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Abstract

This thesis aims to investigate the impact of integrating GeoGebra into teaching intervention on students'
geometrical learning process and outcomes. This includes geometric performance, sustainable learning,
spatial thinking, students' views of learning using GeoGebra and attitudes towards learning mathematics
for Year Five students in Saudi Arabia. Students’ attitudes towards mathematics covers mathematics
academic self-concept, enjoyment of mathematics, and the perceived value of mathematics. Besides, the
present research examined the correlation between students geometric performance and spatial thinking,
attitudes towards learning mathematics, and their ability to sustain their learning for a long time. This
research goes deeper to explore pairs' patterns of interaction and the association between pairs' interaction
patterns and their geometric performance, spatial thinking skill, mathematics academic self-concept,
enjoyment of mathematics, perceived value of mathematics, and sustainable learning.

To do so, | adopted pre and post-test quasi-experiment non-equivalent group research design based on
control and experimental groups. This research employed mixed methods, including the use of geometric
performance test, delayed test, spatial thinking test, GeoGebra visual questionnaire, visual questionnaire
of students' attitudes towards mathematics, and video data to explore pair's patterns of interaction.

The findings show that the teaching intervention with GeoGebra significantly improves students’
geometric performance, spatial thinking skills, mathematics academic self-concept, enjoyment of
mathematics, and the perceived value of mathematics more than teaching intervention with hands-on and
traditional teaching. Besides, students show a steady positive change in their view of learning using
GeoGebra over time. The results explored six patterns of interaction collaborative, dominant/dominant,
cooperative, dominant/passive, passive/passive, and expert/novice. Where collaborative students
consistently performed better than other students, while passive/passive students were the lower achievers.
Overarching these conclusions has gradually developed my understanding of the nature of learning. The
learning activity cannot be designed (Goodyear and Carvalho, 2014a) but can be guided by learning tasks.
Although a social setting can be designed, it cannot ensure that students work collaboratively throughout
the learning tasks. In short, teaching should be learner-centered and pay more attention to encouraging

students to adopt collaborative interaction pattern.
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Chapter 1. Study contextl

1.1 Introduction

King Abdul Aziz bin Abdul Rahman Al-Saud established the Kingdom of Saudi Arabia
(KSA) in 1936 in the Arabian Peninsula. KSA is bordered by Kuwait, Bahrain, the Arabian
Gulf, the United Arab Emirates and Qatar to the east, the Red Sea to the west, Jordan and Iraq
to the north, and Oman and Yemen to the south. It covers an area of roughly 2149700 Km?,
including thirteen administrative regions; specifically, Al-Riyadh, Al-Madinah Al-Monawrah,
Al-Qaseem, Makkah Al-Mokaramah, the Eastern Region, the Northern Borders, Jazan, Najran,
Al-Baha, Asir, Tabuk, Hail, and Al-Jouf. Each administrative region is divided into a number
of governorates. Moreover, each governorate is divided into a number of sub-governorates.

Each administrative region has its own geographical and ethnographical features, which are

different from other administrative regions (see figure 1.1).

,‘\ e
g :

ﬁ&z\iﬁ)‘) w ;

Figure 1.1 Map of cultural differences in Saudi Arabia

KSA is home to two of the holiest cities for Muslims; in particular, Makkah Al-
Mokaramah and Medina Al-Monawrah, where Islam originated over 1400 years ago and began
to spread around the world (Al-Ragiba, 1999). Hence, Islam is the main religion of the country.

The official language of Saudi Arabia is Arabic. The country’s population has increased sharply

1 This chapter is part of a paper titled “Development of Saudi Mathematics Curriculum between Hope and
Reality”, published in 2019 in the International Journal of Management and Applied Science



from almost, 8 million in 1974, to approximately, 35 in 2020, with the majority being young
people (The General Authority for Statistics Kingdom of Saudi Arabia, 2021).

In addition to its religious standing, KSA is gaining economic importance. It is one of
the biggest economies in the Middle East and moreover, one of the largest exporters of oil and
petrochemicals globally (Al-Saleh, 1999). Likewise, it is a member of the G20 countries, which
is a global policy forum, consisting of twenty representatives from the world's largest
economies (Al-Saleh, 1999, Szczepanski and Bassot, 2015). Recently, KSA has begun to
diversify its economy and increase the wellbeing of its people. Consequently, the Crown Prince
announced Vision 2030, which is a road map and campaign to develop the country in the

coming years. It is built on three distinctive themes (Saudi Arabia Government, 2016):

1. An energetic society, which is vital to achieving this Vision, and a strong foundation for
economic prosperity

2. A prosperous economy, which will provide opportunities for all by building an education
system, answering the needs of the job market.

3. Anambitious country, which is built on an operative, transparent, accountable, empowering,
and high-performing government. Additionally, the correct environment will be prepared
for the nation, private sector, and non-profit sectors to take responsibility and action in

facing challenges and seizing opportunities

The aim of Vision 2030 is to build a successful country and be a model of excellence
on all fronts. In addition to this Vision, the Saudi government planned the National
Transformation Programme 2020 across 24 governmental organisations, including the Ministry
of Education, working on the economic and development sectors, in order to create the ability
and criteria required to achieve the ambitious aims pertaining to Vision 2030 (Saudi Arabia
Government, 2016).

1.2 Overview of the Saudi Education System

The KSA has attached importance to education since it was established in 1936. After
discovering oil in 1938, the Saudi government considered education to be more significant than
before, as to maintain its substantial economic and social development (Alharbi, 2017).
Currently however, the Saudi education system is in its infancy compared with the education
systems in developed countries. In 1951, the Ministry of Education (MoE) was established to
oversee every aspect of general education within its three levels (Primary, Intermediate, and
Secondary. Later, the Kindergarten level was included as well), such as teachers’ salaries,
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construction of schools, professional development, and paying for pensions and education
books. The MoE divided the country into 42 general directorates of education for implementing
policy for state and private schools. In 2015, the MoE began to supervise both state and private
universities. The education system in KSA remains segregated by gender from year four in
primary schools until post-graduate studies. However, there are two optional systems from
years one to three: co-education with female teachers and single-sex education where female
teachers teach girls, and male teachers teach boys.

Each of the educational levels (Primary, Intermediate, Secondary and University) in
KSA are free of charge for residents (Abdulatif, 2008). In the last few decades, due to the
increase in oil prices, the number of Saudi universities has increased from eight to twenty-nine,
whilst the number of schools has risen from roughly 28,100 in 2010 to approximately 36,300
in 2015 (MoE, 2019a). ). Besides, the private sector has been participating in educational
services in private schools, international schools, colleges, and universities under MoE
supervision. More specifically, state and private schools have taught the same curricula
throughout the country, whereas the international schools have their own curricula, depending
on the country they originate in. Furthermore, education in KSA is compulsory from primary
school until secondary school (from year 1 to year 12). It must be noted that pre-school, which

is for children under six years old, is optional (MoE, 2019c).

The Saudi education system has been influenced by geographical features, the
significance of religion, the increase in the country’s population, as well as the economy and
industry. The education policy in KSA emerged from Islam, which highlights the importance
of education and learning, besides manners. As a result, Saudi education policy states the

following:

- Believe in Allah, as God, Islam as religion, and Mohammad, as the Prophet (PBUH)

- Islamic vision of humans and life so that each individual will conduct his/her tasks without
any interruptions from external sources

- Teach the Muslim how to depend on his faith for productivity, creativity, and to guide his
immortal life

- Believe that Islamic civilization requires both wisdom [derived from faith] and human
constructions to achieve glory on earth

- Follow the highest example that Islam has brought to human civilization through Prophet

Mohammad’s model to achieve glory on earth and happiness in the afterlife



Assert that education is a core component of every individual in Islam and spreading
education at each stage of life is the duty of the nation

Assert that Islamic Scientific courses are a core component of every stage of the curriculum
in Primary, Intermediate, and Secondary Schools. Similarly, Islamic culture is a core
component in higher education

Articulate comprehensive harmony between science and religion under Islam

Encourage and develop scientific research by means of enhancing observation,
contemplation, and opening our minds (MoE, 1970).

The KSA has made a significant effort to develop the nation by focusing on education.

Since KSA was established by King Abdul Aziz, the MoE has sought to develop the national

curriculum. Recently, with the announcement of Vision 2030, the Ministry of Education stated

eight strategic objectives in the National Transformation Programme 2020 (Saudi Arabia’s
Vision 2030, 2016):

Deliver education services for all student levels

Develop the recruitment, training, and development of teachers

Develop the learning environment to stimulate creativity and innovation

Develop curricula and teaching methods

Develop students’ values and core skills

Boost the educational system’s ability to address national development requirements and to
meet labour market demands

Improve creative financing methods and develop the educational system’s financial
efficiency

Increase private sector participation in the education sector.

Additionally, the MoE in the National Transformation Programme (2020) highlights the

significance of developing the national curriculum generally and the mathematics curriculum

specifically. Likewise, they emphasise the significance of mathematical performance

improvements in the international TIMSS test. It must be noted that TIMSS is American, as is

the mathematics curriculum. Table (1.1) below illustrates the key performance indicators in
relation to the TIMSS test.



Key performance Baseline 2020 Target Regional International

indicator benchmark benchmark

Average student 394 450 452 611
results in international
TIMSS tests (Year
Eight: Maths)

Average student 410 460 469 606
results in international
TIMSS tests (Year
Four: Maths)

Table 1.1 Key performance indicators for Saudi Students in the TIMSS test

KSA has been participating in the international TIMSS test from 2003. Since that time,
the results have demonstrated poor performance of Saudi students regarding mathematics. On
that note, Al-Ewasheq and Rafea (2010), pointed out the weak output of mathematics education
in the kingdom in contrast to several countries in the developing world and developed countries.
This was illustrated by national and international studies and evidenced by the findings of a
study into international trends in mathematics and science TIMSS in 2003, when KSA was
second from bottom on the list. The poor achievement of Saudi students in mathematics
continued in TIMSS tests in 2007, 2011, and 2015. However, the best result for Saudi students
was in 2011, when year eight attained a score of 394 and year four obtained 410. This score
was mentioned as a baseline in Table 1 above. Furthermore, Saudi society sees the TIMSS
results as an indicator of the quality of the mathematics curriculum and teaching practices. It
can be said that improving the performance of Saudi students in the international test has
become a fundamental requirement with respect to achieving Vision 2030 (Albalawy, 2019,
Aldwsary, 2016, Alharbi, 2009, Alnatheer, 2009, Al-TAlb, 2018, Bakhit, 2017).

1.3 Overview of the Mathematics Curriculum in Saudi Arabia

At its early stages, the mathematics curriculum was divided into three textbooks: algebra,
geometry, and accounting. Between the 1970s and 1980s, the MoE made several developments
to the national curriculum in general, and to the mathematics, in particular (Batterjee, 2011). In
1976, the first mathematics curriculum in Saudi Arabia was an extension of the effort by the
Educational Centre of Mathematics and Science at the American University in Beirut. This
effort focussed on primary and intermediate levels, whereas the secondary school mathematics
curriculum was designed by a group of professors from King Saud University, who specialised
in pure mathematics. This led to several issues in presenting the textbook content, which tended

to be abstract, given that information from university references is transferred without any
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understanding of the educational aspect (AL-AGLA, 1985, Al-Makoshi, 1984, Al-Qadi, 1994,
Al-Makoshi, 1996, Al-Faleh, 1988, MoE, 2019b).

In spite of the fact that considerable effort has been made to develop this curriculum,
the following issues remain noticeable (Al-Hian, 2006): The dominance of dictation and poor
attention to building the mental abilities and scientific skills that students need, such as critical
analysis, problem solving, decision-making, and deduction; the limited use of modern trends
and theories in mathematics in the construction and organisation of the curriculum and design
of educational tools to support student learning; a lack of educational materials that support
teachers and students in the education process. For example, Al-Makoshi (1996) and Al-
Mowayshir (2000), ascertained that the majority of the suggested educational tools in the
teachers’ guidebooks are not available at schools. Similarly, Al-Dhash (1994) reported that
there is a lack of professional development for teachers. In addition, as mentioned earlier, the
poor outcome of education in mathematics, in contrast to many countries in the developing
world and developed countries was illustrated by research, evidenced by TIMSS results in 2003,
2007, 2011, 2015, when KSA came near the bottom of the list.

Moving towards economic matters, Jenkins (2008), claimed that KSA has established
numerous economic initiatives to diversify the country’s income to move away from relying
heavily on oil production. On that note, acknowledgement of the role that education plays in
preparing Saudi people for the competitive worldwide market created the implementation of
various educational reforms from 2003 to meet the needs of the labour market and society’s
values, as well as 21% century skills; therefore, generating a positive generation able to solve
both its own and national problems (Al-Shaya and Abdulhamid, 2011, Jenkins, 2008). Likewise,
the MoE (2004) stated that the economics of knowledge and power of ever-renewing sciences
govern the world, continuing to say, we endure a world with complex relationships and
communications and those who have the knowledge and skills will join the march of human
progress. KSA always sees the development of science and mathematics curricula as a

fundamental factor in improving its economy and society.

Due to these reasons, the MoE made its decision to develop the mathematics curriculum
on international experiences which have proved effective in improving education. Therefore,
decision-makers selected McGraw-Hill Education and its representative in KSA, Al-Obekan
Education to undertake the task of developing the mathematics curriculum according to the
standards and principles of the US National Council of Teachers of Mathematics, known as
‘NCTM 2000, for all general education levels (MoE, 2006). In addition, to attain success with
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this project, the task of translating and harmonising the McGraw-Hill Educational Series for
Mathematics was undertaken by McGraw-Hill and Al-Obekan. Meanwhile, the MoE was
responsible for creating an appropriate educational environment in which to implement this
curriculum (MoE, 2006).

This curriculum was built based on the following ten philosophical principles: ‘learner
centred learning, thinking skills development, collaborative learning, technology usage such as
multimedia, learning through multiple inputs, exchange of knowledge and communication and
representation in multiple ways, active learning based on exploration, development of decision-
making skills, development of learners’ abilities to deliver planned initiatives, and linking the

learner with real life contexts’ (MoE, 2006, p.18).

Moreover, this project aimed to develop the mathematics curriculum and supportive
educational instruments (textbook, teacher guide, exercise book, assessment book, learning
resources book, educational tools) similar to developed countries, particularly the US. It also
wanted to attain access to the latest scientific research institutions and standards centres, plus
evaluate studies in the field of mathematics development. For that matter, benefitting from
international expertise and specialisation in producing educational tools to support students and
educators was paramount. The project aimed to employ and integrate technology and its
applications in the mathematics curriculum. It should also be mentioned that this project aimed
to assist the professional development of teachers, educational leaders, and curriculum experts
in KSA by means of the continuous support and growth of specialised international expertise.
This was to be accomplished via training based on international standards and philosophy, on
which the mathematics curriculum was built, as well as teaching methods, evaluation,
classroom management, and by integrating technology in education. It aspired to enhance
students’ learning in accordance with the principles of active learning and self-learning, along

with promoting access to and the construction of knowledge (MoE, 2006).

Several aspects have been improved in regard to developing the mathematics curriculum.
It focusses on problem solving by using George Polya’s four-step process for problem solving,
and, paying attention to higher order thinking skills by including one question or more in each
lesson to train students as to improve their higher thinking. In addition, it builds links between
mathematics lessons and real life by incorporating a question or task in each lesson that is
integrated with other sciences (Al-Ewasheq and Rafea, 2011 ). For instance, there is a section
in every lesson, titled ‘real life problems’. Moreover, it concentrates on improving

mathematical communication skills by encouraging students to write explanations of their
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investigations and discuss their thoughts (Al-Ewasheq and Rafea, 2011). As an illustration, each
lesson contains a task that requires debate or an explanation. This curriculum concentrates on
differentiating instructions, as it considers individual differences. Hence, it is evident that there
are a variety of questions that are appropriate for students’ levels. In addition to this, meaningful
assessment occurs in this curriculum to enhance the learning process and offer students the
opportunity to recognise their development and discover what steps they can take to improve.
This is done via continuous assessment, which includes several types, such as diagnostic,
formative, summative, and fixing common mistakes (Al-Ewasheq and Rafea, 2011 , Travis,
1996).

Development of the mathematics curriculum has covered several aspects, such as
curriculum content, teaching methods, educational technology, and cognitive research. Firstly,
curriculum content considers modernity and linking other cognitive aspects, as well as diversity
and focusing on critical thinking and problem-solving skills that are linked to real life (scientific
application, real contexts in relation to problems and exploration, etc). Next, teaching methods
considers the harmony between teaching methods and the nature of mathematics and its
teaching objectives, plus considering individual differences, besides students’ needs and
abilities which are essential. Thirdly, educational technology considers technical and
educational levels, inclusiveness, and diversity. Finally, it emphasises cognitive research results
that concentrate on learning styles and methods, differentiating learners and constructivism
theory, active learning/effective learning, focussing on basic concepts and skills and the practice

of meta-cognitive thinking (Al-Ewasheq and Rafea, 2010).

It should be acknowledged that the mathematics curriculum emphasises that the learner
will achieve the knowledge and skills that he/she desires based on development of thinking
skills, problem-solving, real-life applications, consideration of individual differences,
communication skills, employing technology to improve the learning process, in addition to
communication between families and societies and self-learning. In addition, it adheres to the
principles and standards of mathematics related to the NCTM (2006) and the focal points which
reflect the significance of mathematics topics for each stage. According to the NCTM (2006),
these documents aim to provide one possible response to the question of how to organise
curriculum standards within a coherent, concentrated curriculum by showing how to construct
significant mathematical content and the connections identified for each stage. Each of these
was translated into a series of textbooks to support teachers for assisting students to become
mathematically proficient, according to standards set by the NCTM. Moreover, the purpose of

creating the Mathematics Curriculum Series was to reflect on the results obtained from key
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research on mathematics instruction, instructional best practices, and curricular focal points
(McGraw-Hill, 2012).

It is important to mention that the mathematics content covers the key mathematics
branches. Mathematics textbooks include Numbers and Operations, Geometry, Algebra,
Measurement and Data analysis, and Probability. Each of the education stages have the same
curriculum content with different weights. For example, the curriculum in primary schools
focuses on numbers and operations more than algebra, whereas, the mathematics curriculum in
secondary schools concentrates on algebra (see Figure 1.1). Additionally, this series
concentrates on the skills and subjects that students face difficulties in; for instance, problem

solving, which is extremely challenging and taught at each stage (see Table 1.2).

Pre-K-2 3-5 &8 8-12

Mumber

Algebra

Geometry

Measurement

Data Analysis
and Probability

Figure 1.2 Curriculum content focuses on this theme across the stages (MoE, 2010)

Years 1-2

Years 3-5

Problem solving

Problem solving

Money Ordinary Fractions
Time Measurement
Measurement Decimal Fractions
Ordinary Fractions Time
Accounts Algebra
Year 6-8 Year 9-12
Ordinary Fractions Problem solving
Problem Solving Fractions
Measurement Algebra
Algebra Geometry
Accounts Accounts
Statistics

Table 1.2 Skills and subjects in the mathematics series based on stages (Ministry of Education, 2010)




This curriculum is created to be vertically integrated from Year One to Year Twelve.
This association involves the following three dimensions (Al-Shaya and Abdulhamid, 2011,
Tang et al., 2010):

1. Vertically integrated in content design, which is important to help students in verifying the
exact sequence of content and follow it from stage to stage. In addition, this helps to fill the gap
and prevent unjustified repetition which enables the teacher to direct his/her teaching and suit
it to the students.

2. Vertically integrated in relation to teaching design which can assist the passing of students
throughout their education and make it more straightforward. The curriculum uses terms or
vocabulary in each lesson and defines them, plus, offering technology, toolkits, and lesson plans,
as well as methods in the teachers’ guidebook. Each one of these can reduce difficulties and
distractions.

3. Vertically integrated in visual design so that the series pages contain consistent visual designs
from year to year. Therefore, students can be transferred smoothly and are more motivated to
learn and be successful when they are familiar with the layout and content of the textbooks.

In support of teaching, this series includes a guidebook for teachers which is designed
to be used as a core element. This guidebook includes a time plan, lesson plan, alternative
lesson plan, enriching information, teaching methods, in addition to common mistakes and
assessment methods for each lesson. Therefore, mathematics teachers only need to be prepared

mentally and follow the lesson structure.

The MoE adopted a four-phase plan to begin teaching the mathematics series. The first
phase is for Years One, Four and Seven. The second phase for Years Two, Eight and Ten.
Phase Three is for Years Six, Nine and Eleven, while phase four is for Year Twelve. Each
phase is divided into levels. The first level is the experimental stage which covered 110 schools
in sixteen cities. At this level, they investigate the integrity and clarity of the sentences and its
suitability for students plus checking whether the teaching suggestions and assessment
methods are appropriate. In addition to this, teachers are trained and participate in training
courses. In the next level, which was in 2012, the mathematics curriculum was generalised for
all schools, whether state or private. This research is located in the generalised level in addition

to the improvement in teaching practices.
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1.4 Issues with the Developed Mathematics Curriculum

Since the implementation of the developed mathematics curriculum in 2010, many
issues have been raised by teachers, mathematics education leaders, parents, students, and
scholars. The issues related to developed mathematics curricula come from different aspects
such as curriculum content, teaching methods, educational tools, and students’ performance.

These issues will be discussed based on the researcher’s experience.

The students” mathematics textbook is the main element that expresses the curriculum
content in KSA. The developed mathematics textbook offers a wide range of selected
vocabulary. The diverse use of words to explain mathematical concepts and present ideas can
help in developing students’ mathematical communication and thinking skills. Likewise, there
are questions in their textbook which ask them to explain by talking or writing how they solve
the problem (Abedi and Lord, 2001, Alsalim, 2018, O’Keeffe and O’Donoghue, 2015).
Nevertheless, the reading levels in the developed mathematics curriculum are higher than the
students’ level. Many teachers and parents have raised this issue since the curriculum began to
be taught; In particular Year One where the students start to learn how to read. Due to the fact
that kindergarten is not compulsory, students, parents and teachers discovered that the
curriculum is difficult to read, which can create dissatisfaction amongst students with regards
to mathematics. Furthermore, it is widely believed that problem solving is a core component
of the mathematics curriculum that can support students to develop their thinking skills. When
students engage in problem solving, they can improve their critical thinking and creativity, and
thus, they gain skills for the 21% century (Crimbricz et al., 2015). However, many teachers have
been avoiding teaching problem solving or ignoring it for the reason that students have
difficulty in reading and understanding the questions. Consequently, students may miss one of

the significant skills in this curriculum.

Next, the lack of professional development for mathematics teachers is one of the
fundamental issues related to the developed mathematics curriculum (Ali and Abdul Hakeem,
2013). Although developing teacher training programmes to train teachers in the developed
mathematics curriculum is one core element of the mathematics curriculum, the way the
teachers were trained was ineffective (Ali and Abdul Hakeem, 2013). One mathematical leader
from each General Directorate of Education was trained by the Ministry of Education. After
this individual has been trained, he/she subsequently trains every mathematical leader in his
General Directorate of Education. Once their training is completed the leaders then train all
teachers in their area. Experience suggests that there is an educational loss between each phase
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of teacher training. Additionally, the training programme was theoretical and did not give a
clear picture of how to deal with the curriculum. Unfortunately, three years later the training
programme was discontinued rather than developed, with the knowledge that a large number
of teachers were not trained. This fact was mentioned in ‘an informal conversation’ I had with
a representative of Al-Obekan Educational Company. As a result, the MoE and Al-Obekan
failed to improve teachers’ abilities and skills to implement the developed mathematics

curriculum as it should have been.

It is important to say that the MoE failed to provide the developed mathematics
curriculum resources. They failed to deliver the teacher guidebook, which is an extremely
significant part of teaching the curriculum, besides other books that support mathematics
teachers to teach and support the students’ learning process. Additionally, some educational
tools are not available, while the school environment was not prepared. For instance, several
lessons require access to the internet which certain schools do not have, whilst computers are
not available in every class. Generally, the shortage of learning resources in schools is one of
the fundamental issues that accompanied the implementation of the developed mathematics
curriculum (Ali and Abdul Hakeem, 2013, Hassan and Hamid, 2014, Ezz Al-Deen and Subabhi,
2014). Moreover, the developed mathematics curriculum did not correspond to the exact time
of the mathematics classes. Many of the teachers raised this issue, in particular, in relation to
when they should teach all the lessons in the textbook.

Additionally, the same methods are constantly used to present the lessons, whereas it
should be diverse from stage to stage. In fact, one of the weaknesses of the new curriculum is
that it took a typical form and is always in the same teaching style for all school stages. For
example, Years 1, 2 and 3 have the same teaching style and Years 4 and 5 have their teaching
style, which means that the following three years also have their teaching style. Consequently,

mathematics lessons can be uninteresting.

It is worthwhile mentioning that teachers taught the new curriculum using the same
approach that was used to teach the old curriculum. Moreover, the teaching practices to
implement the curriculum in the mathematics classrooms are not consistent with the
philosophy and directions of the developed curriculum. In general, the research on teaching
practices in the mathematics classroom is weak to average usually. It is especially obvious in
geometry, which is the subject that enhances high order thinking and activity learning
supporting the learning process and students’ performance (Al-Dgain, 2013, Al-Eid, 2014, Al-
Harbi, 2013, Al-Ony, 2011, Al-Rwais et al., 2013, Al-Shaya, 2013, Al-Yami, 2012, Kashan et

12



al., 2013, Khalil and Al-Rwais, 2014, Alsalim, 2018). According to my experience as a
mathematics teacher and teacher trainer on the developed mathematics curriculum many
teachers find teaching geometry challenging, especially in primary school. This is because of
the difficulty in providing good examples to make the geometric concepts easy to understand.
Similarly, teachers continue teaching geometry using lecture methods without using tangible

examples and tools to make the geometric concept visual for students and easy to understand.

Besides, one of the main reasons for changing the mathematics curriculum in KSA is
to increase students’ performance. The issue of poor performances in mathematics in KSA and
the result of the TIMSS Test in 2003 is clear evidence of underachievement in relation to this
subject. This low-level performance continued in 2007. However, four years later with the new
mathematics curriculum in place, the results of the TIMSS Test in 2011 confirmed an
improvement in students’ performances regarding mathematics, when they Year Four obtained
410. Nonetheless, in 2015 the TIMSS results decreased to 383 along with 381 in geometry,
which is lower than the benchmark (TIMSS, 2016). It is believed that the low score in
geometric performance can be related to the teaching methods, since many teachers have found
teaching geometry complicated, and they think it is higher than the students’ level. Furthermore,
students found it difficult given that teachers do not use the appropriate educational tools to

explain the concepts, which in turn, makes them difficult to recognise.
1.5 Conclusion

This chapter has discussed the educational system in the KSA and its efforts to make it
compatible with the Islamic religion, its geographical location, and its economic position, as
well as its ambitions to make the country successful and a model of excellence on all fronts,
according to Vision 2030. This has led to educational reform and students being prepared for
universal competition. It also attempts to meet the needs of the labour market and society’s
values, besides equipping people with the skills required for the 21% century and thus, building
a positive generation able to solve personal and national problems (Jenkins, 2008; Alshaya and
Abdulhamid, 2011). Moreover, the international TIMSS (2003, 2007, 2015) showed the poor

performance of Saudi students in mathematics.

Consequently, the Ministry of Education established a project to develop the national
curriculum, in general, and mathematics curriculum, in particular. Developing the mathematics
curriculum was based on international experiences that have proved effective in developing

education. This curriculum designed by McGraw-Hill and the Al-Obekan Company depends
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on the NCTM 2000 standards and principles which cover each of the general education stages.
The developed mathematics curriculum requires a more active role and additional engagement
from students in the lessons than the previous curriculum. In addition, the improvement of the
learning environment to stimulate creativity and innovation, improve teaching methods and
improve students’ values and skills are objectives that the MoE stated in the National

Transformation Programme 2020 (p. 60).

Furthermore, educational technology is a significant feature of the developed
mathematics curriculum. NCTM (2000) stated that technology is vital in teaching and learning
mathematics; it affects mathematics, which is taught and enhances student learning. Therefore,
each lesson in the developed curriculum has been linked to the curriculum website. Technically
speaking, Dynamic Mathematics Software (DMS) such as 3D Capri, Sketchpad, and GeoGebra
were intended to be part of the new curriculum; however, they were not employed appropriately
when the curriculum was implemented because teachers were not trained. Hence, the MoE has
recently adopted a project to train all mathematics teachers on using DMS and GeoGebra,
especially in the mathematics classroom.

Nevertheless, mathematics teachers and students are still facing difficulties in a number
of topics relating to the developed mathematics curriculum, especially in geometry. The TIMSS
tests conducted in 2011 and 2015 are clear evidence of the continued poor performance of Saudi
students in mathematics and geometry. This is for the reason that mathematics teachers continue
teaching the developed curriculum in the same way as the previous one, in addition to poor
usage of educational technology in the mathematics classroom (Ali and Abdul Hakeem, 2013).
Al-Shmrany (2009) studied the 2007 TIMSS results and established that students who use a
computer, either in school or at home, obtained better scores in the TIMSS than those who did
not use a computer. Therefore, the current research aims to improve mathematics teaching
methods which can help to improve students’ performance, thinking skills, enhance the learning
process and sustainable learning by integrating Information and Communication Technology
(ICT) in the classroom. Accordingly, this research investigates the impact of using dynamic
software (GeoGebra) to enhance the learning process and improve geometric performance,

spatial thinking, and sustainable learning among primary school students.

The following chapter presents a review of the literature on the use of ICTs in education,
both generally and in mathematics, as well as spatial thinking and its relation to mathematics

learning.
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Chapter 2. Literature Review
2.1 Introduction

This chapter will discuss the research underlying of the nature of learning and the
constructivist learning theory concerning Piaget, Vygotsky, and Van Hiele theory. Then, the
literature will continue by discussing the application of constructivism in teaching and learning
mathematics. This is followed by discussing interaction patterns and using ICT in education
from a constructivist preceptive. The discussion will ground the way for explaining students’
attitudes towards learning mathematics and the possibility of using ICT to develop students’
attitudes. The following section is going to discuss spatial thinking and its importance in
mathematics education, as well as the different viewpoints for developing spatial thinking using
ICT. The last section will overview ICT history and use ICT in education, generally, and
mathematics education concerning dynamic mathematics and GeoGebra. In the end, this

chapter will identify the research gap and the need for conducting this research.
2.2 Research View of the Nature of Leaning

This research aims to explore the impact of integrating GeoGebra as DMS into teaching
interventions in relation to the learning process and outcomes. Moreover, it concentrates on the
learning activities and the students' interactions with the physical and social environment. To
do so, an understanding of the nature of learning is required. The current research has
foundations in the understanding that learning is a complex concept, consisting of many
elements that have an impact on each other, specifically physical, social, epistemic, activity,
and outcome. These elements have been described by Peter Goodyear and Lucila Carvalho
(2013, 2014a, 2014b, 2021) in Activity Centred Analysis and Design (ACAD), which is a meta-
theoretical framework for understanding and improving complex learning situations (see Figure
2.1). The ACAD framework has been employed in several studies with learners of different
ages. For example, ACAD has been used to explore the learning environment with ICT, in
conjunction with university students (Ellis and Goodyear, 2016, Goodyear, 2000, Sun, 2018,
Susan and Peter, 2020, Yeoman and Wilson, 2019, Sun and Goodyear, 2020). Likewise, it has
been employed to understand learning process activity in a digital learning environment with
primary school students (Thibaut et al., 2015, Yeoman, 2015, Yeoman, 2018, Yeoman and
Carvalho, 2014). Therefore, the following sections will explain how this thesis regards the

nature of learning, in light of the confidence in ACAD.
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Figure 2.1 The ACAD framework (Goodyear and Carvalho, 2014a)

2.2.1 My Research’s Understanding of the Nature of Learning

ACAD is an approach employed to design and understand learning situations, in which
being activity-centred is the core, with the aim of understanding the nature of learning
(Goodyear and Carvalho, 2014a, Goodyear and Carvalho, 2014b). According to ACAD,
understanding the nature of learning and designing learning situations requires more
consideration to be given to what students do mentally and physically, how they use the tools
and resources, and how they interact with the social environment that develops in their activity,
given that there is no learning experience without activity (Goodyear and Carvalho, 2014a,
Goodyear and Carvalho, 2014b). Mufioz-Cristobal et al. (2018) asserted that ACAD is an idea
created to support understanding learning activity within complex learning situations and to
forge connections between learning activities and design tasks. Goodyear and Carvalho (2014b)
emphasised that ACAD’s belief in the nature of learning helps study the relationships between
learning outcomes and learning tasks, relationships between tools and resources and results,
and between social relationships and learning outcomes. In other words, it is appropriate for

studying both the process and learning outcomes.

Furthermore, considering the ACAD framework, the current research has foundations
in the understanding that students perform learning activities to be dynamic and interactive

physically, epistemically, and socially, which means the learning activity itself cannot be
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designed. Nevertheless, design can affect activity by means of proposed tasks and by framing
the physical and social contexts in which the activities have to be performed (Goodyear and
Carvalho, 2014a, 2014b; Mufioz-Cristobal et al., 2018). Therefore, students construct their
knowledge through learning activities and their engagement with the physical and social
environment. Put differently, understanding learning requires that additional consideration
should be given to observing what students do through learning activities and their engagement
with the physical and social environment (Yeoman, 2015).

The current research supposes that the nature of a learning situation includes four
principal components identified by Goodyear and Carvalho (2014a); specifically the structure
(set design), task (epistemic design), social organisation (social design), and activity (see Figure
2.1). The ACAD framework distinguishes between these elements, which can be designed,
together with the aim of producing particular emergent activity. Physical and social situated
plus tasks are the elements that can be designed, whereas activity is an emergent entity that
cannot be designed, although it can be influenced by students' interaction with physical and
social design as well as learning tasks (Carvalho et al., 2016).

As the purpose of education is to help students to sustain their learning for an extended
period and future development, it is believed that learning outcomes are divided into immediate
outcomes and delayed outcomes. Furthermore, to make the ACAD framework fit more with the
present research's belief in the nature of learning and the general purpose of education, the
learning outcome was divided into two phases: the immediate outcome and the delayed
outcome (see Figure 2.2). The immediate outcome refers to the assessment after each lesson
and at the end of teaching the selected unit from the mathematics curriculum, whilst the delayed
outcome refers to the late test that students perform in order to examine to what extent students
can maintain their knowledge for a considerable time. Hence, approximately two months after

the pre-test, students performed the sustainable learning test (see section 3.10.4).
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Set design / physically situated

Space, place, artefacts, tools, text, etc.

———————————

Immediate Delayed

Epistemic design
QOutcome ! Outcome

Tasks N mmmmmmm =

Social design / soeially situated

Dyads, groups, teams, roles, divisions of
labour, community and organisational
forms.

Figure 2.2 Developed ACAD framework

The following sections will present a description of the three elements of the learning

situation set design, tasks, and social design for the present research.
2.2.1.1 Set Design

The current research assumes that set design or physical situated refers to all physical
elements in the educational environment. This implies that set design may include a school
building or a classroom in a school. It may include physical objects inside the classroom,
including tools which come to hand, furniture (chairs, desks, tables, whiteboard), computers,
books, notebook, pen, hands-on material, texts, a webpage, a word processor, e-print, along
with software (Goodyear and Carvalho, 2014b).

In practice for the current research experiment, the structure of the set design means
preparing the physical elements required to implement this research. Consequently, the set
design comprises a school that is appropriate to implement the experiment with an IT room, a
substantial number of computers, as well as furniture chairs and desks. Similarly, it includes
DMS, namely GeoGebra, which had to be installed in the IT room computers. Simultaneously,
the classroom environment of the other class participating in the research experiment required
reorganising to be appropriate for learning in pairs and preparing the necessary hands-on

materials required to perform the learning tasks. The third class, which is a traditional teaching
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group, does not need further preparation for the physical element as they studied in their normal

daily mathematics classroom.
2.2.1.2 Epistemic Design

Epistemic design or task in the viewpoint of this thesis, refers to a recommendation on
doing something that is worthwhile (Goodyear and Carvalho, 2014b). The tasks are divided
into teaching and learning tasks. Learning task refers to recommendations of things to perform
that the teacher often presents to students. Epistemic design, in relation to learning tasks, can
include determining how to deliver knowledge, its selection, pacing, and sequencing, which
can result in instructions in regard to doing something meaningful (Mufioz-Cristobal et al.,
2018).

Concerning the implementation of the present research experiment, the tasks are divided
into teaching tasks that the teacher should have completed and learning tasks that students
performed. Teaching tasks relate to teaching interventions with both GeoGebra and teaching
with hands-on material. These tasks in the teachers’ guidebooks are presented to both groups,
while the learning tasks were introduced in the learning tasks textbook. Both the teacher’s
guidebook and learning tasks were prepared considering the geometric units of the Year Five
Saudi mathematics curriculum in the school year 2019 — 2020 (see section 3.11); while

traditional group learning task differed from GeoGebra and hands-on groups learning task.
2.2.1.3 Social Design

In the view of the current research, social design or social situation refers to an idea for
a group arrangement. It can include factors similar to roles, dyads, groups, teams, divisions of
labour, community, organisational forms, etc. (Carvalho et al., 2016, Goodyear and Carvalho,
2014a, Goodyear and Carvalho, 2014b). Put differently, it contains concerns about how
students are socially formed when performing learning tasks and whether they are working in

pairs, groups, or following scripted roles (Mufioz-Cristobal et al., 2018).

Concerning the implementation of the current research experiment, in the initial stage
of the teaching intervention, students worked in pairs in the GeoGebra group, sharing a
computer and performing other learning tasks (see section 3.7). However, in the second stage,
they were performing the paper tasks collaboratively and individually at times. Next, the teacher
discussed the students' answers on the learning tasks to help students construct their

understanding and move on to the next teaching stage, whilst in the last stage, students
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performed the learning task in each of the class group discussions with their teacher. Hence, the

social situation diversified between pairs, individuals, and group discussions.

The hands-on group had the same social design as the GeoGebra group. Students in the
hands-on group worked in pairs sharing manipulative materials and performing learning tasks
in the first phase of the teaching intervention. After that, they performed the paper tasks
collaboratively and individually at times. Similar to the GeoGebra group, the last phase of the
hands-on intervention involved a classroom discussion with their teacher. However, the
traditional group worked separately and was taught according to their usual mathematics

classroom, as they were also different in terms of task/epistemic design.
2.2.1.4 Activity

Activity is the fourth dimension of the ACAD framework, where all the entities that
have been designed are connected to what students do. Activity, in regards to this present
research, refers to "what students are actually doing — mentally, physically and emotionally —
during a period of time in which they are meant to be learning something (a learning episode
or at learn-time)" (Goodyear et al., 2021p. 446). ACAD gives the activity a central position,
focusing on what students really do in the learning situation. Carvalho et al. (2017) assert that
the central location of activity in ACAD makes learning activity easy to observe, capture, and
understand. This is because each student in the learning situation is doing something:
experiencing, seeing, hearing, thinking, talking and reflecting. These activities are related to
what they learn, which is influenced by the designed material, tasks, and social situation. It is
important to note that through the diverse interaction between students and the physical,
epistemic, and social input, as well as their response to the situations they encounter, we could
learn something from them (Biesta, 2007). Therefore, the current research concentrates on what
students had been doing during activities and how they use technology to learn, combined with

student interaction and engagement during learning activities.

Thus, the researcher observed all the sessions in the experimental group (GeoGebra
group), focusing on the learning process and students’ activities in terms of the way they use
GeoGebra to learn geometric concepts and skills and train their spatial thinking skills, as well
as the students interaction. The researcher also monitored any improvements in the geometric
performance and spatial thinking skills, session to session, regarding their learning processes
and interaction with technology. This is for the reason that students learn by means of their

activity, including thinking, making, discussion, writing, and reflecting. Furthermore, the
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learning outcomes are diverse and include the skills, knowledge and understanding of the

concepts that are explained in class and improve abilities (Carvalho and Goodyear, 2018).
2.2.2 Conclusion

This section aimed to illustrate the underpinnings and foundations of the present
research in the nature of learning. The reason behind this is that it provides conceptual ground
to explore the learning process by examining the relationship between learning activities and
the design structures within which it occurs. This belief helps connect observations in the
classroom to teaching and learning processes using GeoGebra to learn geometric concepts. This
confidence guided this thesis and its procedures, framing current research activity, and assisted
the author of this study to achieve its objectives. Specifically, the developed ACAD was
employed to guide the present research process from reviewing the related literature concerning
constructivism, as an underpinning learning theory, to designing the teaching intervention and
understanding the learning. Along with identifying the research gap, it focused on what students
do and how they achieve learning aims in a complex learning situation. Subsequently, the author
of this research started designing the research materials and preparing each of the elements
necessary to conduct the research experiment, based on the three designable components of the

developed ACAD: physical design, task and social design.
2.3 Constructivist Learning Theory

The process of learning and how it is interpreted has occupied educational and
psychological scholars thought for a long time. Therefore, several theories have emerged to
explain the process of learning. This began with Behaviourist Learning Theory in the early 20th
century, based on the belief that learning occurs as a response to certain stimuli. However,
behaviourism was unable to explain the most obviously language learning (Harasim, 2012).
Therefore, the Cognitive Theory emerged as an extension of and reaction to Behaviourist
Theory. Cognitivist researchers and psychologists conducted scientific studies to find out the
power of the mind to influence or make decisions that are not directly related to a stimulus. This
means they are concerned about what comes between the stimulus and response. They sought
to understand the processes of mind which are rejected by the behaviourists. Cognitivism is
concerned with mental processes, or in other words, modelling the psychological structure and

the processes which operate in mind to explain behaviour (Pritchard, 2017, Harasim, 2012).

Nonetheless, Cognitive Theory came under criticism, and educational researchers began
to reject the idea that humans always respond to material in the same way. Furthermore, the
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social reforming and civil rights movements around the 1970s had its impact on education.
Then, Constructivism emerged to refer to a group of theories about learning that believed
learners are much more active and involved in the learning activities with teachers and peers in
creating (constructing) knowledge (Beélanger, 2011, Harasim, 2012, Pritchard, 2017).
Constructivism, as a philosophy, concentrates on issues regarding the origins of human

knowledge, as well as the development of individual understanding (Wilding-Martin, 2009).

Constructivism proposed that learners must actively construct their knowledge and
understanding of the world by experiencing the world and reflecting on those experiences. This
means learning is a process of creating meaning and how learners make sense of their
experience. For example, when learners encounter new ideas, new things, and new perspectives,
they have to reconcile the latest with their previous understanding and experience; does it fit
with their prior knowledge? and if not, they maybe change what they believe, or discard the
new idea as irrelevant, or integrate it into existing beliefs. Therefore, learners are active in
constructing and creating their understanding (Bada and Olusegun, 2015, Bélanger, 2011,
Harasim, 2012). Constructivism is based on the expectation that student learning is an
interdependent process in which only the learner can actively construct personal meaning of the
knowledge being acquired based on his or her cognitive developmental stages and his or her

socio-cultural experiences (Piaget, 1971, Vygotsky, 1978a).

In Constructivism, learners construct knowledge through their interaction with society
and the environment. Hence, learning is viewed as dynamic and changing, construed and
negotiated socially (Bada and Olusegun, 2015, Harasim, 2012). It can be stated that it usually
aims to encourage learners to be active and use active methods (experiments, real-life problem
solving) to build their knowledge and then, to reflect on and talk about activity and how their
understanding has changed (Bada and Olusegun, 2015). Constructivist pedagogy concentrates
on creating situations and activities where students are encouraged and guided to construct
meaning for themselves using such methods such as exploration and inquiry (Van De Walle,
2004).

Constructivism emphasizes two primary principles. The first is that learning is not
passively received but actively built up by cognizing the subject. Learning is a process that
requires active participation rather than passive observation. Learners deal with their
understanding in light of what they observe in a new learning situation. Whether what learners
encounter is or is not consistent with their current understanding, their understanding can be

modified to accommodate new experiences. The second is that cognition plays an adaptive role
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and serves the organisation of the empirical world, not the discovery of ontological reality.
Learners build a new understanding by using what they know. Learners come to learn new
situations with information gained from prior experience, and that previous information affects
what new or modified information they will build on for new learning experiences (Von
Glasersfeld, 2013, Phillips, 1995).

According to Constructivism, learning is an active, continuous, and purpose-oriented
process. The constructivist perspective is the most suitable learning paradigm when learners
experience a problem related to their real-life situations. This learning process consists of
reconstructing knowledge or an individual’s knowledge in a social interaction. In this case,
prior learning or experience is a prerequisite for meaningful learning. Therefore, learners
construct meaning or understanding by creating relationships between new concepts and the
other concepts that are part of the same existing framework of previous knowledge. Hence,
learning is a dynamic process of making understanding or meaning and a life-long process
(PAYER SANCHEZ, 2005, Bada and Olusegun, 2015). Constructivism refers to a set of values
about how students learn actively and are self-learners (Phillips, 2000).

The concept of Constructivism can be described from different perspectives. Samara
and Al-Adili (2008) defined Constructivism Theory as a theory of knowledge in which
individuals have their own understanding on the entities around them by combining their prior
knowledge and beliefs with what they face about phenomena they observe. According to
Phillips (2000), the concept of Constructivism, from an educational point of view, includes an
interest in learners to have an active role in learning and the opportunity to redefine or discover
new meanings for the things they interact with. Koohang et al. (2009) and Richardson (2003)
define it as the theory of active learning and constructing new knowledge based on the student's

previous experience.

Constructivism is a theory of knowledge that has roots in philosophy, psychology,
sociology, cybernetics, and education. It can be described as a theory for philosophy of learning,
and its concepts are not new, but go back to psychology and science in the eighteenth century.
When Giambarrisa Vico published his treatise on the construction of knowledge, he expressed
the idea that the human mind constructs expertise and knows only what it constructed itself. In
other words, people know nothing that they have not made (Bada and Olusegun, 2015, Ernest,
1994, Ernest et al., 2016, Von Glasersfeld, 2013). Nevertheless, Piaget, who is known as the
founder of the Cognitive Constructivism Theory, considers that all knowledge resulting from a
psychological and biological related structure leads to the continuous creation of new
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knowledge; in fact, the individual learner understands the world, in terms of biological,
developmental stages (Sillamy, 1983, Bada and Olusegun, 2015). On the other hand, Vygotsky
is known as the founder of the Social Constructivism Theory, who believes learning and

understanding occurs in a social environment (Bada and Olusegun, 2015).

Papert, somewhat similar to Vygotsky, contributed to the development of the
Constructivist Educational Theory. He believes that knowledge remains fundamentally
grounded in situations and formed by uses. The use of external aids and mediation is also crucial
to expand the human mind's abilities at any level of people growth. Papert concentrates on the
art of learning to learn and on the importance of making things in learning. He is concerned
with how students engage in discussion with others and how this discussion boosts self-directed
learning and helps in constructing new knowledge at the end. Papert emphasizes the
significance of tools, technology, media, and context in human development (Ackermann,
2001).

No discussion of Constructivism would be complete without acknowledging the
influences of Piaget and Vygotsky. In the following sections, a proper discussion of Piagetian

and Vygotskian theories will be presented.
2.3.1 Piaget’s Theory

Jean Piaget is considered to be one of the most influential proponents of the
Constructivist Theory of Learning. Piaget, in his theory, described the learning process as an
assimilation, in which learners add new knowledge to their current structure, and
accommodation, in which new knowledge causes cognitive conflict, resulting in reorganisation
of knowledge structures (Huitt and Hummel, 2003). Piaget's studies focused on cognitive
development and knowledge creation. They led to conclude that knowledge growth is the
product of individual constructs produced by the learner, according to Huitt and Hummel (2003).
Piaget developed his genetic epistemology of learning through a series of rigorous clinical case
studies that focused on the individual learner and his/her cognitive development (Huitt and
Hummel, 2003, Piaget et al., 1969). Piaget discovered structural changes in the production of

knowledge and beliefs via his observations and documentation.

Consequently, Piaget identified four phases of learners’ cognitive development:
sensorimotor, preoperational, concrete operational, and formal operational. Each stage is
characterised by how people understand the world through observing and discovering the
environment around them like ‘little scientists’ (Cherry, 2015). During the Sensorimotor stage
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(0 — 2 years), infants develop their mental and cognitive attributes from birth to language
emergence. In this stage, children construct their meanings by manipulating the world around
them through using their five senses: hearing, touching, smelling, seeing, and tasting. Piaget
divided this stage into six substages, having a specific time for each substage with a texture of
actions such as hearing, visualisation, investigation, seeing, motor, or physical practice (Ghazi
et al., 2014). This stage is characterised by the gradual development in acquisition of object
permanence, in which children become able to find objects after they have been taken away out
of their sight, even if the objects have been displaced from their field of vision. In addition to
this, children at this stage have the ability to link numbers to objects; three dogs, one cat, four
birds, for example. Hence, if children act in an open environment (but safe), this can help them
start constructing their mathematical understanding. On this point, Fuson (2012) stated that
evidence suggested that children at this stage have some understanding of the number and
counting concepts. Therefore, nursery staff or parents should lay a solid mathematical
foundation by providing activities involving counting and improving children’s conceptual

understanding of numbers (Ojose, 2008).

In the preoperational stage (2 — 7 years), children continue to increase their language
ability, symbolic thought, logical reasoning, memory, and imagination. However, their thinking
is still nonlogical, in a non-reversible manner, and from an egocentrically perspective (Huitt
and Hummel, 2003; Ojose, 2008). Piaget explained that children at this stage acquire knowledge
through imaginary play when they engage with problem-solving tasks by using available
materials, such as blocks, sand, and water, and use their language to get other peoples' opinions
(Ojose, 2008; Ghazi et al., 2014). The verbalisation of children and their actions on the materials
can give a foundation that allow teachers to infer the mechanisms of their learning processes.
However, children in this stage cannot think abstractly and in concrete physical situations. Their
observations are generally restricted to one dimension or aspect of an object at the expense of

the other elements.

On that issue, Johnson et al. (2016) pointed out that learners' understanding of numbers
and geometry starts with concrete objects and interactions with peers and adults. Thus, effective
questioning about classifying objects should be employed to teach children in this stage. For
instance, when learners investigate geometric shapes, the teacher can ask them to put them in
groups, according to similar features. After the investigation stage, they can ask questions,
including "How did you make your decision as to where each shape fits in? Are there other
ways to put the shapes in groups together?" When students engage in discussion or interactions
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with other students, it can provoke them to discover many ways to classify objects; and then,

help students think about the quantities in novel ways (Ojose, 2008).

During the concrete operational stage (7 — 11 years), children start to think logically,
organise thoughts coherently, and make an effort with abstract and theoretical thought (Huitt
and Hummel, 2003; Ghazi et al., 2014). This stage is featured by loss of egocentric thinking
and remarkable cognitive growth when children develop their language and dramatically
acquire basic skills. They use their senses in order to understand and build their meaning. In
this stage, children can consider two or three dimensions or aspects simultaneously rather than
successively. In addition, they grow their ability to order objects according to length, weight,
or volume. Also, their ability to classify objects in groups based on a common characteristic
improves (Huitt and Hummel, 2003; Ojose, 2008). Huitt and Hummel (2003) addressed that
children, in this stage, can perform concrete problem-solving and begin to understand
reversibility. Johnson et al. (2016) stated that students master the underlying structure of
numbers, geometry, and measurement. Using concrete objects is the foundation for developing
mathematical understanding represented with pictures, symbols, and mental images. They learn
to consider parts and wholes needed for infractions and division. Manipulations of objects and
visual representation develops into mental images and operations as they internalise those
actions. Therefore, using physical materials or visual representation in mathematics activities
provides children with the opportunity to make abstract concepts concrete, allowing them to
use these concepts, which can be useful tools for problem-solving. Using physical and visual
materials helps learners acquire experiences that lay the foundation for more advanced
mathematical thinking and constructs their mathematical confidence by giving them a method
to examine and confirm their reasoning. This can let them construct meaningful understanding
(Ojose, 2008).

It must not be forgotten that, the development of visual representation and mental
images and operations led students to develop their ability to think spatially (Gray, 1999).
Newcombe and Stieff (2012) and Cole et al. (2018) addressed that students begin to develop
their spatial thinking through visualisations, develop their ability to understand topological
representations, plus enhance their competencies in understanding projective and Euclidean
representations since childhood. Piaget determined a number of spatial skills that improve over
childhood to the concrete operational stage, including "the ability to use categorical (e.g., near
and far) and metric spatial representations to describe spatial extent; facility at shifting between
egocentric (viewer-dependent) and allocentric (viewer-independent) frames of visual reference,

and skill at using symbolic spatial representations, including, maps, diagrams, and sketches"
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(Cole et al., 2018, p. 3). This raises the importance of visualisation being most effective earlier
in instruction because it supports concrete operational students learning abstract concepts
(Newcombe and Stieff, 2012).

Accordingly, it is claimed that visualisation is critical as it provides concrete visual
representations of mathematical concepts that assist students to construct their understanding.
The main point, nevertheless, is that the association between chronological or developmental
age and the capability to represent spatial relationships is complicated, and that there is often a
way to provide young students with spatial materials in a manner that they will find helpful and
that will prompt them to engage their attention while also developing their spatial skills
(Newcombe and Stieff, 2012). Therefore, the current research aims to develop teaching
intervention integrated with GeoGebra to help students aged 9 — 11 years visualise the

mathematical concepts to construct their understanding and develop their spatial thinking skills.

In line with Piaget’s cognitive developmental stages, people from 12 years onwards and
through adulthood will be in the formal operation stage. Students at this stage are characterised
by formulating hypotheses and systematically examining them to solve a problem. Cherry
(2015) asserted that this stage includes growth in logic or sense, people at this stage are capable
of exercising a deductive approach of thinking and an understanding of conceptual thoughts.
On that matter, Ghazi et al. (2014) stated that learners in this cognitive stage expand their ability
to understand and reflect upon abstract concepts and build up their ability to think logically,
reasoning deductively and arranging systematically. Children at this stage can form hypotheses
and deducing possible results, allowing them to construct their own mathematics, and develop
abstract thought patterns where interpretation is performed using pure symbols without the need
for sensitive data (Decano, 2017, Ojose, 2008). People at this stage think sophisticatedly about
mathematics, involving proportional reasoning, and correlational reasoning. This begins and
continues to develop during the teenage years and into adulthood. They consider all factors of
a problem when they think, conclude, and examine hypotheses in order to solve them (Johnson
et al., 2016). Thinking skills at this stage refer to the mental process included in generalising
and evaluating logical arguments and involves clarification, inference, evaluation, and

application (Ojose, 2008).

Despite the fact that Piaget proposed that, without exception, all individuals go through
the four different stages of cognitive development, recent literature has shown that not all
individuals reach the formal operational phase (Babakr et al., 2019, Martin, 2019). Cacioppo et
al. (2021) stated that biological psychologists have proposed that young people, until the age of
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20, cannot deal with complex calculations properly due to the limitation of their brain activity.
Besides, studies demonstrated half of the learners in some societies approaching the formal
operational stage owing to the lack of educational background and not focusing on critical
thinking, which is essential to approach a formal operational stage (Babakr et al., 2019, Cole,
1990). On top of that, Adey et al. (2006) point out that many students enrolling in secondary
school performed in mathematics problems well below what may be expected from their
Piagetian cognitive development stages. This is ascribed to a failure in instructions in their
primary schools where drilling in the “four operations” takes precedence over standing out of
a problem and considering which kind of operation will be most profitable there. Adey et al.
(2006) mention that the difference is between mathematics, as a descriptive language (concrete
operational) for which primary schools well prepare their learners, and the act of thinking on
the laws of that language, or on which mathematical model could be suitable for usage.
Furthermore, sometimes learners can illustrate formal operational skills in a single area. For
instance, a learner who is an excellent engineer can logically think about this specific field;
however, at the same time, it is possible to have difficulty thinking logically about poetry
(Martin, 2019).

Piaget believed that understanding and gaining new experience does not simply emerge
from sensory knowledge; some initial structure is required to make sense of the world.
Therefore, he defined four distinctive terminologies to how children proceed through the
cognitive process: schemas, assimilation, accommodation, and equilibrium. According to
Piaget and Cook (1952), schemas is: "a cohesive, repeatable action sequence possessing
component actions that are tightly interconnected and governed by a core meaning." He
described it as the fundamental constructing block of thinking and behaviour and the methods
of organising units of knowledge, including action, abstract objects, or thought that children
build to make sense of their interactions with the environment. Schemas can be thought of as
files in which children store knowledge. Thus, each schema deals with all objects and events in
the same way (Wadsworth, 1996). It is a set of joined mental representations of the world that
children utilise to understand and respond to situations. These mental representations are stored
to be used when needed. Piaget views thinking as an internalised action. People interact with
and make sense of their surroundings, and this physical interaction becomes internalised to
create thinking (McLeod, 2018).

Assimilation, on the other hand, is the cognitive process of integrating new information
into current cognitive schemas, beliefs, and understanding. Assimilation is the procedure of

incorporating new knowledge into current schemas or reacting to the environment using
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previously established patterns of behaviour or schemas (McLeod, 2018, Siegler et al., 2003).
Accommodation refers to an organism's attempt to adjust or modify an activity or capacity in
order to accommodate new knowledge or respond to the environment in a novel way if
previously learned patterns of behaviour or schemas are insufficient. When a person's
perspective of the world fits into pre-existing schemas, he or she is said to be in equilibrium. It
IS a continuous state of action in which a person compensates for system disruptions. There is
disequilibrium when established schemas are unable to handle new experiences.

Piaget believed that learning is a lifelong process of assimilation and accommodation.
People go through the cognitive stages and interact with objects, events, and other people in the
real world, constructing their meaning for new experiences concerning previous experience and
knowledge. The complexity of mental structures, or schemas, are represented by the unique
understanding of how this world is working. While new experience is assimilated or taken into
the mental framework, they are compared to existing schemas. If they do not resemble each
other, they produce a state of disequilibrium. Disequilibrium ends when students reconcile new
experiences through accommaodation or by modifying their understanding. Embarrassment and
making mistakes in the process of assimilation and accommodation are natural and fundamental
parts of building a new schema (Johnson et al., 2016, Roberts et al., 2008). The construction of
knowledge and the instruments to construct new knowledge are produced among the integrated
networks, or cognitive schemas, as identified by Piaget. As students learn, networks within the
brain are reorganised, added to, developed, or modified by reflective, deliberate thought so that
learners can improve their current understanding (Fogarty, 1999, Huitt and Hummel, 2003,
Lerman, 2014).

2.3.2 Vygotsky’s Theory

Lev Vygotsky’s works began in the 1920s and contributed to and complemented the
beliefs of Piaget (Fogarty, 1999), Vygotsky believes that knowledge acquisition is a process of
continuous self-construction. Individuals develop understanding through their actions and pass
through phases of assimilation, accommodation, and equilibrium in the cognitive construction
process. Piaget concentrates more clearly on cognitive constructivism and proposes that
teachers should play a limited role in students’ learning. However, Vygotsky’s works confirmed
the importance of social interaction through the cognitive learning process. Vygotsky’s theory,
commonly called Social Constructivism or Sociocultural Constructivism, suggested that
learning is an active process that involves a teacher or peer during the learning process
(Wilding-Martin, 2009, Amineh and Asl, 2015). Hence, Piaget views the development of
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knowledge as the mental organisation of learner experience, while Vygotsky views the

development of knowledge as social experience.

Activities of individuals play a crucial role in cognitive development, whether activities
take place in a collective manner, or in a situation where the subject deals directly with the
surrounding environment of objects. Besides, cultural mediation and grounding of
understanding in activity presume the context specificity of mental processes (Cole, 2013).
Vygotsky (1978b) believes that the mind is not a complicated network of general abilities.
Nevertheless, it is a set of specific abilities, and learning is the attainment of many specialised
capabilities for thinking. Furthermore, language plays an essential role in cognitive
development; not just does communication and language afford the means for social interaction,
but moreover they are tools for learning (Vygotsky, 1978b). In other words, language teaches
individuals how they are supposed to act and provides them with the tools to formulate

understanding and build their conceptual thoughts (Wilding-Martin, 2009).

Vygotsky views learning and cognitive development as collaborative activities in which
learners and individuals develop their own cognitive skills via mediation and interaction
between teacher and peer. Vygotsky (1978) established the Zone of Proximal Development
(ZPD) on the belief that learners maintain an area within their brain for future learning. ZPD
was defined as “the distance between the actual developmental level as determined by
independent problem solving and the level of potential development determined (Vygotsky,
1978, p.86). In accordance with VVygotsky, a learner must be able to be autonomous with a skill
once he/she has been guided and instructed through the process before his/her autonomy. The
ZPD theory stresses the need for guidance or tools through the learning process, mainly when
students learn a new concept. This guidance can be a teacher or more capable peer who assists
students in advancing their personal zone of learning, because they are challenged to think by
a more advanced peer. This is the reason why it is assumed that “more competent peers” may
be the best source of further help (Davydov, 1995, Bodner and Elmas, 2020, Treisman, 1992,
Tudge, 1992).

Therefore, the interaction between teacher and students and between peers is an
effective method to develop students’ skills and strategies (Vygotsky, 1978b). Teachers use
collaborative learning methods in which the teacher mediates the student’s learning within ZPD.
This means that Students require social interaction, scaffolding teaching, and the opportunity
to engage with a more evolved learner, according to the social constructivist approach to
Vygotsky's ZPD. Educators might scaffold instruction and learning to encourage collaborative
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processes that enhance and support students’ cognitive development using this social
constructivist approach to learning. A wide range of valuable mathematical connections is
created through joint efforts and discussion, allowing students to make beneficial connections
and structures within their mathematical learning (Ernest, 1998). Because of the connections
created through their cognitive assimilations and accommodations, students develop a process
of cognitive, social, and emotional interchange as they learn within their ZPD (Hausfather, 1996,
Vygotsky, 1978b). When students are permitted to participate in this social process as part of
their mathematical education, they encounter a sense of rationalisation and respect, which

encourages them to learn more (Davydov, 1995).

Vygotsky suggests that when a student is solving a learning problem within the ZPD, it
will provide suitable help enhancing the student’s skill to succeed in the task. In other words,
students will achieve a better quality of learning when the teacher mediates it than when they
learn individually. Vygotsky’s theory draws three principal conclusions. Firstly, social
interaction plays a crucial role in the cognitive development process. According to Vygotsky
(1978), individuals' higher functions emerge through genuine human connections. Children's
development occurs on two levels: on a social level, between people, and, on an individual level.
In other words, individuals learn initially through social interactions and subsequently, through
an internalisation process that leads to profound knowledge on their own. Because of the links
they discover with their own levels of development, children (and humans in general) grow in
their learning through social interactions and connections with other people (Hausfather, 1996,
Vygotsky, 1978b). This explains how social activities play a vital role in children's cognitive
development. Secondly, although the significant other is typically someone with more
information than the learner, such as a teacher or trainer, it can also be a peer, a young person,
or anybody else who can help the learners improve their knowledge. Thirdly, the final
conclusion is that learning occurs between the students’ ability to perform a task under adult
guidance or peer collaboration and their capability to solve the problem autonomously
(Vygotsky, 1978b).

