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The action research study titled "Use of Digital MathsPad for Improving Geometric
Construction Proficiency in Grade X Students: An Action Research" is carried out to
explore the impact of using one of the digital tool MathsPad to teach geometric
construction for class ten students. The experiment was carried out in one of a public
school of Jhapa District of Nepal with the participation of 30 students studying class
X mathematics as per CDC curriculum. This study was developed from my
experience as a mathematics teacher, whereby I noted some difficulties faced by
students in comprehending geometric construction concepts using conventional
methods of teaching. Difficulties including poor visualization, unconcern, procedural
misunderstanding, and minimal participation required the integration of digital
technology in geometry instruction. This research project was designed under the
interpretive paradigm action research as research methodology. Classroom action was
undertaken using thirty Grade X students, out of which six students were strategically
chosen as key informants from the perspective of their performance as low, medium,
and high performers. Action research involved conducting a process of fifteen days
through two action research cycles with processes of planning, acting, observing, and
reflecting. MathsPad application was used as part of the intervention to engage
students into the learning activity of different geometry constructions such as angle
construction, perpendicular bisectors, triangle constructions, and area equivalent

constructions.



The findings from the study conducted indicated that there was an
improvement in students' engagement, participation, visualization skills, procedure
proficiency, and understanding after applying MathsPad. There were more interest
and confidence among students while conducting geometrical constructions using the
digital approach. It was also revealed that there is a benefit in terms of immediate
feedback and visualization while learning collaboratively, thereby leading to less fear
and confusion among students while learning geometrical concepts. Finally, this
research provided me with an opportunity to reflect on my own practice and learn
from it. The study finds that the usage of technological aids such as digital MathsPad
can be used effectively to teach geometric constructions at secondary level schools. It
is suggested that usage of easy-to-use digital aids in mathematics classrooms can not
only promote effective learning but also motivate students. The results found in this
study may prove useful for educators of mathematics, curriculum designers, teacher
trainers, and educational policy makers who wish to bring about technology

integration in mathematics classrooms.
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CHAPTER I
INTRODUCTION

In this chapter, I present the core of my research study that originated from my
own experience as a math teacher while teaching geometric constructions to Grade X
students. While teaching geometric construction in the classroom, I discovered that
there were many problems among students who failed to understand geometric
concepts, visualize geometric constructions, and perform geometric constructions
with the help of standard geometry tools. Therefore, this chapter presents the
background of the study, my journey as a teacher, the conception of my research
agenda, and the statement of the problem that motivated this action research. It also
outlines the purpose of the study, research questions, significance of the study, and
delimitations of the research. In addition, the chapter highlights the specific
difficulties students encountered while learning geometric construction and explains
why the integration of digital MathsPad tools was considered a meaningful
intervention for improving students’ learning experiences in geometry.

Background of the Study

Study of mathematics without conceptual understanding that is ‘rote learning
is like careless farming’. It was a time when all my friends and I used to practice
mathematical problems more and more often to get good marks in the exam. When
the exam was over, we tend to forget math as well. It was a practice to pass the exam
with good marks, but it was not clear why I was learning mathematics for real-life
scenarios. There were no other alternatives other than my teacher. My school life was
similar to this kind of environment for learning mathematics, which my teacher was
aware of it. Even today, most of the students follow the same path that I did in the
past. In the present context, different pedagogies are shifting the mathematics
teaching and learning progressively. Piaget (1972) said that ‘Knowledge is not a copy
of reality. To know an object is to act on it’. This famous quote supports constructivist
learning, where the students construct knowledge through hands-on activities rather
than just receiving facts from teachers. Soon, I observed that many of my Grade-X
students faced this problem in the concept of geometric construction. After being
aware of the potential advantage of digital MathsPad construction tools, I set out to

prepare this research plan for my action research in the academic year 2024-2025.



It was not like that at all, however, during my early days of learning. As a
child, I was taught mathematics by means of practical activities based on culture,
guided by my parents. I was taught mathematics by my father by counting numbers
through corn seeds and stone pebbles, as well as constructing shapes like the Bagchal
board. Conversely, my mother helped me to understand concepts related to
measurement through traditional measuring instruments like mana and pathi to
measure grain quantity. Such practices enabled me to grasp the concept of
mathematics naturally and sensibly. Nevertheless, once I started going to school, the
fixed pattern of learning in schools, as well as the abstract approach in teaching math,
especially geometry, hindered my understanding of the subject. In grade seven, for
instance, my mathematics teacher taught me how to measure lengths and angles. It
was rather challenging for me to comprehend the lessons because sometimes I failed
to bring my geometry box to school. There was no money to buy one, so I had to wait
until my father brought it from Dharan. By the time I finally got it, I had already been
promoted to Grade Eight, so I could not properly learn lines and angles in Grade
Seven. My friend and I did not even have bags or copies, so we used to walk to school
carrying our books by hand for about one hour from our home. Luckily, United
Nations Children’s Fund (UNICEF) later started providing polyethylene bags along
with one copy each to help us carry and care for our books and copies. My teacher
explained everything on the blackboard using chalk and duster and gave us a task to
measure the angles of a triangle, but I could not perform it due to my unclear
concepts. The teacher did not focus on me and could not manage time to observe
whether I was doing my classwork or not. Due to the lack of a geometry box, I was
also afraid to ask questions about how to measure properly. As a result, my conceptual
understanding could not develop. Gradually, I was promoted to senior classes along
with my classmates without having prior knowledge of geometric construction. In the
same way, when I was in secondary level, similar methods and techniques were
applied in teaching geometric construction. The teacher would show the examples on
the board and I would copy it on my note-book and memories the solution by
practicing many times. I appeared school level final examination without my
conceptual understanding in geometry.

Personal Experience of Becoming an Educator
“You are good in mathematics so you can teach mathematics in our school.

Our mathematics teacher is in study leave for two years. If you are interested let me



know”. A voice of my head teacher. Since I had a strong knowledge base in
mathematics, the head teacher of my school recommended that I could teach
mathematics, especially considering that our mathematics teacher had been on study
leave for two years. When I showed my interest, he suggested that I should talk in
accordance. This story would now be told from the standpoint of my school's head
teacher. Once I finished B.Sc. studies, he suggested that I start teaching mathematics
at our school. At that point, teaching became a need for me. Therefore, I started
teaching mathematics in my school, facing different kinds of challenges such as
insufficient content knowledge, pedagogical knowledge, and lack of technology.

Initially, while I used to give lectures on mathematics, students always asked
about the hardest subjects. Mathematics was one of them. Even after starting teaching
geometric construction to students, many students still faced similar challenges to
those I had before. They did not have a geometry box; however, I suggested that they
buy a box. I decided to study geometry independently by analyzing many examples
available in various textbooks and practicing them repeatedly before I taught the
class. However, one of the challenges in the process of studying geometric
construction remained the fact that I did not have any instrument to use while giving
the lesson. Thereby, I had to give lectures without instruments just by using a chalk
and duster.

Thereupon, one-time senior volunteer teacher Mr. Bob Mackforson, from
United State of America, watched me teach geometric construction in the class and
asked, “Ram sir, why there isn't any teachers' geometric instrument box in our school
to teach the students?" 1 responded that, yes, Bob Sir, we really need one. At that
time, our school did not have a teacher's geometric instrument box due to limited
resources. Mr. Bob Mackforson, who was aware of this issue, decided to arrange the
tools for our school. He came back to our school with a teachers' geometric
instrument after his visit to Kathmandu. After getting this equipment, I started using it
while teaching and this helped my students understand geometry much better. I am
very thankful for the help that our valued volunteer teacher provided. Students,
however, were coming to the class without the geometry box because of affordability
issues or because of the lack of availability of the box in the local market.

From the existing literature, we know that integrating text and pictorial
representations during the reading activity enables knowledge structure formation

(Schnotz et al., 2014). While being very useful, the concept did not fit my situation.



Therefore, while trying to use more than conventional examples, I looked for any
YouTube video on geometric constructions where the MathsPad is used as an
additional instrument in the process of construction. Based on the findings, I started
including this idea of applying MathsPad while teaching geometric constructions.
Now I use MathsPad online construction tool in order to teach geometric
constructions to the students at the secondary level. Students become very enthusiastic
in learning geometric constructions along with using laptop computers, MathsPad,
projectors, and other digital means. From time to time, I also use an interactive panel
board for teaching.

While my experience as a mathematics educator continued, I started a two-
year program called Masters in Education in Mathematics Education at Kathmandu
University. During this program, I became familiar with different methods of teaching
mathematics and classroom technologies. During the first semester, I took the course
Information and Communication Technology (ICT) under the guidance of course
facilitator, Niroj Dahal. He acquainted us with different software and their usage in
mathematics. Thus, it motivated me to include these in my teaching. Moreover, he
introduced me to ICT. As a result, ICT helped me in managing students better during
teaching geometrical constructions and other topics in mathematics. Moreover, |
started using MathsPad to create visual and interactive manipulative for teaching
geometric constructions.

Conception of Research Agenda

On the basis of the general academic concept, I know that geometric
construction is a part of mathematics in school education that is important in
developing skills to be accurate, logical, visual, and spatial. It asks students to create
geometric figures with a ruler, compass and protractor by following systematic and
precise steps. In this modern era, technology has become extremely significant in
many areas such as education. Teaching and learning approaches are also evolving to
facilitate students' understanding of mathematics in the context of the development of
digital tools. While in many public schools in Nepal, there are still challenges if using
technology to make the classroom teaching effective.

My previous experience in Japan was also helpful to gain insight into the role
of mathematics in the real world. In those days my job was to create the inner circular
part of a car in a company. I attempted to do the job but there was a minor error with

the diameter measurement. This oversight caused the product not to meet the standard



and so I lost the job. From this experience I was able to realize that any relatively
small error in measurement or geometric construction can lead to large problems in
quality, safety and professional work. It allowed me to see the importance of accuracy
and proper understanding of geometry in everyday life. I realized that students in
Nepal have so much trouble with geometric constructions in grade 10. On reviewing
student test papers in 2024, I found that students were not able to solve even simple
construction problems. Very few of them answered the questions but most of them
didn’t attempt. This revealed that students did not have a sound knowledge of the
fundamental concepts. Students told me that they were not interested in geometry.
Even among good students, some said they were not well-versed in topics of
construction in the beginning. From this I realized that it was not merely the effort of
the students, but also the classroom methodology that was the issue.

I felt this made me think about my own teaching practice. I found that it was
not sufficient to only use traditional teaching methods to help students to understand
the geometric construction clearly. So, I began to think about new approaches for
teaching geometric construction topic, using digital MathsPad devices. Based on this,
I decided to do the action research study to enhance students' skills in geometric
construction with the use of MathsPad tool. I feel that technology can be beneficial in
the classroom for students to understand, see pictures of what they are learning, and
help them to be more interested in learning mathematics. By improving students’
geometric construction proficiency, this study aims to contribute not only to their
academic achievement but also to the development of practical skills that may support
their future educational and professional success in their real life.

Statement of Problem

Currently, in Nepal, the topic of geometric construction in public schools is
still learned using the conventional approach to instruction. Typically, geometry
lessons integrate board work with textbooks, and students widely use conventional
instruments, including a ruler, compass, and protractor. While the concept of learning
by doing is the focus of the curriculum, teacher-centered classroom instruction fails to
incorporate any technology-related aspects. As a result, many students encounter
difficulties in understanding the procedure of geometric construction. As a secondary
mathematics teacher, I noticed that most grade X students struggled with geometric
construction after several examples were given to them. Many learners seemed to

remember geometric constructions through repetition but failed to understand the



logic behind this process. Additionally, even though verbal explanations were offered,
many students remained puzzled, unable to understand what was done in the
drawings. In particular, there was no way for students located at the back of the
classroom to see the demonstrative materials. Moreover, several students lacked
necessary instruments, which contributed to the loss of motivation for geometry
studies. The observation also showed that many students felt uncomfortable about
performing geometric constructions because they did not receive adequate guidance
or interactions. Conversations with SEE test-takers proved that students perceived
geometry problems as difficult, and some even failed to complete them because of
omitting questions. Reviewing SEE mathematics answer papers made me conclude
that many students do not master the concepts of geometric construction. For instance,
existing literature reveals how numerous students put much emphasis on
memorization and neglect other aspects of geometric construction (Aphrodite & Rita,
2021; Sam-Kayode, 2025). At the same time, Chavula and Nkhata (2019) claim that
the use of teacher-centered strategies leads to poor geometry skills.

During my instructional practice, I realized that the lack of appropriate
opportunities leads to the difficulties associated with visualizing, exploring,
interacting with material, and getting instant feedback from teachers. The problems
mentioned above foster a negative image of geometry as an abstract and complicated
subject, which motivates me to try to apply the digital MathsPad tool to teach students
how to construct geometric figures. The implementation of visual tools increases the
level of engagement and interest in the discussed area. Personal experiences with
mathematics are another example of how traditional learning techniques can be
ineffective. For example, once I faced a similar challenge helping my daughter with a
geometry lesson. However, digital technologies, particularly the MathsPad
application, are key to enhancing geometrical education since they enable one to
visualize geometric forms and make geometrical education participatory and
conceptual. Nevertheless, Nepal is faced with the challenge of providing sufficient
ICT resources, infrastructure, and professional development for teachers, especially in
rural and underprivileged schools (Rana et al., 2021). Therefore, I am interested in
researching. This is why, according to my teaching experience, many students in
Grade X have experienced difficulties in learning geometrical constructions because
of their lack of understanding of geometrical concepts, poor skills of geometrical

construction, and engagement with the learning activity. This was mostly because of



traditional methods of learning that lacked effective participation tools. That is why
this study was conducted to explore the usefulness of integrating MathsPads
technology into teaching geometrical constructions.
Purpose of the Study
The main purpose of this action research was to explore how the use of the
MathsPad application supported Grade X students’ learning of geometric
constructions, particularly their conceptual understanding, motivation, confidence,
and interest in geometry. The study also examined the teacher’s perspective by
reflecting on my own teaching practices, experiences, assumptions, and beliefs about
integrating technology into mathematics teaching. Through this process, I aimed to
understand both the students’ learning experiences and my own professional growth
in using MathsPad to make geometric constructions more meaningful and accessible.
Research Questions
This research explores the use of MathsPad construction tools and aims to
answer the following research questions:
e How does the application of digital MathsPad tools affect the geometric
construction skill of Grade X students?
e What role do digital MathsPad tools play in developing students' conceptual
understanding and interest in geometric construction?
e How did the use of the MathsPad application influence my professional
development and improve my teaching practices in teaching geometric

constructions to Grade X students?

Significance of the Study

The significance of this study lies in its potential to improve students’ learning
experiences and my own professional practice through the integration of the
MathsPad application into the teaching of geometric constructions. For students, the
study aims to support a deeper conceptual understanding of geometric constructions
while improving their practical construction skills, motivation, confidence, and
interest in learning geometry. For me as a teacher-researcher, the study provides an
opportunity to reflect on my teaching practices, identify instructional challenges, and
develop more effective ways of integrating digital technology into mathematics
lessons. The findings may also offer useful insights for other mathematics teachers

who wish to use ICT tools to make geometry teaching more interactive, meaningful,



and student-centered. Furthermore, the study may inform schools, curriculum
developers, and educational policymakers about the opportunities and challenges of
incorporating digital tools into mathematics education. Beyond improving students’
examination performance, this study emphasizes the importance of developing
students’ confidence and ability to apply geometric knowledge in practical situations.
Overall, the study seeks to contribute to both students’ conceptual learning and my
continuing professional development as a mathematics teacher.
Delimitation of the Research Study

This study was limited to one public secondary school in Jhapa District,
Nepal, where I conducted action research with a single section of 30 Grade 10
students. As a teacher-researcher, I focused specifically on the Construction chapter of
the Grade 10 Mathematics curriculum developed by the Curriculum Development
Centre (CDC), Nepal. The study examined how the use of the MathsPad application
supported students’ learning of geometric constructions and how this experience
influenced my own teaching practices. I used MathsPad as the only digital tool in the
study; other digital applications, mathematics topics, and grade levels were not
included. The action research was conducted over a period of 15 days. Therefore, the
findings reflect the learning experiences of the students and my professional
reflections within this particular classroom context and period. They may not
represent the experiences of students in other schools or educational settings.

Chapter Summary

Chapter I introduces the background of my study and explains the experiences
and concerns that motivated me to conduct this action research. As a mathematics
teacher, I observed that many Grade 10 students experienced difficulties in
understanding and performing geometric constructions through conventional teaching
methods. These classroom experiences encouraged me to explore how the MathsPad
application could support students in learning geometric constructions more
meaningfully. This chapter presents the research problem, the purpose of the study,
and the research questions focusing on students’ learning experiences and my own
professional development as a teacher-researcher. It also explains the significance of
the study for students, mathematics teachers, schools, and other stakeholders
interested in integrating digital technology into mathematics education. Finally, the
chapter outlines the delimitations of the study, including the school context, the

participating students, the selected mathematics topic, the use of the MathsPad



application, and the 15-day period of action research. Overall, this chapter establishes
the foundation for understanding why I undertook the study, what I intended to

explore, and how the research was focused.
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CHAPTER II
LITERATURE REVIEW

In this chapter, I have reviewed the relevant literature that provides a
conceptual, theoretical, and empirical foundation for my study. This includes brief
reviews of literature regarding the problems faced by teachers and students during the
teaching and learning of Construction using MathsPad. Through this literature review,
a conceptual framework was developed to contextualize the present study in light of
current scholarship. The first section explores the general aspects of the teaching and
learning of geometric constructions in secondary school mathematics curricula based
on the curriculum developed by CDC, Nepal. The second section delves into the
issues pertaining to technology integration in mathematics education with a view to
examining how the use of ICT can be employed to overcome some difficulties
encountered by secondary-level students in constructing geometrical figures. Thirdly,
constructivist perspectives on learning and instruction in the field of mathematics will
be explored. Lastly, past works in digital technology-based geometric constructions
were reviewed. These include studies that employed MathsPad, a dynamic geometry
software application, for the teaching and learning of geometric constructions. This
chapter serves as a means to develop a theoretical framework which can be used by
both researchers and educators to understand how the use of technology can enhance
learning processes, thus giving rationale for classroom practitioners to apply their
knowledge in practice in a meaningful way. To have a clearer understanding of theory
in practice, a report of the 15-day intervention to investigate the impact of utilizing
technology will be presented in the following chapter.

Thematic Review

This part outlines the key themes that served as the framework for the current
research titled, "Use of Digital MathsPad Tools for Improving Geometric
Construction Proficiency in Grade X Students: An Action Research" The purpose of
the thematic review is to establish the theoretical foundation of how digital MathsPad
technologies can facilitate improvement in students' geometric construction skills as
well as highlight the factors that can contribute to the successful implementation of

the 15-day intervention in this study.
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Technology Integration in Mathematics Education

Technology has made a great impact on teaching and learning in the
classrooms all over the globe. It provides various ways for the students to engage in
the learning activities and also helps teachers to create more interactive classroom
environments. In mathematics education, technology is particularly useful in
illustrating, investigating and solving mathematical problems as it makes abstract
concepts more visible and easier for students to study. According to Zulnaidi et al.
(2020) using technology can create a meaningful experience in the classroom by
involving the students in an active role while developing their understanding of
mathematics.

Digital technology plays a special role in the study of geometry since learning
geometry involves students having to visualize figures, construct geometric objects
and understand the relationships between them. In dynamic digital environments
students are able to create and alter points, lines, angles and geometric shapes while
seeing how a change in one part of a figure influences the other parts. These kinds of
activities can assist students in exploring geometric relationships and in forming their
own conjectures (Danesi, 2016). Likewise, Giinster and Weigand (2020) stressed the
importance of interactive learning environments in enabling students to work with
mathematical ideas by means of purposeful tasks rather than relying solely on static
diagrams. By means of such activity’s students can link what they see on the screen
with the relevant mathematical concepts and thus may come to have a deeper
understanding of geometry.

The presence of digital resources in a classroom does not ensure effective
technology-based learning; the use of technology is heavily reliant on the teachers’
knowledge, skills, confidence and pedagogical choices, as well as on the teaching and
learning conditions within the school. Research on technology integration suggests
that teachers’ technological and pedagogical knowledge and their willingness to use
digital resources appropriately in the classroom are important (Knezek & Christensen,
2016). In Nepal too, the introduction of digital technology into schools is hindered by
a number of practical difficulties, including insufficient ICT infrastructure, unequal
access to digital resources, an unreliable electricity supply, poor internet connectivity,
and a lack of opportunities for professional development (Ministry of Education,

Science and Technology [MoEST], 2022; Rana et al., 2021).
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The educational value of a digital mathematics tool such as MathsPad cannot
be judged merely by the fact that the technology is available. Rather, it relies on the
way in which the teacher integrates it into classroom activities, on how the students
are guided in its use, and on whether the school provides an environment conducive to
teaching and learning based on technology. So, to understand how digital technology
can be used to enhance students’ learning of geometrical concepts as well as their
ability to carry out constructions, we need to look at the use of MathsPad in real
classroom practice.

