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ABSTRACT 

 
This study aimed to describe students’ perceptions of the use of Augmented Reality 
(AR)-based student worksheets in learning circle geometry. A descriptive quantitative 
approach was employed. The participants were 30 eleventh-grade students from a 
senior high school in Palembang selected using convenience sampling, as they were 
directly involved in learning activities using AR-based worksheets. Data were 
collected through a 20-item Likert-scale questionnaire covering cognitive, affective, 
and psychomotor/social aspects. Students’ responses were analyzed descriptively by 
calculating the percentage of response frequencies for each Likert-scale category and 
aspect to identify overall perception trends. The results indicated that most students 
expressed positive perceptions of AR-based student worksheets, particularly in 
supporting conceptual understanding, learning engagement, and classroom interaction. 
However, a considerable proportion of neutral responses was also observed, especially 
in the affective aspect, indicating variation in students’ emotional engagement. Overall, 
AR-based student worksheets were perceived as a supportive learning medium for 
circle geometry learning within the context of this study.  
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INTRODUCTION  

The 21st century education presents new challenges for the world of education to adapt to 

technological developments and the increasingly complex learning needs of students (Khahro & Javed, 

2022; Kies et al., 2024). Rapid changes in various fields require teachers to innovate, not only in 

delivering material but also in developing media and learning strategies (Almufarreh & Arshad, 2023; 

Hoerudin et al., 2023). One characteristic of today's education is the use of digital technology as a 

primary tool to facilitate active, collaborative, and contextual learning (Kalyani, 2024). This is relevant 

considering that the current generation is growing up in a technology-rich environment, making 

conventional, monotonous approaches less effective in motivating students (Bergdahl et al., 2020). 

In the context of mathematics learning, innovation is becoming increasingly important because 

this subject is often considered difficult, abstract, and boring by some students (Husnah et al., 2021; 

Kunwar, 2020). The characteristics of mathematics, which is full of symbols, formulas, and abstract 
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concepts, require media that can visualize these concepts clearly (Dwirahayu et al., 2021). One topic 

that often causes difficulties is the circle (Mifetu, 2023). This material includes concepts such as radius, 

diameter, arc, and tangent, which require a good visual-spatial understanding (Ogunyomi, 2021). The 

limitations of learning media that only consist of text or static images often make it difficult for students 

to visualize these concepts concretely (Galu et al., 2025). Therefore, the use of interactive technology-

based learning media can be an effective solution to improve student understanding and learning interest 

(Ilham et al., 2024; Lu’Luilmaknun et al., 2021). 

Along with technological advancements, Student Worksheets have undergone a significant 

transformation from conventional printed forms to digitally interactive media (Novia Sari et al., 2024). 

Student Digital Worksheets not only contain materials and practice questions but are also equipped with 

various multimedia features that support active learning (Viberg et al., 2023). Previous studies have 

shown that interactive Student Worksheets based on real-life contexts can increase student motivation, 

conceptual understanding, and active participation in the learning process (Sutarni et al., 2024; 

Tumangger et al., 2024). The integration of technology into Student Worksheets facilitates independent 

exploration, access to simulations, and utilize more engaging visualizations than printed media 

(Cirneanu & Moldoveanu, 2024; Hidayat & Firmanti, 2024; Medina Herrera et al., 2024). 

One rapidly developing technology that is beginning to be applied in learning is Augmented 

Reality (Al-Ansi et al., 2023; Kamińska et al., 2023). AR is a technology that combines three-

dimensional virtual objects with real-time environments, allowing users to view and interact with digital 

content as if it were present in the real world (Arena et al., 2022; Vakaliuk et al., 2020). In mathematics 

learning, AR has been shown to improve visual-spatial abilities, geometric thinking skills, and student 

engagement (Supli & Yan, 2024). The three-dimensional visual representations presented by AR make 

abstract concepts easier to understand and encourage meaningful learning (Lubis et al., 2022; Ulbrich et 

al., 2023). 

The integration of AR into student worksheets provides a significant opportunity for teachers to 

create learning media that is not only informative but also immersive (Kounlaxay et al., 2021; Warsito 

et al., 2025). Through AR, the concept of a circle can be visualized in a realistic way, for example by 

displaying interactive models of the radius, diameter, arc, and tangent (Tarng et al., 2024). This allows 

students to make direct observations, change perspectives, and understand the relationships between the 

elements of a circle better than through just a two-dimensional image (Raudhatul Jannah et al., 2022; 

Rohendi et al., 2025). 