Vygotsky (1978b) believed humans are active, energetic participants in their existence
and that at each phase of development, children learn how they can skilfully influence their
surroundings and themselves. Vygotsky thought that children's playing was an essential
component in conceptual understanding and that, when playing with others, children imitated
adult actions and roles, which helped them acquire abilities for future purposes (Davydov,
1995). Vygotsky suggested that children's playing in the educational context did not disappear
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but rather reappeared during other learning, laying the groundwork for future knowledge and
beliefs (Vygotsky, 1978b).

Vygotsky (1978b) stressed the significance of communication and speech, as part of
this development. He stated that language not only helps children manipulate tools successfully,
but also regulates the child's own behaviour. This development provides children with the
ability to build connections through communication. As per Dangel and Guyton (2004), schools
must form interactive classrooms that promote discussion and collaboration. Leaners'
development relies upon the occasions to interact, communicate, and collaborate; hence,
collaborative learning environments must promote social discussion with others to share, justify,

and respect ideas and thoughts (Hausfather, 1996).
2.3.2.1 The Implications of Vygotsky and Piaget for Mathematics

It is essentially Vygotsky’s view that culture plays a significant role in the learning
process because learners utilise tools established in a sociocultural environment. These tools
assist students in developing higher levels of understanding and thinking skills. Vygotsky's
theory demonstrates the significance of active participants who interact and discuss their
thoughts, employing the available tools in their physical setting to develop their understanding
and thus, enhance their learning process. In other words, learners construct their own
understanding via collaboration with teachers or classmates who have better or more experience
in a social learning setting. Frobisher (1999) and Hartshorn and Boren (1990) suggest that the
use of available tools, either manipulatives or ICT tools in a mathematical classroom, can help
build a social environment in which discussing mathematical ideas and sharing knowledge with
each other would be easier, as well as providing them with opportunities to improve their social
skills and increase their confidence.

Currently, in Saudi Arabia, teaching instruction is teacher-centred rather than students-
centred, and students are almost passive. The current research explores the impact of integrating
dynamic mathematics software into teaching intervention among primary school students.
Teaching structure is learner-centred by active participation in their learning, through
interaction with pair under the teacher's guidance, and with their teachers. The research sample
of this research was Year Five students in Saudi Arabia aged between 10 to 11, which means
they are in their concrete operational stage, according to Piaget’s cognitive development stages.
Learners in this stage can use physical and visual materials in mathematics learning activities

to make abstract concepts concrete.
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Furthermore, according to Vygotsky’s theory, the use of tools, whether physical or
visual materials available in the mathematics classroom, help construct a social setting in which
students interact with each other. Therefore, the present research intervention aims to employ
dynamic mathematics software to help students visualise geometric concepts in a social
environment where pairs discuss and negotiate their thoughts to construct their own geometric
understanding. Since this thesis aims to improve students’ understanding of geometric concepts,
the following section will discuss Van Hiele’s Theory, as Constructivist Theory that describes

geometric thinking levels.
2.3.3 Van Hiele Geometric Thinking Levels

Van Hiele geometric thinking levels is another Constructivist Learning Theory that has
gained acceptance in the field of mathematics education (George, 2017). According to this
theory, learners construct their geometrical understanding through rearranging existing
experiences that can be developed using appropriate teacher questioning (Sharp and Zachary,
2004). The theory assumes five levels of developing geometric understanding, which learners
in sequence progress. Several identifiable learner actions characterise each level. This theory
does not relate to chronological age, like Piaget's theory. Furthermore, Van Hiele concentrates
on the didactic experiment to raise learners' thought levels, while Piaget created the scheme and

psychological principles (Ma et al., 2015).

Van Hiele suggested a model that learners might learn geometry throughout a structure
for reasoning. This model concentrates on the language and structure of simple axioms for
primary and secondary school mathematics. It is built hierarchically and reflects five levels of
understanding of geometrical concepts, which learners move through them to construct their
knowledge (Burger and Shaughnessy, 1986, Duroisin and Demeuse, 2015, Sharp and Zachary,
2004, Decano, 2017, Wang, 2016). Vojkuvkova (2012, p. 72) asserted that the VVan Hiele theory
has three aspects: "the existence of levels, the properties of the levels, and the progress from
one level to the next level”. Decano (2017) and Vojkuvkova (2012) mentioned that there are
different numbering methods noticed in the literature; however, Van Hiele talked of levels 0
through 4, where Level 0 is visual, Level 1 descriptive, Level 2 theoretical, Level 3 formal logic,

and Level 4 is the nature of logical laws (Van Hiele, 1986).

Students learn at level 0 through visualisation. Van Hiele (1986) and Van Hiele (1999)
stated that shapes are judged by their appearance. Students recognise a rectangle by its form,

and a rectangle looks dissimilar to him than a square. Learners at this level can identify and
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distinguish figures and other geometric parts (e.g., angels, lines, grids, etc.) by their universal
appearance. Learners can say square, rectangle, cube, triangle, etc., but they cannot explicitly
identify the properties of the shapes (Ma et al., 2015). Learners at this level recognise the
concept of geometric shape as a whole without respect to the properties of its components,
which means they start to learn and understand the geometric shapes in general. Students at this
level can put in groups the objects with similar forms (Decano, 2017, Fitriani et al., 2018). To
sum up, students achieve this level when they are able to recognise shapes from their appearance;
and they do not have to list the properties of the presented geometric shape. Therefore,
mathematics teachers should provide students with an opportunity to classify shapes according

to visual differences.

At the descriptive (analysis) level, students begin analysing and naming properties of
geometric shapes. The geometric shapes are analysed empirically based on their components
and properties (Vojkuvkova, 2012; Decano, 2017). They may make a list of all properties they
perceive about the shape and use them to solve problems. However, they are not able to
recognise relationships between properties and consider that all properties are crucial. They do
not realise a need for proof of facts discovered empirically (Decano, 2017, Fitriani et al., 2018,
Ma et al., 2015, Wijaya et al., 2019). Wang (2016) addressed that learner at this level order
properties and deduce one from another; definitions of shape come into play, but they do not
understand the meaning of deduction.

Moreover, they learn to use appropriate words correlated to properties but cannot link
figures and their properties. Students at this level are able to measure, fold, and cut paper, and
use geometric software (Decano, 2017). Learners must have the ability to think spatially about
and analyse embedded components of geometric shapes before being able to make informal
deductions, which is described temporarily. It is crucial to notice that the word analysis,
according to van Hiele theory, differs from the common use of the word, which usually includes
making conclusions or deductions (Sharp and Zachary, 2004). Duroisin and Demeuse (2015)
pointed out that students reach this level when they succeed in classifying and abstracting some
of the properties of geometrical shapes, although without establishing logical connections

between them.

At the theoretical level or informal deductions, learners deduce some facts about the
geometrical shapes due to prior experience about it. They cease to depend on visualisation (level
0), a property list, or empirical evidence (level 1). They use connections to conclude, stating
outcomes without offering proof (Sharp and Zachary, 2004). Students order properties and
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deduce one from another at this level; one property leads or follows another property. At this
level, the inherent meaning of reasoning is not understood by learners. They recognise a square
as being a rectangle because, at this level, descriptions of shape come into play (Hiele, 1986).
At the informal deductions level, the learner perceives relationships between properties and
shapes. He/she creates meaningful definitions. He/she is able to give simple arguments to justify
his/her reasoning. Learners at this phase can use grid paper, sketches, and geometric software
to construct their understanding of the geometric concepts and build correlations between them
(Vojkuvkova, 2012). To conclude, learners achieve this level when they are able to launch

logical relationships between various properties of one or more forms.

When pupils can understand what a theorem is or construct a proof, it means they reach
the level of formal deduction. At this level, they can draw deductive conclusions from general
to more specific. They have the ability to distinguish between essential and sufficient conditions.
They can identify which properties are inferred by others. Here, learners also start using the
axioms or postulates to prove many things. However, they still do not comprehend why it is a
postulate or a theorem (Vojkuvkova, 2012, Fitriyani et al., 2018, Wijaya et al., 2019).

At Level 4, the nature of logical laws or rigour, learners understand the approach of how
mathematical systems are founded and would be enrolled in tertiary education in geometry.
They can use all forms of evidence. They understand Euclidean and non-Euclidean geometry.
They have the ability to describe the impact of adding or removing an axiom on a given
geometric system (Vojkuvkova, 2012, Wijaya et al., 2019). Fitriyani et al. (2018) stated that
rigour level is the highest level of geometric thinking levels, problematic, and complicated.
Consequently, it is not surprising that learners still have not reached this level of thinking, even
if they are already in high school or even college.

Mason (2009) and Watan (2018) conclude that there are five phases of learning that
students should progress through each level of thought, according to VVan Hiele theory, namely:
inquiry/information, directed orientation, explication, free orientation, and phase of integration.
In the inquiry/information phase, teachers make discussions with students in order to identify
what they already know about the new concept which should be learnt. This activity aims to
determine the students' existing knowledge of the idea discussed and then decide which
instructions should be taken in the next lesson. Students become oriented towards the new
concept or experience. Then, they move to the directed orientation phase when teachers design
instructions to make students explore objects or problems in structuring tasks such as rotating,

measuring, folding, or drawing. The teachers have to make sure that students explore implicit
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concepts. In the third learning phase, explication, they use their language to describe what they
learn about the new idea while their teacher introduces the relevant mathematical concepts. In
the following phase, which is free orientation, the teacher designs instructions to explore
complex tasks for discovering relationships to solve a problem and more open-ended tasks. At
the integration phase, which is the last stage, students summarise and integrate what they have

learned through all the lessons, then reflect upon them to construct new knowledge.

According to the National Council of Teachers of Mathematics (NCTM), students in
primary school are expected to deal with visualisation and detection (Level 0) and then be
taught the identification of parts (Level 1). Students are expected to recognise shapes based on
their appearance; for instance, a student is able to recognise a triangle, rectangle, circle, or other
shapes based on their look. Students in higher primary school level should be able to deal with
recognition and description (Level 2), and explain that a triangle has three sides, a square has
four sides, and so on. They are also expected to deal primarily with an accurate description,
utilising manipulatives or dynamic software to assist them in perceiving some mathematical
concept by manipulating shapes and making causal inferences about transformation rules and
solving issues (Level 2). Students are required to be able to explain how certain transformations
occur. A student may, for example, list and compare the features of two figures, noting that the
properties of a square are present in a rectangle and that a square is a rectangle, despite the fact
that a rectangle is not a square. Students must obtain a VVan Hiele's Level 1 understanding of
geometry in primary school in order to achieve and understand geometry in intermediate
secondary school (Crowley, 1987, Knight, 2006, Noh and Abdullah, 2016). This means that
finding strategies to ensure that children grasp geometric ideas is critical to their understanding

and success in mathematics.

Based on the above discussion and in light of the Saudi mathematics curriculum, it can
be said that Constructivism Theory should be employed in teaching mathematics generally, and
in geometry specifically. When a new mathematical concept is going to be taught, teachers
should start from students’ prior knowledge and concretise the new concept using available
tools, and then gradually progress in teaching from concrete to abstract. Besides, encouraging
students to collaborate and work together in small groups, providing them with a social
environment where they interact with classmates and exchange their opinions with them is
beneficial. In order to obtain that, teachers have to design learning activities in a way that
encourages learners to solve problems, discover, think, and discuss, in which they accept and
present students' views and conclusions, whether true or false, direct them to correct their

mistakes, and reach the correct answers based on what they have learned from new experiences.
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Furthermore, teachers have to choose teaching strategies that allow students to reconstruct the
mathematical content for themselves and by themselves and explore the interdependence
between the different mathematical branches. This also provides learners with learning
activities that allow them to use the new experiences gained in a new situation by using
manipulative materials and appropriate ICTs, promoting the employment of Constructivism

Theory in teaching mathematics.
2.3.4 Assumptions of Constructivist Theory

In spite of the fact that there are different points of view for Constructivism, most
Constructivist Theories share certain assumptions that reflect the features of Constructivism in
detail as a learning theory (Loyens et al., 2007, Vrasidas, 2000, Brown, 1998, Carwile, 2007).
The above discussion and reviewing the literature concluded the following assumptions of the

constructivist theory that this research draws upon.
2.3.4.1 Knowledge is constructed

Constructivism emphasizes that knowledge is constructed, not transferred. Therefore,
learning is not merely acquiring information by the learner. It implies a deep understanding of
the subject matter. Knowledge is constructed within the learner’s head rather than being
transferred and copied there by someone else. Learning is not only about gaining new
experiences and knowledge. It involves raising awareness and sensitivity of the learner to the
way in which his or her activities and ideas can contribute to creating a more flexible and
adaptive knowledge structure to the world. That is, knowledge is constructed with experience;
therefore, learning is a constructive process in which the learner constructs an internal display
of expertise, in which, a deep understanding of the learner is achieved rather than the acquisition
and accumulation of knowledge. Learning, thus, becomes a continuous innovation process in
which the learner reorganizes his or her experiences to reach a deep understanding (Jonassen et
al., 1995, Vrasidas, 2000, Loyens et al., 2007).

2.3.4.2 Learning is an active process

Learning is an active process in which learners make mental or physical effort to
discover knowledge themselves. Learners participate and interact with the surrounding
(physical or social) environment to construct their meaning and understanding. That is when
learners encounter their knowledge in light of what they meet in the new learning situation. If

what learners meet is incompatible with their understanding, they can change their
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understanding in order to accommodate new experiences (Bada and Olusegun, 2015, Jonassen
etal., 1995, Belanger, 2011). Hein (1991) pointed out that learning is an active process in which
learners use different sensory inputs and create meaning out of them, and involves the learners
engaging with the real world. Constructivists engage the learners so that the knowledge they
construct is not inert, but can be usable in other situations (Jonassen et al., 1995). Learners
remain active in the learning process, wherein, they use their prior knowledge to construct their
meaning and understanding of the new learning situation. Thus, learners actively seek, construct,

discuss, and adapt their knowledge, skills, strategies, and beliefs (Schunk, 2018).
2.3.4.3 Collaborative Learning

One of the significant assumptions of the Constructivist Learning Theory is
collaborative learning. This learning involves learners reconstructing their knowledge through
negotiation and interaction with others (Loyens et al., 2007). Cooperative learning can lead to
stronger social solidarity, enhancing mental processing like cognitive elaboration. Furthermore,
reflective response and collaborative construction can be fostered by collaborative learning
(Huang, 2002). Also, cooperative learning can help learners to improve their social skills, and
interpersonal skills, if instruction uses it properly. Moreover, according to Zhan (2008),
collaborative learning can enhance learners to participate, interact, and work together to achieve

the learning objective and increase the satisfaction level and feelings of connection and society.

Learners in collaborative activities have the opportunity to think and reflect on what is
happening and being learned. Through sharing the new knowledge with other learners in their
group, they can interact and get feedback from others. With the new experience, the learners
can participate in constructing new knowledge based on previous knowledge (Merriam, 2020).
Therefore, learners’ participation in collaborative learning and towards becoming active
learners is heavily influenced by learners’ prior knowledge, values, beliefs, rewards, and
physical and social elements that form a learning environment (Brown, 1998). Students’
interactions, plus the interactions between the new knowledge and learners’ prior knowledge,
are vital components of meaningful learning. Because these interactions can help learners
construct deep understanding and a meaningful knowledge system, the previous knowledge
may serve as a bridge over which new experience crosses the learners’ mind and may be an
obstacle to the passage of new knowledge into their minds (Driscoll, 2005, Bada and Olusegun,
2015, Mcllveen and Schultheiss, 2012, Jeffery-Clay, 1998, Amineh and Asl, 2015).
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2.3.4.4 Using authentic problem enhance constructing meaningful learning

The best learning situation that can promote meaningful learning occurs when learners
face a problem, or a task related to their real world. Constructivists believe that meaningful
learning can be promoted by using authentic problems related to real-life that present the natural
complexity of the real world (Applefield et al., 2000). The learning environment invites learners
to interact with others to engage in problem solving and learning inquiry. Combining complex
real-world problems and social context can encourage learners to discover new meaning or
revise previous meaning to construct their knowledge and obtain a deeper understanding of the
concepts (Applefield et al., 2000, Mattar, 2018). When a learner is confronted with real
problems or tasks, this creates the best conditions for learning, because it helps the student to
build a sense of what he/she has learned, develops confidence in his/her ability to solve the
problems he/she is facing, and earns him/her viable strategies. The learner is observing and
negotiating by using his/her prior knowledge related to the new experience in order to construct
his/her meaning and understanding (Symeonidis and Schwarz, 2016). Hence, this can
encourage learners to take responsibility for their learning and metaphoric thinking, learn about
their metacognitive processing, and comprehend the complexity of their thinking (Meyers and
Feeney, 2016).

To conclude, recalling previous knowledge is the foundation of the new learning
experience. Learners recall their prior knowledge when they confront learning activities or
problems that are related to their real life. Learners collaborate, negotiate, and use the physical
and social environment to find a solution for the problem. According to the ACAD framework
(see section 2.2), students performing learning task activities, in a way, have to be dynamic and
interactive, employing physical, epistemic, and social settings to reach a solution for the
learning task problem (Goodyear and Carvalho, 2014a, 2014b; Yeoman, 2015). Hence, each
learner constructs his/her meaning and understanding, which means knowledge is constructed
in an individual’s mind, not transferred by others. Thus, learning is a continuous active process
in which prior learning experience is the basis for the new learning experience. The following

section will discuss the implications of Constructivism in mathematics education.
2.3.5 Constructivism and Mathematics Education

There is a strong relationship between mathematics and Constructivism, given the
nature of mathematical knowledge with the cumulative associated structure. Simon (1995) and

Wilson (1994) emphasise that mathematics is more consistent with Constructivism, and it is

39



consistent with mathematics more than other learning theories. As a result, many empirical and
theoretical works in mathematics education that have been contributing to influencing
mathematics reform efforts, are based in Constructivism. For instance, the NCTM standards
and principles (1989; 2000), which form many mathematics curricula in the USA, is grounded
in Constructivism. In the UK, many educators believe that Constructivism has considerable
implications for mathematics education (Jaworski, 2002). Furthermore, in this respect,
Constructivism has had a considerable usage in KSA since implementing the Saudi developed
mathematics curriculum, which was borrowed from USA and grounded in Constructivist
Theory. It is indeed, globally considered as a theory that has much to offer mathematics

education.

Mathematics is linked to a philosophy that supports active and meaningful learning,
ensuring learners’ interaction and visualisation to obtain deep understanding. Learners
construct mathematical knowledge based on meaningful experience, leading to strength in their
mathematical thinking (Diaz, 2017). Additionally, students construct new mathematical
knowledge by reflecting upon their mental, visual, and physical actions. Concepts are built or
made meaningful when learners engage in mathematical activities related to their real-world
(Clements and Battista, 1990). Thus, learners can believe that they own the mathematics they

learn when constructing their own mathematical understanding (Ellerton and Clements, 1992).

Cobb (1988) claimed that despite Constructivism having many different interpretations,
there are two principal purposes for using its implications in mathematics instruction. Firstly,
mathematical structures which are more abstract, complex, and powerful should be developed
by learners so that they are increasingly capable of finding solutions for a wide variety of
meaningful problems. Secondly, learners ought to become independent and self-motivated in
their mathematical activities. Thus, such learners consider that mathematics is a way of thinking
about problems. They believe that they are able to get their mathematical knowledge from their
explorations, thinking, and participation in discussions, rather than receiving it from their
teacher. Therefore, they become responsible for their learning in the mathematics classroom
and making sense of, and communicating about mathematics, not just so much as completing
given tasks. Such autonomous learners feel dominant in constructing mathematics (Clements
and Battista, 1990). Consequently, Constructivist mathematics instruction gives learners the
opportunity to be actively engaged in the teaching and learning process and takes into account

the individual differences between learners.
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Mathematics can be seen as a social construction. Ernest et al. (2016) argue the social
nature of mathematical knowledge in which learners use their language, rules, and agreements,
which play a vital role in explaining, discussing, and justifying mathematical concepts and
understanding. Thus, interpersonal social processes are essential to turn learners’ subjective
mathematical knowledge into accepted objective mathematical knowledge. Accordingly,
constructing a new mathematical concept begins from subjective knowledge built by the learner,
via reforming personal information to objective knowledge by negotiating, visualising, and
collaborating in the mathematics learning activities. Objective knowledge is reconstructed
during learning mathematics by an individual learner to become subjective knowledge and
reusable for a new learning experience. Mathematical knowledge is constructed through
conjectures and refutations in a social learning environment, employing the physical set to
perform learning tasks (see Chapter 3 ACAD framework).

Additionally, the Constructive approach also directed mathematics teachers to listen to
their students, speak less than their students, and create and organise attitudes that allow
students to build understanding and mathematical knowledge. Therefore, learners become more
active and engage in constructing their mathematical knowledge. They investigate and
crystallise their mathematical knowledge more deeply when they produce their questions,
representations, and problems, and they are better than when given ready-made facts (Fried,
2006). In Constructive approaches, learners are encouraged to refine their own methods to solve
problems through interacting with mathematical tasks and other learners and visualising their
thought instead of copying others’ thinking. The learners’ conjectural mathematical thinking,
increasingly, become more abstract and meaningful this way (Bhowmik, 2015). Hanson and
Sinclair (2008) stated that Constructivist teaching methods aid learners to build a deeper
understanding of mathematical concepts, which are better connected with practical experience,
and support them to improve their skills in performing the routine problem-solving tasks of
their lives. In addition to this, Constructivist approaches help learners develop their knowledge
constructing capacity, competencies, and dispositions for engaging in collaborative problem-

based inquiry.
2.3.5.1 Collaborative learning and Mathematics

Collaborative learning has become popular in mathematics education since the 1980s.
Collaborative learning is founded on the belief that knowledge is constructed culturally while
people communicate and exchange experiences, thoughts, and information (Lahann and
Lambdin, 2020, Dillenbourg, 1999). Collaborative learning is defined as the situation where

41



two or more students learn something together (Dillenbourg, 1999). It comprises a group of
students who learn by sharing ideas, solving problems, or achieving common objectives. The
fundamental assumption of collaborative learning is that participation in learning task activities
is crucial to learning; therefore, the more learners participate in task activities, negotiations, and
discussions, the more they are anticipated to learn (Leidner and Jarvenpaa, 1995). From a social
view, collaborative learning is preferred to individualistic learning since it allows learners to
develop interpersonal attitudes positively, encourages active participation, and a feeling of
society (Grabinger et al., 2007, Milrad, 2002). Furthermore, collaborative learning activities

offer occasions to explore various viewpoints and improve communication skills.

On the other hand, the cognitive perspective of collaborative learning is connected with
enhancing personal achievement. Learners are more likely to develop critical thinking through
assessing, reflecting, clarifying, and discussing for or against different perspectives. In addition,
learners tend to illustrate a higher level of thinking when they are actively learning in groups

more than when they are learning individually (Dillenbourg, 1999).

Researchers in mathematics education have recognized the potential of collaborative
settings for learning and development in classroom settings. Collaborative learning has been
demonstrated in research to benefit students learning mathematics. Collaborative learning
improves students’ thought by expanding their range of thinking through shared understanding
and ideas (Davidson and Worsham, 1992). Johnson et al. (1981) discovered that collaborative
learning encourages using higher quality thinking strategies and constructing new ideas and
resolutions in a meta-analysis of 122 studies on the effectiveness of collaborative learning in
mathematics classrooms at multiple grade levels. They also discovered that the mathematical
knowledge acquired in the group translated effectively to tasks completed by the students
individually. Furthermore, Slavin (1991) conducted a meta-analysis of 99 research, using
collaborative learning in mathematics classes at different proficiency levels and concluded that

it successfully increased student achievement.

Whicker et al. (1997) also investigated secondary mathematics students, and the results
showed that students who participated in collaborative learning groups performed increasingly
better on exams than those who learnt independently. Webb (1982) added to this knowledge,
discovering that collaborative learning promotes higher-level thinking skills in mathematics,
while Hagman and Hayes (1986) noticed that it fosters high success in mathematics and class
attendance. Davidson and Kroll (1991) state that there is evidence that collaborative learning in
mathematics increases self-esteem, increased attempts to accomplish, improved psychological

42



health, and the capacity to accept another's point of view. On the same front, Barham (2002)
found that collaborative learning strategies transfer focus from teacher-centred to the student-
centred learning context, enriching cognitive, competitive, and social interaction and
developing affective, motivational, and social outcomes. Results also demonstrated that
collaborative learning developed students’ interaction, communication, social skills, and built

more positive attitudes towards learning than traditional methods.

Furthermore, in a meta-analysis conducted t by Ginsburg-Block et al. (2006), the results
indicated that other advantages to collaborative small group learning involve social, self-
concept, and behavioural outcomes. The same investigation also demonstrated a positive
relationship between enhanced social and self-concept outcomes and improved student
performance. Moreover, a study carried out by Moreno-Guerrero et al. (2020) showed that
collaborative learning causes developments in the attitudes towards learning mathematics and
improvement in geometry performance. On that note, Moreno-Guerrero et al. (2020) state that
collaborative learning improves interactions and communications among students, encourages
peer communication, and improves attitude, motivation, and feeling of community. It also
encourages the students’ state of mind and independence, actively engaging them in their
learning process. In the field of mathematics, collaborative learning prompts students to
improve their attitude towards the teaching and learning process and their ability in problem
solving and study skills (Moreno-Guerrero et al., 2020).

Other research has found that collaborative situations might actually be detrimental to
learning. Barron (2003), for instance, looked at small groups of students working on
mathematics problems and found that in collaborative situations, smart students frequently fail
to coordinate their activities and solve the issues. Following Good et al. (1992), merely putting
students in groups will not enhance student learning; rather, the quality of group activity is
crucial. Cobb and Bauersfeld (2012) and Cobb et al. (2001) demonstrated that the small group
setting is critical for embedding social or socio-mathematical standards and developing
mathematical thinking. However, the collaborative setting is not adequate in and of itself, and
a body of research shows that for group discussions to be fruitful, students need to share their
thoughts and justify them, exploring various points of view, and resolving them to establish
group consensus (Waite, 2012, Howe, 2009, Mercer and Howe, 2012, Mercer and Littleton,
2007). Light et al. (1994) emphasise the significance of the quality of group interactions and

creating a shared thought through discussion.
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2.3.5.2 Mathematical Dialogue

The importance of interaction within the mathematics classroom is a fundamental
principle of many Constructivist learning theories. Social interactions among learners, and,
between learners and the physical set in the classroom, play a crucial role in understanding
development. Students learn through their interactions with their classmates, and also teachers.
Language is one of the essential tools available for meaning-making and constructing
mathematical knowledge (Ernest et al., 2016, Staarman and Mercer, 2010). Over the last few
decades, education policy has prompted the development of dialogue as a teaching and learning
tool (Jones, 2017). Wilfred (1982) argues that mathematics instruction at every level should
include occasions for negotiation between, teacher and students, and among students
themselves. Ofsted. (2008) affirms that most classes in mathematics emphasise insufficient
speaking, and therefore, children struggle to articulate and improve their thinking. Likewise,
the Department of Education’s 2014 National Curriculum Framework for Mathematics (DfE,
2014) states that instructors should see that students develop sustained foundations through
discussions to investigate and correct their misunderstanding. Furthermore, the Saudi
mathematics curriculum includes a section at each lesson (talk, write, discuss, or explain) to

encourage students to interact with teachers and peers.

Dialogic talk in education strives to improve knowledge and transform understanding
via interaction and reflection, particularly, through the participation of multiple views and
discussions (Staarman and Mercer, 2010). The employment of discussion in a mathematical
classroom, as a learning tool, provides many opportunities to improve mathematical learning,
such as affording a critical method for learners to share their thought and knowledge. At the
same time, it helps teachers evaluate their students’ understanding and facilitate the group
discussion of meaning(Cobb and Bauersfeld, 1995). On that regard, Sfard et al. (1998)
differentiate between three types of mathematical dialogue: mathematical dialogues in the
process of creating mathematics, mathematical dialogues between a teacher and student, and
mathematical dialogues between children.

The mathematical dialogues in the process of creating mathematics, referring to this
type of talk, are frequently held in journals, conferences, etc. The mathematical community
accepts this particular style of speech. Mathematicians have agreed on the norms of argument
and are unique to the official mathematical language. In contrast, from the Constructivist
standpoint, the mathematical dialogues between a teacher and students, offer a main route for
instructors to learn and understand the thinking of the students and have a real discussion. These
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dialogues are between students in which the learners seek to justify their methods. This is in
some ways parallel to the discussion of the mathematicians. In the process of education,
teachers could benefit from this type of communication, if the rules and structures of the
learning tasks were explicit. Teachers may enable students to understand effective argument in

mathematics and how it is comparable to an ethical or aesthetic argument, or distinct from it.

Furthermore, in a study conducted to explore students' collaborative activities with
computers, Mercer (1995) and Wegerif and Mercer (1996) distinguish between three types of
talk and activity that can be found in the classroom: disputational, cumulative, and exploratory.
Disputational activity is distinguished by disagreement and individualised decision making.
There are few efforts to combine resources or to give constructive criticism of ideas.
Disputational talk also has some distinctive dialogic features; short exchanges consisting of
confirmations and challenges, or counter confirmations. Cumulative dialogue, however,
involves more collaborative activity of constructing a 'common knowledge’ in which students
work together to construct positively, but uncritically via repetitions, confirmations, and
elaborations of what the other has said. The last type of dialogical interaction is the exploratory
discourse, in which learners engage with each other's ideas in a critically constructive way. In
exploratory collaborative activities, students offer statements and suggestions for joint
consideration. In contrast to the other two dialogic categories, knowledge is made more publicly
accountable in exploratory talk, and reasoning is more evident in the discussion. Then,
improvement emerges from the final collective agreement reached (Mercer, 1995). Solomon
and Black (2008) conclude that accessing ‘exploratory dialogue’ really makes a difference to
the improvement of active mathematics learners compared to the sort of learner identity we may

otherwise observe in many of the ‘conventional classrooms’.

Despite teachers usually dominating the classroom discussion, studies suggest that
learning through talk can positively impact students' learning and enhance their motivation for
learning (Myhill, 2006, Chapin and O’Connor, 2007, Obrycki et al., 2009, Jansen and
Middleton, 2011). However, Mercer and Sams (2006) found that conversation that occurs in
primary schools, when students work collectively, can often be uncollaborative, unbalanced,
off-task, and sequentially unproductive. Notwithstanding the overwhelming evidence that
proves dialogue has a vital role in primary school classrooms, it has been indicated that this is
not necessarily an effective learning approach (Kutnick and Manson, 2002, Williams, 2008).
This might especially be the case if students are not invited to engage in meaningful discourse
by the nature of the given task. This demonstrates the importance of structuring learning tasks

that support collaborative learning and direct students’ interaction, which also require designing
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physical and social sets in a way to help students engage in learning actives (see section 2.2.1
ACAD framework).

Stein et al. (2008) and Rabel and Wooldridge (2013) point out the significance of
careful and purposeful structured learning tasks to guide classroom dialogue for helping
students engage in meaningful discussion and maintain collective activities. Chapin and
O’Connor (2007) emphasise that mathematical dialogue must be academically productive,
which supports learners developing their reasoning and abilities to discuss their ideas clearly
(Chapin and O’Connor, 2007). Fawcett and Garton (2005) found that students with lower skills
working with higher skills had the main advantages of collaborative interaction. However, Light
et al. (1994) found that all children can take advantage of group discussion opportunities,
provided they work in equally able partnerships since these groups ensure that the standing of

power is more even and that children have more chances to learn from each other.

Several interventions in the USA, the UK, and Europe have shown that it is possible to
improve effective mathematics classroom discussion, promoting student action. However,
reviewing the literature could not find studies exploring students’ collaborative interaction in a
mathematics classroom in KSA. Therefore, this research investigates the impact of teaching

intervention on pair interaction patterns in a Saudi mathematics classroom.
2.3.6 Interaction Patterns

Despite the fact that collaboration is usually valuable for promoting learning and
performance outcomes, several factors can influence the extent to which collaboration
demonstrates fruitful results. The nature of interactions amongst group members is one of the
crucial factors. On this line, dialogue of the whole classroom or small group learners is a
fundamental social situation that allows learners to engage in different types of interactions.
Several studies have revealed various distinct patterns of interaction among collaborators in
group situations, with certain patterns being more conducive to learning than others (Li and
Zhu, 2013, Liu and Tsai, 2008, Brooks, 1990, Ahmadian and Tajabadi, 2017). For example, the
analysis conducted by Damon and Phelps (1989) identifies three categories of peer interaction:
peer tutoring, cooperative learning, and peer collaboration. These three types of interaction
contrasted with one another along the dimensions of equality and mutuality of engagement.
They found that peer tutoring produces conversations with a low level of equality and a wide
range of mutuality; cooperative learning encourages discourses with a high level of equality

and a low to moderate level of mutuality, and peer collaboration fosters dialogues with a high
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level of both. Equality refers to a setting where "both parties in an engagement take direction
from one another rather than one party submitting to a unilateral flow of direction from the
other", and mutuality refers to a situation where "the discourse in the engagement is extensive,
intimate, and connected” (Damon and Phelps,1989, p. 10). In other words, equality describes
students' participation in the learning tasks, with high equality revealing more or less equal

contribution by each member of the group and low equality revealing unequal participation.

Mutuality demonstrates the dialogue in the engagement, with high mutuality showing
extensive interaction and intimate dialogue and low mutuality showing limited, disconnected
dialogue where each student could not publicly make known his/her thoughts (Tao and
Gunstone, 1999). Teasley and Roschelle (1993) state that collaborative interaction consists of
two parallel actions, addressing the problem jointly and creating a Joint Problem Space (JPS).
Collaborators’ shared knowledge framework assists problem solving by combining objectives,
descriptions of the present problem status, awareness of the problem-solving action available
and related goals, characteristics of the current problem status, and actions accessible. These
activities inevitably co-exist. The process of constructing and maintaining a JPS is the dialogue
in the context of problem solving. The JPS is the structure that allows meaningful discussions
on problem solving to occur simultaneously. Soller (2001) distinguishes three patterns of
interactive conversation, active learning, and creative conflict, that enhance the effectiveness

of peer performance.

Storch (2002) carried out one of the first investigations based on the work of Damon
and Phelps (1989) to explore the nature of the connections between students when working in
pairs. This longitudinal research was classroom-based among university ESL students and
focused on the data of ten pairs over an entire semester. Storch (2002) found that the ten pairs
of students in her study developed different kinds of relationships. Such relationships, when
established, tended to continue, despite tasks or the passage of time. Significantly, the
relationships students made affected the language learning opportunities that collaborative
learning tasks provided. Storch (2002), qualitatively analysing the data of the pair talk,
developed a model of pair patterns for interaction. This model distinguishes between four
patterns of pair interaction: collaborative, dominant/dominant, dominant/passive, and
expert/novice. These four patterns are represented by four quadrants formed by two intersecting
axes: equality and mutuality. Storch (2002) explains that the two axes should be seen as a
continuum for each. The horizontal axis of equality ranges from low to high. The vertical axis
represents mutuality, ranging from low to high reciprocity. In addition, the point of intersection

describes a moderate level, rather than a zero, since both axes represent continuum (Figure 2.3).
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Figure 2.3 Storch’s (2002) Model of Dyadic Interaction

The first quadrant represents a collaborative pattern of dyadic interaction where there is
moderate to high equality and moderate to high mutuality. The collaborative pattern describes
a pair working jointly on all parts of the learning task. Students are able to give and engage with
each other’s thoughts. Pairs discuss, negotiate, and offer alternative views, leading to
resolutions acceptable to both participants (Storch, 2002). Quadrant 2 represents a
dominant/dominant pattern of interaction, where there may be moderate to high equality, but a
moderate to low level of mutuality. Here, both partners contribute to the learning task, but they
are unwilling or could not fully engage with each other’s participation. The dialogue of this
interaction pattern is characterised by a high level of disagreement and incompetence in
reaching an agreement (Storch, 2002). Quadrant 3 represents a dominant/passive pattern of
interaction where the level of equality and mutuality are both moderate to low. The dominant
student takes control of the learning task with little attempt to involve and encourage the passive
student who maintains a subservient role. There is little discussion in this interaction pattern
because few contributions or challenges are forthcoming from the more passive student (Storch,
2002).

The last interaction pattern is expert/novice, represented in Quadrant 4, where there is
moderate to low equality, but moderate to high mutuality. In this interaction pattern, one student
(expert) participates more in the learning task, but actively encourages the other student (novice)
to participate (Storch, 2002). Furthermore, Storch (2002) found that pairs who adopted
collaborative and expert/novice interaction patterns performed better than those who adopted
dominant/dominant and dominant/passive interaction patterns. Likewise, Ahmadian and
Tajabadi (2017) investigated the dyadic interaction in an EFL course for young learners at the
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pre-elementary school level using Storch's (2002) framework. The analysis outcome revealed
the same interaction patterns that Storch (2002) found, with evidence that collaborative and

expert/novice were associated with better learning outcomes.

Several studies have drawn on Storch’s (2002) framework which found different
additional patterns. For example, Watanabe and Swain (2007) studied the relationship between
patterns of interaction and frequency of LREs, and between patterns of interaction and post-test
outcomes among 12 Japanese ESL students. Their analysis found a new pattern, expert/passive,
added to the previous four patterns. Similar to Storch (2002), they found post-test scores
showing that participants whose role was either, collaborative or expert/novice patterns,
improved their results more than other patterns. These findings indicate that group interaction
patterns, where group members work together throughout task activities and engage with each

other's thoughts, can positively affect a student's learning and performance.

In addition, a study conducted by Tan et al. (2010) found an additional pattern of
interaction, termed cooperative, which employs pair learning using Computer-Mediated
Communication (CMC). The cooperative pattern is distinguished by a division of work such
that group members participate equally in the task, but their participation comes as a result of
each member performing their part of the learning task. Thus, group members engage little with
each other’s contributions. Similarly, Todd and Toscano (2020) found the same patterns of
interaction as Tan et al. (2010) in a study investigating patterns of interaction in completing
online mathematics tasks among middle school and high school students. They found that the
collaborative interaction pattern positively affects students’ performance. Likewise, Cardimona

(2011) indicates that the interaction pattern has a positive effect on mathematics learning.

Moreover, Zheng (2012) added a fifth interaction pattern to Sorch's (2002) framework,
namely passive/passive, in which partners demonstrate their failure or inability to solve a
problem.  Nevertheless, Andrews et al. (2017) could not find dominant/passive and
expert/novice patterns of interaction in their analysis. However, they found a new pattern of
interaction, namely fake collaboration, which is characterised by a mismatch between pairs’
discussion and practice in revising their individual responses such that pairs seemed to

collaborate publicly and agree with their peers but privately sustained their own views.

Reviewing the literature suggests that the majority of studies that are interested in
exploring the nature of interaction are conducted in foreign language learning. However, only

a few studies pay more attention to thoroughly exploring the interaction patterns in the
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mathematics classroom. These studies show there is insufficient talk in the mathematics
classroom; besides, primary school students often work uncollaboratively, inequitably, off-task,
and sequentially unproductive, when performing collaborative learning tasks (Mercer and Sams,
2006; Ofsted, 2008). Furthermore, reviewing the literature suggested the significance of
designing and structuring mathematics teaching and learning in a way that encourages students
to interact with each other and engage collectively to construct their knowledge and improve
their thinking. Additionally, there has been increasing research, examining interaction patterns
in the context of ICT based learning in a regular classroom environment (Taar, 2013, Ben-Dor
and Heyd-Metzuyanim, 2021). Therefore, the current research aims to develop teaching
intervention integrated with GeoGebra in a way to facilitate collaboration and prompt students

to actively engage with each other in performing learning tasks.
2.3.7 Constructivism and ICT

Constructivists believe learners are active participants in the learning process. This
means that learning is an active process which requires an environment prepared with tools,
ensuring students can engage in meaningful interactions with physical and social environments
to construct understanding based on their own experiences. Such learning environments can
exist by facilitating the classroom with ICTs. This is why constructivists have worked to
integrate ICT into the process of teaching and learning. Therefore, the use of ICT, especially
computers, in education is one aspect of enhancing the applications of Constructivist theory.
ICTs, particularly associated with Constructivist teaching and learning, were often described as
a computer-based or open-ended learning environment which enables and requires users to
input and manipulate action and agency. They are predominantly related to computer-based
software and web-based environments (Ben-Dor and Heyd-Metzuyanim, 2021, Harasim, 2017,

Jonassen and Rohrer-Murphy, 1999).

ICT and Constructivist theory support each other to remake the concept of challenges
of learning. The practical part of their applications to education produces the computer
metaphor of the mind, as an information processor that must be seen rather than be organising
data. Nevertheless, students have to wield the data flexibly during the learning process, make
hypotheses, test tentative interpretation processing, etc. Indeed, ICTs, generally, and computers,
especially, provide teachers with practical tools which encourage and support students to

interact with each other and construct their understanding (Perkins, 2009).
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Constructivist pedagogical strategies employ ICT in the learning activities, which help
in constructing knowledge and meaningful understanding. The use of ICT in mathematics
classrooms can enhance meaningful understanding, active learning, and problem-based
learning, which challenges students to learn how to learn. Learners seek to find solutions to
real-world issues, which, depending on an ICT framework, are used to engage their curiosity
and begin learning, which leads to critical and analytical thinking (Alimisis, 2007). In addition,
Lynch (1997) pointed out that ICT works on applying the principles of Constructivism theory
in different learning situations and can support the two vital processes for cognitive construction:
link between the previous experience and the new experience, and social interaction.
Consequently, many constructivist designers have developed applications, tools, and software
that ensure schools offer students several opportunities to interact with their environment and

to help them engage in critical and higher-order thinking about the content.

In this case, students are responsible for organising and recognising information
processes. At the same time, the computer or software performs the calculation, stores and
recovers the necessary data to create and reflect on the process (Juniu, 2006). In this way,
students learn with ICTs to construct their mathematical understanding actively by integrating
ICT into the mathematics classroom, promoting them to interact with each other. In addition,
computer software such as Logo, Spreadsheet, Sketchpad, 3D Capri, and GeoGebra, can help
and benefit students in their mathematical thinking and make the abstract mathematical

concepts easier and tangible in which learners can connect them to their existing knowledge.
2.3.8 Summary

The above argument illustrates that learners construct new knowledge and build
meaningful understanding based on their previous experience. In addition to this, most
knowledge being an interpretation of personal experiences, is also social in nature: knowledge
is collectively constructed in interaction. From a constructivist perspective, learners have to be
collaborative meaning-makers among a group defined by standard practices, communication,
use of available tools, values, ideas, etc. Such collaborative learning should be designed to
integrate ICTs in a way that encourages students to discuss, negotiate, share knowledge,
visualise their thoughts, and interact with each other to construct meaningful understanding.
ICTs in constructivist classrooms can play a crucial role in encouraging students to interact with

each other and help them visualise mathematical concepts.
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In the following section, I will give an overview on attitudes towards mathematics and
spatial thinking, their significance concerning mathematics teaching and learning, and discuss
their malleability and how ICTs affect them.

2.4 Students’ Attitude Towards Mathematics

The learning process occurs in the mathematics classroom when communication
between students and teachers happens and employs physical elements efficiently to achieve
learning objectives. As discussed in the above section, the constructive mathematics teaching
approach that allows students to discuss, communicate, and visualise their thoughts can help
students develop a positive attitude to learning mathematics. Attitude is an individual mental
process that governs individuals' real and potential behaviours in a social context. Since an
attitude constantly aims at an object, it may be described as the individual's state of mind
towards a value (Allport, 1935). Singh et al. (2002) point out that attitudinal aspects have
emerged as important variables affecting mathematical performance and perseverance. This
means that negative mathematical attitudes may impede the process of learning. This is why
research repeatedly suggested that attitude towards mathematics is a crucial construct related to
learning (Singh et al., 2002). Therefore, several studies have been carried out focusing on
attitude towards educational matters in the last few decades (e.g., Davadas and Lay, 2020, Hyde
etal., 1990, Maio et al., 2010, Singh et al., 2002, Triandis, 1971, Vandecandelaere et al., 2012,
Aiken, 1970). The following section will discuss attitude definition and attitude towards

mathematics.
2.4.1 Attitude Definition

The attitude concept has been considered difficult to define because it is recognised as
multidimensional (Di Martino and Zan, 2010, Tapia and Marsh Il, 2004, Vandecandelaere et
al., 2012). Attitude is described as mental sets, which are a group of preconditions to assess a
task, circumstance, institution, or item (Lewis, 1981). Halloran (1967) defines attitude as a
permanent system of positive or negative assessment, emotional feeling, and disposition for
actions concerning a social purpose. Baron et al. (1997) believe that attitude is a relatively
enduring cluster of beliefs, feelings and behaviour inclinations directed towards certain people,

notions, objects, or groups.

On a similar note, Triandis (1971) describes attitude as an emotional concept
predisposed to a particular social class. However, as Vandecandelaere et al. (2012) mention,
the commonly quoted definition is the one offered by Zimbardo and Leippe (1991). They define
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attitude as ‘‘an evaluative disposition towards some object based upon cognitions, affective
reactions, behavioural intentions, and past behaviour that can influence cognitions, affective
responses, and future intentions and behaviours' (p. 32). Overall, attitude is categorised into
three interconnected components: cognition, behavioural intentions and affective responses
(Ajzen, 1988, Di Martino and Zan, 2010, Gomez-Chacon, 2000, Ruffell et al., 1998, Triandis,
1971). The cognitive component is made up of a student's perceptions and thoughts about the
situation, item, or person. The affective responses component includes a student's assessment
of a situation, item, or person, as well as the degree to which the student enjoys it and his or her
emotional reaction to it. Finally, the behavioural intention component encompasses the
tendency and plan to act in a certain manner. Nevertheless, the behavioural component is not

usually viewed as an attitude dimension (Daskalogianni and Simpson, 2000).
2.4.2 Attitude in Mathematics Education

The various definitions of attitude lead to different outlooks of attitude towards
mathematics. Di Martino and Zan (2001) distinguish two fundamental methods to characterise
attitude toward mathematics, concentrating primarily on the emotional aspect (first method)
and the second method, integrating affective, cognitive, and behavioural dimensions. The first
approach considers attitude as a basic description of an emotional disposition toward
mathematics that is more likely to be about liking or disliking it. Aiken (1970), for example,
describes attitude toward mathematics as an acquired propensity or inclination on the part of an
individual to respond favourably or adversely to an item, situation, concept, or another person.
Hart (1989) analyses attitudes toward mathematics from an emotional standpoint as well. He
defines attitude toward mathematics, as a proclivity to respond positively or negatively towards
it. This first method focuses on the emotional dimension of attitude while ignoring the cognitive

domain, assuming that attitude is distinct from beliefs (Ma and Kishor, 1997).

The second method is based on the idea that attitude involves emotional responses,
cognition, and behaviour (Ajzen, 1988, Di Martino and Zan, 2010, Gomez-Chacon, 2000,
Ruffell et al., 1998, Triandis, 1971). Several studies have used this approach to describe the
attitude towards mathematics. Neale (1969), for instance, defines students’ attitudes towards
mathematics concerning their beliefs which, depends on whether they are good or bad in
mathematics, they like or dislike mathematics, they believe mathematics is valuable or
worthless, and if they are inclined to participate in or avoid mathematical activities. In addition,
Kay (1993) and Ma and Kishor (1997) classified the three areas of mathematical attitude that
comprise the cognitive component, which refers to beliefs about mathematics, the emotional
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component, which refers to the feeling that a learner likes or dislikes mathematics, and the
behavioural component, which refers to predisposition to engage in or avoid mathematical
activities. Watt (2000) discusses that attitude towards maths comprises perceived skill,
predicted success, the effort needed, difficulty, interest, and usefulness. Hannula (2002) , on the
other hand, identifies four evaluative processes: emotions evoked by circumstance, emotions
connected with stimulus, predicted outcomes, and the act of connecting the event to personal
beliefs.

Furthermore, Meelissen and Doornekamp (2004) identified four components: self-
esteem, value, enjoyment and support. On the same issue, Tapia and Marsh Il (2004) believe
that critical components of the mathematics attitude include self-confidence, the usefulness of
mathematics, enjoyment of mathematics, and motivation. In addition, within works by Di
Martino and Zan (2010) and Di Martino and Zan (2011), the student's vision, perceived
competence, and emotional dimension were presented as the three-dimensional model of
mathematics attitude. Their models take explicit account of ideas and emotions (about
themselves and mathematics) and their interactions. Attitude towards mathematics should
include affective, emotional, and behavioural reactions to liking or disliking mathematics,
perceptions of the ease or difficulty of learning mathematics, and beliefs about the contribution
of mathematics to students’ educational performance and career, according to Kadijevich
(2008).

Concerning the same matter, Vandecandelaere et al. (2012) identify three crucial
components of the structure of students’ attitudes towards mathematics. These components are
mathematics academic self-concept, enjoyment of mathematics and perceived value of
mathematics. The mathematics academic self-concept is concerned with the student's
perceptions about his/her ability to comprehend the subject matter and do well in mathematics.
The enjoyment of mathematics considers how much the student enjoys mathematics classes, as
well as the subject matter itself. Finally, the perceived value of mathematics refers to the
students’ beliefs regarding the significance of mathematics in everyday life and the future. The
mathematics academic self-concept and the perceived value of mathematics represent the
cognitive components of attitude, especially beliefs about the subject matter and ideas about an
individual's own subject-related ability. The enjoyment of mathematics represents the affective
component of attitude (\VVandecandelaere et al., 2012). These components of attitude towards
mathematics are also found in the TIMSS attitude test.
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The multifaceted structure of attitude to mathematics has led scholars to carry out
studies to investigate attitude towards mathematics from different perspectives, such as
enhancing and modifying students' attitude, and association with other variables; for instance,
outcome, gender, language, country of origin, study section, mean cognitive abilities of the
class group, socioeconomic factors, and parents’ education level. In terms of gender, for
example, numerous studies have demonstrated that grils show a slightly more negative attitude
towards mathematics (Berger et al., 2020, Chouinard et al., 1999, Frost et al., 1994, Leder, 1995,
Meelissen and Doornekamp, 2004, Van Damme et al., 2004). Meelissen and Doornekamp
(2004) indicated that eighth-grade boys had a more positive attitude about their self-confidence
and the perceived value of mathematics. However, they found that there was no statistically
significant difference in their enjoyment of mathematics. Besides, other studies have examined
the correlation between cognitive abilities and attitude towards mathematics. The results have
shown that students with greater cognitive abilities illustrate a more positive attitude towards
mathematics than students with lower cognitive abilities (Ma, 1997, Moenikia and Zahed-
Babelan, 2010, Van Damme et al., 2004, Yee, 2010). Van Damme et al. (2004) reported that
students in the experimental class tend to show a more negative mathematics attitude than
students in the traditional class. It also has been shown that the students’ cognitive abilities and
the average cognitive abilities of the group affect their academic self-concept. They also
reported that constructivist mathematics teaching methods could influence students' attitudes

toward mathematics.
2.4.3 Enhancing Students’ Attitude Towards Mathematics

This study is interested in the degree to which integration of ICT into teaching
intervention is associated with attitude towards mathematics. This entails the assumption that
attitude to mathematics can be affected, and subsequently, calls for an investigation on the
development and change of attitude. In fact, attitude is directly and indirectly improved by
curriculum, teaching instruction, situational stimuli, and/or learning environment, including
physical, social, and epistemological settings (see section 2.2 Research View of Nature of
Learning (ACAD framework)) (Vandecandelaere et al., 2012, Maushak and Simonson, 2001,
Zimbardo and Leippe, 1991). Therefore, several studies have attempted to find out if/how
curriculum, teaching methods, and practices in the classroom can improve and alter attitudinal
aspects. Papanastasiou (2008) found a positive correlation between a clear, well-organised
teaching strategy that keeps students active and involved in learning activities, and students’
attitudes towards mathematics. Papanastasiou's (2008) finding shows a positive correlation

between students' mathematics performance and their attitude towards mathematics.
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On a similar, yet different issue, Sanchal and Sharma (2017) investigated the impact of
teaching mathematics in a sports context, examining students' attitudes towards mathematics.
The findings show that students' attitudes towards mathematics (self-confidence, value of
mathematics, enjoyment of mathematics) and engagement improved due to the research
experiment. They also found that self-confidence is associated positively with developing
mathematical thinking. Furthermore, Ifamuyiwa and Akinsola (2008) investigated the effects
of two instructional strategies (self and cooperative) on students’ secondary school mathematics
achievements. The results revealed that the treatments have a more significant impact in
improving attitudes towards mathematics, than the conventional method. Adding to that outlook,
Maushak and Simonson (2001) suggested that authentic circumstances, relevant to students,
and the experience of conscious emotional participation are likely to influence attitude in the
direction in which the situation is promoted. Students are motivated and react favourably when
the learning environment involves discovering relevant new information about a topic. In
addition, post-instruction activities, including following conversations, have been identified as
an effective technique to bring about changes in attitude (Maushak and Simonson, 2001).

On another, yet related, front, Zakaria and Syamaun (2017) conducted a study to
discover the effect of the Realistic Mathematics Education Approach (RMEA) on mathematics
performance and student attitudes towards mathematics. They found that using RMEA
enhanced students’ mathematics achievement, but not attitudes towards mathematics. They also
found that RMEA encourages students to engage actively in the teaching and learning of
mathematics. Prior to that investigation, Vandecandelaere et al. (2012) investigated the
association between students’ views of the learning environment and three components of their
attitude towards mathematics (mathematics academic self-concept, enjoyment of mathematics,
and perceived value of mathematics). The outcomes revealed that the learning environment has
a significant impact on the students' enjoyment of mathematics. At the same time, the
mathematics academic self-concept and the perceived value of mathematics were not

influenced by the learning environment.
2.4.4 ICTs and Improving Student’s Attitude Towards Mathematics

Several scholars have been exploring the improvement of students' attitudes towards
mathematics when ICTs are used in mathematics teaching interventions. However, the available
literature shows uncertain results, based on the ICT used, the teaching approach involved, and
the length of intervention (Fabian et al., 2018, Li and Ma, 2010). In other words, some studies
have reported a positive development in students’ attitudes (Afari et al., 2013, Cai et al., 2020,
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Eyyam and Yaratan, 2014, Mavridis et al., 2017, Pierce et al., 2007), while others found no
significant improvement in attitudes towards mathematics (Dalton and Hannafin, 1988, Fabian
et al., 2018, Kebritchi et al., 2010, Larkin and Jorgensen, 2016, Afari et al., 2013, Cai et al.,
2020, Eyyam and Yaratan, 2014, Mavridis et al., 2017, Pierce et al., 2007). For example,
regarding the usage of ICTs in teaching and learning mathematics, Pierce et al. (2007) reported
that ICTs positively impact students’ attitudes towards mathematics. In their quasi-
experimental study, Yang and Yi Fang (2010) investigated the effect of integrating technology
into mathematics teaching on students’ number sense and their learning attitudes among
primary students. They found a positive impact on students’ performance and attitude towards

learning mathematics.

Furthermore, Eyyam and Yaratan (2014) conducted a quasi-experiment to investigate
the impact of technology-based instruction use in mathematics classes on improving students’
academic achievement and attitude. The results showed a significant positive impact of using
technology on students’ performance, attitude, and perception of learning mathematics using
technology. Another research by, Dalton and Hannafin (1988) exploring the effects of
computer-assisted instructional strategies, designed to promote computation mastery, found
significant impact on students' performance, but no significant impact on students'
attitudes. Moreover, Olsen and Chernobilsky (2016) carried out a research to explore the impact
of using a web-based interactive mathematics lesson intervention for ten weeks. The outcome
indicated that students’ attitude changes before and after the web-based learning activities was
not statistically significant. However, students' perceptions about using this technology in
learning mathematics tended to be negative, with only 9% of the sample having positive
attitudes towards it. Besides, there was no link found between technology use and students’

attitudes towards mathematics.

More researchers have examined the impact of employing educational games in
teaching and learning mathematics on students’ attitudes towards it. The outcomes were varying
some of them found a positive impact and others reported a negative effect. For example,
Ritzhaupt et al. (2011) investigated the effects of educational game playing on middle school
students’ attitudes towards mathematics, mathematics self-efficacy, and mathematics
achievement (during 16 weeks of game intervention). The findings discovered significant
positive developments in students’ attitudes towards mathematics and mathematics self-
efficacy. However, there was no significant improvement in students’ mathematics
performance. A further study regarding game usage was carried out by Afari et al. (2013),

exploring a game-based mathematics classroom intervention for six weeks among college
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students aged 18 to 35 years. They found that students who used mathematics games had
significantly more positive attitudes toward mathematics, but the impact size was small. The
results also revealed that students’ enjoyment of mathematics was higher in classrooms with

more teacher assistance, cooperation, and perceived value of mathematics.

Further, Mavridis et al. (2017) investigated the impacts of utilising an online flexible
educational game on secondary school students’ attitudes towards mathematics, compared to
the conventional method of solving mathematical problems, for 14 weeks. The analysis
outcome showed that the game approach effectively improved students’ attitudes towards
mathematics. It also indicated better learning outcomes in the treatment group. Similarly,
Kebritchi et al. (2010) conducted a game-based learning intervention for 18-weeks. The
analysis found no significant development in students’ motivation to study mathematics but
found significant differences in motivation scores, depending on where they were played.
Besides, student interviews revealed that they had positive perceptions about the game-based
learning environment. This study emphasises that favourable student perceptions of the
intervention do not always correlate with positive increases in student attitudes toward

mathematics.

Concerning research that utilises mobile technologies and iPad, different findings in
terms of attitude improvement was reported. For example, Cai et al. (2020) examined the effect
of mobile AR-based learning applications on junior students’ learning performances and
attitudes. The results show that mobile AR-based applications positively impact students'
performance and attitudes towards learning mathematics. Ursini et al. (2007) found that
students exhibited a more positive attitude towards mathematics, when learning using ICT; they
also felt positive towards computer-based mathematics. Likewise, Fabian et al. (2018)
conducted a quasi-experimental mixed-method design to investigate the effects of mobile
technologies in collaborative learning activities on students’ attitudes and performance. The
results indicated that using mobile technologies elicits positive responses from students
regarding how they perceive mobile activities and improve their performance. However, it does
not affect students' attitudes towards mathematics. Besides, Larkin and Jorgensen (2016) used
iPads and a video diary to explore students’ attitudes towards mathematics. The result revealed
negative attitudes and emotions and suggested that these negative attitudes are well formed by
the end of the early years of schooling.

Over time, different researchers have conducted examinations to determine the impact

of ICTs on students’ attitudes towards mathematics. For example, Ursini and Sanchez (2008)
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carried out a longitudinal study to explore computer-based mathematics’ influence on girls' and
boys' attitudes toward mathematics and self-confidence in the subject. The findings revealed
gender differences in the changes in students' attitudes and self-confidence over three years.
The use of technology had no significant impact on students’ self-confidence. The usage of
technology had no beneficial effect on pupils' self-confidence. Regardless of whether they used
computers or not, both boys’ and girls' self-confidence in mathematics decreased from grades
9to 7. Similarly, in a longitudinal study, Bakker (2014) investigated the impact of using online
mini-games on primary school students' multiplication and division performance and their
attitude towards mathematics. The result revealed a positive impact on student's performance,
as well as a correlation between students’ performance and attitude towards mathematics.
However, students' mathematics attitudes declined over time. In contrast, Hilton (2018), in her
two-year longitudinal research of utilising iPads in the mathematics classroom, found a positive
impact on students' engagement and attitudes towards mathematics. Moreover, the teaching

intervention contributed positively to these outcomes.

The above discussion has shown different outcomes of the studies examining the effects
of ICT on students’ attitudes towards mathematics. These different results depended on the
research intervention, the type of ICTs used, the study length, and the school level of
participants. Based on an intensive meta-analysis Higgins et al. (2019) reported a significant
overall ICT influence on student performance, motivation, and attitude; however, outcomes
vary according to the various elements of the intervention. This can explain why some studies
have reported negative impacts on students' mathematics attitudes when using ICTs in teaching

the subject.
245 Summary

This section has reviewed students’ attitudes towards mathematics. The review found
disagreements between scholars on the definition of attitude, which led to disagreement on the
definition of attitude to mathematics’, since they define it based on different measurement tools
used. This is why researchers have studied different components of students' attitudes from
different perspectives. Attitudes towards mathematics play a significant role in the processes of
teaching and learning this subject and have been consistently studied. However, improving
students’ attitudes to mathematics as a result of ICT use is limited. As such, studies on
improving primary school students’ attitudes to mathematics and ICT are even more limited,
sometimes, with contrasting results. Studies frequently examined gender differences in attitude
and the impact of using ICT on one or two components of mathematics attitude, rather than
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integrating ICT into teaching mathematics to improve attitudes towards it. More specifically,
the literature review could not find a study (to the best of the author’s search) investigating the
impact of integrating ICT into teaching and learning mathematics on students' academic self-
concept, enjoyment of mathematics, and perceived value of mathematics. Therefore, this
research investigated the impact of integrating GeoGebra into teaching interventions to improve
primary school students' attitudes towards mathematics in the light of Vandecandelaere et al.
(2012) definition.

The following section will discuss spatial thinking, as another factor that can improve

by using technology, and influence the learning process and outcomes.
2.5 Spatial Thinking

Spatial thinking is one of the principle components of intelligence that is used in our
everyday lives and is important for human adaptation and modern living (Uttal et al., 2013).
For instance, people employ their spatial thinking skills while reading street maps, giving
directions, completing puzzles, constructing self-assembly furniture, and reorganising home

furniture (Turgut and Uygan, 2015).

The nineteenth century saw the first scientific study related to spatial thinking when
modern psychology began (Wai and Kell, 2017). Since Galton's systematic psychological
inquiries, spatial thinking has been the theme of research interests in various subjects such as
sciences, mathematics, engineering, and psychology (Quintero et al., 2015, Baki et al., 2011).
Khine (2017) suggested that past and present research has detected important relationships
between spatial thinking and success in Science, Technology, Engineering, and Mathematics
(STEM), recognising talented students, encouraging them to follow STEM correlated careers
and function well in a techno-centric world. Spatial thinking is one factor that plays a vital role
in the overall development of students’ understanding of mathematics and predicts students’

success in higher levels of mathematics, such as proportional thinking and algebraic thinking.

