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Abstract

This study examined the effect of the SAVIR learning model, consisting of Case Study, Artificial Intelligence,
Augmented Reality Visualization, Interaction, and Reflection, on sixth-grade students’ mathematical
communication skills and learning motivation in three-dimensional geometry. A quantitative quasi-experimental
pretest-posttest control group design was employed involving 43 sixth-grade students at SDN Kutowinangun 08
Salatiga, comprising 22 students in the experimental class and 21 students in the control class. The experimental
class received instruction using the SAVIR model, whereas the control class was taught using Problem Based
Learning (PBL). Data were collected using a mathematical communication test and a learning motivation
questionnaire and analyzed using t-tests, a binomial proportion test, and simple linear regression. The two
groups demonstrated comparable initial mathematical communication skills, with pretest means of 60.38 for the
experimental class and 60.42 for the control class (p = 0.932). After the intervention, the experimental class
obtained a mean posttest score of 81.09, compared with 72.28 in the control class, and the difference was
statistically significant (p = 0.003). Furthermore, 90.9% of students in the experimental class achieved the
minimum mastery criterion. Regression analysis indicated an R? of 0.433 for mathematical communication skills
(p < 0.001) and an R? of 0.202 for learning motivation (p = 0.036). These findings indicate that SAVIR was
associated with higher mathematical communication performance and learning motivation in three-dimensional
geometry learning. Nevertheless, further studies involving larger samples and multiple schools are needed to
confirm the effectiveness and generalizability of the model.
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I. INTRODUCTION

Mathematics education at the elementary school level plays an important role in developing
students’ logical and analytical thinking, problem-solving, and communication skills required to meet
the demands of the 21st century. Within the Kurikulum Merdeka (Independent Curriculum),
mathematics learning is directed not merely toward procedural mastery but also toward developing
students’ reasoning and mathematical communication through deep and student-centered learning
experiences (Ardian et al, 2024). These competencies are particularly important in three-
dimensional geometry, where students are required to construct representations of three-
dimensional objects and understand the relationships among their constituent elements. Geometry
inherently requires visual representation to support the development of a more concrete
understanding of three-dimensional concepts (Eviota & Liangco, 2020). Therefore, geometry
instruction should extend beyond recognizing shapes and applying formulas by providing
opportunities for students to visualize, explain, and communicate mathematical ideas logically and
systematically.

Despite its importance, geometry learning at the elementary school level continues to present
considerable challenges. The PISA 2018 report showed that Indonesian students obtained an average
mathematics score of 379, indicating a continuing need to strengthen their ability to use
mathematical knowledge to understand and solve problems across different contexts (OECD, 2019).
In geometry learning, these challenges may manifest as difficulties in developing spatial
representations and distinguishing the elements of three-dimensional shapes, such as faces, edges,
and vertices. Rizki et al. (2025) explained that the abstract nature of geometric concepts requires
concrete visual support to enable students to develop appropriate spatial representations. These
difficulties may become more pronounced when instruction remains dominated by teacher
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explanations and formula memorization, thereby limiting opportunities for students to construct and
communicate their mathematical understanding (Royani & L, 2020).

Similar conditions were identified through preliminary observations at SDN Kutowinangun 08
Salatiga. Students experienced difficulties in distinguishing the elements of three-dimensional
shapes, tended to participate passively in classroom discussions, and rarely explained the reasoning
processes they used when solving problems. In addition, some students demonstrated low learning
motivation because they perceived geometry as difficult and confusing. These preliminary findings
indicate that the instructional challenges involve not only students’ understanding of geometric
concepts but also limited opportunities to communicate mathematical ideas and participate actively
in the learning process. Such conditions highlight the need for an instructional design that integrates
visual experiences, problem solving, interaction, and learning support to foster both mathematical
communication and student motivation.

From a pedagogical perspective, effective geometry instruction should provide concrete,
interactive, and meaningful learning experiences that enable students to develop a deeper
understanding of three-dimensional objects. Santoso (2022) emphasized the importance of
integrating visualization, object manipulation, and mathematical communication into geometry
learning so that students not only understand the forms and properties of three-dimensional shapes
but can also explain their reasoning systematically. Mathematical communication plays an important
role in enabling students to organize, interpret, and communicate mathematical ideas logically (Aulia
& Surya, 2023). This perspective is also consistent with deep learning-oriented instruction, which
provides opportunities for students to actively explore concepts, collaborate, engage in discussion,
and reflect on their learning experiences (Cahya et al., 2023). Geometry instruction therefore
requires a design that connects conceptual visualization with intellectual and social activities
through which students can observe, manipulate, discuss, and reflect on the concepts being learned.