However, the success of technology implementation in learning depends not only on the quality 

of the media but also on the perceptions of students as users (Chugh et al., 2023). Positive perceptions 

of learning media influence student motivation, engagement, and learning outcomes (Salifu & Bakari, 

2022; Yuliansih et al., 2021). Conversely, negative perceptions can hinder media utilization, even if the 
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media is technically of good quality (Dennis & Kane, 2022). Research before emphasized that student 

perceptions include assessments of ease of use, attractiveness, and the media's benefits to the learning 

process (Salifu & Bakari, 2022). Student perceptions play a crucial role in the success of a learning 

model, as positive perceptions are closely related to increased motivation and learning outcomes (Anwar 

et al., 2020; Lo et al., 2022). Students who feel comfortable and engaged with learning media will more 

easily absorb information and demonstrate better learning outcomes (Hasanah Lubis et al., 2023). 

Therefore, evaluating student perceptions of the use of AR-based student worksheets serves not only as 

a product evaluation but also as a basis for developing adaptive and effective learning models (Hidayani 

et al., 2025). 

 

METHOD  

This study employed a descriptive quantitative approach to describe students’ perceptions of the 

use of Augmented Reality (AR)-based student worksheets in learning circle geometry. Descriptive 

quantitative research aims to systematically describe phenomena based on numerical data obtained at 

the time the study is conducted. The participants of this study were 30 eleventh-grade students from 

SMA Srijaya Negara Palembang. The sample was selected using convenience sampling, as the students 

were readily accessible and directly involved in learning activities using AR-based student worksheets 

during circle geometry lessons. This sampling technique was considered appropriate because the study 

focused on describing perceptions within a specific learning context rather than making broad 

generalizations. 

Data were collected using a questionnaire instrument with a 5-point Likert scale, consisting of 

20 statements covering three main aspects: cognitive, affective, and psychomotor/social. The cognitive 

aspect consisted of 6 items related to students’ understanding of learning objectives, conceptual 

understanding, critical thinking skills, and memory of concepts. The affective aspect consisted of 9 items 

addressing learning interest, motivation, relevance to real-life contexts, self-confidence, responsibility, 

and classroom atmosphere. The psychomotor/social aspect consisted of 5 items focusing on students’ 

activeness, collaboration, interaction with peers, and engagement during the learning process. Content 

validity of the questionnaire was established through expert review by mathematics education lecturers 

to ensure the relevance, clarity, and appropriateness of the questionnaire items for measuring students’ 

perceptions of AR-based student worksheets. The experts provided feedback on wording, content 

alignment, and construct representation, which was used to refine the instrument prior to data collection. 

Data collection was conducted after students completed learning activities using AR-based 

student worksheets. The questionnaire was administered at the end of the learning session under teacher 

supervision to ensure consistent conditions during data collection. The collected data were analyzed 

using descriptive statistical techniques. Students’ responses were summarized by calculating the 
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percentage of response frequencies for each Likert-scale category and for each perception aspect. The 

percentage analysis was used to identify trends in students’ perceptions rather than to make strict 

categorical judgments. The results of the analysis are presented in the form of tables and diagrams to 

provide a clear overview of students’ perception patterns toward the use of AR-based student 

worksheets. 

Furthermore, the data were analyzed using descriptive analysis technique in the form of a 

percentage of the total score of each statement indicator which is then categorized.The analysis results 

are presented in tables and diagrams to illustrate the tendency of students' perceptions of Augmented 

Reality-based LKPD. The formula for determining the percentage of scores from the respondent 

questionnaire is as follows (Riyanti et al., 2024). 

