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ABSTRACT

ICT has widely been considered to have the potential to promote positive changes in the
teaching and learning process. This study aims to explore how ICTs can be orchestrated in
the teaching-learning practice so that students’ mathematical proficiency is enhanced.
Through a classroom-based intervention study, teachers’ teaching practice with ICTs and
students’ level of mathematical proficiency were investigated. This study also identified

the factors that influence integration of ICTs in the teaching-learning process.

This study employed a case study- mixed method (convergent parallel) approach where
two cases were selected from the schools of Dhaka city. Each case constitutes an ICT-
facilitated Grade-10 mathematics classroom, one mathematics teacher & students of that
classroom and head teacher of the school. A design experiment was applied under each
case. In the preliminary phase of the design experiment, tentative design principles for the
intervention were developed and in the prototype phase of the design experiment, the
intervention was applied. The mathematical software ‘GeoGebra’ was considered as the
catalyst of the intervention along with the other technologies. The instructional unit for the

intervention was on linear function.

Classroom observations, interviews, FGDs, paper-pencil tests and survey questionnaires
were administered to collect data. The qualitative data were collected through interviews,
classroom observations and FGDs while the quantitative data were collected using survey
questionnaires and paper-pencil tests. To explore teachers’ pedagogical considerations in
an ICT-facilitated teaching-learning environment to promote students’ mathematical
proficiency, classroom observations, interviews (with teachers) and FGDs (with students)
were conducted. Before the intervention, survey questionnaires and paper-pencil tests were
administered to understand students’ baseline mathematical proficiency level. After the
intervention, survey questionnaires, FGDs and paper-pencil tests were conducted to
understand whether students’ mathematical proficiency improved or not. Finally, semi-

structured interviews with teachers and head teachers of both cases were administered to
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identify the factors that affect ICT integration in the teaching-learning process. The
affecting factors were also identified by classroom observation. Qualitative data were
analyzed by iterative analytical approach whereas quantitative data were analyzed by the
descriptive statistics that include mean, median and standard deviation. A paired sample t-
test and Wilcoxon signed rank test were used to compare the students’ level of

mathematical proficiency before and after intervention.

The study found that the teachers apply different pedagogical considerations with the help
of ICTs to make the lesson effective. These pedagogical considerations are rearranging
classroom amenities, ensuring technology accessibility and its appropriate usage, adopting
different strategies to make the learning meaningful, offering multi-channel feedback,
offering opportunity to identify error/ imprecision and engaging students through
motivation. In the ICT orchestration process, ICT tools and students also perform several
roles while teachers apply different types of instrumental orchestration (e.g., link-screen-
board, Technical-support, Sherpa-at-work etc.). The study found that teaching approaches
have a great influence on students’ development of mathematical proficiency (MP). When
teachers orchestrate ICTs in their teaching-learning process, students’ all strands of
mathematical proficiency (i.e., conceptual understanding, procedural fluency, adaptive
reasoning, strategic competence and productive disposition) increase. The study also
revealed that students’ productive disposition increases if they learn mathematics
interactively. The study found that while a variety of pedagogical considerations promote
students” MP, all the pedagogical considerations do not directly enhance every strand of
MP. The study also found several factors related to teachers, students, school and national

context that affect ICT integration in the teaching-learning process.

Overall, the thesis has several contributions to the theories and for policy and practice. The
key theoretical contributions of the thesis can be stated as: 1) identifying specific
pedagogical approaches that develop each element of mathematical proficiency (MP), 2)
introducing a new component “selection of task” in the didactical phase of the theoretical
framework “instrumental orchestration” of this study, 3) specifying the role of ICTs as well

as students in the ICT-enabled teaching-learning environment while teachers’ intention to
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promote students’ MP, 4) developing a comprehensive ICT-orchestration framework to
enhance students’ mathematical proficiency. Further to that, several practical implications
(for both policy and practice) of the findings have been discussed and also few scopes for
future research have been offered.

Key words: ICT-orchestration, mathematical proficiency, ICT- facilitated Teaching-

learning environment, factors, framework, resource-constrained environment, Bangladesh.
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Chapter One

INTRODUCTION

1.1 Introduction

ICT has widely been considered to have the potential to promote positive changes in the
teaching and learning process. Over the years, it has become an effective educational tool
by promoting significant change in the teaching-learning process. Many studies
demonstrate the benefits of ICT integration for teachers and students in the classroom (Das,
2019; Tinio, 2003). ICT helps teachers to create better lessons and encourages students to
participate in them willingly, even if technology may also be used as a supporting tool to
help teachers improve their instruction (Department for Education and Skills [DfES],
2004). Research to date indicates that ICT in conjunction with essential teaching strategies
has a significant impact on students’ development of higher order thinking skills (Kearney
& Treagust, 2001). Laborde (2001) argued that another benefit of ICT as a tool (e.g.,
dynamic geometric software) is to help learners to test their conjectures instantly and
modify their solutions in a non-threatening environment. Cunska and Savicka (2012) stated
that ICT tools (e.g., computer,interactive board, multimedia data projector, internet etc.)
have opened a new possibility in teaching-learning process. According to them, in this era
of technology, traditional teaching techniques need to be shifted into new paradigm, where
teaching method should be interactive, and motivate students for self-learning. While ICT
has been seen to have positive influence on the quality of pedagogy, students’ learning
(Mumtaz, 2000), and students’ motivation (Chen & Looi, 1999), its potential would be of
no use if it is used only as technological possibilities rather than in service of educational
needs (Cuban, 2001). Consequently, researchers argued that the focus should be on the
needs for contextualized teaching and learning to drive ICT interventions, rather than on
the technology itself (Khalid et al., 2023).

Development of students’ mathematical proficiency has been universally accepted as one
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of main goals of the mathematics education (National Council of Teachers of Mathematics
[NCTM], 2014). According to Kilpatrick et al. (2001), mathematical proficiency is made
up of five interconnected elements, such as conceptual understanding, procedural fluency,
adaptive reasoning, strategic competence, and productive disposition. Kilpatrick et al.
(2001) define mathematical proficiency as having a firm grasp of the subject matter, being
able to carry out procedure fluently, being able to solve problems using a variety of
approaches, and demonstrating a willingness, confidence, and perseverance to solve
mathematical problems. According to published research, ICTs can help students think
more mathematically (Laborde, 2001) and become more confident in their capacity to solve
mathematical puzzles (DfES, 2004). Researches also show that use of ICT in teaching-
learning process not only develop students’ mathematical procedural skill but also develop
advanced mathematical proficiencies such as problem solving, reasoning, and justifying
skills if it is used strategically (e.g., Gadanidis & Geiger, 2010; Pierce & Stacey, 2010;
Roschelle, et al., 2010a, 2010b). Extant literature asserts that ICTs are the most powerful
when used as a tool for problem-solving, conceptual development, and critical thinking in
mathematics (Das, 2019). Das (2019) stated that various types of ICT tools such as graphic
calculators, specialized software (e.g., GeoGebra, SymPy, Maxima), spreadsheets, and
databases, etc. can be used for teaching mathematics and with the effective use of these
tools, the impact of ICT in mathematics education can be maximized (Becta, 2003). As a
result, educators must possess the ability to recognize the circumstances in which
technology can improve students’ learning (International Society for Technology in
Education [ISTE], 2008). Students’ mathematical concepts are developed, their attention
is piqued, and their mathematical proficiency is increased when teachers effectively
integrate technology in the classroom (National Council of Teachers of Mathematics
[NCTM], 2011).

1.2 Mathematics Education context Bangladesh

The education system of Bangladesh is divided into three streams: general education,
madrasah education and vocational education (see Table 1.1). In the general education

system, five years are allocated for the primary level and seven years for the secondary
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level (i.e., Junior, secondary and higher secondary level). In madrasah education system,
students learn about religious (Islam) knowledge along with regular education. The
vocational education system starts after the Junior Secondary level and students of this
stream focus on gaining technical skills by hands-on-activities.

According to the national curriculum 2012, mathematics is taught from the very beginning
of the school and students have textbook on mathematics from Grade-1. The students of all
streams (i.e., general education, madrasah education and vocational education) study
mathematics as compulsory subject and mathematics curriculum is same for all those

streams. Mathematics curricula at primary level are integrated which focuses on:

i) to develop students’ basic skills related to language, numeracy and counting
i) to help develop learning skills and attitudes and
iii) to help develop the habit of solving problems through scientific methods as

well as to develop a scientific outlook in life.

Table 1.1: A simplified presentation of Education structure in Bangladesh

Age Grades Programs in different Sub-systems
range General Education Vocational Education Madrasah
Education
Postgraduate degrees
] Post graduate programs
and diplomas
18+- Undergraduate
degrees and diplomas Undergraduate Programs Kamil
16+to 17+ | Grade-11 and Grade-12 Higher Secondary Education HSC vocational Certificate
(HSC examination) Alim
£
S
14+to 15+ | Grade-9 and Grade-10 § Secondary Education Trades certificate/ | Artisan courses
m (SSC examination) SSC vocational
c
8 Dakhil
11+to 13+ | Grade-6 to Grade-8 S . .
Junior Secondary Education
6+ to 10+ Grade-1 to Grade-5 . .
Primary Education Ebtedayee
3+to 5+ Pre-primary education

(Source: Bangladesh Bureau of Educational Information and Statistics [BANBEIS], 2016)

Students from Grades 6 to 8 study ‘mathematics’ as a compulsory subject and 100 marks
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are allocated for each class for that subject. Students in General Education are distributed
into three streams — Science, Humanities and Business studies which start at Grade-9.
Students of all these three streams study a compulsory General Mathematics where the
main contents are real number, set, function (basic idea), algebraic expression,
trigonometric ratio, geometry (line, angle, triangle, circle etc.), statistics, measurement etc.
Additionally, Students of Science stream can study “Higher Mathematics™ as an elective
subject (students have to choose one between Biology and Higher Mathematics, see Table
1.2) or as an optional subject (students may or may not take one from 7 subjects). Higher
Mathematics is designed to build a strong foundation of mathematics that will be beneficial
for students in higher study. In fact, the applicability of higher mathematics is everywhere
and it contributes huge in the development of ICT and Science. Gaining knowledge through
the higher mathematics helps students to visualize real features of abstract ideas as well as
to enhance their thinking skills (NCTB, 2013).

Students face a public examination after finishing year 10. This public examination which
is called Secondary School Certificate (SSC) and it is very important to students, teachers,

parents, school authorities as well as government.

Table 1.2: Subject framework, time allocation for Grade 9- 10 (General Stream)

Type Subjects Number
Compulsory 1. Bangla 200
2. English 200
3. Mathematics 100
4. Religion and Moral Education/Hinduism & Moral Education/ 100
Christian Religion & MoralEducation/ Buddhist Religion &
Moral Education
5. Information and Communication Technology 50
6. Career Education 50
7. Physical Education, Health Science and Sports 100
Total 800
Group wise 8. Physics 100
Subjects: 9. Chemistry 100
Compulsory subjects | 10. Biology/Higher Mathematics 100
for Science 11. Bangladesh and Global Studies 100
Optional subjects for | 12. Biology/ Higher Mathematics/ Agriculture/ Home Science/ 100
Science (one will be geography and Environment/ Arts and Crafts/ Music
chosen)
Grand Total 1300

(Source: National Curriculum and Textbook Board [NCTB], 2012)
However, according to the recent reformed national curriculum 2021, there are no groups
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or streams up-to secondary level. The curriculum is competency based and main objectives
of this curriculum is to prepare a civil society who are capable to meet the challenges of
21% century. To achieve desire competencies, 10 distinct learning areas (Table 1.3) have
been identified. Associating with these learning areas, students of pre-primary level study
integrated subjects whereas students from primary to secondary level study several subjects
(e.g., Bangla, English, Math, Science, Religion and Culture etc.). Up-to the secondary
level, all students have to study mathematics as a subject. Subsequently, in upper secondary
and beyond, they go for specialized areas to acquire skills and knowledge for professional

preparation.

Table 1.3: Textbook associated with different learning areas from pre-primary to secondary level

Learning Areas Pre-primary Primary Secondary (Grade 6-10)
Language and Communication
_ _ Bangla
Mathematics and Reasoning = Bangla _
i _ « Enalish English
Life and Livelihood nglis

Mathematics

Social and Global Citizenship * Mathematics

Science

- - Integrated subject | = Science
Environment and Climate History and Social Science

= History and Social

Science and Technology .
Science Digital Technology

Digital Technology

Physical and Mental Health
and Wellbeing

Religion, values and Ethics

= Wellbeing
= Religion Studies
= Arts and Culture

Life and Livelihood
Wellbeing

Religion Studies
Arts and Culture

Arts and Culture

(Source: National Curriculum and Textbook Board [NCTB], 2021)

The new curriculum discourages completing straight-forward textbook questions without
using critical thinking skills or memorization of mathematical formulas. Instead, the study
of mathematics emphasizes its nature, logical reasoning, and practical applications (NCTB,
2021). It is hoped that by learning mathematics, students would be able to use their skills
in a variety of contexts (such as everyday life, social interactions, the workplace, etc.) and
develop into rational, considerate citizens (NCTB, 2021). This curriculum groups the
various branches of mathematics into four main categories: number and measurements,
mathematical relations, shapes, and probability. It is expected that students will apply their

mathematical skills and perspectives to solve problems associated with these fields. It may
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be mentioned that the reformed curriculum 2021 is not implemented during the course of

this study.

Since, the revised curriculum 2021 was not put into practice while this study was being
conducted. Therefore, the study’s focus is on secondary education (Grade-9 and Grade-10)

of general education.

1.3 Students’ Performance in Mathematics: Bangladesh context

According to Morshed (2013), Bangladeshi students do remarkably poorly in mathematics,
and comparatively few of them elect to take more advanced mathematics courses at the
upper (senior) secondary level (Alam & Morgan, 2017). As, Bangladeshi students learn
mathematics as compulsory subject from the primary to secondary level, it is desired that
they will grow up with a good mathematical knowledge. However, in reality, students’
performance in mathematics is disappointing (Kafi, 2015). In 2015, the Learning
Assessment of Secondary Institutions (LASI) reported that the baseline competence of the
students of secondary level in mathematics is very poor (Directorate of Secondary and
Higher Education [DSHE], 2015b). Again, the Bangladesh Bureau of Educational
Information and Statistics (BANBEIS) 2022 and 2021 data reports show that fewer
students in Grades 6, 7, 8, 9, and 10 were enrolled in mathematics courses in both years
(BANBEIS, 2023; BANBEIS, 2021). One way to gauge the caliber of secondary education
in Bangladesh is through the Secondary School Certificate (SSC) exam (Hossain, 2018).
According to previously published research, 24 schools were found to have all of their
students fail the 2014 SSC exam, with a key contributing factor being a lack of success in
math classes (BISE, 2014). Besides, it is reported that within the last 10 years, the pass rate
of SSC examination was highest in 2014 which was 91.34 %. In 2022, the pass rate was
87.44% whereas in 2023, it was decreased by 7.05. The SSC examination of the year 2023,
the students (of Dhaka Board) performed the lowest in 13 years and it happened due to the
poor performance in mathematics and English (Siddiqui, 2023). In a study, Morshed
(2013) reported that students of secondary level performed the lowest in mathematics

subject among all the subjects and sometimes failed to exhibit the basic mathematical skills.



According to Salamet al. (2015), Govt. of Bangladesh has taken initiatives to change this
scenario such as emphasizing on creative questions rather than typical set of questions
within the book.

Abdullah (2023) discussed that students of secondary level perform very weak in
mathematics and English and the key reason identified behind this is lack of qualified
teachers on those subjects’ area. As a result, the government has placed a special emphasis
on teaching mathematics since it is believed that in order for students to successfully
navigate the challenges of the twenty-first century, they need to possess a sufficient level
of mathematical knowledge and abilities, or mathematical proficiency (Redecker &
Johannessen, 2013). Under the Secondary Education Quality and Access Enhancement
Project (SEQAEP) (Directorate of Secondary and Higher Education [DSHE], 2015a),
highly qualified extra class teachers (ACTs) have been hired in Mathematics to increase

the quality of secondary education in addition to English and Science.

Despite the efforts, students’ performance in mathematics remains as a concern. Study also
showed that the major portion of the Bangladeshi students of Grade-10 fail to perform a
problem in different strategies (which is one of the strands of mathematical proficiency)
rather they are able to identify information and to perform routine procedures according to
direct instructions only (Sultana et al., 2020). To improve this situation, ICT has been found
to have potential to both motivate students in mathematics (Chen & Looi, 1999) and
develop their mathematics proficiency (Kilpatrick et al., 2001).

1.4 ICT in Education context Bangladesh

Considering the huge potential of ICTs, the current government of Bangladesh (GoB) has
given significant emphasis to incorporate ICT in education in the National Education
Policy. In the chapter one of the education policy, there are 30 distinct statements
associated with the aims, objectives, goals and principles and among these statements, two
are focused on application of ICT in Education:

12. to attach substantial importance to information and communication technology

(ICT) along with Mathematics, Science and English in order to build up a digital
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Bangladesh based on knowledge-orientation and cultivation of ICT” (Ministry of
Education [MoE], 2010, p. 2) and

21. extend the use of information and communication technology (ICT)

instrumental in educational process at every level” (MoE, 2010, p. 2).

Besides, use of ICT has also given the highest importance in the vocational and technical
education unit of the education policy to develop competent and skilled manpower. It is
reported in the national education policy, “turn our students into competent manpower
through vocational and technical education with emphasis on science, technology and
especially on information technology” (MoE, 2010, p. 24). Compulsory introduction of
ICT in vocational and technical education has emphasized in the education policy too. To
capitalize the potentiality of ICT in every aspect, National ICT Policy 2018 provides
several action plans (Ministry of Post, Telecommunication and Information Technology
[MoPTIT], 2018). In order to realize the vision of “Digital Bangladesh” by 2021, the ICT
policy aims to enhance human resources, guarantee government accountability and
transparency, and create an ICT knowledge-based society. The ICT policy has made
integrating ICT into education a top priority. According to the policy statement, GoB has
emphasized on several aspects related to education such as:

e Extending the reach of ICT literacy throughout the country by incorporating ICT
courses in secondary education and technical & vocational education.

e Boosting use of ICT tools in all levels of education.

e Improving quality of education through ICT (e.g., more access to education and
resources).

e Setting up computer labs with high-speed internet connections in all educational
institutions.

e Suggesting some strategies aligned with blended learning environment.

To achieve the vision “Digital Bangladesh” by 2021 and “Smart Bangladesh” by 2041, and
to enhance the quality of education and to develop the capacity of the teachers of the

country, several programs have already been implemented while many are in progress.



Developing multimedia classrooms (MMC), well equipped ICT labs, a teachers’ portal,
digital content, an e-platform for taking classes (Muktopaath), students’ e-portal, e-Book,
MMC Monitoring Application (Islam & Ferdosh, 2019) are few to mention. The
government intends to incorporate ICT facilities in educational institutes all over the
country. The government has decided to introduce at least one multimedia classroom in
every schools and has expected to convert each classroom of every institution into a
multimedia classroom (one laptop/PC, projector, internet connection) and to establish at
least one laboratory with adequate computers and internet facilities in each institute (MoE,
2013). Accordingly, over 50,000 primary and secondary schools have already been
equipped with multimedia facilities (United Nations Development Programme [UNDP],
2021) and most of the schools have at least one ICT lab equipped with computers and few
of those having internet access too (Imon, 2017). Besides, recognizing the strength of
digital platform, the GoB and NGOs are trying to integrate ICTs as an innovative approach

in education (Parvin, 2013).

Even though utilizing ICT in education is prioritized more than ever, most Bangladeshi
teachers utilize it for administrative tasks including making notes, updating their
knowledge, maintaining administrative records, and doing routine information searches.
(Khan, 2014, p.22). Concerning issue arises when subject teachers intend to practice ICT
in their classrooms (John & Sutherland, 2004). Teachers and students initiateto use
technology without prior knowledge or experience (Shohel & Power, 2010). Taking this
into account, government of Bangladesh has started professional development programs
for the subject teachers (e.g., trained teachers for developing multimedia digital content).
The focus of the training programs was to develop both pedagogical knowledge and
technological knowledge of the teachers for their relevant subjects (Hansson et al., 2018).
More than 150,000 teachers have been trained to develop and use digital contents (mainly

PowerPoint based presentation) (Islam & Ferdosh, 2019).

Teachers who got the training on developing digital contents, create contents appropriate
for multimedia classrooms and share those materials through a Teacher’s Portal

(https://www.teachers.gov.bd/), which is a central repository for e-learning content for
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teachers, trainers and for all students (Sultana & Haque, 2018). Teachers’ Portal gives them
access to an adaptable learning environment (Figure 1.1). Teachers can, for example, use
this online platform to build a new profile prior to starting school, create content, learn
from their colleagues, support their professional growth, and much more (Aspire to
Innovate [a2i], 2023). All levels of teachers, from general academic to madrasah and
vocational instruction, can access the Teachers’ Portal (Figure 1.2). Teachers from all over
the nation can connect with one another and get help anytime they need it via this online
platform. Every two weeks, teachers of that platform are acknowledged as best content
developer, innovative teacher, best online performer etc. based on user online rating and
some other criteria. Some teachers have also been approved as ICT4E (ICT for Education)
District Ambassadors based on their active participation in the platform as well as in the
development  of  teaching-  learning. Another platform Muktopaath

(http://www.muktopaath.gov.bd/login/auth) was developed to make teaching-learning

material easily accessible for both the teachers and students. By that platform, anyone can

gain knowledge by accessing free online courses and tutorials easily.
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Figure 1.1: learning environment provided by

Figure 1.2: Snap shot of Teachers’ portal
Teachers’ Portal gure Snap shot of Teachers’ porta

The Covid-19 pandemic has also forced us to introduce contemporary methods in the field
of formal education, pushing the conventional educational system in the direction of an
innovative, technologically-based system. During the pandemic, instructors and students
had to adapt to using technology for teaching and learning, which ultimately assisted them

in partially replacing the conventional pedagogical approach with a more modern one
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(Gamage et al., 2022). At the same time, Bangladesh experimented with various options to
deliver lessons (e.g., delivering lesson over radio, TVchannel and the internet) and the
learning from that unique situation compelled the educationists to think about necessity of
“Blended Education”. The government has already taken initiatives to develop a
comprehensive National Blended Education and Skills Master Plan, 2022-2031 which is
based on Blended Education For All (BEFA) Framework (World Economic Forum, 2023).
The plan is guided by some issues (Figure 1.3) such as teaching-earning practices,
educational content & resources, assessments, teachers’ professional development etc.
According to the framework, teacher learning practices should be innovative rather than
merely providing lectures. To cope up with this complex and challenging world, learners’
must learn how to learn, ask questions and solve problems. The aim of the teaching-
learning practice would be to prepare students for the future with 21% century skill through

synchronous and asynchronous interaction (World Economic Forum, 2023).
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Figure 1.3: Blended Education For All (BEFA) Framework

Bearing this in mind, the ongoing national curriculum reform in Bangladesh emphasizes
on experiential learning and problem-based learning (PBL) approaches in classrooms.
Along with the teaching-learning approaches, it also stresses on modification of all content
and resources such as teacher guides, workbooks, school-based resources, learning content

etc. Besides, empowering teachers to use smartphone for students’ assessment and learning
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purpose, continuous assessment tools are piloted in Bangladesh. In addition, face-to-face
teachers’ professional development (TPD) has been shifted to blended TPD which is
supported by about 2,500 tech-savvy teacher ambassadors (termed as “super-teachers”)
who are performing as a change-agents within the teacher communities (World Economic
Forum, 2023).

1.5 Problem Statement

Despite the efforts and initiatives taken by the Govt. (discussed in sections 1.3 and 1.4),
research shows that no remarkable change is observed between students’ performance in
general classroom and that in multimedia classroom (Imon, 2017). Every year a huge
number of students pass with grace marks (additional marks awarded to help the learners
who were on the borderline of passing) and fail to show minimum level of math proficiency
(Kafi, 2015). In a study, Salam et al. (2015) argued that Bangladeshi students lack in math
proficiency levels, which is very important for developing skilled citizen in the twenty first
century. According to Kafi (2015), the majority of mathematics teachers lacked sufficient
understanding of contemporary teaching techniques. Traditional teacher-centered lecture-
based pedagogy, which promotes rote learning and places students in a passive rather than
an active and creative learning role, is still widely used in many institutions across the
nation (Barua et al., 2020). Besides, teachers are still found to struggle in using the digital
materials properly. They could not engage learners in activities as suggested in the
instructional materials and sometimes struggled to operate those materials confidently
(Ropum, 2022). Subsequently, they are found not using digital devices in their classroom

teaching-learning process regularly (Khan et al., 2012).

In fact, use of ICT in Bangladesh is mostly limited to the use of scientific and ordinary
calculators and presenting PowerPoint slides in mathematics classrooms (Sultana et al.,
2016). Teachers are not aware of how to teach with ICT tools to develop a concept (Sultana
& Khan, 2017). In a study, Sultana (2016) found that usually teachers do not use any
specific mathematical software or online mathematical sites in the classroom. Instead, they
make PowerPoint slides and project those slides on the large screen. She also found that

most of the teachers use ICT tools to show pictures, video clips, and diagrams related to a
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topic to stimulate and engage students in the lesson (i.e., to develop productive disposition)
rather than focusing on other components of mathematical proficiency i.e. conceptual
understanding, procedural fluency, adaptive reasoning and strategic competence. While
mathematical software has potential to enhance mathematical proficiency (Das, 2019), due
to existing constrains such as lack of physical facilities in school, large size class, financial
issue etc., teachers cannot practice various strategies with the assistance of mathematical
software or web-links (Sultana, 2016). In a recent study, Kabir and Jalali (2021) found that
the focus of teaching of the Bangladeshi teachers is to convey the mathematical knowledge
to the students instead of making math meaningful to them and they (teachers) fail to
engage students’ in logical and systematic reasoning. As a result of this, students’
capability of adaptive reasoning does not develop and they fail to transform real-world
problem into a math problem. This may lead to lack of interest (i.e., reduce productive
disposition) in mathematics among the students (Anigbo & Ekene, 2015).

The national education policy emphasizes the use of ICT in science and mathematics, but
no specific approach has been suggested to be followed in order to develop students’
mathematical proficiency. In addition, to the best of my knowledge, there is no literature
or instructional guidelines on how ICTs can be applied in the teaching-learning process so
that students’ mathematical proficiency develops. Thus, teachers in Bangladesh are
unaware about how to develop a concept or students’ mathematical proficiency with the

help of ICTs (Sultana & Khan, 2017).

1.6  Rationale of the Study

It is argued that technology is a vital tool for learning mathematics in the 21%-century and
for effective mathematics learning experience, schools must ensure that all their students
have access to technology (NCTM, 2011). But developing countries having enormous
challenges and a unique social context different from developed countries (United Nations
Educational, Scientific and Cultural Organization [UNESCQO], 2014). ICT use documented
in the classrooms of developed countries may not be applicable for classrooms in

developing countries because of differences in their contexts. Developing countries
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struggle with lack of ICT infrastructure and equipment, frequent power failure, inadequate
laboratories, low ICT skills, lack of funds, substandard classrooms with large numbers of
students (e.g., more than fifty students per class), shortage of qualified teachers, lack of
teaching materials, very low teacher salaries, and inadequate training facilities (Khan et al.,
2012). Besides these challenges, the lack of proper planning and, misalignment of policy
and implementation make the situation worse (Khan et al., 2012). Consequently, the social
context of such a resource-constrained environment must have impact on what and how
ICTs are being used in mathematics teaching-learning process and how students’
mathematical proficiency can be developed. Ernest (1989) claimed that the constraints and
opportunities of the social context are so powerful that teachers adopt teaching practices
according to the context even if their beliefs vary from what context offers. This reflects
the importance of social contexts, which deserve special attention.

In a recent study, Sudiarta and Widana (2019) argued that ICT, if used appropriately, has
a great impact on enhancing mathematical proficiency among the students. This finding
reflects that introducing ICT in a classroom promotes improvement of the learning
experience, if used suitably. But extant literature does not explicitly discuss which ICTs
are appropriate for a mathematics classroom and how it can be taken advantage of. In
addition, though Govt. of Bangladesh has given stress on incorporation of ICT for teaching
mathematics, no specific guidelines (focusing on to develop students’ mathematical
proficiency) have been suggested for the teachers. In fact, existing literature offer limited
guidelines on how and what ICT tools could be integrated to harness the potential of ICT
in mathematics classrooms, specially to increase the proficiency in such a resource
constrained environment like Bangladesh. As mentioned in the problem statement, teachers
in Bangladesh are unaware about how to develop a concept or students’ mathematical
proficiency with the help of ICTs. Hence, the benefits of using ICT in the classroom needs
to be clearly spelt out so that teachers are motivated and can envision how to use it in their
teaching to enhance students’ proficiency in mathematics. Besides, it should also be clear
to the teachers how to use technology in the classroom to develop students’ mathematical
proficiency, since teachers’ delivery quality has been found to have critical impact on

students’ satisfaction (Sultana & Khan, 2019). As such, given the novelty of ICT adoption
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in mathematics education in Bangladesh, it deserves special attention to investigate how
ICTs could be incorporated in the mathematics teaching-learning process so that students’
mathematical proficiency is enhanced. This study aims to address this gap in extant
literature by investigating how ICTs could be orchestrated in the mathematics teaching-
learning process to enhance students’ mathematical proficiency in the context of a

developing country like Bangladesh.

1.7 Purpose and Research Question

The purpose of the study is to explore the effective use of ICT tools with appropriate
pedagogical approach to promote student’s mathematical proficiency. In line with the

purpose of the study, the broader research question of the proposed research is-

How can ICTs be orchestrated in the mathematics teaching- learning process to

promote students’ mathematical proficiencies in Bangladesh?

To address the above question, the following specific research questions have been

explored:

RQ-1. How do teachers apply pedagogical considerations in an ICT-facilitated

teaching-learning environment?

RQ-2. Whether and how does the ICT-facilitated teaching-learning process

promote students’ mathematical proficiencies?

RQ-3. What are the factors that affect integration of ICT in mathematics teaching-

learning process?

Researchers argue that societal differences between developed and developing countries
provide opportunities for testing, refining, and extending theoretical perspectives that have
emerged from research in developed countries. In light of that, this study in the context of
resource constraints can be useful for developing new theories on effective ways of using
ICTs in teaching-learning to enhance students’ mathematical proficiency.
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1.8 Significance of the Study

The study is significant in number of ways. First, this study intends to provide a holistic
guideline of how ICTs can be orchestrated in the teaching-learning process so that students’
mathematical proficiency enhance. To compete with this challenging world and to become
21% century’s skilled citizen, proficient in mathematics is vital. Thus, findings of the study
will be critical as the current government of Bangladesh aims to develop a smart
Bangladesh and reform the national curriculum to meet the international standard of
education. The framework developed in this study will guide the policy makers and
curriculum developers for necessary reformation in school curriculum, teacher education

curriculum and policy.

Findings of the study will guide the teachers what would be effective way of using ICTs in
their teaching practice so that students’ mathematical proficiency develop. Teachers of
Bangladesh particularly will find this study beneficial as this study will help them to
understand how classroom need to be organized while teaching with ICTs. Besides, the
study will suggest them which and how ICTs should be applied, what should be the
function of ICTs, and how student should be performed during the orchestration process of
ICTs in their teaching practice. Second, this study will explore the factors which influence
ICT integration in teaching-learning process. This information will be helpful for the
teachers, administrators, policy maker so that they can think about necessary modification
required to change the existing situation. ICT has the potentiality to develop students’
proficiency. However, no study so far explore how ICT should be used in the teaching-
learning process to develop students’ mathematical proficiency specifically in a resource
constrained environment like Bangladesh. Thus, this study will contribute to the relevant
literature by developing an ICT-orchestration framework to develop students’

mathematical proficiency.

1.9 Operational Definitions

1.9.1 Orchestration

The term “orchestration” is used by many scholars. According to them orchestration is the
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design and real-time management of multiple classroom activities, various learning
processes and numerous teaching actions (Tomlinson, 1999; Gravier et al., 2006; von
Ingvald, 2009). Moon (2001) expressed ‘orchestration’ as “the process of managing a
whole learning group in such a way as to maintain progress towards the learning outcomes
and improvement of practice for all” (p. 120). According to Dillenbourg et al. (2011),
orchestration refers as the multi-layered actions applied by the teacher in a technology-
enhanced learning environment. In this study, Orchestrating ICTs means teacher’s
intentional and systematic organization and use of ICT tools available in a ICT-facilitated
teaching-learning environment. In the orchestration process, along with the teacher, ICT

tools and students also perform vital role.

19.2 ICT-facilitated Teaching-Learning (TL) environment

Teaching-Learning environment is a very important variable as it affects learning
outcomes. Extant literature shows that 30-60% of our learning is the result of our brain’s
wiring whereas 40-70% is due to the impact of environment (Langford, 1989). In line with
that, Waxman and Huang (1998) argued that the learning environment has direct influence
on students’ cognitive and affective outcomes. In their study, Pear and Crone-Todd (2002)
argued that to ensure high quality learning environment, it is necessary to create
technology-based learning situation. They also emphasized on internet-based learning
context. Research shows that to motivate students, to enrich learning resources, to
implement learning and instructional strategies, and to assess and evaluate learning goals,
technology—enhanced learning environment is very effective (Wang & Kinuthia, 2004).
They argued that technology enhanced learning environment open a scope for teacher as
well as learners to experience an innovative teaching-learning practice. With the assistance
of technology, the learning tasks, learning activities can be presented in such a way that
learner becomes curious to learn and achieve better mathematical understanding. Besides,
in this environment, it is possible to enrich learning resources by the use of technology
which is quite unlikely to be accessed in a traditional classroom environment. With the use
of technology, it is possible to provide learners with clear guidance, instant feedback, and
immediate satisfaction on their learning efforts. Computer programs and software

especially offer learning with formative and constructive feedback which enhance the
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learning progress (Wang & Kinuthia, 2004). According to Feng and Hannafin (2005),
technology- enhanced learning environments are “technology-based learning and
instruction systems through which students acquire skills or knowledge, usually with the

help of teachers or facilitators, learning support tools, and technological resources” (p. 5).

In this study, the classroom environment is considered as technologically enhanced. For
technologically enhanced classroom environments, several literature use the term ICT-
enabled, ICT-enriched, ICT-enhanced, ICT-mediated classroom environment etc. (Dong
& Newman, 2018; Kurt, 2014; Lim et al, 2005; Wang & Kinuthia, 2004). | use the term
ICT-facilitated classroom environment for this study. In this environment, teachers and
students can use computer (s) and computer-based tools. The teacher’s instructional
strategies and task design should be suitable for technology-facilitated classroom
environment setting. Students perform in the classroom with the guidance of a teacher,
learning support tools, and technological resources. The teachers project the computer
screen on the board or projector screen. Different types of mathematical software specially
the dynamic mathematics software (i.e. GeoGebra) along with the other ICT tools are used
by the teachers as well as students for deeper understanding of the mathematical problems.
Besides, teachers can use additional instructional material/tools (i.e. concrete material,
objects etc.) in connection with technology in this environment. In such an environment,
teaching and learning practices are composed of all the moments in which those

instructional tools are used and not used.

1.9.3 GeoGebra

GeoGebra is a free dynamic mathematical software that integrates geometry and algebraic
feature in a connected way (Hohenwarter & Fuchs, 2004). In this study, along with other
ICT tools, the GeoGebra software is used. The GeoGebra software has been chosen for
several considerations. Firstly, this software is fairly complete tool and user friendly.
Secondly, it is free and can be used without an internet connection. Thirdly, it has the
potentiality to increase students’ mathematical understanding by providing visualization of
multiple representations. Besides, it offers student centered learning and fosters students’

active participation (Preiner, 2008; Zulnaidi et al., 2020). It also has positive effects on
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students’ motivation and increases students’ interest towards the course (Zengin, 2017). As
one of the major intentions of this study is to promote students’ mathematical proficiency,

evidence supports that GeoGebra has the ability to facilitate it.

1.9.4 ICT-facilitated Teaching-Learning Process

Teaching-learning process is the combination of several actions where the teachers
evaluate learning needs, set specific learning objectives, construct teaching-learning
strategies, execute the plan of work and assess the outcomes of the instruction. (Holz-
Clause, 2015). In another study, Mora-Cruz et al. (2022) expressed that teaching-learning
process is a relationship between teacher and students by which it is intended to transmit
knowledge in a certain area. In this study, ICT-facilitated teaching-learning process refers
to the pedagogical approaches that teachers applied with the assisted of technology (where
necessary). In this process, teachers may act as an instructor or facilitator based on the

requirements of the class to develop students” mathematical proficiency.

1.10 Overview of the Dissertation

This dissertation is organized into six chapters. The following chapter (Chapter two)
provides a review of the relevant literature including the theories considered and the
conceptual framework developed for this study. The subsequent chapters (Chapter Three
to Five) represent the methodology, findings and discussions in line with the research
objectives. Finally, the conclusion in chapter six focuses on the contributions made to the
existing literature, practical implications of the findings the study and also sheds light on

the future scopes for future research.
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Chapter Two

LITERATURE REVIEW

Given the objectives of this study, this chapter reviews the relevant literature on
mathematical proficiency, tools for learning, teaching for developing mathematical
proficiency, teaching with ICTs for developing mathematical proficiency, enablers and
inhibitors to ICT integration. Based on the underpinning theory and literature reviewed, a

conceptual framework for this study is presented at the last section of this chapter.

2.1  Mathematical Proficiency (MP)

The world in the 21 century is changing fast due to the continuous advancement of
technology. It would not be an exaggeration to say that all such advancements are
somewhat connected to mathematics. Mathematics is no more perceived as subject for
basic computations rather mathematics knowledge is considered as one of the key catalysts
of such advancement. According to Redecker and Johannessen (2013), to cope up with this
21% century’s world, students have to be prepared with sufficient mathematical skills and
competencies i.e. Mathematical Proficiency (MP). Extant literature showed that
mathematical proficiency offers several benefits. Mathematical proficiency improves
problem-solving skills, which are essential for any career and personal decision-making
(Valencia-Marquez , 2022). Besides, it promotes critical thinking and logical reasoning
abilities, enables individuals to comprehend complex concepts and arrive at optimal
solutions (Baroody, 1993). In line with that, Sumartini (2015) argued, mathematical
proficiency develops the ability to convey information in different form (e.g., oral, written,
diagram, map etc.) and helps to make well informed decisions.

Kilpatrick et al. (2001) stated that mathematical proficiency consists of five intertwined

components- conceptual understanding, procedural fluency, strategic competence,
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adaptive reasoning, and productive disposition. These five strands of MP have been

illustrated in Figure 2.1 and explained below.

2.1.1 Conceptual Understanding (CU)

Conceptual understanding is one of mathematical abilities that enables students to organize
their knowledge. According to Kilpatrick et al. (2001), CU is an understanding of
mathematical ideas as an integrated and functional system that helps students to learn new
knowledge by connecting those ideas with what they already know. Similarly, Kenedi et
al. (2019) argued that mathematical understanding does not only mean the knowledge
about unrelated concepts, but also the ability to explain the relationship among them. Thus,
students with CU could organize their knowledge as well as explain them as a coherent
system. Kilpatrick et al. (2001) stated that students with CU are able to apply and adapt
acquired mathematical ideas to explain new mathematical concepts. This ability helps them
to expand their knowledge and perform better in new situations. They claimed that students
will be able to use several mathematical representations and communicate their ideas if

they have conceptual understanding.

Figure 2.1: Five intertwined strands of MP (Kilpatrick et al., 2001)

2.1.2 Procedural Fluency (PF)

To ensure students’ mathematical development, attaining fluency in mathematical
procedure is vital. Procedural fluency deals with knowledge of procedures, appropriate
time and way to use them (NCTM, 2014). It also refers as the skill of carrying out the
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procedures flexibly, accurately, and efficiently (Kilpatrick et al., 2001). Students with
procedural fluency not only know about the procedures but also know when and how to
use the procedure correctly. They also know the information required to perform the
procedure effectively and accurately. Moreover, students with PF can use the algorithm
flexibly which means that they are able to manipulate the procedure to reach the right
solution. Procedural fluency involves both the remembering and thinking process.
Thinking process is vital as it will support students’ CU based on procedures (Hiebert,
1999). While remembering helps students to recall the procedures, thinking process assists
them to choose the appropriate procedure to solve a problem. Besides, students with PF are

able to create their own procedures through thinking process (Bahr & Garcia, 2008).

2.1.3 Adaptive Reasoning (AR)

Adaptive reasoning is the capability to think logically, to estimate the answer with proper
justification and to judge mathematical truth (Milgram, 2007). Students with adaptive
reasoning skills, able to estimate, support their claims with arguments or proof, and draw
inferences (Kilpatrick et al., 2001). In a study, Marasabessy (2021) claimed that students’
logical thinking ability will be formed by involving in non-routine tasks. In this situation
students make connections between concepts and context by their logical thinking
capability. Besides, reflective thinking skills (e.g. the ability to explain, the ability to
justify) are also generated by logical thinking. Students’ ability of adaptive reasoning is

vital as it helps them to cope-up with real-life situation (Marasabessy, 2021).

2.1.4 Strategic Competence (SC)

Another mathematical competence which is necessary to solve mathematical problems is
strategic competence. The strategic competence is defined by the National Research
Council (NRC) as the “ability to formulate, represent, and solve mathematical problems”
(NRC, 2001, p. 116). This competency guides students to apply the efficient strategies to
find the solution of a problem. Moreover, while solving a problem, students who possess
strategic competence track development and create backup plans in case the tactics used

turn out to be less successful than anticipated (Ostler, 2011). The ability to comprehend
22



and articulate mathematical issues verbally, to choose the best formulae, methodologies,
and/or techniques for problem-solving, and to assess the accuracy of the problems that have
been solved- all these aspects are considered as strategic competency. According to
Kilpatrick et al. (2001) students with strategic competence can formulate the problem and

represent it mathematically, either in numerical, symbolic, verbal, or graphical form.

2.1.5 Productive Disposition (PD)

The habitual inclination to view mathematics as meaningful and valuable, coupled with a
belief in persistence and one’s own abilities, is known as a productive disposition
(Kilpatrick et al., 2001). In a study, Siegfried (2012) stated that productive disposition
refers as the tendency to see mathematics as a sense-making endeavor, useful, and
worthwhile. They also claimed that students with productive disposition believe that with
appropriate effort and experience, one can learn mathematics. Moreover, they believe on
their self-efficacy which means they are confident in their knowledge and ability,
mathematical habits of mind; mathematical integrity and academic risk-taking; persistence;
positive goals and motivation. Extant literature showed that teachers are the essential
element of productive disposition as they play a critical role to encourage studentsto uphold
positive attitude toward mathematics. Teacher’s attitude, teaching strategies as well
teaching practice must have great influence on students to develop productivedisposition
(Woodward et al., 2018).

2.2 Tools for Learning

Research showed that tools are essential for teaching-learning context as these enable both
the teachers and students to fully express themselves (Sutherland et al., 2004; Noss &
Hoyles, 1996). The notion of mediation between subject-specific information and learning,
scaffolding by different tools in a learner's ZPD is emphasized by the Vygotskian approach
(Bakhurst, 2023). While printed text book is an immensely powerful tool in traditional
teaching-learning approach, digital technologies are currently being added as an influential
tool to mediate between learners and knowledge (Lugalia, 2015). With paper-pencil,

printed text book and sociocultural interaction that occur in the classroom teaching-
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learning environment, computer has become an important tool. According to Noss and
Hoyles (1996), the focus of using the computer tools in teaching- learning is to make-
meaning in mathematics lessons rather than computer itself. They expected, “the computer
will open new windows on the construction of meaning forged at the intersection of pupils’
activities, teachers’ practices and the permeable boundaries of mathematical knowledge”
(p.2). They also added that, by “offering a screen on which students can express their
aspirations and ideas, the computer can make explicit what is implicit” (p.5). Research
showed that the provision of diversity and alternative teaching- learning styles can raise
students’ interest and motivate them to engage in learning process (Harel & Papert, 1991).
Computer aided teaching-learning environment allow such a diversified teaching-learning
style. Specifically, different types of software permit pupils to control activity, learn from
instant feedback, see connection, observe pattern, explore data, work with dynamic images
and more instances to reflect on results (Becta, 2008). Harel and Papert (1991) stated that
“Computers cannot produce ‘good learning’ but children can do ‘good’ learning with

computers” (p.41).

2.3  Teaching for Developing Mathematical Proficiency

To enhance mathematical proficiency of students, focus needs to be given on how the
strands of MP discussed above could be developed in students. Extant literature showed
different strategies for developing students’ math proficiency. In a study Davis (2018)
argued that while teaching mathematics, if teaching approach focuses on rote memorization
and procedures only, students will acquire procedural knowledge rather than concepts.
Smith et al. (2018) claimed that for developing students’ conceptual understanding about
mathematics, teachers have to create an environment so that students get involve in the
discussions. According to Department of Basic Education (DBE, 2018), to do that teachers
should allow learners to answer the question with a ‘yes’ or a ‘no’. This commitment will
uphold the learners’ interest in the discussion and then ask them to provide the explanation
behind their answer. The focus of the discussion should be reasoning rather than simply
asking the answer. Since use of mathematical language and explanation of students’ own

ideas behind their mathematical work are two vital aspects to build students’ conceptual
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understanding, teachers should provide the opportunity to the learners to speak
mathematically and explain their answer with proper justifications (DBE, 2018). However,
teacher should explore students’ misconceptions and use them as building blocks for

deeper mathematical understanding (Anthony & Walshaw, 2009).

Again, procedural fluency of students is developed not only by practice but also on a solid
basic mathematical concept. While teachers’ intention is to develop students’ procedural
fluency, they need to provide several types of examples from different angles (Foster,
2018). It is an effective way to develop quick recall of basic bonds in the Foundation Phase.
This technique will help the learners “to use rapid recall when necessary, to carry out
strategic calculating, when working with bigger numbers and to develop their ability to

think strategically when doing mathematical calculations” (DBE, 2018, p. 28).

To grasp the deeper mathematical understanding and become proficient, it is vital to
develop students’ ability to find out the most efficient approach to do calculations and the
technique they desire to use. Teachers, by encouraging learners to try different approaches
to do a problem and to apply variety of ways to check the solutions of their work, can help
students develop that ability (DBE, 2018). In addition, teachers need to provide variation
of problems and several methods to solve those problems. By doing that, students will
become comfortable to deal with non-routine problems with variety of strategies. This will
strengthen students’ strategic competence as well as procedural fluency skills. In a study,
Ozdemir and Pape (2012) stated about four supporting activities to develop students’
strategic competence. These supporting activities are- “the nature of tasks and activities,
practices supporting understanding, practices supporting strategic knowledge and skills,
and practices supporting motivation” (p.160). According to them the task should be
intentionally planned so that students can develop their understanding by involving in
collaborative work in small group. To support students’ understanding, teacher should
provide detailed explanations with multiple methods and the concepts need to be connected
with real-life situation. They also stated that teachers need to invite the students to engage
in problem solving activities group-wise where “students exercised strategic competence

by analyzing the task (e.g., rereading, under-lining, and using context clues), selecting,
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adapting, and implementing strategies, as well as comparing and contrasting each other’s
strategies” (Ozdemir & Pape, 2012, p.161). They claimed that teachers need to
acknowledge students’ understanding and ideas, since motivation is vital to persist in
problem solving. In addition, teachers need to highlight the strategies used by the students

to solve problems, so that they are encouraged to perform the task by their own techniques.

Assessment is vital to evaluate students’ progress (Suurtamm, 2018). While mathematical
proficiency is the cohesive blend of conceptual understanding, strategical competence,
procedural fluency, adaptive reasoning, and productive disposition, it is commonly
observed that the broader focus of assessment is on procedural fluency (Kilpatrick &
Swafford, 2002). Kilpatrick and Swafford (2002) mention “[m]ost current math tests,
whether standardized achievement tests or classroom quizzes, address only a fraction of
math proficiency- usually just the computing strand and simple parts of the understanding
and applying strands” (p.32). In line with that Burkhardt (2007) argued, while assessing
students’ progress in mathematics, focus is often given on procedure rather than learning
with proper understanding, logic and strategy. In a study, Groth (2017) reported that it is a
common perception among the people that mathematics education is only about procedures
and formulas. He claimed that a group of people perceive, “mathematical proficiency
mainly in terms of procedure skill” (p. 104). Extant literature showed that to become skilled
in mathematics, repetition and reproduction of procedures is not adequate (Schoenfeld,
2007). He argued that though practicing a task repeatedly may lead students to become
proficient on that task, students may not be able to deal with a slightly different problem
or procedure, if they do not grasp the idea that underlies the procedure. Thus, while
assessing students’ progress in mathematics, “[a]ssess valued aspects of mathematical
proficiency, not just its separate components” (Burkhardt, 2007, p. 79). According to
Burkhardt (2007), mathematical proficiencies cannot be appropriately assessed through
traditional testing measures (e.g. multiple-choice tests) rather it should consider student’s
entire performance instead of isolated aspects of students’ work. Similar findings are
reported by Suurtamm et al., (2016) where they reported that classroom assessment should
encourage the use of variety of assessment techniques, tools, and formats. They also

discussed that it is necessary to provide timely and regular basis formative feedback and
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involve students in the assessment process. In a study, Anthony and Walshaw (2009)
claimed that to make students’ thought visible and to support students’ learning, effective
teachers use a range of assessment practices. For example, by observing students while
they work and by talking with them, teachers can measure students’ understanding, see
what strategies they prefer, and listen to the language they use. Based on these information,
teachers can decide what examples and explanations they should use for discussion in the
class. Besides, during the question-answer session, teachers should create the environment
as such that students have to respond by thinking critically and with proper justification
(Anthony & Walshaw, 2009). They argued that such kind of initiatives ultimately promote
students’ adaptive reasoning ability. They also argued that when students struggle to deal
with a problem, effective teachers support them rather than providing full solutions. They
encourage students to search for more information, try another method, or discuss the

problem with peers, reflect on their own learning.

