
Binita Bhatia1 and Dr. Anita Dani2

  

 © The Author(s) 2025
N.-J. Howard et al. (eds.), Proceedings of the HCT International General Education Conference (HCTIGEC 2024), 
Atlantis Highlights in Social Sciences, Education and Humanities 32,
https://doi.org/10.2991/978-94-6463-660-4_5

Exploring The Effects of GeoGebra on Student 

Engagement in Learning Trigonometry 

 

1 Manipal Global NXT University, Kuala Lampur, Malaysia 
2 Manipal Global NXT University, Kuala Lampur, Malaysia 

BB18376@campus.globalnxt.edu.my 
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teaching practices, and assessment methods. Concurrently, the student perspec-

tive provides insights into the lived experiences of learners highlighting the im-

portance of representation, accessibility, and the recognition of individuality in 

fostering a sense of belonging and academic success. The research utilizes sur-

veys, to capture the experiences of participants, offering a rich qualitative analy-

sis. The research reports findings from a snapshot of teaching episodes. Addi-

tionally, researchers implemented a systematic pedagogical approach based on 

the principles of STEM, using technology like GeoGebra which was adopted for 

teaching cross-disciplinary topics, such as trigonometry. 
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1 Introduction  

In the realm of contemporary education, the fields of Science, Technology, Engineer-
ing, and Mathematics (STEM) stand as pillars of innovation and progress, driving ad-
vancements in virtually every aspect of modern society. STEM teachers’ roles extend 
beyond the confines of traditional pedagogy, encompassing a dynamic blend of facili-
tation, mentorship, and inspiration. Through the application of scientific methods, 
mathematical reasoning, and engineering principles, students are expected to emerge 
not merely as consumers of knowledge but as creators. They are presumed to be 
equipped to tackle the grand challenges of the 21st century with ingenuity and resolve. 
STEM educators encounter a plethora of challenges that demand deft navigation and 
innovative solutions. From addressing diverse learning needs to integrating emerging 
technologies into the curriculum, teachers grapple with the demands of an ever-chang-
ing educational landscape. Integrating technology into STEM education can enhance 
student engagement and motivation. Interactive multimedia content, gamified learning 
experiences, and the novelty of using technology in the classroom can spark curiosity 
and enthusiasm for learning. Students always question any option at the beginning of 
the lesson itself and they always have one main question ‘Why do we need this in real 
life?’ A lack of real-life applications for mathematical concepts can lead to disinterest 
in learning. 
VARK model known as Visual, Auditory, Reading/Writing, and Kinesthetic is for ca-
tering to different learning preferences which can be seen in many multi-modal learning 
software’s [1]. A dynamic mathematics software, such as GeoGebra can be used effec-
tively to provide individual learning experience appropriate for learner’s preferred 
learning style. GeoGebra allows students to visually explore mathematical concepts 
through interactive graphs, diagrams, and geometric constructions. Visual learners ben-
efit from seeing mathematical relationships visually represented, which can deepen 
their understanding. While GeoGebra primarily focuses on visual representations, 
teachers can supplement its use with verbal explanations and discussions during class-
room instruction.  
Smith [2] explored the pivotal role of educators as facilitators of inquiry-based learning 
within STEM education. Their study delves into diverse strategies and optimal methods 
for crafting activities and experiments aimed at fostering inquiry, critical thinking, and 
problem-solving skills among students. Drawing upon both educational learning theo-
ries and empirical research, the article offers insights into effective instructional ap-
proaches and classroom techniques tailored to engage students in hands-on exploration 
of scientific concepts, mathematical principles, and engineering challenges. Using case 
studies and illustrative examples, Smith also demonstrates how inquiry-based learning 
can be effectively implemented across various STEM disciplines to elevate student 
learning outcomes and cultivate a deeper comprehension of intricate phenomena. This 
scholarly work presents valuable guidance for STEM educators endeavoring to inte-
grate inquiry-based learning methodologies into their teaching methodologies, thereby 
empowering students to actively participate in their own educational journey. For in-
stance, teachers can narrate their actions as they demonstrate concepts using GeoGebra, 
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providing auditory cues for auditory learners. GeoGebra provides opportunities for stu-
dents to engage with mathematical texts and written instructions as they work through 
problems or explore concepts. Additionally, teachers can incorporate written explana-
tions and annotations within GeoGebra activities to support reading/writing learners. 
While GeoGebra is primarily a visual tool, students can engage in kinesthetic learning 
by physically interacting with the software, manipulating objects on the screen, and 
experimenting with different parameters. This hands-on exploration can appeal to kin-
esthetic learners who benefit from tactile experiences.  
Teachers can incorporate GeoGebra for their students to work collaboratively using the 
GeoGebra software to explore and apply the concepts of trigonometry, a simple exam-
ple is translations in trigonometric equation such as: 