The National Research Council report urges instructors in all areas of mathematics to
recognise the significance of improving spatial thinking skills with students (Rich and
Brendefur, 2018). In addition, various countries, such as Saudi Arabia and USA, include spatial
thinking in their programmes, particularly mathematics, as it is an essential skill for studying
different disciplines and to achieve success (NCTM, 2006). Accordingly, many researchers
have suggested that spatial ability is flexible and can be developed with intervention enrichment
and training activities within a formal classroom setting or outside the classroom as a special

60



training course related to spatial thinking. Nevertheless, there are others who disagree, as they
believe development of spatial thinking needs long term course training (Uttal et al., 2013, Baki
etal., 2011, Khine, 2017, Saha et al., 2010, NRC, 2006).

2.5.1 Spatial Thinking Definition

There has been much debate concerning the definition of spatial thinking. There is no
common agreement with respect to the term. This is because several terms are used to refer to
spatial thinking, such as spatial skills, spatial ability, spatial perception, spatial reasoning,
spatial sense, visual thinking, spatial visualisation thinking, and visualisation thinking (Baki et
al., 2011, Quintero et al., 2015, Metoyer et al., 2015, Strong and Smith, 2001, Yuksel, 2017).
Spatial thinking was defined by McGee (1979) as the mental operation of shape, whereas, Linn
and Petersen (1985) claimed that a common idea regarding spatial thinking is the use of skills
in representing, transforming, generating, and recalling symbolic and non-verbal information.
Clements and Battista (1992), under the term spatial visualisation, described it as understanding
the performance of imagined movements of objects in 2D and 3D space. However, the NRC
(2006) believed that thinking spatially is a collection of cognitive skills, consisting of
declarative and perceptual forms of knowledge, and several cognitive operations, which can be
used to transform, combine, or otherwise operate this knowledge by using a constructive
combination of three elements: concepts of space, tools of representation, and reasoning
processes.

Relating to the aforementioned issue, Uttal et al. (2013) described it as the mental
procedure of representing, analysing, and drawing conclusions from spatial relations.
Additionally, Ramful et al. (2015) suggested that it is a method where individuals generate and
manipulate mental images in reflecting objects on a line of symmetry. Despite the fact that
descriptions vary, spatial thinking is generally defined as the complex ability to produce,
maintain, recover, and transform well-structured visual images. Furthermore, other definitions
include references to physical interactions with the environment; for instance, navigational
skills, along with dealing with forming and manipulating visual-spatial mental images to

connect the perceived and constructive 3D world (Hawes et al., 2017, Nagy-Kondor, 2017).

It is worth mentioning that components of spatial thinking are different in the relevant
literature due to various definitions (Yurt and Tlnkler, 2016). As an illustration, McGee (1973,
p.893) suggested that the two main factors concerning spatial thinking are spatial visualisation,

which was explained as “the ability to mentally manipulate, rotate, twist or invert a pictorially
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presented stimulus”, and spatial orientation, which was defined as “the comprehension of the
arrangement of elements within a visual stimulus pattern and the aptitude to remain unconfused
by the changing orientation in which a spatial configuration may be presented”. Tartre (1990),
classified spatial thinking components based on mental processes into two distinct skills: Firstly,
spatial visualisation, includes the mental movement of an object. This can be further divided
into two parts; namely, mental rotation, where the entire object is transformed by turning in
space and mental transformation, where part of the object is transformed in some way. Secondly,
spatial orientation comprises being able to mentally move your viewpoint while the object

remains fixed in space (see figure 2.4).

Spatial
Thinking

Spatial Spatial

Visualisation Orientation

Mental
Transformati
on

Mental
Rotation

Figure 2.4 Classification of spatial thinking

Maier (1998), categorised five components related to spatial skills based on numerous
theories of intelligence, meta- analyses, and several studies conducted on spatial ability. These

are as follows:

- Spatial perception is the vertical and horizontal fixation of direction, irrespective of
disrupting information

- Spatial visualisation is the capability to describe situations when the components are
moving compared to each other

- Mental rotation is the capacity to alternate three dimensional shapes mentally

- Spatial relations are the ability to distinguish the relationship between the parts of a shape

- Spatial orientation is the ability to react to a given spatial situation

Wang (2017) separated spatial thinking into three subcategories: Spatial perception,

which is the ability to define spatial relationships relative to the orientation of a figure; mental
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rotation (or spatial relations), which is the ability to achieve single-step mental
transformation/rotation of two- or three-dimensional figures precisely in the mind; Spatial
visualisation, which is the potential to achieve complex and multistep mental
transformation/rotation. Maier's and Wang's categories are practically similar; however, Wang
(2017) combined five components in three elements, besides changing the employment of
spatial visualisation from Maier's (1998) description. Nonetheless, Maier's (1998) frame can be
used in other subjects as he created it to be more suitable in relation to designing training courses

for spatial thinking in a technological era (Maier, 1998).
2.5.2 Spatial Thinking and Mathematics Education

Spatial thinking is one of the principal elements of the mathematics curriculum and is a
core component of teaching and learning geometry. For example, Saudi Arabia includes spatial
thinking in the mathematics curriculum in general education (primary, elementary, and
secondary), and it is also one of the basic principles in the standards and principles of
mathematics teachers. It is a component of the national general aptitude test, which must be
taken by every student who wishes to study at university. In addition, spatial visualisation is the
principle phase in geometric thinking, which plays a significant role in learning graphics and
shapes (Vojkuvkova, 2012). Furthermore, students have used spatial thinking to imagine and
manipulate visual data during geometric modelling to solve problems and learn mathematical
concepts (NCTM, 2006). Several researchers have also illustrated that spatial thinking is
correlated positively to problem-solving skills in mathematics and geometry (Baki et al., 2011,
Hawes et al., 2017, Idris, 2005, Nagy-Kondor, 2017, Idris, 2007). The research also found a
significant correlation between spatial thinking and geometry, predicting how effectively
students can complete geometric problem-solving tasks (Clements and Battista, 1992, Clements
and Sarama, 2004, Pittalis and Christou, 2010). Turgut (2017) concluded that it is obviously in
the related literature that spatial thinking predicts mathematics achievement; hence,

development of spatial ability can contribute to the improvement of mathematics achievement.

Problem-solving tasks regarding spatial skills such as orientation, transformation, and
movement of shapes generate an opportunity for students and teachers to engage actively in the
mathematical discussion. As students explain their thought, they will use their hands or the
available tools to visualise their ideas while explaining their views surrounding the task. Spatial
thinking allows students to explain the visual imagery inside their heads while working on
specific problem-solving tasks (Ehrlich et al., 2006). For example, students’ gestures describe
the transformation movement and produce an avenue for their thinking to develop through the
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discussion. Alibali and Nathan (2012) determined gestures to be a valuable tool for teaching
students how to solve spatial transformation tasks by emphasising moving the pieces without
the actual physical movement. Students used their hands to visualise what their mind was
creating and thus explain their mathematical understanding. The capacity to gesture what the
mind is thinking depends on students’ ability to visualize mathematical transformations

(Education, 2014, Rich and Brendefur, 2018).

Furthermore, spatial thinking is highly associated with mathematical performance
(Battista, 1981, Clements and Sarama, 2007, Gustafsson and Undheim, 1996), in which
students with higher spatial performance also do better in mathematics exams (Cheng and Mix,
2014, Geary et al., 2007, Lowrie et al., 2017). In fact, researchers have demonstrated a strong
relationship between spatial thinking and academic performance in many disciplines and, more
remarkably, mathematics (Hawes et al., 2017). For example, in their longitudinal investigations,
Lauer and Lourenco (2016) along with Gunderson et al. (2012) correlated young children’s
spatial thinking with their spatial and mathematical performance at a later age, particularly
mental rotation and visuospatial memory. Also, Cheng and Mix (2014) investigated whether
spatial thinking training can improve mathematics performance among children aged 6 to 8
years. The results revealed that children in the spatial training group improved significantly on
calculation performance and largely improved in missing term problems. Cheng and Mix (2014)
point out that spatial thinking training can transfer mathematics performance, which is
necessary for developing mathematical knowledge. In fact, spatial thinking skills and
mathematical competency are directly connected (Battista, 1990, Casey et al., 1997, Reuhkala,
2001, Rohde and Thompson, 2007). Learning with particular spatial thinking tasks enhances
students' ability in mathematics and other disciplines (Newcombe and Frick, 2010, Uttal et al.,
2013).

Besides, additional research highlighted the significance of using spatial thinking to find
an enhanced approach to teach mathematics and geometry, in contrast to present techniques,
which do not pay adequate attention to spatial thinking skills (Olkun et al., 2005). Therefore,
teachers can use spatial thinking to trigger learning and teaching activities in mathematics and
geometry, where it is crucial for students to develop effective ways of thinking. In light of this
notion, spatial thinking skills can be improved by integrating and supporting practice
throughout mathematics instruction (Verdin, 2014). The result of the study undertaken by
Hawes et al. (2017) emphasised the possible significance of attending to and improving young
children’s spatial thinking as part of early mathematics education and suggesting that it has a

positive impact on learning numeracy.
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Verdine et al. (2014) stated that children’s spatial thinking skills could predict their
overall mathematical performance from the time students reach kindergarten. That is one of the
reasons why NCTM (2006) emphasised that the mathematics curriculum should include spatial
thinking skills across all the school stages as spatial thinking is improved by mathematics and
daily school activities. For instance, students start gaining spatial thinking skills through games
such as football, marbles, painting, and puzzles, in addition to those which require visual
imagery such as computer games, interactive software on iPad or Smartphone, plus involvement
in mathematics/science classes. These scholars suggested that developing spatial thinking skills

is associated with learning and teaching mathematics.
2.5.3 Developing Spatial Thinking

To date, several research have attempted to identify methods that can help develop
spatial thinking skills. This research has increased because of technology and its effect on
people’s everyday lives. Moreover, improvements in spatial thinking are a significant factor as
students must understand and improve their knowledge of geometry and mathematics, in
agreement with theoretical knowledge and spatial abilities (Nagy-Kondor, 2017). Nagy-Kondor
(2017), stressed that spatial thinking skills can be improved by employing appropriate teaching
methods in the classroom by means of using ICT. This has received considerable attention in
the reviewed literature, especially with regards to Dynamic Geometry Systems, interactive
animation, and virtual figures that are promising methods for developing spatial thinking.
Moreover, Martin-Gutiérrez and Gonzéalez (2017) suggested that specific training can improve
spatial thinking by using different methodologies that rely on the field of application. In fact,
an intensive meta-analysis review of 217 studies over 25 years suggests that through a diversity
of training methods, people of all ages can develop their ability to think spatially by means of
pen and paper sketches, isometric sketching, multi-media platforms, on-line platforms, video
games, virtual reality, augmented reality, specific software, and physical materials,
considerably (Uttal et al., 2013).

Conversely, several studies have claimed that spatial thinking cannot be developed via
typical instructional approaches, but can be developed by way of life experience (Strong and
Smith, 2001). In addition, Baki et al. (2011) explained that there is no evidence to confirm the
positive impact of instruction on spatial thinking. For example, Sexton (1992) found that there
was no improvement when he used 3D wireframes and Zavotka (1987) did not ascertain any
change in spatial visualisation. Based on their results, certain researchers have claimed that

people’s spatial thinking is hereditary and cannot be improved by training or teaching.
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Numerous research have indicated that spatial thinking develops over the long-term and by
means of real world experience (Robichaux and Guarino, 2000), while others have implied that
the positive impact of experimental training regarding spatial thinking does not mean more
concrete evidence on the effectiveness of short-term training. In addition, some classes, such as
art, the sciences, and mathematics can play a significant role in enhancing spatial thinking (Baki
etal., 2011, Wai and Kell, 2017).

In recent years, questions related to whether spatial thinking can be improved remain
unanswered; nevertheless, all the research that strives to explore how spatial thinking can be
improved through life experience, either in or outside classroom, has contradicted a substantial
number of findings in both previous research and recent studies (Strong and Smith, 2001). One
of the most significant areas pertaining to research into the development of spatial thinking is
the application of dynamic instruments in mathematics classes to improve spatial thinking.
Many researchers have found that dynamic geometry software such as Cabri, Geometry
Sketchpad, and Geogebra, could be influential instruments for teaching mathematics and
geometry, especially with respect to developing spatial thinking (Baki et al., 2011, Nagy-
Kondor, 2017). Christou et al. (2006) stressed that 3D dynamic applications would improve
students’ dynamic visualisation ability and empower them to obtain a greater understanding of
3D mathematical and spatial concepts. In fact, these applications can provide an environment
where geometric relationships make and test conjectures which can be explored and can
construct geometrical objects plus specify relationships between them (Baki et al., 2011).
Owing to these features, using 3D dynamic software to teach geometry could facilitate dynamic

visualisation of 3D shapes and subsequently develop spatial thinking (Kdsa, 2016).

It should be mentioned that Cabri geometry is one of the dynamic geometry softwares
that has been employed to improve spatial thinking in mathematics classes, as it is presumed to
revolutionise computer-assisted spatial thinking skills in 3D geometry (Baki et al., 2011). The
primary purpose of Cabri is to assist students to improve spatial visualisation skills essential to
continue complex geometric manipulations and abstract projections mentally (Leischner, 2002).
In that regard, Prianta (2017) stated that students who were taught with 3D Cabri were better
than students who received expository learning, either in general, or rely on their early
mathematical abilities. Moreover, Hartiana et al. (2017) found that learning with 3D Cabri has
a significant impact on developing students' spatial thinking skills, making it easier for them to
understand concept lines and angles, plus causing students to be more enthusiastic.
Consequently, teachers can use it to develop student’s spatial thinking skills in mathematics.

For instance, when | use it to teach Year Six 3D geometric shapes, such as such as cubes,
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cuboids, pyramids, cylinders, and prisms, | can include a variety of activities where students
can use 3D Cabri to analyse and elaborate shapes and divide a cube (unfold Cube). Similarly,
they can rotate it to see the shape from different viewpoints. Hence, it may improve their spatial
thinking. As a spatial thinking task is unfolding, the use of 3D Cabri can support the
construction of connections between spatial and geometrical thinking by allowing students to
use graphical space via playing with didactic variables. Additionally, it offers feedback with
respect to validation (Soury-Lavergne and Maschietto, 2015).

Currently, GeoGebra is one of the commonly used dynamic geometry software
programs. It has been used extensively in mathematics to teach a variety of lessons (see section
2.6.1). GeoGebra has more traits than Cabri 3D and other dynamic mathematics software since
it can explore the concepts of algebra, 2D geometry, 3D geometry, calculus, matrices, vectors,
and statistics (Rahadyan, 2019), while, for example, Cabri 3D can be used only to explore the
concepts of 2D geometry and 3D geometry (Rahadyan, 2019). Concerning this, Nagy-Kondor
(2017) suggested that Geogebra can be used within mathematics lessons to develop spatial
thinking skills, given that it has the ability to provide a definition of the concept of planer and
spatial objects, geometric transformations in the plane and space, and the application of angle
functions in 2D and 3D. Additionally, Saha et al. (2010), Farrajallah (2016) determined that
Geogebra has a significant impact on the development of spatial thinking among high school
students. Moreover, Ismail and Abd Rahman (2017) found that GeoGebra significantly impacts
Year Two students’ spatial visualisation thinking. However, research on using GeoGebra in
learning and teaching mathematics is limited and even more limited, among primary school

students (more detail is section 2.6.1).
2.5.4 Summary

This section gives an overview of spatial thinking and how it can be developed in
mathematics classes with the concern of using ICT software. Spatial thinking is a critical
component of mathematics curricula and an essential element in teaching and learning geometry.
The literature review illustrates that there has been no consensus on spatial thinking
terminology since it is commonly used in different disciplines due to its importance for students'
performance and success. This disagreement extends to the research on the development of
spatial thinking skills. Some scholars believe that spatial thinking improves through life
experience in long-term training, while others believe that spatial thinking can improve in short-
term training intervention (Strong and Smith, 2002; Baki et al. 2013). Notwithstanding,
research has demonstrated that spatial thinking can be developed using appropriate
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mathematical instructional strategies, consisting of ICTs, especially DMS, in short-term
intervention. However, the research investigating the impact of integrating DMS into teaching
intervention to improve students' spatial thinking skills is limited, particularly with the use of

GeoGebra among primary school students.
2.6 Dynamic Mathematics Software

Dynamic Mathematics Software (DMS) or Dynamic Geometry Software (DGS) is a
computer programme for producing and manipulating mathematical structures which enables
students to understand unseen mathematical concepts and helps teachers reveal the links
between mathematical concepts to their students (Wang et al., 2017). Since the 1990s, as a
modern way of teaching, mathematics teachers have integrated DMS; for instance, bringing
Cabri 3D, Geometer’s Sketchpad, and GeoGebra into teaching and learning mathematics
(Guven, 2012, Botana et al., 2015). The reasoning behind these developments is that DMS
provides an open environment with visual properties permitting students to perceive unseen
things, which helps them to visualise mathematical structures, concretise the abstract nature,
and construct links between algebra and geometry, which can potentially positively affect
students’ mathematical and geometrical understanding (Ocal, 2017, Crompton et al., 2018,
Battista, 2009, Dvir and Tabach, 2017). Hence, they can attain a better understanding of
mathematical concepts in general, and geometric concepts, in particular. Furthermore, Leung
and Lee (2013) believed that computers and DMS have an ability that allows students to learn
many complex mathematical tasks to be accomplished efficiently. Thus, students in the
technological era have the possibility of learning more mathematical forms in effective ways
than before. They also believed that the most significant effect of technology on mathematics
education is changing the nature of mathematics that has been taught, learned, and assessed.
According to (Sanders, 1998), the appropriate use of DMS can improve mathematics teaching,

conceptual development, visualisation, besides laying the foundation for deductive reasoning.

Furthermore, Battista (2009) asserts that although DGS enabled students to drag and
manipulate geometric shapes, students do not identify the properties of shapes. They recognise
the shape as a whole, illustrating students' geometric thinking at stage one of the Van Hiele
levels. As students continue to interact utilising the features of DGS, they begin to notice
geometric shape properties; then, distinguish between the geometric shapes by using these
features; afterwards, they construct the concept of the geometric shape. This can encourage and
create exploration and mathematical exploration. It also helps students progress through the

Van Hiele levels.
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Several studies have examined the effect of using DMS, generally, and DGS,
specifically (Cabri 3D, Geometer's Sketchpad, and GeoGebra, which are the most commonly
used in schools) (Moyer-Packenham et al., 2005). DMS has been established to have a positive
impact on students’ performance and attitudes (Tutkun and Ozturk, 2013, Pierce and Stacey,
2008, Healy and Hoyles, 2002, Souter, 2002, Laborde and Laborde, 2011, Sarama and Clements,
2009, Hannafin et al., 2008). Mammana et al. (2012) conducted a study investigating DGS (3
D Cabri). They found that the use of 3D Cabri was enjoyable and allowed students to examine
and form assumptions, plus verify them through proof, as well as finding that the use of DGS
encouraged an exploration environment in the mathematics classroom. Leong (2013) conducted
a study to determine the effects of using Geometer’s Sketchpad (GSP) in teaching and learning
graph functions. The findings show a positive impact of using GSP on students’ achievement

and attitude towards learning graph functions.

On that note, Hannafin et al. (2008) conducted a study to explore the influence of using
Sketchpad application on sixth-grade students (11 — 12 years old). They found that students
learning with Sketchpad understood most geometry concepts much better, and positively
impacted spatial thinking skills. In addition, a review study was also completed by Rahim (2002)
to look at the impact of using technological tools in general, including dynamic geometry
software applications in classrooms over the last decades. The study explored the impact of
such applications on teacher attitudes and the overall academic system, with no reference to
student performance, specifically. It found that teachers would use software to teach geometry,
algebra, and trigonometry. Another review has recently been completed by Ustiin (2021)
indicating that DGS has a positive impact on providing a constructivist classroom learning
environment. However, using DGS solely cannot create a learning environment shaped by
constructivism; it should take into account students' prior knowledge, skills, needs, time for

group discussions, plus appropriate design of DGS tasks and worksheets.

Conversely, some studies displayed the insignificant impact of utilising DGS on
teaching and learning. Brovey and Null (2004) conducted a study to examine the effects of
using Geometer’s Sketchpad on students’ achievement on traditional assessments and students’
attitudes towards geometry among sixty-eight ninth-grade geometry students. The results
showed no significant impact of Geometer’s Sketchpad on students' achievement and did not
improve students’ attitudes. Moreover, Chan and Zhou (2020) explored the effects of
cooperative learning with DMS on students’ performance, attitudes, and views of learning using
DMS. The results showed a significant impact of using DMS with cooperative learning.

However, the findings found no change in students’ attitudes towards mathematics and no
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negative views of integrating DMS with cooperative learning. In a meta-analysis study, Chan
and Leung (2014) found evidence on the insignificant impact of using DGS on students’
engagement when they work in pairs. Furthermore, they found a significant impact of using
DGS on students’ performance, with a preference for short-term instruction with DGS
significantly developing the mathematical performance of elementary school students. On that
matter, Niess (2006) highlighted that DGS could transform mathematical concepts into an
understandable form for teachers and students. This is why Dynamic Geometry Software (DGS)
has been used widely, and many softwares have been innovated to be used in mathematics
classrooms. The current one that has been an increasing number of its users in mathematics

education is GeoGebra.
2.6.1 GeoGebra

One of the most common dynamic softwares is GeoGebra, which was created by Mark
Hohenwater in 2001. It was designed to combine geometry, algebra, and calculus in one
dynamic environment. GeoGebra brings together geometry, graphing, spreadsheets, calculus,
and statistics in one easy to use application. It is open-source and permits users to create
mathematical objects and interact with them. Both teachers and students can use it to explain,
discover, and represent mathematical concepts and their relationships. Its principal goal is
assisting users to create various representations and visualisations of mathematical concepts.
Additionally, GeoGebra helps users produce activities integrating several representations of
mathematical concepts linked dynamically (Hohenwarter and Jones, 2007, Zengin et al., 2012,

GeoGebra.com).

Geogebra has been used widely. This is because it is available in many different
languages, and there are several online lessons available in those languages. Moreover, it is free
software to download and can be installed on many different types of devices: computers (e.g.,
Windows, Mac OS act.), tablets, iPads, and mobile phones. Geogebra is available in various
versions as well (e.g., Graphing Calculator, Classic GeoGebra, Geometry, 3D Calculator, and
GeoGebra AR). Every object in GeoGebra is dynamic, allowing a student to see how the shape

changes when changing the problem's parameters ((Majerek, 2014).

Furthermore, students can save their projects in multiple formats, and the teachers can
share and publish their work on the GeoGebra website. It has several display options of
mathematical concepts, such as symbolic to graphic. Zilinskiene and Demirbilek (2015) stated

that GeoGebra has the ability to demonstrate, visualise, and clarify mathematical concepts
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during the process of learning and problem-solving, which has always been very important to
understanding mathematics. Also, they mentioned that GeoGebra is a construction software
with all the capabilities required from a suitable drawing and designing program, which is very
significant for constructive teaching of geometry. GeoGebra allows students to discover new
patterns, explore and test conjectures, and manipulate various geometric shapes among the
diverse activities that students can perform by creating and designing their drawings (Belgheis
and Kamalludeen, 2018, Stols and Kriek, 2011). This is why many schools have been using

GeoGebra in the mathematics classroom.

As a result, several studies have been conducted to examine the use of GeoGebra in the
mathematics classroom from different perspectives. Many scholars have been investigating the
impact of teaching using GeoGebra on students' performance. For example, Adelabu et al.
(2019) examine the impact of using GeoGebra on secondary school students' geometric
performance. They found that GeoGebra improves students' performance. Tay and WonKkyi
(2018) investigated the effect of using GeoGebra on senior high school students’ performance
in circle theorems. The results indicated a significant positive impact for the students who used
GeoGebra to learn circle theorems. Likewise, the GeoGebra method made the lessons more

interesting, practical and easy to understand.

Moreover, Reisa (2010) conducted a case study to investigate the impact of computer-
supported mathematics with GeoGebra, compared with traditional teaching. The findings
showed that teaching with Geogebra improved students’ performance and helped them to retain
their understanding, more than traditional teaching. In addition to this, using Geogebra to teach
mathematics made students more engaged in learning, and more sense organs were attracted. A
study was conducted by Agreeing with the aforementioned, Onaifoh and Ekwueme (2017) to
examine innovative strategies on teaching plane geometry using GeoGebra software in
secondary schools in delta state. The results showed significant differences between the mean
performances of students’ when taught plane geometry using Geogebra software and problem-
based learning. Furthermore, Shadaan and Leong (2013) investigated students’ understanding
in learning circles using GeoGebra. The results showed a significant impact of learning circles
using GeoGebra on students' performance and a positive perception of using GeoGebra in
learning circles. Arbain and Shukor (2015) also found a positive impact of using GeoGebra on
students' performance and perception towards learning mathematics. In contrast, Martinez
(2017) found that there were no significant differences between teaching using GeoGebra and
traditional teaching on students’ performance. Agreeing with the aforementioned, Ocal (2017)

found there was no significant impact of using GeoGebra on students' procedural knowledge.
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Other researchers have studied the impact of integrating GeoGebra into teaching
mathematics. For instance, Zengin et al. (2012) studied the impact of integrating GeoGebra into
flipped classroom approach by using a mixed research method. The research found that students
understood the mathematical concepts much better by integrating GeoGebra into flipped
learning method. Besides, the results showed that integrating GeoGebra with flipped learning
approach helped students visualise the concepts, retain the information, and promote more
accessible learning concepts. It also enhanced students learning and increased their motivation.

Meanwhile, Priatna (2017) investigated learning models and teaching materials by
employing the principles of brain-based learning assisted by GeoGebra to enhance junior high
school students’ mathematical representation skills. The findings revealed that the increase in
the mathematical representation skills of students who were treated with mathematics
instruction, applying the brain-based learning principles supported by GeoGebra, was better
than the increase of the students given conventional instruction. In addition, Zengin and Tatar
(2017) conducted a mixed research study to integrate GeoGebra into cooperative learning
environments in mathematics among high school students, aged 16 — 17 years. The findings
showed that integrating GeoGebra into teaching and learning quadratic functions positively
impacts students’ achievement. Further, the students’ views identified that the model enabled
them to understand better, visualise and concretise the course, and create a pleasant and
enjoyable learning environment. Similarly, Tutkun and Ozturk (2013) conducted research to
determine the impact of using GeoGebra on the students’ academic success and Van Hiele
geometrical thinking level in teaching ‘trigonometry and slope’ subjects in 8th grade maths.
They found that GeoGebra has a positive impact on overall academic success. There was no
significant difference between the Van Hiele geometrical thinking levels of the students who
use GeoGebra and the control group. In addition, utilising GeoGebra in Mathematics teaching
affected on retention of learning positively. It can be concluded that the majority of research
has been found to demonstrate the positive impact of utilising GeoGebra on students'
performance, retaining learning, and enhance the process of learning and teaching

mathematics.

Additionally, some other researchers go to examine the effect of utilising GeoGebra on
the students’ performance and spatial thinking skills, such as Saha et al. (2010), Hannafin et al.
(2008), and Farrajallah (2016). Saha et al. (2010) conducted a study to explore the impact of
using Geogebra application on secondary school students. The results showed a significant
difference between the means of students' achievement favouring the GeoGebra group, plus the

classroom instruction with GeoGebra being more effective than the traditional classroom.
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Furthermore, the findings showed that there was no significant difference in high spatial
visualisation ability. However, they found that GeoGebra has had a positive impact on spatial
visualisation ability. Farrajallah (2016) investigated the impact of the employment of Geogebra
software in acquiring some visual thinking skills and on the academic achievement among 8th-
grade students aged between 12 — 14 years. The results showed a significant statistical impact
of using Geogebra on visual thinking skills and mathematics achievement. In addition, Hassan
and Abdullah (2016) examined the effectiveness of using the GeoGebra program on acquiring
geometric transformation concepts and developing visual thinking and mathematical self-
concept for Saudi middle school pupils. The results showed a significant statistical impact of
GeoGebra on students’ geometric transformation concepts, visual thinking skills, and the
mathematics self-concept. Somewhat varying from the main direction of previous findings,
Hannafin et al. (2008) concluded that there is a relation between spatial thinking and
achievement in mathematics, only in some cases; also, the use of dynamic software can
positively impact spatial thinking skills, especially with students who have higher cognitive
abilities.

Some researchers have investigated the impact of using GeoGebra on the learning
process and students’ attitudes. Adegoke (2016) and Horzum and Unli (2017) conclude that
GeoGebra can improve students’ attitudes towards mathematics and facilitate the teaching and
learning process. This conclusion is supported Murni et al. (2017) study that examined the effect
of using GeoGebra in the discovery learning model on mathematical problem-solving ability
and students' attitude toward mathematics. The findings showed a positive impact of
using GeoGebra on problem-solving ability and attitudes towards mathematics. Celen (2020)
conducted a case study approach and focused group interview to explore Year 7 students'
opinions on learning mathematics using Geogebra. The results concluded that GeoGebra makes
mathematics learning processes enjoyable, and assists students in concretising abstract
concepts. Besides, students with low computer literacy found difficulty in performing
GeoGebra activities.

Additionally, Zulnaidi et al. (2020) determined the impact of using GeoGebra, as a
teaching aid on students' performance. The findings indicate a significant impact of using
GeoGebra on students' performance concerning the lessons of functions and limit functions.
They also found that using GeoGebra is time-consuming. Teaching using GeoGebra can make
the learning process more active, allowing active interaction between teachers and students. To
sum up, most of the research implies that GeoGebra positively affects student performance,

retention learning, students’ attitude, and spatial thinking. However, the present research
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integrated GeoGebra into a new way of teaching as a fundamental element of the teaching and
learning processes. Hence, this research is concerned with the learning process, not just

outcomes.
2.6.2 Summary

This section has given an overview of Dynamic Mathematics Software (DMS) and its
use in mathematics education. The literature shows the potential benefits of using DMS in
teaching and learning mathematics on students’ performance, thinking skills, and attitude. The
related research to the use of DMS, especially GeoGebra, frequently shows the positive impact
on students’ learning outcomes and processes in terms of performance, spatial thinking skills,
and attitude. However, there are some negative effects which have been reported. Although
students' interaction is crucial in solving problems, sharing ideas, making connections, and
developing their understanding and thinking skills, the research discovered that pairs'
interaction patterns in collaborative mathematics classrooms using GeoGebra is limited,
particularly with primary school students, and could not find investigations in a mathematics
classroom in KSA. Inaddition, reviewing the literature concerning using GeoGebra to improve
students' attitudes towards mathematics could not find a study investigating these three
components of students' attitudes together: academic self-concept, enjoyment of mathematics,

and perceived value of mathematics.

Furthermore, concerning the development of the Saudi mathematics curriculum, which
requires constructivist teaching methods, teachers continue the same approach that was used to
teach the old curriculum, which is teacher-centred rather than learner-centred. The research on
teaching practices with ICTs in the Saudi mathematics classrooms to enhance thinking skills,
activity learning, and developing students’ performance is still limited and even more regarding
geometry (MoE, 2013; Al-Shaya, 2013; Kashan et al., 2013; Al-Yami, 2012; Al-Ony, 2011,
Al- Harbi, 2013; Al-Rwais et al., 2013; Al-Dgain, 2013; Al-Eid, 2014; Khalil and Al-Rwais,
2014; Alsalim, 2018). What must not be forgotten regarding the modern Saudi Arabia is that
the Saudi Vision 2030 aims to develop teaching methods and improve students’ performance
and thinking skills (see section 1.2). These illustrate the real need in KSA to develop a teaching
strategy integrated with DMS to improve students’ learning processes and outcomes to fulfil
the need in mathematics education and the aims of the Saudis Vision 2030. Therefore, this
research is aimed at examining the impact of integrating GeoGebra into teaching interventions

on students' geometric performance, spatial thinking, and attitudes, including academic self-
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concept, enjoyment of mathematics, and perceived value of mathematics, in addition to

exploring pair patterns of interaction.
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Chapter 3. Research Methodology
3.1 Introduction

This chapter will discuss the research objectives, research questions, research
methodology, research procedure, and research sample. Additionally, it will discuss the
research methods and the process to build them, as well as the verification of their clarity,
validity, and reliability. It will also explain the research intervention, and then, the way the data
will be analysed and discussed, including the statistical methods that the researcher relied on in

processing data and analysing the results.
3.2 Research Objectives

As has been stated in the previous chapters, this research aims to investigate the impact
of using GeoGebra on the learning process and learning outcomes. In this research, the
researcher seeks to explore the effect of integrating GeoGebra into a teaching intervention on
students’ patterns of interaction, attitude towards mathematics, geometric performance, spatial
thinking skills, and sustainability of learning among primary school students. Additionally, this
research seeks to investigate the relationship between geometric performance and spatial
thinking, the association between spatial thinking and sustainable learning, the relationship
between student performance and sustainable learning, in addition to the impact of utilising
GeoGebra on the learning process.

It seems, therefore, what is required is conducting an experimental study, comparing the
selected classes: one taught using GeoGebra with teaching intervention, the other one taught
utilising the teaching intervention with hands-on, and the third group taught traditionally with
no teaching intervention, nor technology. So, designing a teaching guidebook and learning tasks
using GeoGebra, and an alternative one without technology are required for investigating what
impact is resulted by teaching intervention or happens as a result of the integrating GeoGebra
into the teaching intervention. Consequently, in order to examine the process and the outcome
of learning, the relationship between spatial thinking and geometric performance, the
relationship between geometric performance and the sustainability of learning, and the
relationship between spatial thinking and sustainable learning, a collection of qualitative and

quantitative data is required during the experiment.
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3.3 Research Questions

This research aims to investigate the impact of a teaching intervention on the learning
process and outcome, and it attempts to answer the following questions:

1. What is the impact of teaching intervention using GeoGebra on
e Geometric performance for Year Five students?
e Spatial thinking for Year Five students?
e Sustaining knowledge for more extended periods of time for Year Five students
e Students’ attitude towards Mathematics in terms of Mathematics academic self-concept,
enjoyment of mathematics, and the Perceived value of mathematics?
2. What are the students’ views on learning using GeoGebra over time?
3. What are the relationships between geometry performance and spatial thinking, sustainable
learning, and students’ attitude towards Mathematics?
4. What patterns of dyadic interaction can be found in a primary mathematics classroom while
learning using GeoGebra?
5. Do differences in the nature of dyadic interaction result in different outcomes in terms of,
e Students’ attitude towards Mathematics regrading mathematics academic self-concept,
enjoyment of mathematics, and perceived value of mathematics?
e Spatial thinking?
e Geometric performance?

e Sustainable learning?
34 Research Stance

This section will present a foundation for choosing quantitative and qualitative data in
this investigation. This will include some critical assumptions and perspectives associated with
ontology and epistemology, considering how these assumptions and perspectives have
influenced the research methodology for the present research. When the researcher designs a
classroom research examination, the research should make several crucial considerations and
choices. The most vital ones are those related to the research sample, research participants, data
collection methods, data analysis, and tasks employed. Nevertheless, these crucial
considerations and selections are fundamentally based on how the researcher views the world,
looks at the knowledge, and the relationship between the environment and human beings.
Therefore, the researcher’s philosophical assumptions and views directly impact his/her

research purpose and what he or she deems is a valuable contribution to knowledge, selection
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of a theory, the research design, its implementation, and the interpretation of outcomes. Thus,
the researcher's decision can be to follow quantitative research methodology, according to
which, social reality can be broken down into multiple variables to be examined. Alternatively,
the researcher’s might be inclined towards qualitative research, according to which, reality is
complex and can only be studied within its social set consideration, or to choose mixed-method
research, which combines qualitative and quantitative methodologies (McKay, 2005, Kos, 2017,
Popkewitz, 1984).

As this proposed research aims to investigate the impact of the integration of GeoGebra
into teaching intervention on students’ attitudes towards mathematics (in terms of mathematics
self-concept, enjoyment of mathematics, and perceived value of mathematics), students’ views
on mathematics learning activities with GeoGebra, pairs’ interaction patterns, and learning
outcomes, | will discuss the research stance concerning teaching and learning process and
learning outcome accordingly. This research will draw on the ontologies and epistemologies of
constructivism, which believes learning is a social process and occurs in a social situation
through learners’ interaction (Lantolf, 2006, Kim, 2001, Yimer and Feza, 2019, Amineh and
Asl, 2015, Kos, 2017). Also, teaching and learning activities can be designed in a way to make
learner-centred learning instead of instructor-centred (Adom et al., 2016). The assumptions
underlying constructivism are based on the conceptualisations of reality, knowledge, and
learning (Kim, 2001). Constructivism does not view reality as something out there; instead, it
can be constructed through human activity (Orey, 2010, Amineh and Asl, 2015). Therefore,
individual learners are responsible for constructing their own unique understanding through
discussion or interaction and collaboration with each other and the surrounding environment
(Kim, 2001, Creswell, 2014). This suggests that learning occurs when learners interact with

each other, with the teacher as a facilitator, the learning materials and environment.

Thus, meaningful learning can develop via engaging learners in social activities; for
instance, interaction and collaboration (Amineh and Asl, 2015). Hence, experience is the
outcome of human activities which are constructed in the social and cultural context. This
means learning needs to be considered as a social process that ought to be conducted by learners
who actively engage using the available factors through interaction and collaboration in the
surrounding environment. This means learning activities according to the constructivism
paradigm tends to pave the way for knowledge development (Orey, 2010). Additionally,
students’ views of their learning will be considered due to the fact that this research focus on
the actual processes of learning and development. Thorne (2005) precisely addressed that if the

researcher’s aim is focused on the concrete processes of learning and improvement that take
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the learner’s opinion into account, then a concentration on activity is essential and desirable.
Creswell (2014) stated that constructivism’s perspective is typically seen as a qualitative
research approach in which it obtains data through observing participants’ behaviours during
their engagement in activities to explore how they develop and share patterns of behaviour over
time. Therefore, this research will employ video data to explore pairs’ patterns of interaction to

observe participant interaction.

On the other hand, post-positivism believes that causes (possibly) determine effects or
consequences (i.e., the social construction of parts of reality that exist out there in the world).
Hence, the phenomena that have been studied by this paradigm investigate and evaluate the
causes that impact outcomes by controlling variables. The understanding and predictions that
develop through the post-positivist paradigm relies on rigorous measurement and observation
of the objective truth that exists out there in the world. Therefore, developing quantitative
instruments of observation and investigating the behaviour of individuals becomes paramount
for a post-positivist (Creswell, 2014, Tashakkori and Teddlie, 2010, Ponterotto, 2005). This
paradigm permits precise measurements, manipulation, and control of variables, allowing
researchers to test critical hypotheses and infer causal relationships between variables (Piki,
2010). The post-positivist epistemology is manifested by pre- and post-test quasi-experimental
research designs that employ treatment, outcome assessments, and experimental units, but do
not apply random assignment to compare which treatment let the change happen. The post-
positivism paradigm is wider than comparing mean scores. However, it depends on non-
equivalent groups who are different from each other in many ways other than the presence of
the treatment whose impacts are being examined (Taylor and Medina, 2011, DePoy, 2016).
According to Kankam (2019) and Scotland (2012) the post-positivist paradigm is a suitable
approach to investigate the behaviour of individuals and explore participants’ views. Therefore,
this research will employ some quantitative methods to investigate how the research
intervention helps students improve their geometric performance, spatial thinking skills,
sustainable learning, as well as student attitude towards learning mathematics via
questionnaires and GeoGebra visual questionnaires to attain learners’ point views over time of

the research experiment.

This research views the learning process as socially constructed and sees learning
occurring when learners interact with each other, their teacher, learning materials, and the
environment around them, while learning outcome is constructed within individuals through
discussion, interaction, and collaboration. In other words, students develop their understanding

in a social environment (classroom) via interacting and collaborating to perform learning tasks.
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Thus, learning activities are social processes, but the learners’ understanding of the concept
he/she learned is different and exists individually. Hence, the learning process is a social
operation, but learning outcomes are developed in individuals’ minds separately, which means
each person has his/her understanding of the concept he/she learned. This paves the way to
adopt both constructivist and post-positivist stances and therefore, aims to explore pair patterns
of interaction while performing mathematical tasks using GeoGebra, and see to which extent
GeoGebra helps in enhancing collaborative learning. It also aims to investigate the impact of
research intervention on participants’ learning outcomes and spatial thinking skills, taking into
account students’ attitudes and views on their learning and then, seeking plausible causes
(Cohen et al., 2007).

Notwithstanding the different schools of thought in social research, which were
historically presented as largely mutually exclusive, and despite the apparent tension found
between proponents of the paradigms, multiparadigms can be used, indicating how different
approaches have characteristics that can be harmoniously encapsulated within a consistent
research design (Weaver and Olson, 2006, Schultz and Hatch, 1996, Brewer and Hunter, 2006,
Creswell, 2014, Tashakkori and Teddlie, 2010, Taylor and Medina, 2011). Multiparadigm is
beneficial and desirable in light of predictions about diversity in modern society. Because the
acceptance of a diversity of paradigms can offer a system that benefits from the advantages of
different paradigms, it can generate a deep understanding of the phenomenon under
examination (Schultz and Hatch, 1996). This is why there has been increasing evidence that
proves the overall legitimacy of mixed methods, as a distinct methodological approach,
different from purely quantitative or qualitative methods. Particularly, in social sciences and
education, mixed methods and multiple research paradigms are increasingly being used as an
alternative to single paradigm and mono-method ways of conducting investigations (Brewer
and Hunter, 2006, Creswell, 2014, Piki, 2010, Tashakkori and Teddlie, 2010, Teddlie, 20009,
Piki, 2011). Consequently, this research employed quantitative and qualitative mixed research
methods.

3.5 Research Methodology

Many researchers have highlighted the importance of using quantitative and qualitative
research to study the use of ICT applications to better understand its impact on students’
performance and why a specific outcome is realised (Agyei and Voogt, 2011). Gathering both
quantitative and qualitative data and integrating them for drawing interpretations based on the
strengths of both sets of data to understand research problems in the social, behavioural, and
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health sciences is termed mixed methods research (Creswell, 2014). Johnson and Onwuegbuzie
(2004) defined mixed methods research as the kind of research where the researcher mixes
elements of qualitative and quantitative methods, such as using qualitative and quantitative
perspectives, data collection, analysis, and inference approaches to obtain depth and breadth of
understanding regarding the research problem. Mixed method research design assists the
researcher to go for inductive and deductive rationalisation to obtain more accurate answers to
the research questions that cannot be answered solely by way of qualitative or quantitative
research (Denzin and Lincoln 2000). It can bridge the gap between qualitative and quantitative
views by focusing on the usefulness of both approaches and how they can be used together in
one piece of research to benefit from their advantages and minimise their disadvantages (Doyle
et al., 2009, Johnson and Onwuegbuzie, 2004).

Mixed methods research has two distinctive features. Firstly, it includes collecting and
analysing qualitative and quantitative data in rigorous techniques, which means gathering and
analysing data thoroughly and based on a prearranged and tested systems. Secondly, it includes
integrating qualitative and quantitative data in approaches that underline the benefits of using
both research methods to illustrate and expand the understanding of the research problem
(Watkins and Gioia, 2015). Nevertheless, there has been difficulty integrating the data and the
type and level of data integration subjected to the researcher. However, the research questions
and research idea can guide quantitative and qualitative data integration throughout the data
collection and data analysis phases (Tashakkori and Creswell, 2007, Watkins and Gioia, 2015).

Mixed methods research has been used in the field of education to examine many
complex educational phenomena. Ponce and Pagan-Maldonado (2015) found, based on a
literature review, that the majority of educational scholars have used mixed methods research
to study teaching and learning in the school. For example, Miranda (2012) employed a
complementary mixed research method to examine the impact of a virtual laboratory on
students’ academic performance in ninth grade in a biology course. In the quantitative stage, a
pre- and post-test was utilized in two groups (experimental and control). The qualitative stage
involved focus groups with the study participants and observations executed by the teachers
during the experiment. This is while Chévere (2012) used a complementary mixed method
design to evaluate the influence of self-monitoring approaches on students’ performance in year
four, concerning to sum skill in regrouping up to a million and discovering their learning
experience with the teaching method. In the quantitative phase, Chévere (2012) used an
experimental design (pre- and post-test). In the qualitative stage, interviews were conducted to

understand the point of view of students towards self-monitoring strategies. To sum up, mixed
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methods design gives the researchers an opportunity to describe and explain the complexity of
the process of teaching and learning as educational phenomena. The quantitative elements
assess the impact of teaching strategies on the students' performance by using experimental
treatments, whereas the qualitative factors allow researchers to understand how students
identify the teaching approaches, what occurred in their minds, and what components will

enable them to learn (Pence and Pagan-Maldonado, 2015).
3.6 Research Design

There are many different designs of mixed methods research. The four major types of
mixed methods research designs are as follows: triangulation design, embedded design,
explanatory design, and exploratory design (Creswell and Plano Clark, 2017). Concerning this
research, the researcher employs an embedded design in which quantitative and qualitative data
were gathered and analysed concurrently, and via the research process (Creswell, 2012,
Matthews, 2010). This design is suitable for examining the learning process, students’
performance, and the correlation with different types of data (Asensio-Pérez et al., 2017,
Creswell, 2012, Mertens, 2019, Ponce and Pagan-Maldonado, 2015, Xie et al., 2017).
Therefore, to examine the research questions, the researcher conducted a pre- and post-test
quasi-experiment non-equivalent group, based on control and experimental groups (see table
3.1 experimental design). During the experiment, the researcher observed each session in the
GeoGebra experimental group. In addition, students in the GeoGebra experimental group
answered on visual questionnaires, as well as the researcher recording all the GeoGebra lessons
to investigate pairs’ patterns of interaction. At the end of the experiment, students performed
the post-test in relation to geometric performance and spatial thinking to examine the impact of
using GeoGebra on students’ performance and spatial thinking skills, and students’ attitude
towards mathematics questionnaires, to find out if the research intervention helped learners
develop positive attitudes towards mathematics. After two months, students performed the

delayed test to examine sustainable learning

Pre-test Treatment Post-test Sustainable test
Group 1 X O X D
Group 2 X T X D
Group 3 X X D

Table 3.1 Experiment Design
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X: Performing geometric test, spatial thinking test, students’ attitudes towards mathematics questionnaire,

GeoGebra visual questionnaire
O: Teaching intervention with GeoGebra
T: Teaching intervention with hands-on

D: Performing delayed test

This research design is one of the most frequent designs used in educational research. It
allows researchers to investigate the educational outcomes and explore the learning process
within established groups. Furthermore, the main limitation of this research design is the
difficulty regarding generalisation, which is related to external validity due to the lack of
randomisation and sample size (Dugard and Todman, 1995, De Vaus and de Vaus, 2013,
Cohen, 2018, Hawes et al., 2017).

3.7 Research Community and Research Sample

The research community for this study is all Year Five students aged 9 — 11 in the
general directorate of education in Jeddah city in the school year 2019/2020, with a total of
24423 students. The research sample was selected based on the school environment, the
acceptance of school management staff, and the teacher participating in the research
experiment. The researcher selected Al-Manarat primary school in Jeddah city since it has all
the facilities required for this research, such as an IT room. Besides, the headteacher accepted
implementing this research experiment in his school, and the mathematics teacher agreed to
participate in this research because he is interested in using technology to teach mathematics.
The students’ parents and guardians also agreed that their children participate in this research
by signing the consent form. The research sample in a total of 79 students was divided into
three classes. In addition, the researcher randomly selected the experiment groups for the reason

that which classroom does not have conflict in mathematics timetable with ICT timetable.

Two students were excluded from the research experiment since one of them had exam
anxiety and the other one had a health condition, which made him miss four sessions. The two
students remained attending their class as their typical school day. As a result, the GeoGebra
experiment group has 25 students, the hands-on experiment group has 27 students, and the
control group has 27 students. They were grouped based on their scores obtained on pre-test
geometric performance, where they were categorised into two levels of high achievers and low
achievers. Therefore, each pair consisted of one high achiever student and one low achiever
student in the GeoGebra group and hands-on groups.
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Furthermore, the same teacher teaches all three groups following the school day
timetable in a typical school day as to reduce any negative impact on the setting which comes
from the researcher or another teacher teaching them (also avoids researcher bias). This is also

ensuring equality in the aspect of teacher skills and experience for all research groups.
3.8 Data Collection process

The process of data collection (Figure 3.1) started with selecting the appropriate school
with the facilities and equipment required to implement the current research experiment. This
is why the research sample was selected by mean from the Jeddah city schools. The selected
school was Al-Manarat primary school which has four classes in Year Five. Three of them were
taghut by the same teacher, and a different teacher taught the other class. Therefore, the three
classes taught by the same teacher were selected to participate in the research experiment. These
three groups of fifth-grade students were formed with at least 25 students in each by means of
random demographic distribution. One was the control group, and the others were the
experimental groups, namely, the GeoGebra experimental group and the hands-on experimental
group. Students were involved in this experiment during their customarily scheduled
mathematics periods. Students use GeoGebra as an open-source learning environment based on
the teaching intervention to explore whether it enhances pairs’ pattern of interaction, geometric
performance, spatial thinking skills, students’ attitude towards mathematics, and students’
views on learning using GeoGebra. While the hands-on group followed the same teaching
process as the GeoGebra group but it differs in performing the learning tasks using hands-on
materials instead of using GeoGebra. The traditional teaching group were taught as they studied
mathematics in their typical school day where the teacher explained, and they listened. After
specifying the research group, students performed pre-test for the Geometric test, spatial
thinking test and students’ attitude towards mathematics on different separate days to avoid any
negative impact on students. In addition, the GeoGebra group performed GeoGebra visual
questionnaire before having the training sessions on GeoGebra and at the end of every week

over the research experiment.

Furthermore, the geometric performance pre-test results were used to group GeoGebra
and hands-on groups students in pairs, where possible based on their performance level (low
and high). Hence, students in the GeoGebra and hands-on groups performed learning tasks in
pairs according to the teaching intervention, whereas students in the traditional teaching group
performed learning tasks individually. All research groups were taught by the same teacher, as

explained earlier.
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During the research experiment, the researcher observed the GeoGebra experimental
group to ensure the teaching process was going on as planned and support the participated
teacher if needed. In addition to this, to obtain the qualitative data, all the learning activities in
the GeoGebra group were recorded using 12 mini cameras over the research course. At the end
of the research experiment, students in all research groups perform the post-test for the
Geometric test, spatial thinking test, and attitude towards mathematics. The sustainable learning
test was performed after six weeks of the end of the research experiment. Furthermore, post-
tests were used to ascertain details concerning the relationship between pairs patterns of
interaction and pairs’ level of geometric performance, spatial thinking, sustainable learning,
students’ attitudes toward mathematics, students’ views towards GeoGebra. It should be
mentioned that both qualitative and quantitative data were integrated to interpret the result of

the experiment.
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Figure 3.1 Data Collection Process



3.9 Research Procedure

To accomplish this examination, the researcher analysed the content of the geometric
unit in the Year Five textbook concerning geometric concepts, generalisations and skills, and
subsequently identified learning objectives. Thus, the researcher designed a guidebook of the
teaching intervention for teachers and designed a series of learning tasks for this experiment.
This was followed by creating a performance test and making equivalent copies of it for
examining geometric performance and sustainable learning. It is crucial to point out that the
teacher’s guidebook, series of learning tasks, and the performance test copies were reviewed by
mathematics experts, teachers, mathematics educational leadership, and PhD students. Thus,
the teacher’s guidebook, series of learning tasks, and performance test copies were developed in
light of referees’ experiences and suggestions. After that, the reliability and validity of all copies
of the performance test were examined via a different experimental sample to the research
sample two months before implementing the research experiment. This followed by selecting
spatial thinking tests appropriate for primary school students. Furthermore, the researcher
designed a visual questionnaire to obtain the students’ views and reflect on their learning

process. This questionnaire was piloted to test its clarity, reliability, and validity.

In addition, the researcher visited the selected school, which has all the facilities
required for the experiment. During this visit, the researcher met the participating teacher to
ensure he had his training course on GeoGebra since the Ministry of Education in Saudi Arabia
established a plan to train all mathematics teachers on using GeoGebra. However, the teacher
was not trained. That is why the researcher trained him on how to use GeoGebra and asked the
IT department in the selected school to install GeoGebra on IT computers. Importantly, the
participating students had three training sessions on using GeoGebra to familiarise them as to
avoid any distraction throughout the experiment implementation. During the experiment, the
researcher observed all experimental group sessions to ensure the teaching process was
performed as planned and recording videos of the student’s activities and interactions was done
appropriately. It is good to mention that the ACAD framework guided the research process and

implementation, as shown in table (3.2).
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Selecting school with IT room Content analysis for geometric unit  Pair learning in the first stage of
and then, identifying learning aims  the teaching intervention

Preparing hands-on material Teaching intervention guidebook Pair learning in the second stage
for GeoGebra and hands-on groups  of teaching intervention and
sometimes individual

Installing GeoGebra on the PCs  Developing learning tasks for Individual learning in the last
GeoGebra and hands-on groups phase of teaching intervention
Group discussion with teaching

Organising hands-on group Training participating teacher and
classroom for pair learning students on GeoGebra

Organising IT for pair learning

Using mini cameras for
recording each pair activities

Table 3.2 ACAD Guidance for Research Process

All the appropriate documents and papers from the educational authority, school, and
parents’ consent forms were obtained before implementing the experiment to ensure the
learners' consent and confidentiality. After the experiment, students carried out the post-test
concerning geometric performance and spatial thinking on consecutive days, and after two
months, the participants performed the delayed test. However, participants performed the post-

tests online due to Covid-19 and schools closing.

In the following section, more details on the research process and data collection

methods are offered:
3.10 Research Methods and Instruments

Using data obtained by adopting different methods increases the reliability and validity
of the research results (Mertens, 2014; Bryman, 2016). Therefore, both qualitative and
quantitative data collection methods, specifically, video recording, GeoGebra visual
questionnaire, performance test, spatial thinking test, sustainable test and students’ attitude
towards mathematics test were used in the research and analysed. In order to conduct the
experiment of this research, the researcher started with analysing the content of the geometric
unit in the year five mathematics textbook to identify the mathematical concepts in this unit and
then indicate and blueprint the learning aims. Accordingly, designing the learning tasks,
planning the teaching process, developing the selected unit in light of research intervention,

designing geometric performance tests, and delayed tests were conducted.
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3.10.1 Content Analysis of Geometric Unit

Planning a lesson for teaching requires the teacher analysing the content which will be
taught to know the components of that knowledge, skill, and emotional content (Abu Libdeh et
al., 1996). Knowing the content is vital to being creative in designing worthwhile tasks for
learning that take learners' experience, curiosity, and needs into account. Knowing the content
knowledge is also crucial to help in preparing the valuable resources and challenges of a diverse
classroom that take individual differences into account for making the learning situation
enjoyable (Ball, 2000). In that regard, Johnston-Wilder and Johnston-Wild (1999) assert that
analysing content is a significant part of planning mathematics lessons. This is because it helps
teachers develop knowledge and understanding of the complex set of mathematics that will be
taught, including how students learn mathematics, their previous experience of students,
knowing skills and concepts, and knowing the best ways to teach individual lessons. They
believe that content analysis is an essential step in planning sequences of lessons and designing
learning tasks that help take account of students' differences, select and prepare the most
appropriate resources, including ICTs, and build assessment tools that fit with the content.

Content analysis in mathematics education refers to the fragmentation of scientific
material into its components, namely facts, concepts, principles, formulas, generalisations,
theories, etc. (Obeidat et al., 1992). Alternatively, Al-Sawa'i (2004) defined it as identifying the
components of knowledge included in the lesson or textbook. Complementing both views,
Jones and Edwards (2017) defined content analysis as identifying the mathematical themes,
mathematical reasoning, and problem solving to be taught. In order to design the learning tasks
of this research, planning sequences lessons in the light of the teaching intervention, designing
the geometric performance test and delayed test, the mathematical content analysis in this
research aims to identify and highlight concepts, generalisations, and skills included in the
textbook (Abu Zina and Ababneh, 2010). Mathematical content is divided into three

components, namely:

o Mathematical concepts refer to defining the basic characteristics that give a term a
mathematical meaning (Badawi, 2003).

o Mathematical generalisation is a mathematical phrase or formula which defines the
relationship between two or more mathematical concepts (Abu Zina and Ababneh,
2010).
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o Mathematical skills are the abilities to prove a formula or rule, draw a shape,
demonstrate an exercise, or solve a problem at a high level of mastery through
understanding, and with minimal effort in the least time possible (Khalifa, 1999).

After specifying the definitions for the components of the mathematical content adopted
for this research, the researcher read the content of the Geometric Shapes unit of year five
mathematics textbook edition 2019/2020 meticulously and analysed it in light of the above
definitions. This unit includes seven lessons, specifically, geometric concepts, quadrilateral
shapes, geometry ordered pairs, algebra function representation, translation at a coordinate
plane, the reflection at a coordinate plane, and the rotation at a coordinate plane. This unit was
selected because it is the first-time students study geometric transformation and geometric
concepts according to the Saudi mathematics curriculum (see Appendix 3.1 for reliability and

validity of the content analysis).
3.10.2 Learning Objectives

In light of the result of the content analysis, the researcher wrote the learning objectives
according to an expanded model taxonomy which was developed by James W. Wilson in 1968.
He developed his cognitive taxonomy based upon Bloom's taxonomy to fit mathematics in order
to help mathematics teachers and mathematicians working on the curriculum build a test that
effectively assesses students. The expanded model taxonomy was divided into four levels:
Computation or remembering, understanding or comprehension, application, and analysis
which includes the top three levels of Bloom's taxonomy levels as shown in figure (3.2) (Nayef
etal., 2013, Wilson, 1968 cited in Al-Makoshi, 2001):

nalysi

y

Figure 3.2 Wilson's expanded model taxonomy
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After defining the expanded model taxonomy of Wilson (1968), the researcher
identified the learning objectives of the Geometrics Shapes units in light of the results of the
content analysis and according to Wilson's expanded model taxonomy (Appendix 3.2). Each
learning aim describes one learning outcome of the geometric unit that should have been
measured to determine the impact of the research teaching intervention. Therefore, a question
was written for each learning objective using the blueprint table to measure what students have
learned. The following section will describe the geometric performance test.

3.10.3 Geometric Performance Test

Student performance was measured through a test at the end of the fifteenth session to
examine students’ understanding of the various instructed concepts. The test was developed in
light of the content analyses of the geometric shapes unit in the year five textbook, and the
learning objectives of this unit according to Wilson's expanded model taxonomy. After
specifying the learning objectives, the researcher created the exam blueprint, which is defined
as a table that associates learning outcomes with the relative weight to each outcome that is
allocated on the exam with the level of performance of the used cognitive taxonomy (Young et
al., 2019). The use of test blueprint helps in building exam questions matching both the content
and the cognitive level with the right weight for each level of learning objectives, as well as
constructing exams covering all the aspects of the content (Young et al., 2019). Al-Rafi'i and
Sabri (2003) described the test blueprint table as a two-dimensional table; one of which
represents unit content (topics), and the other, represents learning outcomes (aims) associated
with this content. Therefore, after the researcher determined the learning aims according to the
levels of the expanded model for Wilson, he prepared a blueprint table for the learning
objectives to guide developing the geometric performance test questions, as follows:
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Object Level Remembering Comprehension Application | Analysis | Total | Weight
Content
Geometric Concepts 0 18 0 0 18 32%
Quadrilaterals Shapes 1 5 1 9 16 29%
Geometry: Ordered Pairs 3 1 2 0 6 11%
Algebra and  Geometry: 0 0 3 0 3 5%
Function Representation
Translation at Coordinate 0 3 1 0 4 7%
Plane
The Reflection at Coordinate 0 2 1 2 5 9%
Plane
The Rotation at Coordinate 0 1 1 2 4 7%
Plane
Total 4 30 9 13 56 100%
Weight 7% 54% 16% 23% 100%

Table 3.3 Blueprint table of Geometric Shapes unit

In the light of the test blueprint table, the researcher prepared the geometric performance
test in its original form and equivalent form of the geometric performance test. Each consists
of 18 questions that cover all aspects of the Geometric Shapes unit. The test questions were
distributed according to the expanded model for Wilson, as shown in the above Table (3.3).
Each of their forms was divided into two sections: The first section is multiple-choice questions
which consist of 13 items, and the second section is an open question which consists of two
questions with five sub-questions. The researcher took into account the weight of Wilson's

cognitive levels while designing the geometric performance test and the equivalent.
3.10.3.1 Piloting Geometric Performance Test and Equivalent Form

The purpose of the pilot study is to examine validity and reliability, identify the
appropriate duration for performing the test, assess possible difficulties of the test questions and
the test language. The pilot study took three phases in order to examine the geometric

performance test.
3.10.3.1.1 Phase one: Language Check

The purpose of this phase was to examine the language of both forms of the geometric
test by offering them to five students between 10 to 11 years old. The researcher revised the
test’s words with each one of them in terms of clarity and readability of the test questions. After
that, he revised the language of the test with them in a group. In this step, one issue in test clarity

was raised, which was in question 12 from the multiple-choice section. This question is repeated
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in both forms of the test. This question gives three correct items and one wrong, and asks the
participants to choose the incorrect answer. As a result, the researcher developed the language
of the geometric test and its equivalent form based on the students' suggestions by making the
confusing word in this question in bold (which sentence in the following is incorrect?). After
developing the test language in light of the children's feedback, the researcher moved to the

next phase to examine the validation of the geometric test (see Appendix 3.3 & 3.4).
3.10.3.1.2 Phase two: Validity

Validity is defined as the extent to which any assessing method measures what it is
proposed to assess (Carmines and Zeller, 1979). There are many types of validity, such as face
validity, criterion-related validity, construct validity, content validity, etc. The most common
type of validity used in social science and education is content validity. It has been playing a
key role in developing and evaluating various types of tests in education. Content validity refers
to the level in which an assessment tool is related to, and representative of, the targeted build it
is intended to measure (Maggino and SpringerLink, 2020). It depends upon the degree to which
an experimental assessment reflects a specific domain of content (Carmines and Zeller, 1979).
So, the researcher constructed both forms of the geometric performance test in light of the
content analysis and learning objectives, according to Wilson's expanded model for the
Geometric Shapes unit. He then prepared a form of this test to link each question with the
geometrical concepts, the learning objective, and its level in order to send them to mathematical
education experts (university staff, researchers, PhD students, mathematics education

leadership, and mathematics teachers).