Geometric Construction in Mathematics Learning

Geometric construction is one of the important elements of the mathematics
curriculum that provides a strong basis for further study of engineering, architecture,
design, and other disciplines. Geometric constructions involve the creation of figures
such as lines, angles, triangles, circles, and polygons in accordance with mathematical
principles. Geometric constructions foster the development of students' logical skills,
spatial visualization, accuracy, and problem-solving capabilities (Hoyles & Noss,
2008; Sullivan & Heffernan, 2016). Construction with geometric instruments is one of
the widely used approaches to geometric constructions. However, although geometric
construction is extremely important for mathematics education, it may be quite
complicated since not all students are able to construct figures precisely and learn
mathematical concepts underlying geometric constructions. To achieve positive
results, students need to know why particular actions should be performed.

Another important aspect that should be considered in the process of
introducing geometric construction in mathematics is the potential use of digital
technologies. Software such as MathsPad can help learners to work with geometric
objects and explore geometrical constructions. Using this program, the student will be
able to determine quickly if his construction is correct and make changes accordingly.
Dahal et al. (2022) found that learning geometry with the help of GeoGebra provided
students with opportunities for dynamic visualization and exploration of geometric
transformations, promoting discovery learning, cooperation, and understanding of
abstract geometric concepts.

Learning with MathsPad Tool

MathsPad is an education software which encourages learning in mathematics

with visual and interactive tools. With this technology students can draw and

manipulate geometric objects, explore mathematical relationships and explore
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geometric ideas dynamically. MathsPad offers opportunities for learners to experience
objects, to get immediate feedback, and to have a better understanding of
mathematical ideas (Hoyles & Noss, 2008; Thurm & Barzel, 2024; Zhang et al.,
2023). Students can present their work freely in constructions and can start working
when it is problematic and continue to work on it until they master it. Furthermore,
through MathsPad, students can manipulate and transform geometric objects and
figures by moving, rotating, enlarging, and decreasing them to deepen their
understanding of geometric transformations and relationships. Danesi (2016) said
these features enable students to comprehend the mathematical concepts more deeply
and to engage in learning.

Finally, this technology promotes the transfer of geometrical construction
skills from the classroom to everyday life. Students can be shown the use of
geometrical figures through activities like designing houses, gardening, designing
logos, designing patterns for buildings etc., which helps them appreciate and
understand the concepts of mathematics and the importance of geometry in life. These
attributes of MathsPad are suitable tools for introducing the constructivism approach
in teaching mathematics in the classroom.

Student Learning, Engagement, and Teacher Pedagogical Transformation

The existing research shows that technology-supported learning environments
play an important role in enhancing the motivation, engagement, and academic
achievements of students. Geometrical concepts may present challenges to students
who need to visualize shapes and understand spatial relations. In this regard,
technology tools like MathsPad help address these challenges and allow students to
overcome them. Firstly, the instantaneous feedback that MathsPad provides enables
students to identify and fix their mistakes instantly. Through MathsPad, there is the
possibility of accommodating all types of learners since it provides visual and hands-
on experience with geometry construction. This might help the students gain
confidence in themselves and actively engage in problem-solving activities involving
geometry. Thus, in my experience, technology-enhanced learning will result in a
better understanding of mathematical concepts and improved geometrical skills. In
addition, the use of technology changes teachers' roles significantly. Teachers no
longer act as intermediaries, but as facilitators to assist learners in exploring and to
facilitate in collaborative processes. Teachers are expected to create stimulating

learning tasks, offer students appropriate scaffolding and encourage students to learn



14

mathematics on their own. Technology supported mathematics learning environments
can provide opportunities to actively involve students in mathematical tasks, explore
ideas, and interact with peers, leading to mathematical understanding (Giinster &
Weigand, 2020). Collaborative activities can also help students organize their thinking
and co-construct mathematical knowledge in a dynamic geometry environment (Doerr
et al., 2021). However, for effective technology integration to occur, teachers must
cultivate technological and pedagogical knowledge and skills to evaluate, select, and
implement technology-aided learning activities and to support learning with
technology (Knezek & Christensen, 2016). Teachers need to gain the appropriate
skills to make effective use of MathsPad and support learning and communication.
Hence, professional development and continuous learning are essential to update their
knowledge and skills. Action research encouraged teachers to implement technology,
analyze outcomes, and plan subsequent steps. The current research follows this
pattern to assess the effectiveness of MathsPad on the geometrical construction of
Grade X students.
Theoretical Foundation Behind the Study

MathsPad is a geometry program that operates digitally, either on computers,
tablets, or any digital device, and is designed to assist in constructing geometrical
figures and shapes. Some of the construction tools available include points, lines, line
segments, circles, arcs, angle construction, angle bisection, line bisection, a measuring
tool, and a dynamic dragging facility. The visualization process will enable students to
have a better grasp of geometric relationships, manipulation of figures, and
verification of constructions, with the added benefit of receiving visual feedback
instantly. Visualization makes it possible for students to have deeper insights into
geometric ideas beyond what is possible through drawing simple static figures on the
board. The choice of MathsPad for this action research is based on its simplicity and
user-friendly interface compared to complicated software like GeoGebra and Desmos,
which have too many features that would confuse students who are beginners in using
such software. In addition to its simplicity, MathsPad enabled Grade X students to
focus on how to perform the construction, understand the geometric relationships, and
learn about the problem-solving process, instead of wasting their time trying to master
difficult technicalities. To carry out and interpret the results of the MathsPad-based

action research intervention, the following theoretical lenses were used.
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Vygotsky’s Constructivist Theory of Learning

Constructivist learning theory regards knowledge as something that learners
build or construct themselves based on their experiences, pre-knowledge and newly
learned knowledge. Learning is not a passive process, but an active one in which
learners construct and deepen their knowledge by engaging actively with learning
experiences. Social constructivism takes this a step further, highlighting that
knowledge is also socially constructed by means of social interaction, dialogue,
collaboration and culturally mediated learning experiences (Saleem et al., 2021).
From the social constructivist perspective, learners typically learn optimally when
they pursue their own goals. In this case, social constructivism can be used in
developing educational settings in which learners participate in learning-related
activities, explore new things through experience, and collaborate to gain a full
understanding of concepts. In mathematics learning, particularly in geometric
construction, the use of digital tools such as MathsPad can support social-
constructivist learning by providing opportunities for students to explore geometric
relationships, discuss their observations, collaborate with peers, and construct
mathematical understanding with appropriate teacher guidance (Olive et al., 2010). In
this regard, social constructivism suggests viewing students as active knowledge
creators but not just as receivers of knowledge. The roles of educators in such a class
become those of facilitators rather than those of centralized figures. Humans are
social creatures who must adapt themselves to a changing society. According to
Vygotsky (1978), social interaction plays a crucial part in the cognitive development
of children. Therefore, the theory of social constructivism corresponds to the problem
of the study, as the latter is related to the issue of geometric construction in terms of
the use of the MathsPad digital tool. To meet modern requirements of education in the
era of digitalization, scaffolding becomes significant as learners' knowledge is being
actively constructed. From the constructivist point of view, adults, or so-called more
knowledgeable others, act as the main sources of knowledge among learners. This
understanding of teaching provides scaffolding that learners receive in the ZPD.

The current study aimed to examine how MathsPad can be used as scaffolding
to facilitate learners' geometric construction. An element of the theory is the concept
of Zone of Proximal Development (ZPD). It is defined as the difference where
learners can work independently versus with help. From this idea, Anghileri (2006)

made the assertion that successful mathematical instruction happens when scaffolding
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is provided by the teacher and slowly is removed as the students become
knowledgeable and more independent. Scaffolding, Margolis (2020) says, is the
teacher’s dimension of everyday teaching that when combined with cooperation,
prompts students to advance above their current levels of understanding. Recently, Li
et al. (2024) demonstrated that with the combination of visual resources to teacher
scaffolding, and cooperation, remarkable progress in the mathematical understanding
and thinking of learners is shown. All the above-mentioned theoretical perspectives
influenced my action research significantly; thus, I used MathsPad as a scaffold for
Grade X learners in order to encourage them to learn to construct geometric figures
using dynamic visualization, teacher-guided work, instant feedback, and classroom
collaboration. Gradually, as learners became more experienced in constructing the
geometric figures, my assistance decreased.
Critical Pedagogy: Paulo Freire’s Perspective

Critical pedagogy, as developed by Paulo Freire (1970), provides an additional
theoretical perspective for understanding teaching and learning in this action research.
Freire criticized the traditional “banking” model of education, in which teachers are
treated as the primary source of knowledge and students are expected to receive and
memories information passively. Instead, he emphasized dialogical, problem-posing
education that encourages learners to question, reflect, participate, and develop
critical awareness of their experiences. In the context of teaching geometric
constructions using the MathsPad application, this perspective encouraged me to
move beyond simply demonstrating construction procedures and asking students to
follow them. Rather, I aimed to involve students in exploring geometric relationships,
asking questions, explaining their reasoning, discussing ideas with their peers, and
reflecting on their learning. It also encouraged me, as a teacher-researcher, to examine
my own assumptions and classroom practices and to recognize students as active
participants in the learning process. Freire’s concept of praxis, which connects critical
reflection with action, is particularly relevant to action research because it highlights
the importance of reflecting on teaching experiences and using those reflections to
improve classroom practice (Freire, 1970). Thus, critical pedagogy complements the
study by emphasizing student participation, dialogue, critical reflection, and the

continuous improvement of teaching and learning.
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Empirical Review

The review of empirical literature is quite significant for me, since it has
helped me to find out which issues have already been discussed and which require
further research. There are a lot of studies dedicated to the usage of computer-based
programs to help students learn geometry and other branches of math better. Most of
them have examined the application of popular software like GeoGebra and Desmos,
but there is only little information on using MathsPad to teach geometric construction
to secondary school students. It became my motivation for doing this research. From
the review of literature, it is evident that the use of digital technologies in the existing
body of research positively affects the way learners comprehend geometry using
visualization and interaction. I learned that according to the results found by Thurm
and Barzel (2024) that digital technologies can be used to learn interactively with
visualization in math. Similarly, according to Zhang et al. (2023) and Awaji et al.
(2025), dynamic geometry software should be used to develop the understanding of
notions such as congruence, symmetry, transformation and relations. Further, Gurmua
et al. (2024) and Koirala and Bhatta (2023) investigated the effect of ICT on geometry
performance and engagement. In addition, the application of technology, as concluded
by Acharya (2025), can develop the ability to visualize and have spatial senses in the
learning process.

In addition, based on my study of the literature, it can be seen that utilizing
digital tools in learning activities also results in positive impacts concerning students'
performance. According to Walter (2024), the use of digital technologies in teaching
mathematics enables learners to understand the concepts of mathematics through
visualization, experiments, and experiential learning. According to Kumar et al.
(2023) and Singh and Sharma (2024), the interactive geometry software has a positive
impact on learning. Further, Shrestha (2025) reported that the use of ICT learning
resource enhanced the students' interest and minimized the errors which occurred due
to the provision of timely feedback. Motivation and engagement of students have
been investigated in great deal in the literature too. Ramzan et al. (2023) found that in
the context of the interactive involvement of technology, learners are more motivated
and cooperative in math classes. The learning experience of being involved with ICT
also included active participation in the learning process of students as noted by Ali et

al. (2024) and Bhandari and Koirala (2025). ICT based learning not only removes fear
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from mathematics but also enhances the learners' confidence, as Sharma (2024)
asserts.

Studies conducted empirically have also indicated the positive impact of
digital technology on the development of the cognitive abilities of students. Hoyles
and Noss (2008) suggested that dynamic geometry environments play an important
role in fostering conceptual growth among students since they help learners explore
and manipulate the various geometric relationships. The most recent studies by Zhang
et al. (2023) and Li and Wang (2024) suggest that under similar environmental
conditions, logical and problem-solving skills and a spatial geometry orientation are
developed. The findings made by Shrestha and Adhikari (2025) indicate that the use
of digital technology supports the ability of students to think reflectively about the
relationships between geometric shapes. A third highly important finding in this study
of literature indicated that there is an extremely crucial role for teachers in the process
of integrating technology. Drijvers and Sinclair (2024) argued that technology will not
be a lever for change unless it is accompanied by appropriate teaching and facilitation.
Even though there are several references in the existing literature about the
effectiveness of digital technologies in teaching geometry, all the references found
were about GeoGebra, Desmos, and other frequently explored technological tools. 1
hardly found literature on MathsPad and its use in geometric construction, more
specifically for Grade X students. There is an identified gap in this regard, which
needs to be filled using this action research, as it will help explore students'
experiences, engagement, knowledge construction, and confidence while learning
geometric construction using the simple technological tool called MathsPad.

Research Gap

Studies in recent years have confirmed that the use of digital tools, including
GeoGebra, has helped improve the understanding, spatial abilities, visualization skills,
and geometrical achievements of the students (Awaji et al., 2025; Gurmua et al., 2024;
Thurm & Barzel, 2024; Zhang et al., 2023). Likewise, some studies have also found
that technological environments improve the engagement, confidence, and motivation
of students when learning mathematics (Ali et al., 2024; Ramzan et al., 2023; Sharma,
2024). In addition to this, some researchers have stressed that there is an important
role of teachers in the integration of technology (Drijvers & Sinclair, 2024; Sharma et
al., 2025). Nevertheless, despite their invaluable contributions to knowledge, the

current literature seems to be dominated by studies on GeoGebra, Desmos, and other
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dynamic mathematics software. There is very scarce empirical evidence on the
application of MathsPad as a digital tool for geometric constructions in teaching at the
secondary school level. Also, a very limited number of studies exist that focus on the
ways a relatively easy-to-use digital tool can help students understand conceptually,
engage in, and build up confidence while learning geometric constructions. This
aspect is particularly important because many schools in Nepal continue to face
challenges related to ICT infrastructure, teachers’ ICT training, and the integration of
technology into classroom instruction. Evidence indicates that opportunities for ICT-
related teacher training remain limited, while traditional approaches to teaching
continue to be prevalent in many schools (Rana et al., 2021). Thus, classroom-based
action research is needed that would investigate the use of digital tools like MathsPad
in teaching practices. For this reason, the present study has been conducted to
examine how the use of MathsPad helped students of Grade X learn geometric
constructions and how it benefited my teaching practice as well.
Chapter Summary

This chapter analyzed literature that is pertinent to my action research on the
use of digital MathsPad tool for the development of geometric construction skill
among Grade X students. It started by examining the significance of geometric
construction in mathematics teaching and the increasing trend of using digital
technology in order to promote students' conceptual knowledge, visualization skills,
and problem-solving abilities. Following this, it discussed the theoretical
underpinning of the study based on the Social Constructivist Theory of Lev Vygotsky
and the theory of Zone of Proximal Development (ZPD) and scaffolding. It is
pertinent to state that the chapter also reviewed the empirical literature regarding the
role of digital technology integration in geometry education in terms of its effect on
the students’ conceptual understanding, engagement, cognitive growth, and teachers’
mediation in technology-based learning. The literature review made it evident that the
majority of the existing research is concerned with the software like GeoGebra and
Desmos; however, there is hardly any research conducted regarding the use of
MathsPad software in education, especially in relation to the teaching of geometric
construction in secondary schools. The research gap found on the basis of this

literature served as the reason for this action research.
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CHAPTER IlI
ROADMAP OF MY RESEARCH

In this chapter, the overall design of the research, together with the
methodological framework employed in this action research to enhance the skills of
geometric construction among Grade X students using digital MathsPad software, was
discussed. The chapter starts by discussing the philosophical assumptions used for
conducting the research, where the major one is the constructivist assumption on the
creation of knowledge through learners' experiences, interactions, and reflections. As
per the philosophy, I carried out the research using the interpretivist research
paradigm, where I was able to examine students' experiences and my own practice by
including MathsPad in geometric construction teaching. The chapter continues with
an overview of the general methodology used in this research. Reasons behind
choosing the action research method are provided to explain why this is the best
method that can be used to analyze and improve my classroom practice. The chapter
goes on to provide details about the research design, the research site and participants,
the sampling technique, the intervention process, and the two action research cycles
conducted within fifteen days. The chapter provides information on the methods used
for data collection, the data analysis and interpretation process, trustworthiness of the
study, and ethical considerations. This research is based on the qualitative action
research approach, where I, the researcher, conducted an in-depth planning,
implementation, observation, and reflection of my classroom teaching-learning
experience within the natural classroom context. Therefore, this chapter aims to
discuss and detail the process of conducting the research during the period of 15 days
while conducting the "Construction" module based on the curriculum of Grade X.
This chapter is divided into different sub-sections. First, the research design of this
study was presented along with an explanation of why action research is best in
solving problems arising from mathematics classroom experiences. Second, a
description of the research context which included a discussion of the chosen
community school, Grade X students, and the classroom context. Third, there was a
detail on the participants of the research as well as on how the students learned the
geometric construction with the help of the MathsPad. Moreover, the use of MathsPad

for the development of stepwise instruction was explained as an integral part of the
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intervention process. Lastly, there was a discussion regarding the data analysis
strategy, including both qualitative data interpretation and quantitative comparisons.
Overall, this chapter gives insight into how the research was actually carried out. This
looks at how the researcher acted as a facilitator and how he or she used reflection and
feedback to adapt his or her teaching practices, while using MathsPad technologies to
construct geometry.
Philosophical Assumptions for My Research

This research on the use of digital MathsPad to enhance the construction skills
of Grade X students was guided by three philosophical assumptions; ontology,
epistemology, and axiology, which shaped my understanding of reality in the research
context, the construction of knowledge, and the significance of this study.
Ontology

For me, as both researcher and educator, classroom experience is neither
singular nor constant. It is multiple, and it results from the varied experiences that
students undergo as they learn. Geometric construction can provide students with
varied learning experiences, ranging from relatively straightforward to more
challenging tasks, depending on their interaction with digital tools such as MathsPad
(Olive et al., 2010). I believe that learning mathematics is not about getting the right
answers. It requires student experience, building, and skill development in the
classroom.
Epistemology

Based on my findings, learners gain knowledge through interacting with the
facilitator and using the MathsPad program. According to the constructivist approach,
it is difficult for students to grasp the concept of geometry by observing or listening to
passive teaching, students need to have opportunities to actively experience the
learning of geometry, explore the relationship between geometry problems, construct
the representation of geometry, and reflect on the construction process. (Anthony,
1996; Vitale et al., 2014). In order to learn geometry effectively, there should be some
construction involved, during which learners have to imagine figures, make
experiments, correct their mistakes, and receive timely feedback from the software
program. The process of learning involves such activities as dragging, construction,

transformation, and reflection on the geometrical figures using MathsPad.
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Axiology

This inquiry has a significant value base in relation to me being both the
instructor and the researcher. The way I design my lessons, use MathsPad software,
and evaluate my learners’ responses is influenced by my personal values, beliefs, and
instructional objectives (Speer, 2005; Stipek et al., 2001). Recognizing this influence
is important because teachers’ beliefs about mathematics teaching and learning can
shape their instructional decisions and classroom practices. In particular, I am
convinced that any study process should have students at its heart and provide an
equal opportunity for all students to participate in the investigation of geometric
shapes. Therefore, while evaluating the extent to which my students improve, I seek
to increase their engagement during the process. Thus, while studying how my
students acquired knowledge about geometric constructions through MathsPad, I was
also trying to improve their involvement, participation, and learning process in the
classroom environment since, according to Vygotsky (1978), knowledge is actively
constructed through interaction and reflection.

Research Paradigm

The paradigm that underpins my research is interpretivism, and it is suitable
for studying the manner in which Grade ten students develop meanings while learning
geometric construction using a digital MathsPad. A research paradigm can be defined
as a group of views, assumptions, and approaches employed in a study to design the
research and interpret its findings. Interpretivism was chosen in my study because it
deals with actual situations in class, the learning process, and the learners' perception
of geometry through technology. In the interpretivist paradigm, the process of
knowledge acquisition is considered socially constructed. This means that knowledge
is generated by interactions between the teacher, learners, and teaching materials in a
particular setting. In my study, such interaction occurred during mathematics classes
involving the use of MathsPad for constructing, viewing, and manipulating geometric
shapes. In addition, contemporary works in Mathematics Education stress that
learning geometry should be made more purposeful by having the learners interact
with digital platforms that facilitate exploration, reflection, and conversation rather
than rote memorization (Drijvers & Sinclair, 2024; Thurm & Barzel, 2024).
Interpretivism provided me with an opportunity to analyze in great detail the way
students reacted to the activities using MathsPad technology, how they gradually

grasped the construction process, and became more confident and motivated while
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completing the assignment. In this regard, the interpretivist approach does not view
the process of acquiring knowledge as an established product but rather as an activity
whose meaning is created in interaction. Moreover, I was able to reflect on my
teaching practices as [ was facilitating students to perform the tasks on constructing
figures using the MathsPad technology.

