:' frontiers Frontiers in Education

@ Check for updates

OPEN ACCESS

EDITED BY
Amna Mirza,
University of Delhi, India

REVIEWED BY
Ralf J. Braun,
Danube Private University, Austria

*CORRESPONDENCE
Yu Fei Ma
YXM441l@student.bham.ac.uk

RECEIVED 14 March 2025
ACCEPTED 28 May 2025
PUBLISHED 09 July 2025

CITATION

Ma YF (2025) The effect of geometer
sketchpad on secondary school students’
mathematical intelligence.

Front. Educ. 10:1593901.

doi: 10.3389/feduc.2025.1593901

COPYRIGHT

© 2025 Ma. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Education

TYPE Mini Review
PUBLISHED 09 July 2025
pol 10.3389/feduc.2025.1593901

The effect of geometer sketchpad
on secondary school students’
mathematical intelligence

Yu Fei Ma*

School of Mathematics, University of Birmingham, Birmingham, United Kingdom

In recent years, the impact of teaching technology on students’ mathematical
intelligence has received essential academic attention. Students’ mathematical
intelligence is a crucial criterion to measure their mathematical understanding
and problem-solving ability. Geometry Sketchpad (GSP) is a dynamic geometry
software which effectively promotes mathematical cognitive development
through its interactive visualization features. Given that the exact function of GSP
remains inadequately investigated. This study aims to analyze the impact of GSP
on mathematical intelligence in two key dimensions: geometric imagination and
functional cognition. By following the PRISMA guidelines, 26 articles from Google
Scholar, Web of Science and Scopus were screened for data analysis. A major
finding is that GSP has an impact on the development of students” mathematical
intelligence. For example, the dynamic visualization feature of GSP can enhance
students’ geometric imagination skills and spatial reasoning. Also, using GSP is
conducive to improving students’ problem-solving skills and deepening their
understanding of geometric concepts. In addition to demonstrating the functions
of GSP, | constructed four types of conic curves. By reading this article, readers can
easily understand the applications of GSP. Mathematics teachers can understand the
functions of GSP and use it in teaching process. Peer researchers can comprehend
limitations of the literature in this field.

KEYWORDS
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1 Introduction

“The principle goal of education is to create men who are capable of doing new things, not
simply of repeating what other generations have done—men who are creative, inventive,
and discoverers” (Duckworth, 1964, p. 175).

One of the objectives of secondary education is to enhance students’ mathematical
intelligence. Mathematical intelligence is understood as a crucial criterion of students’ ability
to solve mathematical problems. It includes the following six dimensions: causality, pattern
recognition, the existence and uniqueness of solutions, geometric imagination, functional
thinking and abstract thinking.

Causality represents students ability to interpret the relationship between variables in
mathematical situations (Emmert-Streib and Dehmer, 2010). Pattern recognition involves
students applying new perspectives to discover critical questions and suggest a suitable
mathematical solution (Neimark and Teklina, 2012). The existence and uniqueness of solutions
refer to the ability to identify the existence conditions and number of solutions about
mathematical problem (Delarue, 2002). Geometric imagination defines the ability to
comprehend spatial relationships by manipulating geometric figures such as transformations,
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rotations, and projections (Hostovecky et al., 2019). Functional
thinking describes the ability to understand and manipulate the concept
of infinity, including infinite processes and gradations (Chytry et al.,
2020). Abstract thinking describes the ability to generalize mathematical
concepts and recognize underlying structures (Nurhasanah et al., 2017).

In my experience, some secondary school teachers currently
continue to use traditional teaching methods. Traditional teaching
methods emphasize rote memorization and repetitive mechanical
tasks, aiming to enhance students’ ability to retain and reproduce
knowledge (Badr and Abu-Ayyash, 2019; Wang, 2022). However, this
practice may bring difficulties in supporting students’ understanding
of abstract mathematical concepts, development of independent
thinking, and formulation of innovative questions (Nilimaa, 2023).
Therefore, it is necessary to explore innovative teaching instruments.