To engage people in any sorts of work, motivation is vital. According to Broussard and
Garrison (2004), motivation is “the attribute that moves us to do or not to do something”
(p. 106). Thus, motivation and engagement are both crucial for the teaching and learning
environment. Research showed that students would not have benefited if the instructions
are simply provided rather than motivating them (Fried & Konza, 2013; Kim & Kamil,
2002). In the similar vein, Haji et al. (2019) stated that students do not perform well if they
are not interested/motivated to learn. They reported that beside focusing on developing
math concepts and skill, teachers need to give emphasis to develop students’ positive
attitude towards mathematics (productive disposition). Extant literature showed that
students are motivated to learn while they learn math linking with their practical life
(Ozkaya & Yetim, 2017) and work in collaborative or cooperative learning environment
Lai (2011). According to Anthony and Walshaw (2009), teachers need to motivate students

to get involved in student-student and student—teacher dialogue, self-evaluation process.

2.4  Teaching with ICT for Developing Mathematical Proficiency

Effective mathematics instruction should prioritize understanding over rote memorization

of solutions. Allowing students to breeze through problems without encountering obstacles
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may hinder their ability to persevere while they face difficulties. Consequently, creating a
learning environment that presents realistic challenges is essential. Swan (2008) proposed
that introducing challenging/non-routine problems can cultivate such an environment.
Lugalia et al.’s (2015) study demonstrated the significant role of ICT, when used
appropriately, in fostering mathematical resilience among students. Resilience instills in
students the qualities necessary to tackle challenges, embrace curiosity, and actively
engage in mathematical learning (Lee & Johnston-Wilder, 2014). Granberg and Olsson
(2015) emphasized that, to maximize the benefits of using Dynamic Geometry Software
(DGS) like Cabri and Geometer's Sketchpad, students should engage with moderately
challenging tasks that promote the exploration of geometric relationships (Erbas &

Yenmez, 2011) and the planning and evaluation of interactions (Hollebrands, 2007).

Similarly, Brousseau and Warfield (2020) advocated for creating opportunities for students
to participate in discussions, share their current understanding, and create cognitive
dissonance by confronting learners with inconsistencies and surprises. They also
maintained that teaching is more effective when misconceptions are identified, challenged,
and rectified. Similarly, Parhizgar (2022) highlighted about the importance of exploring
students’ misconception and suggested problem-posing as a good approach to point out the
misconception. Fuglestad (1997) and Yadav (2015) agreed with this notion, suggesting that
various computer software, such as word processors, spreadsheets, and graphics, can be
utilized to present challenging tasks and address students’ misconceptions related to

mathematical and scientific concepts.

Research demonstrated the potential of dynamic software and apps like Geogebra and
Desmose to enhance learners’ conceptual understanding (DBE, 2018). These tools are well
recognized for their ability to reinforce mathematical concepts, improve visualization, and
rectify misconceptions. By interactively engaging with the software, learners can uncover
relationships, formulate conjectures, and test their hypotheses. Static calculation and
graphing tools provide opportunities for accurate and efficient calculations and
constructions. This frees up learners to focus on developing mathematical concepts rather

than being bogged down by tedious calculations and constructions. As a result, ICT enables
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the exploration of real-world problems that demand complex calculations. It’s crucial to
note that calculators should not be used if the lesson’s purpose is to grasp or practice
calculations (procedural skills development). The use of ICT in the mathematics classroom
should align with the lesson’s objectives (DBE, 2018).

Research also delved into the area of representational fluency, suggesting that technology
supports students’ ability to learn and compare multiple representations of mathematical
concepts (Gunpinar & Pape, 2018). Multiple representations offer learners diverse entry
points for mathematical engagement and numerous connections for knowledge
construction. Mathematical technologies, with their multiple representations and command
options, empower teachers to implement and support tasks with moderate or high cognitive
demand (Hwang et al., 2007). For instance, tasks proposed by Doorman and Drijvers
(2011), and Jane-Jane Lo and Kratky (2012) exemplify open-ended and/or challenging
tasks that capitalize on the affordances and constraints of mathematical technologies. These
tasks lack a prescribed solution path, allowing students to forge their own paths, utilize
their understanding, and construct arguments leading to a solution. In essence, teachers
should integrate mathematical tasks that encourage students to employ technology as

learning tools to generate multiple representations and explore connections between them.

Extant literature (e.g., Bramald et al., 2000; Pedersen et al. 2021) showed that ICT offers a
diverse range of methods for representing mathematical concepts. ICT-equipped
classrooms facilitate the creation and sharing of mathematical representations between
teachers and students. Graphical software, for instance, allows for real-time modifications
to graphs by manipulating formulas. Teachers can utilize this software to present examples

and counter-examples simultaneously, explaining the reasons behind their differences.

Ogwel (2008) contended that ICT environments “offer multiple mathematical
representations that enhance the generality of mathematical concepts and provide
opportunities for counter-examples, unlike paper-and-pencil environments” (p. 2).
Similarly, Wolfram (2010) explained that ICT-mediated teaching-learning environments

empower students to solve problems governed by the same principles but with varied levels
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of difficulty. Therefore, teachers should explore the “computer as an open-ended tool”
to allow students to tackle both simpler and more challenging problems, fostering their

conceptual understanding (Wolfram, 2010, p.9).

Effective teaching and learning hinged on teachers’ comprehensive understanding of their
students’ progress and the ability to differentiate instruction accordingly. Given the unique
learning styles and abilities of each individual, providing task materials tailored to students’
achievements can significantly enhance the learning process. Research indicated that ICT
environments play a pivotal role in facilitating differentiated instruction (Cunska &
Savicka, 2012; Karatza, 2019). Cunska and Savicka (2012) observed that:

The use of ICT in lessons helps teachers make the educational process more
individualized and differentiated due to the interactive dialogue between a student

and a computer at a pace and location suitable for the student. (p.1486)

Teachers can design and assign differentiated worksheets or checklists based on students’
levels to guide them through the same learning task. ICT-based learning management
systems can further enhance the process of supporting students according to their specific
requirements (Lim & Chai, 2004).

Manipulatives (both concrete and virtual) play a crucial role in mathematics instruction by
making concepts more accessible and understandable for students. Existing literature
emphasized the importance of integrating virtual manipulatives to enhance student
engagement in lessons and promote the development of deeper connections to
mathematical concepts (Moyer et al., 2002; Reiten, 2018). They also highlighted the value
of virtual manipulatives in providing immediate feedback and enabling students to self-
correct in a non-threatening environment. However, in their study, Burns and Hamm
(2011) revealed that while both virtual and concrete manipulatives individually strengthen
mathematical understanding, the most effective approach involves the combined use of

both manipulatives.

Effective feedback is another essential component of mathematics education. Timely and
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appropriate feedback helps students recognize the importance of their work and
demonstrates that their efforts are valued. Students should receive feedback in such a way
that acknowledges their strengths and identifies areas for improvement. ICT-enabled
classrooms provide a platform for students to receive feedback from both teachers and
computers. Additionally, ICT-based feedback can guide students towards making
generalizations based on experimental evidence (Department for Education and
Employment [DfEE], 1999). When feedback is delivered using ICT, teachers can
encourage students to reflect on their observations, evaluate the evidence, make

predictions, and explain their conclusions (Lim and Chai, 2004).

The above literature emphasizes the need for student-centered learning approaches that
prioritize active participation over passive knowledge transmission. In large class
environments, ensuring active engagement and individualized attention for each student
can pose challenges. The integration of multimedia resources, such as computers,
audiovisual devices, internet access, and CD/DVD-equipped classrooms, can promote
individual ICT engagement in large classes by providing students with opportunities to
individually interact with a computer at the front of the classroom. Additionally, teachers
can utilize wireless slates, keyboards, mice, or tablet PCs that can be circulated among
students. In this teaching approach, the teacher’s role transforms from a mere knowledge
transmitter to a more interactive facilitator, guiding students through demonstrations,
explanations, questions, discussions, predictions, and interpretations of the displayed
content while inviting individual students to interact with the computer (DfEE, 1999).
Furthermore, projecting computer screens or graphical calculator displays onto
whiteboards using projectors or overhead projectors allows teachers to introduce new
concepts and guide students in practicing or reinforcing previously learned mathematical
concepts. Beauchamp and Kennewell (2010) recommended the use of interactive
whiteboards (IWBSs) for whole-class instruction, as they enable teachers to present lessons
through slideshows, text, and preloaded web pages. Teachers can leverage IWBs to
dynamically incorporate various resources based on students’ needs and responses.
Consequently, the effects of IWBs are often comparable to those of individual computer
usage in terms of student engagement and learning outcomes.
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It has been noted that promoting active engagement for all students, group work effectively
encourages collaboration and problem-solving among peers. Despite the widespread
recommendation of collaborative learning approaches, such as group activities, for actively
engaging students in lessons (Laal & Ghodsi, 2012), Wegerif (2010) expressed concerns
about the use of group work in ICT-enabled classrooms. He argued that while students
perform a task group-wise with the help of computer, it is a bit challenging for the teachers
to observe students’ interactions within groups, raising the possibility that some students
may not participate meaningfully in discussions. Wegerif advocated for a dialogic
approach, suggesting that dialogue facilitates the exploration of students’ thoughts,
engagement with their developing ideas, and the resolution of misunderstandings. By
engaging in extended classroom dialogues, students can contribute their perspectives,
examine the limitations of their own understanding, and practice utilizing language as a

tool for thinking and learning. Wegerif (2010) stated:

Dialogic is about holding different perspectives together in tension, which
inevitably leads to the challenge and competition between ideas, fostering critical
thinking, and the spontaneous generation of new ideas and insights, nurturing
creative thinking. (p. 23-24)

The introduction of ICT into mathematics classrooms should not diminish the role of the
teacher. Effective student engagement hinges on the teacher’s skillful orchestration of ICT.
Drijvers (2015) asserted that the integration of technology in mathematics education is not
a solution that minimizes the importance of the teacher. Instead, the teacher must
orchestrate learning, for instance by synthesizing the outcomes of technology-rich
activities, highlighting useful tool techniques, and connecting the experiences within the
technological environment to traditional paper-and-pencil skills or other mathematical

activities.

When students engage directly with computers, teachers must take a more proactive
approach to ensure that they maximize the benefits of the computer’s feedback.

Unintentional use of ICT, characterized by simply clicking buttons without understanding
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and connecting concepts to the computer’s output, results in ineffective learning. To verify
students’ comprehension, teachers should encourage them to focus on the presented
information and pose questions such as “Why did that happen?” or “What would happen
if...?” (DfES, 2003).

While students are actively utilizing ICT tools for their studies, teachers must ensure that
all students have a thorough understanding of the tools’ operation (Lim and Chai, 2004).
They argued that students who are unsure about the tool’s operation and benefits are less
likely to engage with ICT. They further asserted that students who understand “how to use
the ICT tools were more likely to be motivated and engaged in the learning process” (p.
12)

Despite the documented potential of ICT, the importance of traditional tools like paper and
pencil and blackboards should not be diminished. As part of ICT-facilitated teaching and
learning environments, teachers should encourage the parallel use of paper and pencil
alongside ICT tools (DfES, 2003) and also seamlessly integrate the technological
environment, such as projected screens, with conventional contexts like paper, books, and
blackboards (Drijvers et al., 2010). In a study, Koyuncu et al. (2014) highlighted the
advantages of developing proficiency in both paper-and-pencil skills and ICT tools.
Sultana et al. (2016) similarly concluded that the incorporation of ICT into the classroom

should not lead to the abandonment of traditional tools like paper and pencil.

For a considerable period, the focus in mathematics education has primarily been on
developing procedural knowledge, while neglecting the importance of conceptual
development. However, recent research suggests that rote memorization alone is
insufficient for fostering mathematical proficiency. A more effective approach involves
nurturing students’ conceptual understanding of mathematical concepts (Balka et al.,

2009). According to Al-Mutawah et al. (2019):

Students demonstrate conceptual understanding in mathematics when they provide
evidence that they can recognize, label, and generate examples of concepts; use
and interrelate models, diagrams, manipulatives, and varied representations of

concepts. (p.259)
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When students actively construct new knowledge by connecting it to their existing
understanding and apply it to solve problems in novel scenarios, their conceptual
understanding of mathematics deepens (Balka et al., 2009). Additionally, students who
learn through conceptual understanding tend to solve problems more effectively and with
fewer errors (NRC, 2001). Since developing conceptual understanding is essential for
achieving mathematical proficiency, teachers must employ appropriate pedagogical

strategies to facilitate this process.

In a study, Sultana and Khan (2017) identified eleven principles which have been
considered as ICT-based effective approaches for teaching-learning mathematics (Table
2.1). They claimed that providing challenging tasks, encourage to involve in creative
reasoning, exploring misconceptions, providing counter examples, using manipulatives
and treating ICT as an open-ended tool are effective teaching approaches which directly

involve enriching students’ conceptual development.

Table 2.1: Effective ICT based teaching approach

The Eleven Principles

Principle 1 Assigning challenging task

Principle 2 Engaging into creative reasoning

Principle 3 Identifying misconceptions

Principle 4 Differentiating students

Principle 5 Treating ICT as an open-ended tool
Principle 6 Providing counter-examples

Principle 7 Using both concrete and virtual manipulative
Principle 8 Appropriate feedback in different aspects
Principle 9 Involving students in classroom dialog

Principle 10 Familiarizing ICT tools

Principle 11 Integrating paper and pencil with ICT

Source: Sultana and Khan (2017)

On the other hand, while several approaches using ICT could be applied to develop

conceptual understanding, approaches to increase students’ engagement and motivating
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them in the lesson cannot be ignored as they are crucial for concept development as well.
Motivation and engagement are closely related to each other. If students are motivated to
learn, they would be willing to engage into the lesson. Research showed that when students
learn with a degree of attention, curiosity, interest, confident and passion, it means that
they are engaged in the learning process and consequently students’ motivation level

(productive disposition) is enhanced (Filgona et al., 2020).

According to Lai (2011), to foster motivation and engagement, teachers need to take
initiatives to provide autonomy to students by allowing them to be involved in collaborative
or cooperative learning approaches. He also stated that teachers need to explore a
supportive environment according to the target of the lesson. Research showed that when
teaching materials are presented via technology (e.g. computer media), students are more
interested to learn and willing to get engaged into the lessons (Halidi et al. 2015, Made,
2011). In a study, Garcia-Valcarcel et al. (2014) claimed that when students learn in
collaboration with the help of ICTs, they can hold attention and feel motivated to learn.
Research also showed that when students learn mathematics connecting with everyday life,
their productive disposition develop (Ozkaya & Yetim, 2017) and ICT helps learner to

visualize mathematics in real world context (DBE, 2018).

2.5 Enablers and Inhibitors to ICT Integration

Extant literature showed that some characteristics or attributes need to be considered while
integrating ICT in mathematics teaching-learning process (Ismail, 2020; Lawrence & Tar,
2018; Turgut & Aslan, 2021). Turgut and Aslan (2021) identified five factors (students,
educational material, infrastructure, management, and teachers) that influence ICT
integration in teaching whereas Sokku and Anwar (2019) claimed about four distinct
aspects such as personal factors, school factors, pedagogical factors and technological

barriers which have impact on ICT integration.

According to Crisan et al. (2007), integration of ICT into teaching depends on both the
contextual and personal nature. They stated that teachers’ learning about ICT and its

incorporation in their practice are influenced by school context, institutional
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characteristics, institutional key persons, availability and accessibility of resources,

teachers’ ICT skills and ICT professional development (Figure 2.2).

Avallability of and
Accessibility to ICT tools
and resources

Departmental Ethos
Key persons promoting ICT use
ICT within scheme of work

Teachers’ ICT
Professional development

[ Teachers’ Learning about ]

and incorporation of ICT

Figure 2.2: Factors affecting integration of ICT in teaching-learning process
(Crisan et al., 2007)

As several literature discussed the enablers and inhibitors of ICT integration in the
mathematics teaching-learning process from different perspectives, the review literature
have been discussed below under three aspects- personal, pedagogical and institutional,
which are inter-linked to each other.

251 Personal aspects

Existing Literature showed that, teachers’ teaching practice is influenced by their attitude.
For instance, Kaleli-Yilmaz (2015) claimed in his study that teachers’ attitudes towards
ICT affect their use of ICT in the classroom. They argued that the teacher who hold the
negative attitude towards ICT, are less confident and less skilled about technology, as a
result they are less willing to accept and adapt with technology and try to avoid use of ICT
in their teaching practice. Whereas the scenario is totally reverse for the teachers who
possess the positive attitudes (Harrison & Rainer, 1992, Mundy, 2021). As such, if teachers
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intend to integrate ICT in their teaching practice, it is necessary to hold positive attitude
towards ICT.

In a recent study, Sokku and Anwar (2019) stated that ICT integration is directly linked
with not only the teachers’ attitude, but also their perception regarding ICT. They reported
that the teachers who have positive perception about the effectiveness of ICT in learning
and consider learning with ICT is interesting, they are interested to use ICTs in their
teaching practice. Davis (1989) claimed that teachers’ intention to use ICT in their practice
depends on their attitude towards ICT. They also argued that teachers show positive
attitude towards use of ICT if they perceive it is easier to use and effective for the students.
Afshari et al. (2009) argued that when teachers become comfortable about ICT and well-
informed about its implications, their positive attitudes to ICT will develop. Again the
majority of research on ICT integration reported that teachers view on technology depends
on how people evaluate the role that ICTs play in education (Fives & Buehl, 2012; Zinger
et al., 2017). Extant literature showed that not only teachers but also students’ interest
towards technology also influence ICT integration in TL process. In a study, Deryakulu et
al., (2008) claimed that students’ interest to learn with technology influence the
incorporation of ICT in teaching. In addition, several researchers (Cope & Ward, 2019;
Parker et al., 2008) stated that the effectiveness of ICT supported teaching to some extent
depends on how students perceive about the importance of ICT for their learning. In a
recent study, Lin and Muenks (2023) argued that students’ mind-set about technology is

somewhat shaped by their family members’ perception about technology.

Perceived
Usefulness \

Attitude Intention to Actual
Towards Use > Use Usage
Perceived /

Ease of Use

Figure 2.3: Technology Acceptance Model (TAM) (Davis, 1989)
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While teacher’s perception seems to be a significant predictor for technology integration
(Miranda & Russell, 2011; Ottenbreit-Leftwich et al. 2010), it sometimes may constrain
teachers to integrate ICTs. For instance, one teacher may feel direct instruction would be
the most effective way of instruction rather than the open nature of (some) technological
solutions (Donnelly et al. 2011). In another study, Hennessy et al. (2005) found that
teachers use technology only when they perceive it will enhance learning compared to other
approaches. In an experiment, Cedillo and Kieran (2003) initially found that despite strong
mathematical knowledge, most experienced teachers did not show positive attitudes
regarding teaching with technology as they believed that incorporation of ICT in teaching
would not benefit students. But over the time, those teachers showed their positive views
about use of ICT in teaching and changed their practice noticeably as they have seen the
positive impact of ICT on their students.

Schiller (2003) claimed that personal characteristics such as age, gender, educational level
and experience, experience with technology and attitude towards technology has a great
effect on integration of ICT in teaching practice. Several literature showed that gender has
an effect on ICT integration in teaching. Research revealed that male teachers’ use ICT in
their teaching practice more than that of female (Gebhardt et al. 2019; Volman & van Eck,
2001; Wilson etal., 2015). The dominating factors identified behind this scenario is limited
access to technology, lack of technological skill, and interest among female teachers
(Volman & van Eck, 2001). Research also identified teachers’ teaching experience
(Gorder, 2008; Lawrence & Tar, 2018) is another influencing factor to use technology in
classroom. Studies showed that experienced teachers tend to be more hesitant about using
technology in their classrooms than their younger counterparts (Jones, 2017; Mertala,
2019). This reluctance stems from various factors, such as anxiety about technology use,
a perceived loss of control over the teaching environment, hardware and software
limitations, inadequate technical support, the time-consuming nature of acquiring and
maintaining ICT proficiency, and the challenge of selecting appropriate technology for
the classroom setting. In contrast, younger teachers are more open to accept new teaching
approaches andactively participate in training workshops. Moreover, teachers generally

believe that usingtechnology in the classroom requires more time and effort than
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traditional teaching methods, and they express concern about the potential loss of privacy
and personal control associated with excessive technology use (Aminu & Samah, 2019;
Ramirez-Rueda et al., 2021; Tang et al., 2021).

2.5.2 Pedagogical aspects

Research consistently underscores the critical role of teachers in determining the
effectiveness of ICT integration in classrooms (Sutherland et al., 2009). However, this is
by no means a straightforward task. Effective integration necessitates a fundamental shift
at the personal level, encompassing teachers’ belief systems (Webb & Cox, 2004), skills
(Foster, 2014), and knowledge levels (Alexander, 2008) to harness the affordances of
ICTs for the benefit of student learning. In a study, Turgut and Aslan (2021) claimed that
teachers’ competency about technology, ICT competence of students’ have a dominating
effect on ICT integration in teaching-learning process. The Technological, Pedagogical,
and Content Knowledge (TPACK) framework serves as a model for developing teachers’
knowledge for ICT integration in education (Mishra & Koehler, 2006). The TPACK

frame is shown in Figure 2.4.

Technological
Pedagogical Contant
Knowledge o
(TPACK)

{ Technological

Technological
Pedagogical Content
Knowiecge Knowledge
(TPK) » (TCK)

.
Pedagogical
Contentt
Knowledge
{(PCK)

Contexts )

Figure 2.4: The TPACK Model (Mishra & Koehler, 2006)

According to Jones (2017) despite the availability of sheer existence of ICT facilities in
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the classroom, the class will not be an effective one due to the lack of teachers’
preparedness to integrate ICT into teaching. Gikundi (2016) also identified teachers’
preparation influence use of ICT in their teaching practice. In addition, teachers’ self-
efficacy and competency about ICT are two major predictors of integration of ICT in
their practice (Buabeng-Andoh, 2019). Research showed that teachers who possess
negative or neutral attitude towards the ICT integration in their practice, the major portion
of them cannot make “informed decision” due to their limited knowledge and skill about
ICT (Al-Oteawi, 2002, p.253). Extant literature depicted that teachers with stronger
technological pedagogical content knowledge (TPACK), are more willingly to work with

technology in their classroom (Aminu & Samah, 2019; Tang et al., 2021).

Though existing literature illustrated about the importance of trainings to develop
teachers’ professional development (Brinkerhoff, 2006; Mwendwa, 2017; Sokku &
Anwar, 2019; Turgut & Aslan, 2021), Li et al. (2019) stated that it (training) is not the
prime solution for effective integration of ICT in the classroom. They suggested that
training program should be focused on use of ICT in the pedagogical aspect rather than
technical issues and technical support. Existing literature revealed that professional
training program will be an excellent program if it helps teachers to shift their traditional
teaching practice into a new paradigm and implement technology appropriately
(Brinkerhoff, 2006; Li et al. 2019). In a study Davis (2018) argued about the importance
of proper training for professional development. He claimed that though the mathematics
curriculum of Ghana emphasizes on problem solving approach for teaching, the teachers

usually focus on procedure and rote memorization due to the lack of appropriate training.

Hsu’s (2010) study highlighted the importance of comprehensive teacher training for
successful ICT integration in classroom instruction. While professional development
programs are widely recognized as tools for enhancing teachers’ ICT proficiency (Serin,
2015), Cox and Marshall (2007) argued in a study that teachers’ training program should
not only emphasize the development of teachers’ skill with ICT and support teachers to
choose and utilize appropriate ICT tools in their classrooms, rather it also needs “to

challenge teachers’ fundamental beliefs about how to teach their subject and how specific
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ICT resources can enhance and fundamentally change the way in which their students
learn” (p.68). Thus, it is essential to address any underlying perceptions that hinder ICT
adoption during both initial and ongoing training. For instance, research has shown that
teachers may resist change due to factors such as insufficient training, low self-esteem,

and frustrations (Hartman et al., 2019).

The lack of consistent professional development opportunities has been addressed in
various publications (Faizi, 2018), with suggestions that teacher training is often focused
on using technology merely as a tool for delivering subject matter. Further research
suggested that employing technology facilitators or digital media consultants could
provide valuable input for shaping teachers’ beliefs about appropriate ICT integration
(Mwendwa,2017). Teachers’ professional development programs play a critical role in
providing pre-service and in-service teachers with the necessary training, support, and
up-to-date technological skills (Lasky, 2005). These programs must serve as catalysts for
transforming teachers’ perspectives and ensuring that technology integration is an

integral part of classroom teaching.

Existing literature showed that along with the necessary competencies for technology
integration, teachers must possess and maintain a comprehensive understanding of the
curriculum (Mwendwa, 2017). In case of ICT integration supported curriculum, Tay et
al.(2013) suggested that schemes of work with ICT should be clearly specified in the
curriculum plans. The key themes emerged from the study of Ghavifekr and Rosdy (2015),
indicating the multifaceted benefits of technology in classroom teaching, encompassing
academic performance, generic skills, socioemotional skills, societal preparation,
metacognition, and creative development. These key themes underscore the promise of
effective technology integration in classroom teaching, provided that comprehensive
planning and strategies are established and implemented within the school curriculum
(Ghavifekr & Rosdy, 2015). To effectively implement such a plan, it is crucial to develop
a technology framework that aligns with the overall vision and strategic direction of the

teacher education program (Tang et al., 2021).
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2.5.3 Institutional aspects

Existing literature demonstrated that the successful implementation of ICT in classroom
teaching hinges on school support, including the provision of up-to-date infrastructure,
and dedicated support staff during the application phase (Mwendwa, 2017). In a study,
Lawrence and Tar (2018) claimed that accessibility of technology is one of the dominating
issues for applying technology in the teaching practice. Besides, technical support
for teachers is also identified as a vital component for ICT integration in teaching. They
revealed that if teachers do not get the proper technical supports, they become frustrated
and as a result they become reluctant to use ICT. Similar findings are reported in several
literature where adequate classroom access to technology, a supportive technology
philosophy, technical support, as well as the reliability of technology infrastructure are
found more likely influencing factors to integrate ICT into their teaching practices
(Aminu & Samah, 2019; Ramirez-Rueda et al., 2021; Tang et al., 2021). Furthermore,
teacher workload (Min, 2019), time allocated for teaching, are reliable factors
influencing technology use in the classroom (Ramirez-Rueda et al., 2021; Vannatta &
Fordham, 2004). Recently, Turgut and Aslan, (2021) identified some of the challenging
factors such as shortage of available ICT resources, educational materials, insufficient
technical supports, lack of effective training for professional development and
unsupportive attitude of school authorities which hinder ICT incorporation in education.

In addition, various levels of leadership, including principal, administrative, and
technology leadership, play a crucial role in the successful integration of ICT in schools
(Razak, 2019). Zinger et al. (2017) found that schools with higher socio economic status
tend to adopt technology more readily due to teachers’ confidence in students’ access to
ICT at home, enabling them to complete technology-based homework assignments
without difficulty. The pedagogical culture of the school can also shape teachers’ attitudes
towards the types and frequency of technology use in the classroom. In a study, a teacher
instructed her students on logging out of online sites and discussed appropriate online
sharing process. She also aligned the school’s motto, “ Be safe, be kind, be responsible,”

with online behavior. This study demonstrated that teachers were more inclined to adopt
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technologicalpractices when a clear school motto was in place (Mertala, 2019).

2.6 Underpinning Theories of the Study

This section discusses two theories (i.e., instrumental orchestration framework and
technology integration panel) adopted in this study to find out the effective pedagogical
approaches for orchestrating ICTs.

2.6.1 Instrumental Orchestration

The ‘instrumental orchestration’ (Trouche, 2004; 2005) framework represents the
extension of ‘instrumental approach’ (Artigue, 2002). The focus of the approach “is on the
process of ‘instrumental genesis’ in which tool and person co-evolve so that what starts as
a crude ‘artifact’ becomes a functional ‘instrument’ and the person who starts as a naive

operator becomes a proficient user” (Ruthven, 2014, p. 7).

On the other hand, instrumental orchestration is a teacher’s purposeful and systematic
arrangement and employment of the various educational resources and tools available in
a learning environment, specifically designed for a particular mathematical task. The
objective of instrumental orchestration is to foster students’ instrumental genesis, a process
of developing and refining their understanding of mathematical concepts through the use
of artifacts (Trouche, 2004). According to Trouche’s (2004) framework (Figure 2.5),
instrumental orchestration comprises two key components: a didactic configuration, which
outlines the overall structure and flow of the lesson, and an exploitation mode, which
focuses on the specific interactions and manipulations of artifacts by the teacher and

students.

2.6.1.1 Didactical Configuration

A didactical configuration is the planning of the teaching setting and the artifacts (tools)
involved in it. Teacher may plan the didactical configuration prior to the beginning of a

lesson or during the lesson but before performing the instrumental orchestration. Didactical
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configuration consists of layout of artifacts and configuration of classroom (Trouche,
2004).

For the component layout of artifacts, the teacher chooses the artifact(s) for the students
and plans for arrange them in the classroom while configuration of classroom, including
the placement of student desks, the utilization or non-utilization of a digital projector, and
other general classroom elements that can influence the learning environment. In a study,
Kratky (2016) stated about students’ arrangement which means whether the students will
work individually, in pairs, in a group or a whole class setting in the didactical
configuration phase. In this study, | considered three elements selection of artifacts,

classroom setup and students’ arrangement in the didactical configuration phase.

Didactical Configuration Exploitation Mode

Introduce the task
Layout of artifacts Artifact roles
Configuration of classroom Teacher roles
Students roles

Figure 2.5: Components of Instrumental Orchestration (Trouche, 2004)

2.6.1.2 Exploitation Mode

An exploitation mode represents the teacher’s deliberate plan for employing a didactic
arrangement to fulfill their pedagogical goals (Trouche, 2004). It involves teachers’
decisions about task introduction and execution, the roles of the artifacts (tools), and the
development of students’ knowledge and techniques. Drijvers et al. (2010) highlighted that
during this phase, the teacher’s role is to craft instructions that effectively guide students’
conceptual and technical understanding while they interact with the artifacts. According to
Kratky (2016), in the exploitation mode, teachers plan for leveraging their selected
didactical configuration in line with their goals for the orchestration. He argued that during

this mode of orchestration, teachers may demonstrate a specific artifact technique, create
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a link between work done with the assistance of both the artifact and paper-pencil, initiate
a discussion and create scopes for the students to present their work with the artifact.
Similar opinion is found in the study by Ratnayake et al. (2023) where they discussed that
during the exploitation mode, the didactical configurations are organized into a plan. Thus,
this mode provides the plan of how the configurations should be played to fulfill the
teacher’s expectations and goals. In a study, Drijvers et al. (2010) argued that exploitation
mode is the way the teacher decides to achieve the didactical configuration (rearrangement
of classroom setup) to get the benefit of his/her didactical goals. According to them,
didactical configuration is that phase of instrumental orchestration where teachers have to
think about the arrangement prior to the lesson and usually do not change during the
teaching, whereas exploitation mode is flexible in nature. In addition, they showed in their
study that while teacher arranges classroom setup for whole class discussion with one PC,
he may decide to operate the PC by himself and project the screen on the front of the wall,

so that students can involve in classroom discussion.

2.6.2 Forms of Instrumental Orchestrations

Extant literature showed that teachers apply certain techniques with the aid of technical
tools to guide students for using tools and learning (Kendal & Stacey, 2002;). Rather than
extensive discussions, literature showed the types of instrumental orchestration that the
teachers use in their practice (Degerli & Uygan, 2023; Erfjord, 2011; Kratky, 2013).
Drijvers and colleagues (2010, 2013) identified various forms of instrumental
orchestrations for whole class setting as well as small-group setting. They provide a
guideline on how the teacher as well as students will perform during the orchestration

process.

Drijvers and colleagues (2010) categorized five forms of instrumental orchestrations

named as Technical demo, Explain-the —screen, Link-screen-board, Discuss-the —screen

and Spot-and-show. In 2013, they talked about the orchestration Guide-and-explain which

has similar features to Explain-the—screen and Discuss-the —screen. They also added two

new form of orchestration Board-instruction and Technical-support with the prior
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orchestration type. Besides, Drijvers (2012) stated Work- and- walk-by and Discuss-tech-

without-it, two new category of orchestration. Sherpa-at-work and Not-use-tech are two

other forms of orchestration proposed by Tabach in 2011. Tabach also proposed a new

orchestration from Monitor-and-guide in his study in 2013. The scholars provide guideline

on how the teacher as well as students will perform during the orchestration process

(considering both the whole class setting and small group setting) in their studies. The brief

descriptions of all the types of orchestrations illustrated in the literature are given in the

Table 2.2 below.

Table 2.2: Brief descriptions of different types of orchestrations

Type of
Orchestration

Description

References

Technical-demo

Explain-the —screen

Link-screen-board

Discuss-the —screen

Spot-and-show

When teacher demonstrates something or provide lecture directly
with the artifacts. Teacher leads and projects his/her screen though
both the teacher and students may have access to the artifacts.
Totally leaded by the teacher. Teacher explains all about what is
projected on the screen rather than opening scopes for conversation.
Teachers use both the projected screen and board-work at the same
time. The main intention of this type of orchestration is to establish
the connections between what happens in the technological
environment and how to represent it in the other setting.

When teacher invites students to share their ideas or thought about the
images that is projected on the screen and encourages collaboration
so that students can make connections, raise questions and build their
ideas as a group.

During preparation of lesson, teacher accesses artifacts of students
work and selects work(s) which is novel and relevant to use in the
class. Teacher project the image of the student’s work and open scope

for discussion.

Drijvers et
al. (2010)

Guide-and-explain

Technical-support

Board-instruction

Teacher performs as an instructor and guide students to work in a
small group with the help of artifacts. Teacher explains the images of
the projected screen and may ask questions for the students to verify
their understanding.

Teacher assists students to overcome technical problems such as
access, login, power etc.

In spite of availability of technical facilities in the classroom, teacher

conducted class by traditional approach by using only the black board.

Drijvers et
al. (2013)
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Work- and- walk-by  Students perform individually. Teacher provide feedback by walking  Drijvers
or sitting with students. If necessary, teacher uses board to explain (2012)

the answer of the questions ask by the students.

Discuss-tech- At the beginning of the lesson discussion on technology is held
without-it without using the technology.
Sherpa-at-work Teacher invites a student to work as Sherpa who present project and Tabach

explain his/her work with the help of artifact. Rest of the students (2011)
follow the presentation and may ask questions or contribute to the
discussion.

Not-use-tech There is an environment where teacher provides instructional

explanations without using technology

Monitor-and-guide ~ Such an environment where teachers answer technical questions of  Tabach
the students and describe the operations on the screen and in some  (2013)
cases, send messages remotely to students who have problems

through classroom management software.

2.6.3 Technology Integration Panel (TIP)

The Technology Integration Panel (TIP) proposed by Liand Dawley (2019), acknowledged
the multifaceted nature of teaching and learning with technology while providing a clear
framework to guide educators in their journey towards achieving their goals. Unlike

conventional rubrics that oversimplify technology integration by equating it with either
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Figure 2.6: Framework of TIP (Li & Dawley, 2019)
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learning or teaching, TIP adopts a three-dimensional approach that encompasses pedagogy,
learning context, and technology use (Li & Dawley, 2019). They argued that these continua
recognize the dynamic nature of the classroom environment and allow for a nuanced
understanding of how technology can enhance student-centered learning. Research
identified that each continuum encompasses key components that contribute to effective
technology integration (John & Sutherland, 2004; Weaver, 2006). By acknowledging the
diversity of learning environments, content areas, and student needs, TIP avoids
prescribing a single, uniform approach to technology integration. Instead, it empowers

educators to determine what best practice looks like for their specific circumstances.

2.6.3.1 Pedagogy

Learning objectives serve as roadmaps for teachers guiding their instructional strategies.
Traditional classrooms often prioritize rote learning, which emphasize memorization and
practice without fostering a deeper understanding of concepts (Kurtz, 2019). However,
meaningful learning, championed by Ausubel (2000), encouraged the construction of
knowledge connections, leading to a comprehensive understanding of concepts and their
relevance to existing knowledge. This approach necessitates teachers designing instruction
that aligns with students’ personal experiences, enabling them to apply knowledge
meaningfully in new situations rather than merely recalling facts free of context. Ausubel
(2000) further advocated for discovery learning, replacing the passive reception of
information with active exploration and inquiry. Students engage in the process of
discovering new knowledge, identifying underlying concepts, and solving problems. This
approach cultivates high-order thinking skills, including analysis, evaluation, and

synthesis, fostering a deeper and more meaningful learning experience.

Instructional design refers to the systematics procedures that utilizes pedagogical research
and practice to achieve desired learning outcomes of the students (Li & Dawley, 2019; Seel
et al., 2017). According to them, it is the process of analyzing learning needs and address
those needs by applying different pedagogical approaches such as teacher-centered,

student-centered, or a combination of both. They argued that in a student-centered learning
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environment, students engage enthusiastically, link learning experiences to the intrinsic
interests of them and involve in knowledge construction by seeking out new information,
Besides, in that environment, knowledge is collaboratively created by teachers and students
whereas in a teacher-centered learning environment, knowledge is directly transmitted by
the teacher. Extant literature showed that the introduction of educational technology in
classrooms led to a shift of teaching-leaning process towards 21%-century learning (UGWU
& Nnaekwe, 2019) and a student-centered ICT supported instructional approach is more
effective to prepare students for the 21%-century’s skilled learners (Hsu, 2010).

2.6.3.2 Learning Context

Physical space of a classroom plays a crucial role in determining whether learning
objectives can be effectively achieved and whether student-centered instructional design
can be implemented successfully. Extant literature (Imms et al. 2017; Li & Dawley, 2019;
van Merrienboer et al., 2017) have identified some key design features that contribute to
an optimal alignment between pedagogy and the physical learning environment: i) flexible
and adaptable learning features which recommended that furniture should be movable or
that learning space can be reorganized according to the learning need. Moreover, lighting
arrangement should be adjustable to support varied activities for learning, ii) collaborative
and transparent spaces that promote interaction between students-students and teacher-
students. This feature also encourages students to engage in collaboration iii) observation
learning suggested for easily visible and accessible tools and resources for the learners.
Besides, Li and Dawley (2019) stated that convenient and reliable Wi-Fi access to support
technology integration, and an overall supportive learning environment that fosters the

seamless integration of educational technology with pedagogical approaches.

Classroom culture encompasses the interwoven environmental, institutional, and practical
aspects of school life that permeate every classroom and every lesson, shaping the teaching
and learning experiences (Li & Dawley, 2019). Existing literature identified a constellation
of factors that collectively influence classroom culture (Glover & Miller, 2007; Lozano,
2017). These factors include interactions among student-to-students, teacher-student;

learning approaches supportive of pair, collaboration, and group-work; the choice and
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integration of educational technology, the selection and implement of diverse instructional
materials. They also argued that some external influencing factors such as examination
requirements, teachers’ understanding of cognitive process, teaching-learning supported
tools as a central component of classroom activities. The interplay of these factors shapes
classroom culture, giving rise to a spectrum that ranges from independent/conventional,
characterized by traditional methods such as lectures, storytelling, and the use of analogies,
where learning is viewed as the passive reception of knowledge, to interactive,
characterized by a variety of engaging actions, collaborative and inquiry-based learning.

2.6.3.3 Access and Use of Technology

Access and use of technology delves into the extent to which technology is available in the
classroom, the proficiency of both students and teachers in using available technology,and
the frequency of technology utilization (Li & Dawley, 2019). They reported in their study
that evaluating technology usage involves determining whether both students and teachers
have engaged with technology during TL practice in the classroom and identifying the types
of technology utilized. Research showed that students who are more proficient in
technology, can perform well in mathematics and better availability of technology in the
school, shows students” academic performance is higher (Sze Ming Loh, 2023). In a recent
study, Ali et al. (2020) identified that teachers’ competency level of technology and
appropriate integration of technology in their practice has a great impact on students’

achievement.

In summary, this chapter reviewed the existing literature on mathematical proficiency
(MP), the effective teaching-learning strategies offered in the literature for developing MP,
teaching with ICTs focusing on the development of MP and also the enabling and inhibiting
factors for ICT orchestration in teaching-learning process. Extant literature showed that
ICT has the potential to develop students’ conceptual understanding and procedural fluency
(Laswadi, 2016), ability to enhance students’ strategic competence (Gunpinar & Pape,
2018) and reasoning skill (Granberg& Olsson, 2015). To develop students’ resilience on
mathematics and to make the learning interesting, ICT plays a vital role (Lugalia et al.,
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2015). Literature suggests that ICT has a great impact on developing students’ MP
(Sudiarta & Widana, 2019) and its success depends on how skillfully teacher orchestrates
ICTs in their practice (Drijvers, 2015). Most of the existing literature discuss the potential
of ICTs to develop students’ ability on individual strand of mathematical proficiency
discretely and thus offers limited guidelines on what and how ICT tools could be
orchestrated to harness the potential of ICT in mathematics classrooms, especially to
increase the mathematical proficiency in such a resource constrained environment like
Bangladesh. Drawing on the theoretical frameworks discussed in this chapter,
“Instrumental Orchestration framework™ and “Technology Integration Panel framework”,
this study attempts to bridge this gap in the extant literature on how to orchestrate ICTs in
teaching-learning process so that students’ mathematical proficiency develops in a resource

constrained setting.

2.7  Conceptual Framework of the study

The conceptual framework that guided this study had been developed (Figure 2.7) based
on the theoretical frameworks (e.g. instrumental orchestration framework, TIP framework)
and the reviewed literature. To explore the phenomena, this research draws on the
theoretical concept ‘instrumental orchestration’ (Trouche 2004; 2005) and TIP framework
linked with the concept of mathematical proficiency (Kilpatrick et al., 2001). Instrumental
orchestration (align with the TIP framework) as a theoretical lens allowed me to explore
how teachers manage and apply ICTs in their practice in a ICT-facilitated teaching-
learning environment. This theoretical concept also facilitated me to understand whether
and how students” mathematical proficiencies can be developed through interaction of
constrained resource and different ICTs, since this lens is considered as a means of

analyzing technology-facilitated teaching and learning in mathematics.

This framework enabled me to explore the developmental processes of how different ICTs
can be orchestrated in the mathematics classroom so that students can learn mathematics
skillfully with proper understanding and overcome affective barriers of learning

mathematics, thus become mathematically proficient. In this process the socialized form
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of knowledge emerges, by orchestrating activities and disparate ICTs across the class.
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Chapter Three

METHODOLOGY

The main objective of this study was to explore the effective pedagogical approach with
the aid of ICTs for promoting students’ mathematical proficiency. In line with that purpose,

the following research questions were formulated.

RQ-1. How do teachers apply pedagogical considerations in an ICT-facilitated
teaching-learning environment?

RQ-2. Whether and how does the ICT-facilitated teaching-learning process promote

students’ mathematical proficiencies?

RQ-3. What are the factors that affect integration of ICT in mathematics teaching-
learning process?

To obtain the answer of the research questions, a design experiment was administered
under two cases. Two mathematics teachers (one from each case) were the participants of
the design experiment process. Design experiment adopted an intervention containing the
phases- planning, enacting and analyzing instruction in an ICT-facilitated learning
environment. The teachers used mathematical software GeoGebra along with the other ICT
tools and prepared the supportive materials by keeping in mind to develop students’
mathematical proficiency. This chapter elaborately discusses my research stance, research
methods and justifications of the methods employed in this study. It includes ten sections
namely research paradigm, research methodology, research design, instructional unit, data
collection method, sampling, data analysis, pilot study, trustworthiness and ethical

considerations.

3.1 Research Paradigm

Research philosophy adopted in a study indicates how the researcher views the world and

peels away the layers of the research strategy and methods appropriate for that particular
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study based on the assumptions of the philosophy chosen (Saunders, Lewis & Thornhill,
2009). Saunders, Lewis and Thornhill (2009) also argued that which philosophical position
is “better” for a study is largely depended on the research question(s) the researcher is
seeking to answer. Hence, taking a philosophical stance in relation to the purpose and
nature of this study was the first step for me. According to Saunders, Lewis and Thornhill
(2009) the philosophical position a researcher can take are positivism, realism,
interpretivism and pragmatism. Positivism is the philosophical stance which claims that
whatever exists is rigid, singular and objective and can be confirmed by robust observation,
experiments, and logical evidence while realism is the philosophical view that assumes that
external world exists independent of human mind (Khanna, 2019). Besides, Interpretivism
paradigm is based on the assumption that social reality is not singular or objective, but it is
rather shaped by human experiences and social context. Under this paradigm, research aims
to understand the meanings and interpretations that people assign to their experiences,
whereas pragmatism paradigm offers an experience based, action-oriented framework
whereby the purpose of research is to help address the issues of dealing with how people
experience and come to know the world in a practical sense (Goldkuhl, 2012). The
epistemological stance of pragmatists is that the knowledge is not an absolute copy of

reality rather it is the construction of knowledge (Goldkuhl, 2012).

Given the purpose and nature of the research questions stated in the previous section,
interpretivism was the likely choice for this research. This paradigm enabled me to get deep
insights of the effective pedagogies applied by the teachers in an ICT-facilitated learning
environment to promote students” MP rather than being capable to test hypotheses or
existing theories. Giving a focus on the epistemological (i.e., how the researcher knows
what he knows) perspective, it also discussed the ontological (i.e., how the researcher views
the world) assumptions of the chosen paradigm since Goldkuhl (2012) argued that
“ontology and epistemology are intertwined in interpretivism because knowledge
(understanding, meanings) is so essential in the ontological assumptions of the constitution
of the world” (p. 6). To understand and explore the deep insights of the teaching practice
with ICTs towards developing students” MP and issues and challenges associated with ICT

integration in mathematics Teaching-learning process, | intended to adopt a stance that
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allow me to get close to the participants of such experience. Adopting interpretivism as a
paradigm, | got the opportunity to enter into the close view of ICT-facilitated classroom
environment, mathematics teacher and students who are experiencing teaching-learning
with that environment. In addition, my own experience and background also added
subjectivity to the interpretation of the reality. This kind of close association with the object
under investigation is ontologically supported by interpretivism while such subjective
understanding of the reality is the core epistemological stance of interpretivists (Easterby-
Smith et al., 2008; Creswell, 2009).

To learn the details of the phenomena and the reality behind the phenomena, exterior stand
point demanded by positivism was not applicable here rather it needed to view from inside.
Researchers (Goldkuhl, 2012; Morse, 1991 cited in Creswell, 2009) argued that qualitative
inquiry which enables the researchers to understand the meaning actors give tothe
phenomena within the social setting is often associated with interpretivism. Hence,
epistemological assumptions of interpretivism allowed the researcher to choose in-depth
qualitative inquiry through intensive interaction with the actors and understanding their
meaning subjectively. In this study, to fulfill the purpose of the study, qualitative data was
the most dominating, however, to address a part of the research question more preciously,
quantitative data was considered. According to Bhattacherjee (2019), though interpretive
research tends to depend mostly on qualitative data, quantitative data may add more
precision and clearer understanding of the phenomenon of interest. Again, this study aimed
to obtain knowledge that can be used to develop theoretical framework of ICT orchestration
to enhance MP which is an inductive approach unlike starting with a theory or hypothesis
to test as in positivism. Furthermore, my direct observation towards participants in real
setting would enable me to look into the details of the phenomena under observation.
Creswell (2007) argued, “The longer researchers stay in the field or get to know the
participants, the more they know what they know from firsthand information” (p. 18). So,
for getting deep insights of ICT orchestration to develop students’ MP, there was no other
better alternative than extensive and thorough interaction with the participants (teacher and
students) involved in the ICT-facilitated TL environment. Nandhakumar and Jones (1997)

in a study favor this context for interactions and argued that such interactions “...may also
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help to reduce or evade barriers to disclosure and provide immediate experience of local
meanings, dominant perceptions or tacit knowledge and non-verbal communication” (p.
112). Thus, unless the researcher takes an interpretivist’s stance, he would not be able to
interact with the participants and could not understand the subjective reality of their
motives, actions and intentions. That is why, Easterby-Smith et al. (2008) stated that
interpretivism has its own strengths as it has the capability to look at how changes happen
in course of time, how people adjust to new issues and ideas as they emerge, and to
contribute to the development of new theories.