Previous studies have demonstrated the potential of technology and interactive approaches to
support geometry learning. Saputra et al. (2022) reported that the use of Augmented Reality (AR) in
three-dimensional geometry improved students’ spatial representation skills by up to 21% while
supporting their ability to explain geometric concepts orally and in writing. Agus Purnomo (2022)
similarly reported that AR-based interactive media could enhance students’ learning motivation by
providing more concrete and challenging visual experiences. Meanwhile, Tauhid (2025) found that
the use of Artificial Intelligence (AI)-based modules significantly improved students’ mathematical
understanding through adaptive feedback tailored to individual learning needs. Collectively, these
findings demonstrate the potential of AR and Al to support the visual, cognitive, and motivational
dimensions of mathematics learning.

However, the presence of technology does not automatically lead to improved learning
outcomes. Tari & Hutapea (2020), for example, found that the use of AR did not produce significant
improvement when students were unfamiliar with digital devices or when adequate teacher
guidance was unavailable. This finding suggests that the effectiveness of educational technology
depends not merely on the availability of devices or applications but on how technology is embedded
within a pedagogical design that structures student activities, scaffolding, interaction, and reflection.
Therefore, the central issue is not simply whether Al or AR is incorporated into instruction, but how
their respective functions are systematically integrated with problem-solving activities and
mathematical communication.

Previous studies informing the present research have generally examined AR, Al, problem-based
learning, or interactive learning as relatively independent approaches. Consequently, limited
evidence is available regarding how problem contexts, Al-supported scaffolding, AR visualization,
student interaction, and reflection can be organized within a single systematic instructional
sequence, particularly to simultaneously develop mathematical communication skills and learning
motivation in three-dimensional geometry. The research gap, therefore, lies not merely in the limited
use of Al or AR in mathematics education, but in the limited examination of instructional designs that
integrate the pedagogical functions of these components into a coherent learning sequence.

To address this gap, the present study implements the SAVIR model, which comprises five
sequential learning stages: Study of Case, Artificial Intelligence, Visualization with Augmented
Reality, Interaction, and Reflection. SAVIR is positioned as an integrative instructional design that
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organizes these five components according to their respective pedagogical functions. The Study of
Case stage introduces a contextual problem as the starting point for activating students’ reasoning;
the Artificial Intelligence stage provides support for information exploration and problem solving;
the Visualization with Augmented Reality stage assists students in constructing visual
representations of three-dimensional objects; the Interaction stage provides opportunities for
students to discuss, justify, and communicate mathematical ideas; and the Reflection stage guides
students in reviewing the concepts, strategies, and reasoning processes employed throughout
learning. Accordingly, the novelty of SAVIR lies not simply in combining Al and AR, but in organizing
contextual problems-Al-supported scaffolding-AR visualization-interaction-reflection into a
structured pedagogical sequence.

Based on this research gap, the present study aims to analyze the effect of the SAVIR model on
sixth-grade students’ mathematical communication skills and learning motivation in three-
dimensional geometry. Specifically, the study compares the mathematical communication skills of
students learning through SAVIR with those taught through Problem-Based Learning, examines the
achievement of mathematical communication mastery following the implementation of SAVIR, and
analyzes the relationship between SAVIR implementation and students’ mathematical
communication skills and learning motivation.

METHOD

This study employed a quantitative approach using a quasi-experimental pretest-posttest
control group design. The study was conducted at SD Negeri Kutowinangun 08 Salatiga and involved
43 sixth-grade students. The sample consisted of 22 students from Class VI A assigned as the
experimental group and 21 students from Class VI B assigned as the control group. The sample was
selected using cluster sampling. The experimental group received instruction using the SAVIR model,
whereas the control group was taught using Problem-Based Learning (PBL). Both groups completed
a pretest before the instructional intervention and a posttest after the learning activities had been
completed to identify changes in students’ abilities and compare outcomes between the two groups.

