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ABSTRACT: Van Hiele's theory of geometric thinking describes a hierarchical progression through distinct
levels, from basic visualization to advanced deductive reasoning. Students typically struggle to transition
between these levels without appropriate instructional support. Dynamic geometry software, such as Ge-
ometer’s Sketchpad (GSP), has been shown to facilitate this transition by providing interactive visualizations
and exploratory learning experiences. By allowing students to manipulate geometric shapes and observe
properties dynamically, GSP enhances conceptual understanding and promotes higher-order thinking. This
study aims to analyze the development of students' geometric thinking levels on geometry topics based on
Van Hiele's theory after instruction using Geometer's Sketchpad (GSP). The research employed a qualitative
approach, involving three participants from Class VIIG of a junior high school in Mojokerto, Indonesia, rep-
resenting high, medium, and low ability levels. Data were collected through a test consisting of three ques-
tions designed to assess students' geometric understanding across various indicators of Van Hiele's thinking
levels, followed by in-depth interviews. The findings revealed that GSP-based learning was effective in en-
hancing students' geometric thinking. Subjects ST and SD demonstrated significant progress, with several
indicators advancing from Level 0 (Visualization) to Level 2 (Informal Deduction). In contrast, subject SR
exhibited limited improvement, with most indicators remaining at Level 1 (Analysis). These results high-
light GSP's potential to support students in developing a deeper understanding of geometric concepts. This
study provides valuable insights for designing learning strategies tailored to the diverse needs and abilities
of students, aiming to facilitate higher levels of geometric thinking.
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I. INTRODUCTION

Geometry plays a crucial role in mathematics education as it helps students develop spatial reasoning, logical
thinking, and problem-solvingskills [1,2].It encompasses fundamental concepts such as lines, planes, and spatial
relationshipsthat areintroduced from an early stagein schooling [3]. However, despiteits importance, numerous
studies indicate that students continue to struggle with geometry learning [4, 5]. Research by Khusna et al. [6]
highlights the low achievementlevels of elementary school students in geometry, while studies by Birgin and
Ozkan [7] reveal that junior high school students frequently make errors in understanding geometric
relationships, such as classifying rhombuses as non-parallelograms. At the high school level, Nuraeni et al. [8]
report that students’ performance in geometry is often weaker compared to other areas of mathematics. These
persistent challenges highlight the need for more effective instructional approaches to enhance students'
understanding of geometric concepts.

One widely recognized framework for improving geometry learningis Van Hiele’s theory, which describes
five hierarchical levels of geometric thinking: visualization, analysis, abstraction, deduction, and rigor [9, 10].
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According to this theory, students must progress through each level sequentially to develop a deeper
understanding of geometric concepts. However, studies indicate that many students remain at lower Van Hiele
levels, limiting their ability to engage in higher-order geometric reasoning. Research by Clements and Battista
[11] found that students often struggle to progress beyond the visualization level due to inadequate learning
experiences that support higher-level thinking. In Indonesia, research by Sugiarto and Hidayah [12] showed that
many Indonesian students remain at Van Hiele level O (visualization) andlevel 1 (analysis), indicating difficulties
in abstract reasoning and logical deductionin geometry. Furthermore, a study by Fathoni et al. [13] revealed that
Indonesian students often rely on rote memorization rather than conceptual understanding when solving
geometry problems, which hinders their ability to advance through the Van Hiele levels.

Despite the recognized importance of supporting students’ transition through Van Hiele levels, most
instructional approaches in Indonesian classrooms still rely on traditional teaching methods that lack dynamic
and interactive components [14]. While digital tools such as GeoGebra and Cabri Geometry havebeenintroduced
in various contexts, there is limited research focusing specifically on how Geometer’s Sketchpad (GSP) can be
used as a pedagogical intervention aligned with Van Hiele’s learning phases. In particular, the potential of GSP
to facilitate students” progression between geometric thinking levels by engaging them in visual, exploratory,
and deductive reasoning has not been thoroughly investigated, especially in qualitative classroom settings.

To address thisgap, this study aims to investigatehow Van Hiele-based learning using Geometer’s Sketchpad
facilitates students’ progression through the levels of geometric thinking. The research objectives are: (1) to
examine changes in students’ Van Hiele levels before and after GSP-assisted instruction, (2) to explore the
cognitive processes that occur during learning with GSP across students of different ability levels, and (3) to
evaluate the relative effectiveness of GSP compared to conventional teaching and other digital tools.

By aligning these objectives directly with the identified research gap, this study offers both theoretical and
practical contributions: it provides empirical insight into how GSP facilitates level transitions in the Van Hiele
model, and proposes an instructional framework that supports cognitive development through structured digital
exploration. The findings are expected to inform more effective instructional design in geometry education and
offer recommendations for teacher professional development focused on technology integration and cognitive
scaffolding.