𝑦𝑦 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑏𝑏𝑏𝑏 + 𝑐𝑐)  + 𝑑𝑑.  (1) 

The graphical representation of this graph is represented as a sequence of transfor-
mations. It is observed that, many students find it difficult to visualize the sequence of 
transformation, interactive tools like GeoGebra provides scaffolding.  
To summarize, GeoGebra's versatility aligns with the VARK model by offering a range 
of modalities for students to engage with mathematical concepts, accommodating di-
verse learning preferences and enhancing learning outcomes.  
In this paper, students’ different learning styles which will be incorporated into the 
lesson while overcoming any challenges students face in attaining the learning out-
comes. 

arch aims to investigate to the following two descriptive questio 
1. What challenges do students face in learning trigonometric functions within the 

new instructional sequence? 
2. Is differentiated learning effective in reducing anxiety in learning the topic of trig-

onometry? 
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2 LITERATURE REVIEW 

The purpose of trigonometry is to provide mathematical techniques and tools for ana-
lyzing relationships between angles and sides in triangles, as well as for solving prob-
lems in various fields of science, engineering, and mathematics. Overall, trigonometry 
plays a crucial role in various STEM disciplines, providing students with essential 
mathematical tools to solve real-world problems and make meaningful connections be-
tween theoretical concepts and practical applications.  
Trigonometry is an important subject in secondary mathematics education and beyond, 
even though its scope may change from country to country at secondary school level 
[3]. The importance of Trigonometry is that it is crucial for physics, engineering, and 
architecture; in addition, it connects algebra, geometry, and graphical reasoning, laying 
the groundwork for calculus. Blackett & Tall [4] have discussed the importance of a 
solid foundation and prerequisite skills since there are several challenges for young 
adults in learning trigonometry that it requires translating between visual representa-
tions (diagrams) and numerical relationships (trigonometric functions); there are also 
some unfamiliar functions that cannot be solved with basic arithmetic.  

 
Fig. 1. A simple diagram for Trigonometry taught in Mathematics.  

In the realm of geometry, particularly concerning triangles, the sine, cosine, and tan-
gent of an acute angle are defined as the ratios of specific pairs of sides within a right 
triangle as shown in Fig. 1. This method of introducing trigonometric functions is com-
monly known as the ratio method. Additionally, the concept of a right-angle triangle is 
frequently incorporated into the unit circle, where angles are interpreted as rotation an-
gles. In the Dutch mathematics [5] curriculum, the ratio method is studied for right 
triangles at lower level and followed up by the unit circle at the beginning of upper 
level. An important benefit of incorporating ICT (Information and communication and 
technology) is its capacity to enable students to investigate the correlations between 
numerical and visual portrayals of trigonometric ratios within right triangles, as well as 
the associations between graphical depictions of trigonometric functions and the place-
ments of points on the unit circle [6]. The ratio method is particularly useful in scenarios 
where direct measurement of angles or sides may not be possible, such as in practical 
applications involving heights, distances, or angles that are difficult to access directly. 
Additionally, the ratio method forms the foundation for understanding and applying 
trigonometric concepts in various fields such as engineering, physics, and navigation. 
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Kendall and Stacey [7] stated that they preferred that basic trigonometry be introduced 
using the unit circle (seen below in Fig. 2) of trigonometric function, connecting them 
to the ratio definitions and then adopting the techniques of the ratio method for the 
solution of problems about triangles. There are many advantages to the unit circle 
method such as it deals with obtuse angles, negative angles, and angles of any size; it 
avoids working with ratios, since these have been proven difficult for students [8]; sine 
values and cosine values are not restricted to positive values; supports reasoning about 
various properties of trigonometric functions such as periodicity and trigonometric 
equalities.  