In my opinion, GSP can serve as an essential tool to enhance
students independent thinking in the mathematics classroom. For
instance, GSP can promote comprehension of key concepts for lower-
achieving students (Lee et al., 2023). GSP can also cultivate the creative
abilities of high achieving students (Dhayanti et al., 2018). However,
there is insufficient research related to the impact of GSP on different
dimensions of mathematical intelligence in secondary school students.
Most researchers focused on geometric imagination (Chvatal et al., 2024;
Ganesan and Eu, 2020; Tursynkulova and Madiyarov, 2023). Researchers
rarely focused on other aspects of mathematical intelligence, such as
abstract functional thinking (Leong, 2013) and innovative cognition
(Tyagi, 2017). In addition, the studies about GSP lacked sufficient
research regarding individual student differences (Ismail et al., 2020).

With the above brief review, it is necessary to fill in the gaps by
answering questions related to GSP. The main objective of this paper
is to clarify the operationalization of GSP in teaching. To achieve this
goal, this study is guided by the following questions: (1) What are the
basic definition and functions of GSP? (2) What is the impact of GSP
on students’ mathematical intelligence?

This study has three primary contributions. By reading this article,
teachers can optimize teaching strategies and integrate GSP into
classroom design (Meng and Sam, 2011). Secondly, researchers can
identify the limitations of studies relating to GSP and build theoretical
models associated with mathematical intelligence (Hartono, 2020).
Finally, educational administrators provide systematic training for
teachers to improve their understanding and applications of GSP.

The remainder of this paper is divided into five sections. The first
section of this article is a literature review, this article examines the
role of GSP regarding mathematical intelligence in secondary schools.
This is followed by some background information on ongoing research
within which the present study was carried out and a statement of the
specific research questions. The third section describes the
methodology and procedures for the collection of data on three
keywords, including GSP, mathematical intelligence and secondary
school students. This paper mainly analyzes the effects of GSP on
students’ geometric imagination and functional cognition. Finally,
conclusions are presented suggestions and made for further research.

2 Method
2.1 Search strategy

The process of article selection followed the Preferred Reporting of
Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement
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(Page et al,, 2021). I searched Scopus and Web of Science on September
30, 2024, for peer-reviewed articles on geometric sketchpad and
mathematical intelligence. I operationalized different permutations of
each term based on previously validated searches. For the geometric
sketchpad, I referenced prior studies, including Roble (2016) and Hartono
(2020), which discuss the application of dynamic geometry software in
mathematics education. For mathematical intelligence, I referenced
previous studies, such as Chytry et al. (2020). For secondary school
students, I used classification from Gyedu et al. (2020) and Ganesan and
Eu (2020), which target education research focusing on students aged
12-18 years. In short, using validated search terms from prestigious
journals ensured the capture of appropriate citations in my searches.

This study applied the fields title/abstract in the search. The full
details are available in Appendix 1. My initial search identified a total
of 155 articles in Web of Science and 195 in Scopus, which were
imported into Zotero reference management software. Of these 350
articles, 47 were identified as duplicates, leaving a total of 303 for
screening and eligibility stages.

2.2 Inclusion and exclusion

I applied a series of inclusion and exclusion criteria. Articles were
included if they were: (i) written in English; (ii) published in a peer-
reviewed journal; (iii) research participants included middle school
student; (iv) mathematical intelligence research topics. They are
excluded if the articles come from a book or a conference paper and
research participants are college students or teachers. Of the 303
records screened, I excluded 16 because they were conference papers,
and 231were not in English, leaving a total of 56 articles for retrieval.
I was able to find the full text of all articles, resulting in 56 articles for
eligibility. At eligibility, upon reviewing the full text, I excluded
another 26 articles that did not relate to geometric sketchpad and
mathematical intelligence. I also further excluded 19 articles because
the populations in these studies did not include middle school
student. I also identified additional 1 article by scanning the reference
list and then using Google Scholar to find 15 articles. This left the
final 26 articles in the final review sample for data analysis. Figure 1
further describes the process of inclusion /exclusion.