II. LITERATURE REVIEW
The Van Hiele theory was developed by Pierre van Hiele and Dina van Hiele-Geldof in 1960 to explain the stages

of children'sunderstanding of geometric concepts[15]. This theory states that children's understanding of geometry

develops through specific hierarchical levels. Additionally, this theory emphasizes the importance of learning

activities that help students transition from one level of understanding to the next [16].

The levels of understanding in the Van Hiele theory consist of five stages: (1) Visualization, where students
recognize geometric shapes as a whole without paying attention to their specific characteristics or components; (2)
Analysis, where students begin to observe and recognize the properties of geometric figures but cannot yet
understand the relationships between these properties or between different geometric figures; (3) Abstraction,
where students start to comprehend the relationships between geometric properties and can apply these concepts
to problem-solving; (4) Deduction, where students understand definitions, axioms, and theorems in geometry and
begin to construct and comprehend formal proofs; and (5) Rigor, where students can engage in formal reasoning
within mathematical systems, including geometric systems, and can accept valid proofs even if they contradict
intuition or empirical perception [17]. Research conducted by Burger and Shaughnessy [18] produced indicators of
geometric thinking developmentbased on the Van Hiele theory. However, their study only provided indicators for
levels 0 through 3 in students' geometric thinking development.

To improve a stage of thinking to a higher stage of thinking, van Hiele proposed learning that involves 5 phases
(steps), namely: information, directed orientation, explication, free orientation, and integration [19, 20].

e Phase 1: Information, at the beginning of this phase, the teacher and students conduct a Q&A so that the initial
concepts about the material to be studied can be conveyed. The teacher presents new information in each
question thatis designed as carefully as possible so that students can relate the initial concepts to the material to
be studied. The form of the question is directed at the concepts that students already have, for example whatis
a line of equal length, what is a congruent angle, and so on.

e Phase 2: Directed orientation, Students explore the topics studied through tools that have been carefully
prepared by the teacher. This activity will gradually reveal to students the structures that characterize this stage
of thinking. So, tools or materials are designed into short tasks so that they can elicit specific responses.
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e Phase3: Explication, based on previous experiences, students express their emerging views on the observed
structure. In addition, to help students use appropriate and accurate language, teachers provide minimal
assistance. This continues until the relationship system at this stage of thinking begins to appear real.

o Phase4: Free orientation, Students face more complex tasks in the form of tasks that require many steps, tasks
that are completed in many ways, and open-ended tasks. They gain experience in finding their own way, as well
as in completing tasks. Through orientation among studentsin the field of investigation, many relationships
between the objects studied become clear.

e Phase 5: Integration, Students review and summarize what they have learned. The teacher can assist in this
synthesis by completing a global survey of what students have learned. This is important, but this summary
does not reveal anything new.

o Geometer's Sketchpad (GSP)is a software tool designed to enhance the teaching and learning of geometry [21].
This software facilitates students' understanding of geometric concepts, ranging from basic elements such as
points, lines, and angles to more complexideas such as curves, rotations, and transformations [22, 23]. Through
interactive animations, GSP enables students to visualize relationships between geometric elements, making
abstract concepts more concrete and comprehensible.

Accordingtothe Van Hiele theory, students progress through hierarchical levels of geometricthinking, and GSP
can serve as a valuable tool to support this development. At the visualization level, GSP allows students to explore
and manipulate geometric shapes dynamically, helping them recognize figures in various orientations. At the
analysislevel, students can use GSP toinvestigate properties of geometricfiguresby measuringangles, side lengths,
and relationships between elements. At the abstraction level, GSP supports students in identifying patterns and
making generalizations about geometricrelationships. Furthermore, at the deduction level, the software provides
opportunities for students to experiment with conjectures, test hypotheses, and engage in geometric proofs with
dynamic visual support.

Recent studies have highlighted the advantages of GSP in fostering visual and deductive reasoning in geometry
[24, 25]. These studies suggest that GSP can improve students” engagement and understanding by offering
interactive, exploratory environments. Such findings support the growing view that GSP is not only a visualization
tool, but also an effective platform for structured pedagogy and cognitive development. Hartono [1] highlights
several key features of GSP that contribute to these cognitive advancements, including:

a. High accuracy in digital construction and measurement, ensuring precise geometric representations.

b. Effective visualization of geometric figures in multiple dimensions, aiding conceptual clarity.

c. Support for inquiry-based learning, allowing students to conduct investigations, explorations, and problem-
solving activities.

d. Enhanced reasoning and proof development, fostering students’ confidence in making mathematical conclusions.

e. Dynamic features, such as animated transformations, trace functions, and simulation tools, which promote
interactive learning.