 
Fig. 2. Unit Circle [9] 

The complex nature of trigonometry makes it challenging for students to understand 
the topic deeply and conceptually. Trigonometric functions are unique because they 
cannot be figured out using basic arithmetic like other functions with algebraic formu-
las; in addition, students have difficulty using sine and cosine functions defined over 
the domain of real numbers; Analytical definitions of trigonometric functions are of 
little help at secondary school [10].   

Teachers in the fields of STEM typically possess specialized knowledge and exper-
tise to guide students through complex topics, providing explanations and resources to 
help students understand concepts. As facilitators of inquiry-based learning, STEM ed-
ucators orchestrate immersive experiences that beckon students to explore, experiment, 
and engage with the intricacies of scientific phenomena, technological marvels, engi-
neering challenges, and mathematical problems. Crucially, STEM teachers are cham-
pions of critical thinking and problem-solving, instilling in their students the essential 
skills requisite for success in an ever-evolving landscape. By presenting authentic, real-
world challenges, they compel learners to wield the tools of analysis, evaluation, and 
innovation, empowering them to dissect problems, devise solutions, and iterate upon 
their designs. Teachers foster a collaborative learning environment where students 
work together in teams to tackle complex problems and projects. They encourage 
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creativity and innovation, empowering students to propose novel solutions and explore 
new areas of research within their respective fields. 

 
Fig. 3. Simply explanation of trigonometry for the students understanding without use of tools 
[11] 

The suggested teaching method for trigonometry prioritizes conceptual comprehen-
sion, particularly emphasizing the coherence of angle measurement within trigonomet-
ric concepts. This approach advocates utilizing arcs of a unit circle to link unit circle 
trigonometry with graphs of trigonometric functions. Furthermore, it proposes employ-
ing the metaphor of traveling along the perimeter of geometric shapes such as regular 
polygons or circles to aid students in forming coherent interpretations centered on arcs 
of a unit circle. By connecting abstract ideas with tangible visualizations and real-life 
comparisons, this strategy aims to deepen students' grasp of trigonometry. Referring to 
Fig. 3, it shows how students can use any hand to find the angle in the first quadrant 
while using the thumbs as angle 0° as the polar axis. This can be helpful for both right 
hand writers and left-hand writers. Below seen Fig. 4 shows how trigonometry deals 
with the study of the relationship between the sides and angles of the right-angle trian-
gle. Hence, it helps to find the missing or unknown angles or sides of a right triangle 
using the trigonometric formulas, functions, or trigonometric identities, all in relation 
with the Unit Circle connecting the context. Being familiar with the concepts of trigo-
nometry will help any reader to be able to relate the definition of trigonometry and its 
applications in different fields. 

 

Fig. 4. Trigonometry in Real Life Physics Question [12] 
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Relating the Fig. 4 to find the Angle of Elevation, the missing angle (θ) would represent 
the angle of elevation. This angle measured between the horizontal line (ground) and 
the observer's line of sight to a higher point (represented by point A in the diagram). 
Tangent Function (tan): We know the length adjacent to the angle of elevation (segment 
BC) and need to solve for the opposite side (height of the tree, segment AB). The tan-
gent function (tan) is suitable for this scenario, where the formula used is tan𝜃𝜃 = 𝐴𝐴𝐴𝐴

𝐴𝐴𝐵𝐵
 

(height of tree/distance of the tree from the boy).  (2) 

The real-life application can be finding the height of a tree, where a person is stand-
ing on flat ground (represented by segment BC) and observing a tall tree (represented 
by segment AB) at an angle of elevation (represented by θ) and the height of the tree is 
unknown (represented by segment AB). The distance is measured between the boy 
standing and the base of the tree (segment BC). By using trigonometry and the provided 
information (distance the boy is standing from the tree and the length of segment BC) 
the required height can be estimated using the known values. 

