-dimensional space is through
the use of augmented reality applications such as the independent study by Krüger et al. [24].

Studies in the medical field recognize that introducing abstract concepts is appropriate us-
ing augmented reality application technologies [8, 12]. Meanwhile, teaching abstract concepts
in education requires students to have cognitive thinking equivalent to how the teacher delivers
learning [28]. Geometry learning is one of the abstract topics that students need to learn starting
from primary school [25, 30]. The abstract concept of geometry is shown through the visualiza-
tion of three-dimensional shapes on a two-dimensional diagram on a chalkboard or textbook [18].
Geometry is a subject that needs to be explored to improve conceptual understanding, memorize
formulas, and recognize axioms and related theories. This understanding can be enhanced by
stimulating augmented reality technology that offers simulation and exploration activities during
its use [35]. This technology can also depict more complex geometric shapes without needing
actual manipulative materials that cost more [18].

Traditionally, teaching and learning of geometry have focused more on the recognition of two-
dimensional and three-dimensional features, area, and volume, thus limiting students’ ability to
develop and nurture spatial thinking and visualization, which can be enhanced through inter-
action with the technological environment [11, 15]. Indirectly, the use of augmented reality can
incorporate the skills of using technology inmathematics as outlined in theDSKP curriculum [25].
Related studies of augmented reality use quantitative approaches with experimental designs such
as [3, 16, 40], model adaptation [9, 22, 33] and exploratory studies [2, 15, 36]. Concerning that,
this current study aims to identify the implications of using modules with augmented reality in-
tegration on the conceptual and procedural knowledge of year 4 students in primary schools.

Conceptual knowledge is fundamental to the reinforcement of a particular concept. Good con-
ceptual knowledge is essential in mastering procedural knowledge of a topic. According to Mo-
hamed Elsayed [13], in his study of mathematics learning, conceptual knowledge refers to a deep
understanding of the function of mathematics in terms of ideas, terms, concepts, generalizations,
and relationships that promote the connection between existing knowledge and new knowledge.
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Procedural knowledge refers to the step-by-step translation of conceptual understanding in the
form of algorithms that are structured in practice to show how to solve mathematical problems.
For Stovner and Klette [41], procedural knowledge is a skill about procedures that helps students
get the correct answer by using formulas and facts directed to the solution.

Conceptual and procedural knowledge in mathematics is usually used as a variable and stud-
ied simultaneously in several independent studies. One of the related studies states that learn-
ing mathematics through the STEM (Science, Technology, Engineering, Mathematics) approach
shows effectiveness in terms of mastery of mathematics in examinations developed to test stu-
dents’ conceptual and procedural knowledge in addition to several other aspects tested [13]. The
quasi-experimental study showed positive results on experimental groups’ conceptual and proce-
dural knowledge using the STEM approach compared to control groups using traditional meth-
ods. The results showed significant differences in post-test scores analyzed through the T-test.

In addition, a qualitative study also addressed the study of conceptual and procedural knowl-
edge in the subject of mathematics for prospective teachers. The study by Klau et al. [23] states
that conceptual understanding concerns the ability of individuals to say why a formula is used
or the ability to interpret equations based on thinking rather than simply answering. Therefore,
this study was conducted with interviews to analyze how prospective teachers answer questions
conceptually regarding linear algebra. The study also seeks to identify prospective teachers’ pro-
cedural knowledge level through interviews to interpret how they choose steps and procedures to
answer given questions. The study’s significancewas intended to determine the extent of thinking
and the purpose of prospective teachers’ conceptual and procedural knowledge in solving prob-
lems related to linear algebra. The study showed that specific problem-solving procedures still
bind students who do not understand how to solve routine problems and use wrong concepts in
solving mathematics problems [23]. However, this study focused on primary school students to
fill the gap in studies that were conducted previously.