Consequently, the researcher received feedback from the experts concerning ‘match the
questions to the objective learning level” and ‘type of question 12°. However, they agreed that
each question matched the concepts and the learning objectives and agreed on the equivalent of
the test forms. As a result, the researcher developed both forms of the geometric performance
test in light of experts' feedback and kept question 12. Since this type of question has been used
widely in the year five textbook, it is familiar to year five students, and there was no comment
on this question during the pilot study from the participated students, the researcher became
confident to continue keeping this question in the geometric performance test (see Appendix
3.5 & 3.6).
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3.10.3.1.3 Phase three: Reliability

The purpose of this stage is to examine the reliability of the geometric performance test
and its equivalent form, the appropriate time for answering the test, and the difficulties of the
test questions. The researcher employed many different techniques to assess test reliability and
the other statistical elements. To do so, the researcher identified the score of each question in
both forms of the performance test. He gave 1 score for each question in the multiple-choice
section, and for the open question section, 1 score was given for each element in question 14,
as well as 4 scores for question 15 (1 score for reflecting the shape and 3 scores for writing the
order pairs for the new shape after the reflection). The suggested score and the type of test's

questions help to increase objectivity while marking the performance test.

One of the crucial aspects of the assessment is reflecting upon students’ ability and
cognitive skills. Hence, the reliability of the geometric performance test must be measured.
Reliability refers to the consistency of an exam result (Akib and Ghafar, 2015). In other words,
it describes the extent to which the results produced by the assessment procedure are
reproducible (John and Benet-Martinez, 2014). For examining reliability, there are three main
ways: test-retest, paralleled or equivalence forms, and split half (John and Benet-Martinez,
2014, Meyer, 2010). As a result, the researcher conducted a pilot study for examining the
reliability of geometric performance test and its equivalent form. To do so, he employed
different methods in order to explore the geometric performance reliability.

The first technique employed in the pilot study was equivalent forms or alternate forms.
In this technique, the researcher had to administer both forms of the test to the same participants
with a short time between administrations (Wiersma, 2000, Henchy, 2013). Therefore, the
geometric performance test and its equivalent form were administrated to the same participating
students in the following two days. For calculating the reliability of the parallel forms, the
researcher used SPSS to calculate the Pearson correlation coefficient and Alpha Cronbach to

determine reliability, as shown in table (3.4).

Correlation RENIS

Pearson 0.717
Cronbach's Alpha 0.832

Table 3.4 Parallel reliability performance test

As shown in the above table (3.4), the Pearson reliability coefficient is (0.717), and
Cronbach's alpha is (0.832), which indicates that the geometric performance test and its

equivalent form have a high degree of reliability (Mukaka, 2012).
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In addition, the researcher employed the test-retest method the examine the reliability
of the geometric performance test and the equivalent form of it. The rationale behind this step
is to find out the stability of both structures regarding the time. In other words, this technique
examines the reliability in the aspect of changing students’ responses over time and the change
in the test situation (John and Benet-Martinez, 2014). Another aim of this process is to identify
the appropriate time duration for answering each form of the geometric test. Consequently, the
geometric performance test and the equivalent were administrated twice to different groups; at
the beginning and end of the pilot study, two different times just over four weeks apart. Hence,
by using SPSS, the researcher measured the Pearson correlation coefficient and Cronbach's
Alpha between students' results to find out the reliability of the geometric performance test.
Therefore, the parallel reliability result in table (3.5 and 3.6) indicates that both forms of the
performance test are equal. While the test-retest reliability results reveal that the geometric
performance test and the equivalent form are stable regarding the change occur over time, these

results evidence the suitability of using them to achieve this research aim.

Correlation Results

Pearson 0.721
Cronbach's Alpha 0.829

Table 3.5 Geometric Performance Test Reliability Coefficient

Correlation Results

Pearson 0.723
Cronbach's Alpha 0.836
Table 3.6 Delayed Test (Equivalent Form) Reliability Coefficient

3.10.3.1.4 Required Time for Answering the Test

For identifying the time required for answering the test, the researcher measured the test
time by calculating the average time taken by the first and last student who finished answering
the test in the pilot study. The time first student took to answer the test questions was (15)
minutes, while the last student took (25) minutes. Hence, by calculating the average time for
the first and last students, the researcher found the time necessary for answering the geometric
performance test (20 minutes). Concerning the equivalent form of the performance test, the first
student took 17 minutes, and the last student took 28 minutes. Thus, the average time between

them was almost 23 minutes.



3.10.3.1.5 Test Difficulty Coefficient

The measurement of test difficulty coefficient for each test item contributes to judging
the validity and suitability for measurement purposes. Test questions’ difficulty is referred to
the percentage of students who answer a question correctly. In other words, it can be described
as the frequency of which students give a correct response to a question (McCowan and
McCowan, 1999). Thus, the test difficulty range is between 0 to 1, which means the lowest
value of test difficulty is 0.00, and the highest value is 1.00. Therefore, the hard questions have
their difficulty coefficient value approaching 0.00, while very easy questions have their
difficulty coefficient value approaching 1.00. To calculate the test item difficulty, the researcher

used the following formula (McCowan and McCowan, 1999):

the number of students who aswered a question correctly

x 100

difficulty coefficient =

the total number of students who perfromed the test

The result of calculating the difficulty coefficient of the geometric performance test in
Appendix (3.7) shows that the difficulty coefficient for the geometric performance test items is
considered and that the overall difficulty coefficient for the test is (0.52), which is close to
(0.50). Consequently, this indicates the appropriateness of the test items. As Sheikh et al. (2009)
and Musa et al. (2018) mention the range of the difficulty coefficient for the performance test
is between (0.10 — 0.90) and the best of it was (50,0). It is also explicit from the Appendix (3.7)
that the difficulty coefficient of geometric performance test questions ranges from 0.19 to 0.85,

which indicates the suitability and acceptability of all test questions.

Meanwhile, the difficulty coefficient of the equivalent form questions is shown in
Appendix (3.8) to be between 0.19 and 0.85, and the difficulty coefficient for the whole test is
0.51, which is close to (0.50). As a result, the difficulty coefficient results evidence the
appropriateness of the test items, as well as all the test items being considered, since their
difficulty coefficients are between 0.10 and 0.90 and the best difficulty coefficients
performance test is 0.50 (Sheikh et al.,2009; Musa et al., 2018).

3.10.3.1.6 Discrimination Coefficient

One of the significant characteristics that should be present in a performance test is the
discrimination feature. The discrimination coefficient is referred to the extent in which the test
can measure individual differences. In other words, it refers to test’s capability to distinguish

between students' abilities (Musa et al., 2018). For calculating the discrimination coefficient for
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both forms of the geometric performance test, the researcher used the following formula (F,
1987):

Discrimination coefficient = difficulty coefficient X ease coefficient

By applying the above formula to compute the discrimination coefficient for geometric

performance test and equivalent form, the results were:

Geometric Performance Test Discrimination coefficient = 0.52 X 0.48 = 0.2496

Equivalent form of Geometric Performance Test Discrimination coefficient = 0.51 x 0.49 =
0.2499

The above results demonstrate that the discrimination coefficient for the geometric
performance test is (0.2496), and the discrimination coefficient for equivalent form is (0.2499).
According to Patock (2004), suitable discrimination coefficients range between 0.10 and 0.30.
Hence, these results indicate that both forms of the geometric performance test can distinguish

between students.
3.10.4 Delayed Test

One of the critical goals of this research is to measure how the integration of GeoGebra
into teaching intervention can improve sustainable learning. Edelman et al. (2010) defined
sustainable learning as the ability to maintain experience and learning outcomes that make
recalling or recognising the information possible. In other words, sustainable knowledge means
the capability of students to retain and retrieve the learned materials and skills in subsequent
classes. Therefore, the researcher calculated such a metric by monitoring each student’s
performance in the geometric shapes unit. A preliminary indicator of this metric was measured
by way of a delayed exam, which is an equivalent test of the geometric post-test done six weeks
after the research experiment to determine students' abilities to retrieve the knowledge and thus,

compare their results with the results they attained in the post-test.

Consequently, the delayed test or equivalent test was designed in light of the geometric
performance test. The researcher followed the same procedure to construct a delayed test and
pilot study as geometric performance test (see section 3.10.3).
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3.10.5 Spatial Thinking Test

As explained previously, this research defines spatial thinking as the collection of
cognitive skills, consisting of declarative and perceptual forms of knowledge and many
cognitive operations that can be used to transform, combine, or otherwise operate this
knowledge by using a constructive combination of three elements: specifically, concepts of
space, tools of representation, and processes of reasoning (National Research Council, 2006).
Spatial thinking skills are vital skills that can play a crucial role in learning geometry and can
be developed in geometry classes. This research expected that such thinking skills could be
improved due to the integration of GeoGebra into the research intervention. Hence, the

researcher selected Raven's Coloured Progressive Matrices to examine spatial thinking skills.

Raven's Coloured Progressive Matrices is one of the non-verbal intelligence tests which
was developed for children from 5.5 to 11 years old. Coloured Progressive matrices are free of
cultural influence on a high degree (Cotton et al., 2005, Abu Hammad, 2011). This
measurement consists of 36 non-representational items incomplete in the right bottom corner
from the end was divided into three sections. Each question is given six alternative figures to
choose from as to which one is the best to complete the pattern (Abu Hammad, 2011, Basso et
al., 1987) (see Appendix 3.9). The guideline of the intelligence test and other studies stated that
answering the test questions depends on spatial skills (Schweizer et al., 2007, Abu Hammad,
2011, Muniz et al., 2016). In addition to this, some evidence suggested that the act of
completing Raven’s Coloured Progressive Matrices relies on the spatial ability, to a significant
degree. Besides, some scholars confirmed that Raven's Coloured Progressive Matrices could be
served as a measurement of spatial thinking (Risberg et al., 1977, Abu Al-Nile, 1988, Zmzmi,
1999, Hammad, 2012, Carpenter et al., 1990, Newman et al., 1995). Consequently, Raven's
Coloured Progressive Matrices was employed in this research to assess if there is an

improvement in spatial thinking skills.

Many scholars have examined Raven's Coloured Progressive Matrices to assess its
validity and reliability. The guideline of intelligence test pointed out that Raven's Coloured
Progressive Matrices has had a good level of validity and reliability, resulting in several studies
confirming it via different techniques (Abu Hammad, 2011). such as internal consistency, split-
half reliability, and test-retest reliability. Methods employed to measure the internal reliability
of Raven's Coloured Progressive Matrices involve Kuder Richardson Formula 20 (K-R20),
Cronbach's alpha, and item analysis. The estimations of internal reliability using the K-R20

and Cronbach's alpha have been in the region of about 0.85. A little higher assessment of
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internal reliability has been found reliability coefficient from item analysis of 0.89 (Abu
Hammad, 2011, Cantwell, 1967, Green and Kluever, 1991, Simoes, 1989). Moreover, Cotton
et al. (2005) found that Raven's Coloured Progressive Matrices proved a good split-half
reliability and inter-item reliability. These results denote that Raven's Coloured Progressive
Matrices has acceptable inter-item stability and reliability, and thus, it is suitable to examine

spatial thinking skills.
3.10.6 GeoGebra Visual Questionnaire

To obtain the students' views and reflect on their learning process in the mathematics
classroom using GeoGebra, a visual questionnaire was designed. During the research
experiment, GeoGebra visual questionnaire was distributed to the experimental group at the
end of the last session of each week of the research experiment and collected in the same
session. For the purpose of designing the GeoGebra visual questionnaire, the related literature
and research instruments have been reviewed, particularly literature on learning mathematics
using GeoGebra and the process of learning with ICTs. Hart (2018) asserts that a useful
literature review seeks to weigh up the contribution that specific theories, opinions, or methods
have yielded to the subject matter. This emphasises the significance of the critical purpose of
literature reviews, which were respected in this research when designing GeoGebra visual
questionnaire. Thus, a review was conducted of the available research and instruments on the
process of learning (e.g. Agyei and Voogt, 2011, Avidov-Ungar and Amir, 2018, Caeli and
Bundsgaard, 2020, Ghavifekr and Rosdy, 2015, Mazana et al., 2019, Khan et al., 2011). As a
result of the literature review, the GeoGebra visual questionnaire was developed based on the
work of Mehdiyev (2009), Pamungkas et al. (2020), Orcos et al. (2019), Dunn and Kennedy
(2019), Arbain and Shukor (2015), and Shadaan and Leong (2013).

Consequently, the visual questionnaire was designed in its preliminary form, consisting
of 23 items written in positive sentences (Appendix 3.10) that reflect upon students' perception
and opinion on their learning process using GeoGebra from different perspectives such as
enjoyment, confidence, motivation, engagement collaboration. The questionnaire was scaled
using Likert scale five points: a set of statements presented for a natural or theoretical situation
under investigation, where applicants are asked to express their degree of agreement from
strongly agree to strongly disagree (Joshi et al., 2015). This questionnaire replaced the verbal
statements with emojis to describing participants' level of agreement and disagreement. The use
of emojis to visualise the questionnaire is because it is commonly used these days by children
and can add some enjoyment to respond to the questionnaire's items.
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3.10.6.1 Pilot Study

As per Shaughnessy et al. (2000), a pilot study should be conducted to examines the
questionnaire before carrying out data collection for the main research. Besides, Creswell and
Plano Clark (2017) emphasised that the main principles of a pilot study are to achieve the
following: to examine the questionnaire to prevent any potential issues that can be raised
throughout answering the questionnaire's questions by the candidates, to prevent problems
while entering data, and come to comprehensive estimation in terms of validity and reliability.
In addition, the pilot study aims to examine the language clarity and readability of the
questionnaire and language suitability for participants' age. In order to ensure the language
clarity, readability, validity, and reliability of the visual questionnaire, a pilot study took three
phases to accomplish its goal.

3.10.6.1.1 Phase one: language Check

This phase aimed to check the language of the questionnaire by offering it to five
children between 10 to 11 years old. The researcher reviewed the test words with each of them
regarding the questionnaire’s clarity and readability. After that, the questionnaire was revised
with them in a group. As a result of this revision, the majority of the questionnaire items'
language was developed in light of children's feedback. In addition to this, the researcher took
children's opinions on the clarity of the emojis in the GeoGebra visual questionnaire they agreed
on. After developing the questionnaire in light of the children's opinions, the researcher moved

to the next stage to assess the validation of the visual questionnaire (see Appendix 3.11).
3.10.6.1.2 Phase two: Validity

As mentioned earlier, validity is the extent to which any assessing method measures
what it is proposed to assess (Carmines and Zeller, 1979). Questionnaire validity is “the amount
of systematic or built-in error in the questionnaire™ (Bolarinwa, 2015, pp. 196). Hence,
investigating the validity of the questionnaire can be launched using a group of experts to
explore theoretical constructs. Those experts test how fit the notion of a theoretical construct is
represented in the questionnaire. Bolarinwa (2015) called this method of validity a translational
or representational validity, which combines two sub-methods of validity belonging to this type
precisely: face validity and content validity. Face validity refers to the degree to which
assessment appears relevant to a particular construct (Taherdoost, 2016); therefore, when the
experts look at the questionnaire's items and then agree that the questionnaire is a valid
measurement of the concept being assessed just on its face (Bolarinwa, 2015, Taherdoost, 2016).
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On the other hand, content validity is described as the level to which an assessment tool
is related to, and representative of, the targeted build it is intended to measure (Ariely et al.,
2014). Hence, the experts review all the questionnaire items in terms of clarity, readability, and
breadth, reaching some level of consensus as to which items ought to be contained in the final
draft of the questionnaire (Ariely et al., 2014, Bolarinwa, 2015). Accordingly, the researcher
considered both face validity and content validity, which are referred to as translational or
representational validity, to assess the validity of the visual questionnaire. Thus, the draft has
been sent to educational experts generally, and mathematics education experts specifically, to
test the questionnaire regarding its relevance to the concept of the learning process of

mathematics and items’ readability and clarity.

Accordingly, the visual questionnaire has been developed in light of experts’ feedback.
The majority of the experts' feedback was related to the questionnaire's language. Moreover,
there was an agreement on including all the questionnaire items. Except for questions number
10 and 23, there was agreement on removing these questions because question 10 was repetitive,
and question 23 was not related to the aim of the questionnaire and the concept of learning
mathematics. Therefore, the final draft of the visual questionnaire consists of 21 items that

reflect students' learning process using GeoGebra (see Appendix 3.12).
3.10.6.1.3 Phase three: Reliability

The visual questionnaire was administered to a group of 27 students from Year Five.
This is to examine its reliability and appropriate time for answering the questionnaire. The
reliability of a questionnaire refers to the level at which obtained results by an assessment and
procedure can be replicated. One of the critical factors of reliability is increasing the validity of
the questionnaire. As a result, I began by marking the participants’ responses on the GeoGebra
visual questionnaire in which each item was marked, given a score from 5 to 1 (strongly agree
=5, agree = 4, neither agree nor do not agree = 3, disagree = 2, strongly disagree = 1) in order
to test questionnaire reliability. Thus, the researcher employed Cronbach's alpha and Spilt
Halves, which are the common ways of testing questionnaire reliability in a single test (Meyer,
2010, Bolarinwa, 2015). Hence, by using SPSS, the researcher measures Split Halves
correlation coefficient and Cronbach's Alpha between students' results to determine the
reliability of the visual questionnaire. The following table (3.7) demonstrates that Cronbach's
Alpha was (0.829) and Split Halves was (0.887), which indicate that the visual questionnaire
of GeoGebra has a high degree of reliability as Mukaka (2012) stated the correlation coefficient
is high if it is between 0.70 and 0.89.
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Correlation Results
Cronbach's Alpha 0.897

Split Halves 0.887
Table 3.7 Reliability of GeoGebra Visual Questionnaire

Additionally, to identify the time required for answering the GeoGebra visual
questionnaire, the researcher measured the questionnaire time by calculating the average time
taken by the first student to finish answering the questionnaire and the last student as well within
the pilot study. The time the first student took to answer the questionnaire questions was (18)
minutes, while the last student took (26) minutes. Hence, by calculating the average time for
the first student and the last student, the researcher found that the time necessary for answering
the geometric performance test is (22) minutes.

3.10.7 Students’ Attitude Towards Mathematics

In order to investigate the impact of the research treatment on students' attitude towards
mathematics, the researcher adopted the metric of attitude towards mathematics which was
designed by Vandecandelaere et al. (2012). This measurement consists of 24 items, divided into
three sections: mathematics academic self-concept, enjoyment of mathematics, and the
perceived value of mathematics. Some items of students' attitudes towards mathematics were
written in a positive way, and the others were negative. This measurement was developed based
on international assessment TIMSS 2003 and Flemish work to be answered on a five-point
Likert scale (from strongly agree to disagree strongly) (see Appendix 3.13). For the purpose of
this research, this measurement has been translated into Arabic language and modified by
including emojis to express the viable scale to be more suitable for primary school students.
The translation was revised and improved by two PhD students in applied linguistics who have

experience in translation.

Students' attitudes towards mathematics measurement consist of two types of items,
positive and negative. Positive items were given from 5 to 1 (strongly agree = 5, agree = 4,
neither agree or do not agree = 3, disagree = 2, strongly disagree = 1) with the score reversed
to the negative items from 1 to 5 (strongly disagree = 5, disagree = 4, neither agree nor do not
agree = 3, agree = 2, strongly agree = 1). Vandecandelaere et al. (2012) state that high scores
obtained on the measurement denoted a higher degree of positive attitude towards mathematics.
The internal consistency coefficients Cronbach’s Alpha of mathematics academic self-concept,
enjoyment of mathematics, and perceived value of mathematics were 0.92, 0.93, and 0.83

respectively.
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3.10.8 Video Recording

Video recording is a qualitative research method that entails catching moving pictures,
with or without sound, to examine the visual details of behaviour and interaction (Given, 2008).
Jewitt (2012) argued that the purpose of using video is recording the people's interaction in the
natural environment, and record the aspects of the environment that structure the interaction,
and undertake casual ongoing research treatment with contributors. In other words, the use of
video in research helps in collecting data that is naturally occurring. On that issue, Cohen et al.
(2018, p. 556) stated:

" Video recording can overcome the partialness of the observer's view of a single
event (a video can be shared by several researchers) and can overcome the
tendency towards only recording the frequently occurring events. Video recording
can offer a more 'unfiltered' observational record of natural human behaviour in
real-time, and it maintains the sequence of the event. The video record can be
viewed several times; it is not a 'once-and-for-all observation. Video data have the
capacity for completeness of analysis and comprehensiveness of material, reducing
the dependence on prior interpretations by the researcher and enabling the

researcher to scrutinize data".

In addition, Garcez et al. (2011) contended that video recording of the classroom is a
useful method to study the process of teaching and learning in detail through capturing aspects
that might go unseen when other resources are used. Such aspects are body language, facial
expressions, dialogue used in teaching and learning activities, students’ interactions when
performing proposed learning tasks in groups or individually, etc. This is why the author of the
current research employed video recording to study pairs’ patterns of interaction while learning
geometry using GeoGebra. As a result, 12 mini cameras were installed on each computer in the
IT room, where the GeoGebra group members studied mathematics lessons for the duration of
the experiment. The reasoning behind using the mini cameras is recording learning activities
for each group, due to the difficulty of observing students while they are performing the learning
tasks using GeoGebra. This is because the existing partition between each PC impedes personal

observation and making notes.

Accordingly, during the experiment process, videos recorded the learning activities in
every session for each group in GeoGebra experimental group, given that the videos can help

to interpret students’ interaction with GeoGebra and their peers in the collaborative learning
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task. Thus, they can help to offer an insight to interpret the learning process when the
quantitative data and video data are integrated. Nevertheless, to avoid any ethical issues, the
researcher obtained the participants’ consent to be recorded (see section 3.15 Ethical

Considerations).
3.11 Intervention

As mentioned earlier, this research aims to examine the integration of GeoGebra, as a
dynamic software into the suggested teaching intervention in which students deal with
technology and collaborate to discover geometric concepts. This intervention includes three
phases: In the first phase, the students complete the activities of learning tasks using GeoGebra
concerning the main concept of that lesson. These activities include discussions and
collaborative learning, and a teacher plays a crucial role to ensure the lesson is conducted
appropriately; For the second phase, the teacher discusses the findings with the students, gives
them feedback, and observes them when they undertake paper and pen activities. In the third
and final phase, the teacher asks students to describe the concept and movement of geometric
shape in space, such as the rotation of a triangle in 2D by using their spatial thinking skills,
without using technology and paper and pen, which can help to improve their spatial thinking
skills.

However, although, the hands-on group follows the same teaching process, the only
difference between the GeoGebra group and the hands-on group is that the hands-on group uses
hands-on or manipulative materials instead of GeoGebra. In this teaching intervention, the
students are the fulcrum of the teaching process. It allows them to utilise their mathematical
communication skills in collaborative and descriptive tasks when using their language to
describe the geometric shape and its movement in the space (figure 3.3). On the other hand, the
traditional teaching group was taught using the lecture method, which is teacher-centred.

Details explaining the teaching intervention stages are as follows:
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and individual

Figure 33. The Model of Teaching Intervention

Stage one: Technology phase

At this stage, students learn by using technology and implementing learning activities

by using Geogebra as DMS. The process of teaching and learning for new experiences starts
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with students. For practical reasons, students perform the learning tasks and activities in groups
of two because the number of computers in several Saudi primary schools does not match the
number of students, which is often double the number of computers. This is why students in
this stage learn collaboratively. Furthermore, at this stage, technology helps convert abstract,
invisible mathematical concepts into visual concepts that students can see and create visual
images of. Students then used their visual and spatial abilities to analyse and construct their
understanding of mathematical concepts in greater depth and promote meaningful learning.
After the students perform the learning activities at this stage, the teacher discusses students
with their conclusions and provides feedback to ensure that students are on the right path
towards achieving learning goals and building the correct understanding of the mathematical
concept.

e Stage two: Pen and paper phase

In the second stage, students perform learning activities according to the learning task using
pen and paper, as to move from the use of technology towards learning by using pen and paper
for transferring what they learned in the previous stage to use in different ways. Hence, this
stage aims to shift the technically learned experiences to manual experiences and work to
develop application skills using paper and pen. In this stage, students start transferring their
experiences that have been acquired by using technology or visual aids to be used by pen and
paper, which reinforces the idea of constructivist learning that the building of new knowledge
is based on previous experiences. However, if students show vague understanding, they go back
to stage one to make sure and build a correct understanding of the concepts. If the students
express a clear understanding of the concepts, they can move to the following teaching and
learning stage. At the end of this stage, students have discussions about their conclusions and
provided with feedback by teacher, ensuring that they continue on the right path to achieve the

learning goals. It should be noted here that after this stage, the teacher can assess his students.
e Stage three: Communication skill phase

Here, students move from using technology and pen and paper, to using their mental
abilities and thinking skills in general, and spatial thinking specifically, to implement the final
learning activity. In other words, students use their thinking and spatial thinking skills to
provide solutions to mathematical problems or provide a description of mathematical operations
mentally. They use their language, giving explanations and examples of mathematical concepts
learned in the previous stages, without using technology or pen and paper. This stage aims to
train students to develop their higher-order thinking skills and train their spatial-thinking skills,
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which may positively impact the sustainability of learning, maintaining the effects of education,
and developing various learning skills. In addition, this can help students to link the
mathematical concept to their real-life, when they give actual examples and use body language
to describe mathematical concepts. After completing this stage, students carry out the

evaluation activities, and the teacher has the option to advance forward.

Accordingly, the research intervention involves developing lessons in light of using
GeoGebra, developing lessons based on using hands-on materials, and teaching plans for both

types of developing lessons; GeoGebra and hands-on materials.
3.11.1 Lessons Intervention

Since this research aims to integrate technology into learning and teaching mathematics,
the researcher developed the Geometric Shapes Unit from Year Five Mathematics Curriculum
with the intention of DMS, as a fundamental part of the learning process and in a manner
consistent with the research idea. Besides, the development of this unit was made in light of the
content analysis. So, each lesson of this unit was designed to consist of the lesson's learning
objectives, mathematical concepts, introduction, GeoGebra tasks, pen and paper tasks,
summary of learning concepts, mathematical knowledge, and exercise which was called make
sure. The unit was designed to have, almost, the exact structure of the original unit so that
students are familiar with it which allows them to engage with research material easier than if
the structure was different than what they were used to (see Appendix 3.14).

Moreover, the researcher designed hands-on lessons. This form of lesson intervention
was intended to be taught by using hands-on materials. The hands-on lessons follow the same
structure as GeoGebra lessons. The only differences were in some learning tasks' questions for
them to be consistent with the learning process using hands-on material (see Appendix 3.15).
Both forms of the lesson intervention have to be taught in light of the teaching intervention of

this research.
3.11.2 Teaching Guidebook

To teach both forms of the lessons intervention in light of this research’s teaching
intervention, the researcher created teaching plans to structure the teaching process according
to the current teaching intervention for each lesson. The teaching guidebook helps the
participating teacher to teach lesson interventions to achieve the research aim. The researcher

designed two forms of teaching guides: one for GeoGebra lesson interventions and the other

107



one for the hands-on lesson intervention. Both forms of teaching guidebooks were divided into
two sections: introduction, giving brief information about the teaching intervention and
research concepts, and teaching plan. Each teaching plan was created according to the content
analysis, learning objectives, (see sections 3.10.1 and 3.10.2) and the lessons interventions (see
section 3.11.1). The teaching plan included lesson title, proposed teaching time, learning
objectives, mathematical concepts, teaching process based on teaching intervention,
assessment, and homework (see Appendix 3.16 & 3.17).

3.12 Research Implementation

This research was implemented in semester two from the school year of 2019-2020 in
Al-Manrat primary school. The preparation for implementing this research project started from
the year before. The researcher visited the selected school and agreed with the headteacher and
the mathematics teacher, who agreed to participate in this research. Afterwards, ethical approval
was obtained from the educational authority in Saudi Arabia and Newcastle University. Two
months before research implementation, the researcher visited the participating school to sign
the consent forms by the participating teachers and school.

In contrast, the students' consent forms were sent by the selected school to participate
parents to be signed and returned to the researcher. At the same time, the researcher and the
school’s IT technician installed GeoGebra on all computers in the IT room. Besides, arranging
with the headteacher to organise mathematics classes timetable for the GeoGebra classroom to

be taken in the IT room in semester 2.

At the beginning of the second semester, the researcher attended the participating school
to start the research implementation. At the end of the first week, he briefly introduced the
research project for the research groups. Hence, in the second and third week of the semester,
two students performed the pre-test: geometric performance test, spatial thinking test,
GeoGebra visual questionnaire, and students' attitude towards mathematics metrics. As a result,
the researcher grouped students in the GeoGebra group and hands-on group according to their
geometric performance pre-test score in pairs. Therefore, the GeoGebra group (25 students)
was formed into 12 groups; one of them was a group of three students. This was while the
hands-on group (27 students) was formed into 13 groups; one of them was a group of three
students. During these two weeks, the researcher had met the participating teacher to explain to
him how to use GeoGebra and perform the teaching intervention, and the researcher explained

to the GeoGebra group how to use GeoGebra. However, on the last day in the third week, a
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technical issue occurred and resulted in a delay in the research implementation for two weeks.
Within these two weeks, the researcher seized the opportunity to give GeoGebra students more
time to use GeoGebra in order to make them more familiar with the GeoGebra software.
Therefore, they had three sessions more to use GeoGebra and do some activities using
GeoGebra.

This was followed by three weeks with a total of 14 sessions for implementing the
research project. During the research implementation, the researcher observed all the sessions
for GeoGebra experimental and hands-on experimental groups to ensure the teaching process
was performed as planned. Besides, each group activities in the GeoGebra experimental group
was video recorded using mini cameras; moreover, all the class activities were recorded using
a video camera. Furthermore, some photos were taken for the hands-on experimental group

while performing learning tasks using hands-on material.

Unfortunately, in the last week of the research implementation, Covid-19 affected Saudi
Arabia. As a result, the Ministry of Education decided on schools closing and education turned
into e-learning and distance learning. This caused us to miss the last two sessions from the
research implementation and resulted in missing the opportunity to collect post-test data from
the school. Therefore, the discussion was made between the researcher and supervisors on the
Covid-19 circumstance. Thus, the research instruments were turned to electronic form to
overcome Covid-19 effects. The e-forms of the research instruments were created by using
Google forms. The e-forms of the research instruments were sent to the participating teacher,
who sent them to the participating students via the school’s e-learning system. The post-test
data collection took two weeks, and after six weeks, participating students performed the
delayed test. It is believed that turning the research instruments into e-forms was the best
solution with the 24 hours lockdown, which caused difficulties in sending and receiving the

research instruments via post.
3.13 Quantitative Data Analysis

Quantitative data analysis was required to investigate the impact of the research
intervention on geometric performance, spatial thinking, students’ attitudes towards
mathematics, and students’ views on using GeoGebra. To do so, I employed a descriptive data
analysis using IBM SPSS 24. The quantitative analysis for geometric performance test, spatial
thinking test, and attitude towards mathematics went through two stages. In the first stage, one-

way ANOVA was utilised to analyse post-test results for comparing and determining the impact
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of the research treatment on research groups. (Bowerman et al., 2015) stated that the purpose
of using one-way ANOVA is to estimate and compare the effects of the different research
treatments on the research phenomenon. Such a model is robust to depart from parametric
assumptions; however, the homogeneity variance assumption was monitored using Levene’s
test, and if the homogeneity was violated, Welch test was used to overcome not meeting the
homogeneity variance assumption and to see if the ANOVA outcome is still reliable (Mendes
and Akkartal, 2010, Liu, 2015, Berg, 2020). Besides, Tukey’s post hoc test was employed when
applicable and where significant findings were observed. Moreover, the effect size is also
considered to discover to what extend the research treatment experiment caused the
improvement (Howell, 2012, Field, 2013).

In the second stage, the analysis of covariance ANCOVA was used to remove the impact
of the previous knowledge on these research findings. This helps the researcher determine if
the improvement occurred by the research experiment or previous knowledge played a role to
influence students’ performance improvement. In other words, neutralizing the impact of
students' previous knowledge was necessary to see whether student achievement growth
occurred due to the research experiment, and that students' prior experience had no role in
improving students' outcomes. Besides, in experimental research that involves random selection
of the research groups, the covariate, compared to the response variable, decreases the error
variance occurring in increased statistical power and higher accuracy in estimating group
impacts (Keselman et al., 1998). It is useful to mention that ANCOVA is one type of ANOVA
which means the ANCOVA has the same assumptions of ANOVA in addition to two other
assumptions which are homogeneity of regression slopes and linearity (Davis, 2013, Berg,
2020). Therefore, conducting ANCOVA analysis happened in two phases. The first phase was
to examine if the data met the ANCOVA assumptions. If the data were satisfied with the
assumptions, during the second phase, the researcher could run actual ANCOVA. It is essential
to remind the reader that taking into account these phases and maintaining excellent strategy
for the entire analysis helps obtaining a reliable result (Davis, 2013, Berg, 2020).

Furthermore, students' views in the GeoGebra group were examined throughout the
research experiment. Therefore, students performed pre- and post-questionnaire; besides, their
views were explored at the end of each week of the research experiment in order to investigate
to what extent they changed their opinions on their learning using GeoGebra during the research
experiment. Therefore, the ANOVA repeated measured was employed to analyse the GeoGebra
visual questionnaire for determining how students in the GeoGebra group change their opinions

and ideas about learning mathematics via GeoGebra. Besides, the multivariate linear regression
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was applied to find out the relationship between the research variables and the extent to which

one variable can be predicted based on other research variables.
3.14 Qualitative Data Analysis

Video recordings were used to gain all the possible data for learning activities in the
GeoGebra group classroom. This is because video records have been increasingly relied upon
to analyse the processes of teaching and learning. This type of video research called video-
based fieldwork, which involves collecting data naturally occurred in the mathematics
classroom and commonly followed onto social interactional research (Jewitt, 2012). The video
data offers both depth (a richly detailed, moment-to-moment interactional record) and breadth
(footage that spans each pair’s activities in the GeoGebra group). To do video analysis, the
researcher started by reviewing several research guides on how to analyse video data (Flewitt,
2006, Derry et al., 2010, Lefstein and Snell, 2011, Jewitt, 2012, Higgins et al., 2012, Clark,
2013, Blikstad-Balas, 2017, Mercier et al., 2014). There are vivid debates on methods to
progressively refine hypotheses, conceptualise the epistemology of video data descriptions, and
represent video data in satisfactory ethnographical ways. However, there is disagreement on
theoretical and practical guidelines for processing the analysis of video data between scholars
(Engle et al., 2007, Goldman, 2007, Ramey et al., 2016). Nonetheless, Derry et al. (2010), in
their recent article on conducting video research in learning science, discuss the challenges that
face researchers when dealing with video data collected from a complex learning environment.
Furthermore, they provide guidance for researchers in selecting, capturing, and representing

video data in the study of teaching and learning.

Consequently, the researcher began the process of analysing video data by watching all
videos to obtain a general sense of the data and organise them by the time of recording. This
helped the researcher to observe the development of pairs’ interactions while they were using
GeoGebra, day by day. Next, the researcher watched the video data again concerning the pair
learning activities while performing learning tasks. During watching videos at this phase, the
researcher created quotations that include one learning task, whether GeoGebra task or pen and
paper task. After that, those quotations were watching concerning pair interaction. At the same
time, the literature related to pair interaction patterns was reviewed in order to select the
appropriate framework for analysing the video data in light of the research questions (Andrews
et al., 2017, Ives, 2004, Kim and McDonough, 2008, Storch, 2002, Storch, 2004, Storch and
Aldosari, 2013, Zheng, 2012). It found that several dyadic patterns of interaction have been
reported in different situations, and the majority of them are related to teaching and learning
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language studies. For instance, in his study, Ives (2004) found three patterns of interaction in a
primary L2 class in which grade 6 pupils were paired with native English-speaking students.
These patterns of interaction are collaborative, expert/novice, and expert/passive.

Furthermore, Storch and Aldosari (2013) found more evidence of collaboration in dyads
of equal proficiency (high-high and low-low) than in dyads when students had different
proficiency (high-low). Complementing the aforementioned study, Kim and McDonough (2008)
conducted a study with students of South Korea who studied English, as a second language;
they also found different pair patterns of interaction, depending on whether the student worked
with a speaker of the same or higher L2 proficiency. In addition to this, these investigations

illustrate that simply assigning learners to work in pairs does not guarantee collaboration.

However, Storch (2002) was one of the first investigators who considered the nature of
students' relationships when working in pairs. This longitudinal research was classroom-based.
She conducted her study among ESL university students focused on the data of ten pairs over
an entire semester. Storch (2002) found that the ten pairs of students in her study developed
different kinds of relationships. Such relationships, when established, tended to continue,
despite tasks or the passage of time. Significantly, the relationships students made affected the
language learning opportunities that collaborative learning tasks provided. Storch (2002),
qualitatively analysing the data of the pair talk, developed a model of pair patterns of interaction.
This model distinguishes between four patterns of pair interaction: collaborative,
dominant/dominant, dominant/passive, and expert/novice. She identified the criteria and

features for each pattern of interaction (Appendix 3.18; section 2.3.6).

Storch’s (2002) model of pair patterns of interaction has been increasingly used to
explore learners’ interaction in the classroom (Ahmadian and Tajabadi, 2017, Andrews et al.,
2017, Cardimona, 2011, Todd and Toscano, 2020, Tan et al., 2010, Zheng, 2012, Watanabe and
Swain, 2007). Reviewing the literature found many studies conducted to explore learners’
patterns of interaction in teaching and learning English language among different educational
levels in a language classroom or using computer-mediated communication. At the same time,
some studies used it to explore learners’ interaction patterns while using technology.
Nevertheless, the literature review could not find research explore pair patterns of interaction
in the field of mathematics education in Arabic literature, particularly in KSA. Also, few studies
in the English literature used Storch’s (2002) model for pair interaction to analyse students'
interaction in the mathematics classroom (Todd and Toscano, 2020), which can increase the

originality of this research and fill the gap in the literature.
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In addition to this, while watching the research data videos concerning interaction
patterns, students seemed to have shared control over the learning task activities (equality) and
engaged with each other’s thoughts (mutuality). Therefore, I found that the earlier identified
features in Appendix (3.18) captured how participants in this research controlled learning tasks
and engaged together. Consequently, | adopted the pair interaction model (Storch, 2002) to

analyse my video data and explore the pairs’ interaction patterns in the GeoGebra classroom.
3.14.1 Phase one: Exploring Pairs Patterns of Interaction

In this stage, | started analysing video data using the identified criteria in the appendix
(3.18) to explore pair patterns of interaction while learning using GeoGebra. At the same time,
paying attention for any emerging interaction pattern or other criteria related to the four patterns
of interaction in Storch’s model (2002) will be considered. In other words, this research
employed both deductive and inductive approaches in analysing the video data. The deductive
analysis refers to using an organising framework consisting of themes for the coding process.
The framework often referred to a start list employed in the analysis in anticipation that some
core concepts exist in the data (Bradley et al., 2007, Derry et al., 2010, Braun and Clarke, 2006,
Thomas, 2006, Azungah, 2018). According to Dornyei (2007), one of the great benefits of
deductive analysis is that having a list of set categories makes it possible to deal with the original
coding in a concentrated and time-efficient way, establishing connections between extracts

from various accounts earlier in the process.

In contrast, inductive analysis refers to methods that mainly use detailed raw data
readings or careful observation for visual data to determine concepts and themes. In light of this
research, it requires going through video data second by second, systematically and assigning
codes to video footage as concepts unfold concerning research questions (Azungah, 2018,
Bradley et al., 2007, Curry et al., 2009, Derry et al., 2010, Thomas, 2006). It is a recursive
process that entails going back and forth between data analysis and the literature to develop
meaning out of emerging concepts and obtaining the most grounded empirical and interesting
theoretical factors (Azungah, 2018, Neeley and Dumas, 2016, Schssler et al., 2014). In the
inductive analysis, the results arise directly from the analysis of the raw data, not from prior
expectations or models. However, the results are influenced by the evaluation objectives or
questions outlined by the researcher (Thomas, 2006). Though, Azungah, (2018) emphasises the

effectiveness of combining the deductive and inductive ways of analysis.
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Therefore, the categories in Appendix (3.18) were imposed on the data and further
analysed. During this step, each GeoGebra learning task was watched several times and
assigned to one of the above mentioned patterns of interaction. Adopted from Storch’s (2002)
patterns of the interaction model to explore pairs patterns of interaction using the features of
the patterns as codes and the name of the interaction patterns as themes. At the same time, a
great deal of attention was paid to details to bring out the unique nature of the interactions, and
then comments on them were made. The analysis procedure was coding the videos and
commenting on the emerging aspect in my data without transcribing pair talk, considering the
verbal and nonverbal behaviour presented while pairs were performing learning tasks. This
means the deductive and inductive approaches went together concurrently through a complete
video data analysis (see figure 3.4). Furthermore, the examples on the analysis findings were
transcribed and presented with screenshots to presents the pairs’ nonverbal behaviour (see
section 4.2.1). Then concluded this stage by investigating the development of learners’ patterns

of interaction throughout the research experiment.

Once this stage was completed, the inter-rater reliability was checked by giving the data
to two raters. Each rater was given the video data for five GeoGebra tasks selected randomly
(60 videos representing 50% of the data set came from Geogebra tasks) and asked to label the
patterns of interaction depicted on each video according to the descriptive types established by
the researcher. Disagreement only arose over six videos (representing 10% of the selected
videos and 5% of the total video data), and this was solved, with agreement reached via
discussion. Then, two of the original codes were changed (representing 1.7% of the total video
data). Thereafter, the inter-rater reliability was computed using Miles’s (1994, p. 64) formula
with the result showing the inter-rater reliability being 90%, which is considered to be an

acceptable level of reliability (Miles, 1994)
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Figure 3.4 The process of analysis of the video data
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3.14.2 Phase two: Investigating the association between different patterns of interaction

and students’ outcomes

The data analysis in this phase aimed to explore the relationships between different
patterns of interaction and the research variables. To conduct the analysis in this stage, the
researcher analysed video data for the pen and paper learning task using the criteria found in
the analysis of the first phase of qualitative analysis. This allowed the researcher to categorise
pairs based on their patterns of interaction in complete learning activities during the research
experiment. Hence, the data analysis in this phase tries to figure out the correlation between
different learners’ patterns of interaction and the other research variables, relying on learners’
outcomes on the post-test and students’ interaction patterns. To do so, the researcher began by
identifying the overall pattern for each pair in both types of learning tasks, GeoGebra, and pen
and paper, to investigate the association between pair patterns of interaction and their learning
outcomes. Hence, the patterns of interaction presented with the highest percentage in pair

activities was nominated as the overall pattern.

Nevertheless, as mentioned earlier, it should be noted that students were sorted in 12
groups according to their geometric performance pre-test score (see section 4.10). The high
achiever students were put with low achiever students (see section 4.11 research
implementation for more details). For instance, among the sixteen tasks (ten GeoGebra tasks
and six pen and paper tasks) between the participants in Pair 4, 56.25% were marked as
dominant/passive, 18.75% as collaborative, 6.25% as dominant/dominant, 6.25% as
cooperative, and 12.5% as passive/passive. Thus, the overall pattern of interaction in Pair 4
across all the research sessions was classified as dominant/passive. This stage was followed by
computing the mean scores of the post-intervention geometry test, spatial thinking, students’
attitude towards mathematics (including mathematics academic self-concept, enjoyment of
mathematics, and perceived value of mathematics) and students’ views on GeoGebra. Pairs’
mean scores and patterns of interaction were labelled in tables to ease the comparison process
and explore the relationship between their pattern of interaction and the other research variables.

This was followed by producing a narrative description of the findings of this analysis.
3.15 Ethical Considerations

The research was subjected to the ethical procedures of Newcastle University. To
obtain ethical approval, the researcher prepared the information sheet and a consent form for

the school headteacher, participating teacher, children’s parents, and guardians with a simple
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statement to demonstrate the aim of the research and detail the procedures in respect of
collecting the data. Also, the consent form (which was signed) stated that they are all willing to
participate and are free to withdraw from the research experiment at any time, without needing
to provide a reason. Once these documents were ready, the application for obtaining the ethical
approval was submitted to the Ethics Committee at the Faculty of Humanities and Social
Sciences (HASS). In that manner, the ethical approval had been reviewed and approved by the
HASS Ethics Committee (see appendix 3.19). In addition, permission and ethical approval were
obtained from the General Directorate of Education in Jeddah City at KSA, in order to

implement the research project (see appendix 3.20).

All the data collected has been maintained strictly confidential. The school headteacher,
teacher, children, and their parents were informed that all GeoGebra sessions would be recorded
and gave their consent for video recording to be used. They were also informed that there would
be no use for their personal data, and their images were anonymised. They were notified that

when the research has achieved its purpose, the data would be destroyed.

The school headteacher and the participating teacher also signed the consent form. The
information sheet and consent forms were handed out to participating students to be signed by
their parents and guardians. This was done after | provided them with a plain language
explanation on my research project as to ensure that they are fully aware of what the research
is about, how they will take part and be assessed, why the researcher will observe GeoGebra
and Hands-on groups, and how long the implementation of the research experiment will last.
The school headteacher and the participating teacher were informed that the research activities
were designed to fit smoothly into the curriculum lessons and be fun. Furthermore, students
were informed they are free to withdraw at any time without giving reasons, and this will not

affect them negatively.
3.16 Summary

This chapter has presented the approach of the investigation undertaken in this research.
The research implementation and data collection have been done within the guidelines of the
ethical procedures of Newcastle University and the General Directorate of Education in Jeddah
City. Mixed research methods were employed to obtain the required data to answer the research
questions. The research sample, participants, research instruments, teaching and learning
intervention, and research procedures were described in detail. The data collection methods

were piloted, and the results showed they are valid and reliable to be used. Statistical tests were
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selected to investigate the learners’ performance and attitude, and the qualitative analysis
procedures used to explore learners’ patterns of interaction. These were fully described in this

chapter. Subsequently, the next chapter will present the analysis of the results from this research.
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Chapter 4. Data Analysis
4.1 Introduction

The previous chapter discussed the research methodology, which was used in this
research. The analysis in this chapter is divided into two sections. The first section looks at the
analysis of the quantitative data which came from geometric performance test, delayed test,
spatial thinking test, Geogebra visual questionnaire, and students’ attitude towards the
mathematics visual questionnaire. In addition to this, this section presents an analysis of the
relationship between the research variables. The second section of the analysis looks at the
analysis of qualitative data that came from video recordings and classroom observation. Thus,
the results from both sections are integrated to help readers comprehensively understand to

what extent GeoGebra can enhance the process and outcome of learning mathematics.
4.2  Section 1. Quantitative Data Analysis

This section is going to present the findings of the quantitative data analysis. IBM SPSS
24 was employed to analyse the data of geometric performance test, spatial thinking test, and
attitude towards mathematics at a 5% (p = 0.05) level of significance. All assessment outcome
variables are presented as summary statistics. One-way ANOVA was applied to check the
equality of the research groups’ students using pre-intervention tests. It also was utilised to
analyse post-test results to compare and determine the impact of the research treatment on the
research group (Bowerman et al., 2015). The analysis of covariance ANCOVA was utilised to
investigate the impact of research treatment, controlling participants’ previous experience.
Tukey’s post hoc test was used when appropriate and when significant results were found
(Howell, 2012; Field, 2013). Also, the Effect Size [Partial Eta Squared (n?)] was reported.
Furthermore, the change in students’ views on using GeoGebra throughout the research
experiment was analysed by applying ANOVA repeated measures. Besides, the multiple linear
regression was applied to determine the relationship between the research variables, and explore
if the research intervention improves the lower achiever students’ performance more than
higher achiever students by adding a geometric students’ performance level (low and high) as

a dummy variable.

In the following sections, | will present data analysis results of the learning outcomes in
the first section: geometric performance, spatial thinking, and sustainable learning. Next, I will

present the data analysis of students' views on the learning process: attitude towards

119



mathematics and students’ views towards GeoGebra. Afterwards, analysis outcomes of the

correlation between research variables will be presented.
4.2.1 Examination of Effectiveness of Research Treatment

This section will present data analysis results from the impact of the research

intervention on learning outcomes and processes.
4.2.1.1 Geometric Performance Outcomes

Pre and post-tests were employed to explore the effects of the research intervention
using GeoGebra on students’ geometric performance, spatial thinking, sustainable learning, and
attitude towards learning mathematics in three domains (mathematics academic self-concept,
enjoyment of mathematics, and the perceived value of mathematics). Three groups were
assigned with the same teacher to be part of this research. Two groups were taught using the
research teaching intervention; one instructed using GeoGebra, and the other, using hands-on

material, while the third group was traditionally taught (see section 3.6).

Therefore, the geometric performance was examined by using geometric performance
test before and after the research treatment. Therefore, One-way ANOVA was used on pre-test
of geometric performance to ensure that all students across the groups have the same conditions

before research treatment.

The results in the table (4.1) show that there were no statistically significant differences
in the pre-test of geometric performance between groups (F = 0.172, p = 0.842 > 0.05) (see
Appendix 4.1). As a result, all research groups were equal in terms of geometric performance

for implementation of the treatment.

Group N Mean SD F Sig.
GeoGebra 25 5.16 1.86 0.172 0.842
Hands-on 26 5.23 2.23
Traditional Teaching 26 5.46 1.63

Table 4.1 Summary of the Descriptive statistics for Geometric performance Pre-test

After three weeks of the research treatment, students across research groups completed
post-test geometric performance. Consequently, one-way ANOVA was applied to compare the
impact of teaching intervention with GeoGebra, teaching intervention with hands-on, and

traditional teaching on students’ geometric performance. The results in appendix (4.2) shows
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that there was a significant impact from teaching intervention on students’ geometric
performance at the (p < 0.001) level for the three conditions, [F (2,74) = 13.663, p =.000].

Group N Mean Std. Std. 95% Confidence Interval for Minim Maxim
Deviation Error Mean um um
Lower Upper
Bound Bound
Geogebra 25 15.640 2.73679 54736 14,5103 16.7697 11.00 21.00
0
Hands-on 26 12.923 3.58801 .70367 11.4738 14.3723 5.00 20.00
1
Traditional 26 10.653 3.78357 74202 9.1256 12.1821 4.00 19.00
teaching 8

Table 4.2 Summary of the Descriptive statistics for geometric performance post-test

Since one-way ANOVA does not tell which group has a statistically significant
difference, post hoc using Tukey HSD was conducted. Therefore, post hoc comparisons using
the Tukey HSD test indicated that the mean score for the teaching intervention with GeoGebra
condition was significantly different than the hands-on condition, and the traditional teaching
condition (see Appendix 4.2; table 4.2). Notably, the teaching intervention with the hands-on
condition significantly differed from the traditional teaching condition (see appendix 4.2; table
4.2). Taken together, these results suggest that the teaching intervention really does have an
impact on students’ geometric performance. Specifically, the results indicate that when students
learn geometry with teaching intervention, they achieve better than learning with traditional
teaching. However, it should be noted that students performed better when they were taught by

using teaching intervention with GeoGebra.

Moving on, after using one-way ANOVA, | employed the analysis of covariance
ANCOVA to compare the effectiveness of three teaching methods whilst controlling for prior
experience using the pre-test result. The results in Appendix (4.3) show that there is a
statistically significant difference [F (2,73) = 13.432, p = .000] between teaching methods,
whilst adjusted for prior experience. The partial Eta Squared value (2 = .269) indicates the
impact size of the research treatment, which means about 27% of the improvement in students’
geometric performance is resulted by the research treatment. According to the Cohen guideline,
the effect size of the teaching intervention on the geometric performance is medium (Cohen,
1992).
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Moreover, the Post hoc test (Pairwise Comparisons) in Appendix (4.3) indicated that
there was a significant difference between teaching intervention with GeoGebra and teaching
intervention with hands-on (p =.006 <.05); also, between teaching intervention with GeoGebra
and traditional method (p = .000 < .05). In addition to this, there was a significant difference

between teaching intervention with hands-on and traditional teaching (p = .021 < .05).

Dependent Variable: Geometric Performance Post-test

Group Mean Std. 95% Confidence Interval
Error Lower Upper Bound
Bound
Geogebra 15.6402 .686 14.272 17.008
Hands-on 12.9232 676 11.576 14.271
Traditional 10.6542 676 9.306 12.001
teaching

a. Covariates appearing in the model are evaluated at the following values:
Geometric Performance Pre-test = 5.1558.

Table 4.3 Estimates marginal means

Comparing the estimated marginal means (Table 4.3) showed that the highest geometric
performance improvement on the teaching intervention was with GeoGebra (M = 15.640),
compared with teaching intervention with hands-on and traditional teaching (M = 12.923,
10.654, respectively). Therefore, it can be said that GeoGebra group made better improvement
than the other two groups. This means teaching intervention with GeoGebra played a key role
in helping students to improve their geometric performance better than other teaching ways

without GeoGebra.

To sum up, the above results from the one-way ANOVA and ANCOVA have shown
that teaching intervention helps students to improve their geometric performance and achieve
better than the traditional teaching. Nevertheless, students who studied geometry with
GeoGebra performed better than students in the hands-on group. In conclusion, teaching
intervention with GeoGebra helps students to obtain greater improvement in their geometric
performance than other teaching strategy by 27%. Therefore, this section has answered the
research question “What is the impact of teaching intervention using GeoGebra on Geometric

performance for Year Five students?”.
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4.2.1.2 Spatial Thinking Outcomes

Spatial thinking was tested by using Raven's Coloured Progressive Matrices before and
after the research treatment. Thus, One-way ANOVA had been used on pre-test of spatial

thinking to ensure that all students across the groups are similar before the treatment.

The results in Table (4.4) demonstrate that there were no statistically significant
differences in the spatial thinking pre-test between groups (F = 0.098, p = 0.907 > 0.05) (see
Appendix 4.4). Accordingly, all research groups were equal, in terms of spatial thinking for

implementation of the treatment.

Group N Mean SD F Sig.
GeoGebra 25 27.68 5.03 0.098 0.907
Hands-on 26 27.73 4.66
Traditional Teaching 26 27.23 3.66

Table 4.4 Summary of the Descriptive statistics for Spatial Thinking Pre-test

After the research treatment, students across research groups performed post-test of
spatial thinking. One-way ANOVA was employed to compare the effect of teaching
intervention with GeoGebra, hands-on, and traditional conditions on students’ spatial thinking.
The outcome in Appendix (4.5) reveals that there was a significant impact of teaching
intervention on students’ spatial thinking at the (p < 0.001) level for the three conditions [F
(2,74) = 7.849, p = .001].

N Mean Std. Std. 95% Confidence Interval Minim Maxim
Deviation Error for Mean um um
Lower Upper
Bound Bound
Geogebra 25 32.2000 3.70810 74162 30.6694 33.7306 17.00 35.00
Hands-on 26 29.4615 456273 .89482 27.6186 31.3045 18.00 35.00
Traditional 26 27.9231 3.30966 .64908 26.5863 29.2599 16.00 32.00

teaching

Table 4.5 Summary of the Descriptive statistics for Spatial Thinking post-test

Importantly, post hoc comparisons using Tukey HSD were utilised to indicate which
group has a statistically significant difference. The results showed that mean score for the
teaching intervention with GeoGebra condition was significantly different from the hands-on
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condition, and the traditional teaching condition (see Appendix 4.5 and Table 4.5). However,
the teaching intervention with hands-on material condition was not significantly different from
the traditional teaching condition (see Appendix 4.5 and Table 4.5). Despite that, there was no
significant difference between the hands-on condition and traditional teaching condition.
Students in the teaching intervention with hands-on group performed better than students in
traditional groups (Table 4.5). Taken together, these findings indicate that the teaching
intervention has an impact on students’ spatial thinking. Specifically, the results indicate that
when students learn geometry with teaching intervention using GeoGebra, they performed
better in spatial thinking test than learning with hands-on and traditional teaching. In other
words, learning geometry using the teaching intervention of this research with GeoGebra helps
students in improving their spatial thinking skills.

After using one-way ANOVA, | conducted the analysis of covariance ANCOVA to
compare the effectiveness of the three teaching methods of this research whilst controlling for
prior experience using spatial thinking pre-test. The results in Appendix (4.6) indicate that there
were statistically significant differences [F (2,73) = 16.457, p =.000 < 0.001] between teaching
methods, whilst adjusted for previous experience. The partial Eta Squared value (n2 =
0.311) reveals the impact size of the research treatment, which means about 31% of the
improvement in students’ spatial thinking skills resulted from the research treatment. As per
the Cohen guideline, the effect size of the teaching intervention on spatial thinking is medium
(Cohen, 1992).

Furthermore, the Post hoc test (Pairwise Comparisons) in Appendix (4.6) showed that
there was a significant difference between teaching intervention with GeoGebra and the other
teaching methods in this experiment [teaching intervention with hands-on and traditional
method] (p = .000 < .05). However, there was no significant difference between teaching

intervention with hands-on and traditional teaching (P=.09 > .05).
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Dependent Variable: Spatial thinking Post-test

Group Mean Std. 95% Confidence Interval
Error Lower Upper Bound
Bound
Geogebra 32.1112 .506 31.101 33.120
Hands-on 29.3382 497 28.348 30.328
Traditional 28.1328 497 27.142 29.123
teaching

a. Covariates appearing in the model are evaluated at the following values: Spatial
thinking Pre-test = 27.5455.

Table 4.6 Estimates marginal means

The above estimated marginal means Table (4.6) demonstrated that the highest spatial
thinking improvement on teaching intervention was with GeoGebra (M = 32.111), compared
to teaching intervention with hands-on and traditional teaching (M = 29.338, 28.132,
respectively). It can be said that GeoGebra group made better improvement than the other two
groups. This means teaching intervention with GeoGebra plays a crucial role in helping students
improve their spatial thinking skills more than other teaching ways without GeoGebra.

Taken together, the above results from the one-way ANOVA and ANCOVA have
revealed that teaching intervention helps students improve their spatial thinking skills better
than traditional teaching. Nevertheless, students who studied geometry with GeoGebra
improved their spatial thinking skills better than students in hands-on group. Using GeoGebra
with teaching intervention of this research helps students obtain more significant improvement
in their spatial thinking than hands-on and traditional teaching conditions, by 31%. In
comparison to the impact of the teaching intervention on geometric performance and spatial
thinking, it is found that the teaching intervention with both conditions, GeoGebra and hands-
on, has a significant impact on geometric performance. In contrast, teaching intervention with
GeoGebra improved students' spatial thinking skills. This means the teaching intervention with
the GeoGebra condition helped students improve their geometric performance and spatial
thinking skills. In conclusion, this section has answered the research question “What is the

impact of teaching intervention using GeoGebra on Spatial Thinking for Year Five students?”
4.2.1.3 Sustainable Learning

Sustainable learning was tested using the delayed test, which is an equivalent form of

geometric performance test after six weeks of the research treatment. Again, One-way ANOVA
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was employed on the delayed test of geometric performance to examine the extent to which the

research treatment encourages students to retain their learning.

The result in Appendix (4.7) shows that there was a statistically significant impact from
teaching intervention on students’ sustainable learning at (P < 0.001) level for the three
conditions [F (2,74) = 12.071, p = .000].

N Mean Std. Std. 95% Confidence Interval Minim Maxim
Deviation Error for Mean um um
Lower Upper
Bound Bound
Geogebra 25 11.92 3.04029  .60806 10.6650 13.1750 6.00 18.00
Hands-on 26 9.923 3.24867 .63712 8.6109 11.2352 4.00 17.00
Traditional 26 7.885 2.45482 48143 6.8931 8.8761 2.00 13.00
teaching
Total 77 9.883 3.33235 37976 9.1268 10.6395 2.00 18.00

Table 4.7 Summary of the Descriptive statistics for Delayed test

Next, Post hoc comparisons using the Tukey HSD were performed and the outcomes
showed that the mean score for the teaching intervention with the GeoGebra condition was
significantly different than hands-on condition, and the traditional teaching condition (see
Appendix 4.7 and Table 4.7). Furthermore, the teaching intervention with hands-on condition
significantly differed from the traditional teaching condition (see Appendix 4.7 and Table 4.7).
These findings are similar to the impact of teaching intervention on the geometric performance,
since the teaching intervention with both conditions, GeoGebra and hands-on, impacted
significantly on geometric performance and sustainable learning. In contrast, this outcome
differed from spatial thinking in which teaching intervention with GeoGebra improved students'
spatial thinking skills and there was no significant impact from the teaching intervention with

hands-on.

Taken together, these results suggest that the teaching intervention really does have an
impact on students’ sustainable learning. Specifically, the results indicate that when students
learn geometry with teaching intervention with both conditions, GeoGebra and hands-on, they
retain and sustain their experience better in geometry than learning with traditional teaching.
However, it should be noted that students retain better geometric understanding when they were
taught by using teaching intervention with GeoGebra. Consequently, this section answered the
research question “What is the impact of teaching intervention using GeoGebra on Sustaining

knowledge for more extended periods of time for Year Five students?”.
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4.2.1.4 Summary

The above sections illustrated the results from the analysis of the learning outcomes
data. These results demonstrated that the teaching intervention with both conditions, GeoGebra
and hands-on, has a significant impact on geometric performance and sustainable learning. In
contrast, the teaching intervention has a significant impact on spatial thinking, only in the
GeoGebra condition. These results indicated that the teaching intervention with GeoGebra
helps students to improve their learning outcomes better than the other hands-on and traditional
teaching conditions. Therefore, these findings are consistent in showing the effectiveness of the
teaching intervention with GeoGebra on learning outcomes. Consequently, this section has
answered the research question “what the impact of teaching intervention using GeoGebra
on Year Five students’ learning outcomes in terms of Geometric performance, Spatial thinking
and Sustainable learning?” As a reminder, the aim of this study was examining the impact of
the research intervention on both, the learning process and outcomes. Subsequently, the

following sections will present the findings from analysing students' views on their learning.
4.2.2 Examination of Effectiveness of Research Treatment on Learning Process

This section will present outcomes of the data analysis considering the impact of the

research intervention on learning and processes.
4.2.2.1 Attitude Towards Learning Mathematics

The attitude towards learning mathematics across the three groups of students was
examined by using the attitude towards mathematics metric designed by (Vandecandelaere et
al., 2012) before and after the research treatment. Three domains were selected to assess the
students’ attitude towards learning mathematics. As pointed to many times, these are
mathematics academic self-concept, enjoyment of mathematics, and the perceived value of
mathematics. In this section, the one-way ANOVA and ANCOVA were used to analyse each

domain separately.
4.2.2.1.1 Mathematics Academic Self-concept

Once more, one-way ANOVA was used on pre-test of mathematics academic self-
concept to ensure that all students across the groups were in same conditions before the
treatment. Thus, the results in Table (4.8) show that there was no statistically significant

difference in the pre-test of mathematics academic self-concept between groups (F = 1.454, p
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= 0.240 > 0.05) (see Appendix 4.8). Accordingly, all research groups were the same in terms

of mathematics academic self-concept for implementation of the treatment.