3.2  Research Methodology

The methodological strategy | intended to employ for this research was case study as it is
congruent with the interpretivist’s stance. Yin (2009) claimed in his study that through case
study, a researcher can understand the holistic and meaningful features of a complex real-
life phenomenon. According to Creswell (2012), to get an in-depth picture, a few
individuals or a few cases should be considered. He also argued that though the number
of cases may be varied from 1 or 2 to 30 or 40, while reporting about each individual, a
large number of cases can become unmanageable and lead to superficial perspectives.
Though Shen (2010) acknowledged some concerns about case study due to the researcher’s
biasness and ungeneralizable nature, Flyvbjerg (2011) claimed that subjectivity and bias
are fair criticisms of all types of research. Yin (2009) suggested multiple cases would be
better for generalizing theories and should be used to develop replication and make the
findings of the study more convincing and reliable. Thus, a multiple case study approach
had been adopted in this study since such type of approach enabled me to answer not only

‘what’ but also ‘how’ type questions (Baxter & Jack, 2015).

Again, to address all the research questions, both the quantitative and qualitative approach
i.e. the mixed method approach had been adopted. Case study experts have recommended
integrating qualitative and quantitative research in investigating the case (Yin, 2014).
Though an individual research strategy might have different strengths and weaknesses, a
mixed research design provides more robust and thoughtful understanding of a research

problem than either qualitative or quantitative data alone (Plano Clark & Creswell, 2015).
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There are different sorts of mixed methods design, each of them has their own strength
(Rubin & Babbie, 2019). Three research designs (e.g. convergent parallel mixed method,
explanatory sequential mixed method and exploratory sequential mixed method) for mixed
research approach were discussed by Barnes (2019) and Creswell (2014). The convergent
parallel mixed method collects data (both the qualitative and quantitative) parallelly
whereas the explanatory sequential mixed method and exploratory sequential mixed
method collect data sequentially, sequencing from quantitative to qualitative and
qualitative to quantitative respectively. Barnes (2019) argued in his study that convergent
parallel mixed method can be further designed in two forms (the concurrent triangulation
design and concurrent nested design). When researchers want to validate the data collected
by one method (either qualitative or quantitative) with the other method, they use
concurrent triangulation design. On the other hand, concurrent nested design is used when
one method (either qualitative or quantitative) is considered as prime and the other one is
used for different purpose (Barnes, 2019). As the main goal of this study was to explore
the effective pedagogical approaches in an ICT-facilitated environment, qualitative method
(data come from classroom observations, interview of teachers and head teachers, FGDs
with students) were prioritized in this study. The quantitative data (data from paper-pencil
test and survey questionnaire) were mainly used to understand whether students’” MP
enhance due to the use of ICTs in the TL process. Since, the overall findings were mostly
focused on the qualitative information, the concurrent nested design mixed method had

been applied for this study.

Case study research has a long tradition of collecting both qualitative and quantitative data
to gain a more complete understanding of the case (Stake, 1995; Yin, 2014). Guetterman
and Fetters (2018) argued about combination of case study and mixed method, and termed
as mixed method case study research (MMCSR) which has two distinct approaches: 1) case
study-mixed methods research (CS-MMR) and 2) mixed methods-case study research
(MM-CSR). They stated that in a case study-mixed method design (CS-MM), researchers
employ a “parent” case study design and uses mixed methods by collecting, analyzing, and
integrating qualitative and quantitative data whereas in mixed method-case study (MM-

CS), mixed method is the “parent” design that includes a nested case study design.
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According to Yin (2014), a mixed methods case study may able to address extensive or

more complex research questions rather than case studies alone.

Thus, for this study, | employed a case study-mixed method research approach
(Guetterman & Fetters, 2018) where mixed method is specified as convergent parallel
(concurrent nested design) mixed methods (Guetterman & Mitchell, 2016). Two cases were
considered (one case was chosen from Govt. school and the other one from private school),
in which ICT-facilitated classroom, math teacher & students of that classroom and head

teacher were the unit of analysis. The following diagram illustrate the unit of analysis for

this study.
/ Case | \ / Case 1l \

e ICT-facilitated Grade-10 classroom e |CT-facilitated Grade-10 classroom
in a Govt. school of Dhaka city in anon-Govt. school of Dhaka city

. Mathematics teacher of that e Mathematics teacher of that
classroom classroom

e 30 students of that classroom e 30 students of that classroom

e Head teacher of that school

e Head teacher of that school
Ny AN

3.3 Research Design

The study intended to provide a clear idea on practical problems involved in mathematics
education in a resource constraint context and develop new theories on effective way of
using ICTs in an ICT-facilitated teaching-learning environment to enhance students’
mathematics proficiency for that context. To fulfil the intention, an intervention was
designed for the mathematics teacher in an ICT-facilitated classroom environment and the
students of that class. A cyclic approach of design, evaluation, and revision phases were
applied in the intervention process (McKenney et al., 2006). The aim of the design process
was to understand teachers’ mathematical practice while conducting class with ICTs and
improve the instructional sequence (if required) to enhance students’ mathematical
proficiencies. Cobb et al. (2009) and Zawojewski et al. (2008) suggested for the use of
design experiment to understand teachers’ knowledge and expertise in the classroom
teaching and to explore teachers’ teaching practice in their actual classroom contexts

(Karpuzcu, 2017). Besides, design experiment is recommended for investigating the uses
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of ICTs in the educational perspectives (Reeves, 2006). Thus, design experiment was
applied under the two cases, to explore secondary mathematics teachers’ practice with ICTs

in a ICT-facilitated real classroom setting.

Design experiment is operated through phases and cycles. Though various studies named
the phases differently (Cobb & Gravemeijer, 2014; Plomp, 2007), three phases (e.g.
preliminary phase, prototype phase, and assessment) are commonly known (Plomp, 2007).
For this study, | applied the design experiment (Figure 3.1) adapted from the model
proposed by Plomp (2007). A brief overview of the preliminary phase and the prototype
phase are discussed in the subsequent sections.

3.3.1 Preliminary phase

In the preliminary phase, several literatures were reviewed, consulted with experts (expert
in both mathematics and ICT) and teachers (math teacher of each case), and analyzed
practical context (e.g., feasibility of teaching with ICT such as physical facilities,
availability of resources etc. of each case). This phase led to the development of tentative

design principles for intervention sessions.

3311 Design principle for conducting the intervention sessions

To develop the instructional sequence and overall planning for the prototype phase,
realistic mathematics education (RME) guided us (both the teachers and me) to support
students’ learning (Gravemeijer et al., 2003). Along with the objectives of the study, the

following principles were considered to conduct the intervention sessions.

e Topic should be introduced with realistic setting
e At least two components of mathematical proficiency should be addressed through
the teaching in each session.

e Where required/possible, teachers should provide the scope to the students to
directly use ICTs in the classroom.

3.3.2 Prototype phase

The prototype phase is the iterative design phase where the intervention was conducted.
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The intervention was applied to understand how teacher used ICTs in that real context to
promote students’ mathematical proficiency. Besides, students” mathematical proficiencies
were monitored through the intervention. The mathematical software (GeoGebra) were
considered as catalysts for the intervention, with traditional resources and new

technologies.

Intervention

Review of literature Determine design

Consult experts & teachers principles for i i Findings on
Analyze practical context cessions with Iterative design phase teachers
pedagogical
teachers X q
consideration
o = = = e = - — - -~ -
Preliminary research TZ"‘?""e Prototype phase Assessment &
\ esign N
\ phase desie / conclusion
principles and /
.- ’ e y

— .products - —— ——
Figure 3.1: Process of Design experiment (Adapted from Plomp, 2007)

Intervention was conducted through a cyclic approach of design evaluation, and revision

(McKenney et al., 2006). The design process of the intervention is shown in Figure 3.2.

—_ Enacting b
Instruction in
. classroom sessions
Preparation Post lesson
to Instruction interview to
. . S verify teacher’s
s'?g?t?/vtl:r% on pedagogical
i Analyzin decisions

(GeoGebra) PIannlr)g yzang

Instruction Instruction

— \/ —
Figure 3.2: The design process of the intervention

The design process of the intervention was implemented uniformly for both cases. Under
each case, in this design process, the planning stage is the session for determining the
instructional goals; selecting task, designing and developing ICT supported materials &
activity sheets, structure of classroom action and students’ roles, while enacting session is

the actual instructional sequence in the classroom. During planning the sessions, | clearly
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explained to the teacher about the main goal of my research study and that the teacher needs
to focus on teaching with ICT to achieve students’ mathematical proficiency. To design
the instructional materials for the enacting sessions, | and the teacher worked as a team.
For six classes, sequential instructional materials/activities associated with technology
were developed where teacher has the priority to take the decisions and responsible to
execute them in his/her teaching practice. As a researcher, my primary aim was to
investigate what should be the teacher’s role, students’ role, what are the contributions of
technology/ICT tools, which technologies/ICT tools should be used by students, how the
teacher should use technologies/ICT tools to enhance students’ mathematical proficiency.
The teacher’s implementation of instructions was analyzed last stage of this mini cycle and
suggested for further improvement for the next class (if required). After completing each
mini cycle, post-lesson interviews were conducted to evaluate the instruction and
investigate teacher’s mathematical practices. Prior to the cyclic approach of the
intervention, | arranged several meetings with the teacher to let him/ her know about the
usefulness, properties and different functional options of GeoGebra software and how
GeoGebra could be used for teaching specially for teaching slope, linear function and graph
of linear functions. Moreover, | provided some of the pre-prepared GeoGebra materials
resource link (e.g., https://www.geogebra.org/m/GMvvpwrm#material/\VVs5Wy4qw) to the
teacher so that he/she can get idea to develop the GeoGebra supported instructional
materials for the intervention sessions. Then teacher planned his/her lessons and developed
instructional materials with the support of ICT tools (e.g. power point presentation,
GeoGebra software). | also assisted teacher to develop the materials when he/she asked for
my help. After completing mini-cycle six times, post interview with the teacher was
conducted. Carrying out the whole process of the study, | conducted an analysis to describe
and explain the data on teacher’s pedagogical considerations in an ICT-facilitated teaching-

learning environment.

3.4 Instructional Unit

In this study, | considered a particular learning topics of algebra (e.g. function, linear
equation) to investigate the teachers’ pedagogical considerations and students’ learning in

an ICT-facilitated teaching-learning environment. As GeoGebra along with other ICT
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tools, is a major teaching-learning instrument in this study, | chose the aforementioned
topics since these topics could be taught very effectively using such tools (Reezan, 2013).
Moreover, these topics are essential area of learning for the secondary level students. Given
the vast scope of function and linear equation, 1 only considered the following sub-topics

for this study.

e Basic concepts of function and linear function
e Slope and graphs of linear equation
e Linear equation in real-life

In both schools, these same topics were covered throughout the intervention.

3.5 Data Collection Method

This study adopted a multiple case-study which consisted of two cases. Both of the cases
were chosen from the schools of Dhaka city. One of the cases was selected from
government secondary schools whereas the other was from the non-government secondary
schools. The selection of schools in different forms allowed me to explore how ICTs are
being used in schools in different contexts, how students and teacher of different contexts
perform in ICT-mediated classroom settings, how attitudes of different groups of people
vary, and what would be appropriate uses of ICT in each particular context. Besides to
some extent, selection of cases was depended on the mathematics teacher as teacher was
the crucial factor of this research. | looked for the secondary school teacher (both from the
Govt. and no-Govt. school) who had the experience to teach mathematics with the help of
ICT tools and approached two teachers from Govt. schools and three teachers from non-
Govt. schools. Among them one teacher from Govt. school and one teacher from non-Govt.

school were given their consent to participate in the research willingly.

The whole process of data collection (pilot study and main study) was done from
September, 2022 to March, 2023. The piloting of this study was done in September, 2022
whereas the data for the main study were collected from November, 2022 to March, 2023.
During this time, several meetings were arranged with teachers to orient them with the

software GeoGebra as well as planning for enacting sessions of the intervention. Besides,
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experts’ and teachers’ opinion were taken to decide the tentative instructional design
principles for the intervention. The total of 6 classes under each case were observed during
intervention. The duration of each class were 50 minutes and the post-lesson interview

session after each class was for about 1 hour.

Data were collected in 3 stages. Figure 3.3 shows the data collection process at a glance
where all three stages were applied for each case and after collecting field data from the
two cases, the similarities and dissimilarities among these were identified. In each case,
data were collected through classroom observations, semi-structured interviews, focus
group discussion, structured survey questionnaires and paper-pencil tests. The qualitative
data were collected through semi-structured interviews, focus group discussions and
classroom observations whereas the quantitative data were collected through survey

questionnaire and paper-pencil test.

Before the intervention, a survey questionnaire and a paper-pencil test were administered
to know the baseline understanding about students’ mathematical proficiency. To explore
how ICT is being used in mathematics classroom, classroom observations (i.e., actors’ non-
verbal cues, surrounding environment in the classroom, student- teacher interactions), and
semi-structured interviews (post-lesson interviews) of the teacher of that class were
conducted. Besides, paper-pencil test, survey questionnaire and FGD were done to know
whether students’ MP developed or not. In addition, data come from classroom
observation, semi-structured interviews (post-lesson interviews) and FGD guided me to
find out how students” MP developed in ICT-facilitated TL environment. To explore
influencing factors for ICT integration in TL process, teachers’ practice in mathematics
classroom was observed and semi-structured interviews were conducted with head teachers
(for two cases) and teachers. Semi-structured interviews allowed me to get deep insight
from the participants of the phenomena being investigated, to interact with them and
facilitated me to fine-tune my inquiry based on respondents’ answer during the interview
process and helped me to seek new information about and new angles on the topic being
investigated (Kvale, 1996). The questions of the interview were mainly open-ended in
nature and developed from existing literature on mathematical proficiency, mathematics

resilience, mathematics education, usage of ICT in mathematics education, and adjusted
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based on a pilot study, if required. Besides, all interviews and observed classes were
recorded (audio and video record respectively) and field notes were taken wherever

required during the observation.

S —— - .
Pre-intervention Find out students _
baseline understanding

Survey Questionnaire
& paper-pencil test

Stage 1 e T — RQ2
Find out whether and how

students’ MP enhanced

Co-design meeting before each class
(in planning phase)

Classroom observation (6 classes)
/ (in enacting phase)

Post-lesson meeting after each class

. . "
(in analyzing phase) Post intervention /

l Stage 2 Survey Questionnaire &
paper-pencil test

RQ1
Find out teacher’s Focus Group Discussion A

pedagogical considerations

RQ3
Find out affecting factors to
integrate ICTs in TL process

Semi-structured interview

Stage 3

Under each case
Figure 3.3: Data collection process of the study

Table 3.1 below shows the research questions of this study and the data type, source of
data, number of respondents, sampling techniques and instrument used for the respective

questions in the study.

Table 3.1: Methodology of the study

Research Questions  Typeof data  Source of data No. of Sampling Instrument
respondents  techniques

How do teachers Qualitative Math class of Purposive Classroom observation
apply pedagogical Grade-10 sampling (2x6=12)
considerations in an
ICT-facilitated Math teacher 2 (1 from each Post lesson interview
teaching-learning of Grade-10 school) (2x6=12)
environment?

Students of 16 (8 from Focus Group

Grade-10 each school) Discussion (2x1=2)
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Whether and how Quantitative Students of 60 (30 from Stratified Survey questionnaire

does the ICT- Grade-10 each school) random .
facilitated teaching- sampling Paper-pencil test
learning process
promote students’ Qualitative Students of 16 (8 from F(-_’CUS . Group
mathematical Grade-10 each school) Discussion (2x1=2)
proficiencies?
Math class of Purposive Classroom observation
Grade-10 sampling (2x6=12)
Math teacher 2 (1 from each Post lesson interview
of Grade-10 school) (2x6=12)
What are the factors Qualitative Math class of Purposive Classroom observation
that affect integration Grade-10 sampling (2x6=12)
of ICT in
mathematics
teaching-learning Math teacher 2 (1 from each Semi-structured
process? of Grade-10 school) interview (2x1=2)
Head teacher 9 Semi-structured

interview (2x1=2)

3.5.1 Paper-pencil test

Research showed that paper-pencil test is the best technique to measure students’ learning
(Hoyles et al,1994). Though paper-pencil test is a promising approach for testing students’
understanding, to a large extent its’ success depends on the text items. Closed test item
such as multiple choice items provide directly the right and wrong answer, which does not
give a clear picture about students’ overall understanding (e.g. reasoning ability, strategic
competencies etc.). Furthermore, the inclusion of alternatives in closed item formats could
influence responses and may led to guess the correct answer by comparing given
alternatives (Hill et al., 2008). According to Baumert et al., (2010), these loopholes can be
mitigated by using open-ended items. Thus, for this study, | used both the closed and open-
ended test items as per the necessity. | administered paper-pencil test before and after the
intervention. The test items of before intervention (Appendix C) and the test items of after
intervention (Appendix D) were similar but not same. The total of 5 items (each item
consists of at least 2 sub items) were administered in each paper-pencil test. All the test
items were set based on the indicators (proposed by Kilpatrick et al., 2001 & Milgram,
2007) of the four attributes (conceptual understanding, procedural fluency, adaptive

reasoning and strategic competence) of mathematical proficiency.
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3.5.2 Focus Group Discussions (FGD)

Research showed that for getting in-depth information, focus group discussion (FGD) is
certainly valuable (bell, 2005). Mareschal and Delaney (2019) stated that FGD is very
effective research instrument if the researcher’s intention is to understand the changes take
place in students after an intervention. Moreover, they argued that to triangulate the
outcome of a survey, FGD is a better option to understand how and why certain trends have
been observed in a survey. Bryman (2016) stated that an individual may respond in a
particular manner during a focus group, however, while he/she listens to the other response,
she or he can modify her/his opinion, can think more about the issue. Thus, focus group
discussions may have the high potential to elicit a diverse range of viewpoints on a
particular issue due to these possibilities (Bryman, 2016).

In this study, | conducted two FGDs in total (one in each case) and each FGD contains 8
students. The main concern of conducting FGD was to get more information about
students’ understanding about mathematical concept, procedural, reasoning and strategic
ability as well as students’ attitude towards mathematics (productive disposition) after
experiencing classes using ICTs. | started the discussion sessions by greeting students and
asking their permission to record (audio) the discussions. The major queries of the
discussions were to know the learning experience of the students in the new classroom
situations (6 classes) where ICT tools were used to enhance their proficiency. | asked some
questions (Appendix F) in line with the research questions of the study so that students
response would be in track. I also provided them a contextualized problem and asked them
to solve it by discussing with each other. The main intention of this part was to know
students’ conceptual understanding about math, their procedural and reasoning skill, as
well as their ability to solve problem in different ways and also get the essence of how they
response while performing a task in a group. Beside, while students debate to each other,
more probing questions were upraised. Though in some cases students disagree to each

other, most of the cases, they agreed with each other's opinions.
3.5.3 Classroom Observation

According to Bell (1987), observations enable to get a kind of data which is quite
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impossible to get from other approaches or techniques. He argued that observation
technique is the effective one to determine whether individuals act as they claim or behave
in the manner they claim to behave. In this study, | observed Grade-10 class six times (in
each case). While observing the classes, both descriptive and reflective field notes were
taken. According to Creswell (2012), “Descriptive field notes record a description of the
events, activities, and people (e.g., what happened). Reflective field notes record personal
thoughts that researchers have that relate to their insights, hunches, or broad ideas or
themes that emerge during the observation” (p. 217). While observing the classes, | played
the role of a non-participant observer, so that the respondents could be comfortable in their
own space. Throughout the observation of classes, I tried to explore how teachers applied
pedagogical consideration in an ICT-facilitated teaching-learning environment and how
they faced challenges during the classes. Besides, students’ responses were taken into
consideration while observing the classes. Due to the explorative nature of the study, I did
not use any pre-determined themes for observing the class. Some elements of observation
schedule such as classroom culture, physical space, access to technology, teacher’s and
students’ dealing with technology, teacher’s instruction, teacher’s feedback in response to
students’ questions, students’ participation and response in the classes were identified from

the literature (the major part is guided by TIP framework) to justify the research problem.

3.5.4 Semi-structured Interview

Semi-structured interview is very common, widely used effective research technique.
When the researchers intend to understand the unique perspective of participant instead of
a generalized understanding of a phenomenon, among the different data collection
methods, semi-structured interview is the preferred one (McGrath et al., 2019). According
to Bryman (2016), while conducting semi-structured interviews, the researchers may have
a list of guided questions for the interview, however, the interviewee has a lot of flexibility
in how they respond. According to Creswell, “In qualitative research, you ask open-ended
questions so that the participants can best voice their experiences unconstrained by any
perspectives of the researcher or past research findings” (2012, p. 218).

In this study, | aimed to know how ICT could be introduced in the teaching-learning
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process to promote students’ mathematical proficiency. Another focus was to identify the
factors affecting the teaching-learning process in an ICT-facilitated environment. Through
the semi-structured interviews, | tried to explore those issues. Semi-structured interviews
of teacher were conducted after each of the class (i.e. 6 post lesson interviews) and also at
the end of the six classes. Thus, total of 7 semi-structured interview were administered for
the teacher in each case. Besides, head teachers’ opinions were also collected through semi-
structured interview. The duration of each interview was about 50 minutes to 1 hour. |
made a set of open-ended questions so that the interviewees could express their opinion in
right track to get the answer of my research problem. During the interview session, | also
supplemented some probing questions to get in-depth scenario of the situation. For the
respondent’s convenience, interview questions (Appendix F) and survey questionnaire

(Appendix E) were prepared into Bangla so that the interviewees could response in Bangla.

3.5.5 Questionnaire

One of the research instruments to conduct a survey is questionnaire which is a set of
questions to ask the participants in the survey with some supporting information
(McGilvray, 2021). The questions are used to gather data from the target audience whereas
supporting information is used to provide a clear context and background of the study,
encourage participants to complete the survey by proper instructions. Questionnaire may
be consisted of open-ended questions, closed-ended questions, as well as combination of
both, based on the goal of the research. Denscombe (2010) argued that to collect facts and
opinion directly from a large group of people (30 or more respondents), questionnaire is a
cost-effective method. A uniform, structured questionnaire was developed for collecting
quantitative data from the students through survey method to explore their productive
disposition (PD) on mathematics (PD is students’ feelings to see mathematics as sensible,
useful, and worthwhile, coupled with a belief in diligence and one’s efficacy) (Kilpatrick
et al., 2001). According to Bell (2005), a well-structured questionnaire helps to get
acceptable information and also to deal with data at the analysis and interpretation stage
easily.

In this study, this instrument contains 12 items (Appendix E), asked on a five-point Likert
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scale ranging from “Strongly agree” to “Strongly disagree”, which indicate some specific
issues such as students seem mathematics as- a) useful and worthwhile, b) sense-making
endeavor and while doing mathematical problems, students show- c) enthusiasm,
persistence, confidence, curiosity and cooperation. The collected data allowed me to

comprehend the participating students’ productive disposition towards mathematics.

3.6 Sampling

In this study, purposive sample technique and stratified random sample technique were
used for sample collection as these sampling techniques were found appropriate in the
current research context. The data were collected from ICT-facilitated mathematics
classrooms of two schools (one Govt. school and other non-Govt. school) at the secondary
level in Dhaka city. From each school, head teacher, thirty students of Grade-10 and the
mathematics teacher of Grade-10 class were considered as sample. In Bangladesh,
secondary level refers to Grade-9 and Grade-10, whereas Grade- 6 to Grade-8 refer as
junior secondary level and Grade-12 is in higher secondary level. As the study focuses on
secondary level and the topics (which was selected as those can be effectively taught by
the software GeoGebra) covered for the intervention are suitable for Grade-10 students,
students of Grade-10 were considered for this study. To ensure all levels (based on
academic performance) of students’ representations, the total number of students were
divided in three strata and then 10 students were chosen randomly from each strata. The
classes of Grade-10 (with 30 students) from each school were observed six times and one
Focus Group Discussion (FGD) consisting of eight students of that class was conducted in
each school. The selection of schools in different forms allowed me to explore how ICT is
being used in the mathematics classroom in different contexts, what would be the
appropriate ICT in that particular context, how mathematical skills and attitude of different
group of people vary and what would be the possible solutions for promoting students’
mathematical proficiencies. In addition, mathematics and ICT experts’ opinion were taken

in the preliminary phase of the design experiment.

3.7  Data Analysis

The quantitative data were analyzed by the descriptive statistics (Tavakol & Dennick,
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2011). Descriptive statistics (mean and SD) were used to measure the average score of
every individual strands of the MP. Besides, inferential statistics- paired sample t-test (for
parametric statistics) and Wilcoxon signed rank test (for non-parametric statistics) were
also used to compare the pre and post test score. By examining students’ responses to
individual test item of the survey questionnaires, | tried to explore the extent at which
students’ productive disposition in mathematics enhanced due to ICT-enabled teaching-
learning environment. Besides, students’ responses on each question of the paper-pencil
test were analyzed to examine whether the four aspects of math proficiency (that is to see
whether their mathematical understanding, reasoning and fluency capability as well as
ability to formulate math and doing math in different strategies) of students enhanced or

not after the intervention.

Qualitative data were analyzed following analytical approach used by Powell et al. (2003).
It is an iterative process to look at the empirical data within and across the contexts (Govt.
school and non-Govt. school) and relate them to the theoretical framework that informed
data collection. The qualitative data were collected from classroom observations,
interviews and FGDs (Before, during and after intervention). By analyzing recorded video
data overall classroom environment (i.e., students’ mathematical understanding, teacher’s
and students’ dealing with ICT in the teaching-learning process etc.) were identified. To
analyze the recorded (both the audio and video) data, seven sequential interacting phases-
“viewing (in case of video record) and listening (in case of audio record) attentively the
data”; “describing the data”; “identifying critical events”; “transcribing”, “coding”;
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“constructing themes”; “composing narrative” were followed.

~\ e N e ™
Viewing & . o
listening |:> Describing the |:> Identifying |:> Transcribing

. critical events
attentively the data B
J N\ J \_ J

—

Composing <: Constructing <: Coding
narrative Themes
. J o J/

Figure 3.4: Sequential analytical approach for recorded data

To become familiar with the content of the video and audio data, | watched and listened
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the recording several times. Then the time-coded descriptions (in case of video recorded
data) had done as it allowed me to locate quickly particular vignettes and episodes (Powell
et al., 2003). Subsequently, significant moments or critical events (Maher, 2002) aligned
with the research questions were identified from the recording. Some portion of the recoded
data which consist the critical event were transcribed. According to Atkinson and Heritage
(1984), transcripts should be “necessarily selective” (p. 12). After repetitive close
observation within and across the data set for each case, | concentrated on the content of
the critical events to identify the suitable codes for selected pedagogical approaches from
teacher’s classroom practice. | observed the pattern in the identified codes and grouped the
similar patterns into six themes (Miles & Huberman, 1994): rearranging classroom
amenities, ensuring technology accessibility and its appropriate usage, adopting different
strategies to make the learning meaningful, offering multi-channel feedback, offering
opportunity to identify error/ imprecision, engaging students through motivation
(discussed in the next chapter). These six themes collectively stated the pedagogical
considerations while teacher taught mathematics in an ICT-facilitated environment. During
the analysis, data collected from different sources (audio, video recording, field notes) were
triangulated to overcome the possible biases in interpretations. Finally, a narrative of how
the ICT can be integrated to develop students’ mathematical proficiency in a resource

constrained environment were conducted followed by a proposed framework.

3.7.1 Rubrics and indicators for measuring MP

Students’ mathematical proficiency was measured by analyzing data which come from
paper-pencil test, survey and FGD. To measure the four strands (CU, PF, AR and SC) of
mathematical proficiency, the paper-pencil test items were analyzed considering the rubrics
adapted from Leris et al. (2017) whereas the seven indicators associated with productive
disposition (adapted from Kilpatrick et al., 2001; Lestari & Yudhanegara, 2015) and the
category of productive disposition (adapted from Diknas, 2008) were used to analyze
survey data. The descriptive statistics for both the Pre-post paper-pencil test and Pre-post
survey data (n = 30) were analyzed using IBM SPSS and Excel 2016. The parametric tests
were used to analyze the data under normal distribution. A paired sample t-test were

conducted to determine if a significant change exists between the pre and post paper-pencil
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test, whereas a Wilcoxon signed rank test was executed for the pre and post survey data as
the data was ordinal and not normally distributed. The details of rubrics for measuring the

level of all strands of MP are discussed below.

3.7.1.1 Rubrics of four strands of mathematical proficiency (CU, PF, AR and SC)

To measure the students’ ability of the four components of mathematical proficiency
(conceptual understanding, procedural fluency, adaptive reasoning and strategic
competence), a paper-pencil test comprising of five different questions (each question has
sub items) was conducted. The question paper was prepared in such a way that students’
ability on the four components of mathematical proficiency (MP) could be measured
throughout the test. Though all the components of the MP are interlinked, some indicators
(adapted from Kilpatrick et al., 2001; Laswadi et al., 2016, Lestari & Yudhanegara, 2015)
were set for each component of the MP. To determine students’ proficiency about
conceptual understanding (CU), their “ability to connect mathematical concept in another
setting” (e.g., in a real life situation) and their “ability to represent math in various ways "
were considered as indicators, whereas the indicators “ability to select the appropriate
procedures” and “ability to apply the procedures correctly” were chosen for measuring
students” mathematical procedural fluency (PF). Students’ “ability to estimate answer with

’

proper justification” and “ability to draw conclusion with proper explanation” were

considered as the two indicators for understanding their ability of adaptive reasoning (AR).

Table 3.2: Marks assigned for different components of MP in the paper-pencil test item

Proficiency cluster Number of items Marks
Conceptual understanding 2 (Q-1c, Q-2) 10
Procedural fluency 2(Q-3b, Q-5) 10
Adaptive reasoning 3(Q-1a,1b, Q-4a, 4b) 10
Strategic Competence 2(Q-3a, 3c, Q-4c) 10
Total Marks 40

The rest of the components- strategic (SC) competence were measured by two other

72



indicators “ability to formulate, represent, and solve mathematical problems”” and “ability
to solve a problem in various ways/strategies”. A total of 10 marks was assigned for each
component (for details please see Table 3.2). The data collected from the paper-pencil test
were analyzed considering the rubrics (Table 3.3) adapted from Leris et al. (2017).

Table 3.3: Rubrics of the four strands of MP (Adapted from Leris et al., 2017)

Four strands Indicator
f MP (Kilpatrick et al., Excellent Good Moderate Poor
0 2001; Milgram, 2007)
Ability to connect math Correct and Correct and Less complete Incorrect/
Conceptual concept to another one complete incomplete not perform

Understanding  math concept / setting

Ability to represent Correct and Correct and Less complete Incorrect
math in various ways complete incomplete
Ability to select the Correct and Correct and Lesscomplete Incorrect
Procedural appropriate procedures  complete incomplete
Fluency
Ability to apply the Correct and Correct and Lesscomplete Incorrect
procedures correctly complete incomplete
Ability to estimate the Correct and Correct and Less complete Incorrect
Adaptive answer with  proper complete incomplete
Reasoning justification
Ability to explain and Correct and Correct and Managed to write  Incorrect
draw conclusion complete incomplete  the conclusion
Ability to formulate, Correct and Correct and Less correct Incorrect
Strategic represent, and solve complete incomplete  (some
Competence mathematical problems miscalculation)
Ability to solve a Correctand Correct and Less correct Incorrect
problem in various complete incomplete  (some
ways/strategies miscalculation)

As the marks of each component in the paper-pencil test was 10, to ensure the equal interval
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length for the four proficiency levels, the range for the intervals were chosen 2.5 (for details

please see Table 3.4).

Table 3.4: Mathematical proficiency level associated with the score range

Proficiency level Range of scores
Excellent >7.51010
Good >50to 7.5
Moderate >25t05
Poor 0to25

3.7.1.2 Rubrics for measuring Productive Disposition (PD)

The rest of the strands of the mathematical proficiency named productive disposition (PD)
was measured by conducting survey questionnaire. Students’ productive disposition (PD)
was measured by 7 distinct indicators (i.e., useful and worthwhile, sense-making endeavor,

enthusiasm, persistence, confidence, curiosity and cooperation).

Among the 12 items of thesurvey questionnaire, different items were representative of the
different indicators such asl item (Mathematics is essential for my future) relating to useful
and worthwhile, 3 items (Having a solid knowledge of Mathematics helps me understand
more complex topics in my field, I can make sense of what we do in math, I think that making
mistakes is necessaryto get good at Mathematics) relating to sense-making endeavor, 1 item
(I feel interest to do mathematics) relating to enthusiasm, 3 items (I can keep attention in
times of doing mathematics, | do not stop to work on math problem even | struggle with
that problem, I can learn any sorts of mathematics if | give the appropriate effort) relating
to persistence, 2 items (I am confident to my ability of math skill to help my peers, | feel
confident about trying different ways when solving math problem) relating to confidence,
1 item (1 am curious to know the meaning of contextual math problems and how to solve
them) for curiosity and 1 item (I like sharing math ideas and solve problem by discussing

with my peers) for cooperation (shown in Table 3.5).
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Table 3.5: Items associated with the indicators of PD

Indicators (Kilpatrick et al., 2001;

Lestari & Yudhanegara, 2015) ltems

Useful and worthwhile Item-1

Sense-making endeavor Item-2, Item-5, Item-11
Productive Disposition Enthusiasm Item-3

Persistence Item-4, Item-6, Item-12

Confidence Item-7, Item-8

Curiosity Item-9

Cooperation Item-10

For the convenience of the interpretation of the survey data, the range scores of Likert scale
was considered with the interval length of 1.8 and specified the proficiency level

corresponding to the scoring range (please see Table 3.6) adapted from Diknas (2008).

Table 3.6: Category Productive Disposition (adapted from Diknas, 2008)

Value Range Proficiency level
Strongly Agree 5 4.21-5.00 Very high
Agree 4 3.41-4.20 High
Neutral 3 2.61-3.40 Medium
Disagree 2 1.81-2.60 Low
Strongly Disagree 1 1.00-1.80 Very low

3.8  Pilot Study

Pilot study has been done in a non-Govt. school of Dhaka city. The school had all sorts of
facilities that | needed to conduct this research study. The principal of the school was very
cooperative and provided every kind of supports when required. The teacher who
voluntarily agreed to participant in the pilot study, had teaching experience for almost 25
years. During his in-service period, he received Govt., non-Govt. and in-house trainings to
improve his professional skills. Since for this study, an ICT-facilitated classroom was
needed, the teacher chose the classroom which had Interactive White Board (IWB). The

teacher conducted two classes with the 20 students of Grade-10 (all students who received
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higher mathematics as a subject of choice). Pilot study was done in the month of
September, 2022. As GeoGebra software was chosen for this study, | setup three meetings
(each meeting hold for approximate 50 minutes) with the teacher to familiarize him about
the function of GeoGebra and provide the supportive materials. Before starting each class,
the teacher shared with me his overall planning for the class. For further analysis of the
teacher’s classroom teaching with ICTs, the classes were video recorded taking the
permission of the teacher. While the teacher was conducting the class, | observed the class,
operated the video recording and took notes when necessary. Survey, FGD and paper-
pencil test were conducted of the students and semi-structured interviews were conducted
for the teacher and the principal of the school, to test the validity and reliability of the
research instruments. To test the reliability of the survey questionnaire, the item analysis
technique- “a reliability analysis” (Rezigalla, 2022) was carried out during the piloting
phase. There are several reliability tests (e.g., split-half reliability test, Kuder-richardson
reliability test and Cronbach Alpha) to measure the internal consistency of the test items.
While Kuder-richardson reliability test handles dichotomously scored item and split-half
reliability test is usually used to test the reliability of large number of items (split into two
parts), Cronbach’s alpha is the most used internal consistency measure which is generally
founded as the mean of all possible split-half coefficients (Hajjar, 2018). Since, the number
of items in the survey questionnaire of this study is low and the items are in five point

Likert scale, Cronbach Alpha was the most suitable one to test the reliability of the items.

To measure students’ productive disposition about mathematics, questionnaire was
developed with 5 point Likert scale comprising 12 items. The Cronbach’s alpha test
showed an acceptable reliability value of a=0.842 (Table 3.7) for the questionnaire. All
items appeared to be worthy of retention, as deleting any item would result into decrease
in the alpha value. Consequently, all the 12 items were considered in the main study.

Table 3.7: Reliability of the test items

Reliability Statistics

Cronbach's Alpha No. of Items

0.842 12
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Based on the analysis of the data collected from pilot study, some modifications were found

necessary and were done accordingly for the main study (shown in Table 3.8).

Table 3.8: Modification recommended by pilot study

Pilot study

Modifications needed for the main study

Expected: Video record and field notes can be used to

give a clear picture of the teacher’s practices with ICTs.

Reality: It was really tough to take field notes and video
record by myself as both of the activities were not
possible to do at a time, in some cases valuable data

were not recorded with only one video recorder.

2 video recorders with supporting stands need

to be considered

During observing the classes, note taking
should be only done by myself and post-lesson
interviews should be conducted based on the

field notes.

Expected: Teacher will use GeoGebra to conceptualize

the meaning of function, slope, graphs.

Reality: Teacher used the GeoGebra to show how to
write the function, plot the graphs for different

situations.

During the meeting session, the properties of
GeoGebra and its’ use to teach function, slope,

graphs should be spelled out clearly.

Expected: Teacher will create the scope for the students

so that they can directly use ICT tools.

Reality: Teacher used the IWB by himself and students
just observed and listened to teacher’s instructions.
However, students rarely use IWB (e.g. turn on / turn
off the board)

Before enactment, in the planning session,
teacher should be informed about possible

involvement of the students with the ICTs.

Expected: Students” MP can be identified from the
FGD.

Reality: The questions of FGD provided very limited

resources to understand students’ MP.

Questions for FGD should be improved.

Based on the identified modification required for the main study, | have finalized my

research tools and planning so that | can smoothly collect necessary data for my research

study.
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3.9 Trustworthiness of the Study

For the trustworthiness of this study, the criteria proposed by Bakker and van Eerde’s
(2015) (which is based on the guiding principle of Miles & Huberman,1994) were
considered. Various techniques which were applied to seek the trustworthiness of the study

are discussed below.

In a research, the quality of data collected and arguments reflect its internal validity or
credibility issue (Bakker & van Eerde, 2015). To maintain the internal validity of this study,
| considered several techniques. | used several data sources and data gathering methods for
data triangulation. Besides, | used response validation technique (checked the transcriptions
of the data by the participant teachers) to validate the data as well. External validity which
is also known as transferability denotes the generalizability of the results (Bakker & van
Eerde, 2015). In this study, under each case, | attempted to provide detail descriptions of
the situation so that it represents a clear and enthusiastic picture. According to Yin (1994),
one of the strengths of case studies is that it allows readers to get a robust experience by
providing rigorous and rich descriptions of the phenomena. Besides, the way | presented the
result of the study could assist other researchers to adopt them for their own contexts which
ultimately tend to the result more generalize (Gravemeijer & Cobb, 2001). Though, the
limiting effects of sample selection and the setting were the threats to generalizability, my
prolonged engagement in the research setting with keen and persistent observation, note-
taking, interview may improve the finding’s validity as well as increasethe generality of the
result (Kvale, 1996). In addition, a “Tools validation workshop” was organized where the
participants were the experts in the relevant field of this study and the experts’ opinions
were taken for further corrections and modifications. To confirm the validity of the
instruments, the developed tools were piloted in a school. Reliability or dependability
refers to the consistency of the study findings. It relates to how consistent the results are
across different versions of the same instrument or in different conditions. Data
triangulation (the use of several data sources such as audio recorded and video recorded
data from teacher, students and head teacher) was done to address this issue in this study.
Besides, Cronbach alpha was applied to test the reliability of the quantitative data.
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3.10 Ethical Considerations

| provided “introductory letter” from my supervisor (see Appendix A) to the principals of
the schools for taking their permission and approval to conduct the research at their school.
In addition, a letter of consent (see Appendix B) was provided to the participants. The
consent letter addressed all the ethical issues associated with participants and shortly
described what was expected from participants. Before starting the data collection process,
issues of anonymity was discussed with the participants and I ensured them that their name
will be kept anonymous. For maintaining confidentiality, | termed the participant as T (in
case of teacher) and S (in case of student) instead of their name. | have labelled teachers
as T1, T2 and the students Si_C1 and Si_C2, (i=1, 2,...30) for Case-l and Case-lI
respectively. Inorder to preserve individuals’ right to private opinions, whilst recognizing
that these may conflict with their school’s policy, | confirmed to all the participants that
their institutional details will be omitted. Moreover, the participants were informed that
they had the right to withdraw from the research process at any stage (before, during, or
after interview). As digital audio and video recorder were used for recording the interviews

and classroom observations respectively, permission were sought to use the recorder.
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Chapter Four

DATA ANALYSIS AND FINDINGS

This chapter shows the analysis and findings of the data collected for this study and is
organized in three sections. In first two sections, two cases are described separately where
the demographic characteristics of the participant teachers, teachers’ pedagogical
considerations in an ICT-facilitated TL environment, the factors affecting ICT integration
in TL process and the level of students’ MP are presented. Finally, by comparing two cases
for commonalities and differences, a narrative was developed to offer an insight on how
the teachers apply pedagogical considerations in an ICT-facilitated environment to

promote students’ MP and how the factors influenced ICT integration in TL process.

41  Case-l
411 TeacherT1

In this study, the participant teacher in Case-l is named as T1 to keep anonymity. The
teacher T1 is a male teacher and is working in a Government (Govt.) boys school in Dhaka
city. He graduated in mathematics from Dhaka University and completed his Master’s
degree from the same university in Applied Mathematics. During his BSc(Hons), he learnt
C++, Fortran, Mathematica software along with the other mathematics courses. He has
experience of teaching mathematics of secondary and higher secondary students for almost
17 years. He has been serving his current school for about 7 years. Due to his professional
obligations and personal interest, he completed BEd from Govt. teachers training college,
Dhaka and he took several training programs from home (CPD, ILC, ICT training, PBM
etc.) and abroad (ICT training, India). Through those trainings, he enhanced his capacity
on pedagogy, ICT skills and capability to prepare digital contents for improving teaching
quality. Besides, he attended in-house trainings on developing questions using google
form, creative question development and so on. He performed as a trainer in the in-house

training as well. He has the experience to conduct class with the help of ICTs. T1 possesses
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a great interest on technology and is willing to participant voluntarily in this study. Though
the teacher has some practical experiences about some mathematical software, he did not
use GeoGebra software earlier. Among six classes, the teacher used GeoGebra (along with
the PowerPoint presentation) software in every classes except the last class. In this study,
T1 took all his classes in the ICT lab room (20 computers were available for students)
where most of the students have the facility to work with computer in one-to-one basis.
However, in every class teacher did not allow students to operate their computer
individually rather he welcomed students to directly use his (T1) laptop so that it provides
an essence of what should be the scenario while conducing class in a multimedia facilitated

traditional classroom.

4.1.2. Teacher T1’s pedagogical considerations in an ICT-facilitated teaching-learning
environment

4.1.2.1 Developing themes for teachers’ pedagogical considerations

The analysis shows that the teacher T1’s pedagogical considerations in an ICT-facilitated
Teaching-Learning (TL) environment can be described collectively by six themes emerged.
By analyzing the data collected from Case-l through video, field notes, post-lesson
interviews and FGD of students, a total of 29 pedagogical approaches have been identified
and coded. The sample of the code selection process (based on the analysis framework
discussed in chapter three in section 3.7) from the snapshot of 10 minutes’ video data is
shown in Table 4.1. By observing the patterns of the approaches, approaches of similar
patterns are grouped into themes. As such, six themes emerged through the analysis (Table
4.2).

Table 4.1: Identifying critical events, transcribing and developing suitable code

Time 10:04 to 10:14

Descriptions The teacher entered the class and exchanged greetings with the students. The

teacher looked around the whole class and made some students change their seats.
After that, he asked if anyone had any problem of understanding the functions we
had learned about in the previous class. When students ensured the teachers that
they have no confusion about the concepts of function, then the teacher went to his
laptop and showed a slide on the projection screen.
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The teacher stood in the middle of the class and asked students to look at the screen
attentively and think intensely which option or options are not considered as a
function from the prior knowledge about the function. The students looked
attentively at the slides and their facial expressions seemed that they tried to link
the options with their gained knowledge in the previous class. Some students were
also discussing with their friends sitting nearby.

Teacher called a student S11_C1 randomly to come in front of the screen and asked
which option he (S11_C1) felt to be correct. When the student answered, the teacher
asked him to stand there and asked another student S7_C1 if he thought his friend’s
answer was right or wrong. When S7_C1 gave his opinion, the teacher wanted to
know the reason behind he had chosen the option. The teacher asked the whole class
if anyone wants to challenge his opinion. The students speak together that they are
with their friend’s opinion, the teacher asked S7 Cl1 to use teacher’s laptop and to
move the mouse to click on the correct option on the laptop screen. When S7_C1
clicked on his chosen option, “answer is correct” appeared on the projected screen
and everyone clapped together.

The teacher asked randomly some students to stand up and explain why the other
options are functions. Students explained their understanding to the whole class.
The teacher tried to determine whether the students were able to identify all the
reasons behind to perform the function. The teacher asked the other students if
anyone has anything new to add or remove in one’s answer. Students were giving
their opinions. Both teachers and students were seemed to enjoy the class and they
were very lively. The students who looked a bit shy or inactive in the class, the
teacher often asked those students.

Critical events

At the start of this episode, teacher’s intention was to check students’ prior
knowledge about the function which they have learned in the previous class.

During the episode, teacher was involving students to think critically and arguing
one’s opinion by the others. The teacher also welcomes a student to directly use the
ICT tools.

This event was critical since it pointed the key ideas to explore students’
understanding on math concept and involved students in adaptive reasoning. This
event illustrated that the students seek to understand and explain reasons on the
options shown on the slide are function or not.

In addition, at the end of this episode, students realized all the possible reasons of
when a problem is considered as a function.

Transcribed data

T1: Look at the screen. What have you seen?
Students: 4 diagrams

T1: Do you think any other option will be?
S11_C1: Um. I am not sure, sir.
T1: S7_C1, tellus S11_C1’s answer is correct or not?
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S7_C1: No sir. | think S11_C1 is partially correct. The 4™ diagram is also not a
function. So the correct option will be this one.

T1: Explain us, why.

S7_C1: To be a function, every input must have exactly one output. But here, one
input has two output i.e a and c, which is not true for function.

T1: Students, what do you think?

Students: S7_C1 is correct.

T1: Ok, S7_C1, use this mouse and click on the option (in the laptop) which one
you think correct.

S7_C1: ok, sir.

(“Anwer is correct” showed on the projected screen)

T1: A big round of applause for S7_C1.

(All clap for S7_C1)

T1: who can tell us about the 2™ and 3" diagram? Raise your hand.

(all most every student raises their hand)

T1: anyone want to deny S23 C1’s opinion?
Students: No sir, he is correct.

Codes e Involving learners directly to ICT
°

o feedback by peer

In the above table, the first row represents the duration of the episodes which I intended to
describe. The second row represents the content description of the nearly the first 10 min
of video episode without interpretation. The third row describes the episode which is
identified as a critical event in relation to the guiding research question 1. The fourth row
is the transcription of the recoded data where the critical events are embedded. The
identified codes (applying color coding technique (Bianco et al., 2015)) are presented in
the fifth row.

In the similar manner, all the collected data from different sources for Case-1 were analyzed
and 29 code were identified by color coding technique. The identified codes are shown
below (Table-4.2).



Table 4.2: Themes emerged as effective pedagogical approaches for Case-1

Identified codes for
pedagogical approaches

Similar codes
Under various groups

Category/
theme created
from groups

Pedagogical
consideration

e Flexible and
learning space

¢ Valuing learners’ opinion

e Physical space support-
observation learning

e Providing scope of- peer
discussion, group work,
whole class discussion

e Selection of tools

¢ Facilitating to get the correct
path

e Access to technology

¢ Linking and connecting math
with real context

e Teacher provides feedback

e Providing scope to explain
students’ thought with proper
justification

¢ Involving learners directly to
ICT

¢ Providing counter example

e Encourage to apply math
language

e Using ICT (screen) to
perform the task accurately

e Providing scope to apply
acquired knowledge in a new
situation

e Providing homework for
practice

o feedback by peer

e student’s self-reflection

e Physical space support-
collaboration

o ICT provides feedback

e Encouraging rapid recall

o Identify mistakes (by peer,
by learner’s own)

e Praise the learner

¢ Providing attractive picture

adaptable

Flexible and adaptable learning

Rearranging

space classroom

Physical space support- amenities

collaboration

Physical space support-

observation learning

Selection of tools Ensuring

Access to technology Technology

Involving learners directly to ICT |  Accessibility

Using ICT (screen) to perform the and Its

task accurately Appropriate

Usage

Linking and connecting math

with real context

Providing scope to apply acquired

knowledge in a new situation

Exploring and linking math with

prior knowledge )

Encouraging rapid recall Aqut'ng

Providing homework for practice dlffer_ent
strategies to

Providing . multiple ways of make the

repre_se.ntatlon and strategies learning

Providing scope of- peer meaningful

discussion, group work, whole
class discussion
Encourage to
language
Offering challenging tasks
Providing variety of several
examples

Providing scope to explain
students’ thought with proper
justification

apply math

feedback by peer

student’s self-reflection
Teacher provides feedback
ICT provides feedback

Offering multi-
channel
feedback
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Rearranging
classroom
amenities

Ensuring
Technology
Accessibility

and Its
Appropriate
Usage

Adopting
different
strategies to
make the
learning
meaningful

Offering
multi-
channel
feedback

Offering
opportunities
to identify
error/
imprecision



Providing variety of several | ¢ Exploring misconception Offering

examples « Providing counter example opportunities to
* Exploring misconception o Identify mistakes (by peer, by | identifyerror/
e Providing multiple ways of | je3mer’s own) imprecision Engaging
representation and strategies students
. E)_(plori_ng and linking math =75~ 0 learner Engaging through
with prior knowledge e Providing attractive picture students motivation
e Offering challenging tasks | Valuing learners’ opinion through

e Facilitating to get the correct path |  Motivation

A whole transcript of a lesson has been given in Appendix K to give the reader a complete

scenario of what happened in a class.

