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Mathematical thinking skills are skills that students need to master, particularly in
trigonometry. This study aims to analyze and describe students’ mathematical
thinking skills in trigonometry learning through Digital Worksheet assisted by
Virtual Reality. The method used was qualitative descriptive. The research
subjects consisted of 32 tenth-grade students at SMA N 1 Belitang. The research
procedure consisted of three stages: preparation, implementation, and the final
stage. Data were collected through Digital Worksheet assisted by Virtual Reality,
written tests, and interviews. Data analysis was conducted in three stages: data
reduction, grouping the data based on four indicators of mathematical thinking
skills, and presenting the data based on the Digital Worksheet assisted by Virtual
Reality, written tests, and interviews, followed by drawing conclusions. The
results of using a Digital Worksheet assisted by Virtual Reality in the specializing
activity showed that students were able to identify and explain known and
requested information. In the generalizing activity, students were able to transform
contextual situations into right triangles. In the conjecturing activity, students were
able to make conjectures about the appropriate trigonometric ratios to solve
problems. In the convincing activity, students were able to prove their conjectures
through calculations and draw conclusions. Based on the written test results and
interviews, 14 students with very good skills were able to accurately meet all four
indicators of mathematical thinking, 17 students with good skills were able to meet
all four indicators although still some errors caused by rushing and a lack of
attention to detail, and 1 student with fairly good skills was better able to
demonstrate the specializing indicator but still experienced difficulties with the
generalizing, conjecturing, and convincing indicators. The results of this study
indicate that Digital Worksheet assisted by Virtual Reality in trigonometry
learning to support students’ mathematical thinking skills.
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Introduction

Trigonometry is one of the key topics in mathematics that students must master, as it is a
requirement for graduation (Madadina et al., 2024; Hidayat et al., 2023; Maghfiroh et al., 2024).
Furthermore, trigonometry integrates algebraic, geometric, and visual reasoning, making it a
crucial component of the high school mathematics curriculum (Obeng et al., 2024). Learning
trigonometry requires mathematical thinking skills because the process of understanding and
solving trigonometric problems involves how students comprehend concepts and how they
think when determining solutions (Maghfiroh et al., 2024). Developing students’ mathematical
thinking skills is a crucial aspect of mathematics education that goes beyond a focus on
problem-solving procedures (Jamiludin, 2025). Mathematical thinking skills form the
foundation for students’ understanding of concepts and their skills to solve various
mathematical problems (Monteleone et al., 2023; Adnan et al., 2024; AlAli et al., 2023).
Mathematical thinking skills enable students to solve various problems, so it is important to
position them as one of the approaches to learning mathematics (Shidqiya & Sukestiyarno,
2022; Ferdianto et al., 2025).

According to Lorenza et al. (2024) and Ibrahim et al. (2023), mathematical thinking skills
consist of four indicators: specializing, generalizing, conjecturing, and convincing. Specializing
is the process of understanding, identifying, and analyzing problems. Generalizing is the
process of discovering patterns or relationships within problems to form mathematical models.
Conjecturing involves making predictions based on observed patterns. Convincing is the
process of providing reasons and evidence to prove the validity of the predictions or solutions
obtained. However, the results of various studies indicate that students’ mathematical thinking
skills remain at a low level (Singh et al., 2024; Singh et al., 2022). This low level of
mathematical thinking is evident in students’ difficulties with logical reasoning and solving
various mathematical problems (Jawad et al., 2021). This occurs because learning remains
procedural in nature and does not sufficiently foster the development of mathematical thinking
processes (Afifah et al., 2026). These low levels of mathematical thinking ability are also
evident in abstract topics such as trigonometry, which involves concepts of trigonometric ratios,
trigonometric functions, and their application to contextual problems (Basir et al., 2024). This
is evident from students’ low performance in solving trigonometry problems particularly those
involving angles of elevation and angles of depression with an average score of 46.92%,
indicating that many students have yet to master trigonometry concepts (Sabanal & Guevara,
2025).

Several factors contributing to students’ low mathematical thinking skills in trigonometry
include the abstract nature of the subject matter, teacher-centered learning, and an emphasis on
rote memorization rather than conceptual understanding (Adhikari & Subedi, 2021).
Furthermore, when studying trigonometry, students still struggle to translate information from
contextual problems into mathematical models (Obeng et al., 2024). This finding is supported
by Fauzi et al. (2022), who noted that students have difficulty transforming information from
trigonometric problems into appropriate mathematical models. As a result, students still
struggle to solve trigonometry problems, making effective trigonometry learning essential.