The SAVIR model was implemented through five sequential learning stages: Study of Case,
Artificial Intelligence, Visualization with Augmented Reality, Interaction, and Reflection. During the
Study of Case stage, students analyzed contextual problems related to three-dimensional geometry
as a basis for developing conceptual understanding and identifying problems. In the Artificial
Intelligence stage, Al was used to support students’ information exploration and understanding
during problem solving. The Visualization with Augmented Reality stage utilized AR to assist
students in visualizing and understanding representations of three-dimensional geometric objects.
During the Interaction stage, students engaged in discussions, explained their reasoning processes,
and communicated mathematical ideas. Finally, in the Reflection stage, students reviewed their
understanding, strategies, and problem-solving processes throughout the learning activities.

Table 1. Experimental Research Design

No. Group Initial Condition Treatment Final Condition
1 Experimental (VI A) T1 (Pretest) SAVIR Model T3 (Posttest)
2 Control (VI B) T2 (Pretest) PBL Model T4 (Posttest)

The research instruments consisted of an essay test of mathematical communication skills and
a learning motivation questionnaire. The test was used to assess students’ abilities to explain
mathematical ideas, use representations, and communicate mathematical problem-solving
processes, whereas the questionnaire was used to measure students’ learning motivation. The
instruments were evaluated for validity, reliability, item difficulty, and discriminating power. The
validity analysis showed that all 10 test items were valid, with the calculated r values exceeding the
critical r value of 0.514. Reliability testing yielded a Cronbach’s Alpha coefficient of 0.920, indicating
very high reliability.

The data were analyzed using descriptive and inferential statistics. Prior to hypothesis testing,
normality and homogeneity of variance tests were conducted to assess the assumptions underlying
the parametric analyses. The equivalence of initial abilities and differences in outcomes between the
experimental and control groups were analyzed using an independent samples t-test. The
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achievement of mathematical communication mastery was examined using a one-sample t-test and a
binomial proportion test. Furthermore, the predictive relationships between SAVIR implementation
and students’ mathematical communication skills and learning motivation were analyzed using
simple linear regression with SPSS version 27. All statistical tests were conducted at a significance
level of 0.05.

RESULTS AND DISCUSSION
A. Results

The results are presented based on the pretest and posttest data and the statistical analyses
conducted to examine the effect of the SAVIR instructional model on sixth-grade students’
mathematical communication skills and learning motivation in three-dimensional geometry. The
analyses were conducted sequentially, beginning with an examination of the equivalence of the
experimental and control groups’ initial abilities, followed by individual and classical mastery
analyses, a comparison of mathematical communication skills after the intervention, and
regression analyses to examine the predictive relationships between SAVIR implementation and
students’ mathematical communication skills and learning motivation. The relevant statistical
assumptions were examined before hypothesis testing according to the requirements of each
analytical procedure.

Before the instructional treatments were implemented, both groups completed a
mathematical communication pretest to establish their initial conditions and determine whether
the groups differed significantly prior to receiving different instructional treatments. The results
showed that Class VI A, which served as the experimental group, obtained a mean pretest score of
60.38, whereas Class VI B, which served as the control group, obtained a mean score of 60.42. The
difference between the two means was only 0.04 points, descriptively indicating highly
comparable levels of initial mathematical communication skills.

Table 2. Comparative Pretest Results of Mathematical Communication Skills
in Classes VI Aand VI B

Mastery Criterion Category VIA (F) VIA (%) VI B (F) VI B (%)
>70 Mastery 3 14% 4 19%
<70 Non-mastery 19 86% 17 81%
Mean 60.38 60.42

As presented in Table 2, most students in both groups had not achieved the mastery criterion
at the initial measurement. In Class VI A, only 3 of 22 students (14%) achieved mastery, whereas
19 students (86%) had not yet reached the criterion. In Class VI B, 4 of 21 students (19%) achieved
mastery, while 17 students (81%) were categorized as non-mastery. These descriptive findings
were supported by the independent samples t-test, which yielded a Sig. (2-tailed) value of 0.932
> 0.05. Thus, there was no statistically significant difference in initial mathematical
communication skills between the two groups. These findings indicate that the experimental and
control groups had relatively equivalent initial conditions before receiving different instructional
treatments.