By integrating GSP into geometry instruction, students are provided with a structured yet exploratory learning
environment that aligns with the progression of Van Hiele’s geometric thinking levels. This integration strengthens
students’ spatial reasoning, analytical skills, and deductive reasoning, ultimately supporting their overall
mathematical development.

III. METHOD

This study employed a qualitative research approach to analyze students’ geometric thinking development
based on Van Hiele’s theory after instruction using Geometer’s Sketchpad (GSP). A qualitative approach was
chosen because it allows for an in-depth exploration of the characteristics of students’ thought processes as they
progress through the Van Hiele levels. The study used a case study design, focusing on a small number of
participants to gain detailed insights into how students engage with geometry concepts through GSP-based
learning.

The methodological framework of this study consisted of four interconnected phases. First, participant selection
was carried out using purposive sampling, targeting students with diverse mathematical abilities based on
academicperformance and communication skills. Second, during the pre-instruction assessment phase, participants
completed a Van Hiele Geometric Thinking Test and participated in interviews to determine their initial level of
geometric thinking and reasoning strategies. Third, the GSP-based learning intervention involved three
instructional sessions designed in accordance with Van Hiele’s five instructional phases: Inquiry, Guided
Orientation, Explicitation, Free Orientation, and Integration. Finally, in the post-instruction assessment and analysis
phase, participants took a post-test and engaged in follow-up interviews to identify changes in their geometric
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thinking. All data were analyzed thematically and triangulated with observational notes to ensure validity and
trustworthiness.

1. PARTICIPANT

The participants of this study were three students from Class VIIG at a junior high school in Mojokerto, East
Java, Indonesia. A purposive sampling technique was employed to select participants who represented a range of
mathematical ability levels: ST (high-ability), SD (medium-ability), and SR (low-ability). The selection criteria
included prior mathematics report card grades, teacher recommendations, and observed communication skills to
ensure participants could effectively articulate their reasoning during interviews. This sampling method was
intentionally chosen to support the exploratory qualitative design of the study, which prioritizes in-depth analysis
of individual cognitive processes over generalizability.

The small sample sizeisjustified by the study’s qualitative nature, which seeks to examine students’ geometric
thinking development in detail rather than to generalize to a broader population. In this context, rich, descriptive
data from a few carefully selected participants can yield valuable insights into how learners at different Van Hiele
levels interact with dynamic geometry software. The selected class was heterogeneous, comprising students with
diverse cognitive abilities, making it a suitable microcosm of the broader population and allowing for nuanced
understanding of how GSP influences learners across ability levels.

2. DATA COLLECTION

The data collection process involved multiple instruments to ensure a comprehensive analysis of students
geometric thinking:

1.1 Van Hiele Geometric Thinking Test

e A pre-test was administered before instruction to determine each student's initial Van Hiele level.

e A post-test was conducted after GSP-based learning to assess changes in students’ geometric thinking.

e The test consisted of three questions, designed based on Van Hiele’s levels of geometric thinking indicators
(visualization, analysis, abstraction, deduction, and rigor).

¢ The questions assessed students' abilities to recognize, classify, and reason about geometric properties and
relationships.

¢ Thetestinstrumentwasdeveloped by adaptingitemsfrom the validated Van Hiele test by Usiskin [26] toensure
alignment with the theoretical indicators. Expert review was conducted to confirm content validity and
appropriateness for the target group.

1.2 Interviews

¢ Semi-structured interviews were conducted after the pre-test and post-test to explore students’ reasoning behind
their answers.

¢ Interview questions focused on: how students approached each problem; the reasoning behind their answers;
their understanding of geometric relationships; and the role of GSP in helping them grasp the concepts.
Interviews were recorded using an audio recorder and transcribed for analysis.
The interview protocol was adapted from Usiskin’s validated instrument and supplemented with GSP-based
taskstoprobe students' dynamic reasoning processes. Member checking was employed by allowing participants
to review and confirm the accuracy of their responses and interpretations, enhancing the credibility of the
findings.

1.3 GSP-Based Learning Activities
e Studentsparticipated in threeinstructional sessions using Geometer’s Sketchpad (GSP), designed following Van

Hiele’s instructional phases (Inquiry, Guided Orientation, Explicitation, Free Orientation, and Integration).
e Specific GSP tasks included: constructing geometric figures (triangles, quadrilaterals, and circles); exploring

geometric properties (e.g., measuring angles and side lengths dynamically); manipulating shapes to observe

invariants and transformations (e.g., resizing a triangle while maintaining proportionality); and testing
conjectures by adjusting figures and observing real-time changes.