Effective trigonometry learning must be designed to address various factors that
contribute to students’ low mathematical thinking skills, particularly abstract concepts, teacher-
centered learning, and students’ difficulty in transforming contextual problems into
mathematical models. One alternative learning approach that can be implemented is teaching
trigonometry using Digital Worksheet assisted by Virtual Reality. Digital worksheets are a type
of digital learning material that is used in practice to support learning (Audina et al., 2025).
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Digital worksheets allow for the integration of various multimedia elements and interactive
activities that can encourage students’ active engagement in the learning process (Satria et al.,
2025; Lestari et al., 2022; Chen et al., 2022). Interactive digital worksheets are needed to
improve students’ critical thinking skills and support challenging and meaningful learning
activities (Utaminingsih et al., 2024). Virtual Reality is a technology that creates a computer-
generated simulated environment that feels as if it were real through devices such as Virtual
Reality headsets (Lara-Alvarez, 2023). In mathematics education, Virtual Reality can help
students visualize abstract concepts through immersive and interactive learning experiences
(Tsaaqib et al., 2022; Orhak & Cagiltay, 2024). Virtual Reality can also help students create
representations through virtual environments that allow them to observe and explore
mathematical objects or situations visually and spatially (Assidiqi & Sugiman, 2026).
Additionally, the integration of Digital Worksheets and Virtual Reality can create a more
student-centered learning experience (Istihapsari & Kusuma, 2026).

Several previous studies have utilized technology including worksheets and virtual reality
in learning. Tsaaqib et al. (2022) employed a Posttest-Only Control Design and demonstrated
that the use of virtual reality enhances students’ motivation and mathematics learning outcomes.
Oktaviyanthi & Sholahudin (2023) developed PhET-assisted trigonometry worksheets to
stimulate students’ adaptive thinking skills. Audina et al. (2025) employed a development study
to create an inquiry-based digital worksheet and demonstrated that this digital worksheet has
the potential to support students’ mathematical thinking skills. Furthermore, Istihapsari &
Kusuma (2026) integrated interactive student worksheets and Virtual Reality into mathematics
learning using a deep learning approach that encourages students to be active, collaborate,
reflect, and learn independently.

However, these studies have not specifically integrated Digital Worksheets and Virtual
Reality into trigonometry learning to analyze mathematical thinking skills based on four
indicators: specializing, generalizing, conjecturing, and convincing. The research gap lies in the
absence of a study that specifically describes students’ mathematical thinking skills in
trigonometry learning using Digital Worksheets assisted by Virtual Reality. Thus, this study
aims to describe and analyze students’ mathematical thinking skills in trigonometry learning
through Digital Worksheet assisted by Virtual Reality. Based on this objective, the research
question formulated for this study is: What are students’ mathematical thinking skills in
trigonometry learning through Digital Worksheets assisted by Virtual Reality?

Method
Research Method

This study employed a qualitative descriptive method to describe and analyze students’
mathematical thinking skills in trigonometry learning using a Digital Worksheets assisted by
Virtual Reality. This method was used to provide an overview of students’ mathematical
thinking skills based on their performance on the Digital Worksheets assisted by Virtual
Reality, written tests, and interviews.

Participants

The research subjects consisted of 32 tenth-grade students at Belitang 1 Public High
School. All students participated in trigonometry lessons using a Digital Worksheets assisted
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by Virtual Reality, took a written test, and three students were selected to represent each
indicator of mathematical thinking skills.

Instruments

The instruments used in this study included a Digital Worksheets assisted by Virtual
Reality, a written test, and interviews. The Digital Worksheets assisted by Virtual Reality was
designed for use in trigonometry learning and included activities based on indicators of
mathematical thinking skills.

Identity Instructions

Figure 1. Digital Worksheet assisted by Virtual Reality

The written test in this study consisted of five essay questions. The test was used to
identify students’ mathematical thinking skills. In addition, interviews were used as a tool to
gather information regarding students’ mathematical thinking skills based on their responses to
the written test.

Research Procedure

The research procedure consists of three stages: the preparation stage, the implementation
stage, and the final stage. During the preparation stage, the researcher conducted a literature
review and developed and validated the research instruments. During the implementation stage,
the researcher conducted trigonometry lessons using a Digital Worksheets assisted by Virtual
Reality. After the lessons, students took a written test, followed by interviews. During the final
stage, all the data collected were analyzed to provide an overview of the students’ mathematical
thinking skills. The flowchart of the research procedure is presented in Figure 2.

Research Procedure

1. Preparation Stage
—) Development and
Literature = .
-> E] validation of research
{@ review 1 ( @ ir\slmlll\ents ]
2. Implementation Stage

~—_ Trigonometry =
learning using = o9
@l B M £2
Cyer R Written test Interviews
3. Final Stage

al an overview of students’
mathematical thinking skills

8 = —— = S

Figure 2. Flowchart of the Research Procedure
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Data Collection

Data collection in this study was conducted using a Digital Worksheets assisted by Virtual
Reality, written tests, and interviews. Data from the digital worksheet were obtained through
student activities during learning. Written test data were obtained from students’ answers to
five essay questions. Furthermore, interviews were conducted with subjects selected based on
their mathematical thinking ability categories.