3 Findings

3.1 What are the basic definition and
functions of GSP?

GSP is an interactive geometry software program for exploring
Euclidian (Srinivasan, 2012), analytic (Li, 2017), coordinate
geometries (Chan and Leung, 2014), and other mathematics areas. In
addition, GSP has different functions in actual teaching process. It also
enables dynamic drawing, manipulation, measurement, and
visualization of angle relationships (Roble, 2016).

Firstly, for graphing function, students can use many tools on the
toolbar to construct complex geometric shapes (Roble, 2016). For
example, students can use given conditions and Pythagorean theorem,
then drag the auxiliary line and observe transformations of shapes to
construct right triangles and rotations (Jiang, 2007).

Secondly, for parametric control function, students can set
variables to modify parameters associated with the graph. Students
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FIGURE 1
PRISMA flow diagram.

can create a slider and associate it with attributes of a geometric object
(e.g., length, angle, coordinates, etc.) (Poon and Wong, 2017).
Additionally, GSP may allow synchronized adjustments to several
parameters. For instance, students demonstrate the dynamics of the
opening direction and vertex position of a quadratic function by
manipulating parameters using the slider (Gyedu et al., 2020). These
functions might be manipulated, analyzed, and processed into
engaging learning experiences (Hartono, 2020). Through using GSP,
students are likely to deepen their intuitive learning experiences,
promote 3D visualization, and achieve a conceptual understanding of
geometric content (Gyedu et al., 2020).

Then GSP might perform geometric transformation functions,
including translation, reflection, and deflation. These dynamic
operations visually enable students to observe the transformation of
shapes. It is possible that students can choose objects in GSP and
utilize buttons to modify and rotate entities (Poon and Wong, 2017).
Consequently, students could observe distinct spatial relationships
between lines and planes, analyzing the angle between two planes
through different perspectives (Ganesan and Eu, 2020).

Finally, for data analysis and measurement functions, GSP supports
the measurement of geometric properties, including angle size, area, and
perimeter (Ganesan and Eu, 2020). For instance, when students learn
complex functions like trigonometry, GSP can record dynamic data and
display the pattern of function images (Leong, 2013). GSP can support
the recording of real-time data and help students to complete
mathematical measurements (Roble, 2016), and the data can be directly
transformed into a grid view (Tat and Fook, 2005).

In conclusion, these functions synergistically complement each
other, converting abstract mathematical concepts into intuitive
operational experiences and improving students’ learning efficiency.
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3.2 What the impact of GSP on students’
mathematical intelligence?

This section focuses on answering the impact of GSP on the six
dimensions of mathematical intelligence of secondary school students.
In this section, I will focus on two aspects, including geometric
imagination and functional cognition.

3.2.1 Geometric imagination

In the existing literature, geometric imagination represents a
unique cognitive ability to mentally modify geometric entities
(Chvatal et al., 2024). It comprises the visual examination of spatial
structures (Chvital et al., 2024). In traditional teaching methods,
teachers must invest a lot of effort in creating complex graphics on the
blackboard, the shapes lack dynamism and accuracy (Li, 2017).

In addition, many students cannot appropriately describe
fundamental shapes in three-dimensional space, resulting in
challenges in comprehending the entirety of the curriculum
(Tursynkulova and Madiyarov, 2023). In spatial geometry programs,
students’ comprehension of geometric forms is confined to static
two-dimensional plane figures, and they come up with inaccurate
answers (Fujita et al., 2020). This constraint complicates the correlation
of geometric questions with real-world situations (Ismail et al., 2020).
GSP visualizes intricate spatial shapes (e.g., prisms and prismatic
columns) using the dynamic modelling function. Students can better
understand the structural features of geometric forms by flexibly
rotating and modifying the viewing angle (Hartono, 2020). GSP
presents geometry not merely as a collection of memorable axioms
and theorems, but as an active domain of mathematics (Guerrero and
Crites, 2013).
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GSP’s dynamic characterization and parametric control features
enhance the teaching and learning process. Students can observe
translating, reflecting, and rotating geometric shapes (Li, 2017). For
instance, students can utilize GSP to produce hyperbolic parabolic
surfaces (see Figure 2).