Action Research as Research Approach

The reason for selecting action research as the primary research methodology
was its relevance to my role as a teacher-researcher and its potential to support the
improvement of my professional practice while simultaneously investigating students’
learning (Mertler, 2020). Action research enables teachers to systematically examine
their own classroom practices, reflect on evidence generated through the inquiry, and
make informed changes to improve teaching and learning (Kemmis, 2009; Mertler,
2020). Given that this study aimed to improve Grade X students’ skills in constructing
geometrical figures through the use of MathsPad, action research was considered
appropriate because it is practical, context-sensitive, and directly connected to
classroom practice and improvement (Mertler, 2020; Sagor, 2000). For my research,
two cycles of action research were done. In the first cycle, I identified the major
problems experienced by the learners in their construction activity, including
inaccuracy, problems with the process itself, and poor involvement. Then, from the
results of the identification process, I created lesson plans incorporating the MathsPad
game based on the topic of “Construction” in class ten. In each of the lessons, there
were lesson plans including the objectives, digital constructions of geometry,
demonstration by the teacher, learner’s activity with the MathsPad, and some
reflective exercises.

Following reflection on the first cycle, I identified several areas that required
improvement, including providing clearer instructions, demonstrating geometric
construction procedures more carefully, and allowing students more time to practice
using the MathsPad application. During the first cycle, I taught the basic concepts and
procedures of geometric constructions in the Grade 10 Mathematics curriculum,
beginning with foundational concepts where necessary and gradually progressing to
the prescribed construction tasks. I used MathsPad to demonstrate construction
procedures, guide students through the construction process, and provide
opportunities for them to practice the tasks individually and collaboratively. My

teaching also involved explaining construction steps, observing students as they
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worked, responding to their difficulties, and encouraging them to develop their
understanding through practical activities. After completing the first cycle, I reviewed
the evidence collected through pre-tests, post-tests, classroom observations, student
interviews, and my reflective journal to identify students’ learning difficulties and
evaluate the strengths and limitations of the intervention. Based on this reflection, I
revised the lesson plans and teaching strategies for the second cycle by clarifying
instructions, providing additional demonstrations, and increasing opportunities for
guided and independent practice with MathsPad. I then implemented the revised
lessons to examine how these changes supported students’ engagement, confidence,
conceptual understanding, and ability to perform geometric constructions. This
iterative process of planning, acting, observing, and reflecting enabled me to respond
to students’ learning needs while critically examining and improving my own
teaching practices as a teacher-researcher.
Research Site and Participants

The experiment was performed on one section of Grade X in a model public
school in Birtamod Municipality of Jhapa district, Nepal. A total of 30 participants
were involved in the classroom activity during the 15 days of action research. As the
activity was done with the whole class, all the participants had an equal chance to get
involved in the MathsPad-based learning activity. Before beginning the intervention, |
assessed the pre-test performance, class participation, and past performance in the
geometric construction of the learners in order to determine the learning needs. From
the assessments conducted, I grouped the learners into three general learning
categories, namely high-performing, average-performing, and poor-performing
learners. The grouping helped in planning classroom assistance, promoting peer
learning, and assessing the progress of the learners during the action research cycles.
Whereas all 30 students took part in the intervention activity, six of them were
selectively chosen to be the key participants for further qualitative analysis. This
selection was done using the theory of maximum variation sampling, where two
students were selected from each learning group — high, average, and poor
performers. The participants were chosen because they possessed varied learning
skills, class participation, as well as reactions towards MathsPad exercises. Moreover,
they agreed to take part in interviews and disclose their learning experience. The
choice of the six key participants has been made with consideration of the time

limitation of the project too. It was impossible to conduct detailed interviews, write
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reflective notes, and analyze the experiences of all 30 students during only 15 days of
the action research period. Thus, by choosing six key participants, I managed to
gather in-depth information, which is at the same time comprehensive and covers a
wide range of experiences of learners of various academic levels. The profiles of the
six key participants are provided below.

Saanvi

Sanvi is one of the innovative and encouraging students showing excellence in
performance in grade X. Based on my observation, she is proficient in both the
compulsory and optional mathematics subjects. Additionally, she is committed to
participating in extra-curricular activities offered by the school. According to her
peers, Sanvi is a collaborative group member. From our interaction, I obtained
information about her family background and home environment. Few years ago, she
lost her mother as a result of the COVID-19 pandemic in Delhi, India. She then
moved to Nepal with her father together with other family members and enrolled in
the school. Currently, she has been enrolled in this school since grade eight. In the
course of the interview, it came out clearly that Sanvi is knowledgeable about
mathematics and human beings. When asked, “Have you experienced any challenges
in your studies following the death of your mother?” she smiled and replied, “It
happened unexpectedly, but I can manage to learn, knowing that this is part of
nature.” She further explained that she enjoyed the geometric-construction classes
more than her previous classes and found that using manipulative materials,
particularly MathsPad, made geometric construction easier to understand.

According to her views, "Even those learners who had some initial doubts
showed confidence after watching the demonstration. It was challenging, yet fun
because we could finally master it. Using the MathsPad was indeed revolutionary."
Through the interview, I learned how relevant and limited my action research on
teaching geometric construction and importance of peer collaboration could be. Sanvi
showed high participation in the action research process and contributed new ideas
and techniques. She gave insights regarding action research process and experience in
relation to study of reasonable achievement among children. She explained that step-
by-step learning is a rewarding technique in understanding new concepts and
knowledge.

Saanvi is one of the most energetic students in class. Looking at her past

performance and current success in studies, she is a brilliant and hardworking student
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in class. She explains her background as follows “I am brought up in a learning
family with skills such as financial decision-making, schedule management, and
logical organizing ability." According to Saanvi, digital learning has helped her learn
more compared to manual learning techniques. As stated earlier, the use of a
MathsPad helped her to visualize mathematics concepts. She explained how this
technology has facilitated a realistic and interesting learning experience in
mathematics.

Prajwal

Prajwal is a straightforward member of my action research team. He always
helped in setting up projectors and other necessary machines for classroom lessons.
He has been in this school since he was in grade eight. In the interview, he said:

My parents have always been encouraging towards me in all phases of my

learning process. They are always motivating me to study, and they believe

that mathematics is not only a subject but a useful skill which can lead to
many prospects.

He also pointed out that his parents motivated him to study hard and to be
curious. According to him, he is inclined to learn more about practicing mathematics.
To be specific, he said that among all topics in mathematics, geometric construction
with a MathsPad is one of the favorite instructional units. Asked why, he explained
that watching the demonstration of geometric constructions using the MathsPad
makes him confident in carrying out the construction process. This is because
visualization and active participation make him understand concepts well. Therefore,
he is confident due to visualization and classroom interaction during the geometric
construction process. He explained further, "Mathematics is one of the most important
subjects that help us understand the patterns and structures in the world we live in."
Samita

Samita is one of the excellent students in the class who is very hard working.
She was able to share her perspective and experiences of the whole process of
learning through technology. Her parents were both literate people but not rich. They
were humble, hardworking and satisfied with what they had. Their dream was to see
her successful in life and they did whatever necessary to give her proper education. As
she shared her experience with the researcher, she said that her parents were working
hard to get her proper education and they admitted her in Mahendra Ratna Secondary
School as they found it to be the best for her. The existing belief is that there have
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been certain issues faced by both the students and teachers in some community
schools when it comes to attendance and quality teaching/learning process.

In addition, the ability of a student to figure out the right learning techniques
for himself is itself a personal achievement. It means self-realization and self-
responsibility. Both these qualities should be encouraged in every child and every
student. Speaking about her future plans, she said:

My family members have been supporting me from every step of my life so far.

With their love, guidance and motivation, I will do my best and will keep my

hope alive. My future dream is to do some good studies in order to make them

proud someday.

From this statement, it was clear that she would like to fulfill their parents'
dreams. This helped to increase the motivation of the researcher to help her through
action research.

Prashant

In this story, Prashant, an individual from Birtamode-3, Jhapa, talked about his
personal journey in the processes of learning and development with the use of digital
technologies. According to his own self-description, Prashant is a student who had a
negative attitude towards academic subjects initially, which was strongly connected
with his personal fears and insecurities. Being a comparatively rich person of a middle
class, who could afford to get everything, he felt envious towards those peers, whose
financial status was more stable than his. Speaking precisely, he said: "I am jealous of
my other rich friends." Although such kind of experiences is not unique in students'
life journeys, the key issue remains how one will cope with all difficulties and what
will happen under the influence of surrounding circumstances. There is a crucial
moment in Prashant's biography. Having studied at Funmin Boarding School before,
he attended Mahendra Ratna School, where he met me and I helped him to overcome
some obstacles, connected with the subject, and showed him the light at the end of the
tunnel Previously, Prashant had a problem in solving complicated tasks and being
embarrassed by the achievements of other students, while now he can easily find the
solution to any issue. Thanks to that teacher, Prashant started using the MathsPad tool,
which showed him how successful could be cooperation of learning, technologies,
and fun. Such approach helped Prashant not only improve his mathematical skills but

learn how to communicate.
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Ashiwini

Ashiwini is an ambitious learner, supervised by me who has a passion for
studying. The learner has suffered from health challenges that have at times interfered
with her studies. Despite her current status, she is still a bright and competent learner.
She said, “I am always ready to learn new things no matter how I feel.” It has not
been easy for her academically due to her status. Nevertheless, her persistence is
notable. She expressed herself saying, “Through such a technology, it will be easier
for me to acquire the new thoughts and teachings of the class even if [ am not present
in the classroom.” This was one of the best developments that could help her succeed
in her education. Ashiwini had much ambition, which surpassed the normal; she never
gave up despite the difficulties and instead worked hard, an attribute not seen in many
learners.
Neha

Neha is a good learner who does everything well with full concentration and
dedication. She executes her tasks excellently and also undertakes lots of studies, but
she finds it difficult to solve mathematics. She said among all subjects, mathematics is
especially difficult since of its concepts. Previously she failed to solve most of the
mathematics problems due to poor concept and knowledge base. In some instances,
she wanted the mathematics program removed from school curriculum. After
encountering challenges with geometric constructions, her frustration eased when she
was introduced to construction software tools on MathsPad. After learning through the
software, she had a great surprise of her perspective where the concept became easier
to understand and the problems became easier to solve. She recommends the
provision of the software to all learners in order to get a clearer result just like she did.
The quote, “nothing is difficult, you only need a new angle”, is evident in Neha's
case. In my experience sometimes students tend to get bored and frustrated while
doing the same thing using the same technique repeatedly from grade to grade.
Therefore, instructors must change their approaches to suit different timeframes and
trends.

Tools and Techniques Used for Data Collection

To gather comprehensive and varied information about the intervention and to
develop a richer understanding of students’ learning experiences, multiple qualitative
data collection methods were employed, including interviews, classroom

observations, reflective journals, and students’ written work. Using multiple sources



29

of qualitative evidence can provide complementary perspectives on a phenomenon
and strengthen the credibility of the findings through triangulation (Creswell & Poth,
2018; Merriam & Tisdell, 2016). Data have been gathered from various sources,
which include the six important respondents, class observation, reflective journal,
samples of students' work, pictures, and video recording. Also, semi-structured
interviews have been done with the chosen students while informal discussion
sessions have been held with mathematics teachers. In order to check the students'
improvement, work samples and measures of performance were collected before and
after implementing MathsPad. In collecting data, as per the intervention procedure,
some time was spent on interviews with key participant students through semi-
structured questionnaires. Below is the description of tools used in the process.
Reflective Journal

In the process of conducting research, I maintained a reflective journal to
capture my reflections after each lesson based on the good things about the lessons
conducted, students’ challenges, and how the students responded to the MathsPad
exercise. The journal served as an essential resource that facilitated further analysis
and improvement in future instructions.
Photographs and Videos

To see how the learners learned in class, it was necessary to capture
photographs and videos during the MathsPad activity in which students created
geometrical figures, discussed among peers, and corrected themselves. The process
made possible the evaluation of classroom processes and reflections regarding how
the application should be used. The ethical issue that had to be considered included
seeking authorization from the school management and permission from the students
to capture their pictures and video recordings.
Field Notes

The collection of data about students' behavior and participation in the process
was crucial for action research because it was necessary to record difficulties arising
from the work with MathsPad and students' level of understanding. Thus, dynamic
data obtained through observations helped to achieve study goals.
Samples of Student Work

In order to illustrate the effect of the implemented intervention, I documented
samples of students' traditional drawings and works made with the help of MathsPad.

In addition, I documented the results of the pre-tests and post-tests.
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Semi-Structured Interviews

Data were collected through semi-structured interviews. Semi-structured
interviews were useful because they helped me to understand the individuals’
viewpoint of students concerning the effectiveness of MathsPad and problems faced
by them in the process of using it.
Document Analysis

Document analysis was one of the data collection methods to understand the
learning of students in the action research process. Among the documents collected
were students’ samples of work, practice notebooks, geometric construction practice,
pre- and post-tests, and records of the MathsPad activity. This provided me with
information on the conceptual and procedural mistakes of students, as well as the
construction of geometric skills. I also analyzed my lesson plans and my reflective
journal for the alignment of the planned activities and my teaching.

Data Analysis Procedures

By leveraging a range of qualitative data sources, including semi-structured
interviews conducted with both the students and teachers involved in the process,
work samples and performance data collected before and after the introduction of
MathsPad technology, photos and videos recording classroom interactions, as well as
the personal research journal, theme generation involved a manual thematic analysis
approach. Firstly, audio recordings from interviews and visual data were transcribed
to make it easier for the researcher to become familiar with the data set through
repeated reading and viewing. Then, initial coding based on excerpts related to
experiences using MathsPad, changes in the performance of the students, patterns of
interaction within the classroom setting, and ethical considerations related to the use
of photos and videos was created. After which, codes were combined into broader
theme categories that included, as expected, student engagement, development of
building skills, changes in pedagogy of the teachers, implementation issues, and
ethical considerations. Data analysis was conducted right after each round of action
research. During the 15-day intervention period, I was busy typing out interview
transcripts, classroom dialogue, and my reflective journal while analyzing my
classroom observation notes, students' work, photos, and videos. I read through the
collected data several times to get to know the participants better and find relevant

quotes for my research questions.
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Following transcription, the data was analyzed by coding similar experiences
and ideas. Codes were classified further into wider categories, which were then used
to generate major themes. Such themes comprised students' learning experiences,
involvement in class activities, understanding of concepts, difficulties that students
encountered when creating geometrical shapes, and changes that occurred during the
use of MathsPad. In addition, each of these themes was interpreted within the context
of the theoretical framework, namely Vygotsky's Social Constructivism Theory and
the notion of scaffolding, in addition to the personal experiences of the researcher.
The credibility of the results was increased through the use of several sources of data,
such as interviews, classroom observations, students' work samples, reflective
journaling, and visual data gathered during the intervention period.

Ensuring Quality Standards

In every research study, researchers need to maintain a specific criterion.
Quality and ethical standards are fundamental and essential to understand in
conducting research. Initially, I maintained the quality standards to ensure the
reliability and validity of the research findings. Rigorous research requires systematic
and appropriate procedures for data collection and analysis to enhance the credibility,
quality, and trustworthiness of the findings (Tracy, 2019). In my research study, the
criteria that ensured the quality standards include trustworthiness (credibility,
transferability, dependability and confirmability) and authenticity.

Credibility

To enhance the credibility of the research, I ensured that the data collected
throughout the research process were closely connected to students’ actual classroom
experiences. I used multiple sources of evidence to compare and corroborate students’
accounts, including their responses during interviews, my classroom observations, and
their performance and work during the intervention. The use of multiple sources
enabled me to analyze the consistency of the evidence and to gain an overall
understanding of students' learning experiences (Creswell & Poth, 2018; Merriam &
Tisdell, 2016). I also used the participants' actual words and specific examples of
classroom activities in the data analysis to keep the findings grounded in what
happened for the participants. I also kept a reflective journal during the 15-day action
research process to reflect on my observations, experiences, reflections and decisions.

Reflexively documenting this helped me be cognizant of my position as a teacher-
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researcher, and part of the credibility and trustworthiness of being a teacher-
researcher (Tracy, 2019).
Transferability

I gave detailed descriptions of the classroom setting, participants, teaching and
learning processes, and the use of MathsPad across the 15 days of the intervention to
increase the transferability of the findings. The reader can rely on the contextual and
procedural details provided to understand the methodology used in the study and to
decide whether the results can be extrapolated to other studies that have similar
characteristics (Creswell & Poth, 2018; Merriam & Tisdell, 2016). I also included rich
descriptions and concrete examples of students’ learning experiences and classroom
activities to help readers understand how the findings emerged from the intervention.
Furthermore, the study focused on geometric construction, a topic included in the
Grade 10 mathematics curriculum prescribed by the Curriculum Development Centre
(CDC) of Nepal. Although the findings are situated within a particular classroom and
cannot be assumed to be universally generalizable, the detailed description of the
context, participants, intervention, and learning activities allows readers and other
educators to judge the potential relevance of the findings to comparable mathematics
learning environments (Tracy, 2019).
Dependability

To enhance the dependability of the study, I maintained consistency and
transparency throughout the research process and systematically documented the
procedures followed during the 15-day MathsPad intervention. All relevant classroom
events, including interviews, observations, students’ activities, and reflections, were
documented throughout the intervention period. Audio and video recordings were also
used, with appropriate consent, to preserve participants’ responses and classroom
interactions and to minimize the possibility of losing important details during data
collection and analysis. In addition, the research procedures, data collection processes,
and analytical decisions were reviewed by another researcher to provide external
scrutiny and strengthen the dependability of the research process (Creswell & Poth,
2018; Merriam & Tisdell, 2016; Tracy, 2019). Maintaining systematic records and an
audit trail of the research process further helped make the procedures transparent and

traceable (Tracy, 2019).
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Confirmability

To make sure the study’s findings held up, I grounded my interpretations in
real classroom evidence, not just my own opinions as a teacher-researcher. I paid
close attention to what students actually did and experienced while working with
MathsPad and building geometric objects. I pulled together several types of evidence
interviews, classroom observation notes, students’ work samples, and my reflective
journal to support and double-check my interpretations. By drawing from different
data sources, I made sure the results reflected what really happened instead of just my
personal perspective (Creswell & Poth, 2018; Merriam & Tisdell, 2016). I also did
member checking. I met with a handful of them and discussed my core interpretations
with them and asked if that's an accurate reflection of them. This allowed them the
opportunity to clarify, confirm or add to my analysis, so that the results were more
credible and trustworthy (Tracy, 2019).
Thoughtful Teaching Critical Reflexivity

One of the things that I did regularly during this intervention was to take time
out to reflect on my teaching practices, my students' responses and what additional
strategies I needed to use in order to help my students fully understand the content. If
students' growing evidence of difficulty was present in class and/or my own
reflection, I would adjust MathsPad activities or change my strategy to assist students.
The back and forth "trying something, seeing how it goes, then making adjustments"
is consistent with the spirit of action research. Teachers carefully consider their
practice, collect evidence, and inform future practice from that evidence (Kemmis,
2009; Mertler, 2020). This way, MathsPad didn't just stay static I kept shaping it
around my students' real needs, especially as they worked on geometric constructions.
I didn’t just focus on my students I turned the lens on myself, too. I kept asking why I
taught the way I did, questioned my assumptions, and reflected on the methods I used.
Keeping a journal really made a difference. It realized me to identify my dual role as
both teacher and researcher, and to stay aware of how that influenced my choices and
interpretations.