𝑃 =
𝐹
𝑁
× 100% 

 

Information : 

P = Frequency whose presentation is being sought 

F = Percentage number 

N = Number of frequencies or respondents 

 

The parameters used to interpret the percentage value are (Riyanti et al., 2024): 

0%  : None 

1% - 25% : Fraction 

25% - 49% : Almost Half   

50%  : Half of it 

51% - 75% : Most of the 

76% - 99% : Almost All 

 

RESULTS & DISCUSSION 

 Students' perceptions of learning media are crucial to the success of innovations in the teaching 

and learning process (Barete & Taja-on, 2024). When students perceive the media as engaging, easy to 

understand, and relevant to their learning needs, their motivation, engagement, and conceptual 

understanding will increase. Conversely, if the media is not suited to student characteristics, it can create 

obstacles such as boredom, confusion, and even resistance to learning (Rafniwati et al., 2025). Therefore, 

it is important to understand how students perceive the use of Augmented Reality-based Student 

Worksheets in mathematics learning, particularly on the topic of circles. 
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The AR-based student worksheets used in this study were designed to provide a more interactive 

learning experience, as shown in Figure 1 below. 

 
Figure 1. Student Worksheet 

According to Figure 1, students can scan the barcodes on the student worksheets using their 

devices to display three-dimensional objects, such as circles, tangents, and contextual phenomena like 

bicycle gears and solar eclipses. These visualizations help students see and explore abstract concepts 

more concretely, allowing for a more concrete understanding of the material through observation and 

step-by-step reasoning. 

Two student worksheets are used in this lesson, each with a different context. The first student 

worksheet, related to a total solar eclipse, explores the natural phenomenon of the path of sunlight being 

blocked by the moon. The augmented reality version of a total solar eclipse is shown in Figure 2. 

 
Figure 2. Augmented Reality Total Solar Eclipse 

The AR visualization displays the positions of the sun, moon, and the boundary lines of light 

that form shadows. Students are asked to model these two circles as two circles and then draw the inner 

common tangent. This context helps students understand the connection between mathematical concepts 

and real-world scientific phenomena, making the concept of the inner common tangent more 

meaningful. 
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Meanwhile, the Bicycle Gears project addresses the problem of a bicycle chain connecting the 

front and rear sprockets. The augmented reality approach to a bicycle gear chain is shown in Figure 3. 

 
Figure 3. Augmented Reality Bicycle Gears 

Based on Figure 3, through augmented reality, students can observe how the chain forms an 

external common tangent and then calculate the total length of the chain, consisting of arc and straight 

line segments. This context makes the concept of external common tangents easier to understand because 

it is linked to bicycle mechanics, which are close to students' lives. 

Both student worksheets have the same activity structure: starting with understanding the 

contextual problem through AR, modeling it in a circle representation, formulating strategic guesses, 

implementing calculation strategies, and drawing reflections and conclusions. By utilizing AR, students 

are not only asked to solve problems but are also guided to observe, explore, and reason, making the 

learning process more meaningful and memorable. 

To determine how students responded to this learning experience, a 20-item questionnaire was 

used with a Likert scale of 1–5. This instrument covers three main aspects: cognitive, affective, and 

social/psychomotor. The cognitive aspect assesses understanding of the material, the ability to remember 

concepts, and critical thinking skills in solving problems. The affective aspect assesses students' interest, 

motivation, self-confidence, and perceptions of the classroom atmosphere. Meanwhile, the 

social/psychomotor aspect encompasses learning responsibility, interaction with peers, and cooperation 

during the learning process. 

The results of the descriptive analysis were then presented in tables and diagrams to demonstrate 

trends in students' perception scores. These findings were categorized based on percentage parameters 

that illustrate the extent to which students held a particular perception, ranging from "a small percentage" 

to "almost entirely." The following section will discuss the results of student perceptions, starting with 

the cognitive aspect. 
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This study analyzed student perceptions of the use of Augmented Reality (AR)-based Student 

Worksheets in circle learning, examining three main aspects that influence the student learning 

experience: cognitive, affective, and psychomotor/social. Data were obtained from 30 respondents 

through a 20-item questionnaire with a Likert scale of 1 to 5. The results were analyzed based on score 

trends and student perception categories. 

Cognitive Aspects 

The cognitive aspects of this study include students' perceptions of conceptual understanding, 

retention of material, and problem-solving skills after using Augmented Reality-based worksheets. 

Questionnaire items representing these aspects are shown in Table 1 below.  