When a plane of rotation intersects a hyperbolic plane, the
intersecting lines of a section comprise four standard geometric
figures. The resulting crossing lines are elliptical when a plane crosses
a hyperbolic surface at a particular angle of inclination. In contrast,
the intersecting lines of a hyperbolic surface become parabolic when
a plane is parallel to the opening direction of one of it sleaves.
Moreover, the intersection creates a circular line when a plane is
parallel to the ground. On the other hand, it creates a hyperbolic line
when a plane is parallel to the high line. Using GSP to construct
geometric shapes, students can observe the intersecting lines produced
by a three-dimensional figure and a cross-section (Fujita et al., 2020).

Teachers use GSP to promote students’ innovative thinking in
addressing of intricate mathematical questions (Dhayanti et al., 2018).
Students construct geometric forms, modify parameters, and observe
dynamic transformations in geometric models (Poon and Wong,
2017). For example, when studying plane geometry problems, GSP
replicates the trajectory of moving points and helps students transition
from tangible to abstract relationships during observation
(Tursynkulova and Madiyarov, 2023). Students are encouraged to
progress through the first three van Hiele levels, moving from holistic
visual thinking to property-based description and analysis. This
developmental journey culminates in abstract relational thought,
which enables students to utilize logical relationships between
properties and classes of shapes (Battista, 2001).

Furthermore, the visualization feature of GSP displays geometric
shapes and characteristics, improving the precision of drawing in
teaching. Students use GSP to explore geometric relationships,
construct, and apply mathematical content (Guerrero and Crites,
2013). Students become enthusiastic when learning patterns differ

10.3389/feduc.2025.1593901

from traditional methods (Roble, 2016). Simultaneously, this teaching
method can also cultivate their positive learning attitudes and beliefs
(Ganesan and Eu, 2020). This visualization feature decreases the time
students allocate to comprehend the question, while enhancing
geometric orientation. Students can enhance comprehension of the
questions, leading to a refined assessment of the needed time and effort
(Fung and Poon, 2021). In this case, students swiftly understand the
pattern of area transformations.

In conclusion, using GSP helps students develop logical reasoning
and creativity. This teaching technique offers case studies for geometry
education and serves as a reference for teachers seeking educational tactics.

3.2.2 Functional thinking

Functional thinking denotes the capacity to comprehend
interrelationships between variables and procedures, coupled with the
proficiency to articulate and examine complex mathematical problems
through a functional analytical framework (Blanton and Kaput, 2011).
This study promotes the study of functions via problem-solving,
enabling students to investigate functional dependencies in
non-algebraic domains and identify the characteristics of these
dependencies (Tursynkulova and Madiyarov, 2023).

In traditional education, teachers used methods such as direct
narration or writing on the blackboard and relied on static sketches that
were disproportionate or distorted (Tat and Fook, 2005). Students may
not conceptualize the graphs’ forms and lack a profound comprehension
of their structures. In this case, GSP helps solve these problems.
According to the dynamical features of GSP, students can explore variable
fluctuations and function transformations, understand fundamental
principles and develop models for problem-solving (Leong, 2013). This
teaching method enhances students’ comprehension of the relationship
between function variables while also cultivating their observational and
logical reasoning abilities (Hoftkamp, 2011). By altering the parameters
of the power function, students could summarize the shared attributes
of the power function across various conditions.