These tasks were designed to facilitate students' transitions between Van Hiele levels, particularly from
visualization (Level 0) to informal deduction (Level 2). Although this study employed a range of data collection
instruments including the Van Hiele geometric thinking test, semi-structured interviews, and GSP-based learning
activities to capture a comprehensive view of students’ geometric reasoning, each tool presents specific limitations
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that warrant critical analysis. The Van Hiele test, consisting of three open-ended questions, provided a general
measure of students' thinkinglevelsbutlacked the depth toreveal thenuanced cognitive transitions between levels,
especiallyina technology-supported learning context. Its static nature limits the ability to assess the dynamic visual
reasoning processes that occur during GSP-based exploration. The semi-structured interviews, validated Van Hiele
test and supplemented with GSP-based prompts, offered deeper insight into students’ thought processes but relied
heavily on verbal articulation, which may not fully represent students’ internal reasoning. While GSP -based
activities facilitated visual and interactive exploration aligned with Van Hiele phases, a key limitation is that the
current version of GSP lacks automated tracking features such as activity logs, screen recordings, or process
analytics that could objectively capture the learning process in real-time. Therefore, thereis a pressing need for a
new or enhanced GSP-based assessment tool thatnot only supports dynamic explorationbut alsointegrates features
to record, analyze, and evaluate students’ cognitive development more accurately and comprehensively.

3. DATA ANALYSIS

The data in this study were analyzed using descriptive qualitative methods to explore students' geometric
thinking development according to Van Hiele’s theory after learning with Geometer’s Sketchpad (GSP). Analysis
began with a pre-test to determineeach participant's initial Van Hiele level, followed by observation during GSP-
based instruction and a post-test to evaluate progression. Semi-structured interviews were transcribed and
analyzed togain deeper insights into students’ cognitive processes. Interview responses were subjected to thematic
coding, where recurring patterns were identified and categorized into key themes such as visual reasoning,
relational understanding, and deductive argumentation. Coding was conducted independently by two researchers
to ensure consistency and reliability. Discrepancies were resolved through discussion until consensus was reached.
Representative quotes wereselected to support the interpretationof each theme and toillustrate students’ reasoning
and conceptual development in their own words. This approach enabled the researchers to contextualize
quantitative gains within the lived experiences and thought processes of the participants. To ensure the credibility
and trustworthiness of the findings, data triangulation was employed by cross-referencing results from tests,
interviews, and classroom observations. The validity of the test instruments was supported by adapting Usiskin’s
[26] validated Van Hiele assessment and confirming content alignment through expert judgment. Inter-rater
reliability was strengthened through independent coding of student responses by a second mathematics educator.
Furthermore, to address potential bias in interpreting interview data, coding was independently conducted by two
researchers, and any discrepancies were resolved through discussion until consensus was achieved. Additional
strategies such as peer debriefing and ongoing reflection helped ensure that interpretations remained grounded in
the data and not influenced by researcher expectations.

IV. RESULTS AND DISCUSSION

The findings of this study provide evidence of the effectiveness of Van Hiele-based instruction using Geometer’s
Sketchpad (GSP) infostering students’ geometricthinking. The results are presented in alignment with the research
objectives, which sought to examine how GSP-assisted learning supports the development of students’ Van Hiele
levelsand cognitive processes. Toensurealogical structure, the analysisis organized by comparing students’ initial
understanding captured through the pre-test and pre-interview with their post-intervention outcomes captured
through the post-test and post-interview.

Before the GSP-based instruction, all three participants ST (high-ability), SD (medium-ability), and SR (low-
ability) were classified at Van Hiele Level O (Visualization). At this stage, their understanding of geometric concepts
waslimited toidentifying shapesbased on visual appearance, withoutreference to properties or relationships. They
wereunable toarticulatereasoningrelated to angles, parallelism, congruence, or other analyticalfeatures, indicating
a surface-level understanding.

Following the intervention, notable progression was observed. Subject ST demonstrated significant
development, advancing toLevel 2 (Informal Deduction), as evidenced by their ability to analyze properties, justify
relationships, and construct informal logical arguments. Subject SD also progressed from Level 0 to Level 2,
showing improvement in reasoning, particularly in making generalizations and explaining geometricinvariants.
Meanwhile, subject SRimproved from Level 0 to Level 1 (Analysis), demonstrating an increased capacity toidentify
and describe properties of shapes, although still lacking the ability to justify reasoning or draw conclusions beyond
descriptive analysis (Figure 1).
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FIGURE 1. Van hiele level progression before and after GSP-based instruction.

These findings align with the study’s purpose of exploring cognitive growth across ability levels and confirm
that structured, phase-based GSP instruction can facilitate students' progression through the Van Hiele hierarchy.
The following sections provide detailed analysis for each subject, starting with ST. The development of ST’s
geometric thinking in response to each test item is summarized in the table below.