4.1.2.2 Pedagogical approaches applied by T1

Theme 1: Rearranging classroom amenities

The teacher T1 conducted six classes in the ICT lab room where the learning space is to
some extent flexible and adaptable (e.g., availability of extra chairs and desk, portable
board etc.). The room was well equipped with ICT technology. There was a projector, a
laptop (for the teacher) and 20 computers for the students. Each computer has internet
connection as well. There was a white board where the projector screen was projected and
it was placed in such a way that it was easily visible to all the students. The teacher’s laptop
was placed beside of the projection screen. Teacher also hired a portable white board to
link the screen to the board by himself as well as by the students. During the post-lesson
interview session, T1 justified his actions:

[...] only one board was in the class. There was no extra facility to project the
screen. So, | brought an extra portable board so that students can work on the
board. Umm.. | also brought the board to explain some of my work. /.../ sometimes
| use the board to explain more what was projected on the computer screen so that

students get the concept clear.

This statement highlighted the fact that T1 rearranged the classroom suitable for
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observation learning, that is, he reorganized the classroom setup in such a way that all the
resources were visible to the students and such an environment helped to develop students’

mathematical concept as well.

Besides, the board was also used as a means of multiple ways of teaching techniques. For
instance, while displaying one procedure to perform a task on the screen, the board was
used to perform alternate way to do the same task. A sample of some portion of classroom

scenario on this issue is shown below.

T1: look at the graph (teacher displays a graph on the screen).
Does the function have slope?

Students: Yes, sir (loudly).

T1: who will come?? Raise your hand.

(some of the students raise their hand)

T1: S22_C1, come here. Tell us about its slope.
S22_C1: Sir, itis “1°.

T1: why?

S22 _C1: here the rise is ‘1’ and the run is ‘1’ (showed by his hand on the graph)
T1: what do you (students) think?

Students: he is right, sir (all says loudly).

T1: any one can find the slope differently?

(some students raise their hand)

T1: S5_C1, take the marker and go to the board. Show us another way to find the slope.
(S5_C1 do the task on the board)

T1: explain us what you have done.

S3_C1: | use y=mx+c formula here. Here c=-1 and | choose the point (1,0) from the graph.

So, when | put the value of y=0, x=1 and c=-1 here (in the equation y=mx+c), | get m=1

In the post-lesson interview session, the teacher also talked about supporting this issue. He

asserted:

[...] suppose there’s an example of graph of a function on the screen, now I called
a student and said, you write another equation that draw the same graph. We also

needed that board to see how we could do it in different ways.
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The sitting arrangement for the students were in two parallel columns (Figure 4.1) and
placed in such a way that the white board was easily visible to all. There were also some

extra chairs and a table. T1 asked to use these extra chairs while students needed to engage
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white board
white board L3 1 f /
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laptop / chair
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Students’ Video Researcher’s position
laptop Camera

Figure 4.1: Classroom layout of the teacher T1

in group discussion. The extra table was placed so that student can sit alone or group if
necessary. Though the option for flexible learning was present, T1 did not ask students to
work by their own choice (such as, choice to work individually or pair or group). According
to the teacher, it is important as such type of experience helps students to develop their
leading capacity and increases students’ satisfaction level in learning. The teacher argued:

[...] it was not actually made but it was needed. Every student should be given the
freedom to sit as he/she wants. And can work freely by themselves. This
environment is needed. It means that he should be given the opportunity to work in
all environments and he should develop his leadership capacity. He cannot be
stopped. Doing these things may have a satisfactory effect on his brain and his

pressure is reduced.
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This means that T1 stressed on the importance of flexible learning to create students’
leadership and persistence qualities which ultimately reflect their development of

productive disposition.

It is also seen that while students worked with technology in a group, T1 changed the sitting
arrangement with the combination of high and low ability students where the ability was

setup by their use of technology. He stated:

The classroom arrangement is done because some students have little idea about
ICT, some students have clear idea about ICT. While some are skilled in ICT. For
this reason, a seating rearrangement has been done by considering students who
have less knowledge about ICT and those who have more knowledge about ICT.

Thus, the physical space support observation learning as well as collaboration. Though the
physical space support collaboration, during the post-lesson interview, T1 argued that it
was a bit challenging for him to get students involved in group activity as the classroom
was not so spacious and the table was fixed. He also argued that it would be better to set-

up the sitting arrangement in round shape pattern. He stated:

[...] we needed the space of the room to be bigger. Each computer and the table
were very close, if there would be a little gap, it would be convenient for us to work
in group, we could have placed them far away, the gathering would have been a
little less. [...] For group work, table should be placed in such a way that it would
be convenient for them to sit in round. But since we are sitting straight, the
participation of all students was not proper. /.../ if everyone sits in a round shape,

everyone’s participation would be correct.

Since the classes were conducted in the ICT lab room, the lighting arrangement was
properly adjusted and it did not distract the TL process. In almost every classes, teacher
changed the students’ sitting arrangement. According to T1, the reason behind this was to
ensure everyone’s participation. The main concern was to conduct participatory method
and sitting arrangement was considered with the combination of strong and weak students

so that, weak students can be benefited by the stronger ones. He stated:
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There was an issue of seating arrangement in each class. Because all students in
the class were not in the same category, some of them were meritorious and some
were less meritorious. | planned to sit them in a combination of meritorious and
less meritorious ones. [...] As my target was to apply participatory method, I have

made such a seating arrangement.
Theme 2: Ensuring Technology Accessibility and Its Appropriate Usage

Throughout the six classes, T1 used different sorts of technology for TL purposes. Along
with the whiteboard and multimedia projector, T1 used PowerPoint presentation,
GeoGebra software and Desmose app. He also asked students to use calculator if necessary.
Both T1 and students have access to technology. In almost every classes, T1 used
PowerPoint presentation as well as Geogebra software. Students also used the technology
directly when teacher asked to operate them. While students directly worked with the
technology, T1 monitored students” work and assisted them where necessary (Figure 4.2).
For example, a conversation between a student and T1 was like this:

T1: S12_C1, come here, move the vertical line on the graph and tell us, whether
the graph is function or not.

S12_C1.: sir, the slider is not moving
T1: just press here, then move. Clear?
S12_C1: yes, sir.

B

Figure 4.2: Teacher assists student to operate ICT tool
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During the post lesson interview, T1 expressed that while students directly work with
technology, he needs to monitor them carefully and assist them if necessary, so that they

get engaged into the lesson. He stated:

| was monitoring them while they were doing the tasks to see if they were on the
right track, whether they understood or not. [...] I was monitoring them to see if
their commands were correct or not. [...] to understand if anyone is having any

problems, to see whether each of them was active or inactive.

It is observed that the teacher opened the scope for students to use technology very often
as he thinks it is necessary. It is seen that initially students were not very willing to work
with ICT directly, but in course of time, they seemed very enthusiastic to work with

technology. Snapshot of a classroom scenario is shown below.

T1: who want to move the slider?
Students: me me (almost every student loudly say by raising their hands)
T1: S28_C1, came hare, move the slider and keep the value of ‘m’ in ‘0’

T1: everyone, attentively look at the graph (which is displayed on the projected
screen) and write your comment in the worksheet (teacher already provide them the
work sheet)

S2_C1: sir, can | use the slider for another value?

T1: okay, come

S7_C1: sir, | want to come.

T1: okay, come. Do you enjoy? (teacher asks for all students)

Students: yes, sir, it is very interesting. (all response loudly)

During the post-lesson interview, T1 also argued about the importance of students’ direct
interaction with ICTs and stressed that students should do that willingly. According to the
teacher, when students engage directly with ICTs, it will help them to reduce their fear

about technology and extend their knowledge. He argued:

The reason | brought them in front of my laptop was to remove the inertia they had
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inside. At first, I saw they didn’t want to come. They had a lot of fear in them. So,
to overcome that inertia, to bring them on the right path so that they can apply what
they know in the right way, so that they can express, expose, so that they can do
their right work. [...] whenever I brought them, I saw that they were very excited
and | saw that everyone was very interested in going there to draw the graph of the

linear function. I am actually bringing them to generate interest.

During the FGD, students also showed their positive view about their direct involvement
with ICT. One of the students argued that working with ICT help him to build confidence
and make concept clear as he can use more complex values (different from the value
provided by the teacher) as input and by observing the changes happen in the output, he

can also understand the reason behind it. He stated:

| set different complex values rather than the values given by sir (the teacher), | saw
that if the values are changed, why the lines shifted to the right or the left or up or
down. | also tried to select different options (other than the teacher taught) and
found it was correct. Um.. it was really exciting. In this case, | feel confident and

| get accurate knowledge, I think. (S6_C1)

This is an indication that students’ ability to select appropriate commands (reflection of
PF) with solid conceptual knowledge can be developed (reflection of CU) due to the direct
involvement of students with ICTs. It also suggested that it enhanced students’ confidence

as well (reflection of development of PD).

T1 also used the digital screen to perform tasks. For instance, teacher displayed graph paper
on the screen so that students could plot the graph accurately. He argued that it helped them
to perform the task fluently and more perfectly (i.e. enabled to develop PF). In addition, it
saved their time. Besides, as they could draw the diagram by thinking in different angles
and understood the concept more clearly (reflection of CU). As he expressed:

Since the image of the graph paper was on the screen, there was no chance of error.

They can correctly draw the graph on it and it seems very easy for them. [...]
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Besides, when I talk about the slope by definition, it depends on memorization. Now,
they actually understand what is the slope, when they saw on the screen how the
diagram was drawn in different ways, they understood what happens when the
angle is acute, what happens when the angle is obtuse, they can compare these

things. These things they quickly understood and it will save their time as well.

During the FDG, one student also expressed that ICT not only saved their time but also
saved their teacher’s time as it took limited time to draw a graph perfectly. According to
him, ICT ultimately helped teacher to engage students in collaborative activities as it saved
teacher’s time (ICT_Role-3). He argued:

[...] too much effort and time are required to bring that graph into perfect shape.
If we can save that amount of time through digital technology, then the extra time

can be given for group study or group work.

T1 also displayed the graph of a function created in GeoGebra and applying zoom in and
out option (Figure 4.3) made the graph clearer to the students. The teacher and students’

conversations during this issue is given below.

S19 C1: sir, from ‘-1’ to ‘-2, the graph has slope ‘0’

T1: why?

S19 C1: because it is one the x-axis.

T1: others, what do you think?

(Some of the students agreed with S19_C1, some look confused, some were thinking)
T1: ok, now | zoom in the picture

(teacher enlarge a specific portion of the graph by zoom in option)

T1: tell me now

Students: oh! It is not on the x-axis

T1: S19 C1?

S19 C1: yessir, it is not on the x-axis

T1: then? What you have seen?

S19 C1: it has both positive and negative slopes but they are very small. (he showed

by his finger)
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Figure 4.3: Applying zoom in & zoom out option in GeoGebra

During the post-lesson interview, the teacher argued that ICT helped them to make the

complex topic easier (ICT_Role-9). He stated:

| show one problem and then show another one with a slightly more upgraded
problem. By hand, it gets complicated. But when we have seen that through ICT
tools, a complex problem, a big problem can easily show in a variety of different
ways. And they (students) were actually amused by seeing how the big problem is
so easily changed by changing some variables or by changing the values of some

variables.

During the FGD, students also argued about the benefits of ICTs for performing a task
accurately (ICT_Role- 2). One of the students claimed that while “I draw a graph using
Geogebra, it is very smooth diagram. If I zoomed (in or out) it, 1 will get the perfect
diagram.” (S1_C1). Another student stated:

When we try to draw a diagram, there is a chance to do mistake. Once | did it, the
rectangle became a square. But there | see that the circle is just like the circle, the
square is like the square, the rectangle is like the rectangle. You can see that there

is no problem in the figure. We get the accurate diagram. (§5_C1)

Theme 3: Adopting different strategies to make the learning meaningful

The analysis shows that T1 adopted variety of strategies while conducting class using ICTs.
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He sometimes used technology and sometimes did not, based on needs. In every classes,
he tried to connect mathematical concept with their prior knowledge. Besides he often tried
to link the mathematical concept with real-life situation. For instance, to teach the concept
of function, he did not start the lesson with abstract concept rather he linked the concepts
with real context (e.g. switch on the button of fan, the fan starting to move). He also

explained the concept of function by showing relation among mother and son. He argued:

[...] previously their learning was rote learning, their knowledge was only based
on theory, book-centered. They actually had no idea what a function is. When we
turned on the fan with a switch and link them with the concept of function, they got
an idea practically. [...] I tried to explain the concept of function by life-oriented
example. When | said, one input cannot have more than one output, they only gain
the knowledge but when | brought the mother son relationship in the form of
mapping it showed that one mother can have more than one child but one child
cannot have more than one mother. About these things they understand that when
a child claims or is related to more than one mother, it cannot actually be true.

their concept of function becomes clear.

To link mathematical concept with real-life, T1 often used ICT tools as he thought that ICT
helps to reduce the abstractness of a mathematical concept, as a result, students can learn
with proper understanding rather than rote learning. For instance, the teacher used
animation option in the PowerPoint to show how a juicer machine acts while providing
orange and football (as input) separately and then linked the operation of the machine (i.e.
input and output issue) with the concept of function (Figure 4.4). According to T1, such
kind of animated diagram made the learning more visible and interesting as well as

sustainable and concrete (ICT_Role-6). He stated:

When ICT tools used for showing the pictures it was very enjoyable and they
realized that earlier we were relying on rote, abstract thinking. Now we can see a
real face of this thought, we can see the real shape, we are thinking concrete
thoughts.... then they were very happy. /.../ and I think, when students learnt in this

way, their understanding become concrete and long lasting.
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In line with the opinion of teacher, during the FGD, students stated that ICT helps them to

clear their concepts and retain their learning for a long term. One of the students said:

We have known the definition of functions for a long time. We saw in the class the
real example, um.. if one thing is input, exactly one thing will be output, it is a
function. We are discussing the whole thing through images and relating it with
real-life. /...] In fact, when something is explained with real examples, it is fixed in
mind for life long. (S2_C1)

Action of Juicer Machine Linking Juicer machine to the concept of
function

Figure 4.4: Connecting concept of function with real-life

Another student expressed that due to the use of simulation, they can visualize the meaning

of mathematics in real-life context (ICT_Role- 1). He stated:

The example we have seen for the uniform velocity or constant acceleration, in this
case we saw the animation, the graph changes with time, I think it was not possible
in analog without digital system. [ ...] that was very helpful to build-up our concept.
(S1_C1)

During the FGD, one of the students also expressed his opinion about the importance of
ICTs in their life. According to him, the necessity of ICT in learning cannot be ignored, if
the prime intention of mathematics learning is to connect math with real world situation

and also to make the learning enjoyable. He also argued for the need of ICTs to adapt with

future world (ICT_Role- 7). He claimed:
95



First, it is essential to enjoy mathematics or to understand its relevance to our real
life. Secondly, since now is the era of globalization, we should adapt to it for our
future (S4_C1).

The above quotes clearly indicate that while mathematics was taught connecting with real-
life situation, students’ both the productive disposition and conceptual understanding were

developed.

In the last class, T1 also provided the scope to apply students’ acquired knowledge in the
new situation. For instance, when students fully get the knowledge about linear function
and its graph, he provided an interesting simulation on linear function (race between
tortoise and dog) related to real-life situation and asked students to draw the distance vs
time graph of a newly entered animal dog (graph of tortoise has already present) by setting
some new conditions. Those situation is totally new for the students, however T1 permitted

to apply their gained knowledge in the new situation. He claimed:

[...] they were taken to another situation, to understand their understanding about
function. /.../ I have given an example that the distance versus time graph, is a kind
of function working here and the changes in the movement of different animals with
time. They were focused on this diverse learning and they were realizing that the
function that we learned is not in a specific place but that it has a wide range and

that it has applications in different areas. Got real and clear ideas.

This statement clearly highlights the significance of applying acquired knowledge in new

situation to develop students’ conceptual understanding.

The teacher used the Desmose app to apply the simulation (Figure 4.5) and invited students
to draw the graph using the option of Desmose app (click on the blue box and dragging the
cursor). Since the language of the problem instructions in the Desmose apps are in English
and the participant students are of Bengali medium, the teacher translated the instructions

and condition of the problem in Bengali in a paper and provided that to each of the students.
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Figure 4.5: Students use simulation to apply their gained math knowledge in new context

The analysis also reveals that teacher tried to explore students’ prior knowledge before
starting and during a lesson. He tried to explore the prior knowledge to understand students
level of knowledge and based on these he could move forward for further lesson. Besides,
during the lesson he also tried to explore the prior knowledge to understand how quickly
students can recall the information to do for further task and can move forward from easy
to complex problems. Based on students’ prior level of understanding, he may apply

different strategies. He claimed:

[...] my intention was always to understand what knowledge students previously
have about the topic, so that I can plan what | need to provide them what need not.
[...] And, of course there is a need to recall, because if he can’t recall then he
cannot connect mathematics contents to each other. Besides, how quickly they
(students) can recall, | (the teacher) can understand their ability of math fluency.
[...] we need to recall to move from simple to complex problems in mathematics.
So, we need to know their previous knowledge and based on that | adopted various
strategies. Um..1 think, adopting different strategies ultimately capable students to

work with different techniques.

This clearly suggests that exploration of students’ prior knowledge facilitated teachers to
apply different strategies in the class and which eventually helped students’ to become

skilled in SC. Besides, this quotes in fact support the fact that ability to quick recall reflects
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students’ procedural fluency.

It is found that while recalling quickly was considered important, T1 also argued about the
importance of practice. According to him, to become fluent in mathematics, there is no
alternative of practicing. He stressed that students have to practice after grasping the
concept fully rather than practice blindly. He claimed that to create interest in practicing,
they (teachers) can provide tasks prepared by the ICT tools and by clicking on the tasks
they (students) can show the result and they can do it repeatedly. He mentioned that he
already used those sorts of task in the classrooms (see Figure 4.6), but he yet might provide

those as homework. He stated:

| think, it word be an effective work for the home, they can practice those tasks over

and over at their home. They become skilled on that, I think.

This means providing homework for practice is important to develop students’ procedural

fluency.
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Figure 4.6: Task for drill and practice

The analysis also shows that T1 provided the scope to represent mathematical concept in
different ways. For instance, while discussing about function concept, he showed different
ways to represent a function. He used GeoGebra software to represent functions in different

form (e.g. tabular form, graphical form and algebraic form) at a time (Figure 4.7).
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Figure 4.7: Representation of function in different form in one frame in GeoGebra

According to him, learning becomes more effective due to the use of ICT as they can
visualize the concepts of the functions with all possible representations in a single frame

and by connecting them, their gained knowledge become more concrete. T1 expressed:

[...] to show different types of relationship such as relationship among price and
item, different types of graphical representations, we used the ICT tools. In one
screen they can see all possible ways which help them to link and connect their

knowledge strongly.

This means that providing multiple ways of representation helped students to develop solid
mathematical concept.

Besides, he also encouraged students to solve a problem in different ways. According to
T1, it is very essential to make students skilled in strategic competence to compete with
this complex world. Since, in real-life, all problem is not come so simple, so students need
to be ready for dealing with all situations easy to complex. Besides, the ability of doing a
problem in different ways, helps students to develop their understanding more solid.
According to him, ICT not only creates the environment to deal with math problem in
various ways within a short period of time, but also opens the scope to visit the tutorial
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classes of scholars and gain the knowledge of different approaches applied by different

scholars. He argued:

In fact, there are some strategies behind everything. Before starting a problem, we
have to think about the tricks so that we can solve a complex problem easily. That
is why it is very important to develop strategic ability in students. [...] if a student
solves a particular problem in different ways, his understanding of the subject is
clear and he can use it in real world situation. [ ...] In real-life every human being
has to face different problems [...] all problems cannot be solved with the same
method. That’s why our student has to adopt different strategies when different
problems come. [...] And they can watch different tutorial classes on YouTube, so
they can learn how to approach the same problem in different ways. ICT plays a

huge role in this.

This statement clearly indicates that T1 intended to apply multiple strategies to solve a

problem so that students’ conceptual understanding and strategic competencies develop.

During the FGD, students expressed that their teacher gave them the opportunity to do a
problem in different ways which was very effective as it helped them to think a problem
critically. One of the students argued:

Before these classes, when | used to do math, if | found a result by doing in one
way, | thought that OK all is done, but after doing these classes, the question comes
that why this happens, can it be done in another way? Why do we do it this way?

This question comes to my mind repeatedly. (S3_C1)

Another student stated that due to gaining knowledge to solve a problem in multiple ways,
he could verify his performed task in different ways, which ultimately made him confident.

He claimed:

Sir (the teacher) has taught us different ways to solve a math. We know that this
math can be done in this way as well as in that way. So, | can check my work by

applying different methods and can increase confidence. (S2_C1)
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This means that providing the scope to solve a problem in multiple ways enhance students’
confidence level (reflected development of PD).

In almost every class, T1 created such an environment that students could get involved in
the whole class discussions. An example of students’ engagement in the whole class

discussions is shown below.

T1: S14_C1, come here. Tell us what you have seen on the screen

S14 _C1: | have seen 3 graphs, one is for Hare, one is for Tortoise and the other is
for Fox journey. | have to say a story about Fox journey.

T1: okay, then tell the story to your friends.

S14 C1: Fox starts first and win the race.

T1: class, now the floor is open to you. You can disagree or agree with S14 C1
or add more.

S3_C1: Sir, S14 C1 is not correct.

T1: is it? Then what should it be?

S3_C1: three animals have started at the same time, but initially Fox’s velocity is
not increasing but after sometimes it increases and win the race.

S24_C1: No, sir. They have not started at the same time. Fox started 6 minutes
later. And wins the race.

S30_C1: Sir, can | add something?

T1: of course.

S30_C1: they met when the distance is 1200 m.

S11 _C1: Here all graphs are linear, so the animals are travelled in uniform

velocity.
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The teacher applied such kind of approach to increase students’ thinking ability as well as

to develop clear concept about the topic. He claimed:

A student gives his idea about a topic or issue, whether the idea is correct or not,
whether it is clear or not, if he throws it in the classroom among all the students,
then everyone thinks about it and express their idea. [...] then the idea about the
issue becomes clear. By knowing the ideas from others, he clearly understood
where his lacking was, where to connect, what to do and the right thing came out.
That is why idea sharing is very important in teaching learning activities.

It is observed that T1 gave importance on students’ active engagement during collaboration
(Std_Role-1). While students worked in a group, teacher frequently monitored each group
and observed whether all the group members were actively participating in the discussions
or not. He claimed, “every member of the group must have to work. Their active
participation is very important”. In addition, the teacher did group work in some classes
and emphasized on peer discussion very often. More specifically, he often asked students
to come in front of the class and to discuss with peer what has been displayed on the screen
(Figure 4.8). According to T1, these techniques were very effective as students enjoyed to
solve problems by discussing with their peers. Moreover, use of ICT tool made the

environment more interesting. He argued:

| let them work through discussion with their peer. And they were very lively,
cheerful and they could solve problems by discussing. And here we have used some
ICT tools to make their learning enjoyable and also to make them understand the

lesson in an interesting way.

Students also shows their positive thought regarding solving problems discussing with their

peers during the FDG. One of the students claimed:

When sir (the teacher) let us to discuss a problem with our friend, we worked on
that problem together and developed our thinking. | enjoyed to do a task discussing
with my friends, | feel more comfortable. | think, we can learn better by helping

each other. (54_C1)
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Figure 4.8: Students involve in peer discussion

Another student argued:

Everyone does not think in the same way. | may know one rule to solve a problem,
my friend may know another rule. Another may think another way to solve. So when
we do that problem all together, we can enhance our knowledge by getting opinion
from each other. (S1_C1)

These quotes in fact support the argument that while students engage in collaboration (i.e.,
whole class discussion, group work etc.), they develop their conceptual understanding,
increase their thinking ability (reflection of AR) and enhance the capacity to learn with

cooperation (reflection of PD).

It is observed that teacher provided variety of problems (see Appendix G, Appendix H)
sequencing from easier to harder. According to the teacher, it is important to set diversified
problems in the worksheet so that student can attempt to solve the problem by proper logic
rather than rote memorization. He stated:

[...] lusually set problems from easy to hard and diverse. I think, this process helps

103



them (students) to connect their understanding and grasp concept clearly. There
are many problems students can give based on guesswork, that kind of problem was
not there. In solving the problem, he has to be logical, they have to think- for what
reason or for what purpose such problem was inserted there. For their different
dimensional thinking, increase their capacity to solve a problem quickly and

skillfully in different ways, these problems were provided in this way.

This statement indicates that providing variety of diverse tasks, not only make the concepts

clear to the students but also increase their reasoning skills and procedural fluency.

The analysis also revealed that T1 sometimes provided unfamiliar and non-routine task to
the students. According to the teacher, he offered such kind of tasks so that students could

prepare themselves ready for any unfamiliar situation. The teacher stated:

[...] different kinds of problems may come suddenly and they (students) have to
adapt to different environment. So, | tried to prepare them (students) for that, um..
no matter what kind of problem comes, they can solve it. um.. those type of problems
were set which they did not experience directly before.

T1 was also found to throw challenges to the students sometimes. For instance, in 3 class,
students were directly operating the computer by their own and working with GeoGebra
software to explore how the graph of linear function y=mx+c would form for different
values of slope ‘m’ and y-intercept ‘c’. To explore these, students moved the slider in
GeoGebra and tried to understand how the different form of linear graphs occur for distinct
values of m and c. According to the teacher, in that way students faced different sorts of
challenges as well as overcome these challenges and deepen their conceptual understanding
with the help of ICT. While students performed this task by group discussions, T1 asked
them to try to draw a line which is parallel to the line y=2x+5. It was a big challenge for
the students as they did not know what would be the algebraic form of the parallel line of
the equation y=2x+5. However, though the task was really challenging, the ICT tool makes
the challenges quite easier as students explored these issues by moving the slider (Figure
4.9).

104



Fie Ecit View Cptons Tools Windos Help

. x FOSK N o , oia -
1 - » F g . . e e - o
b

va * Grapghice
f

=
"
»

SA:

rput

Figure 4.9: Exploring parallel line using slider of GeoGebra

During the post-lesson interview, the teacher argued:

[...] it was very challenging because to draw a parallel straight line, they have to
have an idea of how to draw a parallel line of a straight line. These were really
challenging but they were able to solve them through ICT tool. [...] They can see
what happens if the slope is different, if the slope is same. They saw two parallel

lines in the same place, then challenges became much easier to them.

The analysis shows that in every class T1 asked students to talk about the reason behind
their answer. It seems that teacher was not only concerned about right or wrong answer, he
always tried to understand what was the reason behind the students’ thought. He often
asked students to justify their answer. A sample of classroom situation regarding this issue

is given below.

T1:S23_C1, stand up. Tell us about 2" diagram. [ s cus weme s oo =

S23_Cl1: itisa function.

T1: why?

S23_C1: for every input there are exactly one
output.

T1: look at ‘c’, is it associated with any input?

S23 C1: no sir. R

T1: then, still, is it a function?

S23_C1: yes sir, to be a function each input must e B

be associated with exactly one output. Here ‘¢’ is

not input and every input has one output. So it is

a function.
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It is observed that the teacher tried to create the ability of reasoning skills within the

students. Besides, he encouraged students to speak in mathematical language. He stated:

[...] when a student delivers a correct result it does not mean that he understands
the problem properly. So, it is very important to know how he solves the problem,
why he does in that way, need to understand the logic behind his work. [...] In fact,
mathematics is everywhere, we can express everything through mathematics. Thus,
if we can take that thing into mathematical language, then students could find
mathematics in everything and connect math with their life. This is why, knowing

mathematical language is very important.

These statements indicate that offering challenging tasks and providing scope to use
mathematical language helps students to connect mathematics with their real-life context
(reflection of CU) and also providing opportunity to explain their (students) ideas with

logic help them to enhance their adaptive reasoning skills.

Theme 4: Offering multi-channel feedback

Our analysis shows that students get multi-channel feedback during their learning. It is
observed that teacher was prompt in instant and timely feedback. During providing
feedback by himself, T1 did not specifically mention right or wrong for the students’
response rather he assisted the students to reflect on their own learning. Moreover, he
established a dialogue with the students to move their learning and provided clear and
actionable steps to facilitate to the correct path. According to T1, providing feedback in
this way would help students to make their understanding strong (i.e., develop CU) by
thinking logically (reflection of AR) and creating them responsive and constructive
(reflection of PD). He stated that:

[...] when I give feedback to my students, | try to give clear feedback so that they
are not confused. I try to expose their wrong idea or mistakes by conversation. |
think when students identify their mistakes in this way, their understanding become
more concrete. They usually did not do the same mistakes further. [...] um.. I
always try to give timely feedback so that students can hold their attention and

become productive.
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My analysis shows that students not only got feedback from their teacher but also from
their peers, ICT tools and their own. In Almost every class, T1 engaged students in peer
feedback (Std_Role-3). For instance, while completing a task by a student, teacher often
invited another student to provide his opinion whether his peer’s performed task was right
or wrong and asked to explain the reason behind his thought. A small sample of such type

of classroom situation is shown below.

T1: S7_C1, tellus S11_C1’s answer is correct or not?

S7_C1: No sir. | think S11_C1 is partially correct. The 4" diagram is also not a
function. So the correct option will be this one.

T1: Explain us, why.

S7_C1: To be a function, every input must have exactly one output. But here, one
input has two output i.e ‘a’ and ‘c’, which is not true for function.

According to T1, peer feedback is very effective. He stated:

[...] current modern teaching is not teacher-dependent, it is student-dependent, our
job is to assist them, to cooperate, not to tell them the correct answer rather bring
out the answers from them. [...] different students think differently, one students
may think this way is right, another student may think that if it can go that way then
the rule is correct. That’s why, I tried to give feedback through students so that
students can get clear idea about the content. [...] As a result of this, students’
leading capacity is increasing, his range of knowledge is increasing. And by
sharing their understanding what is right and what is wrong and they are able to

take decisions by coordinating their understanding.

This statement highlighted that T1 performed as a facilitator rather than instructor and
created the environment so that students get feedback from their peer. His intention was to
develop students’ conceptual understanding as well as enhance leading capacity (reflection
of PD).

In the focus group discussions, students also expressed their positive view about peer

feedback. One of the students argued:
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When our teacher told us to say what is right or wrong of our friend’s work, we
thought and tried to identify what mistakes he has done, | believe it insisted us to

think more and getting opinion from our friends were really interesting. (S3_C1)

The analysis also reveals that both the teacher and students considered students’ self-
reflection is vital for concrete learning (Std_Role-4). According to the teacher, when

students provided feedback on their own work, he/ she may identify or add his/ her new

thought. T1 stated:

| think it is important that students give feedback to themselves. Then they can find
out their gaps by their own. When students try to give feedback of their own work,

they may add some new things, can often find out their mistakes.

During the FGD, one of the students claimed:

I think a man’s greatest teacher is that man himself. So when we sit and think by
ourselves, no one knows whether I can do the math or not. [...] At home, when I
think about what our sir (the teacher) taught us in the class, sometimes | get
confused, maybe | did not concentrate fully in the class, but when I look at my
(classwork) notebook and try to think why the teacher did that and then | think, I
actually understand the meaning of the problem. (S6_C1)

It is also observed that students got feedback from ICT tools (ICT_Role- 4). For instance,
after drawing graph of a linear function manually in the graph paper, student checked
whether the graph was correct or not by plotting the graph by GeoGebra software. The
teacher suggested them to cross check students’ written work with the help of ICT tools.
According to T1, as ICT tool provides them the result with maximum accuracy, they can
get proper feedback from the ICT tool. Moreover, this sorts of activity enhance their

capacity to do a task in multiple ways. He argued:

[...] It is important because ICT tool provides accurate result and also students can
do the same problem in different ways. That is why this method has been adopted

to increase the ability to solve a problem differently.
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During the FGD, one of the students stated:

| am using many options of that software by myself. Given many more values, see
how the output comes out. | have created interest on my own. No one told me. |
developed my own interest and learned the work of this option. This is the work of
that option. (S1_C1)

This means that ICT provides the scope for the student to select many options and helps to
decide the correct one by providing feedback. It eventually develops students’ strategic

competence and procedural fluency.

Theme 5: Offering Opportunities to Identify Error/ imprecision

It is seen that teacher tried to explore where students have misconception or where students
might be having misconception. While discussing the graph of linear function, teacher
came up with an example with the assistance of ICT tool (GeoGebra) where students may
have misconception and tried to make the concept clear. Teacher intentionally set the value
of m and c equal to zero in the general form of linear equation y=mx+c and asked students

to tell about the equation and its graph. He stated:

[...] what would the graph look like if ‘m’ and ‘c’ suddenly became zero. They
probably always had the idea of those graphs which intersecting both axes.
Suddenly seeing that there is only one variable y=0. Then, what is the equation
mean and what is the equation of x=0, these type of challenges arose, they were
successful and slowly they understood it using ICT tools.

The analysis also shows that to understand whether students’ concept about function is
clear or not, T1 emphasized on counter example. For instance, T1 asked students to say an
example which is not a function. He argued, “when they know what is a function and what

is not a function, then their idea will be correct and they will understand everything.”

In addition, T1 sometimes confused students by saying wrong answer to realize whether

students respond with proper thinking or not. He expressed:
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| misguided them by taking a correct answer in the wrong direction and then see
whether they understand, or giving a guess answer. Everyone was enthusiastic,
engaged. Means there was no opportunity to be careless. [...] And the answer I
gave intentionally was not the correct answer, but they were able to identify that

the answer was wrong.

Identifying mistakes has been found as another pedagogical approach applied in the
classroom. In most of the cases, mistakes done by the students were not identified by the
teacher, rather teacher focused on whether students could identify by themselves or by their
peers. For instance, teacher often asked students to find where his friend made mistakes.
In addition, teacher expressed that ICT tools helped students to point out the mistakes done
by themselves. He stated:

I always tried to find the mistakes of one student’s work by the other students. 1
think it will help both students. And of course | think ICT helps to identify the
mistakes as well. Um.. because, for example when a graph is shown through ICT
tools, they can check whether the function intersects at multiple points by drawing
a vertical line over the function, and can say that it is function or not a function.

They can realize their mistake.

These quotes reflect that teacher applied different strategies (e.g., identify mistakes,

providing counter example etc.) to develop students’ mathematical concepts.

Theme 6: Engaging students through motivation

According to the teacher, students must have to be engaged into the lesson willingly,
otherwise the teaching-learning will not be effective (Std_Role-3). Our analysis shows that
the teacher took several initiatives to motivate students and engaged them actively into the
lesson. For instance, if a student performed a task perfectly, the teacher praised him

verbally and clap for him along with the whole class. Teacher stated:

Students need to be kept active, active because if the learning process is enjoyable
then the complex subject seems easy to them. Therefore, teaching and learning

through encouragement is done through appreciation or clapping.
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Besides, sometime attractive picturerelated to the topic (Figure 4.10) have been shown to

hold the attention of the students and make the class interesting.

-
pizza shop &5 Menu Chart

| figow rom Picoe 8 Y

Figure 4.10: Using real-life oriented attractive picture
During the FGD, one of the students, S8_C1largued:

Teacher shows us Pizza menu chart. Teacher uses here ICT, which make the

picture more attractive. | think it motivates us to learn” (ICT_Role-5).

It is also observed that teacher always value students’ opinion. If students answered
incorrectly in response to a question, teacher never criticized him, rather he valued the
student’s opinion and scaffold students to think in correct path. Finally, the teacher

provides the concrete conclusion from the discussions/opinion of students. He stated:

If I said, your answer is correct or wrong, the competitive spirit among the students
will be reduced. And their thinking capacity decreases. And when the correct
answer is not given, they start thinking differently. So, | adopted this approach for
holding their attention. [...] We always have to be positive. The point is that a
student can’t be told outright that you didn’t do it. Because every student has a
reason behind what they say. That’s why I never neglect each of the student’s
opinion. /...J 1 think; each student can improve by himself. And he can concentrate
on the lesson with interest and he is not demotivated. /.../ 7 always listen what they
say and absorb their ideas and finally took their ideas directly or indirectly I gave

the gist that it is like this the correct answer will be like this.
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Since the teacher applied all the above discussed pedagogical approaches in the ICT-
facilitated TL environment, he performed different kinds of instrumental orchestrations to

effectively apply those approaches which are discussed in the subsequent section.

4.1.2.3 Performed Instrumental Orchestration

In an ICT-facilitated environment, the above mentioned pedagogical approaches were
applied by the teacher with different sorts of instrumental orchestrations. It is observed that
throughout the six classes, the teacher performed different types of instrumental
orchestration. Almost in every class, T1 used both the multimedia projector and the white
board. Teacher often used the projection screen and the white board at the same time to

connect the ICT environment and non-ICT environment (link-screen-board). It is observed

Figure 4.11: Link-screen- board orchestration

that while teacher performing link-screen board orchestration, students listened and
observed the teacher’s explanation and instruction very attentively. According to T1 link-
screen-board is necessary as our education system is not fully online based and if we used
different modes for teaching-learning process, learning becomes more effective since it

helps to hold students’ attention. He stated:

In our examination system, we are totally dependent on paper and pen for students’
assessment. Besides | think, mathematics is a subject that can never be understood
without hands-on- activity. Again, when we adopt the same one-sided approach for

every work, then sometimes it seems boring. So, what to do? We have to use ICT
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tools and learn hands-on with them. Different participatory methods should also

be considered through use of ICT tools or not. Then the student is always attentive.

During the FDG, one of the students also talked about the importance of linking screen to

other setting. He claimed:

If we only learn digitally, we won't learn how to actually do this in analog setting.
In computer, just we give the input and the image comes out. But if we are not
supposed to write in the paper how to draw, many of us will not be able to do it.
(S2_C1)

It is also seen that before starting to work with GeoGebra, T1 discussed about the software

specifically its necessity for learning (Discuss-tech-without-it). T1 stated:

Since a new idea has come up, | have given them the idea about it in advance that
it is interesting and very easy method, so that they do not hesitate about this, so that
they do not panic and so that they can easily accept it. That is why they are given
the idea about these ICT tools.

Besides, T1 did not allow students to work with ICT tools (GeoGebra) without any prior
direction though students have access to GeoGebra software. Moreover, he demonstrated
how to operate the ICT tools such as spread sheet, GeoGebra software (Technical-demo).
According to him, it is necessary as “without proper direction, student may become
confused since this tool is totally new for them”. In the similar manner during the FGD,

one of the students claimed:

[...] to use it, we must have knowledge about it. So, when the teacher first explains
it to us, we will be clear about how to use it. Then we can use it better and do

something new. (S5_C1)

It is observed that after showing image of a problem on the projection screen, in most of
the classes teacher invited students to come in front of the classroom and asked to explain

about their ideas about the projected image (Discuss-the- screen). For instance, in the 3"
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class, T1 displayed different graphs on the screen and welcomed students to identify the
graphs of linear function (Figure-4.12) and explained the reasons behind them. The teacher
also encouraged others to raise questions, arguments and came up with different thoughts.
According to the teacher, such types of collaboration help students to build their idea

stronger. T1 stated:

[...] They are able to quickly draw pictures through ICT tools and they got a clear
idea. /...] they are able to think multi-dimensionally. /...] | engaged them by asking
various questions from what they see on the screen and in this case, the students
were lively as our ICT tools brought the complex activities into simple activities
and such complex problems that they only can express verbally, can visualize due
to ICT tools.

Figure 4.12: Discuss-the- screen orchestration

The analysis shows that at the third class T1 instructed the students how to change the value
of the slope and y-intercept by moving slider of the GeoGebra and showed them on the
projection screen and explain the different graphs created for those changes. Then teacher
asked students to work with GeoGebra in a small group and develop as well as verify their
understanding (Guide-and-explain). It is also observed that while students worked with
GeoGebra, the teacher was ready to provide them technical supports such as, students of a
group couldn’t move mouse properly due to technical issue, T1 came to sort out that

problem. Besides, sometimes students felt uncomfortable to move the slider in the
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GeoGebra, T1 solved this issue as well (Technical-support). T1 stated:

[...] I was monitoring them to see if they were having any problems or not. [...] If
I will not support them, they may be stuck and may not be interested for further

learning.

In day-6, T1 provided worksheet to all students and invited a student to present his work
with the help of GeoGebra. The student worked as a Sherpa; operated the ICT tool and
tried to explain his work with justification (Figure 4.13). He opened the floor to ask

questions to the Sherpa and get involved in discussions (Sherpa-at-work).

" xplain; another student arging s om0 meth orpreon e ot
After completing a lesson, in most of the classes, T1 provided the students with some tasks
related to the lessons and asked them to perform. T1 moved inside the classroom and
watched what the students were doing and provided them feedback verbally and sometimes
used the board to explain if students faced difficulties to do the task (Work- and- walk-by).
In the first class, initially to introduce the basic concepts about a function, T1 used familiar
examples and white board to explain the concepts rather than using the ICT tools (Not-use-
tech). It is observed that while he was conducting class with the assistance of GeoGebra,
students sometimes asked few technical questions and teacher answered the question by
showing the operation on the screen (Monitor-and-guide). For instance, in day-2, while
teacher showed different graphs of function using GeoGebra, students asked for drawing
the graph of circle and also arose questions what will happen if they try to draw a graph of

115



a function whose power is 100. T1 answered all their queries and showed the graph on the
screen (Figure 4.14). According to him such an ICT-facilitated teaching environment helps
to fulfill students’ queries easily, build their trust and make the learning satisfactory. He
stated:

[...] when | drew those graphs with the help of GeoGebra, they were very excited, it
was quite impossible to show them in traditional teaching, | mean using marker and

board.

By analyzing the data elaborately, it is found that T1 tried to conduct the classes
interactively by involving students in different types of collaborative activities. It is found
that the teacher’s intention was to build students’ strong mathematical concept with proper
reasoning skill. Besides, he created the environment as such that students can solve a
problem fluently and with different strategies. In addition, his another intention was to
making the class interesting and motivating. It is found that the use of ICT helps him to
successfully execute his plans. The analysis found some specific roles of ICTs (Table 4.3)
and highlighted some explicit roles of students (Table 4.4) during the whole orchestration

process.

Table 4.3: Role of ICTs

ICT_Role-1 Help to visualize the real meaning of math
ICT_Role-2 Helps to deal with problem with minimum error
ICT_Role-3 Encourage collaboration

ICT_Role-4 Provide instant feedback

ICT_Role-5 Add fun factor in learning and motivate
ICT_Role-6 Make the learning sustainable

ICT_Role-7 Prepare students for the future

ICT_Role-8 Time saver

ICT_Role-9 Make the complex topic easier
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Table 4.4: Role of students

Std_Role-1 Engage actively in collaboration
Std_Role-2 Work willingly /directly with ICT
Std_Role-3 Provide peer feedback

Std_Role-4 Identify own mistakes/ self-reflection
Std_Role-5 Engage lesson willingly

Std_Role-6 Attentively follow teacher’s instructions

4.1.3 Understanding students’ level of mathematical proficiency (MP)

4.1.3.1 Students’ baseline understanding of MP

To measure students’ baseline understanding about MP, a paper-pencil test and survey
question were administered. The analysis in Table 4.5 shows the mean score of all the five
strands of MP before the intervention. All the strands were scored ranging from 1 to 10
except the productive disposition. The scoring range of productive disposition was 1 to 5.
The scoring range of all stands of MP were measured by comparing with the standardized
scoring range proposed by Leris et al. (2017) and Diknas (2008) (discussed in section
3.4.3.1 of chapter-3). It is observed from the analysis that the mean score of the two strands,
conceptual understanding and strategic competence are very low having a value of 2.07

and 2.40 respectively, whereas the mean score for adaptive reasoning is at a moderate level.

Table 4.5: Descriptive statistics of the strands of MP

Conceptual Procedural Adaptive Strategic Productive
Understanding Fluency Reasoning Competence Disposition
Mean SD Mean | SD | Mean SD | Mean | SD Mean SD
207 | 126 | 563 | 267 | 363 | 248 | 240 | 161 | 382 | 0.38

i

|

Score range from 1 to 10
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The mean score is 3.63. Again, the proficiency level for procedural fluency seemed good
as the mean score is 5.63. On the other hand, students’ productive disposition seems higher
as the mean score is 3.82 (since, mean score lies between the 3.41 and 4.20) which represent

that students show their positive view regarding mathematics.

The seven distinct indicators of productive disposition analyze rigorously to see which
factor(s) influences highly the overall productive disposition. Figure 4.16 shows that all
most every indicator for productive disposition (except the indicator confidence) has a
higher mean score i.e., more than 3.4 which means students’ positive agreement about most
of the items of the survey. It is observed that students showed their strong positive
agreement (mean score >4.2) about the usefulness and worthwhileness of mathematics. It
is also revealed that among all the indicators, confidence indicator has the lowest mean

score (i.e. 3.27). That means, students have the lower confidence about their math ability
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Figure 4.15: Mean scores of each strand of MP before intervention
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Figure 4.16: Mean scores for each indicator of productive disposition before intervention
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skill compared to the other indicators. It is observed that the mean scores of sense-making
endeavor and persistence are alike (3.6) and the rest of the indicators’ mean scores are
almost same (about 4). A detail descriptive statistics including mean, median and standard

deviation has given in Appendix N (Case-1).

Thus, my analysis based on the survey data and paper-pencil test data reveals that students’
mathematical proficiency was not so noticeable prior to the intervention. It is also found
that students’ habitual inclination about mathematics (i.e. PD) was good and they were
skilled to apply math procedure (i.e. PF) whereas their ability to connect the mathematical
concepts in a new situation (i.e. CU), represent and solve problems in variety of ways (i.e.
SC) and explain the idea with proper justification (i.e. AR) were very low.

4.1.3.2 Students’ mathematical proficiency after intervention

After completing the intervention that is experiencing six classes in ICT-facilitated
environment, students’ mathematical proficiency was again measured by both the paper-

pencil test and survey. The mean scores of all components of the MP after the intervention
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Figure 4.17: Mean scores of each strand of MP after the intervention

is shown in the Figure 4.17. It is depicted from the figure that all the four mathematical
proficiency strands CU, PF, AR and SC show good mean score except the strategic
competence (SC) score. The mean score of strategic competence is 3.7 (SD 2.37) which

belongs in the moderate level of proficiency. It is seen form the figure that the highest mean
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score for the strands of MP is adaptive reasoning(AR), which is 6.73 (SD 2.27) whereas
the other two strands conceptual fluency and procedural fluency are lowered by 0.6 and
1.13 respectively. On the other hand, the overall productive disposition mean score is 4.46
(SD 0.34) which reflects that the students considered to have high productive disposition

on mathematics.

To compare the pre and post test scores, Shapiro-Wilk test of normality was conducted to
determine whether the data come from paper-pencil test (before and after intervention) was
normally distributed or not. The results indicated that data (before & after intervention) for
conceptual understanding, procedural fluency, adaptive reasoning and strategic
competence were normally distributed (as p value of each component is greater than 0.05,
see Appendix L(a)). Thus, a paired sample t-test was conducted to measure whether there
was any change in students’ conceptual understanding, procedural fluency, reasoning skill

and strategic competencies after participating in the experimental six classes.

The data in Table 4.6 are used to find out whether there is difference between the students’
scores from the pre-test and post-test of the paper-pencil test. It is observed that there is
significant change (as p<0.05) in the mean scores of the pre-test and post-test for all
components excepts for the procedural fluency. This means that students’ ability of math
conceptual understanding, reasoning skill and ability to solve math in multiples ways have

increased after attending the six experimental classes.

Table 4.6: Comparative statistics of CU, PF, AR and SC

Four strands Test Mean Std. Mean t-value p-value
of MP Deviation Difference

Conceptual Pre test 2.07 1.26 -4.06 -9.80 <.001

Understanding  Post test 6.13 1.99

Procedural Pre test 5.63 2.67 0.03 0.11 915

Fluency Post test 5.60 2.69

Adaptive Pre test 3.63 2.48 -3.10 -5.94 <.001

Reasoning Post test 6.73 2.27

Strategic Pre test 24 1.61 -1.30 -3.01 .005

Competence Post test 3.7 2.37
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Figure 4.18 clearly shows that students’ conceptual understanding about mathematics (i.e.
ability to connect math in new situation and represent math in various ways) is increased
to a large extent. It is found that before the intervention, students’ mean score of conceptual
understanding was 2.07 and after the intervention it increased by 4.06. On the other hand,

mean score of procedural fluency was almost same (in pre-test 5.63 and post-test 5.60).
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Figure 4.18: Mean MP score of four strands before and after intervention

The other two components adaptive reasoning (i.e. ability to estimate the answer with
proper justification and ability to draw conclusion) and strategic competence (i.e. ability
to formulate, represent and solve math in multiple strategies) also improved after the
experimental classes. Before the intervention the mean score for adaptive reasoning and
strategic competence were 3.63 and 2.4 respectively, whereas after the intervention they

increased and reached at 6.73 and 3.70 respectively.