Data Analysis

Data analysis was conducted using a descriptive qualitative approach through data
reduction, data presentation, and drawing conclusions. During the data reduction stage, the
researcher grouped data relevant to indicators of mathematical thinking skills. Subsequently,
the reduced data were presented descriptively based on students’ performance on the Digital
Worksheet, written tests, and interviews. Written test scores were assigned based on the
presence of indicators of mathematical thinking skills. The scores obtained were then
summarized and converted into scores ranging from 0 to 100, and subsequently categorized as
high, moderate, or low skills. The categories of mathematical thinking skills are presented in

Table 1.
Table 1. Categories of Mathematical Thinking Skills

Score Category
81-100 Very Good
61-80 Good
41-60 Fair
21-40 Poor
0-20 Very Poor

(Rahman et al., 2026)

These categories were used to identify interview subjects who represented each skills
category. In the final stage, the researcher drew conclusions based on the results of the data
analysis from the Digital Worksheet, the written test, and the interviews.

Research Findings
Preparation Phase

The first stage is preparation. The results of a study of the Merdeka Curriculum in Phase
E indicate that the learning outcome is: “By the end of Phase E, students will be able to solve
problems involving right triangles that require trigonometric ratios and their applications.” This
learning outcome served as the basis for designing a Digital Worksheet assisted by Virtual
Reality using contextual trigonometry problems. The content analysis focused on trigonometric
ratios in right triangles, which were then used as the basis for determining the learning
objectives. Next, the researcher developed and validated the research instruments.

Implementation Phase

The second phase is the implementation phase, in which the researcher conducted
trigonometry lessons using Digital Worksheet assisted by Virtual Reality, followed by
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administering a test and conducting interviews. The implementation of the trigonometry lessons
using Digital Worksheet assisted by Virtual Reality is shown in Figure 3.

Figure 3. Implementation of Learning
Final Stage

In the final stage, all the data collected is analyzed to gain an understanding of the
students’ mathematical thinking skills.

Digital Worksheet assisted by Virtual Reality
Activity 1: Specializing

In Activity 1, students are asked to understand, identify, and analyze a problem by writing
down what is known and what is being asked about in the problem.

Group 2 Group 3 Group 5
Otketahut Tinggi lantai pertama=4 meter dlkctanulzingg 12arai 1 cdan 7 masing masing 4 meler sudal Larygzarys 50° terhadap
Ada pakerja yang mau memperbaki jendela kantai 2 yang rusak, pekerjs yang kodua tanah
bilang kalau tangganya sudah siap, pekera ke 3 biang tngg Lincai | dan lantal 2 sama Tinggi lantai kedua= 2 meter

YU 4 meter, dan uung Tangga tepat berada & di tengah lantai 2, pekera ke 4 biling
sudutnga berada & 60" terhadap tanah, parang LIngea yang dibutiihkan berapa ya

Sudut tangga=60°

There are several workers who are i i e i Given: The height of the first and
oine to repair a broken window on The information provided: second floors is 4 m each, and the
tghe sicondlzl oor. The second Height of the first floor = 4 ladder forms an angle of 60° with
worker says that the ladder is ready. mejters B the ground.
The third worker says that the He{[ght of the second floor =2
meters

height of the first and second floors
is 4 meters each, and the top of the ~ Angle of the ladder = 60°
ladder is positioned exactly in the The ladder is positioned in the
middle of the second floor. The middle of the second floor.
fourth worker says that the ladder

forms an angle with the ground.

How long should the ladder be?

Figure 4. Activity 1: Specializing Number 1

Figure 4 shows the differences in the skills of Groups 2, 3, and 5 to identify information
from a virtual reality scenario. Group 2 tended to copy information without identifying it based
on understanding, so the specializing indicator was not fully met. Group 3 was able to identify
the information but still incorrectly stated that the height of the second floor was 2 m, so the
specializing indicator was not fully met. Meanwhile, Group 5 was able to identify the
information accurately: the heights of the first and second floors were 4 m each, and the
staircase angle was 60°. Group 5’s answers were consistent with those of Groups 1, 4, and 6.
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how tall a ladder is needed?

berapa panjang tangga yg di butuhkan?

Figure 5. Activity 1: Specializing, Number 2

Figure 5 shows that Group 6 was able to identify what was being asked in the problem,
namely, determining the length of the ladder needed. Group 6’s answer represents all groups,
indicating that all groups successfully met the specializing indicator for Number 2.

Activity 2: Generalizing

In Activity 2, students were asked to transform the contextual problem into a right-
triangle model based on the situation observed in Virtual Reality.

Group 2 Group 5 Group 6
T
! T Sy \
a, SD + jrery - ,/{;\_‘\
deron i g ";""-n, S5 L, o ,-' - “\ﬁ' i ] .:‘:; 'l‘;' 1
‘“[ S+ _tergen 7 - o A WA TR A s
7 (n fomp.om & | “f:a
Samp.ng > sampng Fomgua

Figure 6. Activity 2: Generalizing

Figure 6 shows the differences in the responses of Groups 2, 5, and 6 in representing a
virtual reality situation as a right-angled triangle. Groups 2 and 6 were able to create accurate
representations, although they used different drawing methods because they had different
perspectives on the virtual reality situation. Group 2’s response also reflects those of Groups 1,
3, and 4. Meanwhile, Group 5 still made a mistake by placing the top of the staircase at the very
top of the second floor, whereas it should have been in the center of the second floor. Thus,
Group 5 demonstrated the generalizing indicator, but not to the fullest extent. In Activity 2,
Question 2, all groups were able to identify the front side, the side, and the slanted side at a 60°
angle, so all groups met the generalizing indicator well.