In this section, a review of empirical research in STEM education is presented. 
In STEM education, educators emphasize the cultivation of critical thinking and 

problem-solving abilities among students. They introduce real-world challenges and 
prompt learners to scrutinize data, devise hypotheses, and engineer solutions employing 
scientific methodologies and mathematical logic [13]. Through empirical research, the 
unique pedagogical content knowledge (PCK) and subject matter knowledge (SMK) 
that STEM teachers bring to their practice was explored [14]. By creating a collabora-
tive and supportive environment, educators empower students to excel academically 
and become future leaders in science, technology, engineering, and mathematics. 

Trigonometry lessons typically start by building a foundation on right triangles and 
the Pythagorean theorem. Using visual aids like diagrams, graphs, and even interactive 
tools to help students visualize the concepts. Using real life examples where trigonom-
etry was connected to real-world applications, making it more relevant for students and 
incorporating activities and group work, making the learning process more interactive 
and engaging. Teachers leverage technology to enhance the learning experience in 
STEM education. They incorporate simulation software, data analysis tools, and virtual 
laboratories to provide students with opportunities for experimentation and exploration 
in a digital environment [15].  

 

Fig. 5. Introducing Trigonometry using Tools [16] 



 

 

          B. Bhatia and A. Dani56   

 
Fig. 6. Trigonometry using online tools [17] 

The tools shown in Fig. 5 and Fig. 6 are just a few examples of what educators can 
use for students, whilst an online class or face to face, this allows blended learning and 
collaboration between students. Students can use these tools to collaborate with one 
another for better understanding of the concept, they can use the websites to understand 
the concepts of trigonometry virtually at any time without having access to the real 
tools of compass, ruler, or protractor. As technology is changing frequently, we can 
access multiple resources to engage students in learning and achieving the learning out-
comes. The authors [15] highlights the benefits of technology integration for promoting 
active learning, fostering critical thinking, and enhancing student engagement in STEM 
disciplines; they also discussed strategies for effectively incorporating technology into 
teaching practices and overcoming potential challenges Adopting student-centered, in-
quiry-based pedagogies enhances quality of technology integration. A brief review of 
such pedagogies is presented next.   

 
Fig. 7.    Blended Learning Model [18] 

Fig. 7 above is a Blended Learning Model, which incorporates concepts such as in-
dividual online learning and collaborative small groups is the Flipped Classroom model 
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[19]. With the help of blended learning, traditional teaching methods are inverted, as-
signing students with pre-class activities at home, such as watching prerecorded lec-
tures or completing online modules, before coming to class allowing them to utilize the 
class time for collaborating in small group activities, discussions, and hands-on exer-
cises facilitated by the instructor. This is very efficient is any concept especially in a 
subject like mathematics where students also get time to prepare before the class. In-
quiry-Based Learning (IBL) for trigonometry fosters a dynamic learning environment 
where students explore concepts through questioning and investigation [20]. They 
delve into real-world problems, applying trigonometric principles to scenarios such as 
measuring angles outdoors. Through interdisciplinary connections, students discover 
how trigonometry intersects with fields like physics and engineering, enriching their 
understanding through research and projects. For example, a study [21] found that 
teachers believed blended learning improved student motivation, engagement, and ac-
ademic performance. Similarly, a study reported that teachers valued the flexibility and 
adaptability of blended learning, which allowed for personalized learning experiences 
tailored to individual student needs [22]. However, teachers' perspectives are not al-
ways positive. Some teachers expressed concerns about the quality and suitability of 
online content and the workload associated with preparing and delivering blended 
learning materials. Teachers reported that they found it challenging to manage student 
learning in a blended learning environment, with some expressing concerns about main-
taining academic rigor. Teachers' motivation to use blended learning is a key factor in 
its success. 

 
Fig. 8.    The VARK model [23] 

Above mentioned Fig. 8, illustrates The VARK model, developed by Neil Fleming 
in 1987, categorizes learners into four primary styles: Visual, Auditory, Reading/Writ-
ing, and Kinesthetic.  
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• Visual learners prefer to learn through visual aids such as charts, diagrams, maps, 
and videos. They tend to grasp information more effectively when it is presented in 
a visual format. 