A quasi-experimental study was conducted with 30 samples for each group to improve the
quality of attitudes, conceptual knowledge, and procedural skills in teaching differential calcu-
lus. The study formulated that using a technology known as Microsoft Mathematics can improve
students’ conceptual understanding and procedural skills [31, 38]. At the same time, it can in-
crease the quality of attitudes of students taught with technology towards experimental groups.
Other studies using technology in calculus also show a similar impact. According to Bedada and
Machaba [5], the use of Geogebra software in helping students learn calculus through a cycle
model positively affected the conceptual knowledge and procedural understanding of students at
a university in Ethiopia. The use of Geogebra technology allowed students to do self-exploration
visually and, at the same time, promote a social learning environment.

A previous study on Year 4 students’ conceptual and procedural knowledge in solving mathe-
matical problemswas conducted in a quasi-experimental setting inMalaysia. The topic focuses on
problem-solving in fractions. The results of the ANCOVA analysis showed that students who used
the problem-solving module were significantly better in conceptual and procedural knowledge
scores than students who used conventional methods [32]. Similar to problem-solving modules,
the study by Hakim et al. [17] also proved that experimental group students using modules with
augmented reality improved problem-solving skills compared to the control group. This skill is
built when students’ conceptual and procedural knowledge has been strengthened through the
intervention. Meanwhile, studies that address students’ conceptions and learning approaches to
self-efficacy levels show that augmented reality can help students with high self-efficacy apply
more contextualized strategies in learning mathematics [7].

A study to identify the effect of the RMT (Rigorous Mathematical Thinking) strategy on stu-
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dents’ conceptual knowledge and strategy competence was conducted involving 7th-grade sec-
ondary students in Ngawi, Indonesia, which showed that students in the experimental group
with the RMT approach showed significantly better conceptual knowledge compared to the con-
trol group taught conventionally [34]. The study findings were obtained throughMANOVA anal-
ysis and the independent sample T-test. The discussion of the study by Samphantakul and Thin-
wiangthong [39] also stated that good conceptual knowledge was shown after using the tech-
nology intervention, namely GSP. The study recommends that technology be applied in future
studies so students can solve mathematics problems independently.

Meanwhile, in a study by Yurniwati and Soleh [43] discussing conceptual and procedural
knowledge, it is stated that the implementation of geometry teaching by primary school teach-
ers makes students unable to master the more profound fundamental concepts of geometry. The
study recommends that emphasis be given to teaching aids in developing conceptual knowledge,
especially in geometry. Another study also showed the findings of the mastery of conceptual
knowledge of geometry of prospective teachers to be still weak and needed to be developed ac-
cording to current suitability [14].

For procedural knowledge, studies on the procedural knowledge of prospective teachers in
Indonesia discuss that the factor of teachers teaching many subjects and focusing on pedagogical
knowledge causes the application of in-depth teaching approaches in building students’ proce-
dural knowledge cannot be adequately implemented [43]. This lack of application of procedural
knowledge is driven by weaknesses in designating and selecting appropriate and sufficient teach-
ing aids for providing mathematics models with current topics.

Meanwhile, a theoretical study with the development of the CAMIL model (Cognitive Affec-
tive Model of Immersive Learning) shows that the use of immersive virtual reality can strengthen
factual, conceptual, andprocedural knowledge andknowledge transfer based on the factors present
in the model [27]. In other words, the features present in the use of technology can cause changes
in conceptual and procedural knowledge simultaneously. Based on the conceptual and procedu-
ral knowledge study, it can be formulated that to develop this knowledge, teachers need to have an
approach to building it in students. It was found that using teaching aids that allow exploration
promotes further mastery of students’ conceptual and procedural knowledge.

In relation to that, to address the issue of lack of guidance on the use of augmented reality
in Space as well as students’ mastery in the title, several theories have been referred to, such as
constructivism theory, collaborative learning theory, and zones of proximal development (refer
to Figure 1). In addition, van Hiele’s model was used as a guide in teaching the title of Space
to year 4 students. The novelty of this study is stated when the use of modules with augmented
reality is used as a guide for students learning geometry. Students need to be engaged in the
implementation of activities in the GeomAR3 module as well as using the tablet collaboratively,
getting shared conceptual and procedural inputs, and interpreting the results through conceptual
and procedural scores in the instrument given.
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Figure 1: Theoretical framework of the study.