Activity 3: Conjecturing

In Activity 3, students are asked to identify the correct trigonometric ratio to determine
the length of a staircase based on the relationships between the sides of a right triangle.

Group 3 Group 5
Menurut saya sin karena perbandingan panjang antara panjang sisi samping (alas) perbandingan trigonomecn
s Ll S s sin karena yang ditanya sisi miring diketahui sisi depan maka hubungan yang tepat
terkait perbandingan trigonometri adalsh SIN
I chose sine because it represents the ratio of the For the trigonometric ratio, since the opposite side is
opposite side to the hypotenuse. known, the appropriate trigonometric ratio is sine.

Figure 7. Activity 3: Conjecturing

Figure 7 shows that Groups 3 and 5 were able to make conjectures about the sine ratio,
although for different reasons. Group 3 identified the sine ratio incorrectly, while Group 5
correctly determined it based on the given and asked sides. Thus, Group 3 partially met the
conjecturing indicator, whereas Group 5 met it well. Group 5’°s answer represents Groups 1, 2,
4, and 6.
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Activity 4: Convincing

In Activity 4, students are asked to prove their hypothesis by completing the calculations
using the selected trigonometric ratios and writing down their conclusions.

Group 1 Group 2 Group 5
) o
Qo 0 = S degan - )
we SIN be*: B . @
—— Y3
e 3
" Tk
S 60 6 4
Sy ering u 2 . o Vine:8
T e 1 kg WNE-
¢ . 46 5 —
Ssmengs _ 6 - 6,93 .
0,866 Ponyorg tonggo adamon 415 o

Figure 8. Activity 4: Convincing Number 1

Figure 8 shows that Groups 1 and 2 were able to prove their hypothesis using the sine
rule by determining the front side to be 6 m and performing the calculations accurately. The
difference lies in the use of the value of sin 60°. Group 1’s answer represents Groups 4 and 6,
while Group 2’s answer represents Group 3. Meanwhile, Group 5 still incorrectly determined
the front side to be 8 m, so their calculation process and results were inaccurate. Thus, Groups
1 and 2 met the convincing indicator well, while Group 5 did not perform optimally.

Group 5 Group 6
Dengan memakai SIN kami dapat Tdengan
menghitung sisi depan dan sisi miring sehingga kami dapat menyelesaikan
permasalahan dengan hasil 16v3

Untuk panjang tangga dig: P g3l sin, karena
diketahui tinggi dan sudut. Hasil perhitungsn menunjukkan bahwa panjang tangga
yang dibutehkan adalah sekitar 6,93 meter,

Thus, we can solve the trigonometry problem
by calculating the opposite side and the
hypotenuse, which gives us an answer of

To determine the length of the pole, the sine function was
used, since the height and angle were known. The
calculation showed that the length of the pole was
16V3 approximately 6.93 meters.

Figure 9. Activity 4: Convincing Number 2

Figure 9 shows that Groups 5 and 6 have written their conclusions. Group 5 concluded
that the length of the ladder was determined using the sine ratio, but the result was still
inaccurate due to an error in identifying the window height as the front side. Therefore, the
convincing indicator was demonstrated, but not to the fullest extent. Meanwhile, Group 6
concluded that the sine ratio was used because the height and angle were known, resulting in a
staircase length of 6.93 m. This indicates that Group 6 has met the convincing indicator for item
2. Group 6’s answer represents Groups 1, 2, 3, and 4. Overall, the results of the Digital
Worksheet assisted by Virtual Reality show that students demonstrated all four indicators of
mathematical thinking skills: specializing, generalizing, conjecturing, and convincing.
However, the level of achievement for each indicator varied among the groups.

Written Test

The results of the written test show that students’ mathematical thinking skills fall into
three categories: very good, good, and fairly good. The students’ responses in these categories
are represented by ADF, HA, and TSR.
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The Students' Mathematical Thinking Skills are Very Good
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Figure 10. ADF Answer Number |

Based on ADF’s answer to number 1, it is evident that ADF meets the specializing
indicator by identifying the known and asked-for information. ADF meets the generalizing
indicator by transforming the contextual situation into a right-angled triangle model. ADF
meets the conjecturing indicator by estimating the tangent ratio, since the front side is unknown
and the side is known. ADF also meets the convincing indicator by proving the result obtained
using the tangent trigonometric ratio, then adding the observer’s height and concluding that the
building’s actual height is 37,6 m.
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Figure 11. ADF Answer Number 2