In order to evaluate if there is any change in the productive disposition (PD) of students as
a result of participating in a ICT-facilitated teaching-learning environment, a Wilcoxon
Signed Rank Test was done as the data collected form survey were ordinal and not normally
distributed (see Appendix M(a)). It is found from Table 4.7 that all the factors of productive
disposition increase after the intervention. A statistically significant positive change is
found for all the factors of the PD except the factor useful & worthwhile (as z=-0.655 and
p=.513>0.05).

My analysis (Table 4.7) shows that the productive disposition scores for the indicator
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“sense-making endeavor” were significantly higher after the intervention (Md=4.5, n=30)
compared to before (Md=3.67, n=30), z=-3.605, p<.001 with a moderate effect size r=-
0.465 (for details see Appendix N(a) & Appendix O(b)). It represents that after the
intervention, students’ belief about “having a solid knowledge of mathematics helps them
to understand more complex topics in their field” moderately strong. Besides, they can
make sense of what they do in math more clearly. In addition, their thought about “making
mistakes are necessary to be good at Mathematics” become moderately strong. The
analysis also reveals that students have positive agreement (as the median is >3.5) about
enthusiasm, confidence, persistence, curiosity and cooperation factors. However, in the
post-test, those scores increased. A Wilcoxon Signed Rank test reveals a statistically
significant improvement in students’ persistence (z=-4.23, p<0.001) and confidence (z=-
4.48, P<0.001) after the experimental classes with a large effect size (r>0.5, see Appendix

O(a) for details). The median score on the persistence increased from pre-test (Md=3.67)

Table 4.7: Comparative statistics for the factors of PD

Factors of PD Test N Mean  Median z-value p-value

Useful & worthwhile Pre test 30 4.43 5.00 -0.655 513
Post test 30 4.46 5.00

Sense-making Pre test 30 3.60 3.67 -3.605 <.001

endeavor Posttest 30  4.35 4.50

Enthusiasm Pre test 30 4.03 4.00 -2.465 .023
Post test 30 4.57 5.00

Persistence Pre test 30 3.60 3.67 -4.226 <.001
Post test 30 4.38 4.33

Confidence Pre test 30 3.27 3.50 -4.481 <.001
Post test 30 4.35 4.50

Curiosity Pre test 30 3.83 4.00 -3.143 .002
Post test 30 4.53 5.00

Cooperation Pre test 30 3.97 4.00 -2.753 .006
Post test 30 4.57 5.00
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to post-test (Md=4.33) whereas the median score on confidence increased from pre-test
(Md=3.5) to post-test (Md=4.5). This means that students feel strong confident on their
ability of mathematics to help their peers and to try to solve problems in different ways.
Besides, increase of median score on the persistence means that their belief about “anyone
can learn mathematics if appropriate effort is given” becomes stronger. In addition, their
positive agreement reveals that they can keep more attention whenever they do math and
they do not stop to work on math problem even they struggle with that problem. On the
other hand, Wilcoxon Signed Rank test shows that enthusiasm (z=-2.465, p=0.023),
curiosity (z=-3.143, p=.002) and cooperation (z=-2.753, p=.006) increased significantly
after the intervention with a moderate effect size (as r>.3, see Appendix O(a) for details).
Increase of scores in the post-test for enthusiasm, curiosity and cooperation means that
students are more interested on mathematics, more curious to know the real-life oriented
math problems and how to solve them. Besides, their eagerness to share mathematical ideas

and solve problems by discussing with their peers has increased.

Figure 4.19 shows the comparative mean score of paper-pencil test and survey data for
both the pre and post-test. It is seen from the figure that students’ ability of conceptual
understanding, adaptive reasoning skill, skill of strategic competence and productive
disposition increase to a large extent after the intervention. On the contrary, the figure
shows that students’ ability to perform the procedure fluently is almost same after

performing six experimental classes.
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Figure 4.19: Students’ mathematical proficiency before and after intervention
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4.1.3.3 Understanding student’s development of MP through FGD

Students responses from FGD also reflect their development of mathematical proficiency.
During the FGD, I provided them a contextual problem on the topic ‘function’ and asked
them to answer on some specific questions by discussing with each other. Their responses
showed that they have very strong conceptual understanding about the provided topic. They
can explain the reason behind their answer with proper justification. They can think to
solve the problem in multiple ways and can plot the graph perfectly and fluently. The

question which I asked during the FGD and their responses (transcribed) are given below.

Mili and Shajib started from their home to train station at the same time and Ripon started 3 minutes later.

The relation between the distance vs time of their travels are shown in the following graph.

7

[Shajl : .
L2 4 Rup!cn
mili -

1. Explain Mili’s journey.
2. Who reached first? How do you understand that?

3. Who travelled the fasted at the beginning? How do you understand that? Can you explain it any
other ways?

4. Whose house was the closest from the station? How do you understand that?

5. Do all graphs in the diagram represent graphs of function? Can you explain them connecting with
real world situation?

6. Mili’s brother Dipu started to travel for station 1 minute later of Mili started. After 4-meter
distance, he met with Mili and Shajib. If he reached the station directly (without stopping
anywhere), what will be the graph of his journey?

R: Can you talk about Mili’s Journey? Here x-axis is in time(Minute) and y-axis is in
distance(meter).

S1 C1: Mili moves from a stationary position to 4 meters in 2 minutes with uniform velocity.
Then there is no change at 4 meters for 2 minutes. That means she was not in mation for 2
minutes. After that she went again with uniform velocity from4 mto 7 m.

Reflect CU
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R: Why uniform velocity, not acceleration?

S1_C1: here the line is straight, if the motion is accelerated, then the graph should be in )

curve form.
R: any other opinion?
S2_C1: | think; it is acceleration as the curve is increasing.

S3_C1: No, I think S1 is right. If it is acceleration, then velocity would change with time. >
But here distance is changing with time it is uniform.

S2_C1: Oh, yes. | did not notice that. It should be uniform velocity.

R: can you think of this in other way? Such as linking with slope?

S4 C1: yes, here for first 2 minutes the value of slope is same. And also the slope is‘/
positive.

Ability to explain with logic

(Reflect AR)

R: why you say, the slope is positive?
S4 _C1: As the line creates acute angle with the x-axis.
R: okay, if the slope is negative, then we cannot say that uniform velocity, right? —

S5 _C1: No mam, it could be uniform velocity but in that case she is not going forward,
she must be gone backward from her position.

R: any other opinion?

(all showed their negative response by nodding)

Ability to explain with logic

(Reflect AR)

R: Okay, now what do you think for second question?
S1 _C1: Ripon

S2_C1: Yes, Ripon

S3_C1: Of course Ripon

R: Do, all have the same opinion?
(all showed their positive response by nodding)
R: okay, now we move to the question 5, what do you think?

S5_C1: here these two lines (solid line and dotted line) are graph of function. Graph fol
Ripon is not function.

R: why?

S5_C1: because, here the slope is undefined.

Ability to explain with logic

and draw conclusion

(Reflect AR)

R: why undefined?

S5 _C1: since the angle is 90° here and slope means tan90° here, which is undefined.  __J

S6_C1: yes, in another way, if we use vertical line test, it fails that is the vertical line will
cut the line in infinite points. So, for one input, we get many output, which is impossible
for function.

Ability to apply
multiple strategies

(Reflect SC)
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R: Okay, all you give your opinion using mathematical term, concepts. Is it possible to
explain it with real-life phenomena?

S1_C1: No, it’s not possible. If it has to do in reality, we have to fixed the time, which is )
impossible.

R: Okay, do you now want to change your answer for question no. 2?
S3_Cl1: Yes, it should be Mili.

S4 _C1: Yes, Mili.

R: Why not Sajib?

S4_C1: since Sojib takes 6 minutes to reach at 7 meter while Mili takes less than 5 minutes. __
(all showed their positive response by nodding)

R: Now, think about question no. 3.

Ability to connect math

concept in real-life

(Reflect CU)

S2_C1: initially, Mili was traveling fastest.

S3_C1: No, it’s Sajib. No no it is Mili.
R: why?
S3_C1: Here the slope of Mili’s graph is more than the slope of Sojib’s graph.

S5_C1: In 1 minute Mili went 2 meter, where as in 1 minute Sajib went less than 1 meter.

_

Ability to apply multiple

strategies (Reflect SC)

So Mili must be fastest.
R: any other opinion or explanation?

(all showed their negative response by nodding)

R: okay, can you draw the graph for question no. 6?
S3_C1: yes.

R: please draw the graph in this paper.

S3_CL1: Herelitis.

(S3_C1 plot the graph by discussing with his peers)
R: Could you please explain a bit about it? ]

S3_C1: Dipu started to move after 1 min of Mili, so his starting time was at 1 minute. He

Ability to do the procedure

correctly (Reflect PF)

met with Mili and Sajib at 2.2, no no 2.4 minutes. Since, Dipu never stopped and finally
reached at the station, so he was moving onward, thus the slope should be positive and we
consider here Dipu went in uniform velocity, so the graph will be straight line (Figure 4.20)

R: you told that you consider Dipu’s velocity is uniform. Why?
S3_C1: Since in the question it is not clear.

R: so, it may be non-uniform? If it is non-uniform, then what should the graph be?

S4_C1: curve form not straight line.

Ability to explain with logic

and draw conclusion

(Reflect AR)
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R: Thank you all.

Figure 4.20: Performed task during FGD

By analyzing data collected from paper-pencil test, it is found that students’ procedural
fluency did not increase after participating the classes whereas it was observed from the
classes and also from the FGD data that students developed their fluency in mathematics
very well. In the classroom, while the teacher asked them to work on a task selecting
appropriate procedure, most of the students were found to perform that task perfectly.
During the FGD, the task I provided them to do, they performed the task fluently and
correctly. It represents that students’ procedural fluency developed after participating
classes with ICTs. Again, the analysis shows that during the FGD, students showed their
positive views about these classes and they enjoyed to learn math in the modern approach

beyond the traditional approach. One of the students claimed:

As we discuss, it is creating a different environment from the traditional classes.
There was a beautiful atmosphere in front of us because in our traditional classes,
there are some people who disturb but here it was completely different and if we
didn’t understand something, if we asked sir (the teacher), he would help us. But
sir (the teacher) didn’t need to say because there was someone (peer) next to us
who knew. [...] We enjoyed these classes very much. Our interest about math is
increased a lot. We realized that it is actually very useful in real life, it is not like,

just memorizing something. (S8_C1)

Thus, based on the analysis of the paper-pencil test, survey, FGD, classroom observation
and teacher’s interviews, it can be argued that students’ mathematical proficiency (each
and every strand) enhanced and to foster this, the teacher applied several types of effective

pedagogical approaches in an ICT-facilitated TL environment.
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4.1.4 Factors affecting integration of ICTs in teaching-learning process
4.1.4.1 Developing themes for influencing factors

By analyzing the data collected from teacher and head teacher via semi-structured
interviews and classroom observation, factors which affect teachers’ ICT integration in
their practice are identified and coded. After a close and repetitive observation within and
across the data set for each participant, | observed patterns among the factors and grouped
the factors of similar patterns into four themes- Teacher factors, Student factors, School

context and National context (Table 4.8).

Table 4.8: Developed themes for influencing factor of ICT integration in PL process

Identified codes for affecting Similar patterns under group Developed theme

factors

Teachers’ attitude

Departmental ethos Teachers’ perceived usefulness
Physical facilities Teachers’ interest Teacher factors
Teachers’ perceived usefulness Teachers’ TPACK

Students’ misuse of ICTs Teachers’ confidence
Teachers’ attitude Teachers’ preparation
Parents’ attitude Teachers’ experience
Teachers’ interest Teachers’ class load

Students’ home environment

Teachers’ class load Students’ misuse of ICTs Student factors

Teachers’ preparation Parents’ attitude

Large size class Students’ home environment

Teachers’ TPACK Large size class
Curriculum Departmental ethos School context
Professional development Physical facilities

Teachers’ experience

Financial support Curriculum
Teachers’ confidence Professional development National Context

Financial support
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The four themes emerged as enabling factors are discussed below.

4.1.4.2 Teacher factors

My analysis shows that ICT integration in teaching mathematics is influenced by several
factors associated with teachers. Eight factors are identified and categorized under the

theme Teacher factors and they are discussed below.

Teachers’ attitude

The analysis shows that T1 believes that teachers’ attitudes towards ICT influence their
teaching practice. According to him when the teachers have the positive mindset about
technology, they are willing to use technology in their teaching practice. He stated:

[...] teachers should have the attitude to love the technology. [...] It is unlikely to

use ICT properly if teachers are unwilling to accept the technology.

In line with the teacher’s opinion, the head teacher also stated, “one must have a positive

attitude when teaching mathematics using ICT.”
Teachers’ perceived usefulness

It is found that teachers’ perceived usefulness of technology is also an influencing factor
to integrate ICTs in teaching- learning process. When teachers believe that use of ICTs in
their practice will enhance students’ learning ability, then they will be interested to conduct
the classes with ICTs. T1 stated:

If the teacher feels that conducting class with ICTs is helpful for students’ learning,
then he/she will be interested to use it. In that case, the teachers have to get support.
If he does not get support, he cannot advance. Having mental satisfaction is very

important. If he is not mentally satisfied, he cannot give anything good to the nation.

Teachers’ interest

The analysis shows that teachers’ interest is another factor to integrate ICTs in their

teaching practice. T1 discussed that if teachers have to conduct the class using ICTs without
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their interest, the class will not be effective. He also argued that if a teacher possesses
positive attitude on use of ICT in TL purpose, then he/she will be interested to conduct

class with the help of ICTs. He emphasized:

In order to use ICT, it is very important to have the interest of the teacher first. If
he is interested, he will think about what tools can be used and how they can be
used to conduct the class. And umm.. when teachers hold positive attitude regarding

technology, they will willingly apply ICT in their practice.

Teachers’ interest was also identified as an important factor by the head teacher as well. She
claimed, “teacher must have interest in ICT. If he cannot take it with interest, he cannot

give it to the students.”

Teachers’ TPACK

T1 explained about the necessity of teachers’ knowledge on technology along with the
proper content knowledge to conduct classes using ICT. If teachers have lack of knowledge
about content as well as technology, they become confused and cannot utilize the ICT tools
properly. He also argued that when teachers are skilled on TPACK, they are interested to

use ICTs in their classroom practice. He claimed:

Teachers’ content knowledge and technical knowledge, both are important. If there
are any gap between these two, teaching-learning will not be meaningful. /.../ And
for that he must have to be skilled in technology. When he has the practical skills,
he will be interested in conducting class activities using ICT and can take classes
using different methods. When the teacher is interested, then the classes will be

fruitful and can spread interest among the students.

Teachers’ confidence

Teachers’ confidence is identified another influencing factor to integrate ICT in TL
process. The analysis shows that if teachers are less confident to work with technology,

they try to avoid it. It is found that teachers sometime want to avoid technology and feel
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less confidence to use technology in the classroom due to the unreliable functionality of
technology. T1 expressed that while conducting classes, he faced a variety of technological
problems. For instance, sometimes computers did not work properly; sometimes it took
time to log-on or log- off the computer or other application program; sometimes networks
created certain problems. He stated that some of his colleagues have lack of confident to

use technology due to the unpredictable functionality of it and try to avoid it. He expressed:

Some of my colleagues try to avoid to use technology as they think it is not reliable.

They afraid that it may be failed to function in the middle of instruction.

My analysis also shows that if teachers are confident to perform class with the help of
ICTs, the class become productive. According to T1, teachers’ confidence depends on their

TPACK, experience and preparedness for the class. He stated:

[...] when teachers are experienced and skilled in TPACK, they seem very confident
while conducting class using ICTs. [...] He (the teacher) comes to the class with
proper preparation, he can conduct the class with confidence, which is very

important for teaching.

Teachers’ experience

T1 argued that teacher with many years of teaching experience, does not mean that he/ she
will teach effectively. Rather conducting class with ICTs, he/she needs to be
technologically skilled as well as experienced and have the knowledge of how to teach

with technology to achieve the learning goal. T1 stated:

[...] Teacher experience is very important. However, this experience is not enough
if you have many years of teaching experience. In addition, the teacher must have
technological skills and experience of how to effectively use different types of

resources for teaching.

Teachers’ preparation

The analysis of the study shows that T1 highlighted the need of teachers’ preparation to

conduct a class with ICTs. While conducting class with ICTs, a teacher has to proceed the
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class very systematic way. Without taking proper preparation, it is quite difficult. If
preparation is not taken properly, the class will be haphazard and it won’t be possible to

take the class properly. T1 argued:

And if a teacher wants to take a class nicely and effectively, he has to prepare, he
has to prepare it at home. /.../ if teachers are not well prepared, they cannot deliver

the lesson properly and students become confused.

The head teacher shared similar opinion in this regard. She claimed that to execute the class
with the help of ICTs, a teacher must have to perform dual role. He/ she has to take the
class, on the other hand, he/she has to operate the ICT tools. Thus, teachers’ sound

preparation is must. She stated:

If he is not well prepared before entering the class, he will not be able to take the
class with ICT properly. Because here two jobs at the same time, he will take the
class, he will also use the ICT. So if he does not have enough preparation, he will
not be able to understand the children and the children will not be attentive in the

class.

Teachers’ class load

The analysis shows that teachers’ class load influences their adoption of technology in their
teaching. T1 stated that teachers are already loaded with so many classes in a day, it is quite
impossible for them to take a good preparation for the class which is the major criteria for
conducting a class using ICTs. That is why, many teachers avoid to take the support of

technology during their teaching. He argued:

Teacher’s class load is a big issue. To conduct a class using ICT, the teacher needs
good preparation. If a teacher has 5-6 classes every day, he doesn’t really want to

take additional preparation to use technology and avoid it.

From the above discussion, it can be argued that some of the factors (e.g. Teachers’ interest,
attitude, TPACK and confidence) directly influence teachers’ use of ICTs whereas some
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other factors (e.g. perceive usefulness, preparation, experience, class-load) indirectly effect
on integration of ICTs in TL process. The factors related to “Teacher factors” affecting

integration of ICTs are shown in Figure 4.21.
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Figure 4.21: Factors affecting ICT integration related to teachers

4.1.4.3 Student factors

My analysis identified three factors related to students. These factors categorized under the

theme Student factors and they are discussed below.

Students’ interest

The analysis shows that students’ interest is one of the factors which influence ICT
integration. According to the teacher if students willingly engage into the class while
teacher use ICTs for TL purpose, it will be very convenient for them to continue the class
effectively. T1 claimed, “when students are interested to learn with technology, we can

run the class very smoothly.”
Students’ misuse of ICT tools

T1 expressed that one of the barriers of an ICT-suits teaching environment is that there is
always a big chance for students to misuse the computers. So, it is the responsibility for

both the teachers and parents so that the students are not misguided by the technology.
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According to the teacher, while students work with technology teachers and parents have
to monitor them. He stated:

[...] Because there is an opportunity to misuse technology, I think both teachers
and parents have a responsibility. When children use technology, both teachers and
parents should observe whether they are using technology for learning or abusing
technology.

Students’ home support

Parents’ attitude towards technology is also found as a factor which influences integration
of ICT in education. According to the teacher, parents negative view about technology
sometimes influence students. As a result of that students possess negative attitude
regarding technologies and are not interested to use them. T1 claimed that though there are
huge potential of ICTs in learning, parents often hold negative thoughts about it as they
believe that this environment misguide students rather than learning. Since the positive
effect of integration of ICTs in education is more than the negative effect, it is necessary
to create awareness of parents about this issue. Moreover, parents’ mindset also influences
students’ attitude to some extent, thus it is vital to give attention on it. T1 suggested for
conducting discussion meeting with parents in the school so that school authorities can

discuss about benefits and need of ICTs for students’ learning. He stated:

Many times students misuse technology and parents have a negative attitude
towards learning using ICT, which in a way affects learning. In this case, it is very
important to change the mindset of the parents. For this, a discussion meeting with
the parents can be organized in the school. They can be informed that there are
positives as well as negatives impact of ICT, but the positives outweigh them. To
create parents’ awareness, the need of ICTs in leaning should be informed them
[...], the future citizen must have to be technologically strong and it is quite

impossible if we would not blend the teaching-learning with ICTs.

Though the head teacher did not directly talk about the parents’ attitude, she discussed

about the adverse home environment of students to work with technology and for that
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reason students are not interested on technology. She stated:

[...] the environment students are coming from; they don 't get that support at

home.So, sometimes students are less interested.

By analyzing the data on student related factors, it is found that few of the factors (e.g.
students’ interest, attitude) directly effect on ICT integration while few factors (e.g. home
environment, parents’ attitude and misuse of ICTs) have indirect influence on it. Figure

4.22 shows the influencing factors to integrate ICTs related to students.
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Figure 4.22: Factors affecting ICT integration related to students

4.1.4.4 School context

By analyzing the data several factors related to school context are identified and classified

under the theme School context and they are discussed below.

Departmental Ethos

Departmental ethos is another vital factor to integrate ICT in teaching-learning
environment. If the head of the institution does not show positive attitude regarding
technology, the teachers of the institution will not be motivated to use ICT in their practice.
As integration of ICT in TL practice need extra attention and planning, teachers may not
be encouraged to use in their practice if they do not get support from the school head.
Besides, despite conducting class using ICTs, sometimes teachers feel stress and does not
get any mental support from their colleagues as they showed doubtful behavior regarding
his/ her class. T1 stated:

The head of the institution should have a positive attitude towards ICT and this

attitude should be transmitted to other teachers. It can be seen that 5 to 6 teachers
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conduct the class using ICT tools, and since most of the teachers do not use, it is
not seemed so much important. [...] In many cases it is seen that the teachers do
not take the matter easily. Sometimes they possess doubt that whether the teacher
is conducting the class properly in the name of conducting the class using ICT tools.
For this, the school authorities should be encouraged to use ICT tools to conduct
classes and provide adequate support.

In line with the teacher’s comment, the head teacher of the school highlighted that it is vital
that the head of the organization possesses positive attitude regarding technology inclusion
in the teaching- learning. According to her, if the head of the organization has enthusiasm,
then he/she can motivate the students as well as colleagues. She also claimed that she
always encouraged teachers to accept the new things and use ICT effectively in their

classroom as it has huge impact on students’ learning. She argued:

[...] Isay to them (teachers) that something new has to be accepted. If you can’t do
it yourself, learn it from your colleagues. Learn it and try to give it to the students.
[...] 1 always tell the teachers to use ICT in a positive way that if they take classes
using ICT, the students are more attentive and that learning has a permanent effect

on them.

She also highlighted the importance of teachers” mental support and positive acceptance of
the little noises in the classroom environment while conducting classes using ICT. She

claimed:

In many cases, it can be seen that boys can make a little mess while using ICT in
class, this should be seen positively. This doesn’t mean that boys don’t respect
teachers or anything. When a teacher goes to re-arrange the class, there will be a

bit of commotion.

Along with the support of the organization head, the other teachers of the organization also
have some responsibility. The head teacher stated “if our teachers are a little sincere and
support the head of the institution, it will be effective. As the head of the organization, it

becomes easier for me.”
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Large size class

The analysis shows that T1 expressed class size as a big issue to conduct class using ICT.
He explained that while an ICT integrated classroom is suitable for 30-40 students in a
class, the total number of students in his class was almost double which caused a lot of
difficulties. According to him, with a large class size, it is quite impossible to apply
different learning strategies which is important to effectively conduct the classes with the

assistance of ICTs. T1 emphasized:

Now we have teacher-student ratio 1:70, it is not possible to take classes effectively
using ICT with such a large number of students. If the teacher student ratio is 1:40
or 1:30, I think, the students will be able to learn properly as in that class size,

teacher can conduct the class using ICTs by different techniques.

The head teacher also had similar opinion regarding the class size. She stated, “our teacher-
student ratio in the classroom is high. If we can reduce that ratio, then the teacher can take
classes through the use of ICT. If the ratio is 1:30 maximum, then the class can be taken

effectively.”

Physical facilities

T1 claimed that to conduct the class using ICTs, it is mandatory to prepare the classroom
setup suitable for it. If all sorts of facilities such as multimedia, internet, resources are not
available then it is not possible to conduct the class fruitfully. The teacher emphasized on
the availability of uninterrupted internet in the classroom as this facility help teacher as
well as students to gather information and provide the scope to see videos which will help

them to acquire diverse knowledge and enhance learning. T1 stated:

[...] to take classes using multimedia, it is very important to set up the room
properly. For example, availability of electricity, various resources, internet
facility. If internet facility is available, tutorial classes, various information can be

collected very easily. I think internet is very useful for acquiring various knowledge.
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The analysis shows that within the six experimental classes, in the last class, the teacher
had the plan to conduct the class with the assistance of Desmos apps which required an
uninterrupted network support. As internet created trouble during the class, the teacher had
to use the mobile data via hotspot and performed the class activities. Though the problem
was temporarily solved, but teacher argued that school authorities have to ensure the
internet facility as using mobile data incurs cost and also there is no network facility option

for the students in that case. The teacher stated:

There is a financial aspect to room arrangement. Apart from this, logistic support,
for example various tools for using ICT are not available in sufficient quantity. The
convenience of uninterrupted internet is also very important. For example, | needed
internet in the last class. But during conducting the class, the internet was getting
trouble, in that case | continued to work using hotspot. The work can be carried out
on a temporary basis, but in that case there are financial issues. Apart from that,
only the teacher can show but not able to connect the students to the internet. |

think school internet facilities should be available for everyone.

As like T1, the head teacher argued, “to conduct a class using ICT, I need technical facilities.
First of all, I need to have the necessary materials and | need to have projectors,
microphones in each classroom.” She revealed that her institute had several classrooms
with multimedia facilities. There were also ICT lab rooms where teachers could conduct

class if they desired. She stated:

[...] we have several project rooms in which they can take classes. Where I don’t
have one, | have phased the routine so that the teachers can conduct the classes in
the labs.

The head teacher also stressed about the rearrangement of classroom furniture and the
importance of availability of adequate ICT tools (e.g. laptop, smartboard) so that students

can directly use them. She argued:

The first thing we need to do with the supports in my classrooms is to rearrange

our furniture. For example, a laptop may be given to two children or three children.
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Then his sitting place should be made like that. We have a problem with this thing.
[...] if I can fix the classroom environment, | can make every boy if not at least two
boys sit with a laptop then they will be attentive. if we can arrange a smartboard
in the classroom, then they will be more interested and the necessary knowledge

can be imparted in them.

Technical support

My analysis shows that T1 also gave importance on availability of technician in the school.
According to him, if the school authorities want to introduce all sorts of ICT facilities in
the school, they must have to ensure skilled technician. While observing the class, it is
found that the teacher faced some difficulties to turn on the power of multimedia as it was
a bit high and the remote was not properly functioning. So, he asked for a student to perform
this operation by standing on the chair. During the interview session, he mentioned that
sometimes some technical issues occur (e.g. connection issue related to multimedia,
software installation issue etc.) in the classroom for which technical support is needed. He

argued:

[...] sometimes multimedia connection create problems, umm.. to install software

in each computer, it is necessary to have a technician.

The head teacher also talked about the necessity of assistant or computer operator to
support the teachers. She argued, “if | can have an assistant or a computer operator with
him as soon as he goes to the classroom. If I can provide such a person who will operate

the computer, then it will be easy for him to take the class”

Large size Physical facilities
class . .
ICT integration in
teaching -
learning process
Technical Departmental
support ethos

Figure 4.23: Factors affecting ICT integration related to school context
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Thus, the analysis found that large size class, departmental ethos, availability of physical
facilities and technical supports are factors related to the school context that affect

integration of ICTs in teaching-learning process in (Figure 4.23).

4.1.4.5 National context

My analysis shows that ICT integration in teaching mathematics is influenced by three
factors associated with national context and these factors are discussed below.

Curriculum

Curriculum has been identified as one of the influencing factors by T1. He argued that if
curriculum is clearly spelt out on how the technology can be assimilated to teach a specific
mathematics content, then teacher can easily use it in their practice with proper planning.
He claimed that though teachers currently use ICTs in their practice to teach mathematics,
the existing math curriculum somewhat is not supportive for teaching-learning with ICTs
as there is no explicit direction for the teacher. He suggested that in curriculum, every
content of mathematics should be linked with ICTs and a definite indication to both the

teacher and students, so that they are compelled to use ICTs. T1 expressed:

The current mathematics curriculum is not fully supported for classroom teaching
using ICT. That is, there is no direct instruction in the curriculum. However, if the
teacher wants, they can do by their own willingness, [...] um.. become efficient by
their own effort. Then he can teach the class using ICT. In my opinion, the new
mathematics curriculum should be designed in such a way that both teachers and
students are forced to use ICT. Every content should be related to ICT. /...] In
addition, along with the traditional exam, ICT-based exam can be conducted, such

as using Google Forms to assess the students.

On the contrary, the head teacher expressed that the existing math curriculum is proper if
teachers want to teach math with ICTs. She argued, “l see that the materials that our

teachers sometimes use or take classes in multimedia classrooms, our curriculum or the
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books that we have, | think it has enough content to work with ICTs.” Besides, she
expressed that while preparing the class routine, the classes where ICTs will be used, are

mentioned so that students and teachers are informed earlier. She stated:

In that case, we indicate in our routine that these classes will use ICT, the students
also know and the teachers know.

Financial support

According to the teacher, funding is a big issue to integrate ICTs in education as all sorts
of logistics supports depend on the financial ability. The teacher claimed that there are lack
of resources such that inadequate amount of computers, supporting tools required for ICT-

classroom environment etc. He stated:

There is a financial aspect to room arrangement. Apart from this, logistic support,

for example, various tools for using ICT are not available in sufficient quantity.

The head teacher also expressed that financial issue is a challenging factor to use ICTs in
the teaching practice. She claimed that if adequate financial support is available, then
teachers who are interested to integrate ICTSs in their class can effectively use it. In addition,
she thinks the interactive white board which is very fruitful ICT tool for teaching-learning,
require fund. She also talks about the importance of maintenance of the ICT tools. She
argued:

[...] the use of ICT requires financial support. If it is enough and if our teachers
who are little sincerer, to create an environment in the rooms and rearrange and
use ICT, [...] I think if an interactive board is provided or an ICT room is made
then | think the institution will take responsibility for its maintenance. It will try to
maintain it anyway. What I do, | visit on a weekly basis and | check those rooms
and ensure the operability of all the laptops, I do it myself so that the things of the

institution are not damaged.
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Professional development

The analysis found that teachers’ professional development is a key factor to successful
integration of ICTs into classroom teaching. T1 argued that teachers become interested to
use ICTs in their practice if they are skilled in technology. Besides, their competencies can
be boosted by providing professional development training program. So, he claimed,
“Government should give importance on that issue”. T1 also proposed to provide in-house
training to teachers of the institution to enhance their skills. He claims:

Teachers need to work with technology to develop skills on technology. Besides,
training should be given to teachers. In-house training can be arranged. 5/6
teachers of the school can receive training and then they can train other teachers
of the school through in-house training. In this way, it is possible to improve the

professional skills of all teachers.

The head teacher also discussed about the importance of training for teachers’ professional
development specially to become expert for applying ICT in their practice. She explained
that the teachers of her school took several trainings inside and sometimes outside of
Bangladesh. She also talked about the necessity of in-house training and her supportive
role for arranging the training for the development of teachers’ professional skills. Such as,
she organized in-house training by the teacher who received training, acts as a trainer for

the other teachers of the school. She argued:

Necessary training should be provided to the teachers to be proficient in using ICT.
If someone takes the training, | then arrange in-house training and give them the
classes later so that the students benefit. Also tell the teachers that if they need any
support like a laptop etc. they should ask for it. [...] In fact, our teachers are also
receiving training from outside the country through various ICT projects. [...]
Definitely effective. | myself have trained from Korea. It turns out that when I train
for 10 days, 15 days, 1 month, as long as I'm training, I work on it. Due to which

the experience increases.

By analyzing the data focusing on national context, several factors such as curriculum,
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financial supports, professional development programs are found critical in integrating
ICTs in TL process (Figure 4.24).

Curriculum
ICT integration in orofessiona]
o development
Financial process p
support

Figure 4.24: Factors affecting ICT integration related to national context

4.1.5 Summary of the findings

In summary, it is found that the teacher applied a number of pedagogical approaches with
the help of ICTs. He made the class interactive by involving students in group activities,
peer discussion and whole class discussions. To fulfill his intention, he rearranged the
classroom setup such as, keeping extra chairs (if required in times of group work), extra
desk, portable white board etc. It is also found that the classroom space was supportive for
both the collaboration and observation learning (e.g., all the resources used in the
classroom was easily visible and useable for both the teacher and students). The teacher
facilitated the environment as such that the students feel motivated to learn with technology
(e.g., linking mathematics concepts with real-life with the simulation program, informing
the benefit of the tools to perform a specific task etc.) and engaged students to work directly
with technology as much as possible. It is found that the teacher used multiple TL strategies
to engage students into the lesson with proper conceptual understanding and reasoning
(e.g., offering challenging task, encourage students to explain their ideas with proper logic
etc.). In addition, some of the applied strategies such as encouraging for rapid recall,
providing task for home practice etc. were also found helpful for students to develop their
procedural skill. Some strategies (e.g., solving problems in multiple strategies, ICT
provide feedback etc.) were found effective for developing strategic competence. The

teacher used diverse ways (e.g., valuing learners’ opinion and praise them, providing
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attractive picture etc.) to motivate students into the lesson. It is found that the teacher
applied multi-channel feedback (e.g., teacher provide feedback, peer-feedback, ICT
provide feedback and self-reflection) too to guide and assess students. As, the teacher used
different types of ICT tools (e.g., multi-media projector, GeoGebra software, calculator,
desmose app etc.) to conduct the classes, he applied several types of instrumental
orchestrations (e.g., link-screen-board, Sherpa-at-work, monitor-and-guide etc.) during
applying the multiple TL strategies. From the analysis it is also found that during the TL
process, students perform several roles which ultimately were the intention of the teacher.
For instance, they engaged into the class actively, willingly involved to work with
technology, provided peer feedback, involved in self-reflection, tried to identify their own
mistakes and overall followed teacher’s instructions attentively. The analysis also
identified some of the role of ICTs while performing the classes with the assistance of those
such as ICT helped to visualize the real meaning of mathematics, provided instant

feedback, made the learning interesting, easier and sustainable.

With respect to MP, it is found that students initially were not good at every strands of MP.
But after participating the classes with the help of ICTs, every components of MP
increased. From the classroom observation, paper pencil test, survey questionnaire and
FGD, it is found that students’ conceptual understanding, procedural fluency, strategic
competence, adaptive reasoning and product disposition improve after participating the
ICT-facilitated classes. It is found that different pedagogical approaches applied by the
teacher ultimately help to foster different skills among the students. The study identified a
few challenges the teacher faced during conducting the class and also a few factors that
influenced him to incorporate ICTs in TL process. Some of the factors found relating to
teachers are teachers’ attitude towards technology, teachers’ preparation, confidence,
teachers” TPACK, while factors related to students’ are students’ interest, home
environment etc. In addition, a number of factors related to school context (class-size,
departmental ethos, physical facilities etc.) and national context (curriculum, financial
support, professional development etc.) are identified which influenced integration of ICTs

in TL process.
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4.2 Case-ll

421 TeacherT2

T2 is the participant teacher in Case-11. Teacher T2 is a female teacher and she is serving
in a private school (English version & co-education) of Dhaka city. She has completed her
BSc (Hons) in mathematics and MS in pure mathematics from University of Dhaka.
Besides, she did Bachelor of Education (BEd) degree due to her professional responsibility.
She has four years teaching experience. To enhance her professional skills, she received
basic ICT training conducted by BANBEIS and also attended in several in-house trainings
on pedagogy and ICT. Though the teacher T2 is not so experienced teacher, but she is very
skilled in ICT. She has knowledge about MS office (Word, Excel, PowerPoint), GeoGebra,
MATLAB, FORTRAN, Mathematica and can use some of those efficiently. Thus, being
guided by the head teacher of the school, | approached to her and T2 agreed to participate
in this study. Though T2 was familiar with the GeoGebra software previously, she never
used it in her practice. Due to her prior knowledge about the Geogebra software and her
skills in technology, it took very limited time (only four meetings) to guide her about the
functions of GeoGebra. For this study, she used PowerPoint presentation in every classes.
Besides, in two classes she used GeoGebra and in one class she used Desmos application.
She conducted all classes in the traditional classroom (available facilities with multimedia

and internet) except one in the lab room.

4.2.2 Teacher T2’s pedagogical considerations in ICT-facilitated teaching-learning
environment

4.2.2.1 Developing themes for T2’s pedagogical considerations

By analyzing the data collected from Case-Il through video, field notes, post-lesson
interview and FGD of students, a total of 23 pedagogical approaches have been identified
and coded and approaches of similar patterns are grouped into themes in the similar manner
as discussed in section 4.2.1. T2’s pedagogical considerations in an ICT-facilitated TL

environment can be described collectively by the six themes emerged (Table 4.9).
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Table 4.9: Themes emerged as effective pedagogical approaches for Case-I1

Identified codes for
pedagogical approaches

Similar codes
under groups

Category/ theme

Pedagogical
consideration

Physical  space
observation learning
Providing scope of- peer
discussion, group  work,
whole class discussion
Selection of tools
Facilitating to get the correct
path

Access to technology
Linking and connecting math
with real context

Teacher provides feedback
Providing scope to explain
students’ thought with proper
justification

Involving learners directly to
ICT

Providing counter example
Providing scope to apply
acquired knowledge in a new
situation

Encouraging for individual
work/thought

feedback by peer

ICT provides feedback
Identify mistakes (by peer)
Praise the learner

Providing variety of several
examples

Providing homework for
practice

Exploring misconception
Providing multiple ways of
representation and strategies
Exploring and linking math
with prior knowledge
Providing well organized and
systematic lesson
Encouraging rapid recall

support-

e Physical space support-
observation learning

Rearranging
classroom amenities

e Selection of tools

e Access to technology

e Involving learners directly
to ICT

Ensuring Technology
Accessibility and Its
Appropriate Usage

e Linking and connecting
math with real context

e Providing scope to apply
acquired knowledge in a
new situation

e Exploring and linking
math with prior knowledge

¢ Providing multiple ways of
representation and
strategies

e Providing scope of- peer
discussion, group work

Adopting different
strategies to make

¢ Encouraging for individual the Iea_lrning
work/thought meaningful
e Encouraging rapid recall
e Providing homework for
practice
e Providing  variety  of
several examples
¢ Providing scope to explain
students’ thought with
proper justification
o feedback by peer Offering multi-

e Teacher provides feedback
¢ ICT provides feedback

channel feedback

e Exploring misconception
¢ Providing counter example
o Identify mistakes (by peer)

Offering
opportunities to
identify error/
imprecision

e Praise the learner

e Providing well organized
and systematic lesson

e Facilitating to get
correct path

the

Engaging students
through motivation

Rearranging
classroom
amenities

Ensuring
Technology
Accessibility

and Its
Appropriate
Usage

Adopting
different
strategies to
make the
learning
meaningful

Offering
multi-
channel
feedback

Offering
opportunities
to identify
error/
imprecision

Engaging
students
through

motivation
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4.2.2.2 Pedagogical Approaches applied by T2

Theme 1: Rearranging classroom amenities

The teacher T2 conducted six classes among which one class was conducted in ICT lab
room. The classrooms were well spacious with adequate benches and desks for students.
The benches were arranged in four columns and placed in such a way that students faced
towards the board (Figure 4.26). There was a multimedia projector and a screen for
projection at the front of the center of the room. There was also a large white board
available at the front of the center of the room so that students could easily see the board.
Since, the white board and the projector screen were at the center of the room, the teacher
argued for the importance of another board which should be placed beside the screen. She
claimed that in the lab room the screen of the multimedia projector is projected in such a
place so that the space of the white board is totally free for writing (Figure 4.25), so it is

very convenient to link screen with the board and observe. She justified her actions:

[...] if there were another board next to the screen, it would be easier to show
simultaneously. If we do the class in the ICT lab room, it would be very easy to do.
Because in ICT lab, the setup is done in such a way that the slide will be in one
place and the white board will be in a separate place. So, it is easier to see both
together.

Traditional classroom

Lab room

Figure 4.25: Traditional classroom vs Lab room

She also expressed the necessity of white board to link with the projected screen. According
to her, projection screen does not contain all information about a topic rather the key points

or notes are presented in the slide. Thus to explain in details, the necessity of white board
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cannot be ignored. Besides, it helps students to easily understand the topic as they can
compare by observing both (projected screen and white board) at the same time. In her

voice:

In many cases, | have shown the formula but how the formula is derived, may have
not shown details in the slide. I can explain it on a board. [...] So if they are

together, students can compare and can understand it easily.

Laptop Teacher’s chair Projector screen White board

Video Camera

Door
- Teacher’s
table
 I— ===  I— ===
= == [ [
I | | — === | I—
i | [ | i | i |
| B . | Suden
. [ —— desk
Window | = |
[T = = ey
i |
Students’
| ===  I— === hair
= = = [ =] cha
/ \A
Video Camera Researcher’s position

Figure 4.26: classroom layout of the teacher T2

The assigned classroom was full of sunlight due to its large size windows. For which it was
a bit inconvenient for the students to see the slides on the projection screen. It reflected the
necessity to control the lighting arrangement in the class. According to the teacher, while
displaying something on the projection screen, it is important to remain the classroom a bit
darker so that screen can be easily visible to the students. That is why she preferred to
conduct the classes in the lab room.

She also claimed that it was better to have curtain or blind in the classroom to control the
lighting arrangement so that multimedia supported activities could be easily used in the

traditional classroom rather than lab room. She stated:
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To display PowerPoint slide, proper lighting is important. Normally there will be
enough light in the rooms. But when we want to do the PowerPoint display, if the
room is not a little dark, the display cannot be seen well. So, the facility to control
light is actually needed in the room. In most cases traditional classrooms do not
have curtains, while the labs actually have it. So, taking classes in the lab is more

convenient.

In the ICT lab room, there were 40 computers, so students could easily use computer as
one to one basis. Though the teacher conducted one class in the ICT lab room, she did not
allow students to operate the computer directly in that class. In the last class, the teacher
intended to do some activities which required internet connection. Since, the internet
connection was available both in the ICT lab room and traditional classroom, she could

execute her teaching plan in the classroom smoothly. She argued:

Internet connection is definitely important because the display shown was real-life
application and a stable net connection was required. We have that facility in the

classroom.

It is observed that the teacher did not take any initiatives to rearrange benches so that
students could work in collaboration. According to T2, there is no need to change the
classroom setup if a teacher’s intention is to teach the class in traditional way, that is
students will observe and listen what the teacher teaches and performs the task individually.
However, though the teacher did not rearrange the sitting arrangement, she argued about
the necessity of rearrangement of classroom setup if students get involved in group activity.
She argued that there should be a little gap between two groups so that one group is not
influenced by the other group. Besides, benches should be ordered in such a way that
students can sit face to face and communicate to each other easily. She also claimed that 6

to 8 students of varied capability are perfect to form a group. She expressed:

The need of classroom arrangement depends on the kind of activities performed in
the classroom. Task for individuals should be conducted traditionally while for a
group task it is better to rearrange. I think the arrangement should be done with a
little gap so that one group is not influenced by the ideas of the other group. If
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there is a little gap, students try to think on their own. /.../ Besides, moving the
bench and making students sit face to face, interaction becomes easier. /...J | think
6 or 8 people in a group is perfect. Same category students should not be in a group.
Rather, students of different capability should be in a group for a fair comparison

among the groups.

Thus, in Case-Il, though the learning space supported observation learning, it was not

properly re-organized to support flexible and collaborative learning.

Theme 2: Ensuring Technology Accessibility and Its Appropriate Usage

The analysis reveals that except the 6™ class, T2 used PowerPoint slide in every class. She
used the multimedia projector to project her laptop screen and also used white board when
necessary. She used GeoGebra software in two classes and Desmos apps in one class.
Though she used the mentioned ICT tools to conduct six classes, she claimed for different
tools, software and apps such as Mathematica, FORTRAN, Geometry Pad, Khan academy
which are effective for mathematics teaching-learning. Besides, she emphasized on the use
of graphics tab and interactive whiteboard for math teaching. According to her, all these
tools are very fruitful for learning mathematics, as these tools have some features to
visualize the abstract nature of math in real context (ICT_R-1). She stated:

| think other than GeoGebra, Fortran and Mathematica are effective for beginners.
A lot of things can be shown easily using these two software. Plotting or other
topics, Um.. real-life implementation of mathematical problems can be easily
demonstrated. [...] the graphics tab seems to me a useful replacement of white
board. It is very easy to do because, in the case of the white board, | am erasing
text or documents. But if | use graphics tab, | can store the document as a soft copy
and can show again if required. /.../ interactive white board (IWB) is very effective,
some schools have this facilities, | think every school needs to have at least one
IWB.

It is observed that T2 was very skilled in operating technology. However, she rarely invited

students to use ICT tools directly in the classroom. Among the six classes, in two classes
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she created the environment so that students could use ICT tool directly. For instance, she
welcomed students to operate GeoGebra (in the 4" class) and Desmos (in the 6" class) at
her laptop and see what happened. Though the teacher did not invite the students frequently
to use ICTs directly, she expressed her positive viewpoint and intention to involve students
with ICTs directly. She argued that students should willingly work with ICTs and if

possible we should create scope for them (Std_R-2). She stated:

Actually, our planning was to do the graph with GeoGebra in the lab. But
unfortunately in the lab, exam was going on at that time. Moreover, the authority
did not give us the permission to install GeoGebra software in computers. So, | was
forced to operate my laptop. [...] I actually used the slider (which is a functional
option of GeoGebra) and students were given the answers to various questions. But
it would be better if they could do it individually. [...] So I think if we could make
the arrangement, they would not be deprived. We could actually make the
connection between traditional learning and actual learning. | could make the

connection with the help of ICT. Now actually the situation was not in our favor.

Theme 3: Adopting different strategies to make the learning meaningful

The analysis shows that the teacher applied variety of teaching strategies to make the
learning effective. It is found that in some of the classes, T2 tried to teach the mathematical
concepts linking with real-life situations. For instance, T2 showed simulation to link the
real-life context with the math concepts (Figure 4.27). An example of such a classroom

context regarding is shown below.

T2: Class, we have already learnt about graph of linear function, right?
Students: yes, miss.

T2: here, you see three graphs (teacher displays Figure 4.27 on the screen).
One for hare, one for tortoise and one for fox. Now | will play the button, then
you can see what is the real meaning of these graphs.

(teacher pressed the play button)

Students: wow!! (students enjoyed the motion picture)

T2: look carefully, the graph of the hare and the motion picture of hare.
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Figure 4.27: Use simulation to link math with real context

S5 _C2: miss, can you play it again?

(teacher pressed the play button again)

T2: where did the three animals meet?

Students: at 1200 m

T2: S23_C2 stand up. graph of hare is parallel to x-axis for some time- what is
the meaning of this?

S23 C2: the hare is in rest at that time which means it has no motion.

T2: class, do you agree with S23_C2?

Students: yes, miss (loudly).

T2: good, sit down.

According to T2, such kind of initiatives helps students to visualise the actual meaning of
mathematical concepts rather than abstract and make the learning environment enjoyable
by adding some fun factors (e.g. animated picture) (ICT_R-2). Moreover, due to use of
ICTs, comparatively difficult topics can be presented in simple way and become easier for
the students (ICT_R-3). She argued:

Capacity of all students are not same, what happens, in some cases students cannot
visualize, the concepts remain abstract to them. Again in many cases, they think
that they are learning just for the sake of learning, it has no real life application.
When we relate the concepts to real-life, majority of the students are interested.
[...] if we give direct example, they may not be able to make connection so easily.

But when we represent the examples through ICT using different tools, it becomes
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easier to explain, even if the topic is difficult. Thus, their learning becomes easier

and learning is also fun. I personally think, the use of ICT is pragmatic. Even easier.

As like T2, it is found that during the FGD, students talked about the importance of linking
mathematics with real-life for their learning and the benefits provided by ICTs on that

issue. One of the students argued:

[...] if ICT is used, many things can be easily related with real-life. In that case, it
IS very convenient to understand, many things can be caught up quickly. For
example, in the last class, an animation related to functions’ concept was shown to
us, I mean a race between rabbits and tortoises. So I got a clear idea about what is

the actual meaning of that concept in real-life. (S3_C2)
Another student claimed:

I do not get interest to learn math if [ can’t relate it to real-life. | like these classes
as what I'm learning, I can actually use in my practical life. It is because of using
ICT. We can visualize the problem due to ICT, So, I think it use is very helpful.
(S6_C2)

The above quotes in fact support the argument that connecting math with real-life situation,
representing problem with the help of ICT, makes the learning enjoyable (reflected PD)

and concreate (reflected CU).

It is also observed that in most of the classes teacher tried to explore students’ prior
knowledge about the topic and extended the discussions connecting with the prior
knowledge. According to T2, based on students’ responses she could apply different
strategies which would be helpful for students and eventually develop students’ strategic

competency ability. In support of this argument the T2 stated:

While checking students’ prior knowledge, | could identify any deficiency that some
of them have and also their level of understanding. Based on that, I may apply

different techniques. Um.. which ultimately help them to think about different ways
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to solve a problem, I think. /...] in case there are some lacks of knowledge, I might
have an opportunity do discuss them for discussion in the next class. we are actually
continuing a topic, just moving to the advanced version. If they don’t have clear
idea of the previous concept, there will be problems. That is why prior knowledge
is checked and I actually give a little review. | gave it so that those who have already
been done can remember a little, and those who have forgotten a little or are not

paying attention, they can remember a little.