Ethical Considerations

Ethical considerations are essential while conducting any kind of research. In
this regard, throughout the whole process of conducting classroom action research,
which lasted for 15 days, I paid attention to ethics. Before starting to conduct action

research in my class, I obtained all the formal permission from the administration and
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had discussions on how to conduct the research effectively with the mathematics
teacher. Additionally, prior informed consent was obtained from the parents or legal
guardians of the participating students before their participation in the study. The
consent covered students’ participation in the research and the collection and use of
relevant research data, including interviews, audio and video recordings, and students’
work samples, for research purposes (Creswell & Poth, 2018; Merriam & Tisdell,
2016). The students were also made aware of the study’s objectives and the voluntary
nature of their participation. Pseudonyms were adopted throughout the dissertation to
maintain anonymity. While teaching students in the mathematics course, I equitably
treated all 30 students, but selected six students who would participate actively and
diversely in learning and understanding mathematical concepts using a MathsPad. |
respected the privacy of students because personal identities remained confidential,
and only the collected information was used for research purposes. During interview
sessions, classroom interactions, recording of videos, and taking photographs, 1
ensured voluntary participation in the research process and obtained permission from
students.
Chapter Summary

This chapter focused on the methodology that underpins the action research in
investigating the use of MathsPads to improve geometric construction skills among
Grade ten learners. In this section, the methodology used is described by considering
the research design, where the qualitative action research is considered. Action
research involves a continuous process of planning, acting, observing, and reflection
in real-time in practical contexts. Therefore, the research design enables me to
conduct action research as a teacher-researcher who uses different steps in conducting
research in real-time. This research was done in one government school within the
Jhapa district with a particular class of Grade X that incorporates MathsPad while
teaching the CDC Construction chapter. The methods involve the description of the
research setting, participants, and the purposeful selection of six students who are key
in exploring the effect of MathsPads on improving construction skills among the
students. The methodology involved the description of various data collection
methods such as interviews, observation, field notes, reflective journal, student work
samples, and audiovisual recording. In addition, the analysis of collected data is
discussed, whereby thematic analysis was used in analyzing and interpreting collected

data from different sources. Other issues, such as credibility, transferability,



reliability, confirmability, and ethical issues, were also taken care of during the

intervention.
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CHAPTER IV
INTERVENTION PROCESS AND RESULTS

In this chapter, the process and results of the intervention are presented. The
main goal of the intervention was to improve the understanding and skills in
geometric construction by using the MathsPad software. The chapter will include
information regarding classroom activities performed, participation of the students
and the changes occurred in the learning process. The implementation of the
intervention was performed in two different cycles. In the first one, the attention was
paid to the visualization and understanding of basic principles of geometric
construction. During the second cycle, students worked intensively on geometric
construction in the computer laboratory using MathsPad software. The aim of
performing two cycles is to show the influence of digital MathsPad construction tools
software, making geometric construction learning process more interactive and useful
for Grade X students.

Baseline Data Collection before Intervention: Pre-Test Reflections

On Friday, 29 November 2024, I prepared the lesson plan myself to conduct
the action research. The first day of action research began with a 15 marks pre-test to
assess students’ prior knowledge of geometric construction. The day of the test was
notified to them, and they were informed to bring the necessary materials such as
geometric box. That morning there was a pleasant ambiance in a peaceful school
environment. After entering the school ground at 9:30 a.m., I saluted everyone saying
“Namaste”. Head teacher inquired, “When are you going to conduct your action
research, Ram sir?” My answer was, “From today's first period onwards”. Then he
continued, “Are you going to conduct it only with the students, Ram sir?” I replied “I
am going to conduct action research only with the students of class X, section C”.
This is action research not Participatory Action Research. Then the head teacher
continued, “Several teachers are absent today, so I have to arrange my class
carefully”. Teacher absenteeism and inadequate teacher management have been
identified as challenges affecting the quality of education in Nepalese public schools
(Kharel, 2017).

As soon as morning assembly ended, I went to my classroom to start my

session. Students greeted me offering good morning, sir. Just after saying good
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morning, setting my laptop with Interactive Panel Board, I questioned them, “Are you
ready for pre-test?” Their reply was in unison, "Yes sir”. I continued asking, “Do you
have geometry box?" Four students out of thirty remained silent without having the
geometry box. One of them was a key-participant of this group. I moved towards
those students and advised them to borrow geometry box from another class.
Continuing the session as usual, Kesab sir came to the door and inquired me, “Ram
siv, are you conducting the pre-test?" My answer was, "Yes, we have started.”" He
silently entered into my class and seeing the question on interactive panel, he
commented, "These are easy questions; some are basic." | said, "Yes, sir. Question no.
4 is based on Class X standard but others are basic.” Instantly one of the students
arranged four geometric boxes from the next class and distributed. Two students got
the geometry box from him silently, whereas one student thanked him.

Observing this incident, many questions popped out in my mind: Why these
students don't have the geometric box? What is their economic condition? Are these
students careless or do they not want to take the test seriously? How can I help these
students to work effectively in the pre-test? Then I decided to observe their
performance very carefully. | presented the questions to the participants on the
interactive panel. The students became involved and started answering the pre-test
questions. Some of the students required further clarification on the meaning of bisect
while others asked if it was possible to bisect the lines through use of a ruler. From
the discussion among the students, it appeared that the students found it challenging to
answer the questions presented to them. The truth is that all the pre-test questions
were meant to be answered through use of a compass to facilitate bisecting of the
lines. After conducting the pre-test, | asked the students to give me their reflections on
what they had just done. Almost all the students gave their reflections as follows:

Saanvi: When doing the pre-test, I got more anxious while measuring the line

segments, and the result would be either longer or shorter than the right

answer. This was the case despite the fact that | had used the scale several
times before without knowing how to measure properly.

Neha: Using the protractor in the pre-test, | got confused between using the

outer and inner side of the protractor. Moreover, while drawing an angle of

60 degrees, | got a different value because | only knew how to do the steps but

did not understand how the instrument worked.
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Prashant: Both the bisection of the line segment and the angle was very
difficult. I didn’t know how to use the midpoint and compass, which led me to
face problems in bisecting the given elements using construction techniques.
Ashwini: Drawing the straight lines was not an issue at all, but it was difficult
to draw the angles with the compass and ruler, especially 75-degree angles.
Bisecting angles was much more complicated, and | could not solve them in
the pre-test.

Kritika: Doing the pre-test, | realized that | was not good at practical

geometry, although | have learned this topic many times before and could not

practice enough. | knew that the topic of geometric constructions included not
only drawing but also understanding the concept itself.

Prajwal: Constructing a quadrilateral was a very complex process. It was

difficult for me to know how to start, what lines to draw initially, and what to

do next after constructing two lines.

In relation to the pre-assessment process, there were clear indications of
performance spread through the classroom in terms of reflections, which clearly
showed that the majority of the participants needed to understand concepts and
develop practical skills in performing geometric constructions. Most of the
participants had problems in using the ruler, protractor, and compasses appropriately
because they would use these materials without really having a proper understanding
behind their usage. As a result, there was the need for the researcher to recognize that
the skills needed by these students in measuring lines and angles would be seriously
limited even if they needed to write the upcoming SEE. In my experience as a teacher,
I have found the same problem among several students taking the SEE. Signs of low
self-confidence and lack of hands-on experience were displayed when performing
tasks of measuring, construction, bisecting, and sequencing geometric constructions
(Sullivan & Heffernan, 2016), as evidenced by class observation notes, students' work
samples, reflection journals, and photographs taken during the intervention period.

Teacher-Led Visualization with MathsPad

Firstly, in my class, I used a visualization strategy based on the use of
MathsPad in order to conduct geometric constructions. It was intended to involve all
participants into this learning process via a technological way. All construction steps
were illustrated by me on an interactive board; after that, all students followed me and

performed the same actions on their notebooks, where they made all the constructions
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by themselves using rulers and compasses. Thus, this first stage of my action research
involved digital visualization and the use of traditional geometric constructions.
Dynamic illustrations in MathsPad helped students to understand complex issues
better.
Conceptual Clarity from Digital Visualization

In my experience as a participant-researcher, I discovered that quite a number
of the students started the pre-intervention period without clear knowledge on basic
geometric construction concepts. For instance, most of them were found having
problems when it came to the meaning of points, lines, line segments, loci, as well as
bisecting lines and angles. What most of the learners did was to learn by rote-
memorization, but never understood what was involved geometrically. Some of the
learners had problems in the use of ruler, protractor, and compass when it came to
solving geometry questions. This made them fearful and hesitant in dealing with
geometry construction concepts. With time, visualization of geometric concepts
became easier to achieve due to the application of stepwise methodological teaching
using the MathsPad. This made the learners more active, interested, and confident in
talking about geometric concepts. This theme is hence discussed under four sub-
themes.
Conceptual Understanding of Point, Line & Locus through Digital Visualization

I started using the Digital MathsPad Tool for my Grade X geometry class on
Sunday, December 1, 2024. We kicked things off with a quick chat about the word
'point.'

Teacher: Good morning, everyone. Before we dive into our geometric

constructions, let me ask you what’s a point?

Yugal: A point is a bindu, sir.

Teacher: Nicely put, Yugal. What do you mean by bindu?

Neha: It’s a dot, sir.

(Some kids chuckled, while a few just looked confused.)

Teacher: Interesting. Okay, look at the screen.

(The teacher opened MathsPad and showed a bunch of dots on a yellow

background.)
Teacher: Are these points?

Saanvi: Yes, sir.
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Teacher: Yep, these are points. But in geometry, points have no length, width,
or thickness.

Prashant: If points don’t have any size, how do we see them?

Teacher: Great question, Prashant. Honestly, points aren’t visible. The dots
you see on the screen just help us picture where a point would
be.

Shristi: So, a point is really just a spot in space, sir?

Teacher: Exactly. It marks a position.

Bibek: Why do we draw bigger points?

Teacher: Because we need something to see! Math deals with ideas, so
diagrams help us make sense of things.

The above discussion provides evidence that it was a very important moment
for assessing students' understanding of concepts. From the above dialogue, it is
apparent that | initiated the discussion by asking: "What is a point?" A student
answers saying, "A bindu.” Another student says, "A very small dot." Some students
laughed, while some kept quiet. This shows that their knowledge regarding the
concept is not yet clear. Being a researcher-participant, the primary concern for me
was providing conceptual teaching of geometric construction. For this purpose, | used

the digital tool called MathsPad to illustrate the definition and concept of point.

Figure 1

MathsPad Interface Displaying Points

@ New lab [ LockAny - Your Ulti.. <& tdusanjal = SLC resu... M Inbox (45) - adhum... @B €3 Ramchandra Sitaula @ https//www.youtub... ¥ w
. Point .

Aa
A point is a location’in space that has no length,
no rwidth, and no threkress: = 2 e z

LOBENGDM
PEEEmE

0
=
A
.
.

B

E
=
@
o

The concept of points, lines, and loci was introduced using digital

visualization using MathsPad. At first, a point was explained as a spot in space with
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no length, width, or thickness. However, immediately afterwards, students started
posing questions. For instance, one of them asked: "If a point has no size, how can we
see it?" This shows that the students' answers to questions indicated their
misunderstanding of basic geometrical concepts. It is evident that the students viewed
points not as abstract concepts but as dots with certain dimensions. Similar lack of
understanding was observed in the discussion on lines and line segments. While
Ashwini wondered whether lines and line segments were equal, Prashant considered a
line segment to be part of a line. In the initial discussion on locus, the students had
problems with grasping the concepts since they did not know how points moved, and
what 'path’ meant. Thus, an ant-walk was used as an example for demonstration of
movements of points, and it was conducted using MathsPad. After that, students
defined locus as "a path made by moving objects.” This means that the visualization
and discussion helped to resolve the students' confusion.

Students' confusion indicates the presence of gaps in their conceptualization of
basic principles of geometry constructions. It is possible to relate it to the idea
presented by Vygotsky (1978) that learners build up knowledge through social
interaction and meaningful mediation. In this case, MathsPad became a mediating
device that helped to transform learners' abstract confusion to visual understanding.
Questions, like: "How can we see a point?" indicate cognitive dissonance, which is
viewed by Vygotsky as an element of ZPD. Through explanations, illustrations, and
visualization, learners gradually moved towards comprehension. Use of the example
with ants helped students relate abstractions to their experience, thereby, supporting
Kolb's (1984) theory of experiential learning according to which people learn through
concrete experience. Furthermore, it became obvious that students understood
geometry simply as a set of operations and processes. In this way, the visualization
was helpful in forming understanding of connections between concepts, which relates
to the theory of Skemp (1976) about two types of understanding: instrumental
(memorization of information) and relational. Transition from textbooks' definitions
to visualization also implies transition to a new educational paradigm based on
constructivism. Kuhn's (1962) theory of scientific changes provides support for such
claims.

In general, one can conclude that students did not regard geometry as abstract
reasoning, but saw it as visual drawing of shapes. Questions, like "Is a point really

visible?" indicated that students perceived geometrical terms in a concrete manner.
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Thus, the statement that conceptual understanding requires mediating between
abstraction and experience is proved. With the help of visualization provided by
MathsPad, abstraction was transformed into concrete experience. Statements such as
"It is crystal clear now" show that visualization helped learners overcome their
confusion. This proves Vygotsky's assertion that social interaction and mediation with
appropriate tools help people learn. Moreover, ant-example and dynamic images
helped students visualize mathematics as movement rather than drawing. Therefore,
these findings support Kolb's experiential learning theory, which posits that
observations and experience contribute to the development of conceptual
understanding. From another perspective, one should note that a paradigmatic shift in
teaching process was also observed. Firstly, the instructor believed that definitions
and explanations from textbooks would help students understand geometry. However,
questions posed by student’s show that this approach did not work, therefore, the
teacher needed to use new tools. Kuhn (1962) argues that when existing approaches or
paradigms are no longer able to adequately address emerging needs or challenges, a
paradigm shift may become necessary.

Figure 2

MathsPad Interface Displaying Straight Line and Curved Line
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I then showed them the figure joining the dots to demonstrate straight line and
curved line using MathsPad creating the background of ‘dots’ along with the

marching ants (kamila ko tati) as shown below.
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Figure 3
Path Made by Marching Ants
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One of the students said, “It has been made clear that the path generated by
the motion of an object or particle can be considered a locus.” Indeed! This is what
we mean! Particles, while in motion, generate paths which take the form of many
shapes or sizes, such as being straight, curved, circles, ellipses, parabolas, hyperbolas,
or others. Other types of loci shall be introduced later on in your study, I replied after
thirty minutes without wasting time anymore, I began differentiating between lines
and line segments through the mathematical pad on the interactive board.
Visual Steps of Line Measurement and Bisection

In this interaction I moved to inquiry about line and line segment with the
MathsPad visualization starting a short discussion as;

Teacher: Which one is a line or line segment?

Ashwini: Sir, both are same looking.

Teacher: Fascinating. Does anybody else agree with this?

Prashant: No, sir. Line segment is part of line only.

Teacher: Well, done, Prashant. How would you differentiate between the two?

Kritika: Sir, the line segment is having two ends.

Teacher: Brilliant answer. How do you know the difference between a line and

a line segment?

Kamal: It is infinite.

Teacher: Right. The teaching of math often involves symbols that are concise

in meaning.

Sunami: Sir, no because there will be limits to paper size.

Teacher: Yes. Lines in mathematics are infinite but for the sake of

representation we take limited portions.

Saanvi: Why is the construction difficult while copying but easy in MathsPad?

Teacher: Absolutely. Arrows show infinite extension in both directions.

Prashant: Then sir, line segment is limited because of two endpoints whereas

lines have none?
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Teacher: Right. A line is unlimited in length while line segment is fixed in size.

Ashwini: Got it. That is why both look alike.

Teacher: If that is the case, why do we represent lines with short lengths?

Manita: To symbolize infinity.

Teacher: Yes, math problems are often expressed using visualization
techniques.

Saanvi: Why is there difficulty in construction when it is easy in MathsPad?

Teacher: Visualization helps to better observe motion.

As per the lesson plan for Day 2, | had planned to start the class with the
explanation of the answers to the pre-test questions. The course, however, took an
unpredictable turn as the students were eager to ask a number of questions regarding
the problems of geometric construction that they tried in the pre-test. Their eagerness
to clear doubts made us spend around 45 minutes in the discussion, after which |
could only cover Question 1 (a), (b), and (c) that dealt with measurement of line and
line bisection. From the above scenario, it became clear that the students were really
interested in knowing the concept rather than being told the right answer. The students
had misconceptions about the way of constructing the shapes and the use of
geometrical tools which proved that the students needed more conceptual explanation
before proceeding to other concepts. From this class, it was made evident how
important it is to give enough time for discussion and clearing up the misconception
of students with the help of appropriate questionings and visuals. With regard to pre-
test results, some students did line bisection with ruler and not the compasses. Some
had trouble with line construction because of misconceptions. A student still had
confusion related to measurement of lines. | was surprised by her assertion but upon
further probing she confirmed the confusion. As a remedy, | asked her to construct a 5
cm long line segment using ruler and pencil. She followed my directions and made a 5
cm line segment as shown in Figure 5a from the non-zero end of scale instead of zero.
With some help and scaffolding, she created a line segment as shown in Figure 5b.

There was around 0.5 cm variation, as shown in Figure 5c.

Figure 4

_Visual Representation of Measuring a Line Segment
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After observing her measurement, I realized that it should be demonstrated to
all the participants to minimize such error I found in figure 4a, 4b, and 4c. Just after
observing such error on her work, I visualized in interactive board for, how to

measure line segments minimizing the error as shown below in figure 5.

Figure 5
Ilustration of Correct and Incorrect Pencil Positioning
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I then went ahead to show them how to measure a line segment and also how
to bisect the same with just a pencil and a compass. After the presentation, most of the
participants were grateful, they stated, “Sir, MathsPad is very good.” Upon asking
why they said it was because the device would help them learn as it would make
things very easy and fun to do. They mentioned being able to draw a line very easily
as well as bisect it using a compass. Their explanation that everything about it made
sense with little difficulties convinced me that indeed, drawings are helpful when it
comes to understanding concepts in geometry. Such drawings act as their personal
guide in the limited period of instructions. Having been encouraged by this, I went
further and taught the participants how to bisect a 5 cm line segment using a compass

and a ruler in accordance with pre-test question [1a].

Figure 6
Demonstration How to Construct a Line Segment
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Step 3
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Upon an exploratory investigation of the conceptual understanding of
bisecting line segments using visualization techniques in MathsPad tool, Saanvi, who
was a participant in this research, said, "Oh! It is very simple, but I could not bisect

the line in my previous pre-test examination.” The same sentiment was expressed by
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all the participants. Then, I asked, "Can you bisect the remaining line segments at
home?" All the participants responded positively, "Yes, sir!"” This was a
reconfirmation from the participants indicating that they felt capable of bisecting the
lines, thanks to the visualization technique used by the MathsPad. Gaurav asked, "Si7,
could we use this tool on our phones?" 1 replied that although they could do that, it
was more comfortable using computers with mouse. I further noted that he would do
that in the evening that day. At the end of the second day's lesson, I concluded the
session and asked the students to complete a reflective writing task during the next
scheduled class period. In the interactions, I made them discuss the concept of lines
and line segments using MathsPad visualization technique. At first, the students had
difficulties differentiating between a line and a line segment. Ashwini thought that
both were the same, while Prashant thought that a line segment was a part of a line.
With further questions, it was evident that students gradually understood that while a
line never ends as it stretches indefinitely without any endpoint, a line segment has
two end points. However, it was evident from the responses that the students'
knowledge of infinity was limited, or their understanding was superficial. While
explaining, the students realized that the textbooks represent lines as small segments
as there are limitations of space. This indicates that students have a basic idea of
abstraction in mathematics.

In the pre-test discussion, I observed that many students had difficulty with the
basic concepts of constructions. A few students mismeasured line segments by starting
their measurement from an incorrect scale mark, thus getting errors of around 0.5 cm.
Some students even expressed inability to measure line segments. After understanding
that problem area, I used visualization and scaffolding to help students learn about
line bisection. As expected, the students were able to do the construction with
accuracy after that. In the latter part of the discussion, students became more
confident about constructing lines. The phrase "It becomes easier with MathsPad" and
"We can see each step easily” were commonly heard phrases during the session.
Hence, I noted that visualization played a significant role in increasing students'
confidence levels.

Initially, students were confused with lines and line segments and also had
trouble measuring line segments. The above situation indicates poor conceptual
understanding of geometry. The situation conforms to Vygotsky's (1978) view that

learning takes place by mediation, interaction, and scaffolding in the ZPD. The
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current learning process involved use of MathsPad as a mediating tool. Moreover, it is
evident that the mistakes committed by the students during measurement of line
segments show instrumental learning without conceptual understanding. Skemp's
(1976) explanation of instrumental and relational learning confirms this view. But
after visualization, students started realizing the importance of measurements, hence
shifting towards relational understanding. Lack of proper comprehension about
infinite lines shows that students have difficulties with abstract thinking and require
visualization. The usage of MathsPad helped students to relate abstract terms like
infinity, locus, and lines with visual concepts, hence constructivist learning (Jonassen,
1999). This discussion also conformed to Kolb's (1984) experiential learning theory
where students learned via observation (demonstration by teacher), practice, and
reflection (feedback by the student).