2 Objective

1. Determine the difference in conceptual scores (post-test and delayed post-test) between the
control group students and the experimental group.

2. Determine the difference in procedural scores (post-test and delayed post-test) between the
control group students and the experimental group.

3 Hypotheses

H1 There was a significant difference in the use of modules with augmented reality in the post-
test conceptual knowledge scores between the control group students and the experimental
group.

H2 There was a significant difference in the use of modules with augmented reality to the de-
layed post-test conceptual knowledge scores between the control group students and the
experimental group.

H3 There was a significant difference in the use of modules with augmented reality in the post-
test procedural knowledge scores between the control group students and the experimental
group.

H4 There was a significant difference in the use of modules with augmented reality to the de-
layed post-test procedural knowledge scores between the control group students and the
experimental group.

4 Methodology

4.1 Research design

This study was conducted using a quasi-experimental study design with a pre-and post-test
design with a control group. To fulfil the requirements of a quasi-experimental study with a pre-
test and post-test design with a control group, the researcher identifies the dependent and inde-
pendent variables in this study. This study’s dependent variable is the mastery level of students’
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conceptual and procedural knowledge. At the same time, the independent variable is the two
groups involved in the study, namely the control group and the experimental group. According
to Johnson and Christensen [21], a control group is a group that is not subjected to any treatment,
or only standard treatment is given, while an experimental group is assigned a specific treatment
that needs to be tested. In this study, the experimental group students were treated with an inter-
vention in a module with augmented reality known as the GeomAR3 module.

In contrast, the control group students were treated with amodule without augmented reality.
The different interventions applied to the groupswere differentiated regarding the technology ap-
proach of augmented reality in measuring students’ conceptual and procedural knowledge levels.
The module content regarding each intervention’s components, question types, and implementa-
tion duration is replicated. The GeomAR3 module was implemented in the experimental group
in mathematics class by the appointed teacher. Students used the module individually in each
teaching and learning activity and were assisted by the use of tablets to scan the augmented real-
ity functions. Students needed to be in collaborative groups of three to four to discuss the assign-
ment. The same steps were also applied to the control group students but without the integration
of augmented reality.

In this study, 59 students were involved as samples, 29 from the experimental and 30 from the
control group. The samples selected had an equal distribution of students fromvarious school per-
formance levels. A pre-test was conducted in this study further to ensure the equality of students’
existing knowledge. Control and experimental groups were taken directly from any two classes
out of all the year four classes involved. The design of a quasi-experimental study is almost like
an experimental study. Still, it is differentiated when random sample selection is impossible in
quasi-experimental research following several factors, such as constraints in the field of study.

4.2 Research instrument

The GeomAR3 module was developed based on the ADDIE model approach (Analysis, De-
sign, Development, Implementation, and Evaluation). Themodule development procedure based
on the ADDIE model consists of five basic phases, namely the first phase is the needs analysis
phase, the second phase is the design phase, the third phase refers to the development phase, the
fourth phase is the implementation phase while the fifth phase is the assessment phase [6]. Each
phase has a specific procedure and has continuity with the other phases. The findings of a phase
are the starting point for the next phase in the ADDIE model [29]. The procedures of each phase
are discussed comprehensively in the development of modules that integrate augmented reality
technology.

The instruments in this study refer to three tests namely; (1) pre-test, (2) post-test and (3) de-
layed post-test. The achievement test consists of subjective questions constructed from the KSSR
mathematics Year 4 syllabus by referring to the test specification index (refer to Figure 2 - 4). The
achievement test set consists of 10 questions based on easy, moderate and difficult levels. The du-
ration of each test is about one hour. Item development also adhered to Anderson’s Taxonomy
(1994): remember, understand, apply, analyse and evaluate. The achievement test items were
determined by four experts consisting of mathematics teachers, lecturers and SISC+ regional ed-
ucation staff. This is to ensure that the test can measure the students’ existing knowledge in the
subject of Space and follow the subject requirements of mathematics for Year 4.
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DRAFTING OF PRE-TEST ITEMS  