Group N Mean SD F Sig.
GeoGebra 25 34.72 4.83 1.454 0.240
Hands-on 26 37.27 6.12
Traditional Teaching 26 36.73 5.77

Table 4.8 Summary of the Descriptive statistics for Mathematics Academic Self-concept Pre-test

After three weeks of the research treatment, students across research groups performed
post-test mathematics academic self-concept at the end of the research experiment. Thus, one-
way ANOVA was employed to compare the impact of teaching intervention with GeoGebra,
teaching intervention with hands-on, and traditional teaching on mathematics academic self-
concept. The results in Appendix (4.9) indicate that there was a significant impact from the
teaching intervention on students” mathematics academic self-concept at the (p < 0.05) level
for the three conditions [F (2,74) = 4.336, p = 0.017].

Group N Mean Std. Std. 95% Confidence Interval Minim Maxim
Deviation Error for Mean um um
Lower Upper
Bound Bound
Geogebra 25 41.96 559375  1.1187 39.6510 44.2690 32.00 50.00
00 5
Hands-on 26 37.42 7.28030  1.4295 34.4789 40.3673 23.00 50.00
31 5
Traditional 26 36.92 7.07063  1.3866 34.0672 39.7790 23.00 48.00
teaching 31 7

Table 4.9 Summary of the Descriptive statistics for mathematics academic self-concept post-test

Afterward, post hoc comparisons using the Tukey HSD test were applied and the results
showed that the mean score for the teaching intervention with the GeoGebra condition was
significantly different than the hands-no, and the traditional teaching conditions (see Appendix
4.9 and Table 4.9). However, the teaching intervention with hands-on condition was not
significantly different from the traditional teaching condition (see Appendix 4.9 and Table 4.9).
Compared to findings previously found in this research, the teaching intervention with
GeoGebra significantly impacted mathematics academic self-concept, similar to geometric
performance, spatial thinking, and sustainable learning. However, this result slightly differed

from geometric performance and sustainable learning, which were improved by the teaching
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intervention with the hands-on condition. While the teaching intervention with the hands-on
condition had no significant impact on the mathematics academic self-concept and spatial

thinking.

Taken together, these results imply that the teaching intervention with GeoGebra really
does have an impact on students’ mathematics academic self-concept. Particularly, the results
reveal that when students learn geometry with teaching intervention using GeoGebra, they
improve their mathematics academic self-concept better than students who studied geometry
with traditional teaching. However, it ought to be noted that teaching intervention with

Geogebra helps students to develop better mathematics academic self-concept.

In the second phase of analysing mathematics academic self-concept, | utilised
covariance ANCOVA analysis to compare the effectiveness of three teaching methods' whilst
controlling for prior experience. The findings in Appendix (4.10) reveal that there were
statically significant differences [F (2,73) = 6.761, p = 0.002 < 0.05] between teaching methods,
whilst adjusted for previous experience. The partial Eta Squared value (n2 = 0.156) suggests
the impact size of the research treatment, which means about 16% of the improvement in
students’ mathematics academic self-concept, resulted from the research treatment. Regarding
Cohen guidelines, the effect size of the teaching intervention on the mathematics academic self-

concept is small (Cohen, 1992).

The Post hoc test (Pairwise Comparisons table) in Appendix (4.10) showed that there
were significant differences between teaching intervention with GeoGebra and teaching
intervention with hands-on (p = 0.003 < 0.05), and between teaching intervention with
GeoGebra and traditional method (p = 0.002 < 0.05). Yet, the results showed that there were no
significant differences between teaching intervention with hands-on and traditional teaching (p
=.0877 > 0.05).

Group Mean Std. 95% Confidence Interval
Error Lower Upper Bound
Bound
Geogebra 42.6112 1.279 40.062 45.161
Hands-on 36.9962 1.246 34.513 39.479
Traditional 36.7242 1.240 34.252 39.196
teaching

a. Covariates appearing in the model are evaluated at the following values:
Mathematics Academic Post-test = 36.2597.

Table 4.10 Estimates marginal means
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The above Table (4.10) showed that the most mathematics academic self-concept
improvement resulted from teaching intervention with GeoGebra (M = 42.611), compared to
teaching intervention with hands-on and traditional teaching (M = 36.996, 36.724, respectively).
Hence, it can be said that the GeoGebra group made better improvements than the other two
groups. This means teaching intervention with GeoGebra can play a crucial role to help students
improve their mathematics academic self-concept compared to hands-on and traditional
teaching condition. In other words, learning geometry using GeoGebra has a positive impact

on students’ mathematics academic self-concept.

In conclusion, the above findings from the one-way ANOVA, and ANCOVA have
shown that teaching intervention with GeoGebra helps students to improve their mathematics
academic self-concept more than teaching intervention with hands-on and traditional teaching.
Specifically, students who learned geometry using GeoGebra improve their mathematics
academic self-concept more than other students taught by other teaching methods in this
research. In a nutshell, teaching intervention with GeoGebra can help students improve their
mathematics academic self-concept better than other teaching strategies by 16%. Thus, this
section has answered the research question, “What is the impact of teaching intervention using

GeoGebra on students’ mathematics academic self-concept?”.
4.2.2.1.2 Enjoyment of Mathematics

One more time, one-way ANOVA has been used on pre-test for enjoyment of
mathematics to ensure that all students across the groups are not different before the treatment.
Consequently, the results in Table (4.11) reveal that there were no statistically significant
differences in the pre-test for enjoyment of mathematics between groups (F = 0.15, p = 0.861 >
0.05), as shown in the Appendix (4.11). Accordingly, all research groups were equal in terms

of enjoyment of mathematics for implementation of the treatment.

Group N Mean SD F Sig.
GeoGebra 25 27.80 5.39 0.150 0.861
Hands-on 26 28.54 5.32
Traditional Teaching 26 28.65 7.17

Table 4.11 Summary of the Descriptive statistics for Enjoyment of Mathematics Pre-test

Three weeks later, at the end of the research treatment, students across research groups
performed post-test enjoyment of mathematics. Thus, one-way ANOVA was applied to
compare the impact of teaching intervention with GeoGebra, teaching intervention with hands-
on, and traditional teaching on students’ enjoyment of mathematics. The results in Table (4.12)
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show that there was a significant impact of teaching intervention on students’ enjoyment of
mathematics at the (p < 0.05) level for the three conditions [F (2,74) = 4.256, p = 0.018].

N Mean Std. Std. 95% Confidence Interval Minim Maxim
Deviation Error for Mean um um
Lower Upper
Bound Bound
Geogebra 25 33.76 571022  1.1420 31.4029 36.1171 20.00 40.00
00 4
Hands-on 26 29.73 5.45203  1.0692 27.5286 31.9329 18.00 37.00
08 3
Traditional 26 29.50 6.31348  1.2381 26.9499 32.0501 8.00 36.00
teaching 00 7

Table 4.12 Summary of the Descriptive statistics for Enjoyment of Mathematics post-test

As one-way ANOVA does not reveal which group has a statistically significant
difference, post hoc using Tukey HSD was employed. Therefore, post hoc comparisons using
the Tukey HSD test showed that the mean score for the teaching intervention with GeoGebra
condition was significantly different than the hands-on condition, and the traditional teaching
condition (see Appendix 4.12 and Table 4.12). Nevertheless, the teaching intervention with
hands-on condition was not significantly different from the traditional teaching condition (see
Appendix 4.12 and Table 4.12). Taken together, these outcomes indicate that the teaching
intervention with GeoGebra condition has an impact on students’ enjoyment of mathematics.
Specifically, the findings show that when students learn geometry with teaching intervention
using GeoGebra, they enjoy learning mathematics more than students who studied geometry
with hands-on and traditional teaching conditions. However, it should be noted that teaching
intervention with Geogebra made students enjoy more in learning mathematics than using
hands-on materials to learn geometry, which means using GeoGebra raises students’ enjoyment

of mathematics

In the second stage of analysing enjoyment of mathematics data, | employed covariance
ANCOVA analysis to compare the impact of the three teaching strategies in this research whilst
controlling for past experience. The results in Appendix (4.13) show that there was a
statistically significant difference [F (2,73) = 6.243, p = 0.003 < 0.05] between teaching
methods, whilst adjusted for previous experience. The partial Eta Squared value (2 = 0.146)

indicates the impact size of the research treatment, which means roughly 15% of the increase
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in students’ enjoyment of mathematics resulted from the research treatment. Concerning Cohen
guideline, the effect size of the teaching intervention on the enjoyment of mathematics is small
(Cohen, 1992).

The post hoc test (Pairwise Comparisons) in Appendix (4.13) proved that there were
significant differences between teaching intervention with GeoGebra and teaching intervention
with hands-on (p = 0.004 < 0.05); also, between teaching intervention with GeoGebra and
traditional method (p = 0.002 < 0.05). However, there were insignificant differences between

teaching intervention with hands-on and traditional teaching (p = .0846 > 0.05).

Group Mean Std. Error 95% Confidence Interval

Lower Bound Upper Bound
Geogebra 33.9982 1.047 31.912 36.084
Hands-on 29.6422 1.025 27.598 31.685
Traditional 29.360? 1.026 27.316 31.404
teaching

a. Covariates appearing in the model are evaluated at the following values: Enjoyment of Mathematics Pre-
test = 28.3377.

Table 4.13 Estimates marginal means

Considering the above Table (4.13), comparing the estimated marginal means, revealed
that the most enjoyment of mathematics improvement on teaching intervention was with
GeoGebra (M = 33.998), compared to teaching intervention with hands-on and traditional
teaching (M = 29.642, 29.360, respectively). These results suggested that teaching intervention
with GeoGebra helps students to increase their enjoyment of mathematics. In other words,
learning geometry using GeoGebra makes students enjoy learning mathematics more. In
contrast, these results are similar to mathematics academic self-concept, spatial thinking,
geometric performance, and sustainable learning, regarding the significant impact of the
teaching intervention with GeoGebra condition on them. These results differ from the geometric
performance and sustainable learning, since the teaching intervention with the hands-on
condition had a significant impact on them, whereas the teaching intervention with the hands-
on condition had no significant impact on the enjoyment of mathematics, mathematics

academic self-concept, and spatial thinking.

To conclude, the above outcomes from the one-way ANOVA and ANCOVA have
indicated that teaching intervention with GeoGebra supports students to enhance their
enjoyment of mathematics more than hands-on and traditional teaching conditions. Students

who learned geometry using GeoGebra increase their enjoyment of mathematics. To sum up,

132



teaching intervention with GeoGebra helps students increase the enjoyment of mathematics
better than other teaching conditions in this research by about 15%. Hence, this section has
answered the research question, “What is the impact of teaching intervention using GeoGebra

on students’ enjoyment of mathematics?”.
4.2.2.1.3 Perceived Value of Mathematics

Once again, one-way ANOVA had been used on pre-test of perceived value of
mathematics to ensure that all students across the groups are not different before the treatment.
Therefore, the results in Table (4.14) demonstrate that there were no statistically significant
differences in the pre-test of perceived value of mathematics between groups (F = 2.068, p =
0.134 > 0.05). Accordingly, all research groups were equal in terms of perceived value of

mathematics for implementation of the treatment.

Group N Mean SD F Sig.
GeoGebra 25 33.68 7.91 2.068 0.134
Hands-on 26 36.19 5.69
Traditional Teaching 26 37.42 6.31

Table 4.14 Summary of the Descriptive statistics for Perceived Value of Mathematics Pre-test

Three weeks later, students across research groups performed post-test of perceived
value of mathematics. Consequently, one-way ANOVA was employed to compare the impact
of teaching intervention with GeoGebra, teaching intervention with hands-on, and traditional
teaching on students’ perceived value of mathematics. The results in Table (4.15) showed that
there was a statistically significant impact from teaching intervention on students’ perceived
value of mathematics at (p < 0.05) level for the three conditions [F (2,74) = 6.312, p = 0.003].

N Mean Std. Std. 95% Confidence Interval Minim Maxim
Deviation Error for Mean um um
Lower Upper
Bound Bound
Geogebra 25 41.72 571198  1.1424 39.3622 44.0778 22.00 47.00
00 0
Hands-on 26 37.73 4.82956  .94715 35.7801 39.6815 28.00 45.00
08
Traditional 26 36.46 590749  1.1585 34.0755 38.8476 17.00 43.00
teaching 15 5

Table 4.15 Summary of the Descriptive statistics for Perceived Value of Mathematics post-test
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Next, post hoc comparisons using the Tukey HSD test were employed to identify which
group has a statistically significant difference. The results indicated that the mean score for the
teaching intervention with GeoGebra condition was significantly different than the hands-on
condition, and the traditional teaching condition (see Appendix 4.15 and Table 4.15). However,
the teaching intervention with hands-on condition was not significantly different from the
traditional teaching condition (see Appendix 4.15 and Table 4.15). Taken together, these
outcomes suggest that the teaching intervention with GeoGebra has an impact on students’
perceived value of mathematics. Specifically, the findings demonstrate that when students learn
geometry with teaching intervention using GeoGebra, they improve their perceived value of
mathematics better than other students who studied geometry with hands-on and traditional
teaching. This means that teaching intervention with Geogebra helps student to develop better
perceived value of mathematics. In comparison to the previous results found in this research,
these results are similar to mathematics academic self-concept, enjoyment of mathematics,
spatial thinking, geometric performance, and sustainable learning, concerning the significant
impact of the teaching intervention with GeoGebra condition on them. At the same time, the
teaching intervention with the hands-on condition had no significant impact on the perceived
value of mathematics, enjoyment of mathematics, mathematics academic self-concept, and
spatial thinking. Importantly, the geometric performance and sustainable learning improved by
using the teaching intervention with the hands-on condition.

Next, | applied covariance ANCOVA analysis to compare the effectiveness of three
teaching methods whilst controlling for past experience. The results in Appendix (4.16)
illustrate that there were statically significant differences [F (2,73) = 8.094, p = 0.001 < 0.05]
between teaching methods, whilst adjusted for previous experience. The partial Eta Squared
value (n2 = 0.182) denotes the effect size of the research treatment, which means approximately
18% of the growth in students’ perceived value of mathematics resulted from the research
treatment. According to the Cohen guideline, the effect size of the teaching intervention on the
perceived value of mathematics is small (Cohen, 1992).

The post hoc test (Pairwise Comparisons table) in Appendix (4.16) demonstrated that
there were statistically significant differences between teaching intervention with GeoGebra
and teaching intervention with hands-on (p = 0.004 < 0.05); also, between teaching intervention
with GeoGebra and traditional method (p = 0.000 < 0.05). However, there was no significant
difference between teaching intervention with hands-on and traditional teaching (p = .315 >
0.05).
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Group Mean Std. 95% Confidence Interval

Error Lower Upper Bound
Bound
1.00 42.1382 1.093 39.959 44.316
2.00 37.6528 1.055 35.549 39.754
3.00 36.139° 1.065 34.016 38.262

a. Covariates appearing in the model are evaluated at the following values:
Perceived Value of Mathematics Post-test = 35.7922.

Table 4.16 Estimates marginal means

The above Table (4.16) compares the estimated marginal means, showing that the most
perceived value of mathematics improvement resulted from the teaching intervention with
GeoGebra (M = 42.138), compared with teaching intervention with hands-on and traditional
teaching (M =37.652, 36.139 respectively). Therefore, it can be said that GeoGebra group made
better improvement than the other two groups. This means teaching intervention with GeoGebra
enhances students to improve their perceived value of mathematics better than other teaching
ways without GeoGebra. In other words, these results indicated that teaching intervention with

GeoGebra enhances students to improve their perceived value of mathematics.

In conclusion, the above outcomes from the one-way ANOVA and ANCOVA have
shown that teaching intervention using GeoGebra helps students to enhance their perceived
value of mathematics more than hands-on and traditional teaching. Particularly, students who
learned geometry using GeoGebra improve their perceived value of mathematics better than
other students. To sum up, teaching intervention with GeoGebra supports students to increase
their perceived value of mathematics better than hands-on and traditional teaching conditions
by about 18%. Overall, the above outcomes from mathematics academic self-concept,
enjoyment of mathematics, and perceived value of mathematics indicated that teaching
intervention with GeoGebra enhances students to develop a positive attitude towards learning
mathematics. Therefore, this section has answered the research question, “What is the impact

of teaching intervention using GeoGebra on students’ enjoyment of mathematics?”.
4.2.2.1.4 Summary

To sum up, the above sections explored the research question What is the impact of
teaching intervention using GeoGebra on students’ attitudes towards learning mathematics,
including three domains (mathematics academic self-concept, enjoyment of mathematics, and
the perceived value of mathematics)? And which were improved due to the research treatment?.

The findings showed that teaching intervention with the GeoGebra condition significantly
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impacted these three domains. Therefore, students who learned geometry using GeoGebra had
more significant positive changes in their attitude towards learning mathematics than those who
learned geometry using teaching intervention with the hands-on condition and traditional

teaching.

These results are similar to the above findings (sections 4.2.1; 4.2.2.1) on the impact of
the research teaching intervention with GeoGebra on geometric performance, spatial thinking,
and sustainable learning. It can be said that teaching intervention with GeoGebra helps students
develop a positive attitude towards mathematics and improve students’ spatial thinking skills,
which thus, helped them improve their geometric performance and sustainable learning. Hence,
it is worth investigating how the GeoGebra student group had developed their views on learning
geometry using GeoGebra over time through the intervention. Therefore, the following section
will explore how the GeoGebra group changed their opinions on using GeoGebra throughout

the research experiment.
4.2.2.2 GeoGebra Learning Process

The students’ views of learning geometry using GeoGebra was explored by using
GeoGebra visual questionnaire before and at the end of each week of the research experiment,
and after the research experiment finished. Therefore, a one-way repeated measure ANOVA
was conducted to compare the effect of the time of using GeoGebra on the students’ views on

their learning process using GeoGebra; before, during, and after the research treatment.
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)] ) Mean Std. Sig.? 95% Confidence Interval for

Time Time Difference (I- Error Difference®
J) Lower Bound Upper Bound
Before Week1 -7.120 3.863 466 -18.227 3.987
Week2 -17.840" 3.742 .000 -28.600 -7.080
After -26.160" 3.742 .000 -36.917 -15.403
Week1 Before 7.120 3.863 466 -3.987 18.227
Week2 -10.720" 2.482 .001 -17.857 -3.583
After -19.040" 2.879 .000 -27.317 -10.763
Week?2 Before 17.840" 3.742 .000 7.080 28.600
Week1l 10.720" 2.482 .001 3.583 17.857
After -8.320" 1.695 .000 -13.193 -3.447
After Before 26.160" 3.742 .000 15.403 36.917
Week1 19.040" 2.879 .000 10.763 27.317
Week?2 8.320" 1.695 .000 3.447 13.193

Based on estimated marginal means
*. The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Bonferroni.
Table 4.17 Paired Samples T-test s with a Bonferroni Correction
The results from Mauchly's Test of Sphericity (Appendix 5.17) show that the data has
not met the assumption of sphericity, as Mauchly’s test was statistically significant (p = 0.002
< 0.05). As the sphericity was violated, the Greenhouse-Geisser test was used, which adjusts
the degrees of freedom of the one-way repeated measures ANOVA. Further, tests of Within-
Subjects Effects (Appendix 5.17) indicate that Greenhouse-Geisser test was statistically
significant [F (2.099, 50.383) = 26.555, p = .000 < .05]. This means that there was a difference
between times of using GeoGebra on students’ views on learning geometry using GeoGebra.
Post hoc using Bonferroni correction (Table. 4.17) revealed that there was no statistically
significant difference between students’ views on using GeoGebra before the research treatment
(M =64.72, SD = 21.71) and at the end of the first week of the research experiment (M = 71.84,
SD = 17.32, (p = 0.466 > 0.05). However, the mean scores of students’ views of GeoGebra
positively improved after weeks of the research experiment (M = 82.56, M = 90.88,
respectively), since the finding shows statistically significant differences from pre-treatment
and first week. Therefore, it can be said that students developed a positive view of GeoGebra

over time, but this is not before week one of studying using GeoGebra.
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Mean Std. Deviation N

Before Treatment 64.7200 21.71121 25
Week 1 71.8400 17.32455 25
Week 2 82.5600 10.61477 25
After Treatment 90.8800 9.44863 25

Table 4.18 Summary of the Descriptive statistics

To conclude, participants used GeoGebra for three weeks. Their views on their learning
process using GeoGebra were measured before the research experiment, during the research
treatment and after the research experiment. Testing normality of data was carried out on the
residuals, which were approximately normally distributed. Repeated measures ANOVA with a
Greenhouse-Geisser correction indicated that mean of students’ views on using GeoGebra
differed significantly between time points [F (2.099, 50.383) = 26.555, p = .000 < .05]. In
addition, post hoc tests applying the Bonferroni correction revealed that students tend to make
positive views on learning geometry using GeoGebra. As shown in Figure (5.1), there was a
steady growth in students’ views using GeoGebra, and then, no sign of flattening off at least
over the time of the research experiment, which means students tend to prefer learning geometry
using GeoGebra the more they use it. Consequently, this section has answered the research

question, “What are the students’ views on learning using GeoGebra over time?”.

90.00

50.00

70.00-

Estimated Marginal Means

60.00

Time

Figure 4.1 Summary of the Descriptive statistics for Students’ Impression on Using GeoGebra over the time of
Research Experiment
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4.2.2.3 Summary

Pre- and post-tests were employed to explore the effects of the research intervention
using GeoGebra on students’ geometric performance, spatial thinking, sustainable learning, and
attitude towards learning mathematics in three domains mentioned before. Three groups were
assigned with the same teacher to be part of this research. Two groups were taught using the
research teaching intervention; one instructed using GeoGebra, and the other using hands-on
material, while the third group was traditionally taught. The results showed significant
differences between research groups in favour of the GeoGebra group, in terms of geometric

performance, spatial thinking, sustainable learning, and attitude towards learning mathematics.

In addition, teaching intervention with the hands-on group was significantly different
from the traditional teaching group in terms of geometric performance and sustainable learning.
This indicates that the outcomes of implementing teaching intervention in the classroom,
whether using GeoGebra or hands-on material, is better than traditional methods in improving
students’ geometric performance and sustainable learning, with a preference of using GeoGebra.
Besides, teaching intervention with GeoGebra improves students’ spatial thinking and attitude
towards learning mathematics more than hands-on and traditional teaching conditions. Overall,
it can be said that teaching intervention with GeoGebra plays a pivotal role to help students
develop a positive attitude towards learning mathematics and improve their spatial thinking
skills, and then, improve students' geometric performance and sustainable learning.

Within the GeoGebra class, students’ views of their learning using GeoGebra over time
showed steady growth, where they became more positive over the time of the research
experiment as they used it more. Accordingly, the following section will examine the
relationships between research variables. The reason behind this is to investigate if the
improvement of the learning process variables that occurred due to the research treatment led
to developing learning outcome variables. Furthermore, this process can help explore how
developing students' attitudes towards learning mathematics and improving spatial thinking

skills can enhance students' geometric performance.
4.2.3 Correlations Examination

This section will present the result of the correlations between the geometric
performance and other variables of this research, using simple linear regression and multivariate
linear regression. In the beginning, | examined the relationship between geometric performance
and the other research variables separately, using simple linear regression. After that, the
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correlation between geometric performance and other research variables, including students’
performance level (high achiever and low achiever) and research treatment, were investigated
using multivariate regression. The findings in this section can help in explaining how each
variable impacts the other variables. Besides, it can elucidate that if there is an improvement in

one variable, to what extent that can explain the improvement in the other variables.
4.2.3.1 The Relationship between Geometric Performance and Spatial Thinking

The simple linear regression was employed to test the relationship between geometric
performance and spatial thinking. The result in the Appendix (4.18) indicated that there was a
positive correlation between the two variables [r =0.483, N =77, p =0.000 < 0.001]. According
to Evans (1996), the correlation between geometric performance and spatial thinking was

medium.

As a result, a simple linear regression was computed to predict geometric performance
based on spatial thinking. The outcomes in Appendix (4.18) showed a significant regression
equation was found [F (1,75) = 22.803, p = 0.000 < 0.001], with an R? of 0.233. Therefore, the
model containing only spatial thinking can explain 23.3% of the variation in geometric
performance score. Participants’ predicted geometric performance is equal to 0.347 + 0.449 *
(Spatial thinking) (Appendix 4.18). This means students’ geometric performance score
increased 0.347, for each score of spatial thinking. In other words, the slope coefficient for
spatial thinking skills score was 0.347; so, the score of geometric performance increased by
0.347 for each extra score of the spatial thinking skills test. To sum up, improving students’
spatial thinking skills leads to refining the geometric performance. Therefore, this section has
answered the research question, “What is the relationship between geometry performance and

spatial thinking?”.

4.2.3.2 The Relationship between Geometric Performance and Mathematics Academic

Self-concept

The simple linear regression was used to test the relationship between geometric
performance and mathematics academic self-concept. The result in Appendix (4.19, Table 1)
revealed that there was a positive correlation between the two variables [r =0.494, N=77,p =
0.000 < 0.001]. As per Evan (1996), the correlation between geometric performance and

mathematics academic self-concept was medium.

140



Therefore, a simple linear regression was calculated to predict geometric performance
based on mathematics academic self-concept. The outcomes in Appendix 4.19, Tables 2 and 3
showed that a significant regression equation was found [F (1,75) = 24.167, p = 0.000 < 0.001],
with an R? of 0.244. Consequently, the model containing mathematics academic self-concept
can explain 24.4% of the geometric performance score variation. Students’ predicted geometric
performance is equal to 2.285 + 0.278 * (mathematics academic self-concept) (Appendix 4.19,
Table 4). This means students’ geometric performance score improved 0.278 for each score of
the mathematics academic self-concept. In other words, the slope coefficient for mathematics
academic self-concept score was 0.278; so, the score of geometric performance improved by
0.278 for each extra score of the mathematics academic self-concept test. To conclude,
enhancing students’ mathematics academic self-concept leads to improving geometric
performance. Hence, this section has answered the research question, “What is the relationship

between geometry performance and Mathematics academic self-concept?”.

4.2.3.3 The Relationship between Geometric Performance and Enjoyment of Mathematics

The simple linear regression was used to test the relationship between geometric
performance and enjoyment of mathematics. The result in Appendix 4.20, Table 1 revealed that
there was positive correlation between the two variables [r = 0.256, N = 77, p = 0.01 < 0.05].
According to Evan (1996), the correlation between geometric performance and enjoyment of

mathematics was weak.

Consequently, a simple linear regression was calculated to predict geometric
performance based on enjoyment of learning mathematics. The outcomes in Appendix 4.20,
Tables 2 and 3) showed a significant regression equation was found [F(1,75) = 5.244, p = 0.025
< 0.05], with an R? of 0.065. Consequently, the model containing enjoyment of mathematics
can explain 6.5% of the geometric performance score variation. Students’ predicted geometric
performance is equal to 7.919 + 0.165 * (enjoyment of mathematics) (Appendix 4.20, Table 4).
This means students’ geometric performance score improved by 0.278 for each score of the
mathematics academic self-concept. In other words, the slope coefficient for mathematics
academic self-concept score was 0.165; so, the score of geometric performance improved by
0.165 for each extra score of the enjoyment of mathematics test. To conclude, enhancing
students’ enjoyment of mathematics leads to improving geometric performance. Thus, this
section has answered the research question, “What is the relationship between geometry

performance and enjoyment of mathematics?”.
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4.2.3.4 The Relationship between Geometric Performance and Perceived Value of

Mathematics

Once more, the simple linear regression was applied to test the correlation between
geometric performance and perceived value of mathematics. The findings in Appendix 4.21,
Table 1 proved that there was a positive correlation between the two variables [r = 0.503, N =
77, p = 0.000 < 0.001]. As per Evan (1996), the correlation between geometric performance

and perceived value of mathematics was moderate.

Hence, a simple linear regression was calculated to predict geometric performance
based on perceived value of mathematics. The results in Appendix (4.21, Tables 2 and 3)
indicated that a significant regression equation to predict geometric performance based on the
perceived value of mathematics was discovered [F(1,75) = 25.393, p = 0.000 < 0.001], with an
R? of 0.253. Therefore, the model containing the perceived value of mathematics can explain
25.3% of the geometric performance score variation. Students’ predicted geometric
performance is equal to 0.03 + 0.337 * (perceived value of mathematics) (Appendix 4.21, Table
4). This means students’ geometric performance score improved by 0.337 for each score of the
perceived value of mathematics. In other words, the slope coefficient for the perceived value of
mathematics score was 0.337. Thus, the score of geometric performance improved by 0.337 for
each extra score of the perceived value of mathematics test. In conclusion, enhancing students’
perceived value of mathematics leads to developing geometric performance. Then, this section
has answered the research question, “What is the relationship between geometry performance

and perceived value of mathematics?”.
4.2.3.5 The Relationship between Geometric Performance and Sustainable Learning

The simple linear regression was utilized to test the correlation between geometric
performance and sustainable learning. The outcome in Appendix 4.22, Table 1 revealed that
there was a positive correlation between the two variables [r =0.644, N =77, p =0.000 < 0.001].
In line with Evan (1996), the correlation between geometric performance and sustainable

learning was strong.

Thus, again, the simple linear regression was employed to predict sustainable learning
based on geometric performance. The outcomes in Appendix (4.22, Tables 2 and 3) proved a
significant regression equation was found [F(1,75) = 53.016, p = 0.000 < 0.001], with an R? of
0.414. Hence, the model containing geometric performance can explain 41.4% of the variation
in sustainable learning score. Students’ predicted sustainable learning is equal to 2.777 + 0.545
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* (geometric performance) (Appendix 4.22, Table 4). This means students’ sustainable learning
score improved by 0.545 for each score of geometric performance. In other words, the slope
coefficient for the geometric performance score was 0.545; therefore, the score of sustainable
learning increases by 0.545 for each extra score of the geometric performance test. To conclude,
improving students’ geometric performance leads to better sustainable learning, and they can
maintain their experience as long as possible. Therefore, this section has answered the research
question, “What is the relationship between geometry performance and sustainable learning? ”.

4.2.3.6 The Relationship between Geometric Performance, spatial thinking and attitude

towards mathematics

Since learning is a complex operation, and many variables impact learning outcomes,
they cannot be separated. This suggests that the correlation between students’ performance and
the other research variables should be tested together using a multivariate regression test.
Therefore, multivariate regression was employed to explore the relationship between geometric
performance and spatial thinking attitude towards mathematics. This will also explore if the
research intervention improves the lower achiever students’ performance more than higher
achievers by adding a geometric performance level (low and high), as a dummy variable (see

section 4.6 for grouping scheme).

Hence, a multivariate regression was carried out to investigate the relationship between
geometric performance and the other research variables. The result in the correlation table in
Appendix (4.23) shows there was no statistically significant different relationship between
geometric performance and students’ performance level. However, the result also indicated that
there was a significant positive correlation between geometric performance and research
treatment [r = 0.519, N = 77, p = 0.000 < 0.001], geometric performance and spatial thinking [r
=0.488, N =77, p =0.000 < 0.001], and geometric performance and students’ attitude towards
mathematics [r =0.496, N = 77, p = 0.000 < 0.001]. According to Evan (1996), the correlations
between geometric performance and spatial thinking and students’ attitude towards

mathematics were medium.

The outcome in the ANOVA table in Appendix (4.23) indicated that the multivariate
regression model with all predictor variables was significant and produced the equation (F (5,71)
= 10.27, p = .000), with an R2 of 0.42. Hence, this correlation explains 42% of geometric
performance post-test. Furthermore, participants’ predicted geometric performance post

intervention is equal to 47.138 + 1.487 (research treatment) — 0.038 (students' performance
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level) — 0.183 (geometric performance pre-test) + 0.226 (spatial thinking) + 0.068 (attitude
towards mathematics), where research treatment was coded as GeoGebra = 3, Hands-on = 2,
traditional teaching = 1, and the students' performance level based on geometric performance

pre-test score was coded as high achiever = 1, low achiever = 0.

As shown in the coefficient table in Appendix (4.23), research treatment, spatial
thinking, and students’ attitude towards mathematics had significant positive regression and
thus, they were significant predictors (p = 0.004 < 0.05, p = 0.029 < 0.05, p = 0.011 < 0.05,
respectively). Therefore, participants’ geometric performance post-test increased by 0.226
scores, for each score of spatial thinking post-test, and increased 0.068 scores, for each score
of students’ attitudes towards mathematics post-test. Besides, studying geometry using teaching
intervention with GeoGebra improved participants’ geometric performance post-test by 1.487
scores for each session. Furthermore, the GeoGebra group (high score pre) is showing a
significant improvement in geometric post-test over low pre-test. As geometric performance
pre-test is not significant, then this result is true and unrelated to their pre-test score. But it is
related to having higher scores in spatial thinking (B = 0.226, p<0.05) and greater values in
total attitude (B = 0.068, p<0.05). Consequently, this section has answered the research
question, “What are the relationships between geometry performance and spatial thinking,
sustainable learning, and students’ attitude towards Mathematics?”. At the same time, it has
explored the impact of teaching intervention using GeoGebra on geometric performance
controlling spatial thinking, students’ attitudes towards mathematics, students’ performance

level (low and high), and students’ prior geometric experience.
4.2.4 Conclusion

The above sections have demonstrated the quantitative analysis of the research data.
The first section presented the outcome from the impact of the research treatment, and the
second section explored the relationship between the research variables. The outcomes of the
first part of this analysis show that there was a significant impact from the research treatment
in favour of integrating GeoGebra into teaching intervention, in terms of geometric
performance, spatial thinking, sustainable learning, students’ attitude towards mathematics
(including mathematics academic self-concept, enjoyment of mathematics, and the perceived
value of mathematics). This is while the results of the second part indicated that there was a
moderate positive relationship between geometric performance and spatial thinking,
mathematics academic self-concept, and the perceived value of mathematics, and a weak
positive relationship with the enjoyment of mathematics. Moreover, the multivariate regression
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revealed that there was a moderate correlation between geometrics performance and spatial
thinking and total students’ attitude towards mathematics. It can be said that the research
treatment improves students’ spatial thinking, mathematics academic self-concept, enjoyment
of mathematics, and the perceived value of mathematics geometric performance, which likely

helps students to improve their geometric performance.

Nevertheless, all the above indications show both immediate and delayed outcomes of
the research implementation, as explained in section (3.12). Since the learning environment
includes a social setting and the research participants were performing the research task in pairs,
it is worth investigating their interaction patterns while performing GeoGebra tasks to

determine what interaction patterns can help students improve their achievement.
4.3 Section 2: Qualitative Data Analysis

This section is going to introduce qualitative data analysis. The data in this section tries
to explore the pairs’ interactions while learning using GeoGebra. The pairs were grouped based
on their geometric performance pre-test score in 12 groups. The high achiever students were
put with low achiever students and the moderate achievers were grouped together (see section
3.7 and 3.12 for more details).

The data analysis consisted of two phases. Firstly, pair activity data were analysed for
the patterns of pair interaction and the salient characteristics that distinguish these patterns
based on Storch’s dyadic patterns of interaction (2002). To do so, the ATLAS.ti qualitative data
analysis software edition 9 was employed to perform video data analysis. In the second phase,
the data analysis tries to determine the effect of pair interaction on geometric achievement and
attitude towards mathematics. Therefore, the pair interaction patterns will be associated with
their geometric performance test score, spatial thinking, sustainable learning, and attitude
towards learning mathematics scores (Figure 4.2). the following sections will present

qualitative data analysis process of both phases.
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Figure 4.2 Content of The Second Phase of The Qualitative Data Analysis

4.3.1 Phase 1: Patterns of Pair Interaction

The data analysis in this stage was based on the dyadic interaction model found by
Storch (2002). This model distinguishes between four patterns of pair interaction: collaborative,
dominant/dominant, dominant/passive, and expert/novice. She identified these patterns on the
basis of equality and mutuality (see section 3.14.1). The criteria of each pattern as identified by
Storch (2002) was applied on each GeoGebra task. In addition, other interaction patterns
emerged during the analysis, promoting the creation of additional criteria. As a result, video
data analysis began with four interaction patterns, namely: collaborative, dominant/dominant,
dominant/passive, and expert/novice. Thereafter, it ended up with six patterns of interaction:
collaborative pattern in the quadrant 1, dominant/dominant, cooperative, and passive/passive in

quadrant 2, dominant/passive in quadrant 3, and expert/novice in quadrant 4 (Figure 4.3).
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Figure 4.3 Model of Dyads Patterns of Interaction

Therefore, the pattern in Quadrant 1 represents moderate to high level of equality and
mutuality and is labelled ‘collaborative’. The term collaborative explains dyadic working
together on all the task activity parts and engaging with each other’s thoughts in which they
retain their concentration on the task aim. Hence, participants create and maintain Joint Problem
Space (JPS) (JPS) (Roschelle and Teasley, 1995). During task activity, pairs discuss different
ideas which lead to resolutions that seem acceptable to both.

Quadrant 2 is labelled ‘dominant/dominant’, ‘cooperative’, and ‘Passive/Passive’.
Firstly, the dominant/dominant pattern of interaction represents moderate to high equality, and
medium to low level of mutuality. Both participants contribute to accomplishing the task’s aim,
but they cannot fully engage with each other’s thoughts. This interaction pattern is featured by
a high degree of disagreements, and they find difficulty reaching an agreement, and both pairs
contribute to the task. Still, they seem to compete to control the task’s activity. While the second
pattern in the quadrant is labelled ‘cooperative’; pairs contribute to the task activity with
moderate to high equality, and low mutuality (Tan et al., 2010). The third pattern of interaction
of this quadrant is labelled ‘passive/passive’; both participants contribute to the task activity
with high equality and low mutuality. Both participants show a weak level of participation and

concentrate on the aim of the task.
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Quadrant 3 is labelled ‘dominant/passive’. The first pattern of interaction in this
quadrant represents medium to low equality and mutuality. In this pattern, one of the pairs takes
the task's role and controls the activities, while the other member seems to be more passive.
Little efforts are made to encourage the passive member to engage in the task’s activities.
Besides, this pattern of interaction is marked by little negotiation as there are few contributions
from the more passive participant. Quadrant 4 is labelled ‘expert/novice’. In this quadrant, the
pattern of interaction represents moderate to low equality, and moderate to high mutuality. In
this pattern, one participant contributes to the task’s activity more than the other member.
However, unlike the dominant/passive pattern, the active participant acts as an expert who

actively encourages the inactive member to participate in the task.

It is crucial to note that pair interaction on each of the tasks was characterised
independently of interaction on other tasks. Then, it was located in the quadrant that best
describes the prevailing pattern manifest in the pair activity on the task. The use of terms such
as low, moderate, and high to explain equality and mutuality levels helped in the process of
categorization. Besides, it had been noticed that during classroom observation and video data
analysis, participants improved their ability to use GeoGebra throughout the research
experiment. Hence, their level patterns of interaction were enhanced day by day during the
research experiment. After identifying the six patterns of pair interaction, the interrater
reliability was checked by giving the data to two raters (see section 3.14.1). The interrater
reliability was calculated using Miles’s formula, and the result shows that the interrater

reliability was 90%, which is considered an acceptable level of reliability (Miles, 1994).

The following Table (4.19) summarises examples that relate to each of the criteria of
each pattern of interaction which were identified by Storch (2002) and found in this analysis.
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Collaborative Pattern of Interaction

Criteria Example
Pair  Evaluates and | 21 S: Look at the image shape, what happened to the
discusses each other’s image after translation?

ideas and fixing their

error

22 S: The shape has changed

23 J: No, nothing happened, nothing changed

24 S: look at the shape has changed

25 J: It is true, the shape has changed its location, but the
shape remains unchanged.

26 S: this is true, see what happened to the order pairs

when the image was shifted four units to the right?

Pair gives explanations
to correct each other
mistakes

5 S: The shape has two vertices.
6 J: No, it has four vertices, look 1,2,3,4 (referring to

Geogebra as shown in screenshot 4.1)

Screenshot (5.1): J refer to GeoGebra to Explain his Idea’s

7S: True

Pair builds on each other

suggestion

8 J: We want to shift the image; the image’s shape will

change?

9 S: shifting the image! | don't know how, do you know?
Both of them silent and thing looking at the PC (see

screenshot 5.2)
Screenshot (4.2): Pair Looking at the PC
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10 J: Yes, translate

11 S: translate, how can we do it?

12 J: from here (He is pointing with his hand at the
transformation icon in Geogebra, see screenshot

(4.3)

Screenshot (4.3): J showing S GeoGebra transformation icon

13 S: Yes, from here, then from here, then we do like

this
Pair  gives negative | Example 1
feedback 6 J: No, it has four vertices, look 1,2,3,4 (referring to

Geogebra as shown in screenshot 4.1)

Screenshot (4.1): J refer to GeoGebra to Explain his Idea’s

Example 2
16 S: What you are doing is wrong, you can translate the

image from here .
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Example 3
23 J: No, nothing happened, nothing changed

Pair provides positive
feedback

Example 1
2 S: all right.

Example 2
15 S: ok.

Pair gives confirmation

Example 1
13 S: Yes, from here, then from here, then we do like this

Example 2
26 S: this is true, see what happened to the order pairs
when the image was shifted four units to the right?

Example 3
31 J: Aha, yes, this is right.

Pair asks and answers on

each other questions

Example 1
9 S: shifting the image! | don't know how, do you know?

10 J: Yes, translate.

Example 2
11 S: translate! how can we do it?

Example 3

21 S: Look at the image shape, what happened to the
image after translation?

Example 2

12 J: from here (He is pointing with his hand at the
transformation icon in Geogebra, see screenshot

4.3)

Screenshot (4.3): J showing S GeoGebra transformation icon

Example 4
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26 S: this is true, see what happened to the order pairs

when the image was shifted four units to the right?

Pair engages critically
and constructively with
each other’s thoughts

following task structure.

8 J: We want to shift the image; the image’s shape will

change?

9 S: shifting the image! I don't know how, do you know?
Both of them silent and thing looking at the PC (see

screenshot 4.2)
Screenshot (4.2): Pair Looking at the PC

10 J: Yes, translate

11 S: translate! how can we do it?

12 J: from here (He is pointing with his hand at the
transformation icon in Geogebra, see screenshot

5.3)

Screenshot (4.3): J showing S GeoGebra transformation icon
, ,\

13 S: Yes, from here, then from here, then we do like
this

14 J: Not like this. Let me do it.

15 S: ok.

16 S: What you are doing is wrong, you can translate the
image from here

17 J: No.
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18 S: translation from here (points to Geogebra)

19 J: Yes, | did it. (his clap his hands, and both were
laughing)

Pair often
resolutions

explaining ideas.

reaches

via

Example 1
5 S: The shape has two vertices.

6 J: No, it has four vertices, look 1,2,3,4 (referring to

Geogebra as shown in screenshot (4.1)

Screenshot (4.1): J refer to GeoGebra to Explain his Idea’s

7 S: True

Example 2

24 S: look at the shape has changed

25 J: It is true, the shape has changed its location, but the

shape remains unchanged.

Dominant/Dominant Pattern of Interaction
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Criteria

Example

Pair contribute to the
task, but it is not a shared

construction.

3 M: You will write the answers on the activity sheet,
and | will do GeoGebra

4 H: No, | will not write. | told you today that | am the
king, I will carry out the activity on Geogebra

5 M: 1 will not write either.

6 M: Do whatever you want. Start doing the task on

Geogebra

The engagement level
with each other’s ideas is
via fixing their mistakes,
which are not always
by

accepted each

participant.

Example 1
14 M: Where will they be located?

15 H: here, then here, then here

s“,',",'//,(f/

16 M: No, the first point will be here, the other one is
here, and then here

5”"7’/;——\‘ 4

Example 2
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24 M: Wrong. 3 points are required, not 4

25 H: 3 points only!

26 M: Yes, | told you that. You were wrong.

Example 3

29 M: Ok, so what is the point represented by the
ordered pair (2,4)?

30H: It'sP

31 M: No, it's S,

32 H: How to be S? Look hereit'sP. X =2and Y =4

33 M: You are wrong. Look. in the first X which is equal
4 and Y equal 2

High level of
disagreement and
inability or difficulty to

reach consensus.

3 M: You will write the answers on the activity sheet,
and | will do GeoGebra

4 H: No, | will not write. | told you today that | am the
king, I will carry out the activity on Geogebra

5 M: I will not write either.

6 M: Do whatever you want. Start doing the task on
Geogebra

(complains to the teacher)
7 H: Today, | am the king. I will carry out GeoGebra
8 M: Represent the points on Geogebra.

9 M: give me the mouse | want to do it
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10 H: No, leave it.

11 M: Say, what the first thing you will do?
12 M: How many points will you represent?
13 H: 3 points, not difficult

14 M: Where will they be located?

15 H: here, then here, then here

16 M: No, the first point will be here, the other one is

here, and then here

sy

17 M: | am telling you the point is here
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iy e

Example 2

29 M: Ok, so what is the point represented by the
ordered pair (2,4)?

30 H: It'sP

31 M: No, it's S.

32 H: How to be S? Look hereitsP. X =2and Y =4

33 M: You are wrong. Look. in the first X which is equal
4 and Y equal 2

34 H: Wait, ask the teacher to see who his answer is

correct

One member dominates
the majority space front
of the PC (e.g., lines 6 —
8 and screenshots).

7 H: Today, | am the king. I will carry out GeoGebra
8 M: Represent the points on Geogebra.
9 M: give me the mouse | want to do it
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10 H: No, leave it.

reach a
both

Difficulty to
resolution  that

could accept.

29 M: Ok, so what is the point represented by the
ordered pair (2,4)?

30H: It'sP

31 M: No, it's S.

32 H: How to be S? Look hereit'sP. X =2and Y =4

33 M: You are wrong. Look. in the first X which is equal
4 and Y equal 2

34 H: Wait, ask the teacher to see who his answer is

correct

Pair do not use the plural

pronoun, and  they
highlight the error in the
other member’s way of

thinking.

Example 1
33 M: You are wrong. Look. in the first X which is equal

4 and Y equal 2
Example2
22 M: I'm telling you to represent the point, and you

don't know what to do

Dominant/Passive Pattern of Interaction
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Criteria

Example

One learner dominate the

task activity and
appropriates the task and

contribute more.

Example 1
4 Y: This is the square

5Y: What is the coordinate?
6 Y: Coordinate! They meant coordinates of the figure

7 Y: these are the coordinates. (writing the results)

Example 2
9Y: How do | find the coordinates of head B?

10 Y like this, see here, we look at the number below
the point on the X axis and then look at the

number on the Y axis

Dominant member asks
self-directed  questions
rather than trying to

involve the other to

Example 1
5Y: What is the coordinate?

Example 2
9Y: How do | find the coordinates of head B?
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contribute to the task

activity.

Dominant pair use self-
directed questions to
his
throughout the task.

guide behaviour

10 Y: like this, see here, we look at the number below

the point on the X axis and then look at the

number on the Y axis

11 S: Yes

One
limited or passive as he

learner  appears
follows what dominant
proposed or suggest. His
participation is sort of
agreeing or confirming

dominant’s ideas.

Example 1
3 S: Right, start drawing

Example 2
8 S: Right

Example 3
11 S: Yes

Passive learner does not
give many suggestion,
and this suggestion is a
type of referring to

dominant learner’s ideas.

13 S: We can use the same method that you suggested

Expert/Novice Pattern of Interaction

Criteria

Example

Expert learner repaired
his pair’s error and did
not impose his opinion

but give explanations.

Example 1
3 0: Here 2

4 J: No,9and 4

5 O: This point A.

6 J: No, this is point C; look, did you see
7 O: yes.
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Example 2
12 J: Ok, what are the new order pairs?

130: A (2,5)
14 J: No, see here 4, point D.

15J: D (4, - 4) See minus!

Expert learner  asks
question to engage other
pair in the task and
encourage him to learn

from the interaction

Example 1
9 J: Now the triangle is ready for the translation, how

can we do it?

10 O: From here (pointing with his hand at GeoGebra)

Example 2
12 J: Ok, what are the new order pairs?

130: A (2,5)

Expert provide positive
feedback and negative
feedback.

Positive feedback

11 J: Yes, from here 1, 2, 3, we made the translation

26 J: Correct, point F is the last point; see it is lucky
(0.4)

Negative feedback

4 J: No,9and 4

6 J: No, this is point C; look, did you see

14 J: No, see here 4, point D.

21 J: No, see point E.
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Novice learner answers | Example 1

on the expert learner’s | 9 J: Now the triangle is ready for the translation, how
questions. can we do it?

10 O: From here (pointing with his hand at GeoGebra)

s L \ ‘
4\

Example 2
19 J: What do you think?

20 O: It seems that what we are doing is wrong
Example 3

24 J: Now, what is the last point?

25 O: Point F

Table 4.19 Summary Findings of Pairs’ Patterns of Interaction

The following excerpts and screenshots from the video-recording data of
GeoGebra tasks present description for the collaborative, cooperative, and
passive/passive patterns of interaction and some of their notable characteristics. For the
Dominant/Dominant, Dominant/Passive, and Expert/Novice patterns of interaction, see
Appendices (4.25, 4.26, and 4.27) for more details and full explanations.

4.3.1.1 Collaborative Pattern of Interaction

Excerpt 1 in Appendix (4.24) is an example of the type of interaction pattern
found in collaborative pairs. It comes from the pair activity of Jasser and Suhail
interacting in doing GeoGebra task (16) (see Appendix 3.14). The two participants
remain to concentrate on the task aim throughout the task process. They contribute
jointly to task structure and engage with each other’s ideas. Their discussion can be
described as a constructive conversation. They assessed and negotiated each other’s
ideas and corrected each other’s mistakes [e.g., lines 5 — 6, 21 — 26, 26 — 31]. These
include some explanations for fixing each other’s mistakes by visualising their
demonstration through referencing GeoGebra [e.g., lines 5— 7 and screenshot 5.1]. Both

participants build on each other’s suggestions [e.g., lines 8 — 13], give negative
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feedback [e.qg., line 6, 16, 23], as well as positive feedback [e.g., line 2, 15], and provide
confirmation [e.g., line 13, 26, 31]. The excerpt also illustrates evidence of the pair
asking each other questions [e.g., line 9, 11, 21, 26], and giving information [e.g., line
10, 12 and screenshot 5.3].

This type of activity in this pattern can be described as ‘exploratory activity’
(Wegerif and Mercer, 1996; Sfard et al., 1998). The pair engages critically and
constructively with each other’s thoughts following task structure. This can be seen, for
instance, in line 8 — 19 concerning the way to perform translation using GeoGebra, and
in line 20 — 31, concerning the task structure exploring translation features. In addition,
often resolutions are reached via the process of explaining and visualising their ideas
with the aid of GeoGebra [e.g., lines 5 — 7, 24 — 25]. Therefore, a high level of equality
and mutuality was revealed in the activity of this pattern of interaction.

Excerpts 1

1 J: Let us see task sheet first

2 S:all right

3 J: (reading task question) In cooperation with your group, bring a picture from

the picture file to GeoGebra .....

4 S: (complete reading the task questions) Write the ordered pairs that are the

vertices.
5 S: The shape has two vertices.
6 J: No, it has four vertices, look 1,2,3,4 (referring to Geogebra as shown in

screenshot 4.1)

Screenshot (4.1): J refer to GeoGebra to Explain his ideas

7 S: True
8 J: We want to shift the image; the image’s shape will change?
9 S: shifting the image! I don't know how, do you know?
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10
11
12

Both of them silent and thing looking at the PC (see screenshot 4.2)

Screenshot (4.2): Pair Looking at the PC

J: Yes, translate
S: translate, how can we do it?

J: from here (He is pointing with his hand at the transformation icon in

Geogebra, see screenshot 4.3)

13
14
15
16
17
18

19

Screenshot (4.3): J showing S GeoGebra transformation icon

S: Yes, from here, then from here, then we do like this

J: Not like this. Let me do it.

S: ok.

S: What you are doing is wrong, you can translate the image from here
J: No.

S: translation from here (points to Geogebra)

J: Yes, 1 did it. (he claps his hands, and both were laughing)
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20
21
22
23
24
25

26

27
28
29
30
31

J: Now, what should we do?

S: Look at the image shape, what happened to the image after translation?

S: The shape has changed

J: No, nothing happened, nothing changed

S: look at the shape has changed

J: It is true that the shape has changed its location, but the shape remains
unchanged.

S: this is true, see what happened to the order pairs when the image was
shifted four units to the right?

J: Nothing happened

S: Nothing happened! are you sure?

J: Yes.

S: No, they were changed. We add four to the number of the ordered pairs.

J: Aha, yes, this is right.

(Jasser and Suhail, Geometric Translation, Task 16)

and were added to the model of pairs’ patterns of interaction. The following

excerpts and screenshots from video data demonstrate these two new pairs’

Moreover, during data analysis, two new patterns of interaction emerged

interaction patterns and some of their notable characteristics.

4.3.1.2 Cooperative Pattern of Interaction

cooperative pattern. Excerpt 5 (Appendix 4.28) is an example that illustrates the
cooperative interaction pattern. It comes from Omarl and Walid's pair activity,
interacting in doing the GeoGebra task (1). Both participants contributed to the task
activity, were able to divide the task’'s labour, take turns to perform the task on
GeoGebra, and write their finding on the task sheet. In a cooperative interaction pattern,

The first new interaction pattern which emerged from data analysis was
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both participants focus on the task aim. In this interaction pattern, the pair is able to
engage with each other to a degree, and there is no disagreement between them. In this
pattern, participants give attention to each other’s mistakes and correct them (e.g., lines
9-10; 15-17; 21). There were a few questions, but there were no answers as the other
participant did not give attention or ignored his pair’s question (e.g., lines 4; 15 — 16).
Here, unlike the dominant/dominant interaction pattern, the pair does not show any kind
of negative emotions such as exasperation, resentment, and anger (e.g., line 7 and
screenshot). Due to equality of contribution appearing moderate to high and the

mutuality being low, thus, this interaction of activity was labelled cooperative.

4.3.1.3 Passive/Passive Pattern of Interaction

The passive/passive pattern of interaction was the second new interaction
pattern found in this analysis. Excerpt 6 (Appendix 4.29) is an example that illustrates
the passive/passive interaction pattern. The data comes from Abdullah2 and Fayez’s
pair activity, interacting in performing the GeoGebra task (11). Here, in this pattern, the
pair does not focus on the task aim. As shown in the excerpt, there is no discussion
between them or any kind of interaction related to the task aim (e.g., lines 3 — 18), even
though they started by reading the task question (e.g., lines 1 —2). There is also evidence
that Fayez attempts to perform the task, but Abdullah2 did not take it seriously, and
then, they continue doing something not related to the task activity (e.g., lines 13 — 18).
Both of them were distracted and looking around at what their classmates were doing
(e.g., lines 11— 12 and screenshots). Despite the fact that the teacher gave them attention
and encouraged them to work on the task, they remained interacting in doing non-useful
things (e.g., lines 10 — 12). Therefore, the pair showed a weak level of participation and
concentrated on the aim of the task. Thus, a high level of equality and low mutuality
was revealed in the activity of this pattern of interaction.

Consequently, this section (4.3.1) has answered the research question, “What
patterns of dyadic interaction can be found in a primary mathematics classroom while

learning using GeoGebra?”.
4.3.1.4 Conclusion

This section has investigated students’ patterns of interaction while they were

using GeoGebra. The process of data analysis began deductively using Storch's dyadic
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patterns of interaction model, but I also worked inductively and found that there were
two additional interaction patterns. The findings of this investigation showed that there
are six patterns of interaction which were adopted by students. These patterns are
collaborative, dominant/dominant, cooperative, dominant/passive, passive/passive, and
expert/novice. Students were fully engaged with each other when they adopted a
collaborative pattern. In contrast, the dominant/dominant students found it challenging
to engage with each other. Besides, the patterns of interaction can be associated with

the level of concentration on the learning aim.

Collaborative, expert/novice, and cooperative remained focused on the learning
aim more than the rest of the patterns of interaction. Students were discussing and
negotiating constructively, supporting each other. The dominant/dominant focus on the
learning aim is lesser than collaborative, expert/novice, and cooperative, due to both
pairs struggling to control the learning activity throughout learning tasks, which leads
to the weakening of their focus on the learning objective. However, in the
dominant/passive interaction pattern, the dominant student focuses on the learning aim
more than the passive member. This is while the passive/passive pattern of interaction
is the lower pattern in terms of focusing on the learning aim and performing the learning
task.

Therefore, the analysis in this stage found that the collaborative pattern of
interaction was the frequent pattern due to students adopting it 31 times throughout the
research experiment. In more detail, the collaborative interaction pattern was adopted
two times in the first two days, and the number of the groups who adopted this pattern
increased gradually from 2 to 6 (16.7% - 50%). In comparison, the dominant/dominant
and cooperative interaction patterns were the second patterns controlling students’
interaction patterns, which were adopted 22 times throughout the experiment. However,
the dominant/dominant interaction pattern dominated the majority of students’
interaction at the beginning of the research experiment by 25%. It then decreased
steadily to be at the end of the experiment to 8.3% of the total interaction patterns

students adopted.

In contrast, the cooperative pattern of interaction was adopted by few pairs at
the beginning of the research experiment, and the number of pairs who adopted the

cooperative interaction pattern was growing progressively from 16.7% - 25%. At the
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same time, the dominant/passive pattern of interaction was adopted 20 times during the
research experiment since the number of pairs who adopted dominant/passive reduced
gradually from about 20% in the first week to roughly 12% at the end of the experiment.
The expert/novice was the second lower pattern which was adopted throughout the
experiment by 19 times, and the passive/passive pattern of interaction was adopted 6
times. Hence, it can be said that during the experiment, students became familiar with
the use of GeoGebra and the process of learning activities of the research intervention.
Therefore, GeoGebra helps students to enhance their patterns of interaction, their ability
to collaborate with their pairs, discuss their thoughts, and visualise their ideas and
explanations. These points can have an impact on students’ learning outcomes and
process. As a result, the next section will explore the relationship between the patterns

of interaction and learning process and learning outcomes.

4.3.2 Phase 2: The association between different patterns of interaction and

students’ outcomes

The data analysis in this phase aimed to investigate the correlation between
different patterns of interaction and the research variables. The focus was on exploring
the association between the different outcomes on the post-test and student’s pattern of
interaction. To do so, | identified the overall pattern for each pair in both types of tasks,
GeoGebra and pen and paper, in the beginning, in order to investigate such an
association. Hence, the pattern of interaction that was present with the highest

percentage in the pair activities was nominated as the overall pattern.

Nevertheless, it should be mentioned that students were grouped in 12 groups
based on their geometric performance pre-test score. The high achiever students were
put with low achiever students (see sections 3.7 and 3.12 for more details). For instance,
among the sixteen tasks, ten GeoGebra tasks and six pen and paper tasks, between the
participants in Pair 4, 56.25% were marked as dominant/passive, 18.75% as
collaborative, 6.25% as dominant/dominant, 6.25% as cooperative, and 12.5% as
passive/passive. Thus, the overall pattern of interaction in Pair 4 across all the research
sessions was classified as dominant/passive. In addition, the mean score was computed
for the post-intervention geometry test score for each pair to compare between all pairs

to explore the pattern of interaction of students who achieved better.
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The following sections will investigate the association between students’
patterns of interaction and their post-test outcome of geometric performance, spatial
thinking, sustainable learning, and attitude towards mathematics. It will take into
account the above quantitative and qualitative findings together to explain such a

relationship between the pattern of interaction and other variables of this research.

4.3.2.1 The Association between Patterns of Interaction and Students’ Views on

GeoGebra
Interaction  Pattern of | Participants Students’ Average Overall
Group views score Average
on learning
using
GeoGebra
Collaborative Essa 105.00 97 99.17
Saeed 89.00
Talal 93.00 96
Mohammed 1 | 97.00
Abdulwahab 98.00
Jasser 104.00 104.5
Suhil 105.00
Expert/Novice Jawad 84.00 94 94.25
Omar 2 104.00
Abdullah 1 101.00 945
Mohammed 2 | 88.00
Cooperative Adnan 94.00 90.5 91.5
Abdullah 3 87.00
Omar 1 90.00 92.5
Walid 95.00
Dominant/Dominant Muhnnad 104.00 92 87.75
Hamad 80.00
Ibrahim 85.00 83.5
Thamer 82.00
Dominant/Passive Yousuf 80.00 85 82.5
Sulayman 90.00
Saad 76.00 80
Mohammed 3 | 84.00
Passive/Passive Abdullah 2 77.00 78.5 78.5
Fayez 80.00

Table 4.20 Patterns of interaction for each pair (overall) and Students’ Views on GeoGebra post-test
scores
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The outcomes in the above Table (4.20) show that the three pairs who adopted
a collaborative pattern revealed the highest level of students’ views on learning using
GeoGebra since they attained the highest overall mean score. The second highest
overall mean level was expert/novice pairs, whilst the cooperative pairs’ views on
learning using GeoGebra were lower than expert/novice. In contrast, the level for
dominant/dominant pairs’ views was higher than the dominant/passive pairs, which
achieved the second lowest overall mean score. In comparison, the passive/passive pair
gained the lowest mean score of 78.5 (Figure 4.4). Therefore, it seems that there is a
relationship between pair interaction patterns and their views on learning using
GeoGebra regarding the pattern of interaction and the positive view on using GeoGebra.
This could be because the collaborative, expert/novice, and cooperative patterns of
interaction remain focusing on the task aim throughout the task activity. Besides, the
use of GeoGebra help them to collaborate with their pair and interact with him to solve

the learning task problem through discussing the result and ideas with others.

Nevertheless, on some occasions, the dominant/dominant students can develop
positive views on GeoGebra, higher than his peer with the same interaction pattern, and
similar to collaborative pairs level. It can be seen in Table (4.20) that Muhnnad had one
of the highest student levels in terms of students’ views on GeoGebra as he obtained
104 scores in the relevant metrics. Furthermore, the expert/novice students can develop
positive views on GeoGebra lower than their peer with the same interaction pattern,
comparable to dominant/dominant and dominant/passive pairs. This can be seen in the
Table (4.20) as Jawad achieved 84 scores in the students’ views on learning using
GeoGebra measurement. This is because he disagreed with the grouping system used
in this research. His preference was the self-organisation system; as Jawad highlighted
this issue in his answers on the GeoGebra questionnaire, he said: “Why we do not
choose our pair?”. However, students found that Geogebra and learning activities help
them collaborate and interact with each other (table 4.20). Therefore, this section has
answered the research question, “Do differences in the nature of dyadic interaction

result in different outcomes in terms of students’ views on using GeoGebra?”.
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Figure 4.4 The Relationship Between Patterns of Interaction and Students’ Views on Using GeoGebra

4.3.2.2 The Association between Patterns of

Academic self-concept.