• Auditory learners learn best through listening and verbal explanations. They benefit 
from lectures, discussions, and audio recordings, and may remember information 
more accurately when they hear it rather than see it. 

• Reading/Writing learners excel in written communication and prefer to learn 
through reading and writing activities. They often rely on textbooks, written in-
structions, and note-taking to understand and retain information. 

• Kinesthetic learners learn best through hands-on experiences and physical activi-
ties. They thrive in environments where they can engage in practical tasks, experi-
ments, and simulations. 

The VARK model suggests that individuals may prefer one or more of these learning 
styles, although most educators utilize a combination of styles depending on the context 
and content of the learning material. Understanding one's preferred learning style ac-
cording to the VARK model can help individuals and educators tailor their study and 
teaching methods to optimize learning outcomes. Every student has their level of math-
ematical competency and learning style; and as an educator, the ability and need in 
utilizing the diverse learning styles to foster a student-centered environment is essential 
for teaching Trigonometry Considering the VARK model, it is important to incorporate 
with the diverse learning styles and fostering a student-centered environment. Trigo-
nometry is a foundational subject in high school math, but it can be tricky for students 
to grasp at first. Students feel anxiety when they hear the word ‘Trigonometry’. Math 
anxiety can be a crippling force for students, especially when it comes to performance. 
It fosters a cycle of negative thoughts and physical symptoms that can significantly 
impact test scores and overall engagement with the subject [24]. At the heart of this 
issue lies a fear of failure. Students become convinced they are "not good at math" 
leading to constant doubt that clouds their judgement during exams and assignments. 
The pressure to perform well in front of teachers and peers only intensifies this anxiety, 
making it difficult to focus and think clearly [25]. The consequences of math anxiety 
on performance are undeniable. Lower test scores become a reality as students struggle 
to apply their knowledge while battling their anxieties [26]. With the right strategies 
and support in place, students can learn to manage their anxieties and develop a more 
positive and productive relationship with mathematics. 

It has been researched that the quality of the online materials, the ability to interact 
with peers and instructors, and the flexibility of the approach were significant motiva-
tors for students, but it is also noted that the lack of support from instructors and tech-
nical difficulties were barriers to participation [27]. Students frequently harbor miscon-
ceptions stemming from math anxiety, attributing their struggles to low performance in 
math. However, the key missing element is often long-term memory retention. To so-
lidify their understanding, students must actively engage with the concepts and practice 
numerous questions. Students engage in cognitive development, emphasizing the 
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critical need for enhanced cognition, which serves as a bridge between understanding 
concepts and applying them.  

When comparing to traditional methods, modern teaching methods can be more 
time-consuming as educators need to be prepared for any technical difficulties. Cost of 
technology comes at a price currently, so it is important to take that into consideration. 
Sometimes student lack motivation to use technology and to apply it within the class-
room or at the convenience of their own home. Web-based software, such as GeoGebra, 
are easy and free to use. 

Demir and Heck proposed an innovative approach to teaching trigonometry where 
they propose a sequence or activities that can help students to develop a deeper under-
standing of trigonometric functions. The focus could be on overcoming common diffi-
culties students face or creating a more engaging and effective learning experience [5]. 
Kissane and Kemp [6] has sampled the available technologies that learners or teachers 
may have access to for teaching and learning trigonometry in the early years of the 
twenty-first century, to illustrate the claim that there are many ways in which teaching 
and learning might change, when compared with earlier approaches. One major change 
is the opportunity provided by technology to help students engage with trigonometric 
concepts; a second major change is that students can interact directly with trigonomet-
rical ideas through the medium of technology in a more active way than is possible with 
paper and pencil alone. While the possibilities in any classroom will of course be de-
pendent on which technologies are available, there seems to be much to be gained from 
the use of the least sophisticated technology, that of the graphics calculator. The graph-
ical calculators can be incredibly helpful tools for learning and understanding trigono-
metric functions in graphical representations, problem solving and verifying answers. 
Some graphical calculators offer advanced features specifically designed for trigonom-
etry. These might include unit circle visualizations, table generation for function values, 
or complex number calculations useful in certain trigonometric applications. This is a 
tool that itself requires its own lesson along with each topic. 