Following the implementation of SAVIR, the mathematical communication achievement of
the experimental group was first examined in terms of individual mastery using a one-sample t-
test, with the minimum mastery criterion of 70 as the test value. The posttest results showed that
20 of the 22 students (91%) achieved mastery, whereas only 2 students (9%) remained below the
criterion. The experimental group obtained a mean posttest score of 81.09, which was 11.09
points above the established mastery criterion. The one-sample t-test yielded Sig. (2-tailed) <
0.001, which was below the significance level of 0.05. Therefore, the mean mathematical
communication score of the experimental group was statistically higher than the reference value
of 70. These findings demonstrate that students in the experimental group achieved the individual
mastery criterion after participating in SAVIR-based learning.

In addition to mean-based individual mastery, classical mastery was examined using a
binomial proportion test. Of the 22 students in the experimental group, 20 students, or 91%,
achieved the established mastery criterion. The analysis yielded an Exact Sig. (1-tailed) value of <
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0.001, indicating that the proportion of students achieving mastery was statistically greater than
the 70% criterion specified in the study. Thus, the individual and classical mastery analyses
demonstrated a consistent pattern, with the majority of students participating in SAVIR-based
learning achieving the predetermined standard of mathematical communication skills.

An independent samples t-test was subsequently performed on the posttest scores to
determine whether mathematical communication achievement differed between the two groups
following instruction. The analysis yielded t = 3.104, df = 41, and Sig. (2-tailed) = 0.003 < 0.05,
indicating a statistically significant difference in mean mathematical communication scores
between the experimental and control groups. Descriptively, the experimental group obtained a
mean score of 81.09, whereas the control group obtained a mean score of 72.29, representing a
mean difference of 8.80 points in favor of the experimental group.

Table 3. Comparison of Posttest Results Between the Experimental and Control Groups

Mastery Criterion Category VIA (F) VIA (%) VI B (F) VI B (%)
>70 Mastery 3 14% 4 19%
<70 Non-mastery 19 86% 17 81%
Mean 60.38 60.42

As shown in Table 3, the difference between the two groups was evident not only in their
mean scores but also in the distribution of students achieving mastery. In the experimental group,
20 of 22 students (91%) achieved the mastery criterion, compared with 13 of 21 students (62%)
in the control group. Conversely, only 2 students (9%) in the experimental group did not achieve
mastery, compared with 8 students (38%) in the control group. These descriptive findings are
consistent with the results of the independent samples t-test and indicate that, following the
instructional intervention, students participating in SAVIR-based learning demonstrated higher
mathematical communication achievement than those receiving PBL instruction.

Simple linear regression was then conducted to examine the predictive relationship between
SAVIR implementation and students’ mathematical communication skills. Before conducting the
regression analysis, normality and linearity assumptions were examined. The normality test
yielded significance values of 0.197 for variable X and 0.363 for variable Y, both exceeding 0.05.
The linearity test yielded a Deviation from Linearity significance value of 0.212 > 0.05. These
results indicated that the assumptions of normality and linearity required for the regression
analysis were satisfied.

The regression analysis yielded F = 15.269 with p < 0.001, indicating that the regression
model was statistically significant. The R? value of 0.433 indicated that the regression model
explained 43.3% of the variance in mathematical communication skills, while the remaining
56.7% was associated with variance not explained by the model. The regression coefficient for X
was 1.339, indicating that a one-unit increase in the SAVIR predictor score was associated with a
1.339-unit increase in the mathematical communication score. Importantly, the coefficient of
1.339 should not be interpreted as a 133.9% increase, because an unstandardized regression
coefficient represents the expected change in the dependent variable score associated with a one-
unit change in the predictor rather than a percentage increase.

A simple linear regression analysis was also conducted to examine the predictive relationship
between SAVIR implementation and students’ learning motivation. The assumption tests yielded
normality significance values of 0.130 for variable X and 0.186 for variable Y, both exceeding 0.05.
The linearity test yielded a significance value of 0.689 > 0.05, indicating that the linearity
assumption was satisfied. The subsequent regression analysis yielded F = 5.058 with p = 0.036 <
0.05, demonstrating that the regression model was statistically significant.