Table 1. Van hiele's geometric thinking subject ST.

Before Learning Geometer Sketchpad After Learning Geometer Sketchpad
Indicator Indicator
No. Problems Level 0 Level 1 Level 2 Level 0 Level 1 Level 2
1 - aandb - - a e
2 b a - b a -
3 - C - - a e

As Indicated by the data above, subject ST can choose quadrilateral shapes according to their properties but the
subject still ignores class inclusion among the shapes. This can be seen in the answers toindicators a and b level 1
question no. 1. Then the subject also uses the properties of rectangles and squares in choosing objects in the shape
of theshape. The subject still relies on visual examplesin determining the flatshapesin question no. 2. Furthermore,
in indicator c level 1 questionno. 3, the subject can choose a quadrilateral shape based on one certain similarity of
properties and ignores other properties.

From the table above and the interview results, the subjects used the properties in selecting quadrilaterals,
although some were incomplete in mentioning them. The subjects also understood the existence of class inclusion
between quadrilaterals. This can be seen in examples of student response and the interview excerpt on question no.
1 as follows.

The interview is:

Researcher: “What is your reason for choosing shapes 3 and 10 as squares?”

ST: “Because the shapes 3 and 10 include the properties of a square.”

Researcher: “What are some examples?”

ST: “The sides are the same length and the angles are 900.”

Researcher: “What is your reason for choosing shapes 2, 4, 14, 3, 6, 8,9, 10, 7, and 11 as parallelograms?”
ST  :”Because the properties of a parallelogram are present in shapes 2, 4, 14, 3,6, 8,9, 10,7, and 11.”

Researcher: “what are the buildings?”

ST: “Rectangle, square, rhombus are all parallelograms.”

The subject still relies on surrounding objects in determining the flat quadrilateral shapes. This can be seen from

the interview excerpt for question no. 2 as follows.

e Researcher: “Why did you choose asbestos roof as a square shaped object?”

e ST: “Because asbestos roofs have square properties.”

e Researcher: “What are some examples?”

e ST: “It has the property that the angles are 900 and the diagonals are the same."

e Researcher: “Why didn't you mention objects shaped like parallelograms, rhombuses, kites and trapezoids?”
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e ST:“Because in the room there are no objects in the shape of parallelograms,
rhombuses, kites, and trapezoids.”

The subject can also mention the class inclusion of squares with rectangles. This can be seen in the following
interview excerpt no. 3.
¢ Researcher: “Why do you call shapes 3 and 1 rectangles?”
ST: “Because the properties of the 3 and 1 shapes are properties that are possessed by rectangles.”
Researcher: “For example?"
ST: “It has a 900 angle and the diagonals are the same.”
Researcher: “Even though I saw building no. 1 was a square, you chose building no. 1? So the squareis a
rectangle, right?”
e ST:"Yes”

1. Look at some of the pictures of quadrilaterals below:

a. DMdention the shapes that are rectangles!
6,89

b. Mdention the shapes that are sgquares!
3 and 10

c. DMention the shapes that are parallelograms!

FIGURE 2. Examples of student ST response

The descriptionabove show that it was found that the van Hiele geometric thinking of subject STbeforelearning
using GSP showed in question 1:indicators a, bat level 1, for question 2: indicator blevel 0, alevel 1 and question
3:indicator c level 1. And the subject's van Hiele thinking changed after learning using GSP to question 1: indicator
alevel 1, elevel 2, question 2: indicator blevel 0, alevel 1, and question 3: indicator alevel 1, elevel 2. Soit canbe
concluded that the van Hiele geometric thinking of subject ST changed, especially for questions 1 and 3 which were
initiallylevel 1 thenchangedtolevels1and2. Next, tothinkabout vanHiele geometry of subject SD in each question
can be seen in the following table.

Table 2. Geometric thinking van hiele of subject SD.

Before Learning Geometer Sketchpad After Learning Geometer Sketchpad
Indicator Indicator
No. Level 0 Level 1 Level 2 Level 0 Level 1 Level 2
Problems
1 a - - - a -
2 b - - b a -
3 e - - - a e

From the table 2, elementary school subjects are less precise in choosing a square shape. This can be seen in
indicator alevel 0 answerto questionno. 1. Then the subject still relies on visual examples in determining flat shapes
in question no. 2. Next, in indicator e level 0, question no. 3, the subject chooses shapes irregularly and
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inappropriately, this can be seen from answer no. 3, namely the shapes that are considered squares, are 1 and 4.
Even though shape 4 is a rhombus and a rhombus is not a square.