This whole experience with the classroom indicates a gradual shift towards
better pedagogy for improving students' conceptual understanding in geometry. From
my experience in the present situation, I realized that the students considered
geometry to be a set of procedures rather than concepts and relationships. However,
with the help of visualization, the students came to know the actual process of
bisecting lines. Their expressions of ease of understanding with MathsPad confirm the
views of Vygotsky (1978). In addition, their correction of errors showed shifting
towards relational understanding, as proposed (Skemp, 1976). Also, the students'
connection of textbook concepts with practical measurement shows experiential
learning. Hence, the overall experience in this regard shows a paradigm shift.
According to Kuhn (1962), a paradigm shift occurs when existing methods fail. Here,
when my traditional method of explanations proved unsuccessful, I changed my
approach towards a newer one, i.e., digital visualization-based learning.

Angle Construction and Bisection with MathsPad

On Monday, 2 December 2024, I organized an intervention session on angle
construction and angle bisector based on pre-test questions 2 and 3. I first connected
my laptop to the interactive panel and showed the MathsPad applet showing the
process of constructing a 60° angle both by using protractor and compass, as well as

bisecting the angle.
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Figure 7
Demonstration of How to Construct an Angle of 60° Using Protractor
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The intervention was on day 3 of the action research. I started the lesson with
the aim of continuing the lesson on angle construction and equivalence of area. The
students entered the class with great interest and one student raised the question,
"What is today’s topic?" Without answering him, Prashant, from the adjacent seat,
raised the question, "Sir, will you teach us angle bisection using a compass today?"
My answer to his question was, "Yes, are you ready for angle bisection?" They
confirmed my response, and students arranged their geometry tools making some
sound in the class.

As a researcher, the lesson was started by introducing to the class that the
focus for the day would be on the construction of angles using both the protractor and
the compass. Using the MathsPad software, I constructed an angle using a protractor,
then based on Question 2 from the pre-test, I constructed another angle but this time
around using the compass and ruler as illustrated in Question 3 of the pre-test.
Through the visualizations in MathsPad, I assisted the students to complete the
construction steps, and from my observations, the students were actively following

the steps as well as showing passion to compare the online construction with their
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own pre-test experience. The corresponding diagrams for the construction are
presented below.
Figure 8
Demonstration of Construction of 60 Degree Using Compass
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Step 3
Q.2 [b]

Aim: To construct an angle 60° using both protractor
and compass seperately then to bisect it.
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Saanvi said, “The concept is very easy, but I was unable to do any

construction using the compass during my last pre-test. Now, the whole concept

’

regarding the construction of the angle by using the compass is quite clear to me.’
Stepwise visualization with the MathsPad construction tool helped her comprehend
the concept in a much better way. Firstly, with reference to the pre-test question set, |
gave instruction about the demonstration of bisecting an angle through a compass,
which was seen through the interactive whiteboard along with the help of the
MathsPad construction tool. I drew a 60-degree angle through the compass and
showed its bisection to make two angles each of 30 degrees in a sequential order, as
shown in the following diagram.

As per Saanvi's feedback, the visualization process helped students understand
the concept related to the construction of an angle and its bisection through the
MathsPad construction tool. Thereafter, the next student, Prashant, posed a query,
“Sir, is there any way of bisecting angles apart from the basic angles like 30°, 45°,

60°, 75°, and 180°?” I answered him, “Yes, as described in Figure 9.”



Figure 9
Construction of Angle Using both Protector and Compass
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In the second day of teaching, it was observed that there was an improvement

in the confidence level of the students as they worked on the digital MathsPad. All
students showed significant effectiveness and participation via the tool through its

step-by-step presentation. One student commented, "Siz; we can see the steps in

sequence. It becomes easier for us to construct and bisect the angles. Yesterday, I used

the digital MathsPad tool and found it easy." The rest of the questions were then
answered by the students of the class.

Sikchya asked, “Sir, how do we bisect an angle greater than 180 degrees?”
said, "Yes, we bisect reflex angle, i.e., an angle larger than 180 degrees in the same

way as other angles." She further requested, “Sir, can you bisect a 240-degree

I

angle?” This was demonstrated as follows: “We should first calculate the measure of

the resultant angle, which is going to be 120 degrees." By the end of Day 2, when I
asked the students to construct and bisect angles with the help of the protractor and
compass, I realized that many students were able to complete the process with more
certainty and precision compared to the beginning of the session. This was also

evident from the interview that Kritika had done, in which she informed me that the

process of doing the activity several times helped her to better comprehend the




54

process. Another active participant, Yuna, stated, “If given a chance to work on the
MathsPad on the computer, we will be able to learn better.”” 1 appreciated the

comment of Yuna and said, "Yes, definitely. We will utilize the facilities provided by
the school and fulfill your wish as soon as we finish our first intervention of action

research.”

Figure 10
Construction of Reflex Angle Using Compass
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Finally, Ashwini asked, “What will be discussed tomorrow, sir? " 1 told them
we would start geometric constructions of quadrilaterals and triangles having the
same area as in question number 4 and stressed the importance of such a topic from
the standpoint of SEE. To this, another student said, “Siz, then it should be learned in
detail in our upcoming classes.” She then asked, “Why are you teaching us like this?
We have never been taught like this before in our past classes. ” I smiled and told her
that I am doing action research on this. “Siz, what is action research? Why are you
doing it?” she asked. To this, I replied, “It is a technique of research in any topic
whatever.”” The student was curious and asked, “Do we have to do this in future also,
sir?” “Surely, yes; if you plan to study education after your school life, you will
encounter this technique, ” 1 told her. The class became livelier with the emergence of
some unpredictable questions from them. These questions and eagerness of mine to
answer them gave me motivation I had not expected before. I answered the questions
on syllabus topics as well as on those out of syllabus topics. Then the bell rang,
signaling the end of our class almost at the conclusion of Day 3.

On the second day of intervention, I taught how to construct angle and bisect it

using MathsPad visualization techniques. First, I constructed an angle of 60°, both
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using a protractor and a compass. Thereafter, I showed step by step how to make a
bisection from this, making two equal angles of 30° and 30°. Students took keen
interest in it, showing readiness to engage in activities using instrument and the
concerned questions as well. While teaching, the students showed much active
involvement with me. Prashant asked me if we could teach angle bisection with the
help of compass as well. After my assurance about this activity, they started watching
MathsPad dynamics and doing their work in their exercise books simultaneously.
Saanvi realized that angle construction with the help of compass became ‘crystal
clear' for her now since she used to face a lot of difficulties in doing so during the
pre-test. Likewise, many of them told me that such a step-by-step demonstration made
them understand the whole process of construction. They extended their thinking
further by asking about bisecting nonstandard angles or reflex angles. Someone even
suggested that I should construct a reflex angle of 240° for them. Thus, at the end of
this class also they showed increasing confidence in constructing angles and doing
their bisection with them.

At the beginning of the activity, I noticed that there was confusion among
students regarding angle construction since this is instrumental learning. But, once
they started watching step by step demonstration, they gained insight into the
rationale of this process. This was possible because of the Mediating Tool Theory of
Learning (Vygotsky, 1978) as proposed where learning occurs via social interactions
and mediating tools in the Zone of Proximal Development. In our intervention,
MathsPad becomes the mediating tool through which students have learned about
constructing angles conceptually. Since they faced difficulties in doing so in the pre-
test class, it seems that they were following instrumental approach in angle
construction. This was changed after they started getting a grasp on this concept
through visualization. It shows the distinction made by on relational understanding vs
instrumental understanding of a topic. Here, the students came across relational
learning due to which they started posing higher order questions like bisecting reflex
or nonstandard angles (Skemp,1976). Thus, as per Kolb (1984), the experiential
learning theory, learning occurs when one observes something, participates actively in
it and reflects upon it.

Overall, there is paradigm shift in terms of pedagogy in this classroom due to
the adoption of constructivist theory. Students have started participating actively by

posing questions and showing curiosity to learn. The overall trend has become from
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rote learning to constructivist approach of learning. Thus, it can be concluded that in
this intervention, students did not take geometrical construction as a process but as a
concept itself. Their statements, such as "It is crystal clear now" and "we can see
steps one by one,” indicated that visualization helped them change confusion to
understanding. The students found MathsPad helpful for observing every step of
construction dynamics that reduced their cognitive difficulties. As per Vygotsky
(1978), learning was done using a Mediating Tool in the Zone of Proximal
Development (ZPD). The students, here, started posing complex questions regarding
geometric ideas, which means that they developed relational understanding of
concepts (Skemp,1976). Moreover, | also experienced paradigm shift in my teaching.
Initially, I used to depend upon explanation only, but the confusion of students
regarding the pre-test context forced me to think of visualization technique. This
follows the ideas of Thomas Kuhn on the emergence of paradigm shifts whenever a
new problem confronts us despite the existence of existing solutions. So, there was
paradigm shift from conventional geometrical instructions to new visualizations
supported by MathsPad.
Increased Engagement and Motivation

With the continued implementation of the intervention strategy, there was a
noticeable improvement in students’ motivation and engagement when learning
geometric constructions. Through visualization using MathsPad, the creation of an
engaging learning environment was made possible where the learners participated
actively as opposed to simply listening to their teacher. The learners asked questions,
gave suggestions, and showed interest in the various steps involved in geometric
constructions. Students who had always kept silent in class started taking part in
discussions and making attempts to construct the geometric figures. This increased
level of motivation resulted in learners undertaking practice even outside class. This
theme was described under the following sub-themes.
Active Engagement through Interactive MathsPad Visualization

On Wednesday, 3 December 2024, the fourth day of the action research
process began. The main aim of the learning process on Day 4 was constructing a
triangle whose area is equivalent to the area of the parallelogram. The open question
raised was, "Are you ready to construct the parallelogram?"” All students gave a
positive answer. The students were eager to construct the area of both the

parallelogram and the triangle. As a researcher, I was optimistic about their ability to



57

solve the problems on Day 4 because from previous experience, the students would
not have any difficulties solving the problem. It was demonstrated how to construct
both shapes through an illustration as below.
Figure 11
A Complete Construction Question Asked in SEE
Lo
Example for day 4 :

Q 5. Construct a parallelogram ABCD having AB = 6¢cm
BC = 8cm and <ABC = 75°. Also construct a triangle
B BEF having BE = 7.2cm and equal in area to the given

parallelogram ABCD.
NE

While performing the task, Neha, one of the student participants, asked, “Why
are there only two sides? Is it not essential to provide four sides as in the case of a
quadprilateral? How can we construct if only two sides are provided? I am puzzled.”
To which, I replied, “Don’t be worried; your query is highly relevant. ” Thereafter, I
prompted all the participants to think over her question, asking, “Please explain your
concept.” Saanvi, a dedicated peer, responded by saying, “Opposite sides of a
parallelogram are equal.” Further, I explained, “As pointed out by Saanvi, when two
sides of a parallelogram are provided, the other two are equal. ” In order to resolve
their confusion, I demonstrated the characteristics of a parallelogram using the math-
pad interactive panel board by placing dots, as illustrated below.
Figure 12

Construction of Parallelogram Using MathsPad

~ "Opposite sides of parallelogram are equal !"
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The current classroom example can be described as an application of
Vygotsky's Sociocultural Theory of Learning. The state of confusion played a vital
role as an impulse to social communication and explanations from other students. By
presenting her confused state during the lesson, Neha was put into the ZPD where she
would not be able to solve the task on her own but she could achieve that goal if
assisted by her classmate, Saanvi. According to Vygotsky (1978), learning emerges
through social interactions and mediation within the ZPD. My duty was to elaborate
on clarification and include relevant rules of mathematics into the equation. It
illustrates how learning takes place by means of communication, cooperation, and
utilization of cultural artifacts (MathsPad in the current case).

Figure 13

ZPD in Neha’s Classroom Scenario

ZPD in Neha’s Classroom Scenario

Too hard for Neha
{even with help yet)

Neha’s confusion -
ZPD
Solved with help
(Saanvi + Teacher + MathPad)

What Neha
can do alone

The pre-construction interaction leading up to the Question 5 of class
instruction on day four was definitely very good. I started right away on constructing
and guiding students through the steps in a sequential manner through visualization.
The atmosphere in class immediately became silent with intense concentration among

students on completing their own work while being highly involved.



Figure 14
Picture Representation of Complete Construction
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Step 5. Conclusion: Tringle BEF is constructed equal
in area to the given parallefogram ABCD.

After completing the solution of question number 5 with proper explanation I
requested my participants to write reflection of day-4 class based on their entire
learning journey with experiences. While collecting the reflections of my participants
two of them expressed their experiences as in figure 15.

Figure 15
Students’ Reflections on the Effectiveness of MathsPad

I observed that increased comprehension may help build the confidence of

students as they progress step-by-step in visualizing geometrical construction. In the
voice of Muna and Yuna, MathsPad aided the participants in visualizing the individual

steps in such a way that it facilitated geometrical construction and helped boost their
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confidence. According to Vygotsky’s (1978) theory of sociocultural, the scholars can
benefit from the instructional support provided by tools and teachers (Shabani, 2016).
MathsPad worked as an instructional tool that showed procedural steps in the form of
instructional guidance. On the other hand, the help of teachers acted as scaffolding
that kept the learners inside the zone of proximal development (ZPD) to perform the
tasks. Peer collaboration further contributed to boosting confidence in performing the
geometrical construction.

One participant asked me that that, "Siz, from which day shall we use
MathsPad in the lab? There is no Internet connection in the lab.” Another asked that,
"Sir, will you take us once the Internet becomes accessible?" 1 said:

We will require two more days to complete the other tasks of the first

intervention. Afterward, I will give you the second intervention in the lab

where you will perform the geometrical construction practically by using the

MathsPad Construction Tool yourselves.

All participants were excited about this announcement and shouted, "WOW!
That's nice." This made me think of how motivated the new generation could be
toward learning to do geometric construction with the aid of technology. This was
definitely a milestone in my teaching career since the students would do geometric
constructions using the MathsPad application not with the conventional geometric
tools, paper-pen approach, and submit their work in the PDF format. Here, I
introduced MathsPad as a cultural tool according to Vygotsky's (1978) theory of
sociocultural. Excitingly, the change of paradigm from paper-pen to the digital world
occurred quite unexpectedly. I considered Kathmandu University and the participants
responsible for bringing this turning point in practice. I encouraged the participants to
let them know that they would be the first batch of digital constructors who would
perform geometrical constructions without using paper-pen and without the geometry
box. I reminded those four participants who had remained quiet before the
intervention for the lack of a geometry box that they would never need to borrow any
geometry box since digital geometric construction through MathsPad is possible now.
Hearing that, their confidence increased as did their level of participation. They were
quite eager in their replies. However, I was well aware of the arrangement of the
laboratory and internet connection there.

Thursday, December 4th, 2024, was one of those crisp, sunny winter days that

instantly lifts your mood. I parked my motorbike at school and headed into the
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classroom. A few girls were already inside, and as soon as I walked in, they greeted
me. One of them piped up, “Sir, what are we learning today? ” 1 smiled and told them
we’d be working on constructing a parallelogram with the same area as a given
triangle pretty much picking up right where we left off in the last class. They replied
that "Sir, okay, so we shall do similar things today, right?" "Yes," 1 replied. Then I
entered the class with manual and digital resources. I started with their learning
experiences in doing geometrical construction in the previous classes, the Future
challenges and opportunities were discussed. It seemed that all participants were
ready to take part in geometrical construction, as the class was full of the sound of
geometry tools.

Figure 16

Construction Question for Day 5

Question-Day 5

Construct a triangle ABC where AB = 6¢m, BC = 5¢m
and <CDE = 60°. And also construct a parallelogram
having <CDE = 60°, equal in area to the given triangle

@ ABC.

Being a researcher, I noticed that there was an obvious growth of confidence
and satisfaction while doing geometric construction. At the beginning of the
interventions, the participants had difficulties while drafting the construction;
however, they needed my assistance constantly. On the other hand, once MathsPad
visualization became included into the process of the interventions, the participants
managed to construct geometric shapes independently. The participants who used to
be silent before the interventions started to take active participation in the process of
geometric construction. Thus, I decided to start geometrical construction using such

questions:
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Figure 17
Step by Step Visualization Using MathsPad
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Step 4. Conclusion: Parallelogram CDEI is
consiructed equal in area to the given triangle
ABC,

My inquiry began as a conversation with a friendly student named Sikchya,
who said,

Normally, 1 sleep off in the geometry class, but today I was very excited about

watching each construction step on the screen. I wanted to try myself at the

next step too. When the teacher asked me to make a prediction of the next step,

1 tried making it quickly because I wanted to confirm my idea. It feels like

playing games.

To that, I responded, “Very good! I am calling upon the silent participants too.
What do you think?" They answered, "We are having fun."

On the fourth day of the intervention, I noted that it created a very interactive
and collaborative learning environment in the mathematics classroom. From the very
beginning of the lesson, when I asked the participants to make a parallelogram, they
replied with enthusiasm and confidence. This indicates that previous lessons have
been able to build their readiness and motivation towards geometric construction.
With the help of the MathsPad visualization tool, students remained active throughout
the lesson. When introducing the problem to students, Neha became puzzled as to
why we would be using just two sides for constructing a parallelogram. As a
researcher, it was important to me that the students express their misunderstandings
through digital visualization. I chose not to provide any answers right away and
allowed the participants to think and discuss the problem themselves. It was Saanvi
who said that the opposite sides of a parallelogram are of the same size. Using the

visualization tool, I drew a parallelogram on the panel board in front of the students.
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Observing the whole thing, I realized that students' involvement increases if
mathematical concepts are presented to them visually. During the construction
process, the participants kept quiet, trying to figure out each step. In the reflections
collected after class, the students told me that they felt more confident with geometric
construction after the visualization exercise. They also mentioned that the use of
MathsPad helped them visualize each construction step and thus gain more
knowledge about parallelograms. Moreover, I could see that the participants became
interested in learning geometry. In the past, I noticed limited enthusiasm among my
students with respect to constructing geometrical figures using paper and pencil.
However, today I saw my students motivated and engaged in the task of digital
construction in the computer laboratory. It became clear to me that a new learning
culture emerges in the mathematics class, and the participants wanted to learn
geometry digitally through MathsPad. In my professional career, it is the first time I
see such excitement among my students in geometry classes. Likewise, Sikchya's
reflections indicated that interactive visualization made students engaged and
interested in learning geometry. She described herself as being very active and
interested in predicting the next step on the screen.

Interacting with Neha, Saanvi, and the teacher, one can apply the sociocultural
theory of learning introduced by Vygotsky (1978). He suggested that learners develop
their cognition through social interaction and collaboration and with the use of
specific learning aids (Vygotsky, 1978). In this case, Neha's confusion helped the class
members engage in cooperative learning, which led to clarification of a geometrical
concept. The explanation made by Saanvi acted as peer scaffolding, and the MathsPad
visualization tool operated as a cultural learning tool in ZPD. Such findings
corroborate the assumption of Shabani (2016) that learners can accomplish difficult
cognitive tasks if they receive appropriate scaffolding and guidance. In the current
intervention, the teacher's guidance and digital tools used by the researcher helped
students understand geometrical properties better.

Students feel more motivated to join in activities with visualization, which
lines up with what constructivist learning is all about. Constructivism says students
learn best when they jump in, share ideas, argue their points, and work together with
others (Vygotsky, 1978). The visualization tool helped with that. Instead of just sitting
back and watching, students took charge. They guessed each construction step,

checked their answers with their classmates, and got involved in real discussions. That
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hands-on approach made them true participants in their own learning. The comments
made by Muna, Yuna, and Sikchya coincide with results of studies that investigated
the effects of technology integration in math classes. These students found dynamic
software helpful in terms of becoming more confident and interested in learning
mathematics. The visualization made it easier to connect concepts and steps involved
in constructing figures; thus, it made the process interesting for participants. Besides,
they wanted to do construction in the computer laboratory to practice what they
learned during the class. Overall, there were gradual changes in which the participants
began to move from using the paper-and-pencil method only to becoming an active
part of the technologically-supported learning environment. In terms of the TPACK
model, this change indicated the successful integration of technological, pedagogical,
and content knowledge. With the help of MathsPad, relevant instructional approaches,
and geometric construction ideas, I managed to provide students with the opportunity
to learn how to visualize constructions, get instant feedback, and understand geometry
better. Hence, the study results revealed that technology turned into a useful learning
tool due to its proper integration with pedagogy and mathematics.