Table 1. Cognitive Aspect Statement Scores 

No Statement Strongly Agree 
and Agree (SS) Neutral (N) 

Strongly 
Disagree and 
Disagree (TS) 

1 Learning using Augmented Reality-
based student worksheets this time made 
me understand the material better. 

20 9 1 

2 I find it easier to solve problems with this 
approach. 

16 14 0 

3 Learning using Augmented Reality-
based LKPD encourages me to think 
critically. 

21 9 0 

4 I understand the learning objectives 
clearly through the activities in this 
Augmented Reality-based student 
worksheet. 

22 8 0 

5 I find it easier to remember concepts 
through learning activities using this 
augmented reality-based student 
worksheet. 

17 13 0 

6 Media or tools such as Augmented 
Reality in the worksheets used really 
helped my understanding. 

19 11 0 

 

Based on Table 1, it can be seen that the majority of students gave scores of 5 (strongly agree) 

and 4 (agree), as well as neutral, to the cognitive aspect statements, indicating a positive response from 

students to the Augmented Reality-based Student Worksheets. The results of the questionnaire will 

produce percentage data on the scores shown in Figure 1. 
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FIGURE 4. Percentage Graph of Cognitive Aspects 

Based on the data in Figure 4, most students gave a positive response from the cognitive aspect 

to the Augmented Reality-based Student Worksheet, as seen in the majority of 63.9% who responded 

strongly agree and agree, and 35.6% who gave a neutral response. Although positive responses 

dominated the cognitive aspect, the data also show a substantial proportion of neutral responses. This 

indicates that while many students perceived AR-based student worksheets as supportive for 

understanding circle concepts, some students experienced moderate or uncertain cognitive benefits. 

These neutral responses reflect variation in students’ learning experiences when interacting with AR-

based materials. There was no significant disagreement response, indicating high acceptance from 

students towards this media.  

The positive responses in the cognitive aspect indicate that AR-based student worksheets 

supported students’ understanding of circle concepts by transforming abstract ideas into concrete visual 

representations. The three-dimensional AR visualizations enabled students to observe relationships 

among circle elements, such as radius, diameter, arcs, and tangents, which facilitated conceptual clarity. 

However, the presence of neutral responses suggests that not all students experienced the same level of 

cognitive benefit. This variation may be influenced by differences in prior knowledge, learning pace, or 

familiarity with technology-based learning environments. Previous studies also emphasize that while 

AR can enhance conceptual understanding, its cognitive impact may vary depending on how students 

interact with the technology and learning tasks. 

Furthermore, students' interactions with 3D objects help develop critical thinking skills 

(Angraini et al., 2022). Students not only memorize concepts but also analyze the relationships between 

circle elements and solve contextual problems presented in the worksheet (Utama & Margunayasa, 

2024). Augmented Reality learning can improve conceptual understanding skills while strengthening 

problem-solving abilities (Guntur & Setyaningrum, 2021). 
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The use of AR-based worksheets also facilitates students' visual-spatial learning styles (Guntur 

& Setyaningrum, 2021). When students can manipulate circular objects and view them from various 

angles, their understanding of the shape and properties of circles deepens. This support that Augmented 

Reality media helps students recognize geometric objects spatially (Gustina et al., 2025). In this context, 

students' logical and conceptual thinking skills improve, as they not only hear and read concepts but also 

see and manipulate their visual representations directly. These skills are important for linking 

mathematical concepts to real-world applications, such as in design, engineering, and technology (Arum 

Setyorini et al., 2021). 

Thus, the high percentage of positive responses in the cognitive aspect shows that AR-based 

LKPD is not only a visual aid, but also a learning medium that is able to transform the mathematics 

learning process into an interactive, contextual, and meaningful experience. 

Affective Aspect 

The affective aspect relates to the relevance of learning to real life, learning interest and 

motivation, classroom atmosphere, and students' self-confidence and responsibility for learning in 

learning with Augmented Reality-based Student Worksheets. The questionnaire items representing this 

aspect are shown in Table 2 below. 

Table 2. Affective Aspect Statement Scores 

No Statement Strongly Agree 
and Agree (SS) Neutral (N) 

Strongly 
Disagree and 
Disagree (TS) 

1 I feel that learning with Augmented 
Reality-Based student worksheet is 
related to everyday life. 

12 17 1 

2 I am more interested in learning with a 
learning model that utilizes augmented 
reality-based student worksheet like this. 