It was explored that the significance of preparing students for successful careers in 
STEM fields through comprehensive educational approaches [28]. It is important to 
highlight the growing demand for STEM professionals in various industries and the 
importance of equipping students with not only technical knowledge but also profes-
sional skills and experiences. Students need to be able to learn to be able to integrate 
their skills in their careers including internships, co-op programs, industry partnerships, 
and professional development opportunities. While students faced difficulties, they also 
overcame them to be able be ready for their learning including tests.  
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3 METHODOLOGY  

This research is based on inclusion of technology leveraging digital tools to enhance 
understanding and exploration of trigonometry. This is done using research for plat-
forms like GeoGebra that enable students to dynamically manipulate geometric shapes, 
aiding in the comprehension of trigonometric relationships. Additionally observing 
how students can engage with online simulations or applets that highlight practical ap-
plications of trigonometry in real-world contexts.  

The target population is female high school UAE nationals, between the age of 14-
16 in grade eleven. The topic of trigonometry was taught in one of the classes consisting 
of 24 students. These students have a history of high achievement in Mathematics as a 
subject in their primary and junior high school years.  

The research aims to investigate to the following two descriptive questions: 

1. What challenges do students face in learning trigonometric functions within the new 
instructional sequence? 

2. Is differentiated learning effective in reducing anxiety in learning the topic of trigo-
nometry? 

The main aim of the lesson is to deepen the understanding of trigonometric ratios 
(sine, cosine, tangent) through real-world applications. The objective of the lesson is to 
be able to define and explain the trigonometric ratios for any angle in a right triangle, 
and to be able to apply trigonometric ration to solve real-world problems in various 
contexts. Before starting trigonometry lessons, the teacher gave the students a 30-mi-
nute test to assess their existing knowledge. This test focused on their understanding of 
triangles, functions, and how to interpret graphs. The results show that after the pre-
test, some students had difficulty in analyzing one-to-one functions which led to a mi-
nor adjustment in the teaching materials related to functions having only one output for 
each input to incorporate ease in learning. The lessons incorporated a student-centered 
approach, where students actively built their knowledge by interacting with peers, and 
their regular teacher. The lessons heavily relied on paired work followed by whole-
class discussions. GeoGebra applets as seen in Fig. 9 were used as visual aids alongside 
tasks presented in worksheets. The first lesson specifically involved students working 
in pairs. 
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Fig. 9. Trigonometry use with tools such as GeoGebra [29] 

Students were given a pre-session survey to assess their level of confidence and anxiety. 
Table 1 below shows classroom practices.  

Table 1. Classroom practice and their applications. 

Classroom Practice Application 
Build a solid foundation Ensure students are comfortable with algebra 

and geometry before diving into trigonometry. 
Break down complex concepts  Introduce new concepts gradually, and break 

them down into smaller, more manageable 
steps 

Focus on visual representations The researcher has used diagrams, animations, 
or interactive tools to help students connect the 
visual aspects with mathematical concepts. 

Relate to real-world applications  Show students how trigonometry is used in 
practical fields to make the subject more en-
gaging. 

Practice with problems Provide many opportunities for students to 
practice applying trigonometric concepts to 
solve problems. 