So, after this intervention, I picked up a few key things about how digital
visualization impacts learning geometric constructions. For starters, using MathsPad
to walk through each step really got everyone more involved in class. Students
actually wanted to watch and join in because the concepts just made more sense to
them. You could see their interest growing as they started to follow along and take
part more actively. Secondly, peer interaction contributed to learning as students
clarified geometrical notions in cooperation. In particular, my observations support
sociocultural theories according to which learning takes place through peer interaction
(Vygotsky, 1978). Thirdly, digital visualization reduced their anxiety and confusion in
geometry class as they could follow construction steps more easily. Such results
support the notion of scaffolding, as they show positive outcomes under guided
conditions (Shabani, 2016). One more lesson I learned is that the attitudes towards
learning geometry change with interactive methods. Students who showed lack of
interest and reluctance towards geometry class became active and emotionally
engaged. Some of them compared learning to constructing shapes to games because
they were interested in making predictions and verifying them. Finally, the lesson
demonstrated that incorporating technologies into math instruction helps shift

traditional ways of learning and teaching mathematics towards innovative practices.
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Development of Confidence and Enjoyment in Geometric Construction

In this case, participants gradually gained confidence and interest in geometric
construction with help of digital visualization using MathsPad, which helped clarify
each stage of construction and minimize their fear of making errors. On Friday
morning, December 5, 2024, I was heading to coach some participants when a few
students waved and stopped to chat. One girl told me she’d been working with
MathsPad and had practiced all the pre-test questions except for the fourth one, which
she said was tough for her before. Hearing that made me genuinely happy. It’s great to
see her getting more interested and sticking with something new. Then I questioned
them, "And how about you all?" They replied, "Yes, sir”. We have practiced.” One
student called Prajal said that, "I practiced at home using my computer. Actually, sir, 1
would say that I prefer using MathsPad to learn with the computer than using
traditional methods of geometry set." On asking him the reasons for his preference, he
further responded,

Actually, when I started using these tools like compass, scale, protractor, I was

having trouble in doing so, but as I continued, I became skillful. Since our

generation spends most of the time on screens, it is a good combination of fun
and learning.

Yuna also expressed happiness by telling, "Sir, even my six years old brother
uses MathsPad." 1 questioned her about the use of MathsPad by her brother, and she
replied, "Actually, he tries to make houses using this software, and I think we can
teach other young learners using this technique.” 1 positively responded and told that
we might think about it for our future lessons. From this conversation, I perceived that
the students were gaining confidence, familiarity, and enthusiasm about using the
MathsPad construction software. In this regard, as a participant-researcher, I found
that the students gradually gained confidence and interest in geometric construction
through regular practice of MathsPad. Moreover, through reflection, the students
expressed that the process was interesting enough and minimized their fear of
construction of different shapes.

From the perspective of constructivism theory, this observation implied that
students learn through an active process and repeated practice. From the socio-
constructivism point of view, interaction and sharing of their experiences helped build

students' confidence. Reflections of the students also showed that they were finding
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digital learning interesting and entertaining, and hence their interest and involvement

increased.
Figure 18
Construction of a Quadrilateral and a Triangle with Equal Area
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Following the presentation of Question 4 on MathsPad, I encouraged the
students to get ready for the upcoming process. The classroom was arranged in an
organized manner when we commenced, and the classroom became energetic and
loud just like a marketplace where students are seen chatting, opening and closing
geometry boxes, noise of pencils and ruler hitting the desks, peers borrowing

materials, and so forth. These activities recalled me of the school days. After some
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time, I asked them to calm down and concentrate on the lesson. While demonstrating
each step of geometric construction on MathsPad, students started to do what I
showed them using their geometric materials. Gradually, students became organized
and concentrated on the process. The construction of Question 4 happened
successfully without any problem. Following the completion of the process, I began to
walk around the class and saw whether there is something wrong in their construction
or not.

Almost all the students did the class activity without facing any difficulty, and
they seemed more comfortable with the visualization. As a part of data collection, I
asked one of the students about the difference in skill before and after learning the
new concept. Mebin said that the action research done by the teacher helped the
students more than the teacher because, previously, he used to have difficulty in
learning mathematics and had despair. However, now he feels happy about his daily
development due to the ongoing action research. Another student agreed with him and
told that the introduced tool is helping him to learn better. It was encouraging and
motivating for me to hear their views as those responses helped me to gain more
confidence towards the study. The classroom scenario gave me an indication that their
engagement helped me in approaching the goal. Nearly all of the students finished
their work, while some were almost finishing during my observation. Their completed
work was presented on the interactive board as shown in Figure 18.

Following the process of Question 4, students wrote reflective writing of their
experiences of geometric construction. The classroom was quiet at first until one
student, Mabin, handed over his reflection piece and started talking to me. He says,
"Sir, if this teaching method will be used in other parts of mathematics, studying will
be interesting and we will understand." Asking how, he said, "It is easier for us to see
and learn from the board." According to Mabin, learning geometry became more
interesting and easier compared to the previous lessons. The statement given by
Mabin shows that the digitalized visualization on the interactive board made learning
easy and reduced the difficulty to understand the procedures. Therefore, it can be said
that the new teaching strategy motivated students to engage in learning mathematics.
From the above discussion, it can be said that learning through visualization enhances
comprehension and increases motivation among learners.

From my point of view, the active and loud classroom represented their

engagement and interest in learning. This phenomenon corresponds to the theory of
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Vygotsky because of the high level of social interaction among participants. The
social interactions took place when students cooperated, exchanged materials,
discussed, and worked together on the assignment. The introduction of MathsPad
enabled them to concentrate more on the process and follow the procedures. This
indicates the idea of Bruner's scaffolding theory and Mayer's multimedia learning. In
addition, dynamic visualization provided an easier way for students to understand
each construction step by step and thus made them more relaxed and engaged in the
learning process. Based on students' reflections, repeated success in performing tasks
was a reason for building more confidence and independently solving similar
problems. The findings are consistent with Self-Efficacy Theory developed by
Bandura (1997) and the idea that students gain confidence in their skills due to
successful learning experiences and task mastery. In addition, the use of visualization
and guided exploration allowed students to build their understanding of geometric
concepts, which is in line with the theory of social constructivism developed by
Vygotsky (1978), as well as with Anghileri (2006)'s definition of this theory. Being a
teacher-researcher, I was able to reflect on students' responses and adjust my teaching
strategies during the intervention period, thus developing professionally. Growing
Interest in Digital Learning and ICT Integration
Growing Interest in Digital Learning and ICT Integration

As a teacher-researcher, I noticed the rising interest of learners in digital
learning. The use of MathsPad and visualizing step-by-step activities led to better
clarity, involvement, and understanding in mathematics. Over time, positive attitudes
towards the incorporation of ICTs in learning geometry emerged. Also, there was a
clear expression of willingness to use digital technology in other mathematical
concepts. On Sunday, December 7, 2024, I led a discussion with the students about
using ICTs in geometry lessons. Things got a little tense when Saanvi, one of my
brightest students, asked for help with question 11.1(A) from Activity 1 in the CDC
Mathematics book (page 211). I asked if everyone was ready to get started, and they
said yes. To kick things off, I used the “write” option in the MathsPad app to copy
over the question for everyone to see.

Teacher: Today, we’re going to learn how to construct a parallelogram with

the same area as another shape using MathsPad. Who wants to give it a shot?

Saanvi: Sir; can I start by drawing the base line?

Teacher: Go ahead, Saanvi. Draw AB with a length of 4 cm.
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I watched as Saanvi used the ruler tool in MathsPad to draw a careful, precise

line.

Saanvi: Drawing with this technology is just easier—seeing the measurements

right on the screen helps way more than using paper.

Teacher: Great point, Saanvi. What about the rest of you? How do you find it?

Yuna: Sir, I see points and lines clearly. When drawing on paper, sometimes |

get lost while constructing parallel lines.

As the participating teacher-researcher, I realized that learners had a high level
of concentration on the screen as they awaited turns to work with the MathsPad digital
technology.

Teacher: How do we draw angle ABC to measure 60°? Can you tell me why?

Neha: The question says to construct angle ABC. The middle letter tells you

where the angle's vertex is.

Teacher: That's right, Neha. You re on the right track.

I could see all the students paying close attention to the steps.

Prashant: Sir, when I draw the lines using the digital tool, I can already picture

the whole parallelogram before I even finish.

Teacher: Exactly. That’s visualization. Digital tools make it so much easier to

see and understand what’s happening in math.

While we extended the top line to build another parallelogram, everyone
started getting more curious. They began to wonder how two shapes that look
different could still have exactly the same area.

Teacher: What has to stay the same if their areas are equal?

Mabin: Six, I think the height has to stay the same, even if the base changes.

Teacher: Good thinking, Mabin. What made you say that?

Mabin: When I moved the points along those parallel lines, the distance

between the lines didn’t change, so the space the height was always constant.

At this point, there was more interaction within the classroom regarding
geometrical concepts. Learners were not only following procedures but also reasoning
conceptually through visualization of geometrical concepts.

Yuna: “Sir, MathsPad has made the concept of geometry fun because one can

visualize all steps”.

Neha: “Yes, and mistakes can be resolved quickly without making learners

nervous while constructing the diagrams”.
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Teacher: “Should digital tools be used to teach other mathematics concepts?”
Prashant: “Yes, sir. It is through regular lessons taught via digital technology
that mathematics becomes easier”.

Saanvi: “Sir, learners become more concentrated when lessons are taught

using this mode because it feels realistic”.

Figure 19
Construction of Parallelograms with Equal Area Using MathsPad

(A) Construction of parallelograms equal in area.
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During Activity 1 on constructing parallelograms equal in area using
MathsPad, | observed growing curiosity and excitement among my participants

toward digital learning and ICT integration. Papert’s constructionism theory explains
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that learning becomes more meaningful when learners actively create and explore
ideas using technological tools. The visual movement of lines, accurate
measurements, and interactive construction process created an engaging learning
environment where students actively participated and discussed mathematical ideas
confidently.

Just after completing the solution of question number 4, I saved the solution in
PDF. It was seen by participants but one of the student names Samita Sarki surprised
and asked me “Sir Can I submit such PDF file after completing this question at home
in my computer?” 1 replied sure, then you can submit such PDF via email. Another
student asked, what to do if we don’t have computer at home? One of his friends
added, sir, we can’t use computer of our school lab. Understanding the interest and
self-confident of the participants, I need to know their excitement so I asked, how
many of you can practice at home please raise your hand? In my question answer
only two students raised their hand. This noted that 28 more participants do not have
access of devices at home. They could not digitally practice geometric construction at
home. The overall conversation of my participants signified that all are interested to
practice on computer. Hearing their voice, I thought, how my participants can have
such excess of computer and internet in lab to practice geometric construction on
MathsPad? If they were able to practice geometric construction in computer
laboratory, they can download or screen short the solution and directly submitted to
me via any social media. From this action research participants not only learned
geometric construction but they developed skill to use digital MathsPad construction
tool for learning geometric construction.

It was an unexpected scenario. Initially, I developed my action plan just to
teach geometric construction for grade X students integrating MathsPad construction
tools. On moving till seventh day of teaching, they learned many things starting from
a point (.) till the area equivalent of triangle with given quadrilateral (pre-test question
no 4) and activity 1. I tried to specify the need and further interests of the participants;
I found that all of them wished to practice geometric construction on computer
themselves either individually or in a peer. Almost all my co-researchers ethically
forced me to provide such opportunity during this journey of my action research. If
participants given opportunity to use computers and able to submit construction
digitally using MathsPad will be the new record for digital transformation of

geometric construction learning in school.
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For the same, I started to think about how to provide them computers with
internet access. I asked to the school management either there is internet connection in
school computers or not. Finally, I found that there is no internet connection in the
computers of lab. I asked, why we were not connecting internet in our school
computers even we are teaching computer science as a subject. School authority
replied that, if we connect internet, the students start to focus on unnecessary extra
things rather than their specific content. I understood_the situation of school computer
on which my participants won’t be used it. I started to think how I can connect the
internet for my work in the laboratory. Finally, I explained my action research agenda
to the school authority, for the same school provided the permission to connect
internet for this purpose. Then it was immediately connected the internet in the
computer lab. Now my teaching paradigm for my action research was going to
transform in a new dimension. Students requested to use MathsPad themselves
highlights a gap in providing sufficient hands-on experience during the first
intervention. The findings further resonate with constructivist perspectives, which
emphasize that meaningful learning can be supported through social interaction,
dialogue, collaboration, and the active construction of knowledge (Bruner, 1996).
During the intervention, participants learned not only through teacher guidance but
also through peer observation, discussion, and shared reasoning. They voiced that it
could address their need to understand concepts better through active engagement.
After reflecting on the results obtained during the first cycle, it became apparent that
some additional measures were required to cover the learning needs of the participants
and ensure the involvement of all students during the second cycle.

Therefore, | modified the existing intervention plan to include more guided
activities, collaborative tasks, and proper use of the MathsPad app. At the same time, |
discussed with the administration of the school the importance of having a stable
internet connection and showed the advantages of using digital technology to increase
the engagement of students and improve their knowledge in geometric constructions.
These discussions helped to change the attitude of administration to the role of
technology from mere complementary tool to an indispensable part of instructional
process. This experience is an embodiment of the TPACK approach, in which
effective integration of technology into instruction is based on the interrelation
between technological, pedagogical, and content knowledge (Mishra & Koehler,
2006).



Figure 20

Teacher’s Feedback on Pre-Research Orientation Meeting

In second intervention of one week duration, my participants practiced

geometric construction digitally using MathsPad and finally submitted the solution
downloading the PDF via mail. In this journey of learning, my participants would
have the conceptual knowledge on both geometric construction and ICT integration in
mathematics.

Hands-On Digital Practice in the Lab.

Based on the need identification of my participants from the first intervention,
finally I entered into the second intervention, where the learners performed
construction using MathsPad digital tools. They desired hands-on practice in the lab.
In first cycle | leaded visualization with MathsPad and they followed using manual
instruments like paper pencil and geometric box. When | made statistical insight on
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cycle-1, out of 15 marks, the average of pre-Test and post-test score was 6.2 and 10.7
respectively, it shows that the average improvement is 4.5 marks. It fostered the
emergence of conceptual clarity, increased engagement and motivation of my
participants. In cycle-1, from the first day of teaching student participants enjoyed the
classes with active participation. Except in the first three days, most of them were
regularly present. Analyzing the gaps found in cycle-1, participants required hands-on
practice providing direct access allowed students to actively engage with geometric
construction tasks, promoting better understanding through exploration. All the
participants desired to use digital platform for their construction other than paper
pencil. As suggested (in fig. 20) by a school mathematics teacher during the Pre-
Research Orientation Meeting and based on the demand of my participants, I decided
to provide such opportunity to the participants to use the digital MathsPad
construction tools independently.
Empowerment through Active Participation

The first day of the second intervention took place on Monday, 8 December
2024. All participants were familiar with MathsPad construction tool and ready to
carry out laboratory experiments. Focusing on their need, I introduced a story to build
the class environment more active. The title given was “Story of a Fever, Search for a
Cure, and Building Mathematical Understanding . The participants were presented
with an image of two people and asked to analyze it critically.
Figure 21

Conversation between Patient and Doctor
{ \‘) II
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In analyzing the picture, some participants were able to conclude that the

patient suffers from fever. The doctor is asking her health problem. Different critical
arguments raised between the participants observing the picture. Some of them start to
analysis with the critical lens. Saanvi reflected that;
Just like the doctor needs correct information to treat a patient, in
mathematics we must first understand the problem clearly before solving it.

Prashant compared;
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The process of treatment with step-by-step mathematical problem solving,

saying that each instruction must be followed carefully just like a prescription.

Saanvi noted that just like in the case of treating a patient, mathematics
requires a clear understanding of the problem in order to solve it successfully.
Prashant compared curing the disease with step-by-step solving of word problems,
everything prescribed needs to be carried out to get the right result. | shared that the
picture was of Sita guruma and Dr. sharpa. Having collected participants' ideas, |

proceeded to present the main story of Sita guruma and Dr. Sherpa.

YT T[T H&fT BISTHT 1T faemifesars safafaa Y= Riers w8 yus! dam
AFD Wi ATY U I IgIdTs SR ATTHI 8D ITEe" T Sald T8Tsufe Saex —
UfHIAT AP Sid T+ M| Saex Yafa faaRe®T dargs die] 1| diar T
ATEHATS Wi AT, TR 3134, BT G, AT § Ol AEUES Saexdls g3 YAl IaqUfS
SR AT TEHTHIATS 381! QNIh! aRAT U T YAl | Hidl TS 1P e
faeera@Iiorg Rieie YuH! gardg Al | TUH!T STURHT Saex Jufa JidT TSHTHT d18 Toal
R g HBT 7RI Tuberculosis TRETT TTH Heallg fegHus” v4

1Y ITARET context B ATURAT Sae: Auid fb= BE'T?FI% Tuberculosis &\
Tdreror T TS WAl g 2

All my participants shared their reflections with full of excitement, among
them one of the reflections was given by Samita.

According to Samita, the question about occupation is significant to the

patient. Sita Guruaama acts as a mathematics teacher in a community school

where she interacts with many pupils every day. Since tuberculosis is a

contagious disease that spreads through air, persons who spend much time in

congested classrooms have high chances of contracting this condition. As a

result, the doctor viewed the occupation environment as one of the causes of

the disease.

Among them, Samita provided an analytical interpretation by explaining that
the doctor’s inquiry about the patient’s profession was significant, as Sita Guruaama,
being a mathematics teacher in a crowded classroom environment, may have a higher
risk of airborne infection like TB due to frequent close contact with students. After
listening the reflection of participants including Samita, | continue the story further to

the class.
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Neha was conscious of the use of MathsPad as an instructional technology.
Neha suggested that the teacher could use MathsPad Construction Tools for teaching
geometric construction. Neha asserted that with the help of MathsPad, there would be
less need for repetition of drawing on the board, less physical strain, saving time, and
increasing student involvement during the teaching-learning process.

The understanding of Kritika about MathsPad as a learning technology was
deeper than that of Neha. According to her, MathsPad is capable of helping teachers
create a better learning environment that is safe and creative. MathsPad, in her
opinion, is an instructional technology which supports visualization and involves
students actively in mathematical learning.

Based on the students’ reflections the storytelling activity increased
participants’ engagement and curiosity. Instead of directly introducing geometric
construction tasks, the story created a meaningful context that attracted students’
attention and encouraged active participation. Participants became emotionally
connected to the situation and started discussing ideas critically. This made the
classroom environment more interactive and learner-centered during the second
intervention. After diving to the story and critical thinking, all the students were
actively engaged during the second intervention of my action research. Just after the
story analysis, they started from the very beginning of the features identification of

the MathsPad construction tool.



71

Figure 22
Features on MathsPad Tool
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Initially they opened website https://www.mathspad.co.uk/i2/construct.php.
Then gradually visited the different features on MathsPad after logged in on their
specific username and password as shown in the figures 24. Just after logged in, they
started to explore all the features along with their peers. | acted as a scaffolder only
for a few needy participants.
Figure 23
Participation Name List During Action Research

Welcome Ram Chandra Sitaula Class Manager

Account Settings
Select class: ‘Antion research-participants v‘ 9

Class: Action research-participants Sort pupils

Tasks New Task Markbook Leaderboard | Pupil Records |  Pupil View Usernames

Pupil Name Username Password

Vaskar Adhikari VaskarAdhikari Vasbb

Tools

Projector View
Neha Bajgai NehaBajgai Neh55 Random Name Selector

Yugal Baniya YugalBaniya Yugbb

Arnav Banskota ArnavBanskota Arnb5
Ankit Bhattarai AnkitBhattarai Ank55
Dipika Bhattarai DipikaBhattarai Dipd5
Muna Bhattarai MunaBhattarai Mun55

When they identified the features on MathsPad, they played with the different
tools. They open that background of dots and started to draw both straight and curve


https://www.mathspad.co.uk/i2/construct.php
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lines. They drew many shapes like square, triangle, circle, rectangle, hexagon and
rhombus.

Figure 24

Shapes Drawn by the Participants Using MathsPad Initially
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They practiced to draw lines, angles and also learned to bisect them using
compass digitally. It was quite difficult to handle their excitements. When | asked,
“how you doing? ” They answered, “We are doing with fun. It just like game, easier
to construct.” During the activity, students frequently interacted with one another,
with one student asking questions to another, and others joining in, creating a lively
and enjoyable classroom atmosphere. Some students expressed their excitement by
speaking in loud voices, while others laughed together, demonstrating their enjoyment
and engagement in the learning process. Even they were asking me additional time for
practice while cycle-2, day-1 class time was over. Overall excitement of the first day
of second intervention was unbelievable. These observations indicated my research
showing that peer interaction, laughter, active participation contribute to student
enjoyment and engagement in learning environments. At the end of class Sunami
reflected her experiences as below.

She expressed, “In today’s class students were able to do it digitally. It was a
golden opportunity for students to learn from digital method.” The voice of Sunami
signified that they were feeling glade on having this opportunity. Students felt more
engaged, less bored, and more excited in digital classes. She added, “Not only for the
grade 10 students it should be used from primary level for better and good studies. ” 1t

was a great suggestion for me. She shared from her entire experiences. Digital
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learning was more effective, fun, and motivating than manual methods moving from
teacher-centered (first cycle) to student-centered (second cycle). Finally, she shared,
“While doing manually it was very hard to understand the measurement but using
MathsPad construction tool it is far better to understand the construction process. By
manual process students feel bored in class but in digital way students feel more
engaging and their excitement levels are high. ” It was the most important truth that
the use of MathsPad improved clarity in measurements and built their conceptual
understanding via engagement. This shift showed the progress in learning process.