14 15 1 

3 I feel more confident in expressing my 
opinion. 

19 10 1 

4 I want the next learning to also use a 
model like this. 

13 15 2 

5 Learning using augmented reality-based 
student worksheet makes me more 
interested in this subject. 

14 16 0 

6 I feel that the challenges in assignments 
make me more enthusiastic about 
learning. 

14 14 2 

7 This learning model using augmented 
reality-based student worksheet makes the 
classroom atmosphere more enjoyable. 

22 8 0 

8 I feel more responsible for my own 
learning process. 

21 9 0 

9 Learning using augmented reality-based 
student worksheet makes me want to 

11 19 0 
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No Statement Strongly Agree 
and Agree (SS) Neutral (N) 

Strongly 
Disagree and 
Disagree (TS) 

continue learning even outside the 
classroom. 

 

Based on Table 2, it can be seen that the majority of students gave scores of 5 (strongly agree) and 4 

(agree), as well as neutral, to the affective aspect statements, indicating a positive response from students 

to the Augmented Reality-based Student Worksheets. The results of the questionnaire will produce 

percentage data on the scores shown in Figure 5. 

 
FIGURE 5. Percentage Graph of Affective Aspects 

Based on Figure 5, it can be seen that most students gave a positive response to the affective 

aspect statement. As many as 51.9% of students gave answers "strongly agree" and "agree", and 45.6% 

gave a neutral response, and only a small portion "disagree". In the affective aspect, although more than 

half of the students expressed positive perceptions, a high percentage of neutral responses was observed. 

The affective findings reveal a mixed pattern of students’ emotional engagement toward AR-based 

student worksheets. Although many students reported increased interest, motivation, and a more 

enjoyable classroom atmosphere, the relatively high proportion of neutral responses indicates that 

affective engagement was not fully experienced by all students. This condition may not only be related 

to students’ adaptation to using AR technology but also to factors such as perceived content relevance, 

usability of the worksheets, and individual learning preferences. In addition, the novelty effect of 

introducing new technology may initially attract students’ attention without immediately leading to 

deeper emotional involvement. This finding aligns with previous studies suggesting that sustained 

affective engagement requires continuous exposure and meaningful pedagogical integration of 

technology.  
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This shows that in general, the AR-based Student Worksheets was well received in terms of 

arousing students' interest, motivation, and positive attitudes towards learning about circles. Students 

felt more motivated to actively participate in the learning process because this Student Worksheets 

combined material with interactive displays and game-like entertainment elements. 3D visualizations of 

circle objects, such as radius, diameter, arc, and tangent, made learning more lively and easier to 

understand. Several students also mentioned that this Student Worksheets provided a fun and not boring 

learning atmosphere, so they were more enthusiastic about following the lesson until the end (Sholikhah 

& Cahyono, 2021). 

Furthermore, AR-based student worksheets help students connect math material to relevant real-

life situations (Arifin & Efriani, 2025). This not only makes learning more meaningful but also fosters 

students' curiosity. In line with that AR-based learning media can enhance students' positive emotions, 

such as enthusiasm and active engagement, which in turn boosts overall learning motivation (Susanto & 

Nurtamam, 2024). AR can influence students' positive emotions, such as enthusiasm and curiosity 

(Riniati et al., 2024). In this context, positive emotions also boost students' retention of the subject matter 

and foster learning motivation during the learning process . 

Thus, the high level of positive response to the affective aspect indicates that AR-based student 

worksheets serve not only as teaching aids but also as triggers for students' intrinsic motivation. The 

combination of relevant content, engaging visuals, and opportunities for direct interaction with the 

learning objects are key factors in the success of this medium in fostering positive attitudes toward 

mathematics learning. 

Psychomotor and Social Aspects 

The psychomotor/social aspect encompasses how Augmented Reality based Student 

Worksheets facilitates physical learning activities (such as interaction with AR), group collaboration, 

and student engagement in discussions and collaborative tasks. Questionnaire statements supporting this 

aspect are shown in Table 3 below.  