The lesson incorporates group work to foster collaboration and engagement. Students 
were divided into groups of 3-4 where they were assigned to explore and write their 
observation from GeoGebra of any right triangle that they can make with three points 
as shown in Fig. 9. They were assigned roles within the group of facilitator, timekeeper, 
recorder, and reporter. With this responsibility they felt that they had to achieve a goal, 
which made the group work easier. They were given twenty minutes to do their research 
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on tools available online such as GeoGebra. The students were encouraged to discuss 
and share their findings and analyze how they used the trigonometric functions.  
While students worked in groups it was observed that they demonstrated effective 
group work through collaboration and engagement in achieving enhanced understand-
ing of trigonometric applications and their communication skills between students en-
hanced their ability to connect abstract mathematical concepts to practical situations. 
Upon completion of the activity, they were assessing each other as a group, they gave 
each other constructive criticism and it was reflected upon allowing them to have more 
improved assessments. The teacher recorded important observations and discussion 
emerged through students’ interactions while working in groups. These observations 
are recorded as teaching journal entries. Many students struggled to grasp the concept 
of clockwise and anticlockwise rotations when measuring angles and visualizing obtuse 
angles and their trigonometric ratios. While a standard protractor measure angles up to 
180 degrees, a circular representation can handle angles of any size, including those 
greater than 360 degrees. This offers a valuable tool to overcome these challenges and 
enhance understanding of angular measurement and trigonometry. 
The analysis of student’s responses to worksheet tasks in combination with of the group 
discussions revealed that in general the students were quite successful when working 
on most tasks. Differentiation strategies like formula sheets and teacher guidance were 
implemented for students who needed assistance. Some students mastered all concepts 
with little support from the teacher, but others needed extra aid. However, these inter-
ventions proved insufficient in overcoming all students' difficulties. Some difficulties 
the students faced are trying to understand why the graphs of trigonometric functions 
appear like waves. These polar or sinusoidal graphs are compared to the rectangular 
(𝑏𝑏,𝑦𝑦) graphs. The polar coordinate system will use a unit circle with its corresponding 
grid and will specify angles in either degrees or radians. 
At the end of the session a formative quiz was conducted, and the post-session survey 
was administered.                           
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4 Discussion 

The objective of the case study was to evaluate the progression of students' conceptual 
understanding and development following the introduction of the new trigonometry 
learning trajectory. The challenges the students faced in learning trigonometry func-
tions, analyzing their opinions before and after learning the lesson. In this section, we 
provide responses to these questions based on the analysis of the gathered data. 

During the lesson, it was observed that students were able to overcome their fear of 
learning the topic through collaborative activities, though students struggle to grasp 
some concepts, they very well enjoyed relating it to real-world connections, while 
mixed emotions impact their learning in mathematics. The research analyzes the effec-
tiveness of different strategies, such as providing formula sheets, offering tiered assign-
ments, or employing visual aids tailored to diverse learning styles, while exploring how 
differentiation caters to students with varying levels of prior knowledge, learning styles, 
or processing abilities. There was a common question students had regarding the peri-
odicity of trigonometric graph as seen in Figure 1, which was answered by showing the 
students the nature of the graph of trigonometric functions and GeoGebra was used to 
explain the same. A survey was done for the students by the teacher before the teaching 
of the topic of trigonometry, the results are in Table 2 and Table 3. The survey show 
the questions and results of students completing the survey and the percentage of the 
options selected by them.  

As seen in Table 2 and Table 3, we observe that students feel less anxious as the 
lesson progresses. They can think more clearly and as seen that there is an 85% positive 
response where students are not scared of mathematics and 92% believed they were 
good at solving math problems. Their confidence increased in learning advanced math-
ematics. While the instructional approach for trigonometry initially challenged stu-
dents, differentiated instruction tailored to individual needs to effectively reduce their 
anxiety towards the topic. 

Table 2. Results of Survey before Teaching the topic of trigonometry 

Questions.  
Strongly 
Agree.  Agree.  

Neu-
tral.  

Disa-
gree.  

Strongly 
Disagree.

 I get a great deal of sat-
isfaction out of solving a 
mathematics problem. 29% 29% 43% 0% 0% 

 My mind goes blank, and 
I am unable to think 
clearly when working 
with mathematics. 0% 0% 43% 43% 14% 



 

 

 
 

 

  

 

 

64             B. Bhatia and A. Dani

 Mathematics does not 
scare me at all. 14% 29% 29% 29% 0% 

 I am confident that I 
could learn advanced 
mathematics. 57% 14% 29% 0% 0% 

 I would prefer to do an 
assignment in math than 
to write an essay. 29% 29% 14% 0% 29% 

 I would like to avoid tak-
ing mathematics courses 
in college. 14% 14% 29% 0% 43% 

 I am comfortable an-
swering questions in 
math class. 14% 29% 29% 14% 14% 

 I believe I am good at 
solving math problems.  14% 29% 43% 14% 0% 

Table 3. Results of Survey after teaching the topic of trigonometry 

Questions.  
Strongly 
Agree.  Agree.  Neutral.  Disagree.  