Item Specification Index 

Year    : Standard 4 

Subject   : Mathematics (Space) 

Paper mode  : Subjective 

Item Sub-item 
Difficulty Level Type of Question 

Item Level Mark 
Low Moderate High Routine Non-Routine 

1 i /   /  Remember 2 

 ii /   /  Remember 2 

2 i  /  /  Understand 2 

 ii  /  /  Understand 2 

3 i   / /  Analyze 1 

 ii  /  /  Understand 2 

4 i  /  /  Apply 2 

 ii  /  /  Apply 1 

 iii /   /  Understand 1 

5 i   / /  Analyze 1 

 ii  /  /  Understand 2 

 iii  /  /  Apply 2 

6 i /   /  Remember 1 

 ii  /   / Apply 2 

7 i /   /  Remember 1 

 ii /   /  Understand 1 

   /  /  Apply 2 

8 i /   /  Remember 2 

 ii /   /  Remember 2 

9 i   / /  Analyze 1 

 ii  /  /  Understand 2 

   /  /  Apply 1 

10 i   /  / Evaluate 1 

 ii  /   / Apply 4 

 

 Figure 2: Item specification index for pre-test.
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DRAFTING OF POST-TEST ITEMS  

Item Specification Index 

Year    : Standard 4 

Subject   : Mathematics (Space) 

Paper mode  : Subjective 

Item Sub-item 
Difficulty Level Type of Question 

Item Level Mark 
Low Moderate High Routine Non-Routine 

1 i  /  /  Apply 2 

 ii /   /  Remember 1 

2 i  /  /  Apply 1 

 ii  /   / Apply 2 

3 i  /  /  Apply 2 

 ii  /  /  Apply 2 

4 i  /  /  Apply 1 

 ii   /  / Evaluate 2 

5 i   /  / Analyze 2 

 ii  /  /  Apply 2 

6 i  /  /  Apply 3 

 ii   /  / Evaluate 2 

7 i  /  /  Apply 2 

 ii   /  / Analyze 2 

8 i  /  /  Apply 2 

 ii  /  /  Apply 2 

 iii /   /  Remember 1 

9 i  /  /  Apply 2 

 ii  /   / Analyze 3 

10 i  /  /  Apply 2 

 ii  /   / Analyze 2 

 

 

 

 

Figure 3: Item specification index for post-test.
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DRAFTING OF DELAYED POST-TEST ITEMS  

Item Specification Index 

Year    : Standard 4 

Subject   : Mathematics (Space) 

Paper mode  : Subjective 

Item Sub-item 
Difficulty Level Type of Question 

Item Level Mark 
Low Moderate High Routine Non-Routine 

1 i  /  /  Apply 2 

 ii /   /  Understand 1 

2 i  /  / / Apply 2 

 ii  /    Remember 1 

3 i  /  /  Apply 2 

 ii  /  /  Apply 2 

4 i  /  /  Apply 1 

 ii   /  / Evaluate 2 

5 i   /  / Analyze 2 

 ii  /  /  Apply 2 

6 i  /  / / Apply 3 

 ii   /   Evaluate 2 

7 i  /  /  Apply 2 

 ii   /   Analyze 2 

8 i  /  /  Apply 2 

 ii  /  /  Analyze 2 

 iii /   /  Remember 1 

9 i  /  /  Apply 2 

 ii  /   / Analyze 3 

10 i  /  /  Apply 2 

 ii  /    Analyze 2 

 

 

 

 

Figure 4: Item specification index for delayed post-test.

4.3 Procedures of data analysis

The study’s results were collected through the conduct of pre-test, post-test, and delayed post-
test. However, this study used the pre-test as a covariate to reduce the threat to the overall study
result. The researchers set a scoring rubric to assess conceptual and procedural knowledge ac-
cording to specific scores. The conceptual knowledge rubric outlines a score of 0 to a score of
4 to indicate the level at which students interpret problem-solving questions to answer writing.
Among the criteria identified in each accepted answer is how the student outlines the question’s
intention, roots the understanding through the question’s intention, and shows the calculation
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path following the interpretation. The samemethodwas followed in identifying the score for pro-
cedural knowledge. The researchers outlined a score of 0 to 4 in determining students’ procedural
knowledge. Procedural knowledge is investigated through the continuity of conceptual interpre-
tations of questions to the participation of working procedures to obtain answers. This includes
using symbols, numbers, units, and algorithms to solve problems.