FIGURE 2
Conic sections.
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For instance, when studying power functions where « < 0 in the first
quadrant, the only function with a=—1, y = . This function alone
cannot fully represent the characteristics of power functions with (o < 0)
graphs of these functions. In the teaching process, students can study a
variety of situations o=_ 1 V= 302 y=x"2. Students graph these

2" x
three functions inside the same coordinate system on the GSP and analyze
their shared characteristics in the first quadrant.

Furthermore, using GSP can promote students’ understanding of
the complex relationships between mathematical functions (Kotu and
Weldeyesus, 2022). For instance, while studying translation
transformations of a quadratic function’s graph, students manipulate the
slider to observe positional alterations of the function’s vertices (Gyedu
et al., 2020). Through this interactive process, they simultaneously
witness how these geometric changes correlate with modifications in
the functions analytical expression (Lagrange and Gelis, 2008).
Moreover, teachers can help students to make connections between
geometry and algebra by using GSP (Lagrange and Gelis, 2008). This
dynamic manipulation renders abstract knowledge accessible and helps
students in developing methodologies (Tursynkulova and Madiyarov,
2023). The latest version of GSP adds several features (e.g., built-in web
integration) and improves example exploration and function
manipulation (Leong, 2013). Consequently, GSP fosters a more efficient
educational atmosphere for courses (Leong, 2013).

In addition, GSP enhances mathematical reasoning in students’
functional cognition. Using GSP helps students develop learning
strategies, facilitates lesson organization, and communicates explicit
information about learning objectives (Lagrange, 2005). Moreover,
teachers had to contemplate both the potential for technological
transformation and the facilitation of student cognition (Hoffkamp,
2011). For instance, dynamic transformations of parametric equations,
the properties of composite functions and implicit functions.

The simplicity and visualization feature of GSP can help students
understand concepts, develop problem-solving skills and increase
motivation (Kotu and Weldeyesus, 2022). GSP is used to simulate real-
world situations. Students abstract the relevant elements from the problem
and set up different mathematical models of the function (Jones, 2000).
Students can use GSP to create statistical modelling (Ganesan and Eu,
2020) and solve practical mathematical problems through functional
relationships (Hoffkamp, 2011). Students will have the opportunity to
learn mathematical formulas and calculations in the classroom and then
apply the principles in real-life scenarios. In conclusion, the application of
GSP enhances students’ functional cognition and promotes the transition
of their thinking skills from concrete to abstract.

4 Conclusion

This paper defined mathematical intelligence and geometer
sketchpad through a literature review, and to explore the specific
implications for secondary school students around geometric imagery
and functional cognition. This choice was based on the potential value
of GSP in the field of education. In addition, this study analyzed two
facets of mathematical intelligence, including geometric imagination
and functional cognition. By following the PRISMA guidelines,
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I selected 26 articles based on three different keywords. The analysis
revealed few studies focusing on the common areas of GSP and
mathematical intelligence, but their research value is significant and
has analytical potential. Studies had found that integrating GSP into
mathematics education classrooms can enhance the learning efficiency
and problem-solving skills of secondary school students.

In addition, I used GSP to draw four conic curves showing the
intersection of planar and hyperbolic surfaces at different angles.
Students could also graph and analyze the shared characteristics of
various power functions. The first limitation of this paper was that
the data comes from two databases, including Web of Science and
Scopus. This led to the omission of important findings from the
other databases. Future research should extend the database, such
as Education Resources Information Center and China National
Knowledge Infrastructure. This could provide a more diverse
perspective on the research topic, reduce potential bias and improve
the generalizability of the findings. Another limitation was that this
study is mainly derived from analyses of existing literature and lacks
primary data regarding the application of GSP for secondary school
students. This limitation leads to a restricted scope of application
and does not adequately verify the applicability of conclusions. In
the future, researchers can choose different methods to collect data,
including questionnaires, interviews, and classroom observations.
Researchers were able to collect results based on students’ feedback
and analyze subjective evaluations. Researchers could also use these
methods to ensure the findings with the actual teaching and address
deficiencies in current research.
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