Table 3. Psychomotor and Social Aspect Statement Scores 

No Statement Strongly Agree 
and Agree (SS) Neutral (N) 

Strongly 
Disagree and 
Disagree (TS) 

1 I feel that the learning model using 
augmented reality-based student 
worksheet makes me more active. 

21 9 0 

2 The teacher gives students the 
opportunity to discuss and ask questions. 

15 14 1 

3 The learning time felt sufficient to 
complete the assigned tasks. 

21 9 0 

4 I can work well in groups during 
learning. 

19 10 1 

5 The teacher provides sufficient guidance 
during the learning process. 

22 7 1 
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Based on Table 3, it can be seen that the majority of students gave a score of 5 (strongly agree) 

and 4 (agree) with, as well as neutral on the statements of the psychomotor and social aspects, which 

indicates a positive response from students to the Augmented Reality-based Student Worksheets. The 

results of the questionnaire will obtain percentage data on the scores shown in Figure 3. 

 
FIGURE 6. Percentage Graph for Psychomotor and Social Aspects 

Based on Figure 6, most students responded positively to statements on the psychomotor and 

social aspects of using Augmented Reality-based Student Worksheets. A total of 65.6% of students 

responded "strongly agree" and "agree," while 32.7% responded neutrally, and only a small proportion 

"disagree." Nevertheless, the existence of neutral responses indicates that levels of activeness and 

collaboration varied among students during the implementation of AR-based student worksheets. These 

results indicate that AR-based Student Worksheets are not only beneficial for improving cognitive 

abilities but also effective in developing students' practical and social skills.  

The positive perceptions in the psychomotor and social aspect indicate that AR-based student 

worksheets encouraged students to be more active and collaborative during learning activities. Students 

were required to interact with AR objects, discuss observations, and work together to solve contextual 

problems, which supported the development of communication and collaboration skills. Nevertheless, 

the variation in responses suggests that students’ levels of participation and collaboration differed, 

possibly due to group dynamics, confidence in using technology, or differences in social interaction 

skills. 

In activities designed using Augmented Reality Student Worksheets, students engage in group 

discussions, attempt to explain their Augmented Reality findings, and share responsibility in completing 

problem-based assignments. The use of this Student Worksheets requires students to actively interact, 

both with the media and with their group mates. Learning activities involving AR object manipulation 

encourage hand-eye coordination, detailed observation skills, and the ability to explain observation 

results. In addition, group work in solving AR based Student Worksheets problems strengthens 
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communication, collaboration, and role management skills within a team (Adi et al., 2025; Jampel & 

Antara, 2025). 

During the learning process, students not only utilize technology to view 3D models of circles, 

but also engage in discussions, exchange ideas, and help each other understand the material. Teachers, 

who provide guidance throughout the activity, help ensure that each student is actively engaged and has 

the opportunity to practice the skills they have learned. 

These findings align with research which states that AR integration in learning can improve 

collaborative and social skills because students are required to work together to operate the technology 

and solve problems together (Hidajat, 2024). Research revealed that the use of interactive media such 

as Augmented Reality encourages students to be socially active and improves their collaboration skills 

(Cevikbas et al., 2023). With elements of physical engagement (using devices, viewing 3D objects) and 

social engagement (discussions), Augmented Reality Student Worksheets also fulfill the principles of 

active learning and experiential learning (Crogman et al., 2025; Volioti et al., 2023). Thus, AR-based 

Student Worksheets positively contributes to the development of psychomotor and social skills, which 

are essential components of 21st-century competencies. 

 

CONCLUSION 

Based on the research results, it can be concluded that students generally gave positive responses to 

the use of Augmented Reality (AR)-based student worksheets in learning circle geometry. Most students 

perceived that AR-based student worksheets were visually appealing and supportive in helping them 

understand mathematical concepts, particularly circle material. The worksheets were also perceived as 

encouraging critical thinking in problem solving, helping students relate mathematical concepts to 

everyday contexts, and supporting concept retention. In addition, the use of AR-based student 

worksheets was perceived to create a more interactive and enjoyable learning atmosphere and to 

encourage active student involvement in discussions and group work. However, the presence of a 

considerable proportion of neutral responses, especially in the affective aspect, indicates that students’ 

emotional engagement and motivation toward the learning approach varied and were not uniformly 

experienced by all students. Overall, AR-based student worksheets were perceived as a supportive 

learning medium for circle geometry within the context of this study. Nevertheless, this study is limited 

by the small sample size and the involvement of students from a single school. Future research is 

recommended to involve larger and more diverse samples, and further examine the relationship between 

students’ perceptions and learning outcomes in AR-supported mathematics learning.  
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