Interaction and Mathematics

Interaction Pattern

of Group

Participant

S

Mathemat
ics
Academic
Self-
concept
Pre-test

score

Pre-test
average

score

Mathemat
ics
Academic
Self-
concept
Post-test

score

Post-test
average

score

Overall

Average

Cooperative Adnan 37 &35 44 45
Abdullah 3 | 30 46 435
Omar 1 34 85 36 42
Walid 36 48

Expert/Novice Jawad 32 38 38 41
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Omar 2 44 44 41.5
Abdullah 1 34 BELS 42 42
Mohammed | 33 42
2

Dominant/Dominant | Muhnnad 38 34 50 41
Hamad 30 32 40.25
Ibrahim 36 36.5 32 g5
Thamer 37 47

Dominant/Passive Yousuf 41 355 44 40.5
Sulayman 30 37 40.25
Saad 46 BSOS 34 40
Mohammed | 33 46
3

Passive/Passive Abdullah 2 25 29 33 34.5 34.5
Fayez 33 36

Table 4.21 Patterns of interaction for each pair (overall) and Mathematics Academic Self-concept post-
test scores

As shown in Table (4.21), the highest pairs’ levels of mathematics academic
self-concept were collaborative pairs since they obtained the highest mean scores on
mathematics academic self-concept post-test. The second highest mean level was
cooperative pairs. In contrast, the expert/novice pairs achieved lower than cooperative
as they attained overall mean scores of 41.5 on mathematics academic self-concept
post-test. However, the dominant/dominant pairs and dominant/passive pairs were at
the same level of mathematics academic self-concept as they achieved an overall mean
score of 40.25. Moreover, the only passive/passive pair gained the lowest mean score
of 34.5 (Figure 4.5). Consequently, it seems that there is a relationship between
interaction pattern and the level of mathematics academic self-concept concerning the
pattern of interaction and the concentration on the learning aim. As the collaborative,
cooperative, and expert/novice patterns of interaction remain focused on the task aim
throughout the task activity. It can be extrapolated that the discussion and the
explanation of their ideas can likely help them understand mathematical concepts and
then, help them improve their perception of their ability to master the subject matter
and do well in mathematics; therefore, developing their mathematics academic self-

concept.
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Nevertheless, on some occasions, the dominant/dominant student can achieve
higher than his group member with the same interaction and other patterns. It can be
seen in Table (4.21) that Muhnnad had the highest student level of mathematics
academic self-concept as he obtained 50 scores in the mathematics academic self-
concept metric. At the same time, lbrahim was a dominant/dominant student; his
mathematics academic self-concept post-test score decreased, compared to the pre-test
score. Furthermore, on some occasions, the novice student in expert/novice pairs’
pattern of interaction does not improve as his peer with the same interaction pattern and
other patterns. For example, Omar2 was an expert/novice student obtained the same
score in the mathematics academic self-concept pre and post-test (table 4.21). Despite
this, it can be said that the pattern of interaction students adopt can help to improve their
mathematics academic self-concept level. Thus, this section has answered the research
question, “Do differences in the nature of dyadic interaction result in different outcomes

in terms of mathematics academic self-concept?”.

Figure 4.5 The Relationship Between Patterns of Interaction and The Leve of Mathematics Academic
Self-concept
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4.3.2.3 The Association between Patterns of Interaction and Enjoyment of Mathematics.

Interaction Pattern | Participant | Enjoyme | Average Enjoyme | Average Overall
of Group S nt of | score of | nt of | score of | Averag
Mathema | Enjoyme | Mathema | Enjoyme e
tics Pre- | nt of | tics Post- | nt of
test score | Mathema | test score | Mathema
tics Pre- tics Post-
test test
Collaborative Essa 35 34.5 39 38
Saeed 34 37
Talal 22 40 38
Mohammed | 33 28 37 38
1
Abdulwaha | 29 37
b
Jasser 31 28.5 40 38
Suhil 26 36
Expert/Novice Jawad 26 29.5 38 36
Omar 2 33 34 36.75
Abdullah 1 | 30 33 38 37.5
Mohammed | 36 37
2
Cooperative Adnan 25 25 33 34.5
Abdullah 3 | 25 36 33.25
Omar 1 18 24 25 32
Walid 30 39
Dominant/Dominan | Muhnnad 29 27.5 33 31.5
t Hamad 26 28 31
Ibrahim 22 27 26 30.5
Thamer 32 37
Dominant/Passive Yousuf 34 85 38 Bills
Sulayman 27 2% 29.75
Saad 26 21 36 28
Mohammed | 16 20
3
Passive/Passive Abdullah 2 | 25 28 30 27.5 27.5
Fayez 31 25

Table 4.22 Patterns of interaction for each pair (overall) and Enjoyment of Mathematics post-test scores

Table (4.22) demonstrates that the three pairs who adopted a collaborative pattern
revealed the highest level of enjoyment of mathematics since they obtained the highest overall
mean score on the enjoyment of mathematics post-test. The second highest overall mean level
was expert/novice pairs, while the cooperative pairs illustrated a lower level of enjoyment of
mathematics than expert/novice, as they achieved an overall average score of 33.25 on the
enjoyment of mathematics post-test. In comparison, the dominant/dominant pairs attained the
overall mean score of 31 higher than the dominant/passive pairs which achieved the second

lowest overall mean score. Continuing, the passive/passive pair gained the lowest mean score
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of 27.5 (figure 4.6). Hence, it can be said that there is a relationship between patterns of
interaction and the level of enjoyment of mathematics. Therefore, the type of pattern students
adopted can have its impact on improving their level of enjoyment of mathematics.

It is beneficial to mention that in the dominant/passive interaction pattern, the dominant
student enjoys learning mathematics more than the passive one. Besides, in the expert/novice
interaction pattern, the expert students enjoy a little more than the novice students. This is
because the dominant and expert students led the learning tasks activities and used GeoGebra
more than their group member. The expert students also played the role of a tutor who explained
for his pair and encouraged him to work. At the same time, the passive/passive students did not
show improvement in their enjoyment of mathematics. Then, this section has answered the
research question, “Do differences in the nature of dyadic interaction result in different

outcomes in terms of enjoyment of mathematics?”.

Figure 4.6 The Relationship Between Patterns of Interaction and The Leve of Enjoyment of Mathematics
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4.3.2.4 The Association bhetween Patterns of Interaction and Perceived Value of

Mathematics.

Interaction Participan | Perceived Average Perceived Avera Overall
Pattern of Group ts Value of | score of Pre- | Value of | ge Average
Mathematics | test Mathematics | score
Pre-test score Post-test of
score Post-
test
Collaborative Essa 33 255 46 455
Saeed 18 45
Talal 34 37 46 68.5 | 45.67
Mohamme | 37 47
dl
Abdulwaha | 40 44
b
Jasser 32 31 45 45
Suhil 30 45
Expert/Novice Jawad 30 33 46 44.5
Omar 2 36 43 44.25
Abdullah 1 | 38 32 47 44
Mohamme | 26 41
d2
Cooperative Adnan 34 27.5 39 41.5
Abdullah 3 | 21 44 43
Omar 1 45 435 44 44.5
Walid 42 45
Dominant/Domina | Muhnnad 41 37 45 41
nt Hamad 33 35 40.5
Ibrahim 45 41 38 40
Thamer 37 44
Dominant/Passive | Yousuf 44 385 44 8ol5
Sulayman | 33 85 39.75
Saad 33 36.5 42 40
Mohamme | 40 38
d3
Passive/Passive Abdullah 2 | 23 20 22 275 | 275
Fayez 17 33

Table 4.23 Patterns of interaction for each pair (overall) and Perceived Value of Mathematics post-test scores
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The above Table (4.23) revealed that the three pairs who adopted a collaborative pattern
demonstrated the highest level of perceived value of mathematics since they attained the highest
mean scores on the perceived value of mathematics post-test with an overall average score of
45.39. The second highest overall mean level was expert/novice pairs. In contrast, the
cooperative pairs showed a lower level of perceived value of mathematics than expert/novice,
as they achieved an overall average score of 43 on the perceived value of mathematics post-test.
In comparison, the dominant/dominant pairs accomplished the overall mean score of 40.5.
while the dominant/passive pairs achieved the second lowest overall mean scores, and the
passive/passive pair gained the lowest mean score (figure 4.7). Consequently, it seems that
there is a relationship between pairs’ interaction pattern and their level of perceived value of

mathematics.

Moreover, by comparing students’ scores on the perceived value of mathematics, pre-
test and their scores in the post-test, it was noticed that collaborative, cooperative, and
expert/novice pairs improve their level of the perceived value of mathematics better compared
to dominant/dominant, dominant/passive, passive/passive pairs. In addition to this, it was found
that two students’ perceived value of mathematics was decreased. One of them was
dominant/dominant, and the other one was the passive pair in the dominant/passive interaction
pattern. Therefore, pairs who discussed, negotiated, explained, and visualised their thoughts
and were active throughout learning tasks, improve their level of the perceived value of
mathematics. Furthermore, it can be suggested that the patterns of interaction that students
adopt can help them change their beliefs on mathematics and then develop their level of the
perceived value of mathematics. Consequently, this section has answered the research question,
“Do differences in the nature of dyadic interaction result in different outcomes in terms

perceived value of mathematics?”.
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Figure 4.7 The Relationship Between Patterns of Interaction and The Leve of Perceived Value of Mathematics

4.3.2.5 The Association between Pattern of Interaction and Spatial Thinking.

Interaction Pattern

of Group

Participant

S

Spatial

Thinking Pre-

test score

Pre-test

average score

Spatial
Thinking Post-

test score

Post- Overall
test Average
averag
e score

Expert/Novice Jawad 33 31 34 335
Omar 2 29 88 825
Abdullah 1 | 30 27 34 33
Mohammed | 24 32
2

Cooperative Adnan 29 30 30 32
Abdullah 3 | 31 34 325
Omar 1 23 25,5 38 38
Walid 28 33
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Dominant/Passive Yousuf 31 23 88 315
Sulayman 15 30 32.5
Saad 31 29 35 325
Mohammed | 27 30
3

Dominant/Dominant | Muhnnad 27 27 88 32
Hamad 27 31 30.25
Ibrahim 20 25 27 30.5
Thamer 30 34

Passive/Passive Abdullah 2 | 18 255 17 25 25
Fayez 33 33

Table 4.24 Patterns of interaction for each pair (overall) and Spatial Thinking post-test scores

As shown in Table (4.24), the three pairs who adopted a collaborative pattern proved
the highest spatial thinking level since they achieved the highest overall mean score on spatial
thinking post-test. The second highest overall mean level was expert/novice pairs. In contrast,
the cooperative pairs illustrate a lower level of spatial thinking than expert/novice as they
attained overall mean score of 32.5 on the spatial thinking post-test. In comparison, there was
no considerable differences in spatial thinking level between cooperative pairs and the
dominant/passive pairs who accomplished the overall mean score of 32.5. This is while the
dominant/dominant pairs accomplished the second lowest overall mean score of 30.25, and the
only passive/passive pair gained the lowest mean score of 25 (Figure 4.8). Consequently, it can
be said there is a relationship between the patterns of interaction and the development of spatial

thinking skills.

By looking at each pair score, all the pairs improved their spatial thinking except the
passive/passive pair. This is because they had been less active than their classmate, and they
did not use GeoGebra as their friend in the different interaction patterns. Additionally, expert
students improved their spatial thinking skills better in comparison to the novice students. In
the dominant/passive pattern of interaction, the dominant students also developed their spatial
thinking skills better than the passive students because expert and dominant students use
GeoGebra more than their peers, which help them improve their spatial thinking. This happened
since the collaborative, cooperative, expert/novice, dominant/passive, and dominant/dominant
students concentrated on performing the learning task on GeoGebra and spent their time
exercising their spatial thinking while doing the learning task and visualizing their ideas.
Therefore, the type of pattern students adopt can impact students to improve their spatial
thinking skills. Hence, this section has answered the research question, “Do differences in the

nature of dyadic interaction result in different outcomes in terms of spatial thinking?”.
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Figure 4.8 The Relationship Between Patterns of Interaction and Spatial Thinking

4.3.2.6 The Association between Pattern of Interaction and Geometric Performance.

Interaction

Pattern of Group

Participan
ts

Geometric
Performance

Pre-test score

Pre-test

average score

Geometric
Performance
Post-test

score

Post- Overall
test Average
averag
e score

Expert/Novice Jawad 8 6.5 16 16
Omar 2 5 16 16
Abdullah 1 | 7 55 15 16
Mohamme | 4 17
d2

Cooperative Adnan 6 5.5 14 15
Abdullah 3 | 5 16 15.75
Omar 1 8 6.5 18 16.5
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Walid 5 15

Dominant/Domina | Muhnnad 6 6 21 17

nt Hamad 6 13 14.75
Ibrahim 5 4.5 14 125
Thamer 4 11

Dominant/Passive | Yousuf 3 4.5 11 13
Sulayman | 6 15 13.75
Saad 5 4 14 14.5
Mohamme | 3 15
d3

Passive/Passive Abdullah 2 | 1 3 11 12 12
Fayez 5 13

Table 4.25 Patterns of interaction for each pair (overall) and Geometric Performance post-test scores

Table (4.25) revealed that the highest achiever pairs were collaborative pairs since they
achieved the highest overall mean score on geometric performance post-test. The second
highest mean score was expert/novice pairs with an overall average score of 16, while the
cooperative pairs achieved slightly lower than expert/novice, as they achieved the overall mean
score of 15.75 on geometric performance post-test. In comparison, the dominant/dominant pairs
gained the overall mean score of 14.75, and the dominant/passive pairs achieved the second
lowest mean scores with an overall mean score of 13.75, and the only passive/passive pair
gained the lowest mean score of 12. Consequently, it seems that there is a relationship between
pair interaction patterns and pairs’ geometric performance post-test score. However, on some
occasions, the dominant/dominant student can achieve higher than his group member with the
same interaction pattern. It can be seen in the above Table (4.25) that Muhnnad was one of the
highest achiever students as he obtained 21 scores in the geometric performance test. In
comparing Muhnnad with collaborative students, he has the same achievement level as

collaborative students.

Another instance was found among cooperative students where Omar 2 is also one of
the higher achiever students. He obtained 18 scores in the geometric performance test, and this
score is higher than his peers in the same interaction patterns and equal to his peers in the
collaborative students. Despite this, it can be said that the type of pattern students adopted can
help them improve their performance level. Therefore, the patterns of interaction can be placed
in a hierarchy, according to their impact on students’ performance as follows: collaborative,
expert/novice, cooperative, dominant/dominant, dominant/passive, passive/passive (Figure 4.9).
Therefore, this section has answered the research question, “Do differences in the nature of

dyadic interaction result in different outcomes in terms of geometric performance?”.
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Figure 4.9 The Relationship Between Patterns of Interaction and Geometric Performance

4.3.2.7 The Association between Pattern of Interaction and Sustainable Learning.

Interaction Pattern of | Participants Sustainable Average Overall
Group Learning Post- Average
test score

Expert/Novice Jawad 11 12
Omar 2 13 12
Abdullah 1 11 12
Mohammed 2 | 13

Cooperative Adnan 9 11
Abdullah 3 13 12
Omar 1 15 13
Walid 11

Dominant/Dominant Muhnnad 18 125
Hamad 7 11
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Ibrahim 10 9.5
Thamer 9

Dominant/Passive Yousuf 6 9.5
Sulayman 13 10.5
Saad 12 115
Mohammed 3 | 11

Passive/Passive Abdullah 2 8 8 8
Fayez 8

Table 4.26 Patterns of interaction for each pair (overall) and Sustainable Learning post-test scores

As demonstrated in Table (4.26), the three collaborative pairs achieved the highest score
on the sustainable learning test since they obtained the highest overall mean score. The second
highest mean score was expert/novice pairs and cooperative pairs since they attained the same
overall average score of 12. In contrast, the dominant/passive pairs achieved the second lowest
overall mean score of 10.5 and were slightly lower than the dominant/dominant pairs who
accomplished the overall mean score of 11. The only passive/passive pair gained the lowest
mean score of 8. Therefore, there is perhaps a correlation between students’ patterns of

interaction and their ability to sustain their learning (Figure 4.10).

However, on some occasions, dominant/dominant students can achieve higher than their
peers with the same interaction pattern. It can be seen in the Table (4.26) that Muhnnad was a
dominant/dominant student who achieved 18 scores in the sustainable test, which means he
attained the highest score in the sustainable learning test. The reason behind this can be his high
achievement in the geometric performance test since he was one of the highest achiever students.
In addition to this, there is a relationship between students’ performance and their sustainable
learning (see section 4.1.5.5), which can explain why Muhnnad retained his experience more
than his classmates. Consequently, this section has answered the research question, “Do
differences in the nature of dyadic interaction result in different outcomes in terms of

sustainable learning?”.
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Expert/Novice +
Cooperative

A

Figure 4.10 The Relationship Between Patterns of Interaction and Sustainable Learning

4.3.2.8 Conclusion

The above sections have correlated students’ patterns of interaction and geometric
performance, spatial thinking, sustainable learning, mathematics academic self-concept,
enjoyment of mathematics, and perceived value of mathematics. The reasoning behind this is
to explore to what extent the patterns of interaction influence students’ learning outcomes and
processes. Therefore, based on the above discussion, the patterns of interaction can be divided
into two categories: high patterns of interaction, which includes collaborative, expert/novice,
and cooperative, while the other category is low patterns of interaction which includes

dominant/dominant, dominant/passive, and passive/passive.

Additionally, the findings indicated a relationship between students’ attitude towards
learning mathematics, in terms of mathematics academic self-concept, enjoyment of
mathematics, and perceived value of mathematics, and patterns of interaction, since results
showed that students’ scores of the three components of attitude towards learning mathematics
increased when they adopted the high patterns of interaction. In other words, students with high
levels of the three aforementioned parameters adopted a high level of interaction patterns. It
can be said that the active students who interact with their pairs by discussing, negotiating,
explaining their ideas, and concentrating on learning tasks’ aim improve their attitude towards

learning mathematics level.
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Moreover, the result revealed that there is a correlation between spatial thinking and the
patterns of interaction. Students who adopted a high level of interaction patterns and were active
in doing tasks improve their spatial thinking skills better than the passive students. Likewise,
geometric performance and sustainable learning have a relationship with students’ interaction
pattern since the outcomes indicated that the level of geometric performance and sustainable
learning increased with raising the level of students’ interaction pattern. Thus, this section has
answered the research question, “Do differences in the nature of dyadic interaction result in
different outcomes in terms of students’ views on using GeoGebra, Students’ attitude towards
mathematics (including mathematics academic self-concept, enjoyment of mathematics, and
perceived value of mathematics), spatial thinking, geometric performance, and sustainable

learning?”.
4.3.3 Integrating Qualitative and Quantitative Outcomes

In this section, | will present the quantitative findings in relation to qualitative findings.
I will start by presenting the findings of students’ attitude towards mathematics. Next, the
outcomes of spatial thinking, geometric performance, and sustainable learning will be presented.
So, the results of the process of learning will be presented in the beginning and the findings of

learning outcomes.
4.3.3.1 Students’ Attitude Towards Mathematics

It has been established that the research teaching intervention with GeoGebra improves
students’ attitudes towards mathematics. This may be due to the fact that they become
accustomed to using GeoGebra and discuss their thoughts in a collaborative social environment.
Overall, these lead to enhance learners’ patterns of interaction. It also leads them to begin
actively performing learning tasks, as well as instilling in them, the positive view on learning
mathematics using GeoGebra, not to forget, the improvement of spatial thinking skills, which
results from the research intervention. Thereafter, it helps students improve their level of
enjoyment in learning geometry and develops the level of mathematics academic concept and
perceived value of mathematics. Therefore, they develop a positive attitude towards

mathematics.
4.3.3.2 Spatial Thinking

The integration of GeoGebra into the current teaching intervention helps students

improve their spatial thinking skills better than other teaching strategies. In addition to this,
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qualitative data shows that students who actively worked with their group member improve
their spatial thinking skills. In contrast, the inactive students could not develop their spatial
thinking skill. This is because the active students concentrate on performing the learning task
on GeoGebra. They spent more time exercising their spatial thinking skills while doing the
learning task and visualizing their ideas and referring to GeoGebra to explain their ideas

thoughtfully.
4.3.3.3 Geometric Performance and Sustainable Learning

The results show that the integration of GeoGebra into the research teaching
intervention helps students in improving their geometric performance better than other teaching
strategies. This may be due to the students’ improvement of attitude toward learning
mathematics and spatial thinking skills. Moreover, the collaborative social environment that
allowed students to discuss, explain, and visualise their thoughts, and then reach an agreement
to solve the mathematical problem, leads to improved geometric performance, especially when
students adopt a high-level pattern of interaction. By considering the correlations between
geometric performance and the other variables, it can be said that the improvement of spatial
thinking, mathematics academic self-concept, enjoyment of mathematics, the perceived value
of mathematics, positive views on learning using GeoGebra, and collaborative social activity
using GeoGebra, which possibly enhanced students’ pattern of interaction, caused the
improvement of geometric performance. Afterwards, the aforementioned helped students

sustain their learning for a long time.

186



Chapter 5. Discussion and Recommendation
5.1 Introduction

This research aimed to investigate the effectiveness of integrating GeoGebra into
teaching interventions on primary school students’ learning process and outcomes in a Saudi
Arabian school, compared to traditional teaching methods. Moreover, it explored the interaction
patterns of pairs while using GeoGebra and the association between students’ interaction
patterns and their geometric performance, spatial thinking, sustainable learning and attitudes

towards mathematics.

In this research concerning a specific teaching intervention, students learn actively via
three phases of the teaching process, by using GeoGebra in the GeoGebra group and using
manipulative materials in the hands-on group, in which teaching was learner-centred. However,
in the traditional teaching group, students passively received the knowledge from their teachers,
where the learning was teacher-centred. Based on the theoretical learning differences between
the research teaching intervention and traditional teaching, students’ learning process and
outcomes can be influenced. Learning outcomes include geometric performance, spatial
thinking, and sustainable learning, while learning process includes students’ views on using
GeoGebra and students’ attitudes towards mathematics, covering mathematics academic self-

concept, enjoyment of mathematics, and perceived value of mathematics.

Students’ results regarding these variables can be associated with several factors,
including the pairs’ interaction patterns. Therefore, this research also explored pairs’ interaction
patterns while learning using GeoGebra, and the correlation between the interaction patterns of
pairs with geometric performance, spatial thinking, sustainable learning, mathematics academic
self-concept, enjoyment of mathematics, in addition to perceived value of mathematics.
Therefore, in this chapter, the major research findings pertaining to the research questions
conducted in Saudi Arabia for Year Five students will be discussed in light of previous research
and theory. Furthermore, the research implications and recommendations will be contemplated.
This chapter also considers the limitations of this research and makes a number of

recommendations for further investigation.

5.2 Answering the Research Questions
Having investigated the data, what remains is to make correlations between the

emergent results from the present research and the existing literature to discuss how and why
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these findings have eventuated due to the research teaching intervention. On that note, the

following sections answer the research questions:

5.2.1 What is the impact of teaching intervention using GeoGebra on Geometric
performance, Spatial thinking, sustaining knowledge for more extended periods,
and students’ attitude towards Mathematics (including mathematics academic
self-concept, enjoyment of mathematics, and the Perceived value of mathematics)

for Year Five students?

This research question investigates how integrating GeoGebra into teaching
intervention affects students' learning outcomes and processes. The results show that teaching
intervention with GeoGebra improved students’ geometric performance, spatial thinking,
sustainable learning, and attitudes towards mathematics regarding three domains: mathematics
academic self-concept, enjoyment of mathematics, and perceived value of mathematics.
Students who learned with GeoGebra showed better improvement than those who learned with

teaching intervention with hands-on and traditional teaching.
5.2.2 What are the students’ views on learning using GeoGebra over time?

This research question explores how students change their opinions on learning
geometry using GeoGebra. The research findings revealed that students' views of their learning
mathematics using GeoGebra were subject to a positive shift. Students’ responses documented
steady developments in their views regarding using GeoGebra to study geometry throughout
the first measure of the research experiment, and this remained constant throughout the next

three weeks.

5.2.3 What are the relationships between geometry performance and spatial thinking,

sustainable learning, and students’ attitude towards Mathematics?

This research question aims to find out correlations between the present research
variables and how they affect students’ learning outcomes. The findings show a positive
correlation between geometric performance and spatial thinking and students’ attitudes to
mathematics (including mathematics academic self-concept, enjoyment of mathematics, and
perceived value of mathematics). This means that using GeoGebra helps students improve their
spatial thinking skills and develop positive attitudes toward mathematics, helping them improve

their geometric performance and sustain their learning for a long time.
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5.2.4 What patterns of dyadic interaction can be found in a primary mathematics

classroom while learning using GeoGebra?

This research questions explore pairs interaction patterns while they learning geometry
using GeoGebra. The results revealed that, students adopted six interaction patterns during
performing GeoGebra learning tasks. These patterns are collaborative, dominant/dominant,
cooperative, passive/passive, dominant/passive, and expert/novice. They improved their
interaction patterns to work collaboratively throughout the course of the research since they
became more familiar with using GeoGebra and gradually developed their positive view of
learning with GeoGebra. This suggests that pairs’ interaction became increasingly focused on
discussions and constructively contributed to performing learning tasks throughout the research
experiment. It implies that pairs have increased opportunities to engage critically and
constructively with each other’s thoughts following task structure and the consequent

development of attitudes towards mathematics, spatial thinking, and geometric performance.

5.2.5 Do differences in the nature of dyadic interaction result in different outcomes in
terms of, Students’ attitude towards Mathematics regrading mathematics
academic self-concept, enjoyment of mathematics, and perceived value of

mathematics, Spatial thinking, Geometric performance, Sustainable learning?

This research question aimed to investigate the correlation between different patterns of
interaction and the research variables. The focus was on exploring the association between the
different outcomes on the post-test and student’s pattern of interaction. Therefore, exploring
the correlation between pairs’ patterns of interaction and their outcomes suggests that as pairs
developed a positive view of learning using GeoGebra over time, they became increasingly
focused on the learning aims and turned to adopting a collaborative pattern of interaction,
suggesting that pairs shifted away from unrelated discussions to concentrate more on the
learning task and constructive dialogue, plus spending more of their time performing learning
tasks using GeoGebra. It indicates that collaborative group work contributed positively towards

progress, attitudes towards mathematics, and sustainable learning.

The present research interprets the data by paying attention to the purpose of this
research. This thesis agrees with Hammersley’s (2003) definition of practical science; it firmly
believes that any knowledge attained as a result of the current research is, to some extent,
subject to the context in which it was produced. Consequently, this research strives to be

informative and provide information that can be related to the audience without any sense of
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accountability or the right, to attempt to control how individuals derive practical or policy
implications from the knowledge provided, or to attempt to control what individuals do based
on it (Hammersley, 2003). As a teacher-researcher, | would expect some similarity and
differences in outcome if another teacher used this current research teaching intervention. This
is because students are different, and teachers are different, each one with his style of instruction,
working within a different set of circumstances. Therefore, the results will always be different,
which is not considered a serious limitation of the present research.

The following section will focus on a synthesised discussion of the key findings of this
research in relation to the previous literature, in the context of Saudi Arabia, and its contribution

to the knowledge in this field.
5.3 Using ACAD to Understand the Research Results

The current research explored the effects of integrating GeoGebra into teaching
intervention on students’ geometric performance, spatial thinking, attitudes toward
mathematics, and students' ability to sustain their learning for a long time. The data consistently
shows the significant impact of the teaching intervention with GeoGebra condition on students'
geometric performance, spatial thinking, attitudes towards mathematics and sustainable

learning.

Remarkably, the findings of the present research suggest different trends to the belief
that the development of spatial thinking requires long-term training (Saha et al., 2010; Uttal et
al., 2013; Baki et al., 2011; Khine, 2017; NRC, 2006; Robichaux and Guarino, 2000). Moreover,
the findings of the current research disagreed with the previous studies that suggest spatial
thinking cannot be developed via typical instructional approaches but can be developed by way
of life experience (Zavotka, 1987; Sexton, 1992; Strong and Smith, 2001; Baki et al., 2011).
However, it is clear that teaching intervention with GeoGebra condition was more effective
than the research teaching intervention with the hands-on condition and traditional teaching.
Further explanations of why teaching intervention with GeoGebra is effective is needed. Since
the ACAD is an approach to understand and improve complex learning situations (Goodyear et
al., 2021). The following sections will therefore endeavour to investigate why the teaching
intervention with GeoGebra was indeed particularly effective based on ACAD framework,
giving distinction between “learn time” and “design time” in relation to the Piaget’s theory,

Vygotsky’s theory, Van Hiele geometric thinking theory.
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5.3.1 Learn Time

During learning time, students’ actual activity emerges in response to a range of non-
deterministic influences. According to the ACAD, students’ activity is epistemically, physically
and socially situated. Put differently, what students do is substantially affected by the tasks they
were set, the tools and other resources that were provided for them, and the interaction between
teacher and students, and pairs (Goodyear et al., 2021). Therefore, the following three sections:
physical set, epistemic set, and socially set, will explain this research findings in light of

Piaget’s theory, Vygotsky’s theory, and Van Hiele’s theory.
5.3.1.1 Set Design (Physical Situated)

According to the ACAD framework, set design or physical situated refers to all physical
elements in the learning environment (see section 2.2.1.1). The physical setting for the current
research experiment was prepared in light of Piaget's views, who believes that the interaction
between students and physical elements helps them to develop their thinking skills and to
construct meaningful understanding (see section 2.3.1). This is why the present teaching
intervention provides students with GeoGebra as a crucial element during learning time. Using
GeoGebra provides students with a visual representation of geometric concepts during learning
activities. This can permit students to make abstract concepts concrete, which in turn, can help
them acquire experiences and construct their understanding; therefore, develop their geometric
performance. Since the visual representation makes objects concrete and helps students to
create mental images, it provides students with a foundation to develop their understanding of
the mathematical concepts (Johnson et al., 2016). Using physical materials or visual
representations to perform mathematics tasks provide students with the opportunity to make
abstract concepts concrete, letting them use these concepts, allowing them to construct their
knowledge, develop their mathematical performance, and enhance their thinking skills (Ojose,
2008). It enables them to enjoy learning mathematics because the abstract aspect of the concept
has been removed. This is supported by Celen (2020) findings who found GeoGebra makes the
process of learning enjoyable and assists students to concretise abstract concepts and acquire
better geometrical understanding. Therefore, it can be said that the current teaching intervention
with GeoGebra condition help students improve their geometric performance and enjoy their

learning of mathematics.

Moreover, the teaching intervention with GeoGebra enables students to exercise their

spatial thinking skills, since they began their learning process using GeoGebra by visualising
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the geometric shapes and concepts. Put differently, the first stage of learning geometry,
according to this teaching intervention, is using GeoGebra to create a visual representation.
When students see the shape on the GeoGebra screen, they can create a mental image of it
(Johnson et al., 2016). They are able to recognise its location in the coordinate plane and the
direction of the shape. This task frequently occurred throughout the research experiment,

indicates that students exercise their spatial perception skills on a daily basis.

Furthermore, while performing the GeoGebra learning tasks, students can manipulate
the shapes. Hence, the mental image they create moves to other levels and begins to operate
and develop as they internalise these actions. These actions include discovering and describing
the relationship between geometric concepts, such as the relationship between a square and
rectangle, the difference between parallel lines and intersecting lines, as well as distinguishing
the relationship between the parts of a shape. This function provides students with an
opportunity to train their spatial relations, which can also help students to construct meaningful
understanding of the geometric relationships (Johnson et al., 2016, Ojose, 2008). Hence, the
teaching intervention with GeoGebra supports students to develop their spatial thinking skills

and improve geometric performance.

Likewise, when applying GeoGebra, students are able to manipulate the shape and play
with it. It allows them to see the shape from different angles. Besides, in this research
experiment, students studied geometric transformation. Consequently, their spatial rotation and
spatial visualisation skills are directly exercised when they study geometric transformation
lessons and indirectly as well, when they manipulate the shape and drag it, during other lessons.
In addition to this, students work out their spatial orientation when they describe the movement
of the shape in space, when performing geometric transformation tasks. Remarkably, GeoGebra
helped students to improve their spatial thinking skills better than hands-on material. | think
this is because students could find it difficult to draw or create geometric shapes using hands-
on material and then perform learning tasks, which is time consuming. This is while GeoGebra
IS easy to use and accurate where students can draw the shape easier compared to using hand-
on and geometric set. This gave students in the GeoGebra group more time to practice and

exercise their spatial thinking skills.

Moreover, this could be related to the nature of Saudi students, who are familiar with
the use of technology, since the majority of Saudi children owned mobile phones, iPads, or
tablets. Therefore, it can be stated that the present research teaching intervention with GeoGebra
provides students with an opportunity to train and develop their spatial thinking skills. This is
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supported by the previous literature that reported spatial thinking could be enhanced by means
of teaching mathematics and geometry (Olkun et al., 2005; Hawes et al., 2017; Verdine et al.,
2014), in addition to daily mathematics learning activities (NCTM, 2006). Furthermore, from
a constructivist perspective, Ojose (2008) stated that using technology helps learners construct
their mathematical understanding and attitudes towards mathematics by giving them a method

to examine and confirm their reasoning.
5.3.1.2 Epistemic (Task) Design

Based on the ACAD framework, Epistemic design or task refers to a recommendation
on doing something worthwhile (see section 2.2.1.2) (Goodyear & Carvalho, 2014b). This
includes the role of knowledge-laden task specifications in giving students directions about the
concept they learn and how they perform the task (Goodyear et al., 2021). Therefore, GeoGebra
and hands-on learning tasks were constructed based on Van Hiele's geometric thinking levels
to meet students’ thinking processes while learning geometric concepts (see section 2.3.3). In
order to make the intervention learning tasks worth performing by students and make them
confident when they find the learning process meets their thinking level or the process of
thinking about a geometric concept. Consequently, the probable reason behind this finding
could be that the teaching intervention enables students in the GeoGebra group to visualise the
geometrical concepts, given that the teaching intervention starts with using technology (Zengin
et al., 2012, Zengin and Tatar, 2017, Priatna, 2017). In the first phase of the teaching
intervention students start learning mathematics with visualising the concepts using GeoGebra
which helps them to see the abstract concepts. Students, therefore, can concretise mathematical
concepts. Notably, starting to learn the geometric concept by way of visualisation, means that
this teaching intervention meets the first level of Van Heile’s geometric thinking levels (see
section 2.3.3). This is evident in some students’ activities while performing GeoGebra learning
tasks, where they refer to GeoGebra to visualise their thoughts and explanations to their group

member or correcting their error (Figure 5.1).
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Figure 5.1 Students referred to GeoGebra to give explanations to correct each other mistakes

When students performed the learning task in pairs in first stage of the current teaching
intervention, they discussed and negotiated the mathematical concept. This can help distinguish
figures and other geometric parts, identify the shapes' properties, and then move to the
descriptive (analysis) level of Van Heile’s thinking levels. In addition, they use their previous
experience to explain their ideas and refer to GeoGebra to visualise their thoughts. For example,
excerpt 1 [lines 5 — 7] (see section 4.2.1.1) shows pairs visualising their ideas and describing
the shape properties. They distinguished the shape from its appearance and use their language
to describe and analyse the shape’s parts. Thus, this process can help students move to the next
level of Van Heile geometric thinking levels, particularly in the following two phases of this
research teaching intervention, specifically teaching intervention and using their spatial
thinking skills. Therefore, the teaching intervention with GeoGebra can support learners to use

their higher geometric thinking level.

Furthermore, the current research findings revealed that students developed positive
attitudes towards mathematics, besides significantly improving geometric performance and
spatial thinking. The teaching intervention can also be the possible reason for improving
positive attitude towards mathematics, because the teaching process fits with students’
geometric thinking levels, according to Van Hiele’s geometric thinking levels, as explained
earlier, students found the teaching process suitable for their cognitive processes to construct
geometrical knowledge, making it easier for them to construct better meaningful understanding
and develop their spatial thinking skills. Therefore, students’ improvement of mathematical
understanding and spatial thinking skills made them feel confident about the subjects they
studied. Thus, they developed positive perceptions about their abilities to comprehend the
subject matter, do well in mathematics and enjoy learning it. These led students to develop their
beliefs regarding the significance of mathematics in everyday life and their future. In short, the
current teaching intervention with GeoGebra helped students improve their geometric
performance and spatial thinking skills, leading them to improve their mathematics academic

self-concept, enjoyment of mathematics, and then their perceived value of mathematics. This
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agreed with previous research that found a positive impact from the teaching intervention based
on Van Hiele geometric thinking levels on students’ geometric performance and attitudes

towards mathematics (Al-ebous, 2016, Duatepe, 2004).
5.3.1.3 Social Design

According to the ACAD framework, social design or social situation refers to an idea
for a group arrangement, how students are socially formed when performing learning tasks and
whether they are working in pairs, groups, or following scripted roles (see section 2.2.1.3). This
idea is linked to Vygotsky’s theory, which believes that learning is an active process that
involves a teacher or peer during the learning process. Furthermore, Vygotsky views learning
and cognitive development as collaborative activities in which learners and individuals develop
their cognitive skills via mediation and interaction between teacher and peer (see section 2.3.2).
Therefore, a key reason for improving students’ learning processes and outcomes is a
collaborative learning environment. The present research teaching intervention with GeoGebra
provides students with a collaborative social environment that enables students to interact with
each other, discuss, explain, visualise their thoughts, and then, reach an agreement to solve the
mathematical problem, leading to an improved geometric performance, spatial thinking skills
and attitudes to mathematics. Collaborative learning allows learners to develop positive
attitudes, encourages active participation, and a sense of others (Grabinger et al., 2007; Milrad,
2002). Besides, performing learning tasks in a collaborative environment can encourage
students to help each other by giving explanations and providing positive or negative feedback
(see Table 4.19). It can be stated that in the collaborative learning setting, pairs more likely
help each other for making progress, to understand when feeling stuck, and to feel more
confident. Therefore, students can develop positive views of learning using GeoGebra and
enjoy their learning more. This is supported by Vandecandelaere’s et al. (2012) findings, who
found that students’ attitudes towards mathematics, particularly the enjoyment of mathematics,
is sensitive to influence from the learning environment and can be enhanced in a relatively short
period. Research also provides extensive evidence of GeoGebra having a positive motivational
impact on participation in classroom activities, increased concentration in the classroom,

enjoyment while performing learning tasks, besides increasing self-confidence (BECTA, 2013).

The present teaching intervention with GeoGebra provides students with a collaborative
learning environment where they can enjoy, feel confident and develop their mathematics
academic self-concept. When students perform learning tasks with pairs using GeoGebra, they
are able to fix each other mistakes through discussions and positive and negative feedback.
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Students can feel relaxed when they discuss their ideas with their peers without threatening or
negative feelings, which can cause an adverse effect on students' learning. This assumption is
supported by Ke and Grabowski (2007), who found that collaborative learning helps students
remove frustration and offers a support network. Furthermore, Jansen (2008) indicates that talks
in a small group may be less threatening than whole-class discussions. Some students who
mentioned feeling threatened during class discussions also reported a reduced feeling of threat
when discussing with particular students. This indicates that by allowing students to work more
regularly in pairs, students may feel more confident in sharing their opinions and asking
questions to further their understanding and then construct meaningful insight. Hence, this can
lead students to enjoy learning mathematic and develop to their academic self-concept, and then

improve their attitudes towards mathematics.

| believe that the fundamental aspect towards success in collaboration is raising students’
concentration on the learning objectives of the task, which leads to increased opportunities for
discussion, and is what teaching intervention with GeoGebra provides. The significance of
discussion is emphasised prominently in the literature related to teaching and learning
mathematics. Several scholars, including Cobb and Bauersfeld (1995), Wegerif and Mercer
(1996), Watson (2001), Leat and Higgins (2002), Nichols (2006), Ke and Grabowski (2007),
Hu et al. (2011), McGrane and Lofthouse (2010), Staarman and Mercer (2010), Mulholland
Shipley (2016) and Ernest et al. (2016) stress the importance of opportunities for dialogue and
collaboration in the development of understanding and thinking. This suggests that by
verbalising their thinking, students accept reasoning at a higher level than they start with (Hu
etal., 2010: p. 5).

Likewise, Jansen (2008) and Boaler (2006) emphasise the positive effect which
discussion is likely to have upon the improvement of mathematical understanding. Furthermore,
discussion can be described as a vehicle for meaning-making that constructs mathematical
knowledge and develops thinking skills (Ernest et al., 2016, Staarman and Mercer, 2010), where
learners can engage and offer feedback which has the potential to improve their mathematical
performance and thinking skills. Connecting to Hattie and Timperley (2007) conclusion that
feedback has an average impact size of 0.79 (twice the average effect), putting it in the top 5 to
10 most significant influences on progress, particularly feedback about a task and how to do it
more effectively. During performing learning tasks, students provide their peers with negative
and positive feedback directed to accomplish the learning task. The negative feedback helps
students correct misunderstandings of the concepts of another member in their group. In

contrast, positive feedback assists students to express their agreement on a solution or each
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other ideas and confirming correct knowledge, encouraging their peers to continue working.
Therefore, both negative and positive feedback can help students maintain their concentration
on tasks learning aim, thus assisting them in engaging in the learning activities and being more

active, which leads them to improve their understanding and skills.

Simply, | believe that, due to increased opportunities for collaboration, and hence,
discussion during performing learning tasks, students engaged more frequently in conversations,
as is evident in the increased collaboration between pairs from about 17%, at the beginning of
the current research experiment, to 50% before the experiment was stopped due Covid-19 (see
section 4.2.1.4). This is because students become accustomed to using GeoGebra and become
more familiar with the way to carry out the learning tasks, allowing them to engage with each
other actively, visualise, discuss, and negotiate their thoughts to construct meaningful
understanding. Put differently, when students became familiar with using GeoGebra, they could
visualise the concepts and discuss their ideas with their peers and thus construct a better
understanding. This led them to feel more confident to perform learning tasks jointly and
increase their level of collaboration Therefore, | believe students developed a shared
understanding of geometrical concepts, consequently prompting them to foster positive views
of their learning using GeoGebra, as is evident in the GeoGebra visual questionnaire data, which
measuring students' opinions on their learning using GeoGebra (see section 4.3.1). | believe
this is especially critical, given the likely relationship between students views and students’
performance (Sammons et al., 2008, Gilbert et al., 2014).

This suggests that students become familiar with using GeoGebra to perform learning
activities in a collaborative setting and focus more on achieving tasks' learning aims. Therefore,
students spend their time performing learning tasks using GeoGebra, and discussion became
more focused, leading them to construct their understanding. This indicates that students during
the process of performing learning tasks exercised their spatial thinking skills, felt confident in
their abilities as mathematicians, and enjoyed learning geometry. Thus, they approached work
with more positive attitudes to mathematics and were more successful when achieving learning
tasks; thereby, leading them to improve their geometric performance and spatial thinking skills,
as evident in the geometric performance test and spatial thinking test completed at the end of
the research experiment (see sections 4.1.1.1 and 4.1.1.2). Consequently, it can be said that
students' dialogue seems to have had a substantial influence on the successful improvement of

learning outcomes and process of the teaching intervention with GeoGebra.
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Pairs’ patterns of interaction make me wonder if there is an association between this
interaction and their learning outcomes and processes. Significantly, this thesis explored a
correlation between certain interaction patterns and students' learning outcomes and processes
(see section 4.2.2). The result indicates that students who adopted collaborative, expert/novice,
and cooperative interaction patterns developed better geometric performance, spatial thinking,
attitudes towards mathematics, and sustainable learning than the other students. Similarly,
Storch (2002) and Ahmadian and Tajabadi (2017) found that in EFL classes, pairs who adopted
collaborative and expert/novice interaction patterns performed better than those who adopted

dominant/dominant and dominant/passive interaction patterns.

Concerning mathematics teaching and learning, | believe it is imperative to understand
how higher-level interaction patterns support students to achieve better. | believe this could be
because they are focused more on the learning task and spend more time working on GeoGebra
than other students with different interaction patterns. This implies that they exercised their
spatial thinking skills more than others. Besides, while students performed the learning tasks in
this intervention, they engaged actively in the mathematical discussion, negotiated alternative
ideas, engaged with each other’s views, and then enjoyed their learning (Figure 5.2). During
tasks, students explained their thoughts and referred to GeoGebra to visualise their ideas to
solve the problem and achieve an acceptable resolution. They also use their hands and body
language to visualise their ideas while explaining their understanding (Figure 5. 3), enhancing
students’ insight; thus, improve their geometric performance. However, it would be suggested
that further research and closer analysis of the students' collaboration process can reveal more

precisely what is happening, and how it is correlated to their earning outcomes (see section 5.6).

Further, students can use visual imagery or the mental image and combine this with their
body language to describe geometric concepts or geometric transformation. This can therefore

prompt them to improve their self-confidence and perceived value of mathematics.

This explanation agrees with the previous literature which determined that visualisation
and active engagement to perform mathematical tasks allow students to develop their spatial
thinking skills and attitudes to learn mathematics (Ehrlich et al., 2006; Alibali and Nathan, 2012;
DfE, 2014; Rich and Brendefur, 2018, Celen, 2020, Zengin and Tatar, 2017). Consequently, it
can be emphasised that adopting a higher level of interaction patterns leads students to
concentrate their activity more on the learning aims, and train their spatial thinking skills; thus,
developing positive attitudes towards mathematics and, hence, developing their mathematical

performance.
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Additionally, the findings in section (4.2.2) showed that the collaborative pairs always
performed better than other students with other interaction patterns. This could be because
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learners actively engaged via the process of learning activity. Besides, a collaborative
interaction pattern allows students to engage critically and constructively with each other in an
exploratory activity to construct their meaningful understanding (Mercer,1995; Wegerif and
Mercer, 1996), which improves students' performance and engagement in learning mathematics
(Rabel and Wooldridge, 2013, Solomon and Black, 2008). Students have opportunities to their
benefit by engaging in asking questions and explaining their thoughts, which resulted in their
mathematical knowledge being meaningfully understood. They shared this knowledge while

using GeoGebra to perform learning tasks via giving feedback on each other’s ideas.

The focus on the learning aims and discussing the geometric concept presented on the
GeoGebra screen could make pairs co-construct knowledge. Thus, collaborative pairs could
create JPS via a shared knowledge framework to assist problem-solving. This is completed by
combining objectives, descriptions, visualisation of the present problem, awareness of problem-
solving action, characteristics of the current problem status, and accessible actions. The
collaborative negotiation that occurs when pairs collaborate to discover a solution to a problem
or acceptable answer for both of them in the GeoGebra task allows them to obtain meaningful
discussion on problem-solving, to understand the concept and also promote their knowledge,
as witnessed in their post-test geometric performance. Therefore, they felt confident and
enjoyed learning geometry and then, developed their mathematics self-concept and perceived

value of mathematics.

According to ACAD's view, students' activity is crucial. It is the heart of the learning
process. It should be understood as real in that it exists regardless of designers' or teachers'
assumptions about what is or should be occurring, and it has direct implications for what
students learn. Student activity during learn-time is likewise emergent in the sense that it is
influenced but not determined by epistemic, physical, and social circumstances. Instead, the
activity comes through collaboration processes in which students use GeoGebra to visualise the
geometric concept, discuss their thought and understanding of it, and then construct their

meaningful understanding (see Figure 5.5).
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Figure 5.5 ACAD at learn time: understanding the outcomes of teaching intervention with GeoGebra

5.3.2 Design Time

Figure 5.6 demonstrates the developed ACAD at design time. Developed ACAD’s
understanding of designing the current teaching intervention reflects the teaching process at
learn-time. The developed ACAD uses three designable components: epistemic (task), physical
(set) and social (set). Each one of these components was designed based on the theory that fits
with the present research aims and beliefs. In the following, I will discuss the current research
outcomes in the light of ACAD components at design time stage, specifically, what was planned

and what was achieved, along with what can be developed and implemented in the future.
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Figure 5.6 Developed ACAD framework at design time: conceptualising the design of the current research
teaching intervention

5.3.2.1 Set Design (Physically Situated)

According to the ACAD framework, the set design or physical setting in design time
refers to the “resources that may be useful in carrying out the suggested tasks: including
material, digital and hybrid tools and other artefacts, learning spaces, etc.” (Goodyear et al.,
2021, p. 449). This suggests that the structure of the set design requires preparing the physical
elements needed to implement the teaching intervention in a way that enables students to
perform learning tasks to achieve the intended learning outcomes. This is associated with
Piaget's belief that using physical materials or visual representation in mathematics activities
allows students to make abstract concepts concrete, allowing them to use these concepts, which
can be useful tools for problem-solving. Using physical and visual materials helps learners
acquire experiences that lay the foundation for more advanced mathematical thinking and builds
their mathematical confidence by giving them a way to examine and confirm their reasoning.

This can enable them to construct a better understanding (Ojose, 2008).

Therefore, | carefully prepared the physical design, which allows students to visualise
and concretise the geometric concepts, to help them achieve the intended learning outcomes.

During the design time, it was ascertained that GeoGebra plays this role and can help students
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visualise geometric concepts, train their spatial thinking skills, and provide them with
opportunities to enjoy learning mathematics and develop positive attitudes towards it. However,
during learning time, it was observed that students performed the GeoGebra learning task in a
shorter time than was suggested. Similarly, they drew figures with heightened features, which
were better than those proposed in the learning tasks, such as drawing a house using geometric
shapes. This implies that they train their spatial thinking and do something enjoyable using the
geometric concepts they have learnt in previous lessons. This could be the probable reason for
achieving the intended learning outcome in relation to improving their geometric performance,
spatial thinking skills, positive attitude towards learning mathematics and positive views of
using GeoGebra. This highlights the significance of selecting and preparing the physical
elements that help learners to improve their learning processes and outcomes. Additionally, it
is suggested that teachers should be more aware when preparing and selecting the physical
elements while planning their teaching or preparing lessons that help students achieve the

intended learning aims and hence, improve their learning processes and outcomes.

Furthermore, at design time, the use of GeoGebra and the physical environment aimed
to encourage students to be more active during the learning process. Using physical elements
would allow students to build relationships, develop communication skills and use higher-order
thinking skills. More importantly, using GeoGebra, to manipulate the geometric concepts and
communicating with others to encourage students to connect the new experience to prior
knowledge and construct meaningful learning, can facilitate establishing lifelong learning
patterns. This suggests that using GeoGebra and technology can modify learning expectations
via more active learning and make the teaching process learner-centred rather than teacher-
centred (Wolff, 2003).

However, using physical elements does not always proceed as planned during design
time, since some students did not use GeoGebra as planned or were passive, as shown in the
passive/passive pair (see section 4.3.1.3). Put differently, during learning activities using
physical elements does not always go as suggested at design time. Therefore, teachers should
pay more attention to students when they perform learning tasks. Likewise, the students should
be monitored to ensure that they follow what was planned, with the intention of helping them

to attain the intended learning aims and thus improve their learning processes and outcomes.
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5.3.2.2 Epistemic Design (Task)

Epistemic design or the task at design time refers to "suggestions of good things to do,
and knowledge on which to draw, in the service of learning” (Goodyear et al., 2021, p. 449).
The suggestions related to doing something in the classroom have to fit with students' thinking
levels and the process of understanding geometric concepts. Learners improve their geometrical
understanding by rearranging existing experiences that can be developed via performing the
learning task that match students' thinking levels. This correlates with VVan Hiele's idea that
students learn geometry through a structure for reasoning, concentrating on the language and
the structure of simple axioms. Van Hiele believes that students move through five levels (Level
0: visual, Level 1: descriptive, Level 2: theoretical, Level 3: formal logic, and Level 4: the
nature of logical laws) to construct their experience and to understand geometric concepts (see
section 2.3.3). Therefore, during the task design time, these stages remained in the researcher's
mind and the learning tasks were designed in light of VVan Hiele's theory relating to students'
geometric thinking levels. This is because designing a task helps to facilitate harmony between
teaching and learning processes, leading to effective learning. This can allow students to enjoy
learning processes and feel confident when they perform learning tasks that match their thinking
level and the process of understanding geometric concepts. Likewise, it also helps them to
develop a positive attitude towards learning mathematics and then improving their thinking
skills and geometric performance. This can explain why participating students achieve the

intended learning outcomes.

Task design plays a crucial role in encouraging students to perform activities that meet
learning objectives. Designing a learning a task helps facilitate the teaching and learning
process and enables students to continue performing learning activities according to the learning
tasks, so as to achieve the learning aims. According to Khairunnisa (2018), a mathematics
learning task is a type of exercise problem that assists understanding mathematical concepts
and improves students' thinking skills and communication. Therefore, creating a learning task
enables the teacher to perform a learner-centred teaching process; instead of being teacher-
centred and involves students in the learning process by using GeoGebra to meet their geometric
thinking process. The current research findings determined that students commonly perform
learning tasks as planned, given that most students (collaborative, cooperative, expert, novice,
dominant/dominant, dominant/passive) followed the instructions for the learning tasks. This
was except for two students (passive/passive) who did not follow the learning task instructions

or did not perform the learning task and did something entirely different. Therefore, planning
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learning helps to make the teaching process learner-centred rather than teacher-centred and
assists students to accomplish the learning aims and in turn, achieve the intended learning

outcomes.

5.3.2.3 Social Design

According to the ACAD framework, social design at design time refers to “proposals
about ways students may work with their peers: groupings, roles, divisions of labour, learning
networks and communities etc.” (Goodyear et al., 2021, p. 450). Specifically, the social
situation involves the preparation of how students will perform learning tasks, whether they are
working individually or collaboratively following the learning tasks' instructions. But learning
activities are emergent and cannot be designed (Carvalho et al., 2016; Goodyear and Carvalho,
2014a; Goodyear and Carvalho, 2014b; Mufoz-Cristébal et al., 2018). ACAD believes in the
social situation in the classroom as part of the learning environment. This is in agreement with
Vygotsky's suggestion that learning is an active process that involves a teacher or peer
(Wilding-Martin, 2009, Amineh and Asl, 2015); learning and cognitive development as
collaborative activities in which learners and individuals develop their own cognitive skills via
discussions and interaction between teacher and peer. This idea laid the foundation to design
the social setting for the present teaching intervention. The participating students were grouped
in pairs or groups of three students in one group, depending on the number of students in the
classroom. GeoGebra and hands-on learning tasks were designed to be performed
collaboratively.

However, collaboration is not always the case in mathematics classrooms since some
students do not collectively engage with their group members, whilst others remain passive (Li
and Zhu, 2013; Liu and Tsai, 2008; Brooks, 1990; Ahmadian and Tajabadi, 2017). The evidence
of this view is the findings of data analysis of the video, which ascertained that pairs adopted
six interaction patterns: collaborative, dominant/dominant, cooperative, passive/passive,
dominant/passive and expert/novice (see Section 4.2.1). This finding is supported by Storch
(2002), Ahmadian and Tajabadi (2017), Watanabe and Swain (2007), Tan et al. (2010), Zheng
(2012), and Andrews et al. (2017), who found that students adopted different interaction
patterns in ELT collaborative classrooms. Furthermore, Todd and Toscano (2020) noted that
students did not always work collaboratively while performing online mathematical tasks and
that they adopted different interaction patterns. It should be mentioned that the physical setting,
tasks and social setting were carefully prepared as regards the current research teaching

intervention. Despite this, students were not always fully engaged with each other in regard to
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performing the learning tasks. This implies that designing a collaborative social set is not easy
and does not always guarantee that students will work together to complete learning tasks. This
Is because even if learning tasks direct students to work collaboratively have been well
prepared, their learning activities can be developed and cannot be pre-designed in a fixed way.

This view aligns with ACAD's belief that learning activities cannot be designed.

5.4 Research Implication and Recommendation

This research aimed to evaluate the effectiveness of integrating GeoGebra into teaching
intervention on primary school students' learning process and outcomes. The rationale behind
conducting this research was to provide evidence on whether or not the utilisation of GeoGebra
inside Saudi mathematics classrooms is beneficial. This is because the MOE in the country
adopted a project in 2017 to train all mathematics teachers in Saudi Arabia on the use of
GeoGebra to teach mathematics. Therefore, the present research findings can provide the MOE
with evidence on the potential positive effect of GeoGebra on the learning processes and

outcomes.

The findings of this research do not just exhibit the effectiveness of GeoGebra but also
shows the educational policymakers, researchers and mathematics teachers how GeoGebra can
be used effectively. The conclusions revealed that integrating GeoGebra with teaching
intervention encourages students to develop positive attitudes towards learning mathematics
and supports them to actively engage in the learning process. The research findings also confirm
that the teaching intervention with GeoGebra enables students to improve their spatial thinking
skills and explore geometric concepts to construct their own meaningful understanding via
visualisation and interaction within pairs. This suggests that teacher professional development
on the use of ICTs in mathematics classrooms should include practical sessions to train teachers
on how to design teaching strategies integrated with ICTs in light of learning theories and
research evidence and suggestions to see what if it is beneficial or not. This implies that if
research findings revealed the effectiveness of the training course's subject matter, it should be
continued and developed in light of research suggestions and recommendations for better
practice. However, suppose the research results showed that the training course topic is less
effective or invalid. In that case, hence, it has to be stopped and then benefit from research
suggestions and recommendations. This would help MoE, and policymakers increase financial
efficiency and not waste time and money on something that is ineffective or impractical to help
teachers improve their students' learning processes and outcomes. Besides, an effective training
courses can be developed for better practice to increase teaching quality in light of research
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findings and suggestions. This can also capture the Saudi National Transformation Program
2020 and Saudi Vision 2030, which aims to improve teachers' recruitment, training and
development, and increase the financial efficiency of the educational system (Saudi Arabia’s
Vision 2030, 2016).

The present research results indicate the effectiveness of the research teaching
intervention and the developed geometric unit that developed in a way include GeoGebra as a
principal element in teaching and learning geometry. This suggested that Saudi mathematics
textbooks need to be developed in which incorporate GeoGebra or DMS to improve teaching
and learning. However, the other education systems that textbooks are not central in the
teaching and learning process can benefit from the current teaching intervention to include
GeoGebra as a principal part of the lessons instructions and teaching process. Teachers can
follow the teaching intervention, including GeoGebra or DMS and prepare to learn tasks to fit
with their national curriculum. Furthermore, it is suggested that either the GeoGebra or DMS
learning tasks should be designed by experts, or teachers should receive the appropriate training
in how to design learning integrated with GeoGebra or DMS; not just train them on the use of
DMS. Furthermore, the DMS learning tasks should be designed to fit into students' geometric
thinking and cognitive development levels and structured to prompt them to interact with each
other, visualise their ideas to construct their understanding, leading them to improve their
academic self-concept and perceived value of mathematics. Spatial thinking skills should also
be trained and developed through the mathematics curriculum on a daily basis. The present
constructivist teaching intervention provides teachers and researchers with a teaching method
that integrates GeoGebra, as a principal part of the teaching and learning process in a socially
collaborative environment in which the teaching process is learner-centred. Moreover, it also
allows students to enthusiastically perform learning tasks and discuss and negotiate their
thoughts within pairs with the aim of achieving an acceptable solution for the problem they are
seeking to solve. This can give insight to the Saudi National Transformation Program 2020 and
Saudi Vision 2030, which aim to improve curricula and teaching methods and improve students’
value and skills (Saudi Arabia’s Vision 2030, 2016).

Particularly, in light of the Saudi National Transformation Program 2020, it can be
suggested that the Geometric Shapes unit developed in this research, which integrates
GeoGebra as a fundamental element in this particular unit, can be included in the Year Five
textbook. Furthermore, the mathematics textbooks for other school levels in Saudi Arabia can
be developed to integrate GeoGebra or other DMS as a crucial aspect of the geometric content

or other mathematical branches. It is vital that DMS be integrated into the mathematics
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curriculum and teaching to be manipulated by students instead of teachers, using it as a tool.
Integrating DMS into the teaching process concretises mathematical concepts via visualisation
and can facilitate constructing students' meaningful understanding and develop their attitudes
and thinking skills.

It should be noted that materials for lessons based on the current teaching intervention
can be used in teaching and learning geometry and mathematics. The materials highlighted in
this research were designed according to the Saudi mathematics curriculum. Therefore, the Year
Five Saudi mathematics teachers can use them to teach the Geometric Shapes unit, while the
mathematics teachers for other school levels in Saudi Arabia and other countries can prepare
learning tasks according to this teaching intervention, considering the content they aim to teach.
Teachers should pay attention while designing learning tasks and consider how students
construct geometric and mathematical understanding to ensure that teaching and learning
processes fit with their cognitive and thinking levels. This means that teachers should have a

good understanding of cognitive development and thinking levels.

Furthermore, teachers should be exposed to the knowledge of students’ interaction
patterns and mathematical dialogue to encourage them to adopt the dialogical interaction
patterns that help them to construct their understanding by using ICTs, as a principal element
of their teaching process, in students’ hands not in teachers’ hand. This is because when teachers
plan collaborative learning tasks, there is a risk that students can be inactive and adopt a passive
interaction pattern. Therefore, teachers have to pay considerable attention to students’
interaction patterns since students may adopt passive/passive, dominant/passive, and
dominant/dominant interaction patterns, which could make the teaching and learning process
ineffective (see section 4.2.2). Specifically, teachers should encourage students to be more
active and collaboratively perform learning tasks. This could be through orally directing passive
students and less active students to work jointly with their peers, and rewarding collaborative,

and active group members.

The present research believes that students’ engagement is a crucial element of the
learning process. Student engagement is essentially the driving force that can develop
mechanisms for promoting learning. Therefore, this research intervention grouped students in
pairs based on their pre-test score (low-achiever and high achiever). The reason for this was to
ensure high achiever students support low achiever students and that the teaching and learning
process move smoothly, instead of putting low achievers together and maintaining their struggle
through the teaching and learning process. From a social constructivist viewpoint, the high
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achiever acts as an expert and knowledgeable person who assists the other student to construct
his/her understanding. This points to the importance of testing students’ previous knowledge
and placing them in groups so that they work in a collaborative setting. Moreover, this
suggestion may help achieve the Saudi National Transformation Program 2020, which aims to
develop the learning environment to stimulate learning and deliver education services for all
student levels (Saudi Arabia’s Vision 2030, 2016).