The analysis also reveals that in the last class, T2 created such an environment so that
students could try to apply their acquired knowledge in a new situation. For instance, by
projecting a linear graph on the screen (Figure 4.28(a)), the teacher asked students to write
a story about the graph by specifying the units of x-axis and y-axis by their own choice. As
the teacher provided no specific clue about the story except the line graph, students had the
full freedom to apply their knowledge in the new context. One of the students wrote a story
about the motion of a car (Figure 4.28 (b)) whereas another student wrote about a student’s
journey to school (Figure 4.28 (c)). According to T2, such kind of initiatives help students
to clear their concept with proper reasoning, at the same time, it makes the learning

interesting to them. She explained:

[...] they learned about the slope, they just got the idea of slope in theoretically. So
when they can apply their knowledge in different situations and explain with
accurate logic, that indicates that they grasped the concepts clearly.
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Figure 4.28: Applying knowledge in the new context
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It is also found that T2 gave emphasized on multiple ways to represent and solve a problem.
For instance, in the 5% class, the teacher showed a co-ordinate plane with two points (Figure
4.29) and asked students to draw the line which is passing through those two points. She
also asked to find the equation of the graph at least in two different forms. A sample of

classroom scenario in this issue is shown below.

Figure 4.29: Problem for enhancing strategic
competence

T2: Students, look at the screen. What do you see?
Students: two points on graph paper.
T2: Okay. S13_C2, what is the coordinate of ‘A’ and ‘B’?
S13_C2: (-2, 3) and (-1,2), miss.
T2: okay, good. Students, draw a line passing through these two line. You
willget 5 minutes. Don’t look at others. Try yourself.
(students draw the graph in their own script/paper)
T2: S4 C2, come here, sketch the graph on the
board.(S4_C2 draw the graph)
T2: Students, is the graph
correct?
Students: yes, miss.
T2: S1_C2, come here and write down the equation of that
graph.(S1_C2 has written the equation x/1+y/1=1 on the board)
T2: explain it.
S1 C2: here, x intercept is 1 and y intercept is 1, so | use x/a +y/b=1 formula.
T2: Students, what do you
think?
Students: S1_C2 is correct
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T2: Who can write another equation for this graph? Raise your hand
(most of the students raise their hand)

T2: S22_C2, come here and write (on the board)

(S22_C2 has written on the board)

T2: Explain it.

S22 _C2: | use y=mx+c , here c=1 and m=-1

According to the teacher, this strategy was applied to enhance students’ ability to build
connection among the information and to foster their capacity to solve a task in multi-
dimensional ways. She stated:

This is important because in many cases students cannot do math using
information. For example, same straight line can be represented in many ways.
Basically it depends on the information which formula | use and which approach |
go for. So it has been tried to teach them in multiple ways so that they can make the
connection among the information clearly. That is, when performing a task, they
(students) will think, yes, here is the information to go into this approach. If this
information is not available, that approach will be invalid, | have to try a different
approach. Besides, it was tested whether the same thing can actually be solved in
different ways. My intention was to make students understand that one task may be

done by several ways, not just only a single rule.

Students too discussed about the importance of learning multiple strategies to solve a
problem during FGD. One of the students argued, “teacher showed us many formulas that
could be used to solve a problem. This will increase the chance to use different form of

formulas efficiently to solve problems”. (S1_C2)

Moreover, T2 often asked students to explain what and why he/she has solved a problem

in that way. She argued:

Just by listening to their ‘yes’ or ‘no’ response, I can’t confirm whether they

actually understood or not. When | know their reasoning, why they say function or
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why they say relation, | can realize that how much they actually understood. That’s

why | always ask ‘why’.

It is also observed that in all classes except 4" class, T2 encouraged students to work
individually. She often asked students to solve a task by their own thought rather than being

biased by others. She argued:

As | said, some students are not fast learners, they are more influenced by others.
They think, I have to learn it right now. As he is better than me (means better results
academically) and he says this, so it will be right. | mean, they wanted to close their
thoughts. So I tried to discourage it. | always encourage them to think by their own
and told them that we can learn from mistakes. [...] I tried to monitor if everyone
was trying when they (students) were working individually. And by looking at their
responsesand their body language, | tried to decide whether they understood or

not.

In class 4, she allowed students to work in groups. She formed the groups with the
combination of relatively weaker and stronger students but did not rearrange the desks.
According to T2, such combination creates the performance better, students can learn from
each other. She invited all group leaders to operate the computer directly (Figure 4.30) and
fill-up the worksheet (Appendix J) which was provided by her. In addition, she requested
the group leader to share his/ her thought with the other group members who fill-up the

worksheet as well. As per the teacher, such

kind of approach is effective. Since, due to
the limitation of resources, it is not possible
to involve all students directly to the ICT
tools, group leader can operate the tools on

behalf of group members. However, the

teacher also permitted the other group

o Figure .30:Group leaders work dietlywith
not satisfied by the performance of the ICT

members to operate ICTs in case they were

group leader. She mentioned:
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In terms of group formation, | tried to have students from all categories in the
group, I mean mixing fast learners or quick learners and those who are a bit slow.
They can learn from members. [...] In fact, it would be best if everyone could use
computer directly. But it was not possible to give everyone a chance. In that case
the group leader was the only choice. But the group leader was told to collect
questions from his group members and based on those, sifting the graph (using
Desmos simulation apps). What's happening is that even though the group members
can 't come themselves, they can understand that by looking at the display.The group
leaders are members of their group, worked as a representative. He didnot lead; he
was actually a representative. | also allow other group members to come, if they
want to come. [...] if the desks could be rearranged, then it would bebetter. But |

did not do it as it takes time to do that.

Though the teacher rarely involved students in group work, during the FGD, students talked
about their positive view about group activity. According to them, while they worked in a
group, they felt comfortable and it enhanced their knowledge through easy interaction with

their peers. One of the students argued:

In my opinion, the capacity of all students is not the same, so when many students
work together, if the concept of one student is a little blurry, another student can

cover it up through group work. (§3_C2)

In support of this argument, another student expressed:

Students usually feel much more comfortable when an activity is done with friends.
There is a bonding between them too. Working in a group benefits us from that side
as well. (S5_C2)

These quotes indicate that proving scopes of collaboration (e.g., peer work, group work)
help students to develop their conceptual understanding and enhance the capacity to learn

with cooperation (reflection of PD).

It is also seen that the teacher encouraged students to rapid recall about any mathematical

topic as per requirement. In most of the classes she repeatedly asked students whether they
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could recall or not. She stated:

Every piece of information is related to the each other. If they think each
information is unique, in the near future it seems that learning will become more
complicated. If they can find the link, it will be interesting to know that the whole
thing is actually very simple, gradually going deep and very deep. That’s why | tried
to emphasis the recall.

Though the teacher did not create any specific arrangement in the classroom setup for
collaboration (group work), she stated about the importance of collaborative work. She
claimed that she often involved students in collaboration such as called one student to
perform a task and invited other student to discuss about that performed task. According to
T2, students should actively participate in collaboration (Std_R-1) as this helps them to
expand their knowledge and enjoy their learning. She stated:

Yes, there was an opportunity to work with collaboration. We did it as one gave
input and from others we take the output. Sometimes | set the question from the
students. Then I use to ask its’ answer from one student and ask other students
whether the answer is correct or not.[...] I think, it is very effective and students

also love to learn in this way.

During the FGD, one of the students argued that the teacher invited them to solve a task on
the board after completing a topic and verified the performed task by other students. So,

their class became interactive. He stated:

So after a lesson, every student was requested once to come forward, solve the task
and check whether the solution was correct or not by the others. From this side it

can be said that it was interactive. (S5_C2)

Besides, it is observed that the teacher provided different sorts of tasks (Appendix I) in the
class. The tasks were of diverse dimension and most of them were in the sequence from
easy to difficult. Besides, the teacher gave emphasis on students’ practice. According to

T2, if students do continue their practice, they can revise the problem and become more
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capable to do the problem smoothly. She claimed about the importance of giving
homework in this regard. By practicing task at their home, they can identify where they are

facing problem and can discuss on those issue in the next class. She stated:

[...] actually we have to learn things step by step. We will first calculate without
condition, then apply for one condition and then for different conditions. That is,
we go sequentially from easier to harder. [...] actually practice is needed. If they
practice a little by themselves, then actually learning will be good. As such, some
homework has been given so that they can practice and we can discuss the problems

they find in the next class.

Theme 4: Offering multi-channel feedback

The analysis shows that in most of the classes T2 provided feedback to students by herself
or by their peers. While providing feedback to the students, the teacher tried to understand
whether the students perform the task with proper understanding or not. She asked students
the reason behind the way they have done the task. She tried to understand whether students
can capture the link among the contents and they can understand the logic behind them. It
is also observed that the teacher often verifies the solution of a students by the other
students and asked the reason why the result was correct or not. A sample of classroom

situation regarding this issue is shown below.

T2: S17_C2, come here, draw a graph which is increased for 2
minutes and decreased for 3 minutes and then increase again.

(S17_C2 drew the graph on the board)
T2: S17_C2, tell us S25_C2’s answer is correct or not?
S17_C1: No miss, she is wrong.
T2: why?

S17_C2: you told that the velocity is decreasing for 3 minutes,
but she kept the velocity constant for 3 minutes.

T2: okay, come here and correct her graph.

According to her, this way of offering feedback by peers is very effective for teaching-
learning (Std_R-3) as by this way she can assess more than one students at a time and

students become motivated to learn as they feel that they are given importance by the
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teacher. She argued:

What mainly considered is, whether students understand the logic, are they able to
identify where the difference is, how the topics are related. This was actually my
plan to understand while providing feedback. [...] feedback by peers is necessary
because when someone else can judge one’s judgment, it means that the concept of
both of them has been cleared. Also I can evaluate two people at the same time.
Um.. It is important in learning in the sense that he will be inspired next time
because | gave him the opportunity to correct someone else, | gave priority in a

Sense.

This means that feedback provided by peers helps both the students who got the feedback
and who has given the feedback. As to provide feedback, students’ need to justify their
thought with proper logic, it ultimately develops their reasoning skills. This quote also
indicates that while teacher asked a student to provide feedback to his peers, it ultimately

inspired him in learning (helps to develop PD).

It is also observed that students get feedback from the ICT tool. In the last class, T2 created
the environment as such students can verify their task using ICT tool. The teacher used a
program (using Desmos apps) by which students could draw graph of straight line for
some given conditions of a real-life problem and the apps automatically convert the graph
in motion picture (Figure 4.31). By clicking on the play button, students can see the motion
picture of their plotted graph and can check whether their result is correct or not for the

given conditions.
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Figure 4.31: ICT provide feedback on students’ work

161



According to the teacher, such type of feedback provided by the ICT tool makes lesson

interesting and develop students’ concept clear. She claimed:

[...] 1t was set up so that they would do the graph, so the motion capture would be
done. They can see for themselves that whether the graph they drew is correct or
not, they can verify themselves. That is why they were asked to come. After drawing
the graph, others tried to make corrections or others agreed. The issue was that

everyone could judge whether it was correct or not.

During FGD, students also talked about the feedback provided by ICT (ICT_R-4). One of
the students claimed, ““I sketched the graph in my paper and then checked it by running the
software (Desmose). | found my graph was correct”. (S2_C2)

Theme 5: Offering opportunities to identify error/ imprecision

The analysis shows that throughout the classes, the teacher emphasized on counter example
along with the example of any mathematical idea. For instance, after discussing about the
concept of relation and function, T2 invited students to come to the board and asked them
to write an example which is a relation but not a function. According to the teacher “the
reason for this was that they would not guess the answer. If they have a clear concept, then
they can answer the questions by proper logic”. Besides, it is also observed that after
performing a task by a student, the teacher asked other students to identify the mistakes.
According to the teacher, this technique is effective as by this way she can assess the
students whether they were attentive in the class or not. She argued that it is vital for the
students to follow the teacher’s instruction attentively (Std_R-5). Otherwise, their learning

will be incomplete. She claimed:

The purpose of this was that in some cases many students actually became a bit
inattentive and they just agreed with the teacher. If they have the concept fully
clear, they can judge whether the information is false or correct. So intentionally |
give some wrong information. When they are opposing, | get confirmation that they
are in the right track. [...], in this way I also confirm whether students attentively

follow my instruction or not.
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It is observed that T2 emphasized on the issues where there was a possibility to create
misconception by the students. For instance, while teaching about function, teacher not
only used “f(x)” for function notation, instead she used g(x), h(x) so that no misconception
arises on that issue. A sample of how teacher explores students’ misconception in the

classroom is shown below.

(teacher write f(X)=5x+3 on the board)
T2: Students, what is f(x)?
Students: it is a function
T2: can | write g(x) or h(x) instead of f(x)?

(Students seem confused, some students say ‘yes’, some say ‘no’
in low voice)

T2: Okay, we can write h(x), g(x), M(x) whatever, for the notation
of function but it must follow the properties of function. Clear?

Students: yes, miss (loudly).

The teacher stated:

In many cases, we see that traditionally f(x) is used more to represent a function.
Thus, a misconception can be created that function must be represented by f(x)
only. That is why, | try to clear them that it does not matter, we can use any capital
letter, small letter. But we must have a logic to it.

It is seen that the teacher was very concern about making the lesson effective. She argued
about the necessity of students’ active involvement into the lesson (Std_R-4). According
to her, “if students do not engage willingly, the teaching-learning will be not effective”. It
is observed that in every classes, the teacher prepared the PowerPoint slides very
systematically and in very organized way. She tried to provide all possible vital information
in the slides and slides were arranged sequentially (e.g. Figure 4.32). According to T2, if
slides are prepared maintaining proper sequence, it is convenient for the teacher to deliver

the lesson within a short period of time (ICT_R-5) and the class becomes effective.

Moreover, she argued that it helped learners to learn topic connecting with each other and

make the lesson easier as well as sustainable (ICT_R-6). She claimed:
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| actually tried to maintain the sequence to keep the students engaged and ICT helps
me to prepare my lesson sequentially. | personally believe that if we can learn by
maintaining sequence, we can relate the topics, and learning become easier. And
when we learn by relating, we actually remember it for long time. [...] And I can
handle a lot of information in a short amount of time, so | can give my full attention

on problem solving.

Straight line using slope and y-intercept Straight line using x-intercept and y-intercept
y=mz+c
p=ma+ ':).»ATVK‘!((' '
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Straight line using formulas Straight line passing through two points
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Figure 4.32: Sequence of slides to teach difference forms of equation of a straight line

The analysis also reveals that while performing a task by students, the teacher scaffolds
them so that the students get the correct path to do the task accurately. For instance, in the
last class, T2 asked students to draw linear graph using Desmos apps. While performing
the task, the teacher asked them some probing question to keep on the right track and assist

them if they face struggle to operate the tool. She expressed:

| was trying to monitor them and sometimes asked some questions to think
themselves so that they do not proceed in the wrong way. [...] I tried to give some
guidance when they use the slider because they have never used GeoGebra
software before. Thus I tried to help as much as | could to make it very easy for

them to operate.
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All the above discussed strategies were adopted by T2 to conduct the classes using ICTs.
Besides, the teacher applied several types of instrumental orchestration techniques while
using the above mentioned pedagogical approaches. Various types of instrumental
orchestrations performed by T2 are discussed in the next section.

4.2.2.3 Performed Instrumental Orchestration

The analysis shows that the teacher applied different types of instrumental orchestrations

throughout the classes. It is observed that T2 did not use ICT tool prior to any discussion

about mathematical topic (not-use-tech) though ICT

tools were available in the class. In most of the | =
classes, she explained the mathematical concepts with

the assistance of white board if necessary, then used

the ICT tool. She often showed information on the

screen and directed students to write on their paper Figure 4.33: Link-screen-board
(link- screen-board). According the teacher, she kept

the major point on the slide and explained the details on the white board. She explained
the topic on the board linking with the slide presented (Figure 4.33) and also asked the
students to keep record on their paper, so that they could revise them when necessary. She

stated:

[...] it’s better to write down the notes on their paper because they can review it
when they want. This is the reason for which I actually asked them to write. [...] I
have shown the formula in the slide but how the formula is derived I didn’t show
the details in the slide. So, if I explain them a little by using the board, I think
learning becomes easier. Thus, if screen and board are side by side they can

compare easily.

While she displayed mathematical content on the screen, she explained clearly what is
displayed on thescreen (Explain-the-screen). It is also observed that T2 welcomed students
to talk about what is displayed on the screen (discuss- the-screen). For instance, in the 4™

class, the teacher invited a student to discuss what is displayed on the projection screen
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(Figure 4.34). According to the teacher, she applied this strategy to understand whether

students clearly grasp the idea or not. She stated:

[...] in most cases, if I ask students whether they understand or not, there is a
chance that they will say “yes” without understanding. Thus, I welcome them to
explain me what is shown on the screen, if they are able to explain, that mean their

understanding is clear.

Figure 4.34: Discuss-the-screen orchestration

It is also observed that while operating the GeoGebra software for discussing about the
graph of function, the teacher did not show any demonstration of the technical issue of that
software. That is why, when students directly operate the ICT tools (i.e. GeoGebra), teacher
provided them different sorts of technical support (technical-support) such as how to move
the slider, how to draw a graph in the Desmos app, etc. It is seen that the students seem

very used to with technology and operate the ICT tools with minimal direction by the

teacher. Besides, while students work individually, the teacher moved in the classroom and
observed what the student doing. She sometimes scaffolds students when students stuck
with the task (Work-and-walk- by).

By analyzing the teacher’s overall pedagogical consideration with ICTs, it is found that the
teacher tried to conduct the classes with the combination of traditional (lecture-based)
method and modern (interactive) method. It is found that throughout the lesson, teacher

tried to build students’ solid concept about mathematics with proper logic, become skilled
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on procedural fluency as well as ability to solve problem in multiple ways. In addition, she
tried to make the lessons interesting so that students feel motivated to learn. While the
teacher implemented different approaches with the help of ICTs, some specific roles of
ICTs (Table 4.10) as well as students (Table 4.11) are explicitly identified which are shown

below.

Table 4.10: Role of ICTs

ICT_R-1 Help to visualized the real meaning of math
ICT_R-2 Add fun factor in learning and motivate
ICT_R-3 Make the complex topic easier

ICT_R-4 Provide instant feedback

ICT_R-5 Time saver

ICT_R-6 Make the learning sustainable

Table 4.11: Role of students

Std R-1 Engage actively in collaboration
Std_R-2 Work willingly /directly with ICT
Std_R-3 Provide peer feedback

Std_R-4 Engage lesson willingly

Std_R-5 Attentively follow teacher’s instructions

4.2.3 Understanding students’ level of mathematical proficiency (MP)
4.2.3.1 Students’ baseline understanding of MP

A paper-pencil test and survey questionnaire were administered before the intervention and
data were analyzed to understand students’ baseline understanding about MP. The analysis
in Table 4.12 shows the mean score of all the five strands of MP. All the strands were
scored ranging from 1 to 10 except the productive disposition (scoring range from 1 to 5).
My analysis (in Figure 4.35) shows that among the four strands of MP that is conceptual
understanding, procedural fluency, adaptive reasoning and strategic competence; students’
procedural fluency is higher than that of all other strands. It is also found that students’
level of mathematical conceptual understanding, ability of strategic competence and
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adaptive reasoning are almost same (about 2) and very low.

The analysis also shows that students have the mean score 3.82 for the productive
disposition strands. This survey mean score represents that students’ shows their positive
agreement about overall productive disposition. So, the students considered to have high

productive disposition on mathematics.

Table 4.12: Descriptive statistics of the strands of MP

Conceptual Procedural Adaptive Strategic Productive
Understanding Fluency Reasoning Competence Disposition

Mean SD | Mean | SD | Mean | SD Mean SD Mean SD
2.23 161 | 6.13 | 216 | 233 | 1.56 2.13 1.41 3.82 .34
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Figure 4.35: Mean scores of each strand of MP before intervention

Since overall productive disposition is influenced by seven distinct indicators; each
indicator is analyzed rigorously to see which factor(s) greatly influenced the overall
productive disposition. Figure 4.36 shows that all most every indicator except confidence
have higher mean score (as mean score > 3.4). This reflects that other than confidence
factor, students’ shows their positive viewpoints about all the items. As the mean score of

confidence factor is 3.27, students’ confidence about their math ability is Neutral. This
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reflects that students considered to have moderate level of confidence about mathematics.
It is also revealed that students showed their strong positive stand (mean score >4.2) about
the usefulness and worthwhileness (UW) of mathematics as well as about their curiosity
(Cu) to know the real-life oriented math problems and how to solve them.
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Figure 4.36: Mean scores for each indicator of PD before intervention

The analysis also depicts that for sense-making endeavor (SM) and Cooperation (Co)
aspects, students have almost the same mean score (about 3.8). This means that students
considered to have high ability to make sense of mathematics and to cooperate their peers
in leaning mathematics. It is also found that enthusiasm (E) and persistence (P) have almost
the same mean score (about 3.7) which reflect that students have high enthusiastic and

persistence in learning mathematics.

Thus, my analysis based on the survey and paper-pencil test data reveals that students’
mathematical proficiency was not so notable prior to the intervention since their CU, SC
and AR skills among the five strands of MP were very poor. However, they performed
good in procedural skill and showed high productive disposition on mathematics.

4.2.3.2 Students’ mathematical proficiency after intervention

After completing the intervention that is participating six classes in ICT-facilitated
environment, students’ mathematical proficiency was again measured by both the paper-

pencil test and survey. After the intervention, the mean scores of all components of the MP
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is shown in the Figure 4.37. The figure shows that students’ conceptual understanding and
procedural fluency are good as the mean score 5.23 and 5.63 respectively which lies
between 5 to 7.5. Besides, the other two strands, adaptive reasoning and strategies
competence mean score are 4.23 and 3.37 respectively. It reflects that students have
moderate level of proficiency on those strands of mathematical proficiency. Nevertheless,
the mean score of overall productive disposition is 3.86 which represent students’ high

productive disposition on mathematics.
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Figure 4.37: Mean scores of each strand of MP after intervention

To observe factor’s influence (e.g. UW, SM, E etc.) on the overall productive disposition
after the intervention, each factor under the productive disposition were analyzed further.
Figure 4.38 shows that all most every indicator except confidence have higher mean score
(as mean score > 3.4). This reflects that other than confidence factor, students’ shows their
positive viewpoints about all the items. As the mean score of confidence factor is 3.17 (SD
0.69), students’ confidence about their math ability is medium. It is also revealed that
students showed their strong positive stands (mean score >4.2) about the usefulness and
worthwhileness of mathematics. Which reflects students’ strong belief about the usefulness
of mathematics for their future. The analysis also shows that for sense-making endeavor
(SM) and Curiosity (Cu) aspects, students have almost the same mean score (about 4)

whereas the mean scores (about 3.8) have been found for the indicators persistence (P) &
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cooperation (Co) and 3.73 for enthusiasm (E). This means that students considered
mathematics as interesting, show their high level of persistence and cooperate each other
in learning mathematics. A detail descriptive statistics including mean, median and

standard deviation has given in Appendix N (Case-11).
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Figure 4.38: Mean scores for each indicator of PD after intervention

Again, to determine whether the data collected from paper-pencil test (before and after
intervention) was normally distributed or not, Shapiro-Wilk test of normality was
conducted. The results indicate that data (before and after intervention) for conceptual
understanding, procedural fluency, adaptive reasoning and strategic competence are
normally distributed (as p value of each component is greater than 0.05, see Appendix
L(b)). Thus, a paired sample t-test was conducted to measure whether there was any change
in students’ conceptual understanding, procedural fluency, reasoning skill and strategic
competencies after participating in the six experimental classes. The data in Table 4.13 are
used to find out whether there was any difference between the pre and post paper-pencil
test score. It is observed that there is a significant change (as p<0.05) in the mean score of
the pre and post-test for all components excepts for the procedural fluency. This means that
students’ ability of conceptual understanding, reasoning skill and ability to formulate and

solve math in multiples ways have increased after attending the six experimental classes.

171



Table 4.13: Comparative statistics of CU, PF, AR and SC

Four strands of MP Test Mean Std. Mean t-value p-value

Deviation Difference

Conceptual Understanding (CU)  Pretest  2.23 1.61 -3.00 -6.52 <.001
Post test 5.23 1.91
Procedural Fluency (PF) Pretest 6.13 2.86 0.50 0.68 505
Posttest 5.63 2.99
Adaptive Reasoning (AR) Pretest 2.33 1.56 -1.90 -3.28 .003
Posttest 4.23 242
Strategic Competence (SC) Pretest 2.13 1.41 -1.23 -3.65 .001
Post test 3.37 1.90
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Figure 4.39: Comparative mean score of four strands of MP before and after intervention

It is also seen from Figure 4.39 that though prior the intervention students’ conceptual
understanding was very low, it significantly increased (as p<0.05, see table 4.13 for more
details) after the intervention. It is also observed that students’ procedural fluency became
lower after the intervention, though the result is not significant (p=0.505>0.05, see Table
4.13 for more details). The other two components adaptive reasoning (i.e. ability to
estimate the answer with proper justification & ability to draw conclusion) and strategic
competence (i.e. ability to formulate, represent & solving math in multiple strategies) also
improved significantly (as p=.003 and p=.001 for adaptive reasoning and strategic

competence respectively) after the experimental classes.
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In order to measure students’ habitual inclination about mathematics i.e. productive
disposition (PD) changes or not after participating in the experimental classes, a Wilcoxon
Signed Rank Test was done as the data were ordinal and not distributed normally (see
Appendix M(b)). It reveals from Table 4.14 that the indicators useful & worthwhile and
persistence increased after the intervention (Md=5, n=30 & Md=3.67, n=30) compared to
before the intervention (Md=4, n=30 & Md=4, n=30), though the change is not statistically
significant and effect size is small (as p>0.05 and r=-0.129, see Appendix O(b) for more
details). In addition, for the rest of the indicators, there were no changed after the
intervention in compared to before intervention except the factor confidence (as Md=4 for
all indicators). It is found that after the intervention, students’ confidence level become
decreased (Md= 3) compared to before intervention (Md=3.5), though the change is not
significant and effect size is small (as z=-0.652, p=0.515, r=-.084, see Appendix O(b) for
more details). Thus, the survey data shows that students’ productive disposition does not

change due to experience in the ICT- facilitated teaching-learning environment.

Table 4.14: Comparative statistics for the factors of PD

Factors of PD Test N Mean Median z-value  p-value Effect

(Md) sizer

Useful & Pre test 30 4.21 4.00 -0.999 318 -0.129
worthwhile Post test 30 4.47 5.00

Sense-making Pre test 30 3.80 4.00 -977 329 -0.126
endeavor Post test 30 4.00 4.00

Enthusiasm Pre test 30 3.67 4.00 -0.346 730 -0.045
Post test 30 3.73 4.00

Persistence Pre test 30 3.71 3.67 -0.031 975 -0.004
Post test 30 3.81 4.00

Confidence Pre test 30 3.27 3.50 -0.652 0.515 -0.084
Post test 30 3.17 3.00

Curiosity Pre test 30 4.28 4.00 -1.313 0.189 -0.170
Post test 30 4.07 4.00

Cooperation Pre test 30 3.83 4.00 -0.090 0.928 -0.012

Post test 30 3.77 4.00
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Figure 4.40 shows the comparative mean score of paper-pencil test and survey data for
both the pre and post-test. It is seen from the figure that students’ ability of conceptual
understanding, adaptive reasoning skill and skill of strategic competence increased after
the intervention. On the contrary, the mean productive disposition score seems almost same
after six classes. Surprisingly, after the intervention, students’ procedural fluency skill

decreased but not significantly.
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Figure 4.40: Students’ mathematical proficiency before and after intervention

Though in the classroom observation, it was seen that students perform well in all strands
of mathematical proficiency, the paper-pencil test depicted the trends of procedural fluency

is somewhat decreasing. Thus, | conducted a FGD, where an activity was provided to the

students and asked them to solve that problem discussing with each other. The analysis of

data collected from FGD is discussed in the following section.

4.2.3.3 Understanding students’ development of MP through FGD

By analyzing the data from FGD, it is found that students grasp solid concepts on function,
graph of function and its application in real-life. From their responses it can be claimed
that students can justify their answer with proper logic and critically think to solve a
problem in different ways. Besides, at the last part of the FGD, they drew a graph for given
conditions very thoughtfully and fluently. It is also found that they showed their positive

view and confident while dealing with the problem and willingly cooperate and discuss
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with each other. Moreover, they claimed that they enjoy to learn mathematics while teacher
conducts the class interactively. One of the students argued, “When we work together, we

enjoy a lot and can learn better, I think”. (S7_C2). Another student stated,

Miss give us chance to move slider, it was really interesting. I like to learn math

with the help of technology as it helps us to understand real situation. (S4_C2)

All these phenomena reflect their enhancement of mathematical proficiency ability. A
portion of transcribed data while dealing with the problem in FGD and how the data reflect

on different strands of mathematical proficiency are shown below.

Mili and Shajib started from their home to train station at the same time and Ripon started 3 minutes

later. The relation between the distance vs time of their travels are shown in the following graph.

ol

[Shajl .
/2 4 Rlp:on
mil !

1. Explain Mili’s journey.
2. Who reached first? How do you understand that?

3. Who travelled the fasted at the beginning? How do you understand that? Can you explain it any|

other ways?
4. Whose house was the closest from the station? How do you understand that?

5. Do all graphs in the diagram represent graphs of function? Can you explain them connecting

with real world situation?

6. Mili’s brother Dipu started to travel for station 1 minute later of Mili started. After 4-meter
distance, he met with Mili and Shajib. If he reached the station directly (without stopping

anywhere), what will be the graph of his journey?
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S4_C2: Mili travelled with uniform velocity for first 2 minutes. But after

that for 2 minutes Mili did not move at all. She was at the same position
where she was. But after that she again travelled with uniform velocity for

the last 1 minute and reach at her destination or at 7 meter.

R: Okay, you told that Mili travelled with uniform velocity for first 2
minutes and last 1 minute. Is there any difference in the uniform velocity

between these times that mean first and last time?

S4_C2: Yes miss. Velocity increased for the last 1 minute. ~

R: Any other opinion?

(all showed their negative response by nodding)
R: Okay, now what do you think for second question? ™~

S2_C2: Ripon reached at first

S1 C2: Yes, Ripon. Because Ripon takes the least time than others. Ripon
reached at 3 minutes while Mili reached at about 5 minutes and Sajib

reached at 6 minutes. »
R: Do, all have the same opinion?

(all showed their positive response by nodding)

R: Now, let’s move to the question no. 5, what do you think?
S3_C2: The graph for Ripon is not function. Other two are functions.

R: Why?

S3_C2: If we check it by vertical line test, we can see that the graph for _|_

Ripon intercept in multiple places.

S5_C2: Since it intersects in multiple place, we can say this not a function
because for one value of x, there are many value of y.

R: Any other opinion?

S6_C2: Vertical line test tells that if the graph intercepts the vertical line
more than one point, then it is not function. For a function more than one
output is not allowed for one input.
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R: Do you think the graph for Ripon is possible in real-life? )

S5 _C2: no.

R: Why? -

S5_C2: Because without any time difference he reached at his destination
which is quite impossible. S

R: Okay, do you think your answer to question no. 2 was correct or do you
want to change your answer? I

S3_C2: If Ripon’s graph is not possible, then Mili reached first.

R: Why not Sajib? >

S4_C2: Though Sajib was 2 miles ahead from Mili at the starting time, He
did not reach first. He took 6 minutes where Mili takes near about 4.8
minutes to reach the destination. .

R: Anyone wants to deny?

(all showed their negative response by nodding)
R: Who was travelling the fastest?

S6_C2: Mili

R: Why? _

S6_C2: Since here, along y-axis is distance and along x-axis is time, we can
determine velocity by the slope.

R: Could you please explain it a bit?

S6_C2: we know slope m=tan6. Here, 0 is the angle with the positive side |

of x-axis. In case of Mili, we see that 0 is greater than that of Sajib and
Ripon’s one is 0°. Since Mili’s graph’s angle is more, we can say that her
graph’s slope is more and her velocity is more as well.

—

S1 C2: Mili’s graph is much steeper than that of Sajib. That is why her
velocity is greater than Sajib.

R: Any other opinion?

S4_C2: We can calculate. At first, Mili travelled 4 meters in 2 minutes

Ability connect
mathconcept in real-

life (Reflect CU)

Ability to explain with

logic and draw
conclusion (Reflect AR)

Ability to select correct

procedure (reflect PF)

while Sajib travelled about 1.7 meter within that time D

R: Okay, Lets go for the last question. Any one plot the graph by discussing
with other. You can plot it here.

S8 C2: Herelitis.
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R: Could you please explain a bit?
> £
S8_C2: Here is Dipu’s starting time (S3 indicated the time at 1 minute by Sy
his finger). He meets with Mili and Sajib after 2.3/ 2.4 minutes. Since he 2 S8
never stops and goes forward, so slope must be positive. This straight line = 8T
will be the final graph (Figure 4.41). < 3
R: You said, the line will be straight line, is it mandatory? )
S1 C2: Miss, in the question, it is not saying that the velocity is uniform. 2 _
So this graph can be cervical also. i E 2
3 F
R: How? = 8 g
525
S1_C2: For example, he can walk and run without stopping anywhere. | g SE
. g
R: Do you all agree with him?

S2 C2: Yes, miss.

S5 C2: Yes

(S3, S4, S6 showed their positive response bynodding)
R: Thank you.
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Figure 4.41: Performed task during FGD

Though the evidence from the FGD and classroom observation revealed that students’
procedural fluency (PF) increased, the paper-pencil test result showed that students’ PF
decreased. This might be due to the post-test questions item where most of the students
failed to formulate accurate linear equation for given condition and thus, failed to choose

the appropriate procedure to solve the problem resulting decrease in PF.
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4.2.4 Factors affecting integration of ICTs in teaching-learning process
4.2.4.1 Developing themes for influencing factors

By analyzing the data collected from teacher and head teacher via semi-structured
interviews, the factors which affects teachers’ ICT integration in their practice are

identified & coded and grouped the similar patterns of factors into four themes- Teacher

factors, Student factors, School context and National context (Table 4.15).

Table 4.15: Developed themes for influencing factor of ICT integration in PL process

Identified codes for affecting
factors

Similar patterns under group

Developed theme

Departmental ethos
Students; attitude
Teachers’ attitude
Parents’ attitude
Students’ interest
Technical support
Financial support
Teachers’ preparation
Physical facilities
Teachers’ TPACK
Curriculum
Professional development

Course duration and assessment

policy

Teachers’ Attitude
Teachers’ TPACK

Teachers’ preparation

Teacher factors

Students’ attitude
Students’ interest
Parents’ attitude

Misuse of ICTs

Student factors

Departmental ethos
Physical facilities

Technical support

School contexts

Curriculum
Professional development
Financial support

Course duration and assessment policy

National context

4.2.4.2 Teacher factors

Teacher’s TPACK

According to T2, teacher’s knowledge about technology and how to apply technology for
a specific lesson are vital factors for integration of ICT in teaching-learning purpose. She
argued that teachers must have to be knowledgeable about the appropriate technology to

achieve the goal for a specific math content. Besides, their knowledge about technology as
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well as content, and how to bridge between them are crucial to get benefit from integration
of ICTs in education. According to T2, different sorts of online tutorial for professional

development may be helpful for enhancing teachers” TPACK. She stated:

[...] both subject knowledge and technological knowledge are actually needed. If
he doesn’t have subject knowledge, then he won’t know what to show and if he
knows what to show he has to know how to show it. [...] I think YouTube tutorials
are very helpful in this case. Because you can’t actually learn them by taking a
course, you don’t even remember them. So if I can decide what I want to do then I

can learn how to do it.
Teacher’s attitude

The analysis of the study shows that teachers’ attitude is another prime factor of integrating
ICT in teaching-learning purpose. According to T2, since teachers have the full freedom to
use technology in their class, it fully depends on their attitude. She argued that to perform
class with the assistance of ICT, teachers need to have a proper knowledge about the
content as well as technology and it requires much time to become skilled. According to
the teacher, it is a kind of struggles for the teachers and that is why they sometimes try to
avoid the use of technology in their classroom and show negative attitude regarding ICTs

use in the classroom. The teacher stated:

| have complete freedom and can teach completely in my way. | can do what | want
without taking anything from anyone else. So it is necessary that there must be a
desire to use the freedom. There are many opportunities, now the question is how
much [ want to utilize the opportunities. [...] As a teacher, I have to learn the
available software first and have to give enough time to get proper knowledge about
the software. Because if you don’t learn it yourself, you can’t show it to someone
else. When I use the software, if I have any gap in knowledge, I can’t apply it
correctly. [...] And different software has different applications, each one has a
specific code. So knowing these codes seems to me as a teacher | have to struggle
a little bit. And in many cases, to avoid this struggle, we become discouraged that

there is no need for us to take this approach.
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Teacher’s preparation

The analysis of the study shows that teachers’ preparation is another factor for conducting
class using ICT. According to T2, to conduct class with ICTs, teachers need to be well
prepared which ultimately boost teachers’ TPACK. In addition, it helps them to predict
what will be the probable questions from students and how they will response on those
questions. She also claimed that it will help them to identify their gap in the lesson. On the

contrary, TPACK knowledge is essential to get prepared for the class using ICTs. T2 stated:

When | plan to take a class using ICTs, | have to be well prepared. Because when
1 go for preparation, I will see where is my lacking. If I can think from students’
point of view that this question can come. And how will I tackle this question, so |
have to increase the subject knowledge. Um.. also the technical knowledge.
Because students may sometimes ask for technical questions also. So I think it will
definitely enhance my skills as a teacher. [...] Also, to be prepared for the class

perfectly, I must have solid knowledge about content and technology.

Moreover, T2 stated that while conducting class in multimedia setting, teachers can deliver
lots of information during a short period of time due to their well preparation. T2 claimed
that in most of the classes, she prepared the lesson in chronological order that help her to
show easily the step by step method within a limited time. That is why, large class size was

not a big issue for her while conducting class using ICTs. T2 argued:

| don’’t think class size is much of an issue in multimedia classes. | can handle a lot
of information in a short amount of time. I can give my full attention to problem
solving. I can do it very easily as my lecture is well prepared. If it was a traditional
class instead of a multimedia class, it would not have happened. Because | can
show step by step process in short time. So | think class size is not a factor here at

all. I can also take classes in larger classes. | can take classes easily.

By analyzing the data on teachers’ viewpoint, it is found that two factors- teachers’ TPACK
and attitude directly effect on ICT integration while teachers’ TPACK is influenced by
teachers’ preparation. Figure 4.42 shows the influencing factors to integrate ICTs related

to teachers.
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Figure 4.42: Factors affecting integration of ICT related to teachers

4.2.4.3 Student factors

Students’ interest

It is found that T2 belief that students’ interest to learn with technology is another vital
issue to integrate ICT in teaching-learning purpose. T2 did not think that students prior
experience about technology affect students’ learning rather their (students) interest plays

a vital role to learn with technology. She stated:

Personally I think if the student is interested in learning with ICT, then it is very
easy to manage. We can easily explain using tools many things. Which actually we
can’t do free hand or explaining will be a bit more time consuming. [...] I think
Students’ prior experience on technology doesn’t matter much because actually
most of the work the student has to do is not technology related. Even if you don’t
do it before, you can learn it. He has to learn with interest. That’s the difference, if
he is only interested that yes, | have to learn this, new way I'm learning then | think

that’s enough.

Students’ attitude

T2 reported that students’ attitude towards the learning with technology is also a prime
factor to teach with ICTs. She argued that in the one hand students’ positive attitude foster
the teaching-learning process, on the other hand negative attitude creates the scenario
reverse. She shared her experiences in the online class during Covid that students hold very

negative attitude about the online class and that is why they were not willing to learn online.

182



She expressed:

Positive attitude is actually most necessary. What actually happens in many cases
for a negative attitude, such as in the case of our online classes, what is the need
for online classes? Means, it will be time pass, there is nothing to learn in the online
class, how can it be taught from such a distance? Such type of negative thought
resist students to learn in online class. In some cases, many multimedia classes
have the same attitude that what do | do when | hear them, what do | do when | see
them, what is the use, if students have this attitude, then actually learning does not

work.

Parental support

My analysis shows that the students’ attitude is also influenced by their family members.
According to T2, while parents hold negative attitude regarding technology in TL purpose,
it eventually is transmitted to students’ attitude. Thus, T2 argued that parental support is

very important to integrate ICT in teaching-learning process. She stated:

[...] I saw that the attitude of parents somewhat disturbs their children. Umm.. for
example, parents who think ICT use is limited, not very effective, a phobia enters

into their children. They think that it’s not necessary, I can’t do it.

Misuse of ICT

The analysis shows that students’ misuse of ICT effect on ICT integration in TL process.
According to T2, despite a huge potentiality of ICT, it has some drawback also. If students
misuse technology, it may hamper their learning to a large extent. From the head
teacher’s interview it is revealed that sometimes parents hold negative thought about
learning with technology as they think, it has adverse impact on their children. She stated
that during Covid period, students had to attend in the online class and sometime they
misused the technology and became addicted in device, these issues formed parents’
negative perception. According to the head teacher, if the student-focused effective
technology is used for teaching-learning purpose, the probability of occurring negative

incidents may be reduced and the scenario will change. The head teacher stated:
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In the post-covid era, students become addicted in the device and negative things
are being observed in their learning. Therefore, parents are sometimes reluctant to
use technology. If learner friendly devices are used in teaching-learning activities,

then I will be excepted by all.

In addition, T2 believes that along with the teachers, parent should aware of this. T2
claimed that school authority has taken several initiatives (e.g., awaring about the drawback
of misuse of ICTs) to educate students as well as parents so that students have not misused
technology. Though several initiatives have been taken by the school, T2 argued that the
main responsibility belongs to the parent. Parents have to monitor their children so that

they are not distracted from the learning due to the wrong use of ICTs. She stated:

In fact, there is scope to misuse technology by the students. For example, we see
many wrong uses of the internet. As a teacher, we can explain the adverse impact of
this misuse, it means to monitor them to some extent. But the monitor actually has
to be done at home, it can actually be done by the family. It is not really possible
for the teacher to monitor properly. One thing that can be done is that teachers can
check the direction of the student. But the majority of monitoring will come from
the family. [...] School is actually doing enough. For example, side effects are well
explained in class. It was also said in the parents’ meeting. In many cases, parents
actually unfairly support their children, which is not acceptable. If unfair support
can be reduced a little, then 1 think that the student will also be careful, the thing

will be helpful for the authority.

By analyzing the data on student related factors, it is found that students’ attitude and interest
directly influence ICT integration. It is also found that students’ attitude is directly
influenced by their parents’ attitude and students’ misuse of ICT directly affects their
parents’ attitude. Besides, students’ interest is also influenced by their attitude. Influencing

factorsto integrate ICTs related to students are shown in Figure 4.43 below.
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Figure 4.43: Factors affecting integration of ICT related to students

4.2.4.4 School context

Technical support

T2 claimed technical support is one of the factors for conducting class using ICT tools.
According to her, while the teacher conducts the class with the help of multimedia, she/he
may face some challenges regarding technical issues such as adjusting aspect ratio, proper
configuration, trouble shoot etc., thus it is necessary to have a skilled technician to mitigate

those problems. In her voice:

In fact, the technician may be needed sometimes, not always. Um.. because
sometimes the projector gets disconnected, the matter of actually changing the
configuration, fixing the aspect ratio like that type of issue. In that case, | think a
technician is needed. While using the projector, if the aspect ratio is not right then

the display will not work properly. In that case it seems necessary.

Thus, school management should consider this issue to effectively utilize ICT tools for

teaching-learning purposes.

Physical facilities

To get benefits of ICTs for teaching-learning purposes, all sorts of physical facilities, proper
infrastructure have to be ensured. If both the teacher and students do not get the suitable
environment while conducting/attending the class with ICTs such as adjustable lighting
arrangement, spacious space etc., they will not concentrate in the class properly. As a result
of that, the expected goal will not be achieved. That is why, it is one of the prime factors

to ensure physical facilities if ICTs are intended to be used for TL purposes. T2 argued:
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To display PowerPoint slides on the projector screen, the matter of lighting is
actually important. Because normally the rooms are arranged in such a way that
enough light is occupied in the room. But when we want to do the power point
display, if the room is not a little dark, the display cannot be seen well. That means
that the matter of the curtain or blind, an ability to control the light is actually
needed in the room. In most cases, the curtain or blind are not provided in
traditional classrooms. In that case, the labs actually have it. So for this reason, it
is more beneficial to take classes in the lab room.

The school head teacher expressed that teachers are already trained and ready to teach with
ICTs but could not due to the insufficient logistics support. The head teacher articulates
her helpless situation that she could not provide all sorts of physical facilities due to the

financial issue. She stated:

Multimedia classrooms are needed to teach mathematics using ICT. Though
teachers are positive, trained and prepared, school authorities are not able to

provide all kinds of facilities due to financial reasons.

Departmental ethos

Analysis of the study shows that departmental ethos is another big issue in implementing
ICTs in the teaching-learning process. To implement ICT in education properly, the school
authority must have a positive attitude on it. They have to feel the necessity of it. She stated:

Before it happens, the authority must understand whether it is necessary or not. In
many cases, the authority feels that there is no need as the ICT department will

handle these matters.

According to T2, her school authority welcomes teachers to conduct classes with ICTs if
they want. Similar view was found from the head teacher’s opinion ‘[...] teachers can
participate in all kinds of online activities as they wish’. However, in the follow-up
interview, the teacher expressed the unsupportive attitude of the authority while she tried

to install the software GeoGebra in the school computer. She stated:
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| wanted to use the lab but the lab was not available, plus | wanted to install it on
the computers of the lab by myself, I did not tell them to install it. I took it to pen
drive. But they didn’t let me install it. The software is not harmful software, it is a
very light software. Just use it for graphing and plotting and then uninstall it. But
they are not interested in any way. Their approach is like that /.../ umm.. we don 't
need it, and we won't need it. So why is it necessary now? This approach seems to

me a little harmful.

Besides, T2 argued that sometimes teachers are not willing to use ICT in their teaching
learning purpose, they are not interested to learn about ICTs. While the authority takes
decisions for introducing ICTs in education, several backlashes come sometimes, that is

why instead of thinking positively, school authority thinks adversely. The teacher claims:

[...] if in-house training is organized to enhance teachers’ ability on technology,
there are many cases that, the teachers get annoyed that why should they learn, it
is the responsibility of the ICT department. [...] In many cases teachers are not
interested because they are not intent to learn. Since many backlashes have come
if any decision has been made, the authority actually appears to be a little less

interested in taking risks. So | think it is more important to solve these two issues.

Again, the analysis shows that school authority can take necessary steps to ensure
technology use for TL purposes. For instance, T2 argued that while preparing the routine
if there is a mandatory schedule to conduct a class using ICTs, teachers will oblige to use
ICTs in their teaching and gradually they become habituated with it. Since there is no
obligation to conduct class using technology, teachers are not willing to take class with
ICTs. Again since classes with ICT are held rarely, students do not feel interested in it. She

stated:

Since there is no obligation, most of the teachers have little interest in multimedia
classes. So if it can be done frequently then the interest of students, teacher will
grow. Then, I think, things will become more normal. Thus I think, if we can do it
while making the routine that ‘yes’ a multimedia class is fixed, that ‘yes’ how many

multimedia classes will be in this session or how many of these should be in this
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half yearly. While there is some obligation, I think it will become a habit for us.

Thus, the analysis found that departmental ethos, availability of physical facilities and
technical support are factors related to the school context that affect integration of ICTs in

the teaching-learning process (Figure 4.44).

Physical facilities

ICT integration in
Technical teaching =

support learning process [

Departmental
ethos

Figure 4.44: Factors affecting integration of ICT related to school context

4.2.4.5 National Context
Curriculum

The analysis shows that T2 stated about the suitability of the existing secondary
mathematics curriculum. According to her, teachers already use technology to achieve the
objectives of the existing curriculum. She mentioned that teachers can use ICT tools to show
some of the trigonometric application, construction of theorems, connection between three
and two dimensional figures which already appear in the existing curriculum. She also
suggested that if in the curriculum, implications are more emphasized along with the
theorems and schemes of work on how ICT could be used in the classroom, the math
curriculum will be more rich and teachers can effectively use ICTs in their teaching. She
stated:

The existing math curriculum has the scope to teach math content using ICT. In
fact, it is already being used. I think it is much more applicable in case of a little
higher class. For example, many applications of trigonometry can be shown, then
construction theorems, solid geometric cases. Gaining knowledge of the implication
of math is very important. Um.. right now it seems to me that implementation is

less, theory based teaching is more. So | think if these issues are addressed in the
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curriculum, then the math studies will be more rich.

Course duration and assessment policy

The teacher reported that due to time constrains and the traditional exam system, there is

limited scope to conduct class using multimedia. She stated:

We have limited scope to use multimedia class. One of the reasons is our traditional
exam system. We are in a hurry to complete the syllabus within the limited class.
So,many teachers think that multimedia class is an extra burden for them.