Another participant, Neha, provided a detailed account of her interactions with
MathsPad. Neha stated that compared to manually constructing problems, using the
digital tools made constructions easier, and even enjoyable. “MathsPad tools made
constructions simple and fun. | felt confident, and I finished the tasks with a greater
degree of effectiveness,” she noted. Additionally, she remarked, “Digital tools
sharpened and clarified the measurements whereas manual instruments made the
measurements frustrating.”

Neha also appreciated the collaborative peer support that the digital sessions
provided. “Whenever the tools confused me, I was able to get help, and we learned
together. The tools quickened the process, and we were able to resolve our errors
right away, ” she stated. Like Sunami, Neha also encouraged that the MathsPad tools
be made available in lower grades. “Digital tools should not be limited to grade 10
students only. If students from primary level get such opportunities, they can learn
better and feel more confident in their studies,” she said.

Sikshya expressed the same feelings when thinking about her experiences
while constructing one parallelogram equal in area to another one. She said, “A¢ first,
| felt confused, but when | practiced with the MathsPad tool, my confidence slowly
increased. Day by day, | began to feel better and more capable.” She also expressed,
"The MathsPad tools sparked a different kind of energy in me. I felt I could construct
with autonomy, and | could help my friends when they got stuck." In her case, digital
practice boosted the initiative she took to help her classmates. This is a positive shift
in her sense of responsibility.

The reflections of Neha, Sunami and Sikshya all draw together the same sense
of digital practice empowerment. These students noted how engaging with digital
learning shifted the experience of boredom, clarified measurement, and most

importantly, enhanced confidence. Furthermore, the use of MathsPad technology
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transformed the learning space from being primarily teacher-directed to being student-
directed. Students took initiative and worked collaboratively to help each other.

Sunami, Neha, and Sikshya’s stories really connect with Vygotsky’s
sociocultural theory. Vygotsky believed learning happens through using different tools
and connecting with others (Vygotsky 1978). Here, the MathsPad became that tool. It
let students break down tough problems into smaller, easier steps. It became a
mediator between the learner and the concept. Students were really working in their
ZPD. They were able to complete constructions that previously they found
challenging with a little of my guidance and support of their peers. I shifted my role
from the primary knowledge holder to a scaffolder who worked more in the
background and provided support when required.

This shows that students felt empowered because they took an active role in
learning, not just sitting back and listening. Using the MathsPad software, they built
new knowledge by exploring on their own and with classmates trying things out,
fixing mistakes, and checking their geometric constructions. This matches what
Vygotsky described in his Social Constructivist Theory: real learning happens when
people interact and work together. The continuous guidance and prompt feedback I
provided them also constituted the scaffolding process, whereby the students were
able to engage in constructing the geometric shapes that at first seemed difficult for
them to do on their own (Anghileri, 2006; Margolis, 2020). In relation to the TPACK
framework, the purposeful combination of MathsPad and appropriate pedagogy with
geometrical content has led to the creation of a student-centered learning
environment. Additionally, the happiness, laughter, peer interaction, and discussion
about mathematics concepts displayed by the students indicated increased
participation and self-confidence, which were in line with Bandura’s Self-Efficacy
Theory postulating that effective learning experiences increase confidence in one’s
abilities (Bandura, 1997). Overall, these results showed a slow transformation from
the teacher-led class to the participatory and student-led class for mathematics.

Development of Digital Literacy

As I turned back on my teaching carrier, I started my teaching journey using
chalk, duster and blackboard. I followed the same cultural root what I learned in my
school life. When I met Mr. Bobmackforsion, then I knew from him about the
geometric instrument box which he brought for our school, as I explained in my

chapter-I. I touched computer first time in the year 1996 AD, however could not learn
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more due to several factors like, lack of interest without knowing the importance of
computers, limited computer devices, financial crises etc. Gradually, I tried my best to
make my teaching profession comfortable. But waiting for several years, I used
Google, Facebook, Twitter, Instagram, YouTube, Gen-Al and many more apps and
online tools that sharpen my teaching carrier. I experienced new ideas from YouTube
videos about mathematics teaching. As I knew that it was my starting point of digital
literacy.

Digital learning environments provide a more flexible and stimulating
teaching and learning environment that deepens students’ understanding of complex
concepts, simplifies the teaching process, and nurtures students’ engagement in
learning (Kshetri et al., 2026). While pursuing my master’s degree in mathematics
education at Kathmandu University, I developed my digital literacy which helped me
to incorporate different digital tools and interactive resources in mathematics
teaching, which also improved my teaching and increased students’ engagement in the
learning process. As I reflect on the more difficult phases of my academic and
teaching career, I recall my increased use of technology and of digital resources for
personalized, collaborative and data-driven mathematics instruction at the school
level. Through the use of technology in teaching mathematics, I could analyze the
process of learning among students and consequently tailor my teaching methods,
which led to positive results for learners (Muyco, 2025). During the practice involving
geometric construction of lines and angles on the MathsPad software, my participants
were taught how to construct and bisect lines and angles digitally. They were assigned

a task of bisecting a line and angles, and they worked actively.



Figure 25

Line Bisection and Angle Bisection Using MathsPad
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Digital literacy of my participants was displayed through the practice of the

given tasks as well as their submission, as follows. Out of the five given tasks, which

comprised two from angles and three from line segments, they executed all as given

below. During the process of doing the activity, it was automatically submitted to my

class manager account. In carrying out this activity, the students made an attempt to

reduce the time used in completing the tasks, meaning that the proficiency of the

geometry construction skills was being enhanced through the MathsPad software. A

screenshot of the task performance at the moment was given below in figure 26.
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Figure 26
A Screenshot of the Task Performance
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Samita Sarki Muna Bhattarai 100%
Aashwini Shiwakoti Prajal Chamlagain 100%
Aditya Shrestha Kritika dhungana 100%
Mebin Sitaula Pratiksha Gurung 100% 13 mins

From above, it was evident that the participants were actively engaged in the
exercise. At least, it was seen that 14 participants had already submitted, scoring
100% within 3-4 minutes. However, Pratiksha scored 100% in 13 minutes. On the
other hand, Sabitra and Saanvi had not finished. Saanvi attempted to answer question
number 3(fig.27) but did not attempt question number 5(fig.27), despite being a
brilliant student. This may suggest some sort of difficulty navigating through the
technology or even a lack of confidence when attempting certain construction
processes. It is through such incomplete attempts that scaffolding becomes crucial in
order to develop better habits in terms of technology as well as mathematical skills.
Even during the recording of this particular session, it seemed that there were nine
participants who did not submit their answers. In one instance, I watched as a
participant worked with their peers, which suggests there is some level of digital
interaction, even if the confidence or proficiency is not uniform. The confidence level
is further supported the use of MathsPad to construct geometric shapes. They seemed
to gain confidence in their technological skills.

Improved Confidence and Self-Efficacy

In the current research focusing on geometric construction with Grade X
students with the help of MathsPad, another significant point is related to the
improvement of the participants’ confidence and self-efficacy. Initially, during the
second intervention, it was noticed that students were confused regarding the use of
the MathsPad software. As more time was spent teaching with the aid of this tool,
they became familiar with it. In particular, through interactions within groups, their
confidence developed in a way that allowed them to work autonomously and feel

satisfied with themselves. Such findings support the theory of self-efficacy presented



84

by Bandura (1997), whereby successful performance of a specific task leads to greater
confidence in performing similar tasks in the future.
Students’ Learning Journey from Struggle to Confidence

Ashwini’s reflection of Day 6 illustrates distinctly how her level of confidence
increased gradually. In the initial statement, she wrote, “At first it was a struggle to do
the task, but after a while we properly constructed the parallelogram with the help of
MathsPad construction tools.” This short story of Ashwini makes it clear that all the
participants felt fear and uncertainty while using the new digital tools initially. They
were not sure about the correct positioning of the digital compass, ruler, and
protractor at first. After regular practice, however, they became able to use all the
digital tools effectively. This fear turned into a successful event, which is a significant
component of “mastery experience.” This is one of the four sources of self-efficacy,
proposed by Bandura.

Later on, after several practices, she wrote, “It was very easy to use MathsPad
construction tools. As this is our first time using this MathsPad construction tool, we
were more confident and excited to use it.” In this case, she and her peers felt
confident and eager to continue the task because they had used the tool successfully.
At this point, she was eager to continue the task because she was no longer afraid to
make mistakes. Such development can be clarified by the constructivist learning
theory because it asserts that learning happens through direct experiences. Students
who did the digital construction realized that they were acquiring knowledge. It is
obvious that their confidence grew because they shifted from not understanding to
understanding.

Overcoming Nervousness Through Practice

At the end of Day 7, Samita Sarki wrote, “At first my friends were nervous
using MathsPad construction tools, but I was very familiar and had used it before
also. It was difficult for using compass at first time... After using MathsPad
construction tool, we felt very clear and comfortable doing or using it.” This voice
of Samita signified another stage of confidence. Initially, she was nervous due to
unfamiliar tools. However, regular interaction in peer or group, the tool becomes
familiar and easy to perform geometric construction. Samita’s use of the words
“clear” and “comfortable” shows the internal shift from anxiety to assurance. The
students were involved in group work in six different groups where peer support and

consistent teacher guidance ensured the creation of an interactive learning
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environment. By interacting in discussion, demonstration, and problem-solving,
students were able to overcome their fear of geometric construction, thereby
becoming more capable of conducting construction operations on their own. The
current learning experience is based on Vygotsky’s ZPD where students were capable
of doing tasks with help from peers and teachers only to become capable of
conducting tasks on their own in the end (Vygotsky, 1978). Instructional scaffolding
through proper guidance and timely feedback helped the students not only understand
concepts but also learn procedures (Anghileri, 2006; Margolis, 2020). Due to repeated
success and learning through collaboration and MathsPad, the attitude of students
towards learning was changing. Geometry became for them a subject of interaction,
discussion, and discovery rather than a subject of difficulties and help from the
teacher.
Growing Confidence Motivated to Strengthen Math Skills

At first, learning geometric construction was very hard for me and my friends.

We had to use a ruler and compass to draw everything by hand, which took a

lot of time. Sometimes our constructions were not accurate, and we felt unsure

of ourselves. But after learning with MathsPad tools, I felt more confident

because I could complete the construction faster and more correctly. Now |

believe I can do better with digital tools.

Saanvi wrote on her reflection on Day-14. Taking reference of her voice
Saanvi and her classmates faced challenges initially. They had to use a ruler and
compass to draw everything by hand, which took a lot of time. Working for a long
time, still their constructions were not accurate, and this made them confused. They
often had to wait for their teacher to explain each step, which slowed things down and
made them less confident. Teacher had insufficient time to reach to every student.
However, once they worked construction using digital MathsPad tools, things began
to change. At first, Saanvi felt a little confused about using the digital tools. Working
with the peers and team taking help from the teacher, she started to feel more
comfortable. She understood that she could complete the constructions faster and
more correctly. This success helped her believe more in her own abilities.

According to Bandura's theory of self-efficacy, students build confidence
through repeated efforts on tasks and receiving positive feedback (Bandura, 1997).
Saanvi learned from her classmates working together on geometric constructions and,

as confidence defined their narratives, the constructions and details came clearly and
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accurately. As a facilitator | employed verbal conversion, as another source of self-
efficacy in Bandura’s theories. I continually supported them with phrases like, “You
can try again,” and, “It’s easy once you do it,” or, “Look, you already made one side
correctly.” As I observed every time students received positive feedback, they felt
more convinced and confident Ultimately, students began to assist one another. This
kind of sharing and collaborative practice allowed the development of collective
efficacy, the conviction that the entire group can achieve and succeed together. |
encouraged all my participants to work in a group or peers. Students who grasped the
content quickly were able to assist their peers. This kind of social modeling provided
weaker students with the assurance of, “if my friend can do it, I can do it too.” Such
vicarious learning is another major source of self-efficacy (Bandura, 1997).
Growth Through Hands-On Experience

Students used to find geometric constructions time-consuming and confusing,
especially when they were performed manually with a compass and ruler. Ashwini
said that manual methods made students feel “bored” in class, but “engaging and
exciting” digital construction shifted that perception. Progressing through the
sessions, the students’ behavior began to change in a positive way. In their manual
practice students did less interaction in peers then that of digital platform. But by the
second intervention of the action research, they started discussions, making
comparisons between different constructions and even teaching each other.
Figure 27

Students Performing Geometric Construction Using MathsPad in Group
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During the group work one student said to another, “Let me try, I think I can
draw triangle, equivalent to the area of given quadrilateral.” Such statements
indicate students were beginning to take ownership of their learning. The students
were no longer passive listeners; instead, they were beginning to take greater initiative
in their learning. This shift is consistent with Bruner’s (1960) spiral curriculum, which
emphasizes building new learning on learners’ existing knowledge and revisiting
concepts at progressively deeper levels of complexity. In this sense, students’ prior
understanding provided a foundation for engaging with new mathematical concepts
and extending their learning. Students worked confidently moving on to more
advanced constructions digital tools having successfully worked on a parallelogram.
Their confidence was cumulative success bred more success. Both Ashwini, Saanvi
and Samita’s reflections captured an emotional transition which was distinctly from
fear to joy. They used the words “excited”, “clear”, “comfortable", and “confident”.
Emotions fuel an essential element of learning and the positive emotions mentioned
directly influence enhanced recall and assist the movement of learning in a positive
way. The encouraging classroom environment supported students to take risks and
learn from their mistakes. Each of these small successes became a building block for
an even stronger self-belief.

Chapter Summary

In this chapter, I have presented my experiences as a teacher-researcher and
the learning experiences of students while using the MathsPad application for
geometric constructions. From my classroom observations and students’ reflections, I
found that Ashwini, Saanvi, and Samita gradually developed a better understanding of
geometric constructions and became more confident in their learning. At the
beginning, some students showed hesitation and lacked confidence when performing
constructions. However, as they practiced using MathsPad, they became more
interested, motivated, and willing to solve problems independently. Their willingness
to use MathsPad again showed me that the learning experience had positively
influenced their attitudes towards geometry. I also realized that using digital tools,
along with proper guidance, encouragement, and opportunities for practice, could help
students understand geometric constructions more meaningfully. Their experiences
encouraged me to reflect on my own teaching practices and recognize the importance
of creating a supportive and participatory classroom environment. Overall, this action

research helped me understand that integrating MathsPad into mathematics teaching
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can support students’ conceptual understanding and confidence while also providing

me with valuable opportunities to improve my teaching practices.
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CHAPTER V
SUMMARY, FINDINGS, CONCLUSIONS AND IMPLICATION

The current chapter serves as an all-inclusive analysis regarding the summary,
key findings, conclusions, and implications of the 15-day action research conducted in
the classroom using digital MathsPad technology to enhance Grade X students’ skills
in constructing geometry figures. This chapter is a consolidation of the whole research
process, from the identification of the classroom problem to its implementation and
reflection within a practical setting. In this case, I have shown how initially the
students found it challenging to understand geometric construction because of
abstraction, poor visualization ability, and a teacher-centered approach to teaching. In
order to address this problem, I have performed structured MathsPad activities in the
“Construction” chapter of CDC Grade 10, covering the following topics:
perpendicular bisector, angle construction, triangle construction, and polygon
construction. From these lessons, I was able to see the impact of MathsPad activities
on the way students learn geometry. As seen from the title of this chapter, it shows my
experiences of acting as a teacher-researcher. It involves planning, implementing,
observing, and refining teaching practice through conducting several cycles of action
research. In the following paragraphs, I will highlight the main issues that have been
raised by students’ feedback, classroom observations, and reflection on actions
performed during teaching practice. Finally, the last section describes the findings and
practical implications of the present study.

Retrospection as a Researcher

As a teacher-researcher, I initiated my research with my practice, my class, my
students and my concern. That is students' difficulty in geometric construction. Action
research is not merely a requirement for my academic course. It is an opportunity for
reflection, introspection, and fulfillment of my responsibilities as a mathematics
teacher at the public secondary school. Purpose came out of what I experienced and
observed in my classroom. I tried my best to help students of Grade X learn geometric
construction with the help of compass and ruler. However, I realized that not all
students were able to follow my lesson. Their performance looked nothing but copy of

mine and they even questioned me saying Sir, why do we learn construction in our
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class? Is this going to help us in SEE? Such inquiries led me to reflect on my practices
as a teacher and the problem situations in the class raised certain questions.

e Why do students consider geometry construction as difficult and boring?

e Why can't they visualize and design construction?

e How can technology be utilized in a constructive way to enhance

comprehension rather than demonstration?

e And most importantly, how can students be actively engaged in constructing

geometric knowledge?

In the meantime, I recalled myself a learner during my tenure at Kathmandu
University where a learner-centered approach and visualization of learning were
highly appreciated. The idea encouraged me to adopt innovative practices. In doing
so, | planned to use MathsPad application to enhance my students' geometric
construction skills. Throughout the process, I had been observing my students'
behavior, interaction and learning processes meticulously. Initially, some students felt
shy and unfamiliar with digitalized technology. But gradually they developed a sense
of curiosity, confidence and participation in the class. They used to debate on
construction procedure, correct their errors and assist other students. The atmosphere
of the class changed from passive to active. On many occasions, students used to
show eagerness to attend mathematics class and ask me, "Sir, will we use MathsPad
again today?" Such enthusiastic attitude towards learning is reminiscent of what my
mentors had once said, "What we experience for the first time tends to be the most
valuable.” While doing internship in the latter half of my course work period, I shared
my experiences gained from action research with 24 secondary level mathematics
teachers in the session titled, "Interactive Visual Manipulatives Using MathsPad for
Geometric Constructions".

Throughout my research process, some students faced challenges due to lack
of technological skills while some struggled in getting instant results for accurate
construction. Collaborative work was equally challenging as they proceeded at
varying speeds. The above-mentioned challenges turned out to be great learning
opportunities for me as well as students in their journal entries. My role as a teacher-
researcher included data collection through observations, reflections, and interview
with students. Data analysis included identifying trends concerning engagement,

visualization, confidence and comprehension, etc. Periodic interaction with my
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dissertation advisor ensured credibility and validity of the interpretations. Overall,
action research taught me how crucial it is to start by introspecting one's practice. In
my study, the involvement of students played a significant role. Students were
actively involved in the process of constructing mathematical knowledge in order to
be proficient in mathematics which is highly required by the society. Looking back, I
feel that action research turned into a transformative experience. It gave me an
understanding of the importance of action research to promote professional
development and improve classroom situation. Above all, action research taught me to
walk any road with my students for observation and learning.

Visualization of My Research Plan

I came up with the research idea based on my personal experience and
reflection of my own practices in teaching mathematics. Initially, being a beginner in
my professional life and straight after obtaining B.Sc. degree, I began teaching
mathematics for basic and secondary classes while simultaneously engaging myself in
further education. As a beginner, | applied traditional methods of teaching such as
lectures and demonstrations of constructions by using common drawing equipment.
As time passed, it turned out that the teacher-focused approach used in teaching paid
more attention to curriculum coverage than students' conceptual understanding and
enhancing visualize abilities. The students had problems constructing shapes, made
mistakes repeatedly, and showed low level of confidence when working in the class. It
is worth noting that poor academic achievements among students in constructing
topics were noticed. Thus, the need for visualization in learning geometric
construction became clear, and traditional approach was unable to provide it.

Thus, I found that action research was the best option for conducting research
on my classroom practice of teaching geometric constructions using MathsPad. In
preparation for the intervention, I conducted extensive review of the relevant theories
and studies, which made me familiar with ways in which digital technologies could
assist learning. Having learned how to help students learn with the help of digital
technology, I formed an image of my research as a cyclic process of diagnosing
students’ learning problems, developing interventions in the class, implementing
interventions, observing students’ reactions, and analyzing results of the observations
in order to make improvements to the next lessons. I did not expect any changes to
occur immediately since I considered students’ learning as a step-by-step process of

practice and teacher assistance, collaboration among peers and application of
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MathsPad. With the help of this image, I improved the second cycle of action research
according to my reflections on the results of the first cycle. While conducting this
research, I viewed it not only as an investigation of the problem but also as a tool for
improving my professional practice through reflection.
Research Question Formulation

The initial research question was formulated based on classroom observations
and the analysis of the reasons behind the observed difficulties students faced while
constructing figures. The main problem was that students were minimally involved in
construction and found it difficult to follow the procedural rules of geometric
constructions. Most students lacked interest, and even simple tasks caused confusion
among students, making them commit mistakes while doing constructions. Such
observations motivated me to change my teaching approach and formulate the
following questions: Why is it so difficult for students to visualize the geometric
construction process? Why are students more prone to imitations than understanding?