Based on ADF's answer to number 2, it is evident that ADF meets the specializing
indicator by identifying the known and asked-for information. ADF meets the generalizing
indicator by transforming the contextual situation into a right-angled triangle model. ADF
meets the conjecturing indicator because ADF hypothesizes the sine ratio to solve the problem,
given that the opposite side is known and the hypotenuse is sought. ADF also meets the
convincing indicator by proving the results obtained and providing an accurate conclusion.
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Figure 12. ADF Answer Number 3
Based on ADF's answer to number 3, it is evident that the ADF meets the specializing
indicator by identifying known and asked-for information. The ADF meets the generalizing
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indicator by transforming the contextual situation into a right-angled triangle model. ADF
meets the conjecturing indicator because it hypothesizes a cosine ratio. ADF meets the
convincing indicator by performing calculations using the cosine ratio to determine a distance
of 6 m and concluding that the ladder can be used without damaging the garden.
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Figure 13. ADF Answer Number 4

Based on ADF's answer to number 4, it is evident that the ADF meets the specializing
indicator by identifying known and asked-for information. The ADF meets the generalizing
indicator by transforming the contextual situation into a model or illustration of a right triangle.
ADF meets the conjecturing indicator because it estimates the tangent ratio. ADF meets the
convincing indicator by completing the calculation using the tangent ratio for both
measurements, thereby demonstrating that the results obtained are consistent.
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Figure 14. ADF Answer Number 5

Based on ADF's answer to number 5, it is evident that the ADF meets the specializing
indicator by identifying known and asked-for information. The ADF meets the generalizing
indicator by transforming the contextual situation into a model or illustration of a right triangle.
ADF meets the conjecturing indicator because it estimates the tangent ratio. ADF meets the
convincing indicator by performing calculations using the tangent trigonometric ratio for both
measurements, then adding the observer’s height and concluding that the results are consistent.

The Students' Mathematical Thinking Skills are Good
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Figure 15. HA Answer Number 1

Based on HA’s answer to number 1, it is evident that HA met the specializing indicator
by identifying known information and the information being asked for. HA met the generalizing
indicator by transforming the contextual situation into a right-angled triangle model. HA meets
the conjecturing indicator by hypothesizing a ratio of tangents that can be used to solve the
problem. HA meets the convincing indicator, though not to the fullest extent, because HA
immediately adds 36 m and 1,6 m as the front side, whereas the front side is actually 36 m.

Interview
R :  Why did you write 37,6 as the front side?
HA : TIthought the front side was the actual height of the building because I had already added 1,6 m.
R :  Why didn’t you write the conclusion?
HA : Iwasina hurry, but I know that the conclusion is that the building is 36,7 m tall.

Based on the interview results, regarding the convincing indicator, HA explained that he
determined the front side using the tangent ratio, but still mistakenly assumed that result to be
the actual height of the building. Although HA was aware of his conclusion, his calculation was
still inaccurate. Thus, the convincing indicator has been met, but not to the fullest extent.

Dtk finggi:fm
2 Udeng tau kewnggian .im
: Qudut: 30°

Ditanya: Pandang tau lgansv_tqﬂonf S,

Specializing

7

Mg : L5 T
onjecyertig 9

Generalizing

Jim
Figure 16. HA Answer Number 2

Based on HA’s answer to number 2, it is evident that HA meets the specializing indicator
by identifying known and asked-for information. HA meets the generalizing indicator by
transforming the contextual situation into a right-angled triangle model, but the drawing still
contains a slight error. The conjecturing indicator is evident in HA’s answer, which states the
ratio of the sine the front side divided by the hypotenuse. HA meets the convincing indicator,
but not to the fullest extent, as the calculations are not entirely accurate and are not accompanied
by a conclusion.
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Figure 17. HA Answer Number 3

Specializing

Based on HA’s answer to number 3, HA meets the specializing indicator by identifying
known and asked-for information, though the answer is still incomplete. HA meets the
generalizing indicator but not to the fullest extent, as there are still errors in HA’s illustration.
Regarding conjecturing, HA is able to determine the cosine ratio, which is the adjacent side
divided by the hypotenuse. For convincing, HA calculated a distance of 6 m but did not compare
it to the 7 m distance and did not draw a conclusion; therefore, the convincing indicator is met
but not to the fullest extent.

Interview
R :  What exactly was the question asking? Why did you only mention one of them?
HA : The distance between the base of the ladder and the side wall of the house, and whether the

construction worker can use that ladder. I knew that’s what the question was asking, but I was in a
hurry and only had time to write down one of them.

R :  Why didn’t you write down the conclusion?

HA : Iwasin ahurry, but I know that the conclusion is that the distance between the base of the ladder
and the side wall of the house is 6 meters, and the construction worker can use the ladder.