The analysis of the study was carried out quantitatively using SPSS (Statistical Package for
Analyzing Data) version 27. Descriptive analysis was carried out to find the mean score and the
standard deviation for the conceptual and procedural scores of the achievement test. Inferential
analysis was conducted in ANCOVAwith independent samples to identify significant differences
in using the GeomAR3module with augmented reality on themean scores of conceptual and pro-
cedural knowledge between the experimental and control groups in the post-test and the delayed
post-test. In contrast, the pre-test conceptual and procedural knowledge mean scores were con-
trolled in this analysis. Control over the pre-test conceptual and procedural knowledge scores is
necessary to minimize the threat of statistical regression in this quasi-experimental study. This is
because the pre-test conducted before the intervention could affect the conceptual and procedural
knowledge scores in the post-test and the delayed post-test. The probability of students remem-
bering the question structure in the pre-test causes the score to be biased hence affecting the overall
study results. At the same time, extreme scores in the pre-test could potentially impact conceptual
and procedural knowledge mean scores in the post-test and delayed post-test.

5 Result

5.1 Analysis of data

The initial data mapping analysis was carried out to ensure that the data distribution was
normal. This is because the requirement for conducting ANCOVA analysis is that the data must
be normally distributed [10]. Normal data is when most data are distributed close to the mean
score. For this study, the analysis of data normality is known by running a normality test by
identifying the values of skewness and kurtosis.

5.2 Measurement of data normality

Data normality measures were applied to the conceptual scores and procedural scores of the
test. To test whether the data is normal, a test of skewness and kurtosis measurements was con-
ducted. Normal values of skewness and kurtosis are within ± 1.96 [10]. Table 1 shows the skew-
ness and kurtosis value results for the tests. Therefore, all the test results show the skewness and
kurtosis values are within the range allowed to indicate normal data.

Table 1: Skewness and kurtosis value.

Test Skewness Kurtosis
Conceptual post-test −0.379 −1.043
Conceptual delayed post-test 0.006 −1.371
Procedural post-test −0.372 −1.001
Procedural delayed post-test 0.007 −1.355
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Subsequently, Levene’s test was used to determine the homogeneity of the variance assumption.
Table 2 shows that Levene’s test result, F (1, 51) = 1.332, p = .254 > .05 is insignificant and
indicates no non-compliance with the requirement of homogeneity of variances.

Table 2: Levene’s test of conceptual post-test after using GeomAR3 module following the group of student.

F df1 df2 Sig.
Conceptual post-test 1.332 1 52 .254

The next step was to conduct a homogeneity of variance test. The Levene’s test results show that
F (1, 51) = 2.367, p = .130 > .05 is insignificant (refer to Table 3) and this indicates no violation of
the test condition of equality of variances.

Table 3: Levene’s test of conceptual delayed post-test after using GeomAR3 module following the group of student.

F df1 df2 Sig.
Conceptual delayed post-test 2.367 1 52 .130

The Levene’s test results show that there is no unequal variance condition with F (1, 51) = 3.077,
p = .085 > .05 (see Table 4).

Table 4: Levene’s test of procedural post-test after using GeomAR3 module following the group of student.

F df1 df2 Sig.
Procedural post-test 3.077 1 52 .085

Afterwards, Levene’s test was performed to determine the assumption of homogeneity of vari-
ances. The test showed no violation of the assumption of the equality of variances with
F (1, 51) = 2.327, p = .133 > .05 (refer to Table 5).

Table 5: Levene’s test of procedural delayed post-test after using GeomAR3 module following the group of student.