From a theoretical perspective, learners’ mathematical engagement level can be
influenced by a multi-agent process, whereby multiple agents (students’ performance level,
interaction patterns, personal issues, students' view of using ICT, mathematics academic self-
concepts, enjoyment of mathematics, and perceived value of mathematics), act collectively as
a driving force which enables learners to engage in performing learning tasks. The present
research findings revealed that the interaction pattern of a pair is associated with their level of
attitude towards learning mathematics, spatial thinking, and performance level. This illustrates
that the interaction pattern of a pair can enable or hinder learners from engaging in the learning
process and performing learning tasks.

Although the value of collaborative learning has been advocated for decades, students'
interaction patterns in collaborative learning practices, when these are mediated by technology
must be addressed. The findings of this research contribute to the literature on interaction
patterns by adding two new interaction patterns to those identified by Storch (2002), namely
cooperative and passive/passive. Furthermore, it emphasises the possible relationship between
the pair's interaction patterns and their geometric performance, spatial thinking, attitude to
mathematics, and views of using technology to learn mathematics that could play a role in
establishing engagement. The relationship between interaction patterns and other research
factors also has theoretical implications since it determines that learner engagement is not
confined to the individual learner; rather, it is complex and influenced by multi-agents. These
factors that can influence students' interaction and engagement have practical implications for
designing the curriculum and teaching strategies, since they isolate and incorporate those
aspects that educators can regulate to positively influence students’ engagement in collaborative

learning.

This study indicates that integrating ICT into teaching and learning mathematics, as a
fundamental element, positively affected students' interaction patterns, attitudes towards
mathematics, and spatial thinking skills. Hence, it can assist in constructing their knowledge

and improve their mathematics performance in sustainable learning.
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5.5 Limitation of this Research

Several limitations have been noted for this research. Firstly, the selected sample of
Year Five male students from Jeddah City in Saudi Arabia was not, to any degree,
representative of the entire population, and limited to male students due to gender segregation
system in Saudi Arabia. Besides, the small sample size consists of 77 students, divided into
three groups (GeoGebra group: 25 students, Hands-on group: 27 students, and traditional
teaching group: 27 students). This was a convenience sample, but not a representative sample.
Therefore, the generalisation of the research findings is limited to similar populations in Saudi
Arabia. In addition, the sample sizes for investigating the pairs’ interaction patterns while using
GeoGebra was small. Yet again, as with video research, it is challenging to generalise the
findings. Furthermore, the results of this thesis cannot be generalised to other school levels due

to individual differences.

Secondly, the size of the sample for teachers was small, with only one teacher. The same
teacher taught students throughout the research experiment. Thus, the findings of this
experiment are limited to the teacher's experience and belief in the benefits of using ICTs to
teach mathematics, as the results might be altered if other teachers taught the same content with

the belief that ICTs are not valuable for teaching mathematics for primary school students.

Thirdly, the effectiveness of this research experiment has been affected by Covid-19. In
fact, the research intervention had to be discontinued due to the closure of the school.
Consequently, the post-test was collected using e-forms which have the same weaknesses as an
online assessment, such as a lack of access to the internet. Additionally, students were
concerned about touching and sitting close to their peers, since they were afraid of being
infected by Covid-19, particularly in the last three sessions ahead of school closing. Therefore,
these research findings have been affected by the pandemic, making the results difficult to

generalise.
5.6 Further Research

In light of the present research findings and limitations, the author of this research can
provide academics with recommendations for further research in the field of mathematics
education. Given that the present research sample consisted of male students and teachers, thus
the gender of the participants could be a significant suggestion for further research. Therefore,
expanding research to involve female students and teachers would enrich the issue under
investigation and reveal other interesting outcomes concerning students' views of using
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GeoGebra, attitude towards learning mathematics, spatial thinking, geometric performance and

the interaction patterns of pairs.

Subsequently, it can be recommended that examinations be conducted with various
school levels with a larger sample size and different mathematics topics. Expanding the
investigation of the current teaching intervention with GeoGebra or other DMS among other
participants of different ages would provide supportive results to confirm or reject the present

research findings and provide recommendations to improve the current teaching intervention.

The characteristics of the learning tasks to be performed using GeoGebra or DMS seem
to play an essential role in students' engagement in the learning activities, their mathematics
achievement, and attitudes towards mathematics. This area of research requires more
investigation into the effects of task design on students' learning process and outcomes. Task
design issues may cover difficulty, curiosity, length, interest, and connection of task to real-life
issues, along with the effectiveness of the selected technology to perform learning tasks.
Besides, measuring students’ perspectives regarding their learning using technology could be

helpful.

I would be highly interested in further exploring the students' collaboration process.
Specifically, how students visualise and use their boy language to explain their thoughts and
the types of dialogue that hold the most possibility for increasing students’ self-concept,
enjoyment, levels of engagement, and achievement. Besides, it is recommended for close
analysis for students’ interaction patterns during collaborative learning tasks and how the

patterns of interaction are associated with students' learning outcomes.

It is recommended that for future research, a semi-structured interview research method
be involved to obtain students’ views before and after the research experiment concerning their
learning processes and outcomes. This would provide further interesting findings and could

also increase the validity and reliability of the research findings.

Finally, further longitudinal research is recommended to examine students’ experiences
of being exposed to the present teaching intervention with GeoGebra or other DMS over a long
time. The purpose of such research could be to examine more reliable experiences, since the
current research exposed the students over a short time. Similarly, this would discover other

interaction patterns and how technology enhances students' interaction patterns.
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Appendices

Appendix (3.1) Validity and Reliability of Geometric Content Analysis

1. Reliability of Content Analysis

The conventional technique to examine the reliability of content analyses is reanalysis the
content, which takes one of the two ways. The researcher performs the analysis of the content
twice, separated by a period of time. Alternatively, two researchers conduct the analysis in
which they agree from beginning on the criteria and foundation of the analysis, and then they
analyse the content individually (To'eima,1987; Lombard et al., 2010). Hence, to compute the
reliability coefficient of the content analysis, the author of this research adopted the first
technique, where the researcher analysed the content of the Geometric Shapes unit and then re-
analysed it after one month. In both times, the researcher adhered to the previous definitions of

Mathematical concepts, mathematical generalisations and Mathematical skills.

Table (1): Outcomes of the content analysis of Geometric Shapes unit

Concepts Generalisations Skills
First Second | agreement First Second | agreement First Second | agreement
analysis analysis analysis analysis analysis analysis
21 20 20 20 18 18 15 18 15

In order to compute the content reliability coefficient, the researcher used the Holsti formula

(1969, p137):
24

RC = ———
¢ N1+ N2

Where:

A is the total number of decisions agree on in the first and second analysis.

N1 is the number of decisions in the first analysis

N2 is the number of decisions in the second analysis

The following table demonstrates the reliability coefficient of the content analysis of the

Geometric shapes unit:

Table (2): The outcomes of reliability coefficient for content analysis

Mathematical learning aspects

Reliability Coefficient

Concepts 0.98
Generalisation 0.95
Skills 0.91
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Total 0.95

The above table has illustrated that the reliability coefficient of the mathematical components
is evident in the high degree of the reliability of the content analysis. Wimmer and Dominick
(1997 cited in Witcher 2000) mention that the minimum reliability coefficient is 90% or above
when using Holsti's formula. While Abu Libdeh et al. (1996) indicate that the reliability
coefficient is acceptable if it exceeds (80%). Furthermore, To'eima (1987) specified a criterion
for the coefficient of analysis that the reliability is low analysis if less than (70%) and that the
high-reliability coefficient is more than (80%). This gave the researcher the confidence to write
the learning objectives and progress to design teacher guidebook, learning tasks, performance
test, and delayed test.
2. Validity of Content Analysis

The validity of content analysis refers to the extent to which the analysis is valid for
translating the phenomenon analysed regarding the analysis rules (To'eima,1987).
Krippendorff (2018, pp. 361) asserts that content analysis is "valid if the inferences drawn from
the available texts withstand the test of the independently available evidence, of separate
observations, of competing theories or interpretations, or of being able to inform successful
actions”. Therefore, to ensure the validity of the content analysis, the researcher offered the
outcome of content analysis in its initial form to some experts in mathematics education. The
feedback of most of them confirmed the validity of the analysis concerning the mathematical
components.
As a result, the reliability and validity of the content analysis allowed the researcher to progress
to identify learning objectives of the Geometric shapes units' lessons to design learning tasks,

teacher guidebook, geometric performance test, and delayed test.
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understanding

Application

e
understanding
sl
Application

ped
understanding

Cisgl)

Aguaia Gl jie e Ca il

Learn about geometric concepts

1. kil sgda oyl
Find out the concept of
the point

2. Al dpens
Point label

3. pdiasall o sgo e Loyl
Find out the concept of
the line

4, asfisall badl) dpens
Straight line label

5. asfiuall Ciai a seie o o yaill
Find out the concept of
half line
Half line label

7. Aol nLal s e e
Find out the concept of
segment line

8. Al dakadll dpanst
Segment line label

9. il pseda o il
Find out the concept of
plane

10. G siall dand
Plane label

11, pblal o o il
Explore the concept of
intersection

12, claficdl  Als e el

Axdalaiall

Identify the state of
intersecting lines by
mathematical symbols

13, 2alaill e (o pill
Explore the concept of
perpendicular

14, saaidl  Glafivedl iy
Sl Jlexinly

Description of

perpendicular lines

using symbols

15. )\ Al e o il
Identify parallelism

16. &) siall Clagiivuall (e il
Expression of parallel
lines using
mathematical symbols

17, clegioa) @ik e oyl
Identify congruent lines

241

gl

-

Audia
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5 _lee
skill

pogde
Concept

pogia
Concept
pogie
Concept
pogia
Concept
pogie
Concept
pogia
Concept
Generalisation

8 lea
skill

(.. 3 i i
Generalisation

-

Generalisation

-

Generalisation

( ..LL“"‘.. . .
Generalisation

-

Generalisation

-

Generalisation

(.. 3 i i
Generalisation

Application

RN
Remembering

%

understanding

L3

understanding

L3

understanding

L3

understanding

L3

understanding

3

analysis

Application
Analysis

Analysis

Analysis

Analysis

Analysis

Analysis

Analysis

18. el @daill (e il
Expression of congruent
lines using
mathematical symbols

Aaelll JEYT paibad e o il

Learn about the characteristics

of quadrants:

1. eelol Jsall e Gl
Recognize the quadrant
shape

2. Jabiwall e oyl
Identify the rectangle

3. ol e ol
Identify the square

4. ghaY) )l sl e il

Identify the Parallelogram

5. ajaidlass e Ci il

Identify the trapezium
6. Ol o il
Identify the rhombus
7. &3uaYl )l sia o A8l i
Ol Jalatanll cg yall 5
Discover the
relationship  between
parallelogram,
rectangle, square, and
rhombus

8. Al ll JiY) Caal
Classification of
guadrant shapes

9. @l pailiad aaas
Identify the square’s

properties

10. Jibiusall ailiad apaas
Determining the
characteristics of the
rectangle

11, g3ha) (5 sia paibad paas
Determining the

characteristics of the
parallelogram
12, Gl pailiad aaas
Identify the rhombus’s
properties
Identify the trapezium’s
properties
14, oLV JSall GEays 3l e 5 e
Distinguishes angle
type in quadrant shape
15. JSall b Al g OlaY) yaas
Lgly Al yaiy el
(441.:3 ‘Lﬁ)‘j—')
Identify congruent sides
in the quadrant shape
and determine
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Generalisation ~ Analysis

pogde ped

Concept understanding

Concept Remembering

Concept Remembering

Concept Remembering

E‘)\.&A .~“.] -

skill Application

BJ\.@_A ..w.] .

skill Application
sl

5 lee Application

skill

BJ\.@_A ..w.] .

skill Application

.AJL&A .~...] -

skill Application

psgde pet

Concept understanding

psgde pet
Concept understanding

the relationship between
them (parallel,
perpendicular)

16, on Goosill kil Gl aladi)
Lael ) JKEY)

Distinguishing between
quadrants shapes using
verbal language

taY) (5 sl b LlE 4

Name points at the coordinate

level:

1. a5 stuall e Ca il
Get to know the coordinate
plane

2. Ja¥ ik e el
Identify the origin point

3. il g e il
Get to know the ordered pair

4. sball s il sl
Distinguish the x and y
coordinates

5. sl (8 Akl aige yaas
i el 2 55¥) Jlexinaly SlasY)
Determine the position of
the point in the coordinate
plane using ordered pairs

0. ez sl Lebia (Al Adaiill Ay
Shaa¥) s sl e
Label the point represented
by the ordered pair on the
coordinate plane

taY) (5 siuall b Lla Jia

Representation of points in the

coordinate plane:

1. sl & el z530) Jia
RO
Represent the ordered pair
in the coordinate plane

2. ¥ Juaidy A Jia
4 el
Represent the function using
ordered pairs

3. Gl s siwal e Alall Jiia
Representing the function
on the coordinate plane

e ¥l Kb Ssa )

(Y (g gl

Draw copy of a shape due to

geometric translation in

coordinate plane

T, il i paill o sgie (Sle iyl

Understand the concept
of geometric
transformation

2. JRll sy pen e iyl
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poede
Concept

8 les
skill

poede
Concept

psgda
Concept
8 lea
skill

-

Generalisation

(..LL'-‘.. i i
Generalisation

p s
Concept

( ..LL“"‘.. . .
Generalisation

& _lee
skill
ataxd
Generalisation

ped
understanding

Application

ped
understanding
ped
understanding
Application
Analysis

Analysis

e
understanding

Analysis

Application
Analysis

Recognize the copy of
the shape

3. Alawa¥ e (il
Understand the geometric
translation

4 Ay Jid
Perform
translation

(s sl o GalSaiVL JSE ) o s

;‘;\.\;\Y\

Draw a copy of a shape by

reflection on the coordinate

plane:

1. oSV s sgie o oyl
Understand the concept of
reflection

2. w\SAJ\}“J}M‘_A::Qﬂ\

Recognize the axis of reflection

3. SV i
perform
reflection

4. soblal Gegy)ll Gn A
Q&Y ) s
The relationship between
symmetrical vertices and the
axis of reflection

5. am 4)say JSAl Gn 483
ERteY
The relationship between a
shape and its copy after
reflection

sl o () )sally JSE 5 ) g s

;‘";\A;\}“

Draw a copy of a rotating shape

on the coordinate plane

T. 0ol asehe Gl il
Understand the concept of
rotation

geometric

geometric

2 . el k_l‘)\.s.c) U\‘)_’AM ol.;ﬁ\ A:\JAS
(&cb.d\ @ lie S
Identify rotation direction
(clockwise,
counterclockwise)

3. oY i
Perform geometric rotation

4. SN o) sall o (34l
Explore the difference
between  rotation  and
reflection
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Appendix (3. 3) Geometric performance Test Initial Copy
emdighl Juasill sl
Geometric Performance Test
aaINAME/aall e :Class/.......... :

o L Annall 441 5ia) :J V) aniliSection One: In following questions select the

correct answer:

el Lage laily W 5 455 Adlisa Laginy laiinne (1
Two lines are always in the same distance and never touch

BHIENE Olualadia (¢ <) ladaliia ) okl sia
congruent perpendicular intersect Parallel

Al Db eVl 8 diey Lagiiuse S5 la) (40 e gana 2
A straight set of points that extended from both sides endlessly.

(5 siasall (2 aitisall Caai (2 Q) il 1) dasiionall daladl)
Plane Half line line Segment of line
Al oLyl ) aen 5 (it (bl (el JS 4 el IS4 3
A quadrilateral with four right angles and opposite sides that are parallel

Qe (2 S ) ale 4l ) gkl ) sie
Rhombus Rectangle Trapezium Parallelogram
e g gl adluld st 50 et Jea JSEN) yy 5 4
Turning a shape around a point without changing its measurement and type
Osd (2 »Si(z Q) el ) ol
Rotation Enlargement Reflection Translation

tsh sl Ji) (5

The following shape is:

o yaie 4 (2 e (T Q) & il ) sie ) el
Trapezium Rhombus parallelogram Rectangle
bl JCA A (J) ddadl) Jiay 2 i pall 2 5 30 La (6

What is the ordered pair that represent (L) in the following figure?
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IJ;.J e Dj
Li jﬂ(.mn

2 ) 0

r]r. aL._. L .l

m

A—.L J

“"23

11 ( ' I

(13) [GD (= =) (32) h @23)

sl Jlill 8 lasinadiThe two lines in the following figure are (7
Oladaliia ( o) sie (z @) Qlilaia ) Olulaie
Intersect Parallel congruent perpendicular
sl Sl 8 lasivuall (8
The two lines in the following figure ar
laidaia (2 @) Olaalaia @) Ob) sie ) olabliic
Congruent perpendicular parallel intersect
(7¢5) el z 530 Leliay Al Adaiill o 9
Name the point that is represented by ordered pair (5,7)
.:432‘%'\," ot

3 ‘ i

| I [ e

L R e LI A
o ddatil) (2 skl (# ) | adadal) ) — ddal
Point B Point D Point A Point C
Tl Jiay (2 Jy sl L (10

Which translation represent a translation?
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(3 N

H ] 5
ta Q) )
rsd slaal) JSAl 4 Juadl what is the best discerption of the following shape? (11
pavy)

?-ui
Parallelogram Rectangle Rhombus Square
fhanna cud 40U Jaall ) which sentence is not correct? | (12
@) el S Gl ) Jababie g e S

The Rhombus is quadrilateral Every square is rectangle
sl ala Calie & ¥ idaie Culiall (o g3l )l sie s il 4 (7
The equilateral triangle is an acute | Trapezium is parallelogram
triangle
& a9 Csulall DLuLd S 1Y) g saia (B Jgenall 4 gula Slea Bisy o e 5 | (13
90 gulal) Taiad Jiad¥) el )l JSEl g 55 Lad can34
Ali wants to pack his lap top in a box. If the dimensions size of his lap top
are 29cm x 34cm, what is the best quadrilateral box fit with Ali’s lap top?
Trapezium Square rhombus rectangle
4 ghaa dila) 1 AUl andliSection two: open questions
9 (14
J‘QQ. 3 A yda
L W I Y V- |
Wl %
—wiSa .).'0
Jled Ddeﬁ 2.8 H\5
...,AQ—I—A.Z»‘- /

e
eokef JCa) 8
In the above figure
........................... o & LAl g o g LA G A8l 2aa (

Identify the relationship between street C and street
H?
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...........................

¢ Te Ll 5 o HLall Gu 48Dkl aas
Identify the relationship between street B and street
A?

g M) 53 L eyl i€ ) o Al ) syl (e g 13)
e i Al

If you walked from school to library then to post
office, what would the type of angle that you make?

(c

fa g ol g e LA G A8l 2as
Identify the relationship between street C and street
B?

(q

apaadl (95 0 A el 215 31 SIS ) e s (elSaiVl (KGN 5 ) saca s )
Reflect the shape around line, and name the new ordered pairs?

(15

.
»

- 4 4 0 O A < > »
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A INAME @l e

Appendix (3.4) Delayed Test Initial Copy
L).?}AJ‘ L?&.A.gg.l\ M\)W\
Delayed test

(b lad domomall LYl A :JeY! ewdliSection One: In following questions

select the correct answer:

kel Lage (il W 5 4505 ddlise Laginy (jlasiiuus (1
Two lines are always in the same distance and never touch
Oiaia (2 o)l sie (z @) Jlakaliic Olalaia
congruent Parallel intersect ") Perpendicular
e g gl adluld yuad 50 Adal Jga JSAN g 53 (2
Turning a shape around a point without changing its measurement
and type

) kSl ) s @) Gl ) olse

Reflection Enlargement Translation Rotation
tsA ) slall JS) 3
The following shape is:
Qi (3 Jikis (g ) doakead ) gl s
Rhombus Rectangle Trapezium Parallelogram
Al S cpalaty) 8 diey Lains JSG5 Jalail) (e Ao sana (4
A straight set of points that extended from both sides endlessly.
6 siaaall (2 aiisall Caai (z ) Al ) dagiiosal) dakadl
Plane Half line Line Segment  of
line

Al o) 5 ) apan 5 (niidale (plilEie (palia JS 4 (el ) JSG (5
A quadrilateral with four right angles and opposite sides that are
parallel
ke 4l (2 Gma (g <) gdhal gl ) dibis
Trapezium Rhombus parallelogram Rectangle
obal JSa A (J) ddadl) Jiay 2 iyl 2 5 3 La (6

What is the ordered pair that represent (L) in the following figure?
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ok J...i._ Ejj
r-]ﬂ(.lp‘l_l
r]r. :L_4 :.

il

.lL]J’“'E

e

""*"

(23)

[(3<) (z

<) (32)

1 (13)

sl Jlill 8 lasinadiThe two lines in the following figure are (7

Ol sie (2 Oladaliia (# Q) Olaalaia ) ol
Parallel Intersect perpendicular congruent
sbaall JSEN 8 lasiinall (8

The two lines in the following figure are

Olakaia (3 Olakaliia (# ) olbslsie @) Glaalaia
Congruent Intersect parallel perpendicular
Al sl Letia () Abiil) oui(8,6) ©
Name the point that is represented by ordered pair (8,6)

v ?;m A - :

MisEsio v v As

G adaail) (a skl (z ) | adadal) ) — ddaiil
Point B Point D Point A Point C
Ulaail Jiay 521 Jy5all e | (10
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Which translation represent a translation?

<)

7

a
(E-w29 o gnlal) Ll S 1Y) (3 gdba (A J sanall 40 guils Slea Jaing of e 3 [ (11
9o gulall Tadad Ll el )l IS8l g 55 Lad an34 A
Ali wants to pack his lap top in a box. If the dimensions size of his

lap top are 29cm x 34cm, what is the best quadrilateral box fit with
Ali’s lap top?

oaleai(c [dlie(z <) G ) e
Trapezium Rectangle Rhombus Square
s ol 404N Jeadl ) which sentence is not correct? (12

@) =l S Gandll
The Rhombus is quadrilateral

Every square is rectangle

sl ala Calie & ¥ idaie Culiall (o

The equilateral triangle is an acute

g3l ) sie s Caaiall 4 (7
Trapezium is parallelogram

triangle
(st slaall JSAl dpend Jumil what s the best discerption of the following | (13
shape?
pNvy)
(';.ul
ghal ol (0 | @z ) O ) e
Parallelogram Square rhombus rectangle
A gha dila) ;1 AN audliSection two: open questions
9 (14
Z& J Ay
3 &l e él
OacSe 0\?
S 2
i [i‘-”’)-‘ 2.8l
_‘,,L4—I——03)5
Wi
oef JSall 4
In the above figure
........................... | a g il gl g il 38Dal) aaa (]
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Identify the relationship between street C and
street B?

¢ le il s g JLall (G AB3all 2as
Identify the relationship between street B and
street A?

g 55 Lad ey pll aiSa ) o3 ASall () A jaall e Candia 1)
Tl o Al da s 30

If you walked from school to library then to post
office, what would the type of angle that you
make?

(d

foa & Uil g s g LA G 483al) 2aa
Identify the relationship between street C and
street H?

(.J

Qadgdaj\ w}})ﬂ:\_u)d\ C\}J\)f\ t_ﬁS\(u ‘JJMLJPU"‘\S’-’YL‘M‘EJ}‘A(‘“J\
Rotate the shape around line, and name the new ordered pairs?

(15

4 & O 4L < > »

252




Appendix (3.5) Geometric performance Test Final Copy
emdighl Juasill sl
Geometric Performance Test
A INAME/aall e :Class/.......... :

o L Annall 441 5ia) V) aniliSection One: In following questions select the

correct answer:

I3ia) Laga laily Y g A5 d8lue Lagin (lasiinna (1
Two lines are always in the same distance and never touch

Oatia (2 Olaalaia (2 &) ladaliia &) o) s
congruent perpendicular intersect Parallel

Al Db eVl 8 diey Lagiiuse S5 la) (40 e gana 2
A straight set of points that extended from both sides endlessly.

(5 siasall (2 aitisall Caai (2 ) aiosall ) dagiionall daadl)
Plane Half line line Segment of line
Al oLyl ) aen 5 (it (bl (el JS 4 el IS4 3
A quadrilateral with four right angles and opposite sides that are parallel

Oz (2 dibiva (7 1) Chyaie 4l &) g Ol ) sia
Rhombus Rectangle Trapezium Parallelogram
e g gl adluld st 50 et Jea JSEN) yy 5 4
Turning a shape around a point without changing its measurement and type
Ols (2 xS (z Q) (Sl Q) bl
Rotation Enlargement Reflection Translation

tsh sl Ji) (5

The following shape is:

o yaie 4 (2 e (T &) & Sl ) sie @) S
Trapezium Rhombus parallelogram Rectangle
bl JCA A (J) ddadl) Jiay 2 i pall 2 5 30 La (6

What is the ordered pair that represent (L) in the following figure?
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IJ;.J e Dj
Li jﬂ(.mn

2 ) 0

r]r. aL._. L .l

m

A—.L J

“"23

11 ( ' I

(13) (: G (= |2 (32)

sl Jlill 8 lasinadiThe two lines in the following figure are (7
Gladaliia (2 SLllsie (z z) oadia &) Olalatia
Intersect Parallel congruent perpendicular
sl Sl 8 lasivuall (8
The two lines in the following figure ar
Gaia (2 7) Oulaia &) ) s @) Olakaliia
Congruent perpendicular parallel intersect
(7¢5) el z 530 Leliay Al Adaiill o 9
Name the point that is represented by ordered pair (5,7)
.:432‘%'\," ot

A I J

] il 9

L R e LI A
o ddatil) (2 skl (# &) | adasal) @) - Adasil
Point B Point D Point A Point C
Tl Jiay (2 Jy sl L (10

Which translation represent a translation?
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(3 N

( &) - =)

rsd slaal) JSAl 4 Juadl what is the best discerption of the following shape? (11
pavy)
?-ui
gl g5l sie (o | ikt (g ) pna ©) @
Parallelogram Rectangle Rhombus Square
fdaaua cwl 44Ul Jeall T which sentence is not correct? (12
&) el JSS el &) Jihatie g e JS
The Rhombus is quadrilateral Every square is rectangle
sl ala Calie & ¥ idaie Culiall (o g3l )l sie s il 4 (7
The equilateral triangle is an acute | Trapezium is parallelogram
triangle
90 gulal) Taiad Jiad¥) el )l JSEl g 55 Lad can34
Ali wants to pack his lap top in a box. If the dimensions size of his lap top
are 29cm x 34cm, what is the best quadrilateral box fit with Ali’s lap top?
Trapezium Square rhombus rectangle
4 ghaa dila) 1 AUl andliSection two: open questions
9 (14
J‘QQ 3 A yda
L W I Y V- |
(I Wl %
. 5
Jled [ﬁ‘eﬁ 2.8 H\5
vﬁ‘%*:"" /
e
eokef JCa) 8
In the above figure
........................... o & LAl g o g LA G A8l 2aa (

Identify the relationship between street C and street
H?
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...........................

¢ Te Ll 5 o HLall Gu 48Dkl aas
Identify the relationship between street B and street
A?

g M) 53 L eyl i€ ) o Al ) syl (e g 13)
e i Al

If you walked from school to library then to post
office, what would the type of angle that you make?

(c

fa g ol g e LA G A8l 2as
Identify the relationship between street C and street
B?

(q

apaadl (95 0 A el 215 31 SIS ) e s (elSaiVl (KGN 5 ) saca s )
Reflect the shape around line, and name the new ordered pairs?

(15

.
»

- 4 4 0 O A < > »
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Appendix (3.6) Delayed Test Final Copy
Jr3all (gudigl Jumonll 5]
Delayed test
A INAME/aall e :Class/.......... :

(b lad domomall LYl A :JeY! ewdliSection One: In following questions

select the correct answer:

JJaia) Lage (LESL Y 5 A5 Alia Lagin (lasiiowe (1
Two lines are always in the same distance and never touch

Olaia (e k)l s (z @) Oledalaia Olalaia
congruent Parallel intersect z) Perpendicular
e g gl Al juad 50 Adal Jga JSAN g 53 (2

Turning a shape around a point without changing its measurement and
type

J) Sl J) uSs Z) Sl z) Olse
Reflection Enlargement Translation Rotation
Do glaall JS) (3

The following shape is:

L (3 Jikinaa (2 T) Soaiedud z) gkl s
Rhombus Rectangle Trapezium Parallelogram
Aale Db Cpalad¥) A Sie Ladiies JC55 L& (e e sane (4
A straight set of points that extended from both sides endlessly.

dM\ (J ?"SM\ —aal (C C) ?.m...ml\ C) Y ORTXNA 8ial) P |
Plane Half line Line Segment of line
Al o) 5 ) apan 5 (niidale (plilEie (palia JS 4 (el ) JSG (5
A quadrilateral with four right angles and opposite sides that are
parallel

Seledl(c ome(g g) gl llsie | ) e
Trapezium Rhombus parallelogram Rectangle
bl JSal A (J) ddadl) Jiay 2 i pall 2 5 3 La (6
What is the ordered pair that represent (L) in the following figure?
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J:.__L..i_ 11
r-]ﬂﬁun
r]r. :L__. 1..

L

=™ O

._|L1

23) ¢ G (& [0 B2) ) (13)
sl Jlill 8 lasinadiThe two lines in the following figure are (7
Sl sie (2 Gladalii (= ) Olulaia &) oladaia
Parallel Intersect perpendicular congruent
o sbaall JSEN b (lagiinsall (8
The two lines in the following figure are
oatatia € Oladalaia (z &) o) s ) Olulaia
Congruent Intersect parallel perpendicular
Al s Letia () Abiil) oui(8,6) ©
Name the point that is represented by ordered pair (8,6)
P ?t Ll y - :
i "‘ '8 0
:"i" -]‘y,:.‘fv‘r—"v — .9‘
l—m Yokt N Y A8
Point B Point D Point A Point C
ol Jiay 21 Jy5all e | (10
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Which translation represent a translation?

2) z)

i ]
(q
w29 Cogulall Gl CulS 13 G5 gria 8 Jganall 43 gula e Jainy of ey | (11
9o gulall Tadad L) el )l IS8l & 55 Lad an34 A
Ali wants to pack his lap top in a box. If the dimensions size of his lap
top are 29cm x 34cm, what is the best quadrilateral box fit with Ali’s
lap top?
i ada 43 (2 L ( ) Cnne ) &
Trapezium Rectangle Rhombus Square
fasnua cawl ) Jeall sl which sentence is not correct? (12
7)) =b S ) z) Jbiue e S
The Rhombus is quadrilateral Every square is rectangle
sl ala Calie & ¥ idaie Culiall (o gzl ) sie sa Cajaiall 4 (7
The equilateral triangle is an acute | Trapezium is parallelogram
triangle
(st skl JSAl dpends Juzidl what is the best discerption of the following shape? | (13
a2
?A-H
ghal sl (v | @z T) Cnne z) Jabie
Parallelogram Square rhombus rectangle
4 ghaa dila) 1 AUl andliSection two: open questions
5 (14
J N v
S : /
5, L ) I B V-1 Mé]-M
Oacse %
—Se .).'0
o o2 2.8\
.,;,&0—1——'3)5 /
eokef JSa) 8
In the above figure
........................... o g oLl g e Ll (G dA8Mall 2aa (]
Identify the relationship between street C and street
B?

259




T e il s g LAl G A8 saa (<
Identify the relationship between street B and street
A?

...........................

g5 b sl i I o84Sl Aol e e 13| (2
fes e A 2y 3

If you walked from school to library then to post
office, what would the type of angle that you make?

........................... o & )Ll o g LA G 483l 2aa (2
Identify the relationship between street C and street
H?

aaall (95 0 A el 21 3V SIS ) e s (alSaiVl (KGN 3 ) saca s ) (15

Rotate the shape around line, and name the new ordered pairs?

.
-

- X 4 & O 42 < > »
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Appendix (3.7): Difficulty Coefficient of The Geometric Performance Test

Question Number of Correct Answer = Number of Incorrect Answer Difficulty Coefficient
Number

1 23 4 0.85
2 19 8 0.70
3 15 12 0.56
4 18 9 0.67
5 19 8 0.70
6 22 5 0.81
7 16 11 0.59
8 18 9 0.67
9 16 11 0.59
10 15 12 0.56
11 12 15 0.44
12 11 18 0.40
13 13 15 0.48
14 A 8 19 0.30
14B 5 22 0.19
14cC 9 18 0.33
14D 7 20 0.26
15 6 21 0.22
Total 252 234 0.52
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Appendix (3.8): Difficulty Coefficient of The Equivalent Form (Delayed Test)

Question Number of Correct Answer = Number of Incorrect Answer Difficulty Coefficient
Number

1 17 10 0.63
2 11 16 0.40
3 17 10 0.63
4 17 10 0.63
5 16 11 0.59
6 23 4 0.85
7 20 7 0.74
8 18 9 0.67
9 20 7 0.74
10 11 16 0.41
11 13 14 0.48
12 10 17 0.37
13 17 10 0.63
14 A 6 21 0.22
14B 8 19 0.30
14C 12 15 0.44
14D 5 22 0.19
15 5 20 0.19
Total 246 240 0.51
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Appendix (3.9) Spatial Thinking Test
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Appendix (3.10) GeoGebra Visual Questionnaire Initial form

No Statement Strongly Agree Neither Disagree Strongly
agree agree nor disagree
disagree
1 UA;AA d@u‘—: Asigl ol O cal /\‘; i P PN
I like studying geometry lessons VoA | ALTES [ & ’ [~
3 \Jg‘ \] 73 ' (%,) g —
with GeoGebra ‘ — T
2 | Rl palad et e el e - L am | <>
Geogebra helps me learn geometric CNGA | Gy 6 [~~~ \
Y \ y,@ LSO |
/3 \\"-': v ‘ \) w4 &f}’ - \ L
concepts which were taught this " — 9
week
3 e S s saa Jlaxindy aladl () Juzaidl ) /\" ~ . P
el LS Jlaniaaly aladl (A% [ '%7-@ D | ARV (@60 [~
| prefer lessons with Geogebra more | [ yd \,‘ -y C/ &5; - ©Q
than having to learn traditionally
through text book
4| Jueninly Aigh a5 0 JS alad (8 ) o LR, . P -
BN CR | | o (@) Lamd
I would like to learn all geometry - V\// ) | e\ =S
concept with GeoGebra
5 L 0 N\ —
N . . ) /_\( . i e \'\.."//‘ N N ~—
Cundi ) alaill (Sadla 5 (a1 7 { \yﬁ:] '“:“ O o | 96 ["'/\"'3
Geogebra has boosted m ) - | YNy I\l
g y w S | &f v iss
motivation
6 £ @ p é\j LoD\
Jletinal tie by I ag 53 b giiad WE | €N | affo
I enjoy in math lessons through ) — —
GeoGebra
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Using GeoGebra can help me to — J
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mathematics
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15 | bt ilen e Jhacioly platl) A nQ | ol A\ . —
S | 00 { % y\é N Y @-@ &7 9 ®) ==
Learning activities with GeoGebra | [ V ST | WY © 25
has made me more active in the
class
16 | o Bl ) g Jleninly el il 2l | o g\)’ m\ . <>
ol JSs 5 Al G el (1192 o | JAbEENs | (@6l L=l
Learning activities with GeoGebra | [ \\d~ ST | WY © _4) IS
helped me to express my thoughts
and ideas more effectively
17 | Slo el jmaa du,s“gf,x,ﬂ\ ial AN | g\)’ o\ . <>
plels (b g ol 1VE) | (B9 | QY o) &= \
V \_'V'I. \~J “_."J ‘J X - z
Learning activities with GeoGebra o \’/ e =
help me to interact with my
classmates and my teacher more
effectively
18 | sl &5 Adilie o el alaill Alais il Nl | o &" o\ . —
AY) e aleil ¥l i_d 0 | AT ¢ LA 1 S e
AN Sk T : X = \ —
v N | WY | © S
Learning activities help discuss the o o J
results of group work with the others
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teacher
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learning through GeoGebra has
helped me become more active
21 £ @ \) P~ P
SN (Pl slaay Llaiay) =2 <X N \d:/ O\l
Using GeoGebra can help me to
better retain the content that | have
learned by such teaching method
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Learning activities with GeoGebra —
has helped in making connection
between new learning and previous
learning
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device
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Appendix (3.11) GeoGebra Visual Questionnaire After Developing Its
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Appendix (3.12) GeoGebra Visual Questionnaire Final Form
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Learning tasks helped me to
collaborate with me classmates.

e | e 3 5 Izl
By dé‘}“ sady ng
Jl )
A2 a6 11:5:\ F@ \ﬁ?ﬁ;d@g@ﬁ@_&\wﬁwi%i 1
E’”Cﬁ " ,/ s 'V | like studying geometry lessons
’ with GeoGebra
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e W ,
- Geogebra helps me learn
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- i | prefer lessons with Geogebra
more than learn by pen and paper
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: - I would like to learn all geometry
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- ' motivation
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learning activities
@ 'V ~ | v st D) ¢
) Geogebra has enabled me to
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»@« - : WD 'v alxil) Al Al e
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Appendix (3.13) The Measurement of The Process of Learning

Mathematics

No.

Question

=

‘(.

4

In general, I’'m good at mathematics.

bl b 2 Ul ale IS5

I’'m pretty good at mathematics.

byl 8 Taaa Ul

| usually do well in mathematics.

Azl I el Gl e sale Ul

Not everyone can be gifted for every school
subject. For mathematics, I’'m not really
gifted

Al 3 3 5all IS (8 05 50 enll 050 Of (S Y

i g g ol U sty el

For some reason, I can’t master
mathematics

lpaaly ) 8abe ) aalaind Y cla caned

Mathematics is not one of my strengths

o Bl (o ) sty

Mathematics is more difficult for me than

for many of my classmates

Jaadll & (53 345 Hlia (I Apuailly Apeia ilpualy )l

I learn things quickly in mathematics

Cilaaly ) 53le b e sy £LaEY el

I would like a job that involved using
mathematics

by ) Jlexind e aind dagla g e J guaall 35
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10

Sometimes, when | do not initially
understand a new topic in mathematics, |
know that | will never really understand

8ale 8 2l & gum gl agdl W Ladic ((all Gans

LaaY dagdl o il alef i) e bl )

11

Mathematics is boring.

laa 3ale Cilualy )

12

| find mathematics a pleasant school subject

Rafiae Anad 3 Bake Cilacaly ) aal

13

Our lessons in mathematics are mostly
fascinating and interesting

a3 e g dadl ) ilpialy N g3 alans

14

I’m sick of mathematics

Giluaaly )l 3ala (pe Caalin

15

Especially for mathematics, I’'m happy
when class is over

L st cilacaly )l dan it Ladie saladly el

16

I enjoy learning mathematics

il Hll alat die alaiul

17

I would like to take more mathematics in
school

A el 8 lialy )l e dall Al ) 2

18

I think for most occupations, mathematics is
not useful

Ol plaa (B Sl AN Bagde Cud Cilualy )l

19

| believe mathematics has little use.

Hase 3230 Led claaly I o i |

20

Most of mathematics can be useful later on

Sainnall b Lgie BN ¢y llaaly M1 (a5 53 plana
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21 | think learning mathematics will help me in
my daily life.
Lasll s (B iae by Cilualy ol (f aie ]

22 For a lot of things, occurring daily,
mathematics is useful.
A LY e 5ES] Al Bade CilpalyHl) e
e Gaaas

23 | need mathematics to learn other school
subjects
AV Lgusl jall ol sall aletl cilyualy S ) s

24 I need to do well in mathematics to get the
job I want
i Ladi e il 3ol A g) e 05 O s
Ll Gl dida gl e Joas)

25 I need to do well in mathematics to get into
the university of my choice
i Tai po el B3l A ) st 050 o o
Loy ) 3 daslally Glail¥) oSl

26 To be good at mathematics, is a case of luck

s slane 1585 O cany ectilanaly 3 s 5S8
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Appendix (3.14) GeoGebra Intervention Lessons

Al | i i Jlardialy

Learning by using GeoGebra
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(Geometric Concepts)

Lesson idea

Learn and name
basic Geometric vocabulary.

Vocabulary

The adjacent shape is made up
of different geometric shapes.
Select a point and a segment
of line on this shape.

Point

Line

Half line

Segment of line
Plane

intersecting lines
perpendicular lines
Parallel lines

congruent straight segments

Tasks 1

Together with your group, use GeoGebra to do the following:
* Represents a point, then describe it?



'\. Tasks 2

Together with your group, name the following shapes:

------------------------------
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Geometric Vocabulary

A point is a specific location in
space and is represented by a
point by a pen.

A line is a set of points that
form a straight path that
extends in both directions
without end.

A half line is a part of a
straight line that has a
starting point and extends in
one direction without end.

A line segment is part of a line
that has a starting point and
an end point.

A plane is a flat surface that
extends in all directions
without end.

Basic Concept

verbal expression, point A
D C
<--o o-->
Verbal expression, line D C or
straight line CD
With symbols <-----> <----->

Verbal expression, half- line x

y
With symbols, ----- >

A
Verbal expression, line
segment A B or line segment B
A
With symbols, ------  ------
ABorBA
Verbal expression
Plane N M P
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@ Task 3 The relationship between the lines

seaGebrg

Together with your group, use the Geogebra program to draw the following:

° Lines intersect at one point.
° Lines that form a right angle at their intersection.
° Lines never intersect, no matter how extended they are.

° Straight segments of the same length.

Then answer the following:

» What can you call the lines that intersect at one point?

» What can you name the two lines that never meet, no matter how extended
they are?

293



: Any two straight lines in a plane can have one of three relationships: intersection,
L
-~ perpendicular, or parallelism

Lines Pairs Basic Concept

The definition Sample

Intersecting lines are straight &
lines that meet or intersect 2

at only one point.

Verbal expression, the line A B intersects the line C D
<memeem > D >

With symbols: A B intersects withC D

H
| . e e 2
Two perpendicular straight ~ - -
: . Remember
lines meet, and one intersects %

the other to form a right angle. ; :
The symbol " is the parallelism symbol

"""""" 3 The SymbOI.Lis the orthogonality symbol

The symboLd is a right angle symbol

: 3 Y
Parallelograms are straight, < > =
with a fixed distance between - - >
. P
them that IS nOt equal to Zero' Verbal expression, the line X Y is parallel to the line P L

and they do not meet or intersect| winhsymbois:x v 115 L
no matter how extended they are.

A

Lines with the same length called

Basic Concept

Congruent Lines

Lines of equal length are called congruent lines.

In words: H W match C D C \
2:5.cm

IniSymbolsi———- 8-

Example B l|dentify congruent segments
(L& ]
Measure, indicating whether the two lines |c ! s ! 1 z |
entimeters |

in the adjacent figure are congruent.
-——

Since the two line segments are unequal in length,
they are not congruent. Centimeters
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Task 4 (Individual Task)

s »
»
’ k
- - - - - -
' H F L
- - - - »
C
s T
»
s P .

Use the above figure to solve the following:

* Name a pair of parallel lines?
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Task 5 (Whole class discussion)

Provide examples of relationships between lines from your real life?
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Name each shape as follows, then express it with symbols:

0+—7 ‘x"\q 0.

Determine whether the lines are intersecting, perpendicular or parallel
in the following

o><:  L—

Measure the length of each ine segment, and then indicate whether the two line
segments are congruent. Write yes or no

o 0><‘

What kind of double lines shown
in the road picture? Explain your answer.

° ‘Speak Explain the difference between
E - half line and a line.

-
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Appendix (3.15) Hands-on Intervention Lessons

el il galf Jlarioady

Learning by using Hands-on Materials
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(Geometric Concepts)

0

The adjacent shape is made up
of different geometric shapes.
Select a point and a segment
of line on this shape.

Tasks 1

Lesson idea
Learn and name
basic Geometric vocabulary.

Vocabulary
Point

Line

Half line

Segment of line

Plane

intersecting lines
perpendicular lines

Parallel lines

congruent straight segments

Together with your group, use the available materials to do the following:

* Represents a point, then describe it?

.......................................................................
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Tasks 2
'\.

Together with your group, name the following shapes:

------------------------------

------------------------------
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Geometric Vocabulary

A point is a specific location in
space and is represented by a
point by a pen.

A line is a set of points that
form a straight path that
extends in both directions
without end.

A half line is a part of a
straight line that has a
starting point and extends in
one direction without end.

A line segment is part of a line
that has a starting point and
an end point.

A plane is a flat surface that
extends in all directions
without end.

Basic Concept

verbal expression, point A
D C
<--o o-->
Verbal expression, line D C or
straight line CD
With symbols <-----> <----->

Verbal expression, half- line x

y
With symbols, ----- >

A
Verbal expression, line
segment A B or line segment B
A
With symbols, ------  ------
ABorBA
Verbal expression
Plane N M P
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[ﬁ‘% Task 3 The relationship between the lines

Together with your group, use the available materials to draw the following:

° Lines intersect at one point.
° Lines that form a right angle at their intersection.
° Lines never intersect, no matter how extended they are.

° Straight segments of the same length.

Then answer the following:
» What can you call the lines that intersect at one point?

* What can you name the two lines that never meet, no matter how extended
they are?
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Any two straight lines in a plane can have one of three relationships: intersection,

perpendicular, or parallelism

Lines Pairs Basic Concept

The definition Sample

Intersecting lines are straight &
lines that meet or intersect 2

at only one point.

Verbal expression, the line A B intersects the line C D
<memeem > D >

With symbols: A B intersects withC D

H
| . e e 2
Two perpendicular straight ~ - -
: . Remember
lines meet, and one intersects %

the other to form a right angle. ; :
The symbol " is the parallelism symbol

"""""" 3 The SymbOI.Lis the orthogonality symbol

The symboLd is a right angle symbol

: 3 Y
Parallelograms are straight, < > =
with a fixed distance between - - >
. P
them that IS nOt equal to Zero' Verbal expression, the line X Y is parallel to the line P L

D > Cmmmmee >

and they do not meet or intersect| winhsymbois:x v 115 L
no matter how extended they are.

A

Lines with the same length called

Basic Concept

Congruent Lines

Lines of equal length are called congruent lines.

In words: H W match C D C \
2.5cm

In Symbols: ————--  -———-

Example B |dentify congruent segments
<>
Measure, indicating whether the two lines IC ! ’ E ‘ z |
entimeters |

in the adjacent figure are congruent.
-_—

Since the two line segments are unequal in length,
they are not congruent. Centimeters
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-'\. Task 4 (Individual Task)

» »
»
* k
- - - ES - »
. H F L
- - " - »
C
T
»
& P o

Use the above figure to solve the following:

* Name a pair of parallel lines?
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Task 5 (Whole class discussion)

Provide examples of relationships between lines from your real life?

Name each shape as follows, then express it with symbols:

O+—7 ‘x"\\, 0.

Determine whether the lines are intersecting, perpendicular or parallel
in the following

o>< g

Measure the length of each line segment, and then indicate whether the two ine

segments are congruent, Write yes or no
X m

. What kind of double lines shown
in the road picture? Explain your answer.

‘ Speak Explain the difference between
‘ half line and a line.
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Lesson 1 Geometric Teaching Computers (Number 15) - GeoGebra
Concepts tools — geometry set.

Time Two Classes | Introduction | The teacher group students in pairs
where is possible, so that each group
has a computer equipped with
GeoGebra software. The teacher then
asks about the importance of geometry
in life. After that, Students are asked
about geometry forms to learn about
their geometry background.

Date Class 5/3

Aim Content Teaching strategy
The student | Point: is a| 1. Theteacher hands out learning task 1 to
should: specific location his students and asks them to implement
define the basic | in space and is it on the Geogebra program and answer
geometric represented by a all the task questions within (7-10

concepts (cat, line,
half line, segment
line, plane).

point by a pen

A line: is a set of
points that form a
straight path that
extends in both
directions
without end.
Half-line: is a
part of a line that
has a starting
point and extends
in one direction
without end

A line segment is
part of a line that

has a starting
point and an end
point

Plane: is a flat
surface that
extends in all
directions
without end.

minutes).

The teacher discusses his students’
conclusions on the questions of the first
learning task and explains to them how
to use the point to name line, half line,
segment line, plane.

The teacher distributes learning task 2
and asks his students to implement it
collaboratively and supervises them and
directs those who need help (3-5
minutes).

The teacher discusses his students in
their answersto the questions of
the second learning task. The teacher
also should discuss with his students the
errors they made.

Students solve 1, 2, 3 exercises. The
teacher supervises and evaluates his
students (5 minutes).

The teacher asks his students about
geometric concepts. Here students
should use their ability to imagine and
think spatially to express the geometric
concepts they have learned without
looking at the educational materials
available to them and without using
GeoGebra or paper and pen (5
minutes).
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explore the
relationships

between the lines.

Intersection:
Two straight
lines that meet or
intersect at one
point.
Perpendicular:
Two straight
lines meet, and
one intersect the
other to form
right angle.
Parallel: Two
straight straights
with fixed
distance between
them that is not
equal to zero and

never meet or
intersect no
matter how
extended  they
are.

Congruent: lines
with the same
length.

7-

8-

O-

10-

11-

12-

The teacher hands out learning task 3 to
his students and asks them to implement
it in pairs on the Geogebra program and
answer all the learning task 3 questions
within (1 0 minutes). While the students
are carrying out the learning activity, the
teacher supervises his students and
makes sure that work is going on as
planned.

The teacher discusses with his students
their conclusions on the questions of the
first activity (7 minutes).

The teacher distributes learning task 4
and asks his students to do it
individually using their geometry set,
paper and pen (10 minutes).

The teacher discusses with his students
their conclusions on the questions of the
fourth learning task. Then he discusses
with them the way of the mathematical
expression of the geometric concepts
that they reached (8 minutes).

Students perform exercises 4, 5, 6, 7.
The teacher supervises and evaluates his
students (5 minutes).

According to learning task 5, the teacher
asks his students about the relationship
between the lines, using their spatial
thinking ability to express the geometric
concepts they have learned without
using technology or paper and pen, in
which they link what they have learned
with their real life (5 minutes).

Assessment | Solve questions 1, 2, 3, 4, 5, 6, 7, and after the students have
finished solving the exercises, the teacher marks their answers
and discusses his students in their solutions.

Homework | The teacher asks his students to answer the following questions

10, 11,12, 13, 14, 15, 16, 17, 18 of the student's book page 128
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Appendix (3.17) Hands-on Teacher Guidebook
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Lesson 1 Geometric Teaching Wool threads - scissors - pins - crok
Concepts tools board - coordinate sheet - geometry
set.

Time Two Classes | Introduction | The teacher groups students in pairs,
where possible, and give each group
coloured paper and scissors. After
that, the teacher asks students about
the importance of geometry in life.
Then he asks students about geometric
shapes to know about their geometric
background.

Date Class 5/1

Aims Content Teaching strategy

The student | Point: IS a| 1- The teacher hands out learning task 1 to

should: specific location | his students and asks them to implement it

define the basic | in space and is | using the available materials and answer all

geometric represented by a | the questions of the learning task within (7-

concepts (cat, line,
half line, segment
line, plane).

point by a pen

A line: is a set of
points that form a
straight path that
extends in both
directions
without end.
Half-line: is a
part of a line that
has a starting
point and extends
in one direction
without end

A line segment: is
part of a line that

has a starting
point and an end
point

Plane: is a flat
surface that
extends in all
directions
without end.

10 minutes). While the students are
carrying out the learning activity, the
teacher supervises his students and makes
sure that they carry out the activity
collaboratively.

2- The teacher discusses with his students
their conclusions on the questions of the
first learning task and shows them how to
name geometric concepts using symbols (5
minutes).

3- The teacher hands out the sheet of
learning task 2, asks his students to
implement it collaboratively, and provides
direction and guidance to those who need
help (3-5 minutes).

4- The teacher discusses with his students
their conclusions on the questions of the
second learning task. Then he discusses
with them the mistakes they made (5
minutes).

5- Students solve exercises 1, 2, 3. The
teacher supervises and evaluates his
students (5 minutes).

6- The teacher asks his students about
geometric concepts. Here, they should use
their ability to imagine and spatial thinking
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to express the geometric concepts they have
learned, without looking at the educational
materials available to them and without
using aid tools or paper and pen (5
minutes).

explore the | Intersection: 1- The teacher hands out to his students the
relationships Two straight | sheet of learning task 3 and asks them to
between the | lines that meet or | implement it using the available aided tools
straight lines. intersect at one | to answer all the questions of the learning
point. task within (10 minutes) collaboratively.
Perpendicular: While the students are carrying out the
Two straight | learning activity, the teacher supervises his
lines meet, and | students and makes sure that work is going
one intersect the | on as planned.
other to form ) S
right angle. 2- The teacher discusses with his students
Parallel:  Two | their conclusions on the questions of the
straight  straights | third learning task (7 minutes).
\(;Ivilsttgnce bet\];\ll)égg 3- The teacher hands out learning task shegt
them  that is not 4 gnq asks h_|s stugjents to perform it
equal to zero and individually using their geometry set, paper
and pen (10 minutes).
never meet or
intersect NO | 4- The teacher discusses with his students
matter how | their conclusions on the questions of the
extended  they | fourth learning task. Then he discusses with
are. them the method of mathematical
Congruent: lines | expression of the geometric concepts that
with the same | they reached (8 minutes).
length.
5- Students solve exercises 4, 5, 6, 7. The
teacher supervises and evaluates his
students (5 minutes).
6- According to learning task 5, the teacher
asks his students about the relationship
between the lines, using their spatial
thinking ability to express the geometric
concepts they have learned without using
aided tools or paper and pen, in which they
provided examples that link what they have
learned with their real life (5 minutes).
Assessment Solve questions 1, 2, 3, 4, 5, 6, 7, and after the students have
finished solving the exercises, the teacher marks their answers
and discusses his students in their solutions.
Homework The teacher asks his students to answer the following questions

10,11, 12, 13, 14, 15, 16, 17, 18 of the student's book page 128
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Appendix (3.18) Characteristics and Features of Storch’s (2002) Pair

Pattern of Interaction

Pattern of Interaction

Characteristic

Feature

Collaborative

Moderate to high equality o
Moderate to high mutuality

Pairs incorporate or repeat each
other’s utterances and extend on
them.

Pairs provide negative or
corrective feedback in the form
of explicit peer repair, as well as
positive feedback in the form of
confirmations

Pairs provide positive feedback
in the form of confirmations
Pairs make many requests and
provision of information

Pairs engage critically but
constructively with each other’s
suggestions

participants often reach
resolutions via a process of

pooling resources.

Dominant/Dominant

Moderate to high equality .

Moderate to low mutuality

Pair participate in the task, but it
is not a joint construction

The level of engagement with
each other’s thoughts is via
fixing their mistakes, which each
participant does not always
accept.

High level of disagreement and
inability to discuss and reach
agreement

Difficulty to reach a resolution
that both could accept.

Pair used singular pronouns and
each one of them tries to

emphasise his own opinion. and
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highlight the error in the other
participant’s way of thinking

Pairs’ voices were often raised,
and  emotions  such  as
exasperation, anger, and

indignation expressed

Dominant/Passive

Moderate to low equality

Moderate to low mutuality

One student dominates the
interaction through task activity
and appropriates the task and
contribute more.

Dominant member asks self-
directed questions rather than
trying to involve the other to
contribute to the task activity.
Dominant pair use self-directed
questions to guide his thinking
throughout the task.

One student appears limited or
passive as he follows what
dominant student proposed or
suggest, and his participation is
sort of agreeing or confirming

dominant student’s ideas.

Expert/Novice

Moderate to low equality

Moderate to high mutuality

Expert student fixed novice
student’s error and did not
impose his opinion but give
explanations.

Expert student asks question to
seek to involve novice student in
the task and encourage him to
learn from the interaction.
Novice student confirm and
repeat the suggestions made by

the expert student.
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Appendix (3.19) Ethical Approval from Newcastle University

Ethical Approval

Wendy Davison [

Tug 16/ 019 1340

To: Sameer Khormi (PGR) _
Cc: Pamela Waoolner _

Dear Samesr

Thank you for your application for ethical approval of your project “The Impact of Using Dynamic Software on Learning Frocess and
Improving Geametry Perfarmance, Spatial Thinking and Achieving Sustainable Learning amaeng Primary Schoal Students” 1 confirm thar Dr
Simon Woods has approved it on behalf of the Faculty of Humanities and Social Sciences Ethics Committee,

Please note that this approval applies to the project protocol as stated in your application - il any amendments are made Lo this during
the course of the project, please submit the revisions to the Ethics Committee in order for them to be reviewed and approved.

Kind regards,

Wendy

Wendy Davison

PA to Professor Matthew Grenby, Dean of Research and Innovation
Mrs Lorna Taylor, Faculty Research Manager

and Ms Louise Kempton, Associate Dean of Research and Innovation
Faculty of Humanities and Social Sciences

Great North House

Sandyford Road

Newcastle upon Tyne, NE1 8ND

hitps://goo.glmaps/2KESe ROUVYAQ

Telephone: 0191 208 6349
E mail: Wendy.Davison@necl.acuk

5. Newcastle Ath -
Q’Uniwrsit.y tS'o'eo‘Rﬁ ri_EF m

LG Makiraia | Sinpapors Silver Award
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Appendix (3.20) Ethical Approval from Saudi Ministry of Education
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Appendix (4.1) ANOVA Outcome for Geometric Performance Pre-test

Descriptives

Pre-test
Group N Mean Std. Std. 95% Confidence Interval for
Deviation Error Mean
Lower Upper
Bound Bound
Geogebra 25 5.1600 1.86369 37274 4.3907 5.9293
Hands-on 26 5.2308 2.23263 43785 4.3290 6.1325
Traditional 26 5.4615 1.63048 .31976 4.8030 6.1201
teaching
Total 77 5.2857 1.90468 .21706 4.8534 5.7180
Test of Homogeneity of VVariances
Pre-test

Levene Statistic dfl df2 Sig.

1.768 2 74 178

ANOVA

Pre-test
Sum of df Mean Square F
Squares
Between Groups 1.277 2 .639 72
Within Groups 274.437 74 3.709
Total 275.714 76

Robust Tests of Equality of Means

Pre-test
Statistic? dfl df2 Sig.
Welch .207 2 48.533 .814

a. Asymptotically F distributed.

Multiple Comparisons
Dependent Variable: pre-test

Tukey HSD
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Minimu
m
1.00
2.00
2.00
1.00
Sig.
.842

Maximu

m

9.00
10.00
8.00

10.00



(1) group (J) group Mean Std. Sig. 95% Confidence Interval

Difference (I-J) Error Lower Bound Upper Bound

Geogebra Hands-on -.07077 .53943 991 -1.3610 1.2194
Traditional -.30154 .53943 .842 -1.5917 .9886

teaching
Hands-on Geogebra .07077 .53943 991 -1.2194 1.3610
Traditional -.23077 53411 .902 -1.5082 1.0467

teaching
Traditional Geogebra .30154 .53943 .842 -.9886 1.5917
teaching Hands-on .23077 53411 .902 -1.0467 1.5082

Homogeneous Subsets

Pre-test
Tukey HSDab
group N Subset for alpha = 0.05
1
GeoGebra 25 5.1600
Hands-on 26 5.2308
Traditional teaching 26 5.4615
Sig. .841

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 25.658.

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type | error levels are not guaranteed.
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Appendix (4.2) ANOVA Outcome for Geometric Performance Post-test

Descriptives

Post-test
N Mean Std. Std. 95% Confidence Interval for Minim Maxim
Deviation Error Mean um um
Lower Upper
Bound Bound
Geogebra 25 15.640 2.73679 54736 14.5103 16.7697 11.00 21.00
Hands-on 26 12.923 3.58801 .70367 11.4738 14.3723 5.00 20.00
Traditional 26 10.653 3.78357 74202 9.1256 12.1821 4.00 19.00
teaching
Total 77 13.039 3.93514 44845 12.1458 13.9321 4.00 21.00
Test of Homogeneity of VVariances
Post-test
Levene Statistic dfl df2 Sig.
1.544 2 74 .220
ANOVA
Post-test
Sum of Df Mean Square F Sig.
Squares
Between Groups 317.392 2 158.696 13.663 .000
Within Groups 859.491 74 11.615
Total 1176.883 76

Robust Tests of Equality of Means

Post-test
Statistic? dfl df2 Sig.
Welch 15.083 2 48.599 .000

a. Asymptotically F distributed.
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Post Hoc Tests
Multiple Comparisons
Dependent Variable: Post-test

Tukey HSD
(1) Group (J) Group Mean Std. Error Sig. 95% Confidence Interval
Difference (1-J) Lower Bound Upper Bound

Geogebra Hands-on 2.71692" .95463 .016 4337 5.0002
Traditional 4.98615" .95463 .000 2.7029 7.2694

teaching
Hands-on Geogebra -2.71692" .95463 .016 -5.0002 -.4337
Traditional 2.26923" .94522 .049 .0085 4.5300

teaching
Traditional Geogebra -4.98615" .95463 .000 -7.2694 -2.7029
teaching Hands-on -2.26923" 94522 .049 -4.5300 -.0085

*. The mean difference is significant at the 0.05 level.

Homogeneous Subsets

Post-test
Tukey HSD#P
Group N Subset for alpha = 0.05
1 2

Traditional 26 10.6538

Teaching

Hands-on 26 12.9231

GeoGebra 25 15.6400

Sig. .051 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 25.658.

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type | error levels are not guaranteed.
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Appendix (4.3) Univariate Analysis of Variance of Geometric Performance
ANCOVA

Between-Subjects Factors

N
Group Geogebra 25
Hands-on 26
Traditional teaching 26

Tests of Between-Subjects Effects

Dependent Variable: Geometric Performance Pre-test

Source Type 11 Sum df Mean Square F Sig.
of Squares

Corrected Model 4.9242 2 2.462 .662 .519

Intercept 2046.213 1 2046.213 550.205 .000

Group 4.924 2 2.462 .662 519

Error 275.206 74 3.719

Total 2327.000 7

Corrected Total 280.130 76

a. R Squared = .018 (Adjusted R Squared = -.009)

Levene's Test of Equality of Error Variances?
F dfl df2 Sig.
1.546 2 74 220

Tests the null hypothesis that the error variance of the dependent variable is equal across groups.

a. Design: Intercept + Geometric Performance Pre-test + Teaching Method
Univariate Analysis of Variance

Between-Subjects Factors

N

Group Geogebra 25
Hands-on 26

Traditional teaching 26
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Descriptive Statistics

Dependent Variable: Geometric Performance Post-test

Group Mean Std. Deviation

Geogebra 15.6400 2.73679
Hands-on 12.9231 3.58801
Traditional teaching 10.6538 3.78357
Total 13.0390 3.93514

N
25

26

26

77

Levene's Test of Equality of Error Variances?