As Indicated by the table above and the interview results, the subjectshave been able to choose a shape using
the properties of the shape, although there are some who are not quite right in mentioning the properties of a kite,
namely that the angles are right angles and exactly parallel. This can be seen in examples of student response and
the interview excerpt on question no. 1 as follows.

1. Leck at some of the pictures of quadnlaterals below:

UEQ@

2. Mention the shapes that are rectangles!
Gand 8

b. Mention the shapes that are squares!
3 and 10

c. Mention the shapes that are parallelograms!

2.4.14,3.9.7, and 11

FIGURE 3. Examples of student SD response.

The interview is:
Researcher :“What is your reason for choosing the shapes 10 and 3 as squares?”
SD : “Because all sides are the same length.”
Researcher :“Is there anything else?”
SD : “Both diagonals are the same length.”
The subject still relies on surrounding objects in determining the flat quadrilateral shapes. This can be seen from
the interview excerpt for question no. 2 as follows.
e Researcher :“Whydidn't youmentionobjectsshapedlike parallelograms, rhombuses, kitesand trapezoids?”
e SD : “Because there is no such thing in this room.”
The subject can also mention the class inclusion of a square with a rectangle. Likewise, a rhombus with a square.
This can be seen in the following interview excerpt no. 3.
Researcher :“You know, number 1 here is a square, right?”

[ ]

e SD :“Yes.”

e Researcher :“Doesthat mean a square is a rectangle?”
e SD :“Yes.”

® it

e Researcher :“no.3, what is the shape?

e SD : “itis square.”

e Researcher :“That means a square is a rhombus, right?"
e SD : “yes.”

This result was found that the van Hiele geometric thinking of subject SD before learning using GSP showed in
question 1:indicatora atlevel 0, for question 2: indicatorblevel 0 and question 3: indicator e level 0. The subject's
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van Hiele thinking changed after learning using GSP to question 1: indicator a level 1, question 2: indicator b level
0, alevel 1, and question 3: indicatora level 1, e level 2. Thus, it can be concluded that the van Hiele geometric
thinking of subject SD changed, which was initially level 0 for all questions then changed to levels 1 and 2.
Furthermore, to think about van Hiele geometry of subject SR in each question is seen in the following table.

Table 3. Van Hiele's geometric thinking subject sr

Before Learning Geometer Sketchpad After Learning Geometer Sketchpad
Indicator Indicator
No.
prob- Level 0 Level 1 Level 2 Level 0 Level 1 Level 2
lems
1 a - - - aand c -
2 b - - b a -
3 e - - e a -

Based on the table 3, the subject is not quite right in choosing shape 4 as a kite shape. Whereas shape 4 is a
parallelogram shape. This can be seen in indicatora level 0 answer to question no. 1. The subject relies on visual
examplesin determining flat shapesinindicatorblevel 0 questionno.2. Furthermore, inindicator e level 0 question
no. 3, the subject makes a choice of a shape that does not match the properties he himself mentioned.

The subject has been able to choose a shape using the properties of the shape, although there are some who are
not quite right in mentioning the properties of a rectangle, namely that the sides are not the same length. Then the
subject is also still based on one similarity in choosing a rhombus shape. This can be seen in examples of student
response and the interview excerpt on question no. 1 as follows.

1. Leook at some of the pictures of quadrilaterals below:

— <[t/ E

By = o\ [

& Mention the shapes that are rectangles!

6. 8 and 9
b. Mention the shapes that are squares!
3 and 10
. Mention the shapes that are thombuses!

Tand 11

FIGURE 4. Examples of student SR response.
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The interview is:

Researcher: “What is your reason for choosing shapes 6, 8, and 9 as rectangles?”

SR: “Because it has a right angle.”

Researcher: “Any other?"

SR: “The sides are not the same length.”

Researcher :“What is the reason you chose to get up 7, 11 including rhombuses?"

SR: “Because a rhombus is the same as a square.”

Researcher :“His side.”

SR: “Yes, and the angles are not right angles.”

The subject uses propertiesinnamingrectangularand square objects. The subject alsostill relies on surrounding

objects in determining quadrilateral flat shapes. This can be seen from the interview excerpt for question no. 2 as

follows.

e Researcher: “Why do you call monitor, TV, and starvolt as square shaped objects?”

e SR: “Becauseits shapeis the sameas a square, that is, all four sides are the same length and the angles are right
angles.”

Researcher: “Why didn't you mention objects shaped like parallelograms, rhombuses, kites and trapezoids?”
SR: “Because in that place there is no shape in question.”

The subject made a building selection that did not match the characteristics he himself mentioned. This can be
seen in the following interview excerpt no. 3.

Researcher: “Why do you call shapes 1, 3, 4, and 5 squares?”

SR: “Because it has sides of equal length and right angles.”

Researcher: “No. 5, is the angle a right angle?”