Based on the interview results, regarding the specializing indicator, HA explained that he
actually knew the question was about the distance between the ladder’s base and the side wall
of the house, as well as whether the construction worker could use the ladder, but HA was in a
hurry and therefore wrote down only one of them. Regarding the convincing indicator, HA
explained that he knew the results and conclusions namely, that the distance from the base of
the ladder to the wall was 6 m and that the construction worker could use the ladder. Thus, the
interview results show that HA met the specializing and convincing indicators, even though
neither was explicitly stated in his answer.
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Figure 18. HA Answer Number 4

Based on HA’s answer to number 4, HA met the specializing indicator by identifying the
given information and the information being asked for. HA met the generalizing indicator by
transforming the situation in the problem into a right-angled triangle and determining its sides.
For the conjecturing indicator, HA was able to determine the tangent ratio, which is the front
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side divided by the side. For the convincing indicator, HA performed calculations for both
measurements and concluded that the two results were consistent, thus meeting the convincing
indicator.
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Figure 19. HA Answer Number 1

Based on HA’s answer to number 5, HA met the specializing indicator but not to the
fullest extent, as the response was still incomplete in identifying the given information and the
information being asked for. The generalizing indicator was met but not to the fullest extent, as
there were still errors in the illustration HA created. For the conjecturing indicator, HA was
able to estimate the ratio of tangents and write down the formula used correctly. For the
convincing indicator, HA performed calculations for both measurements and obtained
consistent results, but did not include the observer’s eye height; thus, the convincing indicator
has been met but not to the fullest extent.

Interview

R :  What exactly was the question asking? Why did you only mention one of them?

HA :  The actual height of the building, and whether the results of the two measurements were consistent.
I knew that’s what the question was asking, but I was in a hurry and only had time to write down
one of them.

R :  Why did you only draw a diagram for one of the measurements?

HA : T only drew a diagram for one of the measurements because I was in a hurry.

R : Why didn’t you add the observer’s eye level to determine the actual height, and then conclude that
the results were consistent?

HA : Tjumped to a conclusion but didn’t add the observer’s eye level because I wasn’t thorough enough.

Based on the interview results, regarding the specializing indicator, HA actually knew the
information being asked namely, the building’s actual height and the consistency of the two
measurement results but wrote down only one of them because he was in a hurry. Regarding
the generalizing indicator, HA explained that he created only one illustration because he was in
a hurry. For the convincing indicator, HA immediately drew a conclusion but failed to include
the observer’s eye level due to a lack of attention to detail. Thus, HA met the specializing
indicator well, even though it was not explicitly stated in the answer. However, the generalizing
and convincing indicators were met but not to the fullest extent.

The Students' Mathematical Thinking Skills are Fairly Good
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Figure 20. TSR Answer Number 1
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Based on TSR’s answer to number 1, it is evident that TSR met the specializing indicator
by identifying the given information and the information being asked for. TSR met the
generalizing indicator by transforming the contextual situation into a right-angled triangle
model. TSR meets the conjecturing indicator by hypothesizing a tangent ratio that can be used
to solve the problem. TSR meets the convincing indicator, though not to the fullest extent,
because TSR immediately adds 36 m and 1,6 m as the front side, whereas the front side is
actually 36 m.

Interview
R :  Why did you just add 1,6 m as the front side?
TSR : Ithought the front side was the actual height of the building because I had already added 1,6 m.
R :  Why didn’t you write a conclusion?
TSR : Because I’'m still confused about how to write a conclusion.

Based on the interview results, regarding the convincing indicator, TSR explained that he
considered the front side to be the building’s actual height because he had added 1,6 m for the
eye level, so there was still an error in determining the building’s actual height. TSR also did
not write a conclusion because he was still unsure how to formulate one. Thus, the convincing
indicator has not yet been fully met.
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Figure 21. TSR Answer Number 2

Based on TSR’s answer to number 2, TSR met the specializing indicator by identifying
the given information and the question being asked. For generalizing, TSR was able to draw a
model of a right triangle, but there were still some minor errors in the illustration. For
conjecturing, TSR was able to determine the sine ratio, which is the opposite side divided by
the hypotenuse. In the convincing category, TSR performed the calculations correctly but did
not write down the conclusion, so this criterion was not fully met.

Interview
R : Why didn’t you write a conclusion?
TSR : Because I'm still confused about how to write a conclusion.
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Based on the interview results, regarding the convincing indicator, TSR explained that he
did not include a conclusion because he was still unsure about how to formulate one. This
indicates that the convincing indicator has not been fully met.
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Figure 22. TSR Answer Number 3

Based on the TSR’s answer to number 3, the specializing indicator was met, but not to
the fullest extent because the information provided was incomplete. The generalizing indicator
was also not fully met, as the illustration provided was not entirely accurate. Regarding
conjecturing, the TSR was able to accurately determine the ratio of the cosines. Regarding

convincing, the TSR performed the calculations correctly, determined the distance to be 6 m,
and drew the correct conclusion.

Interview

R :  What exactly was the question asking? Why did you only mention one of them?

TSR . The distance between the ladder’s feet and the side wall of the house, and whether the construction
worker could use that ladder. I knew that’s what the question was asking, but I was in a hurry and
only had time to write down one of them.

R :  What exactly was the question asking? Why did you only mention one of them?

TSR . The distance between the ladder’s feet and the side wall of the house, and whether the construction

worker could use that ladder. I knew that’s what the question was asking, but I was in a hurry and
only had time to write down one of them.