F df1 df2 Sig.
Procedural delayed post-test 2.327 1 52 .133

ANCOVA analysis showed there was a significant difference between the mean scores of the con-
trol group students and the experimental group on the post-test conceptual knowledge score,
F (1, 51) = 48.437, p = .000 < .05. Eta squared = .487, indicating a large effect size. Therefore,
the study hypothesis (H1) failed to be rejected. This result shows that using modules with aug-
mented reality in teaching and learning geometry helps students obtain better conceptual knowl-
edge scores than control group students.

The next stepwas to determinewhether there was a difference in conceptual knowledge scores
for the delayed post-test. Overall, there was a significant difference in the conceptual knowledge
mean score of the delayed post-test between the control group students and the experimental
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group, F (1, 51) = 20.618, p = .000 < .05, eta squared = .288. This indicates a large effect size,
as per Cohen (1988). Therefore, the study’s hypothesis (H2) failed to be rejected. This proves
that using modules with augmented reality can help students’ concept mastery in the post-test
compared to the control group.

ANCOVAanalysis also showed a significant difference between the post-test procedural knowl-
edgemean scores for the control group students and the experimental group,F (1, 51) = 42.631, p =
.000 < .05, eta squared = .455 (effect size is large). Thus, the study’s hypothesis (H3) failed to
be rejected. This result indicates that using modules with integrated reality applications helped
students score better on procedural knowledge in the post-test compared to the control group.

Besides, the ANCOVA inference analysis also showed that there was a significant difference
between the mean scores of the control group students and the experimental group on the pro-
cedural score of the delayed post-test with F (1, 51) = 19.308, p = .000 < .05, eta power of two
= .275 (effect size is large). Therefore, the study’s hypothesis (H4) failed to be rejected. Thus, the
procedural knowledge of students who went through teaching and learning using modules with
augmented reality is significantly better than that of the control group in the post-test. The results
of this study with ANCOVA analysis are summarised in Table 6.

Table 6: Summary of research results.

Source Type III Sum
df

Mean
F Sig. Partial Eta

Squares Squared
Conceptual post-test 11806.953 1 11806.953 48.437 .000 .487
Conceptual delayed post-test 5409.963 1 5409.963 20.618 .000 .288
Procedural post-test 10607.247 1 10607.247 42.631 .000 .455
Procedural delayed post-test 5159.608 1 5159.608 19.308 .000 .275

6 Discussion

Conceptual knowledge is a basic knowledge construct that includes abstract relationships,
principles, categories, and representations. Conceptual knowledge is closely related to the under-
standing and confirmation of the principles of a topic. In this study, experimental group students
showedhigher conceptual knowledge scores than control group students. This is due to several ex-
ternal factors, such as students’ self-confidence in solving problems. However, self-confidence de-
veloped because the experimental group students mastered the concept of geometry well through
the intervention of modules with augmented reality. Compared to the control group, students
with no AR in the module were less confident in interpreting conceptual understanding. This is
because the AR module consists of activities to reinforce students’ concepts through structured
and continuous activities between virtual and real settings. This encourages students’ exploration
in geometry when they can visualise shapes interactively and in multiple dimensions.

This result is in line with the outcome of Cai et al. [7], who found that students with high self-
efficacy can apply conceptual knowledge and understand and show critical thinking in mathe-
matics, which is different from students with low self-efficacy. The perception of the experimental
students’ ability was further strengthened when they could present in front of the class to en-
lighten the geometry concepts they mastered by integrating augmented reality through the given
module. The experimental students utilised their learning experience with technology while ex-
plaining their conceptual understanding of geometry through the activities and questions given in
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the module. Consistent with this result, it shows that the application of augmented reality used in
teaching and learning serves as a medium to reinforce the basic concepts that students have mas-
tered and then support conceptual knowledge related to dimensions, shapes, sides, and surfaces
of geometric shapes [37]. The findings also discuss that augmented reality offers an immersive
learning experience when students tend to have memory retention through visualization activi-
ties of basic concepts [16]. Separate studies also suggest that modeled interventions can help to
improve better students’ conceptual knowledge [32].