Dependent Variable: Geometric Performance Post-test

F dfl df2

1.546 2

Tests the null hypothesis that the error variance of the dependent variable is equal across groups.

a. Design: Intercept + Geometric Performance Pre-test + Teaching Method

74

Tests of Between-Subjects Effects

Dependent Variable: Geometric Performance Post-test

Source Type 11l Sum df Mean Square
of Squares

Corrected Model 317.3932 3 105.798
Intercept 1558.099 1 1558.099
GP_before .000 1 .000
Group 316.303 2 158.152
Error 859.490 73 11.774
Total 14268.000 77

Corrected Total 1176.883 76

a. R Squared = .270 (Adjusted R Squared = .240)
Estimated Marginal Means

1. Grand Mean
Dependent Variable: Geometric Performance Post-test
Mean Std. Error
Lower Bound

13.0722 391 12.293

8.986
132.336
.000
13.432

95% Confidence Interval

Upper Bound

Sig.

Sig.

.000
.000
.996
.000

13.852

a. Covariates appearing in the model are evaluated at the following values: Geometric Performance

Pre-test =5.1558.
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Partial Eta

Squared
270
.644
.000
.269



2. Group

Estimates

Dependent Variable: Geometric Performance Post-test

Group Mean Std. Error
Geogebra 15.6402 .686
Hands-on 12.9232 676
Traditional 10.6542 .676
teaching

Lower Bound

95% Confidence Interval

14.272

11.576

9.306

Upper Bound

17.008

14.271

12.001

a. Covariates appearing in the model are evaluated at the following values: Geometric Performance Pre-test =

5.1558.

Pairwise Comparisons

Dependent Variable: Geometric Performance Post-test
(1) Group (J) Group Mean Std. Error
Difference (1-J)

Geogebra Hands-on 2.717" .963
Traditiona 4.986" .963
| teaching

Hands-on Geogebra 2,717 .963
Traditiona 2.270 .960
| teaching

Traditional Geogebra -4.986" .963

teaching Hands-on -2.270 .960

Based on estimated marginal means
*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Bonferroni.

Sig.

.019

.000

.019
.062

.000
.062

Univariate Tests

Dependent Variable: Geometric Performance Post-test

Sum of df Mean Square
Squares
Contrast 316.303 2 158.152
Error 859.490 73 11.774

13.

95% Confidence Interval for

Difference®

Lower Bound
.356
2.626

-5.077
-.083

-7.347
-4.623

Sig.

432 .000

Upper Bound
5.077
7.347

-.356
4.623

-2.626
.083

Partial Eta

Squared
.269

The F tests the effect of Group. This test is based on the linearly independent pairwise comparisons among the

estimated marginal means.
418



Appendix (4.4) ANOVA Outcome for Spatial Thinking Pre-test

Descriptives

Spatial thinking Pre-test

N Mean Std. Std. 95% Confidence Interval for Minimu Maximu
Deviation Error Mean m m
Lower Upper
Bound Bound
Geogebra 25 27.680 5.03090  1.00618 25.6033 29.7567 15.00 34.00
0
Hands-on 26 27.730 4.66097 .91409 25.8482 29.6134 16.00 34.00
8
Traditional 26 27.230 3.65850 71749 25.7531 28.7085 14.00 35.00
teaching 8
Total 77 27.545 4.42643 .50444 26.5408 28.5501 14.00 35.00
5

Test of Homogeneity of VVariances
Spatial thinking Pre-test

Levene Statistic dfl df2 Sig.
2.461 2 74 .092
ANOVA
Spatial thinking Pre-test
Sum of df Mean Square F Sig.
Squares
Between Groups 3.920 2 1.960 .098 .907
Within Groups 1485.171 74 20.070
Total 1489.091 76

Robust Tests of Equality of Means
Spatial thinking Pre-test
Statistic? dfl df2 Sig.
Welch 116 2 48.065 .891
a. Asymptotically F distributed.
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Appendix (4.5) ANOVA Outcome for Spatial Thinking Post-test

Descriptives

Spatial thinking Post-test

N Mean Std. Std. 95% Confidence Interval for Minim
Deviation Error Mean um
Lower Upper
Bound Bound
Geogebra 25 32.200 3.70810 74162 30.6694 33.7306 17.00
0
Hands-on 26 29.461 4.56273 .89482 27.6186 31.3045 18.00
5
Traditional 26 27.923 3.30966 .64908 26.5863 29.2599 16.00
teaching 1
Total 77 29.831 4.23458 48257 28.8700 30.7923 16.00
2

Test of Homogeneity of VVariances
Spatial thinking Post-test

Levene Statistic dfl df2 Sig.
1.693 2 74 191
ANOVA
Spatial thinking Post-test
Sum of df Mean Square F Sig.
Squares
Between Groups 238.498 2 119.249 7.849 .001
Within Groups 1124.308 74 15.193
Total 1362.805 76

Robust Tests of Equality of Means
Spatial thinking Post-test
Statistic? dfl df2 Sig.
Welch 9.336 2 48.549 .000
a. Asymptotically F distributed.

Post Hoc Tests
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Maxim

um

35.00

35.00

32.00

35.00



Multiple Comparisons

Dependent Variable: Spatial thinking Post-test

Tukey HSD
(1) Group (J) Group Mean Std. Error
Difference (1-J)

Geogebra Hands-on 2.73846" 1.09183
Traditional 4.27692" 1.09183
teaching

Hands-on Geogebra -2.73846" 1.09183
Traditional 1.53846 1.08107
teaching

Traditiona Geogebra -4.27692" 1.09183

| teaching Hands-on -1.53846 1.08107

*. The mean difference is significant at the 0.05 level.

Homogeneous Subsets

SP
Tukey HSD2P
Group N

Traditional 26
Teaching

Hands-on 26
GeoGebra 25

Sig.

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 25.658.

Sig.

.038
.001

.038
.334

.001
.334

95% Confidence Interval

Lower Bound Upper Bound

1271
1.6655

-5.3499
-1.0472

-6.8883
-4.1241

Subset for alpha = 0.05

27.9231

29.4615

.339

5.3499
6.8883

-1271
4.1241

-1.6655
1.0472

32.2000

1.000

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type | error levels are not guaranteed.
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Appendix (4.6) Univariate Analysis of Variance of Spatial Thinking
ANCOVA

Between-Subjects Factors

N
Group Geogebra 25
Hands-on 26
Traditional teaching 26

Tests of Between-Subjects Effects
Dependent Variable: Spatial thinking Pre-test

Source Type 1l Sum df Mean Square F Sig.
of Squares

Corrected Model 925.8272 5 185.165 30.086 .000

Intercept 217.860 1 217.860 35.398 .000

Method 58.815 2 29.407 4.778 011

Spatial ~ thinking 651.372 1 651.372 105.835 .000

Pre-test

Method * Spatial 31.010 2 15.505 2.519 .088

thinking Pre-test

Error 436.978 71 6.155

Total 69885.000 77

Corrected Total 1362.805 76

a. R Squared = .679 (Adjusted R Squared = .657)

Levene's Test of Equality of Error Variances?
F dfl df2 Sig.
1.207 2 74 .305

Tests the null hypothesis that the error variance of the dependent variable is equal across groups.

a. Design: Intercept + Spatial thinking Pre-test + Teaching Methods

Univariate Analysis of Variance
Between-Subjects Factors

Methods Geogebra 25

Hands-on 26
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Traditional teaching 26

Descriptive Statistics
Dependent Variable: Spatial thinking Post-test

Methods Mean Std. Deviation N

Geogebra 32.2000 3.70810 25
Hands-on 29.4615 4.56273 26
Traditional teaching 27.9231 3.30966 26
Total 29.8312 4.23458 77

Levene's Test of Equality of Error Variances?

Dependent Variable: Spatial thinking Post-test
F dfl df2 Sig.
1.207 2 74 .305

Tests the null hypothesis that the error variance of the dependent variable is equal across groups.

a. Design: Intercept + Spatial thinking Pre-test + Teaching Methods

Tests of Between-Subjects Effects
Dependent Variable: Spatial thinking Post-test

Source Type 111 Sum df Mean Square F Sig. Partial Eta
of Squares Squared

Corrected Model 894.8172 3 298.272 46.527 .000 .657

Intercept 254.573 1 254.573 39.710 .000 352

Spatial  thinking 656.319 1 656.319 102.377 .000 .584

Pre-test

Methods 211.001 2 105.500 16.457 .000 311

Error 467.988 73 6.411

Total 69885.000 77

Corrected Total 1362.805 76

a. R Squared = .657 (Adjusted R Squared = .642)
Estimated Marginal Means

1. Grand Mean
Dependent Variable: Spatial thinking Post-test
Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound
29.860° .289 29.285 30.436
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a. Covariates appearing in the model are evaluated at the following values: Spatial thinking Pre-test = 27.5455.

2. Methods
Estimates
Dependent Variable: Spatial thinking Post-test
Methods Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound

Geogebra 32.111° .506 31.101 33.120
Hands-on 29.3382 497 28.348 30.328
Traditional 28.1322 497 27.142 29.123

teaching

a. Covariates appearing in the model are evaluated at the following values: Spatial thinking Pre-test = 27.5455.

Pairwise Comparisons
Dependent Variable: Spatial thinking Post-test

(1) Methods (J) Methods Mean Std. Error Sig. 95% Confidence Interval for
Difference (I-J) Difference®
Lower Bound Upper Bound

Geogebra Hands-on 2.772" .709 .000 1.359 4.186
Traditional 3.978" .710 .000 2.564 5.393
teaching

Hands-on Geogebra -2.772" 709 .000 -4.186 -1.359
Traditional 1.206 .703 .090 -.195 2.607
teaching

Traditional Geogebra -3.978" 710 .000 -5.393 -2.564

teaching Hands-on -1.206 .703 .090 -2.607 195

Based on estimated marginal means
*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

Univariate Tests
Dependent Variable: Spatial thinking Pre-test

Sum of df Mean Square F Sig. Partial Eta

Squares Squared
Contrast 211.001 2 105.500 16.457 .000 311
Error 467.988 73 6.411
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The F tests the effect of Methods. This test is based on the linearly independent pairwise comparisons among the

estimated marginal means.
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Delayed test

Appendix (4.7) ANOVA Outcome for Delayed Test

Descriptives

N Mean Std. Std. 95% Confidence Interval for Minimu
Deviation Error Mean m
Lower Upper
Bound Bound

Geogebra 25 11.920 3.04029 .60806 10.6650 13.1750 6.00
Hands-on 26 9.9231 3.24867 .63712 8.6109 11.2352 4.00
Traditiona 26 7.8846 2.45482 48143 6.8931 8.8761 2.00
| teaching

Total 77 9.8831 3.33235 .37976 9.1268 10.6395 2.00

Test of Homogeneity of Variances

Delayed test

Levene Statistic dfl df2 Sig.

.788 2 74 .459
ANOVA
Delayed test
Sum of df Mean Square F Sig.
Squares

Between Groups 207.608 2 103.804 12.071 .000
Within Groups 636.340 74 8.599

Total 843.948 76

Robust Tests of Equality of Means
Delayed
Statistic? dfl df2 Sig.
Welch 13.563 2 48.409 .000

a. Asymptotically F distributed.

426

Maximu

m

18.00
17.00
13.00

18.00



Post Hoc Tests

Multiple Comparisons

Dependent Variable: Delayed test

Tukey HSD
(1) Group (J) Group Mean
Difference (I-J)
Geogebra Hands-on 1.99692"
Traditiona 4.03538"
| teaching
Hands-on Geogebra -1.99692*
Traditiona 2.03846"
| teaching
Traditional Geogebra -4.03538"
teaching Hands-on -2.03846"

*. The mean difference is significant at the 0.05 level.

Homogeneous Subsets

Tukey HSD#P
Group N

Traditional 26
Teaching

Hands-on 26
GeoGebra 25

Sig.

Std. Error

.82140
.82140

.82140
.81331

.82140
.81331

Delayed

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 25.658.

7.8846

1.000

Sig.

.045
.000

.045
.038

.000
.038

95% Confidence Interval

Lower Bound
.0323
2.0708

-3.9615
.0932

-6.0000
-3.9837

Subset for alpha = 0.05

2

9.9231

1.000

Upper Bound

3.9615
6.0000

-.0323
3.9837

-2.0708
-.0932

11.9200

1.000

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type | error levels are not guaranteed.
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Appendix (4.8) ANOVA Outcome for Mathematics Academic Self-concept

Math academic self-concept pre-test

Pre-test

Descriptives

N Mean Std. Std. 95% Confidence Interval for Minimu
Deviation Error Mean m
Lower Upper
Bound Bound
Geogebra 25 34.720 4.83494 .96699 32.7242 36.7158 25.00
0
Hands-on 26 37.269 6.11593  1.19943 34.7990 39.7395 25.00
2
Traditional 26 36.730 577275  1.13213 34.3991 39.0624 20.00
teaching 8
Total 77 36.259 5.64382 64317 34.9788 37.5407 20.00
7
Test of Homogeneity of Variances
Math academic self-concept pre-test
Levene Statistic dfl df2 Sig.
477 2 74 .623
ANOVA
Math academic self-concept pre-test
Sum of df Mean Square F Sig.
Squares
Between Groups 91.534 2 45.767 1.454 .240
Within Groups 2329.271 74 31.477
Total 2420.805 76

Robust Tests of Equality of Means

Math academic self-concept pre-test
Statistic? dfl
1.621 2

df2
Welch 49.047

a. Asymptotically F distributed.

Sig.
.208
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46.00

48.00
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Appendix (4.9) ANOVA Outcome for Mathematics Academic Self-concept

Post-test

Descriptives
Math academic self-concept post-test

N Mean Std. Std. 95% Confidence Interval for
Deviation Error Mean

Lower Bound

Geogebra 25 41.9600 5.59375 1.11875 39.6510
Hands-on 26 37.4231 7.28930 1.42955 34.4789
Traditional 26 36.9231 7.07063 1.38667 34.0672
teaching

Total 77 38.7273 6.99556 79722 37.1395

Test of Homogeneity of Variances

Math academic self-concept post-test

Levene Statistic dfl df2 Sig.
.930 2 74 .399
ANOVA
Math academic self-concept post-test
Sum of df Mean Square F
Squares
Between Groups 390.120 2 195.060 4.336
Within Groups 3329.152 74 44.989
Total 3719.273 76

Robust Tests of Equality of Means
Math academic self-concept post-test
Statistic? dfl df2 Sig.
Welch 5.088 2 48.872 .010
a. Asymptotically F distributed.

429

Upper Bound
44.2690
40.3673
39.7790

40.3151

Sig.

.017

Minimu

m

32.00
23.00
23.00

23.00

Maximu

m

50.00

50.00

48.00

50.00



Post Hoc Tests

Multiple Comparisons

Dependent Variable: Math academic self-concept post-test

Tukey HSD
(I) Group (J) Group Mean
Difference (1-J)
Geogebr Hands-on 4.53692"
a Tradition 5.03692"
al
teaching
Hands- Geogebra -4.53692"
on Tradition .50000
al
teaching
Tradition =~ Geogebra -5.03692"
al Hands-on -.50000
teaching

Std. Error

1.87879

1.87879

1.87879
1.86028

1.87879
1.86028

*. The mean difference is significant at the 0.05 level.

Homogeneous Subsets

Sig.
.047

.024

.047
.961

.024
.961

95% Confidence Interval

Lower Bound Upper Bound

.0433
.5433

-9.0306
-3.9494

-9.5306
-4.9494

Math academic self-concept post-test

Tukey HSD#P
Group N

Traditional

Teaching

Hands-on

GeoGebra

Sig.

26

26

25

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 25.658.

Subset for alpha = 0.05

36.9231

37.4231

961

9.0306
9.5306

-.0433
4.9494

-.5433
3.9494

41.9600

1.000

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type | error levels are not guaranteed.
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Appendix (4.10) Univariate Analysis of Variance of Mathematics Academic
Self-concept ANCOVA

Between-Subjects Factors

N

Group Geogebra 25
Hands-on 26

Traditional teaching 26

Tests of Between-Subjects Effects

Dependent Variable: Math academic self-concept post-test

Source Type Il Sum df Mean Square F Sig. Partial Eta
of Squares Squared
Corrected Model 873.2742 5 174.655 4.357 .002 .235
Intercept 985.953 1 985.953 24.597 .000 257
Group 122.744 2 61.372 1531 .223 .041
Math academic  self- 348.766 1 348.766 8.701 .004 109

concept pre-test

Group * Math academic 66.432 2 33.216 .829 441 .023
self-concept pre-test

Error 2845.998 71 40.084

Total 119204.000 7

Corrected Total 3719.273 76

a. R Squared = .235 (Adjusted R Squared = .181)
Univariate Analysis of Variance

Descriptive Statistics

Dependent Variable: Math academic self-concept post-test

Group Mean Std. Deviation N
Geogebra 41.9600 5.59375 25
Hands-on 37.4231 7.28930 26
Traditional 36.9231 7.07063 26
teaching

Total 38.7273 6.99556 77
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Levene's Test of Equality of Error Variances?

Dependent Variable: Math academic self-concept post-test

F dfl df2 Sig.
308 2 74 736

Tests the null hypothesis that the error variance of the dependent variable is equal across groups.

a. Design: Intercept + Math academic self-concept pre-test + Teaching Method

Tests of Between-Subjects Effects

Dependent Variable: Math academic self-concept post-test

Source Type Il Sum df Mean Square F Sig. Partial Eta
of Squares Squared
Corrected Model 806.8422 3 268.947 6.741 .000 217
Intercept 952.514 1 952.514 23.875 .000 .246
Math  academic  self- 416.722 1 416.722 10.445 .002 125
concept pre-test
Group 539.515 2 269.758 6.761 .002 156
Error 2912.430 73 39.896
Total 119204.000 77
Corrected Total 3719.273 76
a. R Squared = .217 (Adjusted R Squared = .185)
Estimated Marginal Means
1. Grand Mean
Dependent Variable: Math academic self-concept post-test
Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound
38.777° 720 37.342 40.212

a. Covariates appearing in the model are evaluated at the following values: Math academic self-concept pre-test = 36.2597.

2. Group

Estimates
Dependent Variable: Math academic self-concept post-test
Group Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound
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Geogebra 42.6112 1.279 40.062 45.161

Hands-on 36.9962 1.246 34.513 39.479
Traditional 36.7242 1.240 34.252 39.196
teaching

a. Covariates appearing in the model are evaluated at the following values: Math academic self-concept pre-test = 36.2597.

Pairwise Comparisons

Dependent Variable: Math academic self-concept post-test

(1) Group (J) Group Mean Std. Error Sig. 95% Confidence Interval for
Difference (I-J) Difference®
Lower Bound Upper Bound
Geogebra Hands-on 5.615" 1.800 .008 1.203 10.027
Tradition 5.887" 1.789 .005 1.504 10.271
al
teaching
Hands-on Geogebra -5.615" 1.800 .008 -10.027 -1.203
Tradition 272 1.753 1.000 -4.024 4.568
al
teaching
Traditional Geogebra -5.887" 1.789 .005 -10.271 -1.504
teaching Hands-on -.272 1.753 1.000 -4.568 4.024

Based on estimated marginal means
*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Bonferroni.

Univariate Tests

Dependent Variable: Math academic self-concept post-test

Sum of df Mean F Sig. Partial Eta Noncent. Observed
Squares Square Squared Parameter Power?
Contr 539.515 2 269.758 6.761 .002 .156 13.523 .907
ast
Error 2912.430 73 39.896

The F tests the effect of Group. This test is based on the linearly independent pairwise comparisons among the
estimated marginal means.

a. Computed using alpha = .05
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Appendix (4.11) ANOVA Outcome for Enjoyment of Mathematics Pre-test

Descriptives
Enjoyment of Math pre-test
N Mean Std. Std. 95% Confidence Interval for
Deviation Error Mean
Lower Bound Upper Bound
Geogebra 25 27.8000 5.39290 1.07858 25.5739 30.0261
Hands-on 26 28.5385 5.31587 1.04253 26.3913 30.6856
Traditional 26 28.6538 7.16627 1.40542 25.7593 31.5484
teaching
Total 77 28.3377 5.95954 .67915 26.9850 29.6903
Test of Homogeneity of VVariances
Enjoyment of Math pre-test
Levene Statistic dfl df2 Sig.
2.477 2 74 .091
ANOVA
Enjoyment of Math pre-test
Sum of df Mean Square F Sig.
Squares

Between Groups 10.875 2 5.437 .150 .861

Within Groups 2688.346 74 36.329

Total 2699.221 76

Robust Tests of Equality of Means
Enjoyment of Math pre-test
Statistic? dfl df2 Sig.
Welch 163 2 48.709 .850
a. Asymptotically F distributed.
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m

16.00

16.00

9.00

9.00

Maximu

36.00

36.00

35.00

36.00



Post Hoc Tests

Multiple Comparisons

Dependent Variable: Enjoyment of Math pre-test

Tukey HSD
(1) Group (J) Group
Geogebra Hands-on
Traditional
teaching
Hands-on Geogebra
Traditional
teaching
Traditional Geogebra
teaching Hands-on
Tukey HSD#P
Group
Geogebra
Hands-on

Traditional teaching

Sig.

Mean Std. Error
Difference (I-J)

-.73846 1.68832

-.85385 1.68832

.73846 1.68832
-.11538 1.67169

.85385 1.68832
.11538 1.67169

Sig.

.900
.869

.900
.997

.869
.997

Enjoyment of Math pre-test

25

26

26

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 25.658.

95% Confidence Interval

Lower Bound Upper Bound

-4.7765
-4.8919

-3.2996
-4.1137

-3.1842
-3.8829

Subset for alpha = 0.05

3.2996
3.1842

4.7765
3.8829

4.8919
4.1137

27.8000

28.5385

28.6538

.868

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type | error levels are not

guaranteed.
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Appendix (4.12) ANOVA Outcome for Enjoyment of Mathematics Post-test

Enjoyment of Math Post-test

N Mean Std.
Deviation
Geogebra 25 33.760 5.71022
Hands-on 26 29.731 5.45203
Traditional 26 29.500 6.31348
teaching
Total 77 30.961 6.08372

Descriptives

Std.

Error

1.1420
1.0692
1.2382

.6933

Test of Homogeneity of Variances

score
Levene Statistic dfl df2
.053 2 74

Enjoyment of Math Post-test
Sum of
Squares
Between Groups 290.708
Within Groups 2522.175
Total 2812.883

Sig.

95% Confidence Interval for

Mean
Lower
Bound
31.4029
27.5286
26.9499

29.5802

.949

ANOVA

df

74
76

Robust Tests of Equality of Means

Enjoyment of Math Post-test

Statistic? dfl df2
Welch 4,300 2 49.146

a. Asymptotically F distributed.
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Mean Square

145.354
34.083

Sig.

.019

Upper

Bound
36.1171
31.9329
32.0501

32.3419

4.265

Minim

um

20.00
18.00
8.00

8.00

Sig.

.018

Maxim

um

40.00
37.00
36.00

40.00



Post Hoc Tests

Multiple Comparisons

Dependent Variable: Enjoyment of Math Post-test
Tukey HSD

() group (J) group Mean
Difference (1-J)
Geogebra Hands-on 4.02923"
Tradition 4.26000"
al
teaching
Hands-on Geogebra -4.02923"
Tradition .23077
al
teaching
Traditional Geogebra -4.26000"
teaching Hands-on -.23077

*. The mean difference is significant at the 0.05 level.

Homogeneous Subsets

Enjoyment of Math Post-test

Tukey HSD#P
group N

Traditional

Teaching

Hands-on

GeoGebra

Sig.

Std. Error

26

26

25

1.63531
1.63531

1.63531
1.61920

1.63531
1.61920

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 25.658.

Sig.
.042

.030

.042
.989

.030
.989

95% Confidence Interval

Lower Bound

Subset for alpha = 0.05

29.5000

29.7308

.989

.1180
.3487

-7.9405
-3.6420

-8.1713
-4.1035

Upper Bound

7.9405
8.1713

-.1180
4.1035

-.3487
3.6420

33.7600

1.000

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type | error levels are not guaranteed.
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Appendix (4.13) Univariate Analysis of Variance of Enjoyment of
Mathematics ANCOVA

Group

Dependent Variable:

Group
Geogebra

Hands-on

Traditional

teaching

Total

Dependent Variable:

Source

Corrected Model
Intercept

Group

Error

Total

Corrected Total

Between-Subjects Factors

Geogebra

Hands

-on

Traditional teaching

Descriptive Statistics

Enjoyment of Math Pre-test

Mean

27.8000

28.5385

28.6538

28.3377

Std. Deviation
5.39290

5.31587

7.16627

5.95954

Tests of Between-Subjects Effects

Enjoyment of Math Pre-test

Type 11l Sum
of Squares

10.8752
61781.579
10.875
2688.346
64532.000
2699.221

df

74
77
76

a. R Squared = .004 (Adjusted R Squared = -.023)

Mean Square F
5.437 .150
61781.579 1700.613
5.437 .150
36.329
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25
26
26
25
26
26
77
Sig. Partial Eta
Squared
.861 .004
.000 .958
.861 .004



Univariate Analysis of Variance

Descriptive Statistics
Dependent Variable: Enjoyment of Math Post-test

Group Mean Std. Deviation
Geogebra 33.7600 5.71022
Hands-on 29.7308 5.45203
Traditional 29.5000 6.31348
teaching

Total 30.9610 6.08372

Levene's Test of Equality of Error Variances?

Dependent Variable: Enjoyment of Math Post-test
F dfl
281 2

df2

Tests the null hypothesis that the error variance of the dependent variable is equal across groups.

a. Design: Intercept + Enjoyment of Math Pre-test + Teaching Method

74

Tests of Between-Subjects Effects

Dependent Variable: Enjoyment of Math Post-test

Source Type 111 Sum df Mean Square
of Squares

Corrected Model 818.410° 3 272.803
Intercept 1092.013 1 1092.013
Enjoyment of Math 527.702 1 527.702
Pre-test

Group 341.141 2 170.570
Error 1994.473 73 27.322
Total 76624.000 77

Corrected Total 2812.883 76

a. R Squared =.291 (Adjusted R Squared = .262)
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9.985
39.969
19.314

6.243

Sig.

25

26

26

77

.756

Sig.
.000
.000

.000

.003

Partial Eta
Squared
291
.354
.209

.146



Estimated Marginal Means

1. Grand Mean

Dependent Variable: Enjoyment of Math Post-test
Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound

31.0002 .596 29.813 32.187

a. Covariates appearing in the model are evaluated at the following values: Enjoyment of Math Pre-test = 28.3377.

2. Group
Estimates
Dependent Variable Enjoyment of Math Post-test
Group Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound
Geogebra 33.998¢2 1.047 31.912 36.084
Hands-on 29.642° 1.025 27.598 31.685
Traditional 29.360° 1.026 27.316 31.404
teaching

a. Covariates appearing in the model are evaluated at the following values: Enjoyment of Math Pre-test = 28.3377.

Pairwise Comparisons

Dependent Variable: Enjoyment of Math Post-test

(1) Group

Geogebra

Hands-on

Traditional

teaching

(J) Group Mean
Difference (1-J)

Hands-on 4.356"
Traditional 4.638"
teaching

Geogebra -4.356"
Traditional .282
teaching

Geogebra -4.638"
Hands-on -.282

Based on estimated marginal means

*. The mean difference is significant at the .05 level.

Std. Error

1.466

1.467

1.466
1.450

1.467
1.450

Sig.

.004

.002

.004
.846

.002
.846

95% Confidence Interval for

Difference®

Lower Bound
1.435
1.715

-7.278
-2.607

-7.561
-3.171

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
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Upper Bound

7.278
7.561

-1.435
3.171

-1.715
2.607



Univariate Tests
Dependent Variable: Enjoyment of Math Post-test

Sum of df Mean Square F Sig. Partial Eta

Squares Squared
Contrast 341.141 2 170.570 6.243 .003 146
Error 1994.473 73 27.322

The F tests the effect of Group. This test is based on the linearly independent pairwise comparisons among the

estimated marginal means.
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Appendix (4.14) ANOVA Outcome for Perceived Value of Mathematics

Pre-test

Descriptives

Perceived Value of Math Pre-test

N Mean Std. Std. 95% Confidence Interval for Minimu Maximu
Deviation Error Mean m m
Lower Upper
Bound Bound
Geogebra 25 33.680 7.90949 1.58190 30.4151 36.9449 17.00 45.00
0
Hands-on 26 36.192 5.69223 1.11634 33.8932 38.4915 21.00 45.00
3
Traditional 26 37.423 6.31299 1.23808 34.8732 39.9729 23.00 45.00
teaching 1
Total 77 35.792 6.77910 77255 34.2535 37.3309 17.00 45.00
2

Test of Homogeneity of VVariances

Perceived Value of Math Pre-test

Levene Statistic dfl df2 Sig.
.993 2 74 375
ANOVA
Perceived Value of Math Pre-test
Sum of df Mean Square F Sig.
Squares
Between Groups 184.851 2 92.425 2.068 134
Within Groups 3307.825 74 44.700
Total 3492.675 76

Robust Tests of Equality of Means
Perceived Value of Math Pre-test
Statistic? dfl df2 Sig.
Welch 1.721 2 48.202 .190
a. Asymptotically F distributed.
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Dependent Variable: Perceived Value of Math Pre-test

Tukey HSD
(1) Group

Geogebra

Hands-on

Traditional

teaching

(J) Group

Hands-on
Traditional
teaching
Geogebra
Traditional
teaching
Geogebra

Hands-on

Multiple Comparisons

Mean
Difference (1-J)
-2.51231
-3.74308

2.51231
-1.23077

3.74308
1.23077

Std. Error

1.87277
1.87277

1.87277
1.85432

1.87277
1.85432
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Sig.

377
120

377
.785

120
.785

95% Confidence Interval

Lower Bound
-6.9915
-8.2223

-1.9669
-5.6659

-.7361
-3.2043

Upper Bound
1.9669
7361

6.9915
3.2043

8.2223
5.6659



Appendix (4.15) ANOVA Outcome for Perceived Value of Mathematics
Post-test

Descriptives

Perceived Value of Math Post-test

N Mean Std. Std. 95% Confidence Interval for Minimu
Deviation Error Mean m
Lower Upper
Bound Bound
Geogebra 25 41.720 5.71198 1.1424 39.3622 44,0778 22.00
0
Hands-on 26 37.731 4.82956 .94715 35.7801 39.6815 28.00
Traditional 26 36.462 5.90749 1.1585 34.0755 38.8476 17.00
teaching 5
Total 77 38.597 5.87201 .66918 37.2646 39.9302 17.00

Test of Homogeneity of Variances

Perceived Value of Math Post-test

Levene Statistic dfl df2 Sig.
.140 2 74 .870
ANOVA
Perceived Value of Math Post-test
Sum of df Mean Square F Sig.
Squares
Between Groups 381.903 2 190.951 6.312 .003
Within Groups 2238.617 74 30.252
Total 2620.519 76

Robust Tests of Equality of Means
Perceived Value of Math Post-test
Statistic? dfl df2 Sig.
Welch 5.770 2 48.778 .006
a. Asymptotically F distributed.
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Maximu

m

47.00

45.00
43.00

47.00



Post Hoc Tests

Multiple Comparisons

Dependent Variable: Perceived Value of Math Post-test

Tukey HSD
(1) group (J) group
Geogebra Hands-on
Traditional
teaching
Hands-on Geogebra
Traditional
teaching
Traditional Geogebra
teaching Hands-on

Mean Std. Error
Difference (1-J)
3.98923" 1.54064
5.25846" 1.54064
-3.98923" 1.54064
1.26923 1.52547
-5.25846" 1.54064
-1.26923 1.52547

*. The mean difference is significant at the 0.05 level.

Homogeneous Subsets

Tukey HSD#P
group

Traditional

teaching

Hands-on

GeoGebra

Sig.

Sig.

.031
.003

.031
.684

.003
.684

95% Confidence Interval

Lower Bound Upper Bound

Perceived Value of Math Post-test

26

26

25

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 25.658.

.3044 7.6741
1.5736 8.9433
-7.6741 -.3044
-2.3793 49178
-8.9433 -1.5736
-4.9178 2.3793
Subset for alpha = 0.05
2
36.4615
37.7308
41.7200
.688 1.000

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type | error levels are not guaranteed.
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Appendix (4.16) Univariate Analysis of Variance of Perceived Value of

Mathematics ANCOVA

Between-Subjects Factors

N
Group Geogebra 25
Hands-on 26
Traditional teaching 26

Tests of Between-Subjects Effects

Dependent Variable: Perceived Value of Math Post-test

Source Type Il Sum df Mean F Sig.
of Squares Square

Corrected Model 525.0982 5 105.020 3.558 .006

Intercept 2331.047 1 2331.047 78.984 .000

Group 10.312 2 5.156 175 .840

Perceived Value of Math 116.991 1 116.991 3.964 .050

pre-test

Group * Perceived Value 13.880 2 6.940 .235 791

of Math pre-test

Error 2095.421 71 29.513

Total 117332.000 77

Corrected Total 2620.519 76

a. R Squared =.200 (Adjusted R Squared = .144)

Univariate Analysis of Variance

Descriptive Statistics
Dependent Variable: Perceived Value of Math Post-test

Group Mean Std. Deviation N
Geogebra 41.7200 5.71198
Hands-on 37.7308 4.82956
Traditional teaching 36.4615 5.90749
Total 38.5974 5.87201
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26

77

Partial Eta

Squared
.200
527
.005
.053

.007



Levene's Test of Equality of Error Variances?

Dependent Variable: Perceived Value of Math Post-test

F dfl df2 Sig.
124 2 74 884

Tests the null hypothesis that the error variance of the dependent variable is equal across groups.

a. Design: Intercept + Perceived Value of Math Pre-test + teaching method

Tests of Between-Subjects Effects
Dependent Variable: Perceived Value of Math Post-test

Source Type Il Sum df Mean Square F Sig. Partial Eta
of Squares Squared

Corrected Model 511.218¢2 3 170.406 5.898 .001 195

Intercept 2492.920 1 2492.920 86.277 .000 542

Math_value_before 129.316 1 129.316 4.475 .038 .058

Group 467.769 2 233.884 8.094 .001 .182

Error 2109.301 73 28.895

Total 117332.000 77

Corrected Total 2620.519 76

a. R Squared =.195 (Adjusted R Squared = .162)

Estimated Marginal Means

1. Grand Mean
Dependent Variable: Perceived Value of Math Post-test
Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound
38.6432 613 37.422 39.864

a. Covariates appearing in the model are evaluated at the following values: Perceived Value of Math Pre-test = 35.7922.

447



2. Group

Dependent Variable: Perceived Value of Math Post-test

Group Mean Std. Error 95% Confidence Interval

Lower Bound Upper Bound
Geogebra 42,1382 1.093 39.959 44.316
Hands-on 37.6522 1.055 35.549 39.754
Traditional 36.1392 1.065 34.016 38.262
teaching

a. Covariates appearing in the model are evaluated at the following values: Perceived Value of Math Pre-test =

35.7922.

Pairwise Comparisons

Dependent Variable: Perceived Value of Math Post-test

(1) Group (J) Group Mean Std. Error Sig. 95% Confidence Interval for
Difference (I-J) Difference®
Lower Bound Upper Bound
Geogebra Hands-on 4.486" 1.524 .004 1.449 7.523
Traditional 5.999" 1.546 .000 2.918 9.079
teaching
Hands-on Geogebra -4.486" 1.524 .004 -7.523 -1.449
Traditional 1.513 1.495 315 -1.468 4.493
teaching
Traditional Geogebra -5.999" 1.546 .000 -9.079 -2.918
teaching Hands-on -1.513 1.495 315 -4.493 1.468
Based on estimated marginal means
*. The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
Univariate Tests
Dependent Variable: Perceived Value of Math Post-test
Sum of df Mean Square F Sig. Partial Eta
Squares Squared
Contrast 467.769 2 233.884 8.094 .001 .182
Error 2109.301 73 28.895

The F tests the effect of Group. This test is based on the linearly independent pairwise comparisons among the

estimated marginal means.
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Appendix (4.17) One-way Repeated Measure ANOVA

Mauchly's Test of Sphericity
Within Mauchly's W Approx. df Sig. Epsilon®
Subjects Effect Chi-Square Greenhouse- Huynh- Lower-
Geisser Feldt bound
Time 427 19.331 5 .002 .700 .768 .333

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables
is proportional to an identity matrix.

a. Design: Intercept

Within Subjects Design: Time

b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed
in the Tests of Within-Subjects Effects table.

Tests of Within-Subjects Effects of Time

Source Type 1l df Mean F Sig. Partial Eta
Sum of Square Squared
Squares
Time Sphericity 9999.800 3 3333.267 26.555 .000 525
Assumed
Greenhouse- 9999.800 2.099 4763.462 26.555 .000 525
Geisser
Huynh-Feldt 9999.800 2.305 4338.256 26.555 .000 525
Lower-bound 9999.800 1.000 9999.800 26.555 .000 525
Error(Ti Sphericity 9037.700 72 125.524
me) Assumed
Greenhouse- 9037.700 50.383 179.382
Geisser
Huynh-Feldt 9037.700 55.321 163.369
Lower-bound 9037.700 24.000 376.571

Paired Samples T-test s with a Bonferroni Correction

)] ) Mean Std. Sig.? 95% Confidence Interval for
Time Time Difference (I- Error Difference®
J) Lower Bound Upper Bound
Before Week1 -7.120 3.863 466 -18.227 3.987
Week2 -17.840" 3.742 .000 -28.600 -7.080

449



After
Week1l Before
Week2
After
Week?2 Before
Week1
After
After Before
Week1
Week?2

-26.160"
7.120
-10.720"
-19.040"
17.840"
10.720"
-8.320"
26.160"
19.040"
8.320"

Based on estimated marginal means

*, The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Bonferroni.

Before
Week 1
Week 2
After

Mean
64.7200
71.8400
82.5600
90.8800

3.742
3.863
2.482
2.879
3.742
2.482
1.695
3.742
2.879
1.695

.000
466
.001
.000
.000
.001
.000
.000
.000
.000

Summary of the Descriptive statistics

Std. Deviation
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21.71121
17.32455
10.61477

9.44863

-36.917
-3.987
-17.857
-27.317
7.080
3.583
-13.193
15.403
10.763
3.447

25
25
25
25

-15.403
18.227
-3.583

-10.763
28.600
17.857
-3.447
36.917
27.317
13.193



Appendix (4.18) Simple linear regression between Geometric Performance

and Spatial Thinking

Table (1): Person Correlations Coefficient between Geometric Performance and Spatial Thinking

Pearson Correlation Geometric Performance

Spatial Thinking

Sig. (1-tailed) Geometric Performance
Spatial Thinking
N Geometric Performance

Spatial Thinking

Geometric Spatial Thinking
Performance
1.000 483
483 1.000
.000
.000
77 77
77 77

Table (2): Outcome of ANOVA for Linear Regression between Geometric Performance and

Spatial Thinking

Model Sum of df
Squares
1 Regression 274.390 1
Residual 902.493 75
Total 1176.883 76

a. Dependent Variable: Geometric Performance
b. Predictors: (Constant), Spatial thinking

Mean Square F Sig.
274.390 22.803 .000°
12.033

Table (3): The Result of R%for Linear Regression between Geometric Performance and Spatial

Model

Thinking
R R Adjuste Std. Change Statistics
Squ dR Error of R F dfl df2 Sig. F
are Square the Square Cha Change
Estimat Change nge
e
4832 .233 .223 3.46890 .233 22.80 1 75 .000
3

a. Predictors: (Constant), Spatial thinking

b. Dependent Variable: Geometric Performance
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Table (4): Prediction of Geometric Performance Based on Spatial Thinking

Model Unstandardized
Coefficients
B Std.
Error
1 (Constant) 347 2.831
Spatial 449 .094
thinking

Standar
dized
Coeffic
ients
Beta

483

a. Dependent Variable: Geometric Performance

t

122
4.77
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Sig. Correlations Collinearity
Statistics
Zero- Part Part Tole VIF
order ial ranc
e
903 -5.986 5.293
.000 .262 .636 483 483 483



Appendix (4.19) Simple linear regression between Geometric Performance

and Mathematics Academic Self-concept

Table (1): Person Correlations Coefficient between Geometric Performance and
Mathematics Academic Self-concept
GP Mathematics
Academic
Self-concept

Pearson Correlation Geometric Performance 1.000 494
Mathematics ~ Academic 494 1.000
Self-concept

Sig. (1-tailed) Geometric Performance . .000
Mathematics ~ Academic .000
Self-concept

N Geometric Performance 77 77
Mathematics ~ Academic 77 77

Self-concept

Table (2): Outcome of ANOVA for Linear Regression between Geometric Performance and
Mathematics Academic Self-concept

Model Sum of df Mean Square F Sig.
Squares
1 Regression 286.807 1 286.807 24.167 .000P
Residual 890.076 75 11.868
Total 1176.883 76

a. Dependent Variable: Geometric Performance
b. Predictors: (Constant), Mathematics Academic Self-concept

Table (3): The Result of R%for Linear Regression between Geometric Performance and Mathematics
Academic Self-concept

Model R R Adjuste Std. Change Statistics
Squa dR Error of R F dfl df2 Sig. F
re Square the Square Chan Change
Estimate Change ge
1 494 244 234 3.44495 244 24.16 1 75 .000
a 7

a. Predictors: (Constant), Mathematics Academic Self-concept
b. Dependent Variable: Geometric Performance
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Table (4): Prediction of Geometric Performance Based on Mathematics Academic Self-concept

Model Unstandardized Standa t Sig
Coefficients rdized
Coeffi
cients
B Std. Beta
Error
1 (Constant) 2.285 2.223 1.0 .30
28
Mathematics 278 .056 494 49 .00
Academic 16 0

Self-concept
a. Dependent Variable: Geometric Performance
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Correlations

Zero

orde

2.143

.165

Par
tial

6.71

.39

Par

49

Collinearity
Statistics
Tol VI
eran F

ce
494 49
4



Appendix (4.20) Simple linear regression between Geometric Performance

and Enjoyment of Mathematics

Table (1): Person Correlations Coefficient between Geometric Performance and

Mathematics Academic Self-concept
GP Mathematics

Pearson Correlation Geometric Performance
Enjoyment of

Mathematics

Sig. (1-tailed) Geometric Performance
Enjoyment of
Mathematics

N Geometric Performance

Enjoyment of
Mathematics

Academic

Self-concept

1.000

.256

.012

77
77

.256
1.000

012

77
77

Table (2): Outcome of ANOVA for Linear Regression between Geometric Performance and

Enjoyment of Mathematics

Model Sum of df
Squares
1 Regression 76.908 1
Residual 1099.975 75
Total 1176.883 76

a. Dependent Variable: Geometric Performance

b. Predictors: (Constant), Enjoyment of Mathematics

Mean Square

76.908
14.666

F Sig.

5.244 .025P

Table (3): The Result of R%for Linear Regression between Geometric Performance and Enjoyment of

Mathematics

Change Statistics

M R R Adjuste Std.

od Squa dR Error of F

el re Square the Square Chan
Estimate Change ge

1 .256 .065 .053 3.82966 065  5.244

a

a. Predictors: (Constant), Enjoyment of Mathematics

b. Dependent Variable: Geometric Performance
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dfl df2 Sig. F
Change
1 75 .025



Table (4): Prediction of Geometric Performance Based on Enjoyment of Mathematics

Model Unstandardized
Coefficients

B Std.
Error
1 (Constant) 7.919 2.278

Enjoyment of .165 .072
Mathematics

Standa t Sig Correlations
rdized
Coeffi
cients
Beta Zero Par Par
- tial t
orde

3.4 o0 3382 124

57
77 1

.256 2.2 .02 .022 .30 .25
90 5 9 6

a. Dependent Variable: Geometric Performance

456

Collinearity
Statistics
Tol VI
eran F

ce
.256 .25
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Appendix (4.21) Simple linear regression between Geometric Performance

and Perceived Value of Mathematics

Table (1): Person Correlations Coefficient between Geometric Performance and Perceived Value of
Mathematics

Geometric Perceived Value
Performanc of Mathematics
e
Pearson Correlation Geometric Performance 1.000 .503
Perceived Value of .503 1.000
Mathematics
Sig. (1-tailed) Geometric Performance .000
Perceived Value of .000
Mathematics
N Geometric Performance 77 77
Perceived Value of 77 77

Mathematics

Table (2): Outcome of ANOVA for Linear Regression between Geometric Performance and
Perceived Value of Mathematics

Model Sum of df Mean Square F Sig.
Squares
1 Regression 297.672 1 297.672 25.393 .000P
Residual 879.211 75 11.723
Total 1176.883 76

a. Dependent Variable: Geometric Performance
b. Predictors: (Constant), Perceived Value of Mathematics

Table (3): The Result of R%for Linear Regression between Geometric Performance and Perceived
Value of Mathematics

M R R Adjuste Std. Change Statistics
od Squa dR Error of R F dfl df2 Sig. F
el re Square the Square Chan Change
Estimate Change ge
1 .503 .253 243 3.42386 2563 25.39 1 75 .000
a 3

a. Predictors: (Constant), Perceived Value of Mathematics

b. Dependent Variable: Geometric Performance
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Table (4): Prediction of Geometric Performance Based on Perceived Value of Mathematics

Model Unstandardized
Coefficients

B Std.
Error
1  (Constant) .030 2.611
Perceived .337 .067
Value of
Mathematic
S

Standa
rdized
Coeffi
cients
Beta

.503

a. Dependent Variable: Geometric Performance
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t

.01

5.0
39

Sig

.99

.00

Correlations

Zero

orde

5.171

.204

Par
tial

5.23

47

Par

.50

Collinearity
Statistics
Tol VI
eran F

ce
.503 .50
3



Appendix (4.22) Simple linear regression between Geometric Performance

and Sustainable Learning

Table (1): Person Correlations Coefficient between Geometric Performance and Sustainable

Pearson Correlation

Sig. (1-tailed)

Learning

Sustainable Learning
Geometric Performance

Sustainable Learning
Geometric Performance

Sustainable Learning
Geometric Performance

Sustainable
Learning

1.000

644

.000

77
77

Geometric
Performanc
e

.644
1.000

.000

77
77

Table (2): Outcome of ANOVA for Linear Regression between Geometric Performance and

Model

1 Regression
Residual
Total

Sustainable Learning

Sum of df
Squares
349.509 1
494.440 75
843.948 76

a. Dependent Variable: Sustainable Learning

b. Predictors: (Constant), Geometric Performance

Mean Square F
349.509 53.016
6.593

Sig.

.000°

Table (3): The Result of R%for Linear Regression between Geometric Performance and

M R R
0 Squ
de are
|

1 .644 414

a

Sustainable Learning

Adjuste Std. Change Statistics
dR Error of R F dfl df2
Square the Square Cha
Estimat Change nge
e
406 2.56759 414 53.0 1 75
16

a. Predictors: (Constant), Geometric Performance

b. Dependent Variable: Sustainable Learning

459

Sig. F
Change

.000



Table (4): Prediction of Sustainable Learning Based on Geometric Performance

Model Unstandardize Standar t Sig. Correlations Collinearity
d Coefficients dized Statistics
Coeffici
ents
B Std. Beta Zero- Part Part Toler VIF
Error order ial ance
1 (Constan 27  1.019 272 008 748 4807
t) 77 6
Geometri 54 .075 644  7.28  .000 396 .694 644 644 644
c 5 1
Performa
nce

a. Dependent Variable: Sustainable Learning
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Appendix (4.23) Multivariate Regression

Descriptive Statistics
Std. Deviation

Mean
Geometric Performance 13.0390
post-test
research group .9870
students' performance level .6364
Geometric Performance pre- 5.1558
test
Spatial thinking post-test 29.8312
Total score of attitude to 108.2857

Math post-test

Pearson Geometric

Correlation Performance post-
test

research group

students'
performance level
Geometric
Performance pre-
test
Spatial thinking
post-test
Total score of
attitude to Math
post-test
Sig. (1-tailed) Geometric
Performance post-
test

research group

Geome
tric
Perfor
mance
post-
test
1.000

.519
-.034

-.030

488

496

.000

3.93514
.81907
48420

1.91987

4.23458
16.06472

Correlations

research

group

.519

1.000
-.045

-.066

413

.369

.000

461

N
77
77
77
77
77
77
students' Geome
performa tric
nce level Perfor
mance
pre-test
-.034 -.030
-.045 -.066
1.000 .812
.812 1.000
137 178
.086 142
.385 .396
.348 .285

Spatial
thinking

post-test

.488

413
137

178

1.000

479

.000

.000

Total
score of
attitude
to Math
post-test

496

.369
.086

142

479

1.000

.000

.000



students’ .385 .348 . .000
performance level
Geometric .396 .285 .000
Performance pre-
test
Spatial thinking .000 .000 118 .061
post-test
Total score of .000 .000 .228 .108
attitude to Math
post-test
N Geometric 77 77 77 77

Performance post-

test
research group 77 7 7 7
students' 77 77 77 77

performance level
Geometric 77 77 77 77

Performance pre-

test
Spatial thinking 77 77 7 7
post-test
Total score of 77 77 77 77

attitude to Math

post-test
Variables Entered/Removed?
Model Variables Entered Variables Removed
1 Total score of attitude to Math

post-test, students' performance
level , research group , Spatial
thinking post-test, Geometric

Performance pre-test

a. Dependent Variable: Geometric Performance post-test

b. All requested variables entered.
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118

.061

.000

77

77
77

77

77

77

Method

Enter

.228

.108

.000

77

77
77

77

77

77



Model Summary®

M R R Adjusted Std. Change Statistics
od Squa R Square Error of R Square F dfl df2 Sig. F
el re the Change Chan Change
Estimate ge
1 .648 420 379 3.10144 420 10.27 5 71 .000
@ 0

a. Predictors: (Constant), Total score of attitude to Math post-test, students' performance level , research
group , Spatial thinking post-test, Geometric Performance pre-test

b. Dependent Variable: Geometric Performance post-test

ANOVA?
Model Sum of Squares df Mean Square F Sig.
1 Regression 493.937 5 98.787 10.270 .000°
Residual 682.946 71 9.619
Total 1176.883 76

a. Dependent Variable: Geometric Performance post-test
b. Predictors: (Constant), Total score of attitude to Math post-test, students' performance level , research group ,

Spatial thinking post-test, Geometric Performance pre-test
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Coefficients?

Model Unstandardized Standa t Sig 95.0% Confidence Correlations
Coefficients rdized . Interval for B
Coeffi
cients
B Std. Beta Lower Upper Zero Par Par
Error Bound Bound - tial t
orde
r
1 (Constant) - 3.075 -5 .61 -7.707 4.556
1.575 12 0

research group 1.487 496 310 2.9 .00 498 2.476 519 .33 27
97 4 5 1
students' -.038 1.261 -.005 -0 .97 -2.553 2.477 -.03 -0 -0
performance 30 6 4 04 03

level
Geometric -.183 .323 -.089 -5 .57 -.828 462 -.03 -.0 -0
Performance 65 4 0 67 51

pre-test

Spatial 226 102 .243 2.2 .02 .024 428 488 .25 .20
thinking post- 26 9 5 1

test
Total score of .068 .026 .278 2.6 .01 .016 120 496 .29 .23
attitude to 17 1 7 7

Math post-test

a. Dependent Variable: Geometric Performance post-test

Residuals Statistics®

Minimum Maximum Mean Std. Deviation N
Predicted Value 7.3944 17.3590 13.0390 2.54935 77
Residual -6.19922 7.64316 .00000 2.99769 77
Std. Predicted Value -2.214 1.695 .000 1.000 77
Std. Residual -1.999 2.464 .000 .967 77

a. Dependent Variable: Geometric Performance post-test
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Appendix (4.24) Dominant/Dominant Pattern of Interaction

Excerpt 2 is an example of the interactions in the dominant/dominant pattern of
interaction. The excerpt comes from Muhannad and Hamad's pair activity interacting
in performing GeoGebra task (13). Although the two dyads concentrate on the task aim
and contribute, it is not a shared construction. There was an unsuccessful attempt to
distribute task role between them (e.g., lines 3 — 6). Besides, the engagement level with
each other’s ideas is via fixing their mistakes (e.g., lines 14 — 17; 24 — 26; 29 — 33),
which are not always accepted by each participant. The significant characteristic of this
pattern of pair interaction is the high level of disagreement and inability or difficulty to
reach consensus (e.g., lines 3 — 17; 29 — 34), and one member dominates the majority
space front of the PC (e.g., lines 7 — 10 and screenshots). For an instant, in lines 29 —
34, it is clear that the two participants found it challenging to reach a resolution that
both could accept. The two participants focus on finding the point that its coordinates
is (2,4). Muhannad (line 29) asked Hamad what the point represented by order pair (2,4)
is. In line 30 and 32, Hamad gave his answered and justified his thought. Muhannad,
however, rejected Hamad’s ideas and explained why his answer incorrect (line 31 and
33), thus, Hamad did not accept Muhannad opinion and said: “wait for the teacher to
decide which of our answers is correct”. Such activity interaction can be referred to
Wegerif and Mercer’s (1996) “disputational activity”.

Furthermore, the classroom observation and video recording reference that voices were
often raised in this pair, and emotions such as exasperation, resentment, and anger were
expressed by their facial expression or talk. Both participants often complained to their
teacher about who should perform GeoGebra. In some cases, they almost were fighting
each other on using the PC. Besides, they do not use the plural pronoun, and they

highlight the error in the other member’s way of thinking (line 24 and 33 “you are
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wrong” and line 22 “you don't know what to do”). Therefore, the pattern of interaction

dominant/ dominant is moderate to high equality but moderate to low mutuality.

Excerpt 2

1 H: Leave it. Today, | am the King...

2 H: Give me the task sheet

3 M: You will write the answers on the activity sheet, and | will do GeoGebra
4 H: No, I will not write. | told you today that I am the king, I will carry out the
activity on Geogebra

5 M: I will not write either.

6 M: Do whatever you want. Start doing the task on Geogebra

(complains to the teacher)

7 H: Today, | am the king. | will carry out GeoGebra

8 M: Represent the points on Geogebra.

9 M: give me the mouse | want to do it

10 H: No, leave it.
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11 M: Say, what the first thing you will do?
12 M: How many points will you represent?
13 H: 3 points, not difficult

14 M: Where will they be located?

15 H: here, then here, then here

»

k7 =

16 M: No, the first point will be here, the other one is here, and then here

iy
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17 M: I am telling you the point is here

18 H: Oh, do not mess up
19 M: Off, perform the task quickly, it is a point, not difficult to take all this time

20 H: Leave me, (their voice rises)

21 M: The point is here, the point is here .....

22 M: I'm telling you to represent the point, and you don't know what to do
23 H: Be quiet! .... teacher, I did it

24 M: Wrong. 3 points are required, not 4

25 H: 3 points only!

26 M: Yes, | told you that. You were wrong.

27 M: 1 told you, but you don't hear me

28 H: Be quiet, teacher I did it

29 M: Ok, so what is the point represented by the ordered pair (2,4)?
30 H: It'sP

31 M: No, it's S.

32 H: How to be S? Look here it'sP. X =2and Y =4
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33 M: You are wrong. Look. in the first X which is equal 4 and Y equal 2

34 H: Wait, ask the teacher to see who his answer is correct
(Muhannad and Hamad, Algebra and Geometry: The Representation of Functions, Task

13)
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Appendix (4.25) Dominant/Passive Pattern of Interaction

Excerpt (3) is an example of dominant/passive interaction pattern. It comes from the
pair activity of Youssef and Sulayman in doing the GeoGebra task (10). In this
interaction pattern, one learner took control of the task and dominate the use of
GeoGebra and writing the group’s findings throughout the task activity. The other
learner remains watching his groupmate performing the task on GeoGebra and give
confirmation. As shown in excerpt 4, Youssef appropriates the task and contribute more
(e.g., lines 2,4 —-7,9-10, 12, 14) in which he performs the task activity on GeoGebra,
reads the task questions, decides on how to perform the task and what they should draw.
Despite asking questions, he made them self-directed rather than trying to involve
Sulayman to take part and contribute to the task activity (e.g., line 5, 9). It seems he
used the self-directed questions to guide his thought and direct his mental activity to
perform the task, especially when he finds difficulties in exploring new concept (e.g.,
lines 10 — 11). Whereas Sulayman appears limited or passive as he follows what
Youssef proposed or suggest. His participation is kind of agreeing or confirming
Youssef’s ideas (e.g., lines 3, 8, 11). He does not give any suggestion unless on one
occasion when attempt and make a suggestion (e.g., line 13), and this suggestion is a
type of referring to Youssef’s explanation in line 10. It should be noted, here, unlike
the dominant/dominant pattern, the dominant learner gives the other one little space to
see and watch what he does on the GeoGebra. Thus, there is little assist sought or
suggested in this pair interaction pattern, and the dominant participant produced the

majority of the activity.

Excerpt 3

1 S: What is required to be done?
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2 Y: We have to draw a square ABCD. The square has four sides
3 S: Right, start drawing

4 Y: This is the square

5 Y: What is the coordinate?

6 Y: Coordinate! They meant coordinates of the figure

7 Y these are the coordinates. (writing the results)

8 S: Right
9 Y: How do I find the coordinates of head B?
10 Y: like this, see here, we look at the number below the point on the

X axis and then look at the number on the Y axis
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12

13

14

15

16

Y: What are the coordinates of the vertices of the square?
S: We can use the same method that you suggested
Y:A(2,4) B (4,8)C (6,8)D (6, 2)

Y: Oh, they are here on GeoGebra.

S: Yes (both were laughing)

(Youssef and Sulayman, Geometry: ordered pairs, task 10)
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Appendix (4.26) Expert/Novice Pattern of Interaction

Excerpt (4) is an example of the expert/novice pattern of interaction. The data comes
from Omar2 and Jawad’s pair activity interacting in performing the GeoGebra task (17).
Here in this interaction pattern, one participant takes the role of the task activity and
leads the task as an expert. Unlike the dominant/passive pattern interaction, the expert
learner encourages and involves the novice learner in the task activities and affords
assistance that can help the novice engage with him and learn through the interactions
in task activities. Therefore, excerpt 6 shows evidence that Jawad contributed to the
task more than Omar2. He was performing translating the geometric shape using
GeoGebra and writing the group’s findings on the task sheet throughout the task activity.
He repaired Omar2’s error and did not impose his opinion but give explanations (e.g.,
lines 3 -7, 12 — 15). Also, he asked to engage Omar2 in the task and encouraged him
to learn (e.g., lines 9 — 10, 12 -13, 9 — 23), and provided positive feedback (e.g., line 11,
26) and negative feedback (e.g., lines 4, 6, 14, 21). While, Omar2, who was the novice
learner, answering on the expert learner’s questions (e.g., lines 9 — 10, 19 — 20, 24 —
25). It should be noted, novice participant contributes less than the expert learner, but
he remains to concentrate on the task aim and keep looking on the screen watching what
the expert has done (see the screenshots excerpt 6). Consequently, moderate to low
level of equality and medium to high mutuality was revealed in this interaction pattern.
Excerpt 4

1 J: What is required of us is to draw a triangle, then translated to the left 3

units, and after that, we will write the new vertices

2 J: The points are A (2,5), B (6,7), C (4,9). We are starting with the first point
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4 J:No, 9 and 4
5 O: This point A.

6 J: No, this is point C; look, did you see

7 O: yes.
8 J: Wait
9 J: Now the triangle is ready for the translation, how can we do it?

10 O: From here (pointing with his hand at Geogbra)

11 J: Yes, from here 1, 2, 3, we made the translation

12 J: Ok, what are the new order pairs?
13 O: A (2,5)

14 J: No, see here 4, point D.
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15

16

17

18

19

20

21

22

23

J: D (4, - 4) See minus!

J: Also - 4

J: Now, point E

O: Are you sure?

J: What do you think?

O: It seems that what we are doing is wrong
J: No, see point E.

O: What about it

J: -2 look, E (-2, 6), did you see

24

25

26

27

28

J: Now, what is the last point?

O: Point F

J: Correct, point F is the last point; see it is lucky (0, 4)
O: Right

J: Teacher, we finished

(Jawad and Omarz, Geometric Translation, Task 17)
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Appendix (4.28) Excerpt 5

O: The question says to draw a straight line
W: drawing a straight line!

O: Ok, I'll draw a straight line

O: A straight line, like what?

O: I drew a straight line

W: We want to describe it.

~N o o1 B~ W N P

O: give me. (He took the activity sheet to write the straight line definition).

8 O: the straight line has no beginning and end and is long

9 W: This is not a straight line

10 W: We drew a straight line, now.
11 O: All groups have finished the task

12 W: let's draw a half of a straight line
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13
14

W: half straight
O: Not straight line, half straight line. What is required now is to draw a half-

line, which means we do not do this but do like this.

15 W: Why did you draw a triangle? This is an error.

16 O: A half straight line is a curved line, not a straight line

17 W: Moment, this is a half straight line

18 O: Draw a line segment

19 W: We haven't resolved anything yet

20 W: Draw a line segment

21 O: Give me the task sheet. You are writing everything wrong

22 W: Ok, quickly write

23 O: A line segment has a beginning and an end

24 O: What is the difference between a straight line, a half-line, and a straight
segment?

25 W: The straight line is very long and extends from both sides, and the half of

the straight line, you see, starts from here and extends and does not stop. As

for the line segment, small and delimited, it starts from here and ends here.
(Omarl and Walid, Geometric Concepts, Task, 1)
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Appendix (4.29) Excerpt 6
1 F: Read the task questions
2 A: In cooperation with your group using Geogebra, such as the following
points on the plan ...
P: Eye
A: Eye! A (6, 7), B (2,3), C (5,0), D (0,5)
F: Look, look here, Eye. M. A. S.
A: Listen, if you want my full name: M. A. S. M. K.
F: this is your full name

A: Yes, my full name

© 00 N oo o1 b~ W

F: There is no grandfather, great grandfather, great great grandfather.
10 A: My grandfather is Mohamed,

The teacher task
Fayez and Abdullah

to focus on the task

11 A: See M. S. how he works
(laughing)
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12

13 F: We want to perform the task
14 A: ok, Search on Google

15 A: Wow, oh

16 F: Wow
Laughing

17 Al Aww
18 F: Hahaha

(Fayez and Abdullah2, Geometry: ordered pairs, task 11)
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