Based on the interview results, regarding the specializing indicator, TSR explained that
he actually knew the question was about the distance between the ladder’s feet and the side wall
of the house and whether a construction worker could use that ladder, but because he was in a
hurry, TSR wrote down only one of them.
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Figure 23. TSR Answer Number 4

Based on TSR’s answer to question number 4, TSR met the specializing indicator by
writing down the known information and the information being asked for. For generalizing,
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TSR was able to transform the situation into a right-angled triangle model and determine its
sides. For conjecturing, TSR hypothesized the trigonometric ratio of the tangent used to solve
the problem. For convincing, TSR performed calculations for both measurements but did not
state a conclusion regarding whether the results were consistent; thus, the conjecturing indicator
was not met, and while the convincing indicator was met, it was not fully met.

Interview
R : Why didn’t you write a conclusion?
TSR : Because I'm still confused about how to write a conclusion.

Based on the interview results, regarding the convincing indicator, TSR explained that he
did not include a conclusion because he was still unsure about how to formulate one. This
indicates that the convincing indicator has not been fully met.
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Figure 24. TSR Answer Number 5

Based on answer number 5, TSR meets the specializing indicator by providing complete
information regarding both known facts and the questions asked. However, regarding the
generalizing, conjecturing, and convincing indicators, TSR has not demonstrated a problem-
solving process; therefore, these three indicators have not been met.

Interview
R :  Why didn’t you finish the problem?
TSR . Iran out of time.

Based on the interview results, TSR explained that he did not complete question number
5 because he ran out of time. This indicates that TSR did not have the opportunity to
demonstrate the problem-solving process for the indicators of generalizing, conjecturing, and
convincing; therefore, these three indicators have not been met.

Discussion
Overall Achievement of The Mathematical Thinking Skills Indicators

The research results show that, overall, students have demonstrated all four indicators of
mathematical thinking skills: specializing, generalizing, conjecturing, and convincing. These
four indicators were evident in the students’ process of identifying known and unknown
information, transforming situations into right-angle triangle representations, making
conjectures about trigonometric ratios, and testing those conjectures through calculations to
draw conclusions. However, the level of achievement across these four indicators still varied
among the different student groups. These findings indicate that mathematical thinking is not
merely about arriving at a final answer, but involves a series of interconnected processes from
understanding information, constructing representations, and making conjectures, to justifying
the results obtained. Differences in achievement levels across groups also suggest that mastery
of one indicator does not necessarily imply mastery of others.
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Analysis of Mathematical Thinking Indicators

In specializing indicator, most groups were able to identify known and requested
information, although some still copied information or inaccurately determined the height of
the second floor. Lorenza et al. (2024) and Jamiludin et al. (2025) explain that specializing
involves understanding problems and selecting important information. During the process,
students first access the Virtual Reality link provided in the Digital Worksheet and observe the
problem scenario presented. Their observations of the Virtual Reality scenario help students
understand the context before identifying the given and unknown information. Thus, Virtual
Reality visualizes abstract trigonometric concepts, while the Digital Worksheet guides students
in identifying the information needed to solve the problem.

In generalizing, most groups were able to represent the Virtual Reality situation as a right
triangle, although some still made errors in their representations. Jamiludin et al. (2025) state
that these errors stem from students’ difficulty in generalizing abstract concepts. Sugianto et al.
(2024) and Hunter & Miller (2022) state that generalizing involves visualization,
representation, and the formation of mathematical relationships. This is also supported by
Susanti et al. (2024), who state that generalizing is evident when students are able to identify
patterns. In this process, Virtual Reality helped students visualize the positions of the ladder,
building, and ground surface, making it easier for them to represent the situation as a right
triangle.

In conjecturing, most groups were able to estimate sine ratios based on the relationships
between known and unknown sides, although some still made errors. According to Nuha &
Panlaan (2026), these errors occurred because students still struggled to make predictions based
on mathematical conjecture patterns. Sutarto et al. (2022) explain that conjecturing involves
observing patterns and making conjectures. Some groups required teacher scaffolding to refine
their conjectures, as described by DeJarnette & Hord (2022) and Vroom & Ellis (2024). In this
process, the Digital Worksheet assisted by Virtual Reality provided the definition of
trigonometric ratios in right triangles, helping students make conjectures about the appropriate
trigonometric ratio based on the relationships between the known and unknown sides.

In convincing, most groups were able to prove their conjectures through sine calculations,
although some still incorrectly identified the front side, which affected the results and
conclusions. This convincing stage involves identifying and communicating the reasons why
something is correct (Delima et al., 2021). However, some groups still struggled with both
calculations and drawing conclusions; this was because students had difficulty connecting ideas
and explaining the final results they obtained (Amalia & Murtiyasa et al., 2023). In this process,
the Digital Worksheet assisted by Virtual Reality guided students to test their conjectures
through calculations and draw conclusions based on the results obtained.

Differences in Mathematical Thinking Skills Among Students with Very Good, Good, and
Fairly Good

Based on the results of the written test, students’ mathematical thinking skills fell into the
categories of very good, good, and fairly good. Students with very good skills, represented by
ADF, were able to demonstrate all four indicators: specializing, generalizing, conjecturing, and
convincing. ADF was able to fully identify the given information and the information requested
in the problem, accurately represent the problem as a right triangle, conjecture the appropriate
trigonometric ratios to solve the problem, and perform calculations to arrive at the correct
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conclusion. According to Hanifah et al. (2026), students with very strong mathematical thinking
skills are able to demonstrate all indicators of mathematical thinking. This is also consistent
with Rahman et al. (2026), who state that students with very strong skills are able to clearly
demonstrate all indicators of mathematical thinking.