In this study, hypotheses one (H1) and two (H2) showed positive results on the conceptual
scores of experimental group students. The experimental group students were introduced to the
concepts of perimeter, area, and volume with the help of a module with augmented reality ap-
plications, as in Figure 5. The students had the opportunity to reapply the concept in a group
to feel the visual experience through the impact of augmented reality and then understand the
concept themselves. When the basic concepts of students have been strengthened through the
technological approach, it is easy for students to connect with formulas and solve problems at a
higher level.

Compared to the control group, students given the Geom3 module with a specific diagram,
as in Figure 6, students can draw two-dimensional shapes only from the shape shown. The con-
trol group’s students learned the concept through the teacher’s explanation on the blackboard.
They did not have the opportunity to reapply the understanding with technology that serves as
reinforcement of the concept.

Figure 5: Conceptual knowledge approach to the experimental group.

Figure 6: Conceptual knowledge approach to the control group.
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Figure 7 shows the calculation results of the experimental group of students who mastered
the conceptual question well. This student sketched the shape according to his understanding of
the question. Instead, the student can identify and solve the question’s intention correctly. Subse-
quently, it allows students to get a total conceptual score for how the answer is shown. Compared
to the work of the students in the control group (Figure 8), this student was unable to under-
stand the concept of perimeter because the way of calculation led to solving the area problem.
This shows that the conceptual knowledge of the control group students still does not thoroughly
cover the topics in the field of geometry. Therefore, students did not get a conceptual score for this
question due to errors in understanding the concept.

Figure 7: Conceptual score in a test by the experimental group.

Figure 8: Conceptual score in a test by control group.

Good conceptual knowledge allows students to re-express related information such as princi-
ples, constructs, characteristics, relationships, or formulas to show understanding of a question.
Understanding conceptual knowledge will enable students to make judgments in solving high-
level geometry problems, especially when it involves non-routine questions. Although conceptual
knowledge is not necessarily positively related to student achievement, students can use the right
concepts to get answers to given problem-solving questions.

Procedural knowledge is a series of representations of students’ understanding in sequence
according to the learned algorithm. Procedural measurement in this study is carried out by check-
ing how students write the calculationmethod of a given problem-solving question. Traditionally,
procedural knowledge goes in conjunctionwith conceptual knowledge. Studentswith a good pro-
cedural knowledge score tend to show a similar conceptual knowledge score due to the practice
of teaching, learning, and knowledge building in the classroom [32]. The experimental group
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students’ procedural knowledge scores were significantly better than the control group students.
Hence, it positively answers hypotheses three (H3) and four (H4). The good grasp of students’ pro-
cedural knowledge in the experimental group occurred following the factor that students could
focus their full attention on learning using the augmented reality application. The Solidos RA
application serves as an answer key indicator. It allows students to check the answers to the pro-
cedural calculations in solving geometry problems with answer suggestions provided in their re-
spective smart devices (refer to Figure 9). The immersive experience of using the device to see
the impact of augmented reality is a hands-on activity that makes students precise in determining
answers based on the shape scans performed.

Figure 9: Answer suggestion by augmented reality application.

In line with the study findings, Makransky and Petersen [27] stated that students who focus
on teaching and learning promote learning by acquiring facts, conceptual and procedural knowl-
edge, and practical lessons. Surif et al. [42] explained that there is a simple relationship between
problem-solving skills and conceptual and procedural knowledge. This shows that students who
score in problem-solving mostly also show equal conceptual and procedural scores. Concerning
that, a study of implementing the 9E cycle learning module with the integration of augmented
reality showed that the mean score of problem-solving proficiency increased in the experimental
group compared to the control group [17].

This study is consistent with the results of studies that lead to the effectiveness of augmented
reality modules on problem-solving skills interconnected with students’ procedural knowledge.
However, the results of this study do not touch on the variables of problem-solving skills; instead,
they focus on students’ conceptual and procedural understanding of Spatial geometry. Students
in the experimental group (a) (see Figure 10) and control group (b) (see Figure 11) were seen
to be able to show step-by-step calculations following the volume formula correctly. The proce-
dure given in the module is complete and consecutive, starting with extracting the shape’s length,
width, and height information, stating the formula, showing the calculation, and then writing the
answer along with the correct units.
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Figure 10: Procedural knowledge-building approach by the experimental group.