SR: “‘No, it is not.”

Researcher: “what do you mean?”

SR: “I wrote it wrong”

Researcher: “So the only correct one is?”

SR: “It is one.”

Based on the previous description, it was observed that subject SR’s van Hiele geometric thinking before using
Geometer’s Sketchpad (GSP) was at Level 0 across all questions: in Question 1, indicator a at Level 0; in Question 2,
indicator b at Level 0; and in Question 3, indicator at Level 0. However, after learning with GSP, SR's geometric
thinking showed improvement. In Question 1, SR progressed to Level 1 for indicators a and c. In Question 2, SR
advanced from Level 0 to Level 1 for indicator a, while indicator b remained at Level 0. In Question 3, SR moved
from Level 0 to Level 1 for indicator a, while indicator e remained at Level 0. This change indicates that SR's van
Hiele geometric thinking shifted from Level 0 to Level 1 across the questions, showing initial development in
geometric reasoning.

Data from the study also reveal varyinglevels of improvement among the three subjects: ST, SD, and SR, as
detailed in Tables 1,2, and 3. Subject ST exhibited substantial progress. Beforelearning with GSP, ST’s thinking was
primarily at Levels 0 and 1. After using GSP, ST showed significant advancement in several indicators. In Question
1, ST moved from Level 1 to Levels 1 and 2, demonstrating the ability to recognize geometric properties beyond
basic visual cues. In Question 3, ST progressed from Level 1 to Levels 1 and 2, indicating the development of
informal deduction skills and an understanding of the hierarchical relationships among quadrilaterals. This
suggests that GSP helped ST develop a deeper understanding of geometric concepts.

Subject SD, initially at Level 0 across all questions, showed notable improvement after using GSP. In Question
3,SD advanced from Level 0 to Levels 1 and 2, indicating a shift from a visual approach toa more analytical one. In
Question 2, SD moved from Level 0 to Level 1, reflecting a growing understanding of geometric properties beyond
appearance. These improvements suggest that GSP successfully helped SD build a solid conceptual foundation for
geometric reasoning. In contrast, subject SR demonstrated more limited progress. Before GSP learning, SR was at
Level 0 across all questions. After using GSP, SR’s thinking in Question 1 shifted from Level 0 to Level 1, reflecting
an emerging recognition of shape properties. However, in other questions, SR remained at Level 1 without
advancing to Level 2. These results indicate that although SR developed some analytical skills, the transition to
informal deduction was not fully achieved, suggesting the need for further instructional support.

The results of this study indicate that GSP-based learning contributes significantly to improving students'
geometric thinking levels, particularly in facilitating the transition from Level 0 (visualization) to Level 1 (analysis)
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and Level 2 (informal deduction). According to Van Hiele’s theory, visual exploration and manipulation of
geometric objects are crucial for supporting students’ cognitive development in geometry. The interactive and
dynamic nature of GSP allows students to actively engage with geometric shapes—rotating, resizing, and
transforming them in real time—which enhances their conceptual understanding through exploration and
discovery rather than passive observation. This environment promotes deeper thinking by allowing learners to test
conjectures, observe geometric relationships, and receive immediate visual feedback, all of which are essential
processesin moving from concrete visual understanding to abstract analytical reasoning. In this way, the use of
GSP aligns not only with Van Hiele's theoretical framework but also with the broader objective of this study: to
utilize technology as a tool to foster higher-order geometric thinking across different student ability levels.

This finding is also in line with previous studies by Patsiomitou et al. [27] and Sun et al. [28], which showed that
the use of GSP can help students understand geometric concepts more deeply through direct interaction with
geometric objects, thereby accelerating the transition of understanding from visual to analytical. Furthermore,
several studies on creative reasoning in geometry [29, 30] emphasize that dynamic, exploratory environments are
essential for fostering mathematical creativity, which includes the ability to flexibly approach problems, form and
test conjectures, and use multiple strategies. The GSP environment supports these aspects by enabling students to
investigate and manipulate geometric objects freely, thus encouraging creative reasoning alongside conceptual
development. Therefore, the improvement observed in students’ Van Hiele levels in this study reflectsnot only a
cognitive progression but also demonstrates how GSP facilitates the development of creative mathematical
thinking—an area that has become increasingly emphasized in 21st-century education.

In this regard, this study contributes to the growing body of literature that connects technological tools with
both cognitive and creative aspects of learning mathematics. It provides empirical support for the integration of
dynamic geometry software as a medium that not only strengthens conceptual understanding but also nurtures
creativity in problem solving. By bridging Van Hiele’s theory with research on creative reasoning, this study offers
a more comprehensive perspective on how technology can support diverse dimensions of mathematical thinking
in the classroom.