The R?value of 0.202 indicated that the regression model explained 20.2% of the variance in
students’ learning motivation, while the remaining 79.8% was not explained by the model. The
regression coefficient for X was 0.191, indicating that a one-unit increase in the SAVIR predictor
score was associated with a 0.191-unit increase in the learning motivation score. As with the
previous analysis, the coefficient of 0.191 should not be interpreted as a 19.1% increase in
learning motivation. Rather, it represents an expected increase of 0.191 units in the motivation
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score for every one-unit increase in the predictor score, assuming other conditions represented
in the model remain constant.

Overall, the findings demonstrate a consistent pattern in mathematical communication
achievement. The experimental and control groups exhibited relatively equivalent initial abilities;
however, following instruction, the experimental group achieved a higher mean posttest score
and a greater proportion of students reaching the mastery criterion than the control group.
Inferential testing further confirmed a statistically significant difference between the groups. In
addition, the regression analyses demonstrated significant predictive relationships between the
SAVIR predictor scores and both mathematical communication skills and learning motivation.
These findings provide the empirical basis for further discussion of how the pedagogical functions
embedded within the SAVIR stages may be associated with students’ mathematical
communication and learning motivation.

B. Discussion

Based on the data analysis, the implementation of the SAVIR instructional model showed a
positive effect on sixth-grade students’ mathematical communication skills and learning
motivation in three-dimensional geometry. This finding supports the conceptual framework of
the study, which assumes that teacher-centered instruction, limited use of instructional media,
and predominantly procedural exercises may constrain the development of mathematical
communication and learning motivation. In contrast, SAVIR provides a more structured learning
experience through the stages of Study of Case, Artificial Intelligence, Visualization with
Augmented Reality, Interaction, and Reflection.

The findings showed that students’ mathematical communication skills in the experimental
group improved significantly after participating in SAVIR-based learning. The one-sample t-test
yielded a significance value of < 0.001, with a mean posttest score of 81.09, indicating that the
average mathematical communication score exceeded the minimum mastery criterion of 70.
Descriptively, 20 of the 22 students, or 90.9%, achieved mastery, whereas 2 students, or 9.1%, did
not. This result indicates a clear improvement following the intervention, reflected in students’
greater ability to express mathematical ideas in writing, explain solution procedures, and
communicate their reasoning systematically. These findings can be understood through the
characteristics of SAVIR as an innovative instructional model that integrates learning experiences,
exploration, technology, and social interaction within a systematic sequence. The model is
consistent with cognitive and constructivist perspectives that position students as active
constructors of knowledge through experience and interaction (Nugroho et al., 2025).

Classical mastery also reached a high level of 91% and statistically exceeded the 70%
criterion, with an Exact Sig. (1-tailed) value of < 0.001. This indicates that mastery was not limited
to a small number of students but was achieved by most students in the experimental group. One
characteristic of SAVIR that may support this achievement is the use of Al as instructional
scaffolding. Vygotsky’s concept of the Zone of Proximal Development (ZPD) describes the gap
between what students can accomplish independently and what they can achieve with assistance.
Within SAVIR, Al can function as an adaptive source of support when students encounter
difficulties in exploring information and solving problems.

Sulistya & Poerwanti (2020) also reported that constructivist approaches can enhance
independence, curiosity, and intrinsic motivation because students are more actively involved in
their learning processes. When students are given opportunities to explore, discuss, and use
technological support actively, the resulting understanding may become more meaningful and
contribute to higher levels of mastery. This finding can be compared with Lubis & Rahayu (2023),
who found that students’ mathematical communication skills through PBL were better than those
achieved through Direct Instruction, although the improvement remained in the moderate
category. In the present study, classical mastery in the SAVIR group reached 91%, suggesting that
the integration of AR and Al provided additional instructional support not explicitly embedded
within the conventional syntax of PBL.