Based on the results of the written test and interview, HA was able to meet all four
indicators of mathematical thinking specializing, generalizing, conjecturing, and convincing
across all five problems. For some problems, the indicators were met but not to the fullest
extent, as there were still errors in representing the problem situations as right triangles, in the
calculations, and in the conclusions. The interview results also showed that some shortcomings
in the written answers were caused by rushing and a lack of attention to detail, even though HA
actually understood the information, solution strategies, and necessary conclusions. These
findings are consistent with Mansor et al. (2021), who explained that students’ errors in solving
math problems do not always indicate a lack of mathematical skills but can be caused by a lack
of attention to detail in the problem-solving process.

Students with fairly good skills, as represented by TSR, were able to demonstrate
indicators of specializing, but were not yet able to consistently meet all indicators of
generalizing, conjecturing, and convincing. In specializing, TSR was able to identify known
and requested information by reading the questions, although in some questions the information
provided was still incomplete. In the generalizing, TSR students are able to transform
contextual problems into right-triangle models, but errors still occur in creating these
representations. This finding aligns with Cakiroglu & Mustuoglu (2025), who found that
students can make generalizations even if they are incomplete or incorrect. According to
Wardhani & Argaswari (2022), students’ difficulties in generalizing may be related to a lack of
ability to transform information in word problems into appropriate mathematical models and
strategies. In the conjecturing phase, TSR students were able to conjecture trigonometric ratios
in some problems, but in certain problems, they did not provide their conjectures in writing. In
the convincing phase, TSR students were able to perform calculations in some problems but
still struggled to draw conclusions. Amalia & Murtiyasa (2023) found that students still
frequently experience difficulties in the conjecturing and convincing processes because they
are not yet fully able to connect ideas obtained from similar cases and provide explanations for
the final results of their solutions.

Implications of the Research Findings

The results of the study show that teaching trigonometry using Digital Worksheet assisted
by Virtual Reality can enhance students’ mathematical thinking skills. Digital Worksheets
provide structured guidance to help students identify relevant information, represent contextual
problems as right triangles, make conjectures, and prove the proposed solutions. Meanwhile,
Virtual Reality provides a visual context that helps students observe and explore objects in
trigonometric situations. The integration of these two technologies gives students the
opportunity to connect visual experiences with mathematical thinking processes. These findings
indicate that Digital Worksheet assisted by Virtual Reality can serve as an alternative learning
resource in trigonometry learning. Teachers can use Virtual Reality to provide visual
experiences at the beginning of a lesson, then guide students through Digital Worksheets
containing structured activities that include specializing, generalizing, conjecturing, and
convincing. This approach can provide students with opportunities to actively engage in
mathematical thinking. In practice, teachers need to consider students’ readiness and the
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availability of technological resources so that the use of Digital Worksheet assisted by Virtual
Reality can optimally support the mathematical thinking process in trigonometry learning.

Conclusion

The results of this study indicate that the use of Digital Worksheet assisted by Virtual
Reality can support students’ mathematical thinking skills in trigonometry learning. Digital
worksheets provide a structured activity that guides students to identify information, construct
representations, make conjectures, and test those conjectures through mathematical problem-
solving. Virtual Reality then provides a visual context that helps students understand and
represent trigonometric situations within these activities. These findings suggest that the
integration of digital worksheets and Virtual Reality can connect contextual situations with
students’ mathematical thinking processes. The results of this study indicate that Digital
Worksheet assisted by Virtual Reality in trigonometry learning to support students’
mathematical thinking skills. Based on the results of the written test, there were differences in
students’ mathematical thinking abilities across the categories of very good, good, and fairly
good. Students with very good abilities were able to demonstrate all four indicators specializing,
generalizing, conjecturing, and convincing completely and accurately. Students with good
abilities were also able to demonstrate these four indicators, but some errors and inaccuracies
were still found in their problem-solving processes. Meanwhile, students with fairly good
abilities were more consistent in demonstrating the specializing indicator but still experienced
difficulties in meeting the generalizing, conjecturing, and convincing indicators. The causes of
these difficulties stem from limitations in translating information into mathematical models,
connecting ideas to similar cases, and explaining the results of the solutions. This study is
limited to the teaching of trigonometric ratios in right triangles using a Digital Worksheet
assisted by Virtual Reality. Its implementation requires adequate hardware and internet
connectivity, specifically a smartphone compatible with Virtual Reality technology and a stable
internet connection. Therefore, the use of a Digital Worksheet assisted by Virtual Reality is
more suitable for students and schools that have the necessary technological infrastructure.
Future research could explore the use of Digital Worksheet assisted by Virtual Reality in other
mathematics topics to examine their application in a broader learning context.
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