However, despite the development, this study also found that the increase in students' thinking levels did not
occur evenly in all subjects. ST and SD subjects showed more significant development, with several thinking
indicatorsinitiallyat Level 0 or Level 1 which thenincreased toLevel 2, reflecting an increase in their ability tomake
informal deductions and understand geometric concepts more abstractly. In contrast, the SR subjects experienced
more limited development, with most indicators still at Level 1, indicating that in addition to the use of GSP, the
development of geometric thinking is also influenced by individual factors such as cognitive readiness, students'
prior understanding, and the teaching strategies used. These results confirm that although technology such as GSP
is an effective tool, its success is highly dependent on a teaching approach that takes into account individual
differences. Therefore, in accordance with the objectives of this study, a more adaptive learning strategy is nee ded
to help students with different levels of ability to achieve optimal geometric thinking development acc ording to
Van Hiele's theory [31].

Several findings in this study are also supported by previous research demonstrating the effectiveness of
Geometer's Sketchpad (GSP) in enhancing students' understanding of geometry. Ibili [32] found thatusing dynamic
software like GSP helps students develop a deeper understanding of geometric concepts through interactive
exploration. Additionally, Michisi [33] stated that GSP allows students to see relationships between geometric
shapes more clearly, accelerating their transition from Level 0 (visualization)to Level 1 (analysis)in Van Hiele's
theory. Another study by Wilson [34] also showed that students who learned using GSP tended to be more active
in developing hypotheses and conducting independent explorations, supporting their progression to Level 2
(informal deduction). These findings reinforce the results of this study, where ST and SD experienced significant
improvements in their geometric thinking levels, while SR still faced challenges in reaching higher levels. Thus, this
study further confirms that GSP is an effective tool in helping students develop geometric thinking skills in
alignment with Van Hiele's theory, although instructional strategies must still be tailored to accommodate
individual student characteristics.

The effectiveness of GSP can be further assessed by comparing it with traditional methods of instruction.
Previous studies, such as those by Patsiomitou et al. [27] and Sun et al. [28], found that dynamic geometry software
accelerates students' understanding of geometric concepts by offering interactive and visual representations.
Compared to traditional methods, which often rely on static diagrams and memorization, GSP provides an
engaging, hands-on learning experience. The data suggest that students using GSP progressed more rapidly
through Van Hiele’s levels, particularly in their ability to analyze properties and make informal deductions.
However, as seen with SR, the benefits of GSP are not uniform, reinforcing the need for differentiated instruction.
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A closer look at individual student responses highlights specific areas of progress. ST’s reasoning ability
improved significantly. Initially, ST struggled with class inclusion but later demonstrated an understanding that
squares are a subset of rectangles. This was evident in responses to Questions 1 and 3, where ST correctly identified
relationships between quadrilaterals. SD transitioned from a purely visual approach to recognizing properties.
Before GSP, SD incorrectly identified a rhombus as a square. After GSP instruction, SD correctly classified shapes
based on their defining properties, reflectinga more analytical understanding. SR, despite some progress, continued
to rely on visual identification rather than property-based classification. This indicates that SR might need
additional instructional support beyond GSP to fully develop geometric reasoning.

The findings confirm that GSP-based learning effectively enhances students’ geometric thinking by facilitating
the transition from visualization to analysis and informal deduction. Based on indicator of van Hiele level in this
research, showing measurable progress across different levels of understanding. However, individual cognitive
differences must be considered when implementing such tools. While ST and SD made substantial gains, SR's
limited progress suggests that differentiated instructional strategies are necessary to ensure all students benefit
optimally. Future studies should explore the integration of GSP with other pedagogical approaches, comparing its
effectiveness with traditional methods and alternative educational tools to better support students with diverse
learning needs.

V. CONCLUSION

The conclusion of the results of students' Van Hiele geometry thinking levels on this geometry topic shows that
learning using GSP is effective in improving students' geometric thinking levels, with most subjects showing an
increase from Level 0 (Visualization) to Level 1 (Analysis) and even reaching Level 2 (Informal Deduction) on some
indicators. ST and SD subjects experienced more significant changes, with certain indicators that were previously
at Level 0 or 1 moving to Level 2, and SR subjects showed an increase from Level 0 to Level 1. This shows that GSP
can facilitate the development of better geometric thinking. Future research could involve direct experimental
comparisons between GSP, GeoGebra, and traditional geometry instruction to quantify their respective impacts on
students’ Van Hielelevel progression. Additionally, future research should consider a longitudinal study to assess
whether the improvements in Van Hiele levels persist over time and how long-term engagement with GSP
influences students’ ability to retain geometric concepts. Future research could incorporatea control group to
compare the results of GSP-based learning with conventional methods, providing a stronger basis for evaluating its
impact.
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