The comparison of posttest results showed that the experimental group achieved higher
mathematical communication scores than the control group taught using Problem-Based
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Learning (PBL). The independent samples t-test yielded t = 3.104 with a significance value of
0.003, while the experimental group obtained a mean score of 81.09 compared with 72.29 in the
control group. Mastery reached 91% in the experimental group and 62% in the control group.
Within the context of this study, these differences indicate that SAVIR produced better learning
outcomes than PBL. This advantage may be related to the additional visual support provided by
AR and Al-based scaffolding, allowing students not only to solve problems but also to visualize
objects more concretely, discuss mathematical ideas, and reflect on their reasoning processes.
This is consistent with theoretical perspectives emphasizing the importance of visual
representation, constructivism, and social interaction in developing mathematical understanding.

The relationship between SAVIR and mathematical communication skills was also supported
by the simple linear regression analysis, which yielded F = 15.269 with p < 0.001. The R? value of
0.433 indicated that the regression model explained 43.3% of the variance in mathematical
communication skills, while the remaining 56.7% was associated with other factors not included
in the model. The positive regression coefficient of 1.339 indicated a positive relationship between
SAVIR predictor scores and mathematical communication skills. This relationship may be
explained through the function of each SAVIR stage: Study of Case engages students in analyzing
contextual problems, Al supports information exploration, AR helps visualize abstract concepts,
Interaction provides opportunities to communicate mathematical ideas, and Reflection
encourages students to review their reasoning processes. These findings are consistent with
previous studies showing that visual representation, AR, and interactive learning can support
students in explaining procedures, connecting concepts, and communicating mathematical ideas
more effectively.

The implementation of SAVIR also showed a significant relationship with students’ learning
motivation. The simple linear regression analysis yielded F = 5.058 with p = 0.036 and an R? value
of 0.202. This indicates that the regression model explained 20.2% of the variance in learning
motivation, while the remaining 79.8% was associated with other factors. Pedagogically, this
finding may be related to the use of AR, which makes learning more visual, interactive, and
engaging and may therefore increase students’ attention and participation. Classroom
observations also indicated that students became more active when they were given
opportunities to explore three-dimensional geometric models visually and interactively. In this
regard, learning motivation may be influenced not only by internal factors but also by the learning
environment, instructional media, social interaction, and technological support.

This finding is supported by Hafis et al. (2024), who reported that the use of AR in learning
can enhance intrinsic motivation through more realistic visualization and immersive learning
experiences. Damayanti & Purwati (2024) likewise explained that interactive technology-based
instructional media can increase students’ attention, interest, and engagement during learning.
However, Tari & Hutapea (2020) found that AR did not always produce significant improvement
when students were unfamiliar with digital devices or when teacher guidance was insufficient.
These contrasting findings indicate that the effectiveness of technology depends largely on how it
is embedded within the instructional design and how interaction, scaffolding, and reflection are
facilitated. In SAVIR, the Interaction and Reflection stages complement the functions of Al and AR
so that technology is not used in isolation but becomes part of an integrated pedagogical process.

Overall, the findings indicate that the SAVIR instructional model was effective in supporting
improvements in sixth-grade students’ mathematical communication skills and learning
motivation in three-dimensional geometry. These conclusions are supported by the statistical
analyses, improvements in students’ achievement after the intervention, higher outcomes in the
experimental group, and consistency with relevant theoretical perspectives and previous studies.
SAVIR can therefore be viewed as an integrative instructional model that not only helps students
understand geometric concepts more concretely but also encourages them to communicate
mathematical ideas more effectively and participate more actively in the learning process.

IV. CONCLUSION
Based on the findings, the SAVIR instructional model was effective in supporting
improvements in sixth-grade students’ mathematical communication skills and learning motivation
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in three-dimensional geometry. The analysis showed that the mean mathematical communication
score of students in the experimental group exceeded the minimum mastery criterion, with both
individual and classical mastery rates reaching more than 90%. In addition, a significant difference
was found between students taught using SAVIR and those taught using Problem-Based Learning
(PBL), with higher achievement observed in the SAVIR group. The integration of Study of Case,
Artificial Intelligence, Visualization with Augmented Reality, Interaction, and Reflection provided a
more concrete, active, and interactive learning experience. The regression analyses further
indicated that the SAVIR model explained 43.3% of the variance in mathematical communication
skills and 20.2% of the variance in students’ learning motivation. These findings suggest that SAVIR
has the potential to serve as an innovative Al- and AR-based instructional alternative for supporting
more meaningful mathematics learning, particularly in three-dimensional geometry at the
elementary school level.
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