Strongly 
Disagree.

 I get a great deal of 
satisfaction out of solv-
ing a mathematics 
problem. 23% 38% 38% 0% 0% 

 My mind goes blank, 
and I am unable to 
think clearly when 
working with mathe-
matics. 0% 15% 31% 38% 15% 

 Mathematics does not 
scare me at all. 23% 23% 38% 15% 0% 



 

 

          65Exploring The Effects of GeoGebra on Student Engagement   

 I am confident that I 
could learn advanced 
mathematics. 46% 46% 8% 0% 0% 

 I would prefer to do an 
assignment in math 
than to write an essay. 23% 15% 38% 8% 15% 

 I would like to avoid 
taking mathematics 
courses in college. 15% 38% 8% 8% 31% 

 I am comfortable an-
swering questions in 
math class. 23% 23% 46% 0% 0% 

 I believe I am good at 
solving math problems.  8% 54% 31% 8% 0% 

A 50-minute trigonometry test, assessing students’ knowledge on basic functions or 
concepts of the curriculum aligned with the model of trigonometric understanding, 
evaluated student comprehension post-instructional sequence. The test included both 
online test of 6 questions and a written test of 4 questions, connecting the concepts of 
trigonometry in a right-angle triangle, verifying identities and expressions. The results 
of the tests shown in Fig. 10 are of which were conducted each week showed that 65% 
of students were able to achieve all learning objectives of the lesson. Even while 35% 
were unable to do so at first, with continuous practice and guidance, they were then 
capable of achieving a better score in their following tests.  

Students are given tests that show their passing percentage results from this they 
have achieved their learning outcomes; attainment of these learning outcomes quantify 
this fact. The results of which show below in Fig. 10 showing the achievement of the 
learning outcomes. 

 



Fig. 10. 65% metry 
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 of students attained the learning outcome the Application of Trigono 

Qualitative analysis was conducted on the data recorded in teacher’s teaching journal 
to address the research questions regarding students' concept development and under-
standing of sine and cosine functions. Students in trigonometry often face a multitude 
of challenges, including grasping abstract concepts like relating angles to ratios, visu-
alizing the unit circle, memorizing trigonometric formulas, and applying their 
knowledge to solve complex problems. 
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5 CONCLUSION 

Research opportunities, and academic success strategies value one-on-one interactions 
with professors who are approachable and supportive. Robnett, Chemers & Zurbriggen 
[30] underline the importance of mentorship and guidance at higher education levels 
for student success in STEM education.  

Technology enhances STEM education by providing students with opportunities for 
enhanced learning experiences, access to resources, hands-on exploration, collaborative 
learning, and preparation for future careers in STEM fields. By leveraging technology 
effectively, educators can engage and empower students to become skilled problem-
solvers, innovators, and lifelong learners in the STEM disciplines.  

The results in Table 3 (survey) and Fig. 10 (tests) suggest that after completing the 
lesson, students felt confident applying the concepts to real-world situations, demon-
strating successful learning outcomes. Utilizing all available resources, including tech-
nology from schools and external websites in student-centered pedagogy is effective in 
STEM education. This integrated learning model helps assess how students leverage 
technology for learning. Transitioning students from knowledge to application is par-
ticularly important. This starts when the learner is becoming an efficient student, doing 
all that they need to do as a responsible student. With the help of the teacher, the 
knowledge is transformed into skills that they can apply within the classroom and form-
ative and summative assessments and the final goal here is to transition the students 
from higher education to becoming a professional, to be able to apply the skills learned 
in real-life. 

There are certain limitations to this study as the sample size for the data set was a 
small number of students. Results from a small sample size cannot be generalized hence 
this would need to be repeated on a different data set and expand the sample size by 
taking student or teacher interviews and setting assignments with more exploration on 
the topic. More research would be done on how student perceive learning topics in 
mathematics while using blended learning method. 
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