Professional development

The analysis shows that professional development is one of the major factors to integrate
ICTs in teachers’ practice. T2 stated that some basic training must be provided to the
teachers so that they become willing to extend their knowledge by their own effort. She
also expressed that there are already some training programs for teachers’ professional
development. If these training could be conducted properly, teachers will be benefited by
those. Besides, she reported about the necessity of in-house training, as in-house training

is easier to provide. She stated:

Yes, training is required. Because without some basic training, it is not possible to
do advanced work. Some basic training is required. Then try it yourself. There is
already some training. Like the training we had in BANBEIS, the ICT training that
was done for our teachers, | think if that training can be done properly, it can
actually be developed in many cases. [...] In-house training is essential, because

in-house training is easier to provide.

The head teacher of the school also stated the importance of teachers’ training for their
professional development. She expressed that teachers are somewhat trained and if

necessary the school provides in-house training by the ICT teachers. She claims:

Teachers are more or less trained as they have to process school salaries,
examination results, ID card issuance via online. [...] If needed teachers are

trained through ICT teachers.
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Financial support

Another important factor discussed by T2 was financial support. According to T2 teachers’
interest to use ICTs in the classroom is not sufficient, financial issues have a large influence
onit. Since, the traditional classroom setting is not properly suitable for teaching with ICTs.

For the whole setup of a multimedia classroom, it requires a big budget. T2 expressed:

The financial issue is there because one thing is if there is no support from the
authority then it is a matter. Because if we think about every school in Bangladesh,
all the schools need a space to have so many projectors and so many multimedia
classes. You don’t have much space for setup. So it is definitely a financial thing
because without financial support how can you do it. It is not possible. Financial

matters are necessary for multimedia facilities.

Like T2, the head teacher of the school also expressed the necessity of financial support.
She claimed that though the head teacher and teachers possess a positive thought regarding
the use of technology in the teaching learning purpose, due to the limited funding, they
cannot properly utilize the benefits of technology. She argued:

Despite the head teacher of the school and teachers holding a positive attitude
in using technology in teaching-learning activities, it is not possible to use the
technology fully due to the lack of financial support.

By analyzing the data focusing on national context, curriculum, financial supports,
professional development programs, course duration and assessment policy are found

influential factors in integrating ICTs in TL process (Figure 4.24).

Curriculum  —
ICT c Suration &
Professional integration in ourse “rat'OF
development ”|  teaching - learning assessment policy
process
Financial
support —

Figure 4.45: Factors affecting integration of ICT related to national context
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4.2.5 Summary of the findings

Analyzing the data collected from all sources of Case-Il, it can be summarized that, as in
Case-l, the teacher in Case-1l also applied various types of techniques to conduct class with
the aid of ICTs. She used both the lecture-method (e.qg., displaying screen and explaining
about the topic) and modern method (e.qg., invite students to explain their ideas and involve
them in peer discussion) in the classes and emphasized on individual learning. As the
teacher rarely engaged students in collaborative work (e.g., group work), she did not
rearrange the classroom for collaborative support learning environment, rather her
classroom space was supportive for observation learning (e.g., luminous space, a
widespread board placed at the center of the front wall to visible for the whole class,
availability of resources, internet facilities etc.). It is found that the teacher used different
teaching approaches (e.g., connecting math with real context and prior knowledge,
providing a variety of problems, providing scope to explain students’ thoughts with proper
justification, exploring misconceptions etc.) to make the learning meaningful. Besides, the
teacher not only provided feedback by herself, but also encouraged her students to get
feedback fromtheir peer and the ICT tools. It is also found that the teacher applied
different types of instrumental orchestration (e.g., link-screen-board, explain-the-screen,

technical-support etc.) while applying the different strategies in the class.

It 1s found that initially the students’ productive disposition and procedural fluency about
mathematics were good but the other three strands of MP (i.e. conceptual understanding,
adaptive reasoning and strategic competence) were very low. But, after the intervention,
their MP increased. From the classroom observation and FGD responses, it is found that
students’ feel more motivated to learn mathematics with technology when they engage into
the lesson actively (e.g., work with collaboration, directly work with technology etc.). By
analyzing the data, few roles of students (e.g., engage in collaborative work, willingly
engage into the lesson, work directly with ICTs etc.) and ICTs (e.g., visualize the math
with real situation, make the complex topic easier and sustainable etc.) were identified
while main concern of teaching-learning would be to develop students’ MP with the help
of ICTs.
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Similar to Case-I, it is also found that some factors affect integration of ICTs in the
teaching-learning process. Under this case several factors related to teachers, students,
school and national context were identified. Teachers’ attitude, preparation and TPACK
were identifiedas teacher related factors, whereas students’ attitude, interest, misuse of
ICTs and parents’ attitude are identified as students related factors that influence ICT
integration. In addition,technical support, physical facilities and departmental ethos are
identified as influencing factors to integrate ICTs in school context while curriculum,
professional development, financial support, course duration and assessment policy are

identified as factors related tonational context.

4.3  Findings of the Study by Cross Triangulation of Two Cases

By analyzing the similarities and dissimilarities among the findings of the two cases, it is
observed that the pedagogical considerations applied by both the teachers T1 & T2 (Case-
| and Case-11) are similar to some extent. The major difference observed is that the main
intention of the teacher of Case-1 was to conduct the class interactively, involve students
to learn with collaboration such as peer work, group work and whole class discussions,
whereas the teacher of Case-I1, conducted the classes by focusing on the combinations of
both traditional (lecture-based) and modern approach (classroom interaction). She
emphasized more on students’ individual learning rather than collaborative learning. That
is why she did not rearrange her classroom set up. Besides, T2 did not rearrange classroom
setup claiming short duration of class time, whereas T1 rearranged the classroom amenities
prior to start the class (e,g., arranging portable board, flexible learning space, adequate
extra chairs etc.) and sometimes within the class (e.g., sitting rearrangement for group
work). Besides, while T2 teacher conducted most of the classes in the traditional classroom
where some facilities (e.g., variability of multimedia and internet support) and hardness
(e.g., aspect ratio problem in multimedia setting, inappropriate lighting to visible the
display of the screen etc.) exists, T1 conducted class in the ICT Lab room where students
got the facility to directly use the assigned PC for them according to the teacher’s direction.
However, the teacher did not allow students to work with the assigned PC for them in every
class, rather he involved students directly to work at his computer very often which

provided a flavor of how students can be directly involved in the traditional classroom.
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Though, in the ICT lab room, most of the facilities for conducting class with ICT were
available, teachers faced some difficulties (e.g., network problem and turning on, un-
functioning remote for power on/off multimedia, log on/off computers etc.). It is also found
that T1 frequently tried to make students work directly or indirectly with technology
wherever possible. On the contrary, T2 rarely engaged students directly with technology,
though she argued for its importance. However, both of the teachers ensured technology
accessibility by themselves and used ICTs effectively. The study shows that both the
teachers have the experience to conduct class with technology, and they were very
enthusiastic to use technology in their class, however, T1 was more experienced than T2
and he applied more effective pedagogical approaches than T2. Moreover, T1 received
several national and international training related to pedagogy and ICT. It reveals that
training programs have a great influence on teachers’ professional development. It is found
that the teachers adopted various strategies to make the learning meaningful (e.g. linking
math with real-life, exploration of prior knowledge, providing multiple-ways to solve a
problem etc.) and offered multi-channel feedback (e.g., feedbackby teacher, peer, ICT tools
etc.). Exploration of students’ misconception, identification of mistakes and work with
counter-example are also stressed by both the teachers. Both of them were found giving
emphasis to engage students through motivation and adopted different strategies to
motivate them (e.g., praising the learner, valuing students’ opinion, providing systematic
and attractive lessons etc.). Both of the teachers applied all those aforementioned strategies
with the assistance of ICT tools and by support of different types of orchestrations.
Comparing their orchestration attempts, it is found that T1 applied more orchestration
techniques (e.g. link-screen-board, monitor-and- guide, Sherpa-at-work etc.) than that of
T2. The comparison between pedagogical approaches applied by T1 & T2 is shown in
Table 4.16.

Table 4.16: Comparison between pedagogical considerations by T1 & T2

Category/ Similar pedagogical approaches under each theme Case-I1 Case-l1
theme

Rearranging Flexible and adaptable learning space v

classroom Physical space support- collaboration learning v

amenities Physical space support- observation learning v N
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Ensuring Selection of tools N N
Technology Access to technology N N
ACCGSSib“it}’ and  nvolving learners directly to ICT v V (rarely)
Its Appropriate jging ICT (screen) to perform the task accurately v
Usage
Linking and connecting math with real context v v
Adopting Linking and connecting math with prior knowledge v v
diﬁerer?t Providing scope to apply acquired knowledge in a new v N
strategies to situation
make the Exploring prior knowledge N
learning Providing multiple ways of representation and strategies v v
meaningful Providing scope of- peer discussion, group work, whole v V (rarely)
class discussion
Encouraging for individual work/thought N
Encouraging to check the solution using variety of methods Vv N
Encourage to apply math language v
Offering challenging tasks v N
Providing variety of several examples v v
Providing scope to explain students’ thought with proper N N
justification
Offering multi- feedback by peer v v
channel feedback  student’s self-reflection v
Teacher provides feedback v N
ICT provides feedback v N
Offering Exploring misconception v v
opportunitiesto  Emphasizing on counter example v v
?dentif){ e_rror/ Identify mistakes (by peer, by learner’s own) v v
imprecision
Praise the learner v
Engaging Providing attractive picture v
students through  providing well organized and systematic lesson N
motivation Valuing learners’ opinion v
Facilitating to get the correct path v N
Performing Technical-demo v
Instrumental Link-screen-board Vv N
Orchestration Discuss-the —screen v v
Guide-and-explain /Explain-the screen v N
Technical-support v N
Work- and- walk-by v N
Discuss-tech-without-it v
Sherpa-at-work v
Not-use-tech N v
N

Monitor-and-guide
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During the ICT orchestration process, some specific roles of ICTs and also of the students
were identified from both cases as shown in Table 4.17 below. Among those roles, most

of them are explicitly discussed in Case-1 while some are in case-II.

Table 4.17: Identified roles of ICTs and students while ICTs are used in TL process

Role of ICTs Role of Students
Help to visualized the real meaning of math Engage actively in collaboration
Helps to deal with problem with minimum error Work willingly /directly with ICT
Encourage collaboration Provide peer feedback
Provide instant feedback Identify own mistakes/ self-reflection
Add fun factor in learning and motivate Engage lesson willingly
Make the learning sustainable Attentively follow teacher’s instructions

Prepare students for the future

Time saver

Make the complex topic easier

The study also found that the pedagogical approaches used by the two teachers ultimately
increased students’ mathematical proficiency. Since mathematical proficiency consists of
five inter-linked components- “conceptual understanding, procedural fluency, adaptive
reasoning, strategic competence and productive disposition” and students’ ability on all
those components cannot be developed by a single approach, it is found that some of the
approaches adopted by teachers, directly enhance specific attribute of mathematical
proficiency while some have indirect influence. For instance, according to the teachers,
while students engage in collaborative work, they develop their strong conceptual
understanding, thus the pedagogical approach- “Providing scope of- peer discussion, group
work, whole class discussion” has direct influence on developing conceptual
understanding whereas the rearrangement of classroom setup to “support collaborative
learning space’ ultimately open up scope for smooth collaboration and has indirect effect

on students’ conceptual development. Table 4.18 below shows the pedagogical approaches
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adopted by the teachers and combination of approaches that contributed to the development

of the five components of MP of the students.

Table 4.18: Pedagogical approaches for developing five components of MP

Strands of MP Applied Pedagogical considerations

Rearranging classroom amenities
o Physical space support- collaborative learning

Ensuring Technology Accessibility and Its Appropriate Usage
o Selection of tools- presentation, Geogebra, spread sheet, Desmose
¢ Involving learners directly to ICT

Conceptual e Using ICT (screen) to perform the task accurately
Understanding

Adopting different strategies to make the learning meaningful

¢ Linking and connecting math with real-life

¢ Providing scope to apply acquired knowledge in a new situation
Exploring linking math with prior knowledge
Providing multiple ways of representation
Providing scope of- peer discussion, group work, whole class discussion
Providing the opportunity to speak/ use mathematical language
Offering challenging tasks
Providing variety of several examples

Offering multi-channel feedback
o feedback by the teacher
o feedback by peer

Conceptual e student’s self-reflection

Understanding
Error/ imprecision

¢ Exploring misconception

¢ Providing counter example

o Identify mistakes (by peer, by learner’s own)

Rearranging classroom amenities
o Physical space support- observation learning

Ensuring Technology Accessibility and Its Appropriate Usage
o Involving learners directly to ICT
Procedural e Using ICT (screen) to perform the task accurately

Fluency Adopting different strategies to make the learning meaningful

e Encouraging rapid recall
¢ Providing variety of several examples
¢ Providing Homework for practice

Offering multi-channel feedback
o ICT provides feedback
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Rearranging classroom amenities
e  Physical space support- collaborative learning

Adopting different strategies to make the learning meaningful

Providing scope of- peer discussion, group work, whole class discussion
e Providing variety of several examples

e  Offering challenging tasks

e Providing scope to explain students’ thought with proper justification

Adaptive
Reasoning

Offering multi-channel feedback
o feedback by the teacher
o feedback by peer
o  Self-reflection

Rearranging classroom amenities
o Flexible and adaptable learning space

Strategic Adopting different strategies to make the learning meaningful
Competence o Providing scopes to apply multiple strategies
e Exploring prior knowledge

Offering multi-channel feedback
o ICT provides feedback

Rearranging classroom amenities
o Flexible and adaptable learning space

Ensuring Technology Accessibility and Its Appropriate Usage
o Involving learners directly to ICT
Productive

Disposition Adopting different strategies to make the learning meaningful

¢ Linking and connecting math with real context
¢ Providing scope of- peer discussion

Offering multi-channel feedback
o feedback by teacher
o feedback by peer

Engaging students through motivation
e  Praise the learner
e  Valuing learner’s opinion
e Well organized and systematic lesson
e Providing Attractive picture

The analysis of quantitative data (from survey and paper pencil test) shows that every
component of students’ MP for the both cases have increased after the intervention except
procedural fluency. However, in case of Case-I all the four components of MP (CU, AR,
SC and PD) increased significantly whereas for Case-II, students’ PD has not increased
significantly. Comparing the quantitative data for both the cases before intervention
(Figure 4.46(a)), it is seen that students’ level of mathematical proficiency for each

individual strand was not so different. Whereas, the mean scores of all components of the
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MP for both cases shows that the students who participated in the Case-1 perform better
than that of the participants of Case-1l after the intervention (Figure 4.46 (b)). Again, the
qualitative analysis (FGDs and classroom observations) shows that students’ every
component of mathematical proficiency developed through the experimental classes in
both the cases. More specifically, in case of Case-II, students showed their high productive
disposition while they engaged in interactive learning. It reflects that ICT-enabled
teaching-learning process promotes students’ MP and teaching approaches (interactive
teaching) have a great influence on students’ productive disposition.

(a) Before intervention
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Figure 4.46: Comparison between the students’ MP for Case-l and Case-11
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Table 4.19: Comparison between the influencing factors identified in Case-1 and Case-11

Category/ them Identified factors Case-I Case-l11

v

Teachers’ attitude

<.

Teachers’ perceived usefulness
Teachers’ interest

Teacher factors Teachers’ TPACK
Teachers’ confidence
Teachers’ preparation
Teachers’ experience

Teachers’ class load

Students’ attitude
Students’ interest
Student factors Students’ misuse of ICTs

Parents’ attitude

DU S S8

Home environment

Large size class
School contexts Departmental ethos
Physical facilities

Technical support

Curriculum

Professional development
National Context

D B S T S B

Financial support

Course duration

DT S SN S

Assessment policy

It is found that both the teachers of Case-l and Case-Il, identified some factors which
influenced their use of ICTs. The identified factors emerged under the four themes (Teacher
factors, Student factors, School context and National context) and their influence was found
to vary in two cases. It is found that T1 identified nine factors on the sides of Teacher
factors while T2 claimed about three (teachers’ attitude, TPACK and preparation). In case
of Student factors, both the teachers T1 and T2 claimed that the students’ attitude, interest,

parents’ attitude and misuse of ICTs are the influencing factors to integrate ICTs in the TL
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process. However, other than that, T1 talked about students’ home environments which
affect ICT integration. Again, departmental ethos, technical support and physical facilities
are identified as affecting factors by both T1 and T2 in case of School context. Other than
those three factors, the teachers T1 claimed about large class size. Again, curriculum,
professional development, financial support are identified as influencing factors by both
the teachers whereas the factor course duration and assessment policy are identified by
teacher T2. All these factors emerged under the theme National context. Head teachers of

both schools also support some of the factors which are identified by the teachers.
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Chapter Five

DISCUSSIONS

This chapter summarizes and discusses findings regarding three research questions (RQ)
that | aimed to address in this study. The research question 1 (RQ1) explores how teachers
apply pedagogical considerations in an ICT-facilitated teaching-learning environment. The
research question 2 (RQ2) identifies whether the applied pedagogical considerations
promote students’ mathematical proficiency or not and if yes, then also discusses how the
applied pedagogical considerations promote students’ mathematical proficiency. The final
research question (RQ3) focuses on the factors which influence the integration of ICTs in
the teaching-learning process. Finally, a process framework is proposed at the end of this

chapter.

51 RQ-1.How do teachers apply pedagogical considerations in an ICT
facilitated teaching-learning environment?

The finding of the study shows that there are several pedagogical considerations applied
by the teachers in the ICT-facilitated teaching-learning (TL) environment. In this section,
those pedagogical considerations are discussed in line with the extant literature and
organized around the two distinct phases- Didactical Configuration and Exploitation Mode

of the theoretical framework (Instrumental Orchestration framework) of the study.

5.1.1 Pedagogical consideration in Didactical Configuration phase

This section discusses how teachers in the didactical configuration phase, chose their setup
for the classroom, arranged students in the class, selected different sorts of tasks and used

various artifacts (tools) for a suitable ICT-enabled TL environment.

This study found that the classroom setup for Case-I is suitable for both observation and
collaborative learning whereas for Case-Il, classroom space supports observation learning.

Though both teachers tried to apply some strategies to involve students’ in
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collaboration, the teacher T1 in Case-I rearranges the classroom learning environment a bit
flexible and adaptable (arranging extra chairs, one extra table and one portable board) to
make it more suitable and helpful for collaboration. Findings of the study reveals that both
the teachers are concerned about classroom context more specifically about physical space.
T1 prefers more spacious classroom space whereas the teacher T2 is unpleasant about the
lighting arrangement since these are crucial for conducting class fruitfully while ICT is
used in the teaching-learning process. These findings conform to the existing knowledge
(Li & Dawley, 2019) that physical space is one of the important factors to implement ICTs
in the teaching-learning process effectively. The finding shows, the projector screens and
the white board for both the cases are placed in front of the students and at the center of
the class. As the board length is a bit longer for Case-11, T2 does not bring any extra board,
whereas T1 brought a portable white board. According to Li and Dawley, to conduct
classes with ICT, it is mandatory to have the facility of both projector screen and white
board to link the screen to the board as well as to perform the task other than what is shown
on the screen. This finding conforms to the works of Koyuncu et al. (2014) where they
claimed about the importance of linking technology environment with the conventional

context.

While almost in every class T1 prefers to engage students in peer discussions, group
activities or whole class discussions, T2 emphasizes on individual learning. However,
sometimes T2 was also found to apply whole class discussions and group work but not so
regularly like T1. The study found that while reorganizing the sitting arrangement of the
students, both the teachers prefer a sitting arrangement where students having high and
low ability (ability based on the performance of both the content and technological
knowledge) sit together to ensure students’ maximum participation and solid learning. The
findings also reveal that though none of the teachers rearrange the sitting arrangement in a
round shape pattern for regular classes, T1 emphasizes such a sitting arrangement for
effective collaboration (e.g., group work) only. Thus, classroom culture is found as a major
concerning issue for TL-environment which is consistent with the finding of Li and Dawley
(2019) where they reported that while teachers teach with technology, the issue of

classroom culture needs to be taken under consideration as it shapes teaching-learning
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experiences.

While teaching mathematics with ICTs, both the teachers prefer the tasks to be non-routine,
challenging, open-ended and real-life oriented problem-based. They also claim that the
students should be given a combination of both easy and complex tasks, and the difficulty
level of the tasks should be sequenced from simple to complex. They emphasize on
providing several tasks with different dimensions as these sorts of problems help students
to solve the problem by thinking in different angles/from different perspectives and
different ways with proper logic. This study finds that such sorts of tasks increase students’
ability to perform the tasks fluently with maximum correctness and prepare students with
the capability of dealing with unfamiliar situations. Thus, non-routine and challenging
tasks get students ready for this purpose and make their mathematical understanding
stronger. Besides, real-life oriented problem-based tasks help students to internalize the
concept and enable them to apply the task in new situations and also make the learning
meaningful and interesting to them. Similar findings were reported in the work of Sultana
and Khan (2017) where they discussed that teachers need to provide unfamiliar and
challenging tasks as it will help students to develop their concepts and motivate them to

learn with new experience.

It is also found that both T1 and T2 use different sorts of ICT tools such as multimedia
projector, PowerPoint presentation, calculator, GeoGebra software and Desmos apps for
mathematics teaching-learning purposes. However, teachers added that content related
video tutorials, google search, IWB, websites (e.g., Khan academy) related to mathematics
teaching-learning may be considered as effective ICT tools for mathematics TL. The study
shows that both the teachers have easy access to technology. Both of them use a laptop
which is connected with a multimedia projector whereas the projected screen is placed at
the center of the front wall of the class. Unlike the Case-Il, the students of Case-I have the
facility to directly use the assigned PC for them according to the teacher’s direction. Due
to the limited number of PCs, two or three students have to share one PC and perform group
wise. However, both of the teachers express their positive view on students’ one-to-one

interaction with technology. This viewpoint is well reported in the works of Li and Zheng
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(2018) where they claimed that when students work directly with technology, they can
enhance their learning performance by adapting and experiencing individual learning

experience.

5.1.2 Pedagogical consideration in Exploitation Mode

This section discusses how the teachers decide to exploit the didactical configuration in the
exploitation mode. This includes decisions on the approach for a task to be introduced and
worked through, on the possible roles of the artifacts to be played, and on the schemes and

techniques to be developed by the teachers and the role of students in those situations.

The study shows that most of the time T1 in Case-1 facilitates the teaching-learning process
rather than instructing. It is observed that a major part of his class was student- centered
rather than teacher-centered. On the other hand, T2 in Case-Il, proceeds the class
combining both traditional teaching (e.g. lecture method) and modern teaching (e.g.
interactive way) approach. In most of the classes, both T1 and T2 introduce the lessons by
exploring students’ prior knowledge and linking that to the topic as this technique helps
teachers to understand students’ level and plan for how the lessons will proceed. Besides,
when students can learn a topic linking to their existing knowledge, they become motivated
and learning becomes meaningful. The findings also reveal that T1 often introduces the
lesson linking with real-life events and familiar contexts. This technique helps students to
be involved in the lesson willingly and develop the realization that math is not only an
abstract subject, it is not isolated from their lives. Similar findings were reported in the
work of Sultana and Khan (2017) where they reported that connecting math with real-life
phenomena is essential to develop students’ math concepts and to motivate them in learning

mathematics.

The study shows that ICT tools (e.g. simulation programs) create an environment more
effective for learning as students can visualize the real meaning of mathematics through it.
Moreover, the maximum accuracy in teaching-learning can be achieved with the support
of technology as ICT opens the scopes to deal with problems with minimum error (e.g.,
using zoom in and out option to explore the location of each and every point of the graph
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of a linear function). The study also shows that both the teachers believe that ICT opens
the scope to conduct the TL process with collaboration. As, due to the use of ICT, teachers
can get more time to apply different TL techniques (e.g. group work, peer or whole class
discussions) in the classroom than the traditional classroom. In the ICT facilitated learning
environment students can collaborate not only with peers but also with technology.
Students can get feedback from the technology. The findings also reveal that use of ICT
not only makes the learning meaningful but also offers a fun factor in learning and
motivates students to involve in the TL process willingly. The findings show that both of
the teachers think that to make the learning more sustainable use of ICT is vital. Besides,
not only the teachers but also the students express their positive view about use of ICT in
the teaching- learning as they think that it prepares students for the future effective
workforce. These roles of ICT are consistent with the findings of Das (2019) and
Saravanakumar (2018). Both of them reported in their study that due to the blessings of

ICT, students become skilled workforce and can build their successful career.

The study shows that though the role of teachers of two schools were almost similar in
both the cases, it varied in few instances. For example, as the teacher of Case-1, the teacher
of Case-1I did not rearrange classroom amenities, rarely involved students working with
ICTs directly, applied relatively less interactive teaching-learning strategies etc. These
differences may occur due to some contextual reasons in Case-11 such as disarrangement
of resources and physical facilities to conduct the class using ICTs, lack of support of

school authority, inadequate experience of teachers etc.

The study found, both of the teachers ensure the accessibility of technology and its appropriate
use such as they emphasize on students’ direct involvement with the use of ICT, though
T2 rarely provides scope to the students to directly interact with ICT. The study found that
despite the willingness to involve students directly with their assigned PC in the ICT Lab
room, Case-Il teacher was unable to do that due to the unsupportive behavior of school
authority, thus she took all classes (except one) in the traditional classroom. This finding
conforms with the finding of Turgut and Aslan (2021) where they reported that teachers’
intention to integrate ICT in his/her practice highly depends on school authority’s support.
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However, the pedagogical approaches adopted in the ICT lab room by the teacher in Case-
I (where most of the facilities to conduct class with ICTs were available) could be applied
in the traditional classroom. As in the context of developing country like Bangladesh, most
of the classes are conducted in traditional classroom where multimedia facilities may or
may not be present, to conduct class effectively with ICTs the availability of multimedia
facility in the classroom must be mandatory along with ensuring some physical facilities
(e.g., confirming uninterrupted internet, luminous space for collaborative work and
flexible learning, appropriate lighting and board arrangement for linking virtual context to
conventional context etc.). This finding conforms with the existing finding of Roehl et al.
(2013) where they argued that to create active learning, collaborative support environment,
in traditional classroom setting, more optimal arrangements need to be adapted such as
flexible learning space that allow for group work and many different activities at the same

time.

According to both the teachers, while students are directly involved in ICT tools, their fear
about technology becomes less and they can extend their knowledge. The study shows that
while students directly work with technology, the teacher's role is to act as a facilitator and
scaffold students where necessary. Teachers also provide the technical support when
students face problems in the technical issue. The study shows that none of the teachers
initially provides the freedom to work with technology by the students without any
instruction or demonstration. Moreover, T1 discusses the importance of technology for the
specific lesson so that students get interested in working with the tools. This finding is in
line with the previous study of Sultana and Khan (2017) where they stated that a teacher
needs to familiarize students with the ICTs clearly while he/she tends to work with them
(students) with the collaboration of ICTs.

It is also found that teachers use a projected screen and white board at the same time to link
what is shown in the projected screen in the other setting. They also use white boards for
explaining the topic more elaborately. On the one hand, the finding of the study reveals
that teachers often explain what is projected on the screen for the whole class, on the other

hand, they invite students to come in front of the class and explain what is projected on the
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screen and ask to clarify their opinion with proper logic. Similar findings were reported in
the work of Drijvers et al. (2010) where they emphasized that in an ICT- enrich classroom
environment, it is necessary to create a relationship between what happens in the
technological environment and how this is represented in conventional settings like paper-
pencil, board etc. Besides, T1 in Case-l, invites one student to present the task with the
help of ICT and opens the floor for discussion. Such teaching strategies are very effective
as it ensures the participation of all students’ arguments and cross-arguments deepen their
mathematical understanding. This finding is consistent with the findings of (DBE, 2018)
where it is reported that students’ mathematical concepts become solid if they are involved
in debate. It is found that teachers are not always stuck with a single method rather they
adopt different strategies to make the learning meaningful such as they proceed the lesson
connecting with prior knowledge and create such an environment so that students can apply
their acquired knowledge in the new context. Besides they provide the scopes to represent
and solve the problem in multiple ways. It is also found that while conducting class in ICTs
enabled environment, teachers offer challenging and a variety of different dimensional
tasks so that students can increase their multi-dimensional thinking. The findings of the
study show that along with the individual work; pair work, group work and whole class
discussions are also encouraged. The finding also shows that while students work
individually or group wise, teachers walk throughout the classroom and try to understand
whether students are on the right track or not and facilitate them to get the correct path.
Finding of the study also shows that exploring misconception, providing counter examples
and identifying mistakes by their peers or by their own are also considered to be effective
pedagogical considerations. It is also found that both the teachers are not depended on only
one-way feedback by themselves rather they offer multi-channel feedback (e.g. feedback
by peer, feedback by ICT and student’s self-reflection). The findings also show that
teachers apply different techniques to motivate the students in the learning such as praising
the learner, valuing learners’ opinion and preparing the lesson with relevant attractive
pictures to motivate students as motivation to learn is an important factor to engage into
the lesson willingly. This finding is consistent with the finding of Filgona et al. (2020). It
is found that teachers apply the above mentioned strategies by orchestrating different sorts

of instrumental orchestrations (such as Technical-demo, Link-screen-board, Discuss-the —
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screen, Guide-and-explain, Technical-support, Work- and- walk-by, Discuss-tech-without-

it, Sherpa-at-work and Not-use-tech) with the help of ICTs.

The study also discusses that during the teachers’ orchestration with the help of ICTs,
students perform varied roles such as, involving actively in the collaboration, providing
constructive feedback to their peers, concerning and identifying their own mistakes,
willingly get involved in the lessons and work directly with ICTs and the most vital role is

attentively follow what the teacher explains or instructs.

52 RQ-2. Whether and how does the ICT facilitated teaching-learning
process promote students’ mathematical proficiencies?

5.2.1 Assessing students’ mathematical proficiency

Findings of the study conform to the existing knowledge (Sudiarta & Widana, 2019) that

students’ mathematical proficiency increases if ICTs are used in the TL process.

The analysis (qualitative data: FDG and classroom observation) shows that the overall
mathematical proficiency of students for both cases increased when the teacher conducted
class in an ICT facilitated teaching-learning environment. Though the classroom
observation and FGD data shows clear indication about the development of procedural
fluency for both cases, the paper-pencil test (quantitative data) provides evidence that a
student’s procedural fluency does not increase for Case-l1 and decrease for Case-Il. This
opposite picture may have occurred due to the question structure in the post-test. It is found
that initially students’ overall mathematical proficiency was not so mentionable for both
the cases. Though they were good at the specific component “procedural fluency” of
mathematical proficiency, their math conceptual understanding, reasoning skills and ability
to solve math problems by multiple strategies were very poor. Besides, students’ overall
productive disposition was high for both the cases. One of the reasons for that could be
selection of participants. The students who chose higher mathematics as a subject were
selected as participants (as the planned task contents were suitable for higher mathematics).
The study shows that students’ PD increased as they experienced learning in ICT-

facilitated learning environments. Specially for the Case-l, this positive change is
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significant. It is found that they can make better sense of mathematics, become more
persistent, confident, curious and cooperative after the intervention. Since, initially
students perceived mathematics as useful & worthwhile and showed enthusiasm, their
views on these factors have increased but not so notably. Surprisingly, the confidence and
curiosity of students of Case-1l slightly decreased. This study also found that after
experiencing classes in the ICT-facilitated environment, students’ mathematical concept,
reasoning ability and ability to formulate, solve math in multiple strategies significantly
increased. This finding is commensurate with the findings of Granberg and Olsson (2015)
who reported that ICT tools assist students to engage in creative reasoning to develop a

solid conceptual understanding and solve problems using multiple strategies.

The study shows that ICT-enabled teaching-learning processes promote students’
mathematical proficiency in both the schools, but the proficiency of students in one school
(Case-1) increased more than the other school (Case-11). This might be attributed to the
differences in pedagogical approaches the two teachers adopted in their classes (details are
in section 4.3).

5.2.2 Effect of pedagogical approaches on students’ mathematical proficiency

The findings of the study show that teachers apply multi-dimensional pedagogical
techniques which foster the development of students’ mathematical proficiency. It is seen
that the ICT-facilitate teaching-learning environment promotes students’ strong
mathematics conceptual understanding, ability to engage in creative reasoning, skill in
procedure as well as strategic competence and productive disposition. This finding is
consistent with the observations of multiple researchers who reported that ICT enriched
learning environment engage students in relevant and meaningful learning contexts,
develop connections among their mathematical ideas and real world context (Kafai et al.
1998), assist students to engage in creative reasoning to develop a solid conceptual
understanding, help to verify their strategies (Granberg & Olsson, 2015) and develop

mathematical resilience (Lugalia et al., 2015).

The study found different sorts of pedagogical considerations promote students’
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Mathematical Proficiency (MP). It is found that all the pedagogical considerations applied
in both the cases do not directly enhance every strand of MP. The pedagogical
considerations which enhance the particular stands of the MP that is conceptual
understanding, procedural fluency, adaptive reasoning, strategic competence and

productive dispositions are discussed in the subsequent sections below.

5.2.2.1 Pedagogical considerations for enhancing Conceptual Understanding (CU)

The study finds that classroom rearrangement is one of the important pedagogical
considerations to enhance student’s conceptual development in mathematics. If teachers’
intention is to create the learning environment interactive and collaborative, all the features
(e.g. portable board to link with the projected screen, round shape or face to face sitting
arrangement, certain space among the groups, placement of board, projector screen and
lighting arrangement etc.) are considered to be vital. Such a supportive learning
environment creates scope to engage in constructive discussions. Thus, this sort of learning
environment helps to develop students’ CU. This finding is supported by the findings of
Ozdemir and Pape (2012) that while students work with collaboration, they get the
opportunity to explore the limits of their own understanding by dialogic talk (Wegerif,
2010).

Selection of appropriate ICT tools and its proper utilization for math teaching-learning is
also found to be crucial for developing students’ mathematical concepts. With the support
of ICT, teachers can present and discuss mathematical topics in-depth which ultimately

deepen and extend students’ mathematical understanding.

The study also shows that while students learn mathematics connecting with real situations,
learning becomes more solid. To connect mathematics with real situations, teachers
provide familiar contextual examples and use ICT so that learners can visualize the concept
in real-life. In addition, learners have to provide the scope to use mathematical language to
make sense of the connection between mathematics and real life. This viewpoint is well
reported in the works of (DBE, 2018) that ICT helps to visualize and connect math with
the real world. Besides, exploring students’ prior knowledge, linking math with the prior
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knowledge and providing scopes to apply the acquired knowledge in the new situations are
considered as effective strategies to develop students’ conceptual understanding. Similar
findings were reported by Balka et al. (2010) where they claimed that if teachers intend to
develop students’ solid understanding in math concepts, they need to construct new
knowledge with the assistance of prior knowledge and utilize the new knowledge to solve
problems in a new situation. The findings of this study also shows that students need to
introduce or experience several examples from various dimensions. Working with
problems sequencing from easier to harder ones, help learners to inter-link among the
contents which ultimately enhances their mathematical concepts. This is consistent with
the findings by Wolfram (2010) where he found that harder problems along with the
simpler ones could develop students’ conceptual understanding. In this study, engaging
learners in peer discussion, group work and whole class discussion are also found as
effective approaches for developing conceptual understanding. It is found that when
students get involved in discussion and collaborative work, the concepts become clearer to
them and learners can develop their math understanding. This finding conforms to the
findings by researchers (DBE, 2018; Brousseau, 1997; Ozdemir & Pape, 2012) who
showed that teachers should encourage and create the environment such that students can
involve themselves into the discussion and progress with a solid understanding. This study
also shows that offering unfamiliar, non-routine, challenging tasks are considered to be
effective strategies to develop math conceptual understanding about mathematics. In line
with the work of Sultana et al. (2017), this study found that by dealing with unfamiliar,
non-routine and challenging tasks, students will be ready for realistic obstacles that exist

in the real world.

Findings of this study shows that multi-channel feedback (e.g. Feedback by teacher, Peer
and Students’ self-reflection) can be applied in ICT-facilitated teaching-learning
environment to increase conceptual understanding. While teachers can assist students to
reflect on their performed task and establish dialogue to guide them to the correct path
rather than directly mentioning the right or wrong answer, scope to open feedback by peers
also enhance their concept as this approach urges them to think more. Besides, students’

self-reflection helps them to identify their own mistakes. In addition, exploration of
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students’ misconceptions, encouragement to deliver counter-examples and identifying
mistakes are also found effective for developing conceptual understanding in this study.
An ICT-facilitated teaching-learning environment opens up the scope to apply these
strategies effectively. Many other studies support this finding (e.g. Fuglestad, 1997;
Granberg & Olsson, 2015; Ogwel, 2008) where it is argued that ICT offers challenging
tasks, alleviates students’ misconceptions and provides the opportunity to show counter

examples.

5.2.2.2 Pedagogical considerations for enhancing Procedural Fluency (PF)

As for conceptual understanding, this study found several pedagogical considerations
which enhance procedural fluency. This study found that classroom rearrangement which
is supportive for observation learning is effective for developing students’ procedural
fluency since such an environment ensures that available resources and tools are easily
visible and accessible to the students. This finding complements the findings by Van Lent
and Laird (2001) where they demonstrated that observation learning supports students to

acquire procedural knowledge more efficiently than standard knowledge acquisition.

This study also reveals that direct involvement with ICTs helps students to develop the
ability to select or appropriately use the commands which ultimately lead to their
procedural fluency. As the ICT tools open the scope to perform a task with minimum error
and maximum accuracy, it gradually increases students’ fluency in math (i.e., procedural
fluency) along with technology. This finding is consistent with the findings of (DBE, 2018)
which claimed that ICT helps the learners to perform quickly and accurate calculations,
and constructions, and eventually enhance their skill in mathematical procedure by

repeating and practicing (DBE, 2018).

Providing homework for practice and encouragement for quick recall are found to be
effective strategies that increase students’ math fluency ability. Besides, to solve several
diversified problems, learners need to think in different dimensions which ultimately

increase students’ capacity to recall and to solve a problem quickly. As a result, they
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develop their procedural fluency which is in line with the previous study of (DBE, 2018)
that while students deal with several types of examples with diversity, they develop the

ability to solve problems promptly.

As feedback from ICT provides the output with maximum accuracy with proper steps, it
helps students to understand how to apply the processes correctly. This finding conforms
with the findings by Granberg and Olsson (2015) where they argued that when students get
feedback from ICT, they can perform the task more precisely. Besides, in line with the
findings of Lim and Chai (2004), this study found that when feedback is provided using
ICT, teachers need to encourage students to reflect on what they see, evaluate the evidence,

make predictions and explain their conclusions.

5.2.2.3 Pedagogical considerations for enhancing Adaptive Reasoning (AR)

The study found that classroom rearrangement which is suitable for collaboration indirectly
increases students’ adaptive reasoning, since during group work, peer work, whole class
discussions, students engage in argument and explain their ideas to the group members or
peers with proper logic, resulting in their reasoning skills. This is well supported by Fang
(2021) where he reported that group discussions is a fruitful instructional design for
enhancing students’ reasoning ability. Though extant literature does not give stress to
provide diverse dimensional problems for building adaptive reasoning, this study argues
that a variety of problems foster students’ multidimensional thinking as students attempt
to solve the problem by proper logic rather than rote learning. Again, challenging, non-
routine and a variety of problems create the scope to attempt multi-dimensional tasks with
a logical point of view. This finding is consistent with the work of (Kusumah et al. 2016)
where they stated that students’ ability to think logically will be formed by dealing with
non-routine tasks. In this situation students apply logical thinking ability to make
connections between concepts and context. Besides, learners need to get involved in
creative reasoning and critical thought so that they can explain their thought with proper
justifications. This viewpoint is well reported in the works of (DBE, 2018) that teachers
should encourage students to use mathematical language and explain their own ideas with

logic. Besides, while teachers provide feedback, the instructions should be clear and lead
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students to think about the reason behind the mistakes and what needs to be done. Similar
findings were reported in the study by Shute (2008) that feedback is more effective when
it not only provides information about answer correctness, but also elaborates on qualities
of student work or how to improve. It is also found that feedback provided by peers makes
the students logical and constructive. The study shows that students’ self-reflection on their
work also enhances their reasoning skill as this approach insists them to re-check their

performed tasks and to think more with proper logic.

5.2.2.4 Pedagogical considerations for enhancing Strategic Competence (SC)

The study found that suitable arrangement of classroom amenities (e.g. portable board,
availability of extra chairs and extra table if required for flexible learning etc.) are one of
the vital issues to boost students’ strategic competence. The classroom setup which is
suitable for learning with collaboration, helps to develop students’ strategic competence.
This finding conforms with Ozdemir and Pape (2012) who reported that while students
work in collaboration, they exercise strategic competence. The study also found that
providing the scope to use a variety of techniques for doing math is another effective
strategy for developing strategic competence. In line with the previous study by Bramald
et al. (2000), the finding suggests that use of ICT creates the environment more convenient
to represent a math task in multiple ways. Besides, the viewpoint of encouraging learners
to solve a task in different approaches is well reported in the works of (DBE, 2018) that
teachers should always allow students to try out many different strategies for doing
calculations so that the learners become comfortable to deal with non-routine problems
with a variety of strategies. This study also found that by exploring prior knowledge,
teachers know the learners’ level and based on that they can apply different strategies,
which indirectly enhance students’ strategic competence. Conforming with the findings of
Granberg and Olsson (2015), the study also found that feedback that is provided by ICT,
helps students to verify their strategies and such types of action assist students to enhance

their capacity to perform a task in multiple ways.

5.2.2.5 Pedagogical considerations for enhancing Productive Disposition (PD)
The study found that flexible and adaptable learning arrangements (e.g. portable board,
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availability of extra chairs and extra table, lighting, availability of resources etc.) increase
students’ productive disposition. When students directly get involved with technology,
their fear regarding technology diminishes and they show enthusiasm to engage in the
lesson. Besides, this study also found that while students attempt to solve problems by
discussing with their peers and can see the connection of mathematics with real-life
phenomena, they enjoy and use ICT to create a more enjoyable environment. This finding
is consistent with the work by Garcia-Valcarcel et al. (2014) where they argued that when
students collaboratively learn with the support of ICT, they become motivated and can

keep attention.

In addition, the study shows that while clear, timely and instant feedback provided by the
teachers helps students to hold their attention in the learning, on the other hand, getting
feedback from peers makes their learning interesting. The scope to provide feedback to
their peers, help them to develop their ability to make decisions. Again getting feedback
from peers makes an interesting environment and inspires them as they think that they are
prioritized by the teachers. Here both of the students have the scope to improve. The
findings of the study also reveal that students’ productive disposition elevates while
learners are appreciated for their work, their opinions are valued. Similar findings are
reported in the work of Lai (2011) where he claimed that teachers need to provide
autonomy to students and allow them to be involved in a collaborative or cooperative
learning supportive environment. Besides, an ICT- facilitated environment enables
students to present attractive, well organized and systematic lessons which develops

students’ productive disposition as well.

53 RQ-3. What are the factors that affect integration of ICT in
mathematics teaching-learning process?

The finding of the study shows that there are several enablers and inhibitors which
influence the integration of ICTs in mathematics teaching-learning process. In this section,
those enablers and inhibitors under four distinct aspects i.e., teacher factors, student factors,

school context and national context are discussed in line with the extant literature.
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5.3.1 Teacher factors

The study found that teachers’ attitude, perceived usefulness, interest, TPACK, confidence,
preparation, experience and class load are teacher related factors that influence the use of

ICT in their practice.

It is found that teachers’ attitude is a prime factor to integrate ICTs in the teaching-learning
process. If teachers hold the positive thought regarding ICTs, they will be willing to use
ICTs in their practice. On the contrary, if they possess a negative view, they will not be
interested in applying ICTs in their practice. This finding is consistent with the findings of
Kaleli-Yilmaz (2015) where he discussed that the teachers with adverse attitudes towards
ICT are less confident and skilled on technology, as a result they do not accept and
familiarize with technology willingly and try to avoid technology use in their teaching

practice.

The study shows that if the teachers perceive that use of ICT in teaching-learning enhances
students’ learning, then they are interested to use ICT in their practice. Similar findings
were reported in the study by Davis (1989) where he discussed that if teachers believe that
use of ICT in teaching is effective for students’ learning, they feel interest to work with
technology. The study found that if teachers have to proceed with a class using ICT without
having any interest, the class will be ineffective. Thus teachers’ interest in ICTs is vital for
ICT integration in teaching. This observation conforms to the works of (Sokku & Anwar,
2019) where they reported that the teachers who have good vision and perception of the
use of ICT in learning, they believe learning with ICT is interesting and they are interested

to use ICTs in their teaching-learning process.

The study also reveals that to integrate ICTs in the teaching-learning process, teachers must
have solid knowledge on content, technology and pedagogy. It is found that teachers’
attitude is affected by their TPACK. Similar findings were reported in a study (e.g., Tay,
2013) that teachers need relevant technological, pedagogical and content knowledge to

perform their teaching practice with the help of ICTs.
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The study shows that teachers’ confidence directly influences ICT integration in their
practice. This finding is consistent with the findings of Kaleli-Yilmaz (2015) where he
argued that, if teachers lack confidence, it seems that they feel reluctant to use ICT. The
study found that sometimes teachers seem too unconfident to use technology due to the
reliability issue of technology. It is found that since technology sometimes creates troubles
(e.g. network problems, require much time to log on —log off of computers or certain apps)
in the class without prior notice, it may be reluctant for teachers to use technology in their

practice.

The study also found that teacher’s confidence not only depends on teacher’s TPACK, but
also depends on some other factors such as teacher’s preparedness, skills and experiences
on technology. In case of teacher’s preparedness, the study found that teachers’ preparation
is affected by teachers’ class load and to conduct class using ICTs, teachers need very
sound preparation and plan the lesson very systematically, otherwise the class will be
ineffective. This finding conforms to the observations of the researcher Gikundi (2016)
who argued that teachers cannot utilize the benefit of technology in their classes due to the
inadequate preparation to use technology. On the other hand, while several studies (Gorder,
2008; Lawrence & Tar, 2018) claim that teaching experience influence the successful use
of ICT in classrooms, this study complements to those literature by showing that not only
teacher’s teaching experience but also teacher’s experience to work with technology

influence integrating ICTs in TL process.

The study also found that since integration of ICT in teaching practice requires extra time
to take sound preparation and teachers are loaded by so many classes, they are not
enthusiastic to accept ICTs in their teaching-learning process. Thus, to integrate ICTs
effectively in the teaching-learning process, teachers’ workload is suggested to be reduced
in this study. Similar findings were also reported in the study of Fullan (2007), where the
researcher argued that for implementing new initiatives it is necessary to lessen the

workload of teachers.

5.3.2 Student factors

This study found that students’ attitude towards ICTs, their interest to learn with the help
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of ICTs, Misuse of ICTs, home support (i.e., parents’ attitude towards technology and
home environment) are the influencing factors associated with students for integrating

ICTs in the teaching-learning purpose.

In case of students’ interest, the study reveals that if students are interested to learn with
ICTs, it is quite easier for the teacher to continue the class with the assistance of ICTs. As
students’ are already enthusiastic to learn with ICTs, the teacher doesn’t need to give extra
effort to motivate them focusing on ICT issues. This finding is consistent with the finding
of Deryakulu et al., (2008) where they reported that the satisfying aspects of ICT teaching

depend on how students are interested in learning with technology.

The study found that students’ attitude regarding the learning with technology is also a
crucial factor to integrate ICTs in the teaching-learning process. It is found that when
students believe that use of ICT in teaching enhances their learning and hold a positive
attitude on learning with ICT, they are interested in working with technology and willing
to engage in the session. Similar findings were reported in several studies (Cope & Ward,
2019; Parker et al. 2008)) where they suggested that students’ perception regarding ICT
supported teaching influences the effective use of ICTs in education.

It is found that students’ home environment has an effect on ICT integration. If the family
atmosphere is not supportive for learning with technology, students are not interested in
working with it. The study also reveals that students’ negative attitude is somewhat
influenced by the attitude of family members. It is found that if family members such as
parents hold negative thoughts about the integration of ICTs for teaching-learning
purposes, it ultimately affects students’ beliefs. This finding complements the earlier
findings of Lin and Muenks (2023) where they claimed that family members (parents and

siblings) contribute to shaping the mind-set of the students.

The study found that there is a chance to misuse ICTs by students and this sort of thought
influences parents to hold negative attitudes regarding use of ICTs for teaching-learning
purposes. Moreover, this sort of thought sometimes constrains teachers to use ICTs in their

teaching-learning process. Thus, teachers and parents should monitor carefully while
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students work with ICTs so that students could not misuse the technology. This study
recommends that school authorities can organize a discussion meeting to inform teachers,
students as well as parents regarding the benefits of using ICTs in education so that their
negative thoughts diminish. This is consistent with the study by Tedla (2012) where he
suggested a public awareness campaign about the importance of ICT as a catalyst to

facilitate the teaching-learning process.

5.3.3 School context

Considering the context of school, large size class, departmental ethos, physical facilities
and technical support are found influential factors to integrate ICTs in the teaching-learning

process.