Even though related literature and other theses helped to form my research
topic, the importance of digital means in addressing students' problems became
obvious. The selection of a suitable action-research question seemed challenging.
However, by discussing my ideas with the supervisor and other teachers, I managed to
formulate two questions that meet the requirements of my work: How can the
application of digital MathsPad construction tools affect the geometric construction
skill of Grade X students? In addition, what role can digital MathsPad construction
tools play in developing students' conceptual understanding and interest in geometric
construction?

Research Paradigm in the Study

The research was done in an ordinary mathematics classroom where I happen
to be the teacher. Students usually have problems when trying to perform geometric
constructions. From my professional experience and participation in various academic
conferences, I know that teaching processes are not performed independently but
rather under some general theories regarding knowledge. Interaction with a variety of
paradigms, including positivism, post-positivism, interpretivism, and the critical, has
helped me understand that the work of each researcher is underlined by specific belief
system. According to Creswell (2015), all the researchers have some beliefs that

define their actions.
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The primary factor influencing my decision to select an interpretivist paradigm
is the possibility to find out what Grade X students felt about using the app for their
geometric construction tasks. In addition to quantifiable results such as test scores, I
was interested in investigating the perceptions of the learners, interaction in the
classroom, their increased confidence, engagement, and improvement in conceptual
understanding during the intervention process. In addition to the interpretivist
paradigm, [ used a critical approach to conducting my study. The use of this approach
allowed me to focus on self-reflection and improvement of my teaching practice in
the light of action research process. During the first intervention cycle, I conducted
self-reflections to assess my practices, find out potential barriers to effective learning,
and develop the ways to improve my instruction. All these considerations played a
crucial role in developing the action plan for the second intervention cycle. Therefore,
the critical approach does not represent another research paradigm in this case but is
combined with the interpretivist one.

Redefining Theoretical Foundations

Two main theories that served as theoretical anchors for the study included the
ideas about constructivist learning (students construct their understanding) and
collaborative learning. Both of them played a fundamental role in the entire research
study as well as its interpretation of students' learning experiences. Indeed, they show
what kind of processes take place while students develop understanding of
mathematical notions through active participation in the activity, visualization of
concepts, peer interaction, and reflection. The current study is based on the theory and
focuses on realization of meaningful learning for students who use digital tools of
MathsPad technology to learn geometry and perform geometric constructions.

My previous instructional practice was strongly influenced by a technical and
instrumental view of knowledge, in which knowledge was primarily understood in
terms of its practical application and control (Habermas, 1972). Consequently, in
mathematics instruction, I tended to emphasize procedural skills and accuracy,
repetition of procedures, and precision in carrying out mathematical tasks. This
approach was also consistent with key principles of behaviorism, particularly the
emphasis on observable behavior, reinforcement, and the shaping of desired responses
(Skinner, 1976). Therefore, in accordance with this paradigm, there was no place for
digital technologies and innovative techniques in my instruction as they did not

presuppose any reflection on the procedure itself but only its performance.
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The present research made me adopt constructivist theories according to which
learning becomes the process of creating personal meanings accomplished through
conducting research. The use of MathsPad technology allowed students to visualize
each step of the construction, make changes in figures, correct mistakes
independently, and integrate new knowledge with previous notions. This approach is
consistent with constructivist theory about mathematics learning as it shows that
students construct new mathematical concepts and create their understanding of the
studied subject matter. Intervention helped students move away from passive copying
towards constructing meaning and understanding notions like bisectors, angles, and
congruence.

The project was also informed by principles of experiential and collaborative
learning. Dewey (1902) emphasized the importance of learners’ experiences in
education and argued that subject matter becomes meaningful when it is connected
with the learner’s existing experiences and activities. In the present study, students
were provided with opportunities to learn through active engagement with geometric-
construction tasks, interaction with peers, and hands-on use of MathsPad. Thus,
engaging in collaborative activity, learners had enough opportunities to discuss
approaches to solving mathematical problems using the capabilities of MathsPad.
Working collaboratively, they cooperated with one another to solve mathematical
problems and find solutions to them collectively. Generally, the research has changed
my perception of students and their attitudes toward mathematics as a discipline.
Now, I am sure that students do not have problems with mathematical subjects; the
reason for those difficulties is that the traditional way of teaching mathematics fails to
establish connection between concepts and reality. In this regard, students' perception
of mathematics as a hard and isolated area of knowledge has changed to more positive
views about its meaningfulness and comprehensibility. Thus, it can be stated that this
action research has proved effectiveness of cooperative learning in the field of
geometrical construction.

Reflecting Theoretical Referents

One of the most distinctive features of action research conducted by me is
making sure that all theoretical frameworks do not only have implications concerning
improvement in test-taking skills but are also expressed in the stories, actions, and

thoughts of students. By integrating MathsPad into the process, I was able to provide
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approaches to learning that followed constructivist, social constructivist, cognitive,
motivational, and TPACK-based learning theories.
Constructivist Learning Theory and Concept Ownership

According to Constructivist Learning Theory, people actively construct their
knowledge rather than passively receive it. Indeed, the reflections of students prove
that it is true. Those respondents who were used to conceptualizing knowledge
through the process of memorization were able to understand why particular steps
needed to be performed while using MathsPad. For example, Saanvi, who was one of
the more active participants, said that "geometric construction suddenly felt easy and
achievable". As can be seen, the student began to view knowledge as something to be
actively constructed rather than merely imitated. This finding is consistent with
Constructivist Learning Theory, which posits that learners construct knowledge
through active engagement with ideas, experiences, and their environment. Neha,
being a slow learner, also expressed her thoughts in the following way: "Everything
suddenly clicked". Her reflections prove that interaction with MathsPad helped her
reevaluate her previous perceptions and reconstructed concepts, which is the core idea
of constructivism.

Interaction, dialogue, and shared knowledge are the major elements of social
constructivist theory, which Vygotsky suggested. In the current study, MathsPad was a
platform for interaction between students. Prashant, a boy, who was quite disengaged
in learning and lacked confidence in mathematical procedures, said that "such kind of
teaching learning approach not only enriched my knowledge but my social qualities
as well". Indeed, his reflection proves that learning takes place in a social and
interactive manner. During instructions, students could discuss construction methods,
identify errors in each other's work, and pose questions to investigate the task. All
these actions show that people actively participated in the learning process and took
responsibilities on themselves, as Vygotsky suggests.

Moreover, Samita shared her thoughts about the interaction between herself
and MathsPad, emphasizing that "the problem that was a headache for me became
much easier". Therefore, we see that the use of technology helped make the process of
learning more attractive for learners. All in all, in the current study, MathsPad was
used to promote learning in a public-school setting where students were usually afraid

of asking any questions.
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Zone of Proximal Development and Scaffolding

One of the major outcomes of the current research has been the use of
MathsPad as a scaffolding tool. A number of students, who were previously
experiencing problems with the measurement or division of line segment into two
equal parts, succeeded in achieving the desired goals after a computer-based
demonstration using MathsPad. Prajwal commented that "I am very confident in my
construction skill ability because it allows visualization of concepts." This result is
consistent with the idea that learning takes place when a student operates within
his/her zone of proximal development, the zone where he/she can accomplish certain
tasks with appropriate assistance. Step-by-step instructions made possible through the
utilization of MathsPad can be considered temporary scaffolding. Indeed, the
aforementioned observation confirms Vygotsky's claimed that learning should take
place in conditions when scaffolding creates links between actual competence of
learners and potential development. In particular, MathsPad addressed the problem of
missing geometry equipment required to complete geometric exercises.
Cognitive Theory of Multimedia Learning and Visualization

According to the cognitive theory of multimedia learning, the performance
level of learners increases as long as they face visual and verbal representations. The
importance of visualization in the process of comprehending geometry concepts has
been mentioned several times. For instance, Ashwini, who had some health-related
difficulties with class attendance, noted that "With these types of technologies I could
easily access new ideas even if I'm not able to attend the class." Thus, the usage of
MathsPad provided students with opportunities to comprehend information more
effectively and create mental models based on visual representations.
Learning Through Visual Representations

Visualization of loci, line bisectors, and angles helped to eliminate previous
problems. The repeated phrases like "it is crystal clear now" point at reduced
cognitive load and creation of more accurate mental models. Motivation, Confidence,
and Affective Transformation
Beyond purely cognitive goals, the use of MathsPad resulted in significant
transformations related to affective learning objectives like motivation and
confidence. Thus, many learners admitted having greater motivation and enjoyment as
regards the study of geometry and mathematics. These observations refer to such

important educational theories as motivation and intrinsic motivation. In everyday
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practice, the statement that "this form of education must be adopted in all places"
contradicts with the idea of political critique of traditional lecture-based classes.
Neha, who used to oppose teaching of mathematics, declared, "This type of software
needs to be available to every student." In general, such observations reflect the idea
of intrinsic motivation created through autonomy, interests, and feedback. Generally
speaking, the aforementioned theoretical considerations are related to the issue of
TPACK.

Reflection as a Teacher-Researcher

The findings indicate a transformation in the pedagogical approach, consistent
with the principles of the TPACK framework. The use of the instructors' knowledge of
geometry construction along with pedagogical practices such as scaffolding,
discussions, and MathsPad was used effectively. This is evident since students
perceive changes in pedagogy. For instance, a student asked, "Sir, why are you
teaching us like this? The classes we used to take in school were different,” and in
response, | responded “Sure! I aimed to teach like the same way”. This shows that
they have noticed changes in pedagogical practice, indicating the adoption of
technology as a teaching device. Through action research, there was reflection,
adjustment, and development in pedagogy, thus making up for instructional practices
made within the TPACK framework. The voices of all participants together confirm
the theoretical basis of the study. Concept learning is influenced by constructivist
learning theory, collaboration is informed by social constructivism, guided instruction
leads to success from the ZPD, visualization is enabled by multimedia learning,
attitudinal change is brought about by motivation theory, and pedagogical
transformation is brought about by the TPACK theory. Therefore, from this action
research, it is seen how theoretical constructs are manifested in the experiences of
learners and therefore the application of the MathsPad device in cognition and
geometry instruction in Nepal.

Throughout this action research, I learned that teaching geometric
constructions is not simply about explaining steps and asking students to follow them;
it is also about understanding their difficulties, listening to their concerns, and finding
ways to make learning more meaningful. Initially, I believed that introducing the
MathsPad application would help students perform geometric constructions more
easily. However, my classroom experiences taught me that technology alone cannot

guarantee meaningful learning. Students need proper guidance, encouragement,
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opportunities to explore, and time to develop their understanding. I also realized the
importance of revisiting basic geometric concepts when students struggle with
foundational knowledge, even at the secondary level. Listening to students’ requests
and observing their learning processes encouraged me to become more flexible and
responsive in my teaching. Rather than relying only on my own explanations, I began
to value students’ participation, questions, peer interactions, and reflections as
important parts of the learning process. This research also helped me recognize that
reflecting on my classroom practices and identifying my own limitations are essential
aspects of professional growth. Most importantly, I came to understand that my role
as a mathematics teacher is not merely to deliver mathematical knowledge but also to
create a supportive learning environment where students can explore, make mistakes,
ask questions, and gradually develop confidence in their abilities. This experience has
strengthened my commitment to becoming a more reflective, student-centered, and
innovative mathematics teacher.
Challenges in Implementation

There are various challenges in integrating technology tools especially
MathsPad software in teaching geometric construction. These challenges include lack
of tools, too much demands on teachers' ICT skills, and different interest levels in
teachers. While some schools may lack internet connectivity and infrastructure, others
may face similar issues in village settings. The one-hour geometry class for
collaborative work may also prove insufficient. Despite the provision of ICT
equipment by the Government of Nepal, such as computers, internet, and printing
machines, lack of electricity and skilled individuals to operate the equipment makes
implementation difficult. In my opinion, a lack of interest from teachers to adopt
technology tools such as MathsPad despite awareness of their benefits is among the
major barriers. Instructors must show intrinsic motivation to incorporate digital tools
in the classroom to improve their instructional approaches. Other important barriers
include a lack of infrastructure, electricity, and skilled personnel. Nonetheless, the use
of technology tends to motivate students to participate actively in classroom learning
activities. Hence, technology can support more systematic learning processes and
enhance students’ conceptual understanding. However, teachers’ reluctance to move
away from traditional instructional practices and their uncertainty about the
educational benefits of ICT may hinder the effective integration of technology into

classroom teaching (Knezek & Christensen, 2016). Despite these challenges, the
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integration of MathsPad into geometric-construction activities can provide meaningful
benefits for both students and teachers by supporting active engagement,
visualization, exploration, and the development of geometric-construction skills.
Conclusions
In conclusion, the use of digital MathsPad software for mathematics
instruction facilitated better understanding of geometric construction. This action
research highlighted real issues such as lack of students' interest, poor visualization,
and ability to complete tasks without proper understanding. It shows that MathsPad
software allows easy visualization of tasks in a step-by-step way, repetition and
revision, correction, and involvement in iterative process to enhance students’
knowledge and skills in geometric constructions. The research also found out new
ways of motivating and engaging students. Moreover, it helped to improve general
teaching practices. As opposed to before where teaching geometric constructions
based on traditional examples could make students passive listener, but the use of
MathsPad made them more curious and active in learning. Students' anxiety about
geometric constructions reduced and became more confident while carrying out
procedures. The use of interactive features helped students do constructions either
alone or collaboratively with peers. Therefore, doing geometric constructions ceased
to involve just rote learning. Conducting this action research helped me reflect on my
practice as well as learners' needs. As the results showed, all students are capable of
learning mathematics given the right environment. If there is alignment of
instructional approaches and needs of students, then the teaching process becomes
easier and interesting. Though the planning is complex, I came to realize how
powerful technology is in making instruction learner-centered.
Implications of the Study
This action research is intended to improve teaching practices through the use
of digital MathsPad software. The findings have certain implications both for my
teaching practice as a mathematics teacher and for further research on technology-
integration. In my case, the results have implications on current practices, especially
through encouragement to use student-centered, visual, and interactive practices. It
also helped me better understand the perspectives and needs of students. Thus, I was
able to adjust my teaching to meet the needs of learners accordingly. The findings
may be relevant for other mathematics teachers in similar settings to facilitate

students' ability to visualize and perform geometric constructions without anxiety.
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Even though the results may vary depending on the level of students as well as the
availability of technological equipment, the suggested approach to learning geometric
constructions can be adopted in the classroom. Secondly, this research may act as a
guide for other practitioners as well as teachers carrying out action research on the
integration of technologies in mathematics teaching and learning. Action research
usually involves the identification of problems, implementation of certain measures to
address those problems, and assessment of the result. A number of specific products
have resulted from this study, such as: MathsPad-based lesson plans revised; action
research intervention cycle 1 and cycle 2 conducted; students’ geometric construction
sample work; reflective journals; classroom observations; interviews; photos/video
recordings of classroom activities; and themes identified regarding students'
conceptual understanding, engagement, confidence, and geometric construction skill
development. In addition to that, this study has shown ways to deal with problems of
student indifference towards mathematics learning and lack of visualization skills in
performing geometric constructions.
Limitations

Every learning process has some contextual, participant, temporal, and
resource limitations. This action research is also bound to have some limitations
regarding the use of digital tools via MathsPad. To start with, the action research took
place within 15 days only, which enabled researchers to conduct two action research
cycles and did not give much scope for additional development and observations of
students' learning processes. Secondly, although all 30 Grade X students took part in
the classroom intervention, only six purposefully chosen 6 key participants were
involved in the in-depth qualitative analysis of the research due to the limited amount
of time for the interviews and observations. Finally, the research was conducted
within a Grade X classroom of one public school in Jhapa District, which means that
its findings cannot be generalized to all schools. Still, there are some implications of
the study for classroom teaching. The sample used was small, which limits
generalization. Time is another limitation because the use of technology in teaching
geometric construction takes more time compared to conventional approaches since
students need more time for investigation, improvement, and discussion. Time
constraint may become more evident in the setting of Nepal where it is necessary to
finish curricular content in a specified period. Another limitation is concerned with

digital competence and the speed of learning among students. Most learners benefited
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from visualization and interactivity, while others required more assistance to learn
digital technologies. Students brought different levels of confidence and
understanding to the table, and that really affected their progress. Some didn’t make
as much headway, probably because they just didn’t get enough practice. The study
focused more on helping students grasp the big ideas than on teaching them how to
lay everything out step by step on paper. So even though a lot of them got a good
handle on the concepts and could talk through them in class, a few still struggled to
show that understanding in their written work.
Future Directions

Action research has proved to be a great asset for professional development in
my career path as a mathematics teacher. It has helped me identify students' behavior
in a number of aspects ranging from visualization of the task, interaction, cooperation
with peers, and confidence in geometry. Several positive changes observed during the
research made me integrate more technology, especially MathsPad into teaching. For
the future, I want to enrich my practice by combining visualization and procedural
skills through using digital tools and respective written procedure representations.
This action research also points to several possible directions for further research. One
may be interested in examining the long-term impact of MathsPad use on test scores.
Another avenue for exploration may lie in comparing this approach to others through
empirical studies. Further, geometric concepts other than triangle constructions may

also be studied using MathsPad.
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APPENDICES

A 2 -Week Action Plan for Action Research

Use of Digital MathsPad Tools for Improving Geometric Construction

Proficiency in Grade X Students

Week Purpose Activities Description Expected
Outcome
1A: Planning  Identify Problem Review Students’ initial
and Baseline learning gaps identification  students’ conceptual and
Diagnosis and prepare previous test procedural gaps
intervention papers and are clearly
classroom identified
difficulties in
geometric

construction
Pre-test Conduct pre-test
administration  on line segment,
angle
construction, and
basic
quadrilaterals
Observation Observe
students’
confidence,
errors, and use

of geometric

instruments
Lesson Prepare
planning MathsPad-

integrated lesson

plans for



1B: Action
Cycle 1 — Basic
Constructions
with
MathsPad

2A: Action

Build
conceptual
clarity
through

visualization

Strengthen

Orientation &

ethics

Teaching

basic concepts

Line segment

construction

Angle

construction

Observation

Reflection

Angle

constructions
Explain purpose
of study to
students and
ensure consent
Points, lines, line
segments, and
loci taught using
MathsPad

visualization

Measuring and
bisecting line
segments using
compass
(MathsPad +
manual)
Constructing
angles using
protractor and
compass

Note student
engagement,
questions, and
misconceptions
Teacher
maintains
reflective journal
on the
effectiveness of
MathsPad

Bisecting

109

Improved
conceptual
understanding
and reduced
fear toward
basic

constructions

Students



Cycle 2 -
Angle &
Triangle

Constructions

2B: Action
Cycle 2 -
Advanced
Construction

& Evaluation

procedural
accuracy and
confidence

Consolidate
learning and
evaluate

impact

bisection

Triangle

construction

Collaborative

practice

Interviews

Reflection

Quadrilateral

construction

Independent

practice
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standard and demonstrate

non-standard confidence,
angles using

MathsPad

accuracy, and
active
participation in
constructions
Constructing
triangles (SSS,
SAS, ASA) step-
by-step

Peer learning
and group
practice using
MathsPad

Short interviews
with key
participants
(e.g., Saanvi,
Prajwal)

Daily reflection
on student
progress and
challenges
Constructing Significant

quadrilaterals improvement in

and area- students’

equivalent conceptual

figures clarity,
procedural
fluency, and
motivation

Students

perform



Post-test

Data analysis

Final
reflection
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constructions
with minimal
teacher support
Assess
improvement in
geometric
construction
proficiency
Compare pre-
test and post-test
results

Reflect on
pedagogical
change and

student learning
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Students Engagement during Action Research Intervention
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Pre — Test and Post — Test Questionnaire Sample

Pre-Test
Grade: X Time: 30
min
Subject: Mathematics Date: 2024/11/28 F.M.: 15

All questions are compulsory.
Q1. Draw line segments of following measurement and bisect them using compass.

[2+2]

[a] 5cm [b] 8 cm [c] 14 cm [d] 12 cm
Q2. Draw the following angles using protractor.
[2+2]

[a] 30° [b] 60° [c] 75° [d] 90°

Q3. Draw the following angles using compass and scale and bisect the angles.
[2+2]
[a] 30° [b] 60° [c] 75° [d] 90°

Q4. Construct a quadrilateral PQRS having PQ = 6cm, QR = 7cm, RS = 5cm, SP =
5.5cm

and £PQR = 60°. Also construct a triangle PQT equal in area to the area of
given

quadrilateral PQRS.
[3]
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