Figure 11: Procedural knowledge-building approach by the control group.
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However, in the test (see Figure 12 and 13), the experimental group (a) students could show
how to calculate the perimeter, from the sketch to the interpretation of the question they under-
stood. The experimental group students then listed the multiplication of the number five times
based on the number of sides of the shape. The calculations performed were accepted for a to-
tal score which showed the students could apply the understanding of the shape characteristics
with the procedural analyses performed. Whereas for the control group (b), the student could
not master the basic concept, leading to the wrong formula, indicating a calculation path that was
also not worthy of a procedural score.

Figure 12: Procedural knowledge scoring by the experimental group.

Figure 13: Procedural knowledge scoring by control group.

Thus, to ensure students can score in procedural knowledge, students need to have solid con-
ceptual knowledge at the beginning. Solid concepts encourage students to use the proper steps to
solve a given problem. However, using correct procedures must be followed by basic operation
skills to get the correct answer to the question.

Modules developed with the integration of augmented reality show efficacy in teaching and
learning in real-time or virtual. Armed with personal smart devices, modules with augmented
reality can be run in a ubiquitous learning manner to keep up with the rapidness of the digital
world from time to time. The GeomAR3 module also has positive implications for students in
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terms of learning opportunities with devices that have augmented reality applications. Students
can develop concept knowledge in a more interesting and multidimensional way. Students need
to become actively involved to gain knowledge due to the collective implementation of the mod-
ule. In summary, the use of modules promotes learning to take place effectively, improves student
achievement and allows teaching sessions to be conducted according to the level of students’ abil-
ities, indirectly giving teachers the opportunity to develop modules with the right procedures.

7 Limitation

The limitation of the study is that the researcher did not build his application to display aug-
mented reality. However, the researcher uses free applications available in any Android or iOS
store. The investigator has also contacted the application developer to fulfil the research’s ethics
and requested permission to use the application developed in this study. Future study recom-
mendations may be run with the researcher building the application using the adopted language
to make it more suitable and easy to control and understand. In addition, self-built applications
are more likely to fulfil the characteristics expected by the researcher despite the time and money
required to develop them.

The next limitation is the inability tomake generalisations in the study findings. This is because
the purposeful sampling only focuses on a small sample size, namely year 4 students in a school.
As such, generalisations can only be made to year 4 students who have similar characteristics in
terms of background and socio-economic stage. In addition, the researcher sampled from an intact
group and not all students had an equal chance of being selected even from among year 4 students
in the same school. Only students from the selected classes were sampled for the study and no
judgement in sample selection was applied.

8 Conclusion

Overall, the experimental group students showed significantly better conceptual knowledge
scores in the post-test and delayed post-test than the control group students. This indicates that
using applications with augmented reality in geometry learning positively impacts students’ con-
ceptual knowledge. Students gain a deeper conceptual understanding and retain long-termmem-
ory of the concepts learned, especially in geometry learning. The procedural knowledge scores
also showed that experimental group students dominated in the post-test and delayed post-test
compared to control group students. Indirectly, it shows that learning with augmented reality
applications positively impacts students’ mastery of algorithms in solving geometry problems.
Hands-on activities in using devices while manipulating the images of geometric shapes and the
visualization of the impact of augmented reality during learning allow students to master concep-
tual and procedural skills well.

Good conceptual knowledge allows students to reproduce relevant information such as con-
structs principles, characteristics, relationships, or formulas to show understanding of a question.
Mastery of conceptual knowledge allows students to reason when solving high-level spatial prob-
lems, especially when non-routine questions are involved. Although conceptual knowledge is not
necessarily positively related to student achievement, students can use the right concepts to get
answers to given problem-solving questions. However, to ensure students can score in procedural
knowledge, they need to have solid conceptual knowledge at the base. This is because solid con-
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cepts encourage students to use the right steps in solving a given problem. However, the correct
procedures must be followed by basic operation skills to get the right answer to the question.
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