Class size is found to be an influencing factor for introducing ICTs in the TL process.
While Davis (2018) found that class size has no effect on the quality of classroom
interaction in the developing country’s context (e.g. Ghana), this study shows that when
classes are conducted using ICTs, class size has an influence on the quality of TL process.
It may be attributed to the fact that in ICT enabled classrooms different approaches need
to be used to make TL engaging and fruitful which would be quite difficult in a large size
classroom. This finding is consistent with the finding of Bate (2010), where he showed that

large class size (students above 25) as a barrier to implement ICT in the classroom.

The study reveals that departmental ethos such as the attitude of the head of the institute
and other teachers is another vital factor to integrate ICTs in the teaching-learning process.
It is found that if the head of the institutions holds a positive attitude regarding ICT use and
encourages teachers to use, all the teachers of the institute will be motivated to apply ICTs
in their practice. In addition, the study shows that teachers may refuse to use ICTs in their
practice due to the adverse behavior and discouraging attitude from their departmental head
and colleagues. This finding is consistent with the finding of Razak (2019); Turgut and
Aslan (2021) where they claimed that school leadership and authority have a great impact
on successful integration of ICTs in the school. On the one hand, this study claims that

teachers’ practice with ICTs depends on institutional authorities’ attitude. On the other
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hand, the study shows that despite school’s authorities holding a positive attitude, they

cannot implement due to several backlashes such as teachers, parents’ negative mindset.

The study found that physical facilities such as availability of resources, appropriate
classroom setup for TL with ICTs, uninterrupted internet facilities etc. are other affecting
factors to integrate ICTs. The study reveals that if the overall classroom infrastructure is
not appropriate to work with ICTs, teachers will not be interested to apply them in their
practice. Besides, teachers may face technical problems (e.g. adjusting aspect ratio, proper
configuration, troubleshooting etc.) during operating technology in the classroom. Thus the
finding of the study suggests the importance of technical support/ technical operators to
assist the teacher. The challenges identified conform to the findings by Tay et al. (2013)
where they pointed out that technological infrastructure and support are vital to integrate
ICTs in teaching. They argued that a technical team to set up and assist technical
requirements and troubleshooting and technological infrastructure directly affected the

usage rate of ICT in the classrooms.

5.3.4 National context

Other than the teachers, students and school context, this study found some other factors
which affect ICTs integration. They are curriculum, professional development, financial
support, course duration and assessment policy which are considered under the ‘national

context’ theme.

[

The study found that curriculum is one of the crucial factors to incorporate ICTs in the TL
process. Though there is a mixed opinion among the participant teachers about the
appropriateness of existing math curriculum for ICT use, it is clearly found from the study
that curriculum should have adequate contents and each content should be linked with ICTs
and there should be a clear suggestion of how to use technology for the teacher. Besides,
there should be a specific indication so that teachers and students are obliged to apply
technology in their teaching-learning. This viewpoint is well reported in a study by Tay et
al. (2013) where they suggested that use of ICT needs to be explicitly spelled out in the

curriculum plans and schemes of work on how ICT would be used in the classroom.
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Different sorts of professional development programs such as- ICT training, in-house
training, training abroad etc. are found vital for integrating ICTs in education. Since
teachers’ TPACK and confidence are two prime factors for integrating ICTs in education,
these two can be improved by attending various types of ICT based training programs. The
study shows that Case-I teacher applied various innovative pedagogical approaches due to
his experiences and skills achieved from several national and international training related
to pedagogy and ICT. It reflects that the training program has a great impact on teachers’
professional development. The study suggests that the main criteria for training should be
to enhance teachers’ knowledge on contents and pedagogy with the aid of ICTs rather than
to support technical issues. Besides, enhancement of teachers’ confidence should be
another focus of the professional training programs. These findings above are similar to
the findings of several researchers where they depicted that professional training program
will be an excellent program if the training program focuses on use of ICT in the
pedagogical aspect rather than technical issues and technical supports and helps teachers
to shift their traditional teaching practice into a new paradigm (Brinkerhoff, 2006; Diehl,
2005) and to gain confidence in ICT usage (Peralta & Costa, 2007).

Financial issues are found to be a major concerning factor to implement ICTs in the TL
process. The study shows that despite the very positive attitude of teachers as well as school
authorities about the use of ICTs in education, its execution cannot be done properly due
to the lack of adequate financial support. For ICT-enabled teaching learning, there are no
alternatives of all sorts of logistics support (e.g. availability of resources, multimedia

classroom, IWB, technical support etc.) which requires sufficient funds.

Course duration and assessment policy are found influencing factors to integrate ICTs in
the TL process. It is found that teachers are very compacted with the schedule of their
classes, so it is a bit difficult for them to manage classes where they can apply ICTs for TL
purpose. Thus, while preparing the class routine, there could be a specific schedule for
classes where ICTs will be used so that both the teachers and students cannot avoid using

ICTs for TL purpose. In addition, despite receiving training, teachers are often reluctant to
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use ICTs in their practice due to the traditional structure of examination. To assess students,
a blending approach of examination such as traditional examination and technology

assisted examination (e.g. use of google form) could be applied.

5.4  Developing a process framework

On the basis of the findings discussed in research questions 1, 2 and 3, | have proposed a
process framework (Figure 5.1) of effective pedagogical approaches to develop students’

mathematical proficiency in the ICT-facilitated learning context.

The process framework illustrates how ICTs can be orchestrated in the ICT-facilitated
teaching-learning environment so that students’ overall mathematical proficiency
develops. The orchestration has been done in two phases (Didactical Configuration and
Exploration Mode) where in Didactical Configuration phase, teacher plans to select
appropriate tasks as well as artifacts and rearrange the students’ and classroom setup so

that he/ she can properly implement his/ her intended plan in the Exploitation Mode phase.

The framework points out that to develop students’ mathematical proficiency, tasks should
be non-routine, challenging, open-ended, diversified and simple to complex. Different
types of ICT tools such as computer/laptop, power-point presentation, calculator etc. can
be used. Besides, mathematical software (e.g., GeoGebra, MATHEMATICA, Drill and
practice), simulation program, Desmos apps, Graphics Tab, interactive white board (IWB)
are suggested. For classroom setup, teachers need to arrange multimedia projector with
projected screen and white/ black board for linking screen to other settings or further
discussions other than the screen, movable desk and chair to prepare effective sitting
arrangement for collaboration (e.g., group-work, peer work etc.). Finally, classroom
lighting should be adjustable to create a proper learning environment. All these
arrangements are emphasized in the didactical configuration phase in the process
framework. In the exploitation mode, the process framework highlights how a task should
be introduced (e.g., linking mathematics with real-life situation or familiar context,
exploring prior knowledge etc.) and what would be the functions of artifacts (tools) (e,g,,
helps to visualize real meaning of math, provides instant feedback, make the learning
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sustainable etc. ) and students (e.g., provide peer feedback, engage willingly in the lesson
and collaboration, identify their own mistakes etc.) while teacher conducting class with
ICTs. Though the teacher facilitates the whole orchestration process by applying various
types of orchestrations (e.g., Discuss-the-screen, technical —support, not-use-tech etc.), the

teacher’s role is specified in the exploitation mode explicitly.

As during the orchestration, all components (task introduction, teacher, students and tools)
of the exploitation mode have to be performed, their roles are clearly mentioned in the
process framework. All the arrangement and contribution of each component (teacher,
students and tools) have been done to develop students’ five strands of mathematical
proficiency. The framework also shows the influencing factors in terms of teachers,
students, school and national contexts that affects the overall orchestration process.
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Chapter Six

CONCLUSION

The broad research objective of this study was to develop a better understanding of how
ICTs can be orchestrated in mathematics teaching-learning (TL) process to enhance
students’ mathematical proficiency. With this objective in mind, this thesis explored the
use of ICTs with appropriate pedagogical approach under two cases. This in-depth
exploration provides useful insights into how teachers can adapt their teaching practices
integrating ICTs to develop students’ mathematical proficiency and what factors influence
to implement ICTs effectively in TL process. The findings of the study were discussed in
detail in chapter five. Before moving on to discuss implication of these findings, a summary
of key findings with respect to the research questions are presented below:

6.1 Key Findings

RQ1: How do teachers apply pedagogical considerations in an ICT-facilitated teaching-
learning environment?

Teachers apply different pedagogical considerations with the help of ICTs to make the
lesson effective. These pedagogical considerations are, rearranging classroom amenities,
ensuring technology accessibility and its appropriate usage, adopting different strategies
to make the learning meaningful, offering multi-channel feedback, offering opportunity to
identify error/ imprecision, engaging students through motivation. ICT-orchestrated
learning isn’t a one-person show. It involves a collaborative effort between teachers,
students, and ICT tools. Some roles (e.g., help to visualize real meaning of math, provide
instant feedback, add fun factor to motivate students etc.) are found as the role of ICTs
whereas various roles (e.g., involving actively in the collaboration, providing constructive
feedback to their peers, concerning and identifying their own mistakes etc.) are performed
by the students. The study also shows that during the whole orchestration process, teachers

apply different typesof instrumental orchestration (e.g., link-screen-board, Technical-
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support, Sherpa-at-work etc.).

RQ-2. Whether and how does the ICT-facilitated teaching-learning process promote

students’ mathematical proficiencies?

The study shows that teaching approaches have a great influence on students’ development
of mathematical proficiency (MP). When teachers orchestrate ICTs in their teaching-
learning process, students’ four strands of mathematical proficiency (i.e., conceptual
understanding, adaptive reasoning, strategic competence and productive disposition)
increase. However, it needs to be noted that though the classroom observation and FGD
reflect students’ improvement on Procedural fluency, the evidence from paper-pencil tests
shows no development of procedural fluency. It is also found that students’ productive

disposition increases if they learn mathematics interactively.

The study shows, while variety of pedagogical considerations promote students” MP, all
the pedagogical considerations do not directly enhance every strands of MP. Certain
strategies (e.g., connecting math to real-world situations, providing difficult tasks, giving
opportunity for peer and whole class discussions, group work, delving into misconceptions,
etc.) improve conceptual understanding while other strategies (e.g., giving practice
assignments, offering a range of examples, promoting quick recall, etc.) improve
procedural fluency. Again, some strategies work well for developing adaptive reasoning
skills, such as providing challenging tasks, giving scope for discussion with appropriate
justification, and providing multi-channel feedback. Similarly, strategies that work well for
developing strategic competence include giving students opportunities to apply multiple
strategies, creating a flexible and adaptable learning environment, and providing multi-
channel feedback (using ICT to provide feedback). Finally, several strategies (e.g.,
feedback by peer, involving learners directly to ICT, flexible and adaptable learning space

etc.) are found to be effective for developing productive disposition.

RQ-3. What are the factors that affect integration of ICT in mathematics teaching-
learning process?

The study shows that several factors related to teachers, students, school and national
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context affect ICT integration in teaching-learning process. It shows that few teachers
related factors like teachers’ interest, attitude, TPACK and confidence directly influence
while few factors (e.g., perceive usefulness, preparation, experience, class-load) influence
indirectly to use ICT in their practice. This study also shows that for integrating ICTs in
the teaching-learning purpose, students’ attitude towards ICTs, their interest to learn with
the help of ICTs, Misuse of ICTs, home support (i.e., parents’ attitude towards technology
and home environment) are the affecting factors associated with students. Besides, large
size class, departmental ethos, physical facilities and technical support are found influential
factors related to school context and curriculum, professional development, financial
support, course duration and assessment policy are found influential factors associated with

national context to integrate ICTs in the teaching-learning process.

Based on the answers of the research questions, | propose a process framework for
orchestrating ICT in Mathematics teaching-learning in order to enhance development of
students’ MP. In the subsequent sections, the contributions to the existing body of
knowledge and theory, implications to policy and practice, and scopes to future research
have been presented relating to the broad objective of the study.

6.2  Contributions and Implications

6.2.1 Contribution to theory

The most important theoretical implication of this study is to offer a new framework
(discussed in chapter 5, section 5.4) on ICT-orchestration for mathematics teaching to

develop students’ mathematical proficiency.

The developed framework provides a holistic view of how the orchestration needed to be
in conducting mathematics class in an ICT-facilitating environment. In this study, | have
used instrumental orchestration framework (Trouch, 2004) as the base theoretical
framework for the orchestration of ICTs in the TL process. In addition to the Instrumental
Orchestration framework, other frameworks like the Mathematical Proficiency Framework
and the Technology Integration Panel (TIP) are used to identify the best options for
pedagogical approaches that use ICTs to develop mathematical proficiency in the context
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of a developing country like Bangladesh. In line with the findings of the study, | have added
‘selection of tasks’ in the didactical configuration phase, since to enhance students’
mathematical proficiency, it is necessary to select appropriate tasks prior to the class
during the planning session. The framework, a new addition to the theory, explicitly
includes all possible configurations (i.e., task selection, artifacts, classroom setting, and
student arrangement) in the didactical phase and the role of each element (teacher, students,

artifacts) in the exploitation phase.

While existing literature discuss the potentiality of ICTs to develop students’ ability on
individual strand of mathematical proficiency (i.e., developing reasoning ability (Granberg
& Olsson, 2015), conceptual understanding, procedural fluency (Laswadi, 2016) and
interest (Sarifah, 2022)) separately, this study undertakes all of those strands in a combined
way and contributes in the theory that appropriate orchestration with ICTs to directly
enhance each and every intertwined strands of mathematical proficiency. That is, in order
to improve students’ mathematical proficiency across all strands (i.e., conceptual
understanding, procedural fluency, adaptive reasoning, strategic competence, and
productive disposition), it is important to clearly articulate in the study how ICTs should
be used in the classroom, how students should be engaged, how teachers should introduce
the material and tasks, and what their roles should be. In certain situations, a mixture of
these tactics may work well, but in others, it might need to be adjusted due to the context
and the existence of influencing factors. My claim in this regard is supported by a study
that suggests there is no particular comprehensive set of classroom strategies (Hativa et al.,
2001) rather, the teacher can excel and teach effectively to achieve his/her excellence in a

different way using a different combination of classroom strategies.

6.2.2 Implication to policy

To become a Smart Bangladesh, the government highly emphasizes on integration of ICT
in education and has taken several initiatives such as, reforming national curriculum,
developing e-repository, modifying content and resources etc. The findings of this study
have some implications for the educationalist and the policy makers. The study

recommends that the policy maker should take the necessary initiatives to redesign the

228



curriculum and provide adequate financial supports to create the ICT friendly teaching-
learning environment such as providing specific mathematics software (e.g. GeoGebra,
MATHEMATICA, FORTRAN etc.) and necessary resources (e.g. Graphics tab, IWB,
internet facilities etc.) in the mathematics classrooms. Similarly, the number of computers
needs to increase in every school so that the teachers can conduct their mathematics class
in a one-one setting when necessary to ensure students’ development both in content and
technology. Besides, the findings of the study might be helpful to the policy makers to take
necessary steps to enhance teachers’ capability of teaching with ICTs such as providing
adequate training to the teachers and monitor intensely whether teachers could apply their
gained knowledge in actual teaching-learning setting after getting the training. Since, large
number of class size and teachers’ class load are also two vital factors to implement ICTs
in TL, policy makers should take these issues under consideration and bring notable
changes in the policy to make the teaching mathematics with ICTs feasible for all the
teachers and students. Curriculum developer can consider these findings in revising the
mathematics curriculum by aligning each possible content with ICTs and provide proper
guideline to effectively use ICTs in mathematics teaching-learning process.

6.2.3 Implication to practice

This study can be utilized by the teacher trainers to develop the ICT-based professional
skills of the teachers. Training should emphasize effective ICT pedagogy as well as helping
instructors adopt a positive mentality about using ICT to teach mathematics. Above all, the
study’s conclusions will benefit educators by offering a comprehensive manual for using
ICT in the classroom outside of the conventional framework. Based on the study’s findings,
school administrators and the institute’s head can make informed decisions about their role
in promoting favorable attitudes among teachers, parents, and students about the use of
ICTs for teaching and learning. For instance, organizing meeting with students, parents and
teachers to inform the possible benefits of the use of ICT in teaching-learning process,
creating awareness to prevent abuse and misuse of technology, encouraging teachers to use

ICTs in their practice (e.g., proving incentives, ensuring physical facilities etc.).
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6.3  Suggestions for Future Research

This study offers numerous scope for further investigations. While only Grade-10 Science
students were included in this study- a typically select group of high achievers who choose
Higher Mathematics to bolster their mathematical skills- further research may be conducted
to verify the viability of the suggested framework for secondary level students, where
mathematics is now required for all students under the new curriculum. It is my belief that
there may be performance discrepancies between pupils who are ordinary in mathematics
and those who excel in the subject. As a result, evaluating the created framework in the
recently adopted mathematics curriculum might offer an alternative perspective and bring
a new depth to the theory. In addition, as algebra was the study’s unit of teaching, more
research concentrating on other mathematical content areas (such as geometry,
trigonometry, etc.) may be conducted to determine whether the study’s conclusions could
be applied to those subjects as well. Additionally, the study offers room for modification
and reconsideration by taking certain factors into account. For example, just two schools
from Bangladesh’s urban areas- a government and a non-government Bengali-medium
school—are taken into account in this study. Therefore, more research can be conducted to
test the effectiveness of the proposed framework in other situations (such as English-
medium schools, high-tech or low-tech schools, schools in rural regions, etc.) both inside
this country and in other nations with limited resources. Furthermore, | think that teachers
who are proficient in technology might develop and employ ICTs in various methods.
Consequently, in future studies, studying with students of varying ability and/or teachers
who are proficient in technology may offer further insights into the mathematical practices
of the teachers. Again, since the study offered an ICT orchestration framework for TL
process focusing on secondary level, each and every component of the framework may not
be applicable for other levels of education (e.g., early grade, primary, tertiary level etc.).
Thus, further study can be done to see the applicability of the findings for other levels of

education.
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6.3 Limitations of the Study

While the findings of the study offer rich insights for theory and practice, the study had a
few limitations. First of all, the study was carried out in two Bengali-medium schools in
Dhaka, the capital city of Bangladesh, which possessed the bare minimum of ICT
infrastructure needed to teach mathematics. It would have strengthened the study’s
conclusions more if it had included cases from various contexts, such as urban and rural
areas, Bangla- and English-medium schools, and high-tech and low-tech educational
institutions. However, this convenient selection is justified since the main objective of the
study is to see how pedagogical approaches in an ICT-facilitated TL environment can be
applied to promote students” MP. I had to take into account schools that have ICT facilities
and where teachers could use ICTs to conduct classes in order to make sure that the primary
goal of the study is not impeded. Once more, | looked at two instructors for this study (the
Case-11 teacher from a non-government school and the Case-1 teacher from a government
school) and attempted to identify the useful pedagogical aspects from their practice using
ICTs. Additional samples would increase the study’s credibility, even if I have gathered
information from a variety of sources (such as semi-structured interviews, FGDs, post-
lesson interviews, and classroom observations) to gain a thorough understanding of the
situation. Furthermore, the study’s data is restricted to teaching linear functions, slope and
graphs, linear equations, and their practical applications to students enrolled in Grade-10
Higher Mathematics courses. The responder students in this study are not typical of all
students because they are Grade-10 students who chose higher mathematics as their subject
of choice and are typically more adept in the subject than other students. This represents

another limitation of this study.

6.4  Concluding remark

In summary, this thesis sought to expand the understanding of effective pedagogical
approaches in an ICT-facilitated teaching-learning environment. Focusing on ways to
enhance students’ mathematical proficiency, this study explores what should be the overall
setting of classroom, students’ arrangement, selection of tools and tasks, teacher, students

and technology roles. The study demonstrates how students’ mathematical proficiency
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increases when ICT is properly integrated into the classroom and effective pedagogical
approaches are used, based on two examples in settings with limited resources. To improve
students’ mathematical ability in an ICT-facilitated classroom, the study presents an ICT-
orchestration framework that gives a comprehensive set of guidelines. There have also been
recommendations for additional research, along with the implications for theory and
practice, which, in my opinion, will contribute to raising the standard of mathematics

education in Bangladesh and elsewhere.
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APPENDICES

Appendix A: Introductory Letter from the supervisor

Institute of Education and Research

foren & szaen TE0HET
w1 R i SIS G
%3000, ST Fax: +880-2-9667222
www.du sc bd
11 October, 2022
To

Subject: Request for providing support to a PhD student of IER, University of Dhaka

Dear Sir,

Recerve greetings from the Institute of Education and Research (IER), Unsversity of Dhaka 1
would like to mform you that my PhD student Ms. Tamanna Sultana Associate Professor,
Institute of Education and Research, University of Dhaka needs to collect data from your
Institution for her study titled *“Orchestrating ICTs for Promoting Students’
Mathematical Proficiency at Secondary Level in Bangladesh”. Ms, Sultana needs to
observe Mathematics class of secondary level, interview teacher of that class and conduct 2
Focus Group Discussion with students, I request you and your colleagues to provide her with
all kinds of support i this regard Please feel free to contact me if you have any questions
regarding her research work.

Thanking you.

Dr. Md. Abdul Halim

Professor

Institute of Education and Research, University of Dhaka
Mobule: +8801715304802

Email- halimma@du ac bd
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Appendix B: Informed Consent Form

T1: Participant teacher of Case-I

Tamuanna Sultann
Institute of Education and Research
Usniversity of Dhaks

4 tescarch student ot the university of Dhaks. I this study. as parrial fulfilment of the requircment
for the awarit of a doctorate in Education, | am investigating how the ICTx can be effectively used in the
Whﬁw myw@:ud-mmwmmkﬁz
Pupils inn your class provide to be used in the write-up of the rescarch study. ) "
As a participant in this study, you have & right to answer as many o¢ 85 few of the guestions asked a5 you
~wish, i1 as much or as little depth as you deem fit You may request the removal of some oe all of the data
St T A O b 3.1 18 Gy o S alioloiclicn ol gt

-

1 would like 10 assure you that any details collected that may link you to the data, including the identity of
yourself, the pupits and the school, will be kept anoaymous and will not be used in the reporting of the
:wm-._orm research. Any information you provide will not be used or shared without your prior

Should you have any concems or queries with regard o any aspect of this study, please do not hesitate to
i e ”Mmmmmﬁsvmﬁmmﬁ t hesitate
PiGmse Jwricc *I"ajgoa” Toc Gonlfinnk. Y0rapecie. itk e ek dC;panicipation, thit eve it bele
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T2: Participant teacher of Case-II

Tamanna Sultana
Institute of Education and Research
University of Dhaka
Dear teacher,
RE: INFORMED CONSENT

1 am a research student at the university of Dhaka. In this study, as partial fulfilment of the requirement
for the award of a doctorate in Education, 1 am investigating how the ICTs can be effectively used in
the mathematics teaching-learning process to enhanced students’ mathematical proficiency. | would be
very grateful if you would sign below to indicate that you are happy for the information you and the
group of pupils in your class provide to be used in the write-up of the rescarch study.

As a participant in this study, you have a right to answer as many or as few of the questions asked as
you wish, in as much or as little depth as you deem fit. You may request the removal of some or all of
the data from the study at any time during, or after, up to 10 days following the administration of a
particular research instrument,

I would like to assure you that any details collected that may link you to the data, including the identity
of yourself, the pupils and the school, will be kept anonymous and will not be used in the reporting of
the outcomes of this research. Any information you provide will not be used or shared without your
pnor consent.

Should you have any concerns or queries with regard to any aspect of this study, please do not hesitate
to contact me at tamanna/@du.ac.bd and [ will be happy to assist in any way possible,

Thank you for your participation and note that all your help is very gratefully received.

Please write ‘I agree’ to confirm your agreement with the terms of participation that have just been
described.

Sign: N° ( = Date: OB'O\ l 2023

I agree to the information 1 and the pupils provide being used in the write-up of this study.

Sign: 3o hat Date: Oz|ol|2023
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Appendix C: Paper-pencil test (Pre-intervention)
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(English version of the test item)
Answer all of the following

guestions
Time: 1 hour Total Marks: 40

Q1: Height of 4 students are shown in the following table.

Age Height
5 40
5 42
6 44
7 47

a) Which one is correct? (Please write v inside the box of the correct one)  (2)

[ Height is a function of age
[_1 Age is a function of height

b) Explain why (please write your opinion inside the box). 4)
C) How many different ways can you represent this function? Write the ways of
differentrepresentation. (please write the answer inside the box). (@)
Q2: a) Sketch the graph of 2x-y+1=0 in the following graph paper. (5)
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b) Explain the procedure of sketching the graph (please write the answer inside the

box). (5)
C) How many ways can you sketch the graph? Explain the ways. (please write the
answer inside the box). 4)

Q3: a) Which of the following is not true for function? (Please V' the correct answer(s))

(2)

i) ii)

|| ||
= ||

iii) " iv)

b) Why they are not function? (Please write the reasons inside the box below)  (2)
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Q4: a) The slope of a line is -1/2 and the point (6,8) lies on the line. Write the equation of
that line. Find also y-intercept )

b) write all possible equations which represent the same line. 3)

Q5: The following graph shows the distance Vs time relationship about the journey of
three cars.

Distance | A Lang1

—————

Tell a story about the journey of those cars including specific details about time and
distance. (please write the answer inside the box). (6)
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Appendix D: Paper-pencil test (Post-intervention)
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(English version of the paper-pencil test

question).Answer all of the following

guestions
Time: 1 hour Total Marks: 40

Q1: The price of 4 books are shown in the following table.

Book Price
Bangla 400
English 420

Mathematics 440
Science 420

a) Which one is correct? (Please write v inside the box of the correct one)  (2)

[ ] Book is a function of price
[ ] Priceis a function of Book

b) Explain why (please write your opinion inside the box). 4)
C) How many different ways can you represent this function? Write the ways of
differentrepresentation. (please write the answer inside the box) 4)

Q2: The following graph shows the distance Vs time relationship for journey of two
people Alam and Belal. (6)

Distance

'4
finkong-—3 / Belal
/




Tell a story about the Belal’s Journey including specific details about time and distance.
(please write the answer inside the box)

Q3: a) Write an example of an equation of a straight line with m>0 and c<0. (please write
the answer inside the box) 2

b) Sketch the graph of your written equation on the axis provided below. Explain

about how have you sketched the graph in the following blank box. (4+4)
c) How many ways can you sketch the graph? Explain the ways. (please write the
answer inside the box). (5)
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Q4: a) Which of the following is not true for function? (Please ' the correct answer(s))

)

i)

—

i) ‘ . iv)

!

C) Why they are not function? (Please write the reasons inside the box below) (2)

he

d) In how many ways you can explain that they are not function? (Please write your
opinion inside the box) (3)

Q5: a) The slope of a line is -1/3. The point (-3,2) is on the line. By using which of the

following form, the graph of the equation can be easily drawn? (Please V' the correct
answer) (2

|:| y=mx+c

[ ] Y-yi=m(x-x1)

|:| xla+y/b=1

[T (vl (a-y2)=(x-xa)/ (xa-xz)
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Appendix E: Pupil Survey Questionnaire
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(English version of the survey questionnaire)

Dear respondent, very good day!
Please feel free to provide your opinion and this information will be used absolutely for academic

purpese. Your personal perception and honest opinion are considered vital importance for the success
of this study. Your cooperation in this regard will be highly appreciable.

3l

Me.

Itemns

Strongly
agras

Agree

L

Heutral

dizagres

Stronghy
disagree

Mathematics i3 eszential for my future.

Having 2 zolid knowledze of Mathematics helps
me understand mere complex topics in my field.

After completing these classes, I feel more interest
to do math

After completing these classes, I can keep more

attention whenever I do math

After completing these classes, I can make sense

of what we do in math more clearly

After completing thesze classes, I feel that I do
not stop to work on math problem even I stuggle
with that problem

After completmg these claszes, [ feel more
confident on my math ability =lall to help my
peers

Theze claszes help me to feel confident to try to
solve math problems in different ways

After completing thesze clazses, I am more
curious to know the real life oriented math
problems and how to zolve them

10.

After completing thesze claszes, my eagemess to
share math ideas and solve problsms by
dizcussing with my peers has mereazsed

11.

These clazses make my thought strong that
making miztakes are neceszary to be good at
Mathematics.

12.

After completing these classes, my believe
become more solid that anyone can lezm
mathematics if appropriate ffort has siven
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Appendix F: Interview schedules and Focus Group Discussion (FGD)

Teacher Interview

Background Information

) TR RIS (TS STAE I |

. REFPOT (AT WK WOo] F© JRIIL?

. AL (S AN G [ (FICAT (G A=A FLICRA? LN S |

. ICT ST APNIF G (FAN ICeT AN N FEAN? WA SN (FTLF- AR SN
ICT O0I IR PLIN? LT FPA |

Classroom Context

1. PRS- SURT (I SN SR §e IR FEAN/ T SR Bt W AT (TS AH?
2. G IR FE F ARGV TN F 4N Y& A 7IFIE 2

3. WA fF NN FEN (T B AT ATSHCNI ST FIEN CIE YNNI FA RAFR? (FN A2
e

(e NN FLAN? (N I Jro?

5. (RNFEE ST AR FE FT ARTEEAN FAK STNY FEFIRITE I IR (TN JFF IO,
(TG FE, 7T B1GY) f[FeN Teo1fde a1 Bf6w? (w2

6. TAN RO AT F1T ARGV T = T NNTS FIOYNNSF STATISTAT (FH TS
Tfow?

Teacher Context

7. SR B NN FERA (T WEHE Gl SRS 10T RGN 1S AR SR AW FCR2 [FOIR
GRS (5 HRPIA?

8. WA Ty SERID IR FI CTIN-CTATAT FILGFN AT AN, SL AN 2 B 4N
TS (N2 T F TN FACO ATIN?

9. FAHATH TGN FI0 8 IFT AN TGS FATS FEFIFT GINFT (FAN 28T 6 0T WA
TN A2

Students’ Context

10. SN fF NN FEA (T FIT WRHAG {et IR FBRFIATHR (<141 SN I A2 (2

1. WG AR FE FT ATCEANI ST FRFRATE [FeId HATwy F1 86w?

12, SN Y SIS IIRER FE 1T ATCEAN FEAN 0L 5 SN AT ST=rfarer e
e
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Affecting Factors

13, 9IS AR ST WD IR FIACS HIC A F [ STome TN =72 Wi+ [Fen
CTTE ST FEN?

14, WG AREF FR TS CTATAR G FAFIFT NATOR, AGSeoT, WA A & (1 {7
(AN BFFAYL? T2

15. AN 5 NN FEN (T FLN- G FIEFN AYSF TREIR TN FETR (FFING SFFAf?
(N R [P

16. AR FHAI AR F DG TR G T2F? [Fea? F FF w6l a2

17. ISAN ATSIFN F ST ARIEI Gy SATII5N? FISMI? W = , (FA 287 WTPR [Zehr [F
ARG TR

18. AN F NN FEN (T Y& A Freiitng Aok @ BRSO A SI=ITIT IR TNy

BTG (TN
19. AN F TN FEN (T NG IR FE TN TN Faid N Afoesol J1g IMGT
AR (FIN AR WT? FlONI?

20. 2B IR FE FILH-CIANT CFLE RS (FI (FN [TTTSTET IS 0 A challenge
TP AN J0 AN N B2

Head Teacher Interview
S | SRS IR B FI AT TNy Bl GG YS9 I AFN TAFIF I AN NN BIN?
AN RATEACT SHeT G0N ST RATN= [ =0, Tt 6RO I0A0R 472 O SIS I FA TSI A
AN NN FEN?
2| PR FEFN Y IIRMIR G [T AU 8 TRFAT TSR FO0! TGy e
A N FEN? FrOI?
O | HNF FHA AR F Y& IR G T2 [Fe? 6o I0a0w?
8| JRfHG TR FCA NS AN TGN I NATOR/ OOl ABRS/ AT Fo6! BFFS I
QAT NN BIN? ASTEAT AGAT G5 AT AL RO (BN MEFA =N PR 52 = =04,
FI I oMEFA 2 FRREN? WES B F ANCHN (F (F© I WA N FEN? AP =, B Pl
ANCHN RN P UL 0T WA NN B2
¢ | FRrFHMATE WRIG I 70 2K G Bl LN AACFHN SZ FA TP 0T WA N FEN?
IITET YT RIS AN (P AHCF = FIRRLE (52 D =0, Bl AN HCF A = FARLETN?
RS T B RO (FSTT (TS I WA TCH FCI? A XA, Bt Pl AVCFAN 52 A RIFI 06T AN
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Focus Group Discussions
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Activity task provided during FGD
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Appendix G: Activity Task-1 (Case-I)
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Appendix H: Activity Task-2 (Case-I)
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Dhaka University Institutional Repository

Appendix I: Activity task-1 (Case-11)
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Appendix J: Activity task-2 (Case-I1)

3) m GF T ATEE AN AN @Furm F ofFaEsw wue

T

Q) m GF T TS 0 LS QAT [ me-1, m=-2 I 9F F +FIET =07
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Appendix K: Transcripts of a full intervention lesson

Teacher’s Name: T1 (Case-I) Date: 21-11-2022
Grade: 10 Topic: Function
Numbers of students: 30 Class duration: 50 minutes

(Teacher T1 entered the classroom. All students showed respect to the teacher by standing.)
T1: Sit down please. Good morning everyone!

Students: Good morning sir. (Loudly)

T1: How are you all?

Students: well sir. (all loudly)

(Teacher rearranged some sitting arrangement for a while and place the portable board
at a suitable place ensuring that all students can see clearly)
T1: can you see the board and the screen clearly?

Students: yes sir.

(Teacher displayed a PowerPoint slide on the

projection screen)

T1: Look at the screen. What have you seen?
Students: 4 diagrams
T1: Yes, now you have to identify which diagram(s) are
not represent function. Think for a while.
T1: S11_C1, tell us which option(s) do you think?
S11_C1: Option one i.e. this one, sir.
T1: why?
S11_C1: because, to be a function, every input must have an output, here one input has no output.
Which is not possible.
T1: Do you think any other option will be?
S11 C1: Um. I am not sure, sir.
T1: S7 Cl,tellus S11_C1’s answer is correct or not?
S7_C1: No sir. | think S11_C1 is partially correct. The 4" diagram is also not a function. So the
correct option will be this one. (showing the option by using finger)
T1: Explain us, why.
S7_C1: To be a function, every input must have exactly one output. But here, one input has two
outputs ‘a’ and ‘c’, which is not true for a function.
T1: Students, what do you think?
Students: S7_C1 is correct.
T1: Ok, S7_C1, use this mouse and click on the option (in the laptop) which one you think correct.
S7_C1: ok, sir.
(“Anwer is correct” showed on the projected screen)
T1: A big round of applause for S7_C1.
(All clapped for S7_C1)

e WL Sy aw?
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T1: who can tell us about the 2" and 3" diagram? Raise your hand.
(all most every student raised their hand)
T1: S23_C1, stand up. Tell us about 2™ diagram.
S23_Cl1: itis function.
T1: why?
S23_C1: for every input there is exactly one output.
T1: look at ‘c’, is it associated with any input?
S23 C1l: nosir.
T1: then, still is it a function?
523 _C1: yes sir, to be a function each input must be associated with exactly one output. Here ‘¢’
is not input and every input has one output. So it is a function.
T1: anyone want to deny S23 C1’s opinion?
Students: No sir, he is correct.
T1: very good
(teacher displayed the next slide)

& 5=4{L,p), (2.0, (3,p), (2,01 4% ryE w ol w237

T1: every one look at the screen. Which one is correct?
You can discuss with your peer for 2 minutes. (students &t
discussed with their peer. Some of the students raised
their hands. Teacher moved the whole class and tries to
understand what they were discussing.)
T1: okay, time up. S13_C1 go toward the projection screen and explain us what do you think.
S13_C1: this option is correct. (showing by his finger)
T1: why?
S13: sir, this is not a function because for input 1, we get output ‘p’ and for input 3, we get output
‘p’. For different input, we did not get different output, so this is not function.
T1: What do you think students?

(Some students told that “ wrong”. Some students seemed confused)
T1: Okay, S22 _C1 come here and explain your opinion. S13_C1, you still standup here.
S22 C1: sir, S13_C1 told that 2" option will be the answer, that is correct. But his explanation is
wrong. Here, for input 1, we get two different outputs ‘p’ and ‘r’, which is not possible to be a
function.
T1: okay, let’s see whether you are correct or not. S22 C1 use the computer and click on the option
which you think is correct.

(S22_C1 went toward the computer and press on the chosen option. Correct sign (V)
appeared on the screen with explanation)
T1: wonderful, the answer is correct.

(every one clapped)
T1: S13_C1, have you realized why your answer was not correct?
S13_C1: yessir.
T1: why?
S13_C1: | told, for input 1, the output is ‘p> and for input 3, the output is ‘p’. That is why, it is not
a function. But it was wrong. To be a function for different input value, output could be same, but
for unique input value, output never be more than one.
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T1: students, what do you think?
Students: S13_C1 is correct sir. (all said loudly)
T1: good (looking at S13_C1 and S22_C1), both of you can take your sits.
T1: now students, open your script.
(teacher wrote two questions on the portable white board | ===
and asked students to copy those question in their scripts) i Sl Al el
T1: look at your 1% question. What is it? CR i kahalics
Students: it is a relation sir.
T1: why relation? S1_C1, tell us.
S1_C1: sir, it has 5 order pairs and 1% element of each order pair is
associated with the 2" element.
T1: students, what do you think?
Students: S1_C1 is correct sir.
T1: S19 C1 stand up. Did 2 is related to any one?
S19 Cl:yessir. Itis 4.
T1: what about -2?
S19 Cl:itis also related to 4.
T1: can we say this relation, a function? Look at all order pair carefully.
(students was thinking, some of them were discussing with their peer, some were raising
their hands.)
T1: S25_C1, what do you think?
S25_C1: function, sir.
T1: is it? (asked with tone of doubt)
(S25_C1 seemed a hit confused)
T1: S9_C1, what do you think?
S9 C1.:itis function sir, because each input is associated with exactly one output.
T1: what about the order pair (-2,4) and (2,4)?
S9_C1: here input different but output same, so it is okay for a function.
T1: students, what do you think?
Students: S9 C1 is correct sir.
T1: very good, a big clap for S9_C1.
T1: students, can you imagine in which way we can write f(x), so that for each input value we get
the output value? | will give you an example, suppose f(x)= x+1 (teacher wrote f(x)=x+1 on the
board). For x=1, what will be the value of f(x)?
Students: 2
T1: good. In that case, what was the order pair?
(some students said (1,2), some said (2, 1))
T1: (1,2) or (2,1), which one?
S11_C1: (1,2), sir. (said loudly)
T1: S11_C1, stand up. Why not (2,1)?
S11 C1: because x is the 1% element of a order pair. Here the value of x is 1, not 2.
T1: students, what do you think?
Students: S11_C1 is correct sir.
T1: very good, sit down.

{1,9).14,2)) 5%
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T1: now, think what should be the expression of f(x) so that all order pairs of question 1 are
satisfied. You can discuss with your friend.
Students: f(x) should be x?
T1: we can check it.
(teacher used the spread sheet window in the | ot
GeoGebra software and wrote the command of f(x)=x*. He | == e e
put x=-2, then it gave output 4.) '
T1: look carefully, what we get.
T1: S7_C1 came here. Put the another input value.
(teacher asked S7_C1 to use his laptop)
S7_C1.: sir, where will | write the value?
(teacher showed him how to do it)
(S17_C1 put the value -1 for x and then pressed the button ‘enter’. The output value 1
appeared.)
T1: have the result match with the order pair?
Students: yes sir.
T1: who want to come?
Students: me me. (raising their hand)
T1: S4-C1, come and check for 3 order pair.
(S4_C1 put the value ‘0’ as an input and output showed ‘0’)
S4 _C1: got “0’, sir. It same as the order pair. Can I do it for the next one?
T1: okay.
S4 Cl:itis ‘1, sir.
T1: good, thank you
S14 C1.: sir, can | come?
T1: Okay, come (teacher welcome him with a big smile)
(S14_C1 puts the value ‘2’ as input and gets ‘4’ as output)
(All clapped)
T1: So, your chosen f(x) was correct.
T1: This is the tabular form to represent a function (teacher indicated the spread sheet window in
the Geogebra software)
T1: Now, we will see what will be the graph of this function
(Teacher plotted all the list of the points and connected them on the graphical window of
the GeoGebra software. A “U” shape graph appeared on the screen.)
T1: Students, look, this is the graph of x2. You can check output for any value of x in the tabular
form and can check the output on the graph as well.
T1: clear?
Students: yes sir.
T1: this is called the graphical representation of function and x? is the algebraic form of that
function. So, how many ways we learn to represent a function?
Students: 3 ways sir.
T1: good. Try to solve the next question at your home.
(Teacher divided the students into 6 groups and 5 students were in each group. Teacher
asked two students from each group to bring two extra chair so that they can discussed easily with
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each other. Then teacher provided a worksheet in each group
containing three graphs with their algebraic expressions).

T1: look at the graphs and their algebraic expressions. Try to find out
the similarities and dissimilarities among these graphs, also the
algebraic expressions. Each group will get 2 minutes.
T1: Group 1, any one from your group stand up and tell us, did you find
any similarities among the graphs.
Group 1: all are graphs of function.
T1: Group 2, what do you think about Group 1’s response?
Group 2: Group 1 is right. (one student response from group 2)
T1: why?
Group 2: For each graph, each input value has unique output.
T1: Group 3, what do you think? Can you explain it with example?
Group 3: sir, Group 1 and 2 are correct. Here for the red graph, um, if the input is 1 then the output
is 3. for blue graph, if input x=2 the output is f(x)= 5 and for green graph, if the input is 2, then the
output is 4. In this way, for each input, we can get unigque output.
T1: very good. Thank you Group 1, 2 and 3. Now, Group 4, did you get any dissimilarities?
Group 4: Red and blue graphs are straight line and green graph is not a straight line.
T1: anything more?

(Group 4 did not respond for further).
Group 5: sir, we find more thing.
T1: okay, stand up and tell us. (one student from Group 5 stood up)
Group 5: sir, we get dissimilarities in algebraic expressions. In the algebraic expressions of the red
and blue graphs have the power of variable ‘1’ and has constant value, but the green one’s has
power 2 and no constant value.
T1: what do you think, group 6?
Group 6: he is correct sir.
T1: well done. You all are correct. Red and blue graphs are straight lines and in their algebraic
expressions, the power of the variables is 1. This types of function called linear function. Constant
value is not an issue here, there may be a constant value or not. We will learn about the linear
function more in the next class.
That is all for today.
Hope to see you in the next class. Thank you.
Students: Thank you, sir. (students showed their respect by standing)

End of the lesson
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Appendix L: Tests of Normality (Paper-pencil test data)

(@) Case 1:
Tests of Normality
Shapiro-Wilk
Statistic df Sig.
Before Intervention (Pre- CU 937 30 .077
test) PF 939 30 084
AR 933 30 .059
SC 935 30 067
After Intervention (Post- CU 939 30 .085
test) PF 943 30 110
AR .936 30 .070
SC .934 30 .061
(b) Case-2
Tests of Normality
Shapiro-Wilk
Statistic df Sig.
Before Intervention Cu 038 30 .080
(Pre-test) PF 934 30 062
AR .939 30 .084
SC 936 30 .069
After Intervention Cu 0937 30 .074
(Post-test) PF 945 30 125
AR .966 30 426
SC 935 30 .069
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(@) Case 1:
Tests of Normality
Shapiro-Wilk
Statistic df Sig.
Before useful & worthwhile 741 30 <.001
Egtr‘zr‘{::tt)'on sense-making endeavor 909 30 014
enthusiasm .818 30 <.001
persistence 917 30 022
confidence 844 30 <.001
curiosity .802 30 <.001
corporation 811 30 <.001
After useful & worthwhile 627 30 <.001
ErFltoesrtVs:sttl)on sense-making endeavor 860 30 .001
enthusiasm .681 30 <.001
persistence .900 30 .008
confidence .835 30 <.001
curiosity .701 30 <.001
corporation .628 30 <.001
(@) Case 2:
Tests of Normality
Shapiro-Wilk
Statistic df Sig.
Before useful & worthwhile 730 29 <.001
Egtreer\t/gsntt)lon sense-making endeavor 950 29 184
enthusiasm 871 29 .002
persistence 941 29 .108
confidence 919 29 .029
curiosity .789 29 <.001
corporation 847 29 <.001
After useful & worthwhile 690 29 <.001
Egtgsrtvsgsttl)on sense-making endeavor 925 29 042
enthusiasm .846 29 <.001
persistence 933 29 .065
confidence .952 29 .205
curiosity .804 29 <.001
corporation .881 29 .004
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Appendix N: Descriptive statistics of each indicator of the PD

(a) Case-I
Before intervention
Indicators of Std. Minimum  Maximum  Median
PD N Mean Deviation
useful & 30 4.4333 .67891 3.00 5.00 5.0000
worthwhile
sense-making 30 3.6007 45866 2.67 4.67 3.6700
endeavor
enthusiasm 30 4.0333 1.03335 2.00 5.00 4.0000
persistence 30  3.6000 .35505 3.00 4.33 3.6700
confidence 30 3.2667 .65302 1.00 4.00 3.5000
curiosity 30 3.8333 .74664 3.00 5.00 4.0000
corporation 30  3.9667 .716489 3.00 5.00 4.0000
After intervention
Indicators of Std. Minimum  Maximum  Median
PD N Mean Deviation
useful & 30 4.4667 .86037 1.00 5.00 5.0000
worthwhile
sense-making 30 4.3450 .64018 2.67 5.00 4.5000
endeavor
enthusiasm 30 4.5667 .62606 3.00 5.00 5.0000
persistence 30 4.3780 55874 3.00 5.00 4.3300
confidence 30 4.3500 63177 2.50 5.00 4.5000
curiosity 30 4.5333 .62881 3.00 5.00 5.0000
corporation 30 4.5667 .67891 2.00 5.00 5.0000
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(b) Case-ll
Before intervention
Indicators of Std. Minimum Maximum  Median
PD N Mean Deviation
useful & 30 4.2100 1.03057 1.00 5.00 4.0000
worthwhile
sense-making 30  3.7997 76210 1.33 5.00 4.0000
endeavor
enthusiasm 30 3.6667 92227 2.00 5.00 4.0000
persistence 30 3.7113 .81066 .00 4.67 3.6700
confidence 30 3.2667 90719 .00 4.50 3.5000
curiosity 30 4.2759 79716 2.00 5.00 4.0000
corporation 30 3.8276 1.00246 1.00 5.00 4.0000
After intervention
Indicators of Std. Minimum  Maximum  Median
PD N Mean Deviation

useful & 30  4.4667 .73030 3.00 5.00 5.0000
worthwhile
sense-making 30 4.0010 53913 2.67 5.00 4.0000
endeavor
enthusiasm 30 3.7333 .73968 2.00 5.00 4.0000
persistence 30 3.8113 .63503 2.33 5.00 4.0000
confidence 30 3.1667 .69893 1.50 4.50 3.0000
curiosity 30 4.0667 .82768 2.00 5.00 4.0000
corporation 30 3.7667 1.04000 1.00 5.00 4.0000

295


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Appendix O: Comparative test between pre & post intervention
(Wilcoxon Signed Rank Test)

(a) Case |
Post test-pretest N~ Mean  Sumof ;yaye p-value Effect
Rank Ranks .
sizer
Negative Ranks 7 10.29 72.00 -.655 513 -0.085
ful .
useful & =5 itive Ranks 11 900 99.00
worthwhile
Ties 12
sense- Negative Ranks 4 9.88 39.50 -3.605 <.001  -0.465
making Positive Ranks 23  14.72  338.50
endeavor Ties 3

Negative Ranks 5 5.00 25.00  -2.465 023 0318
enthusiasm  Positive Ranks 11  10.09  111.00
Ties 14
Negative Ranks 2 3.00 6.00 4226 <.001  -0.546
persistence  Positive Ranks 23 13.87  319.00
Ties 5
Negative Ranks 2 4.00 8.00 4481 <001 -0.579
confidence  Positive Ranks 26  15.31  398.00
Ties 2
Negative Ranks 5 9.00 45.00  -3.143 002  -0.406
curiosity Positive Ranks 19  13.42  255.00
Ties 6
Negative Ranks 3 9.67 29.00 -2.753 006 -0.355
corporation  Positive Ranks 16  10.06  161.00
Ties 11
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(b) Case-lI
Post test-pre N Mean  Sumof ; yalue p-value Effect
Rank Ranks :
test Sizer
Negative
7 807 5650 .g999 318 -0.129
useful & Ranks
worthwhile ~ Positive Ranks 10 9.65  96.50
Ties 13
Negative
sense- Ranks 10 1060 10600 -g77 329 -0.126
making  pogitive Ranks 13 13.08  170.00
endeavor .
Ties 7
Negative 3 8.69 69.50 -0.045
_ Ranks ' ' R |
enthusiasm  pogitive Ranks 9 9.28  83.50
Ties 13
Negative
. 139.00 - -0.004
| Ranks 10 13.90 .031 975
PEISISIeNCe  positive Ranks 13 10.54  137.00
Ties 7
Negative
23 15900 - -0.084
| Ranks 13 12.23 59.00 .652 515
confidence  pogitive Ranks 10 1170 117.00
Ties 7
Negative
. 138.00 - -0.170
N Ranks 14 9.86 38.00 1.313 189
Curlosity positive Ranks 6 12.00  72.00
Ties 9
Negative
72 8750 - -0.012
| Ranks 9 9 .090 928
corporation  pgjtive Ranks 9 9.28 8350
Ties 11

According to Cohen (1988),
Small effect: r values above 0.1
Moderate effect: r values above 0.3
Strong effect: r values above 0.5
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