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ABSTRACT

This study evaluated the mediating and moderating role of teaching quality, teaching
competence, and history of mathematics concepts on the effects of mathematics connection
on mathematics achievement motivation among senior high school students in Ghana. A
descriptive survey was carried out on 400 students randomly selected from Kumasi Senior
High Technical School. SPSS (V. 23) and AMOS (V. 23) were utilized to conduct
preliminary analyses (exploratory factor analysis, alpha-reliability analysis, and
confirmatory factor analysis). In addition, average variance extracted (AVE), convergent
validity, discriminant validity, and composite reliability were computed in Microsoft Excel
from factor loadings. Structural Equation Modelling (SEM) was run in Amos (V. 23) to
determine direct, indirect and interaction effects among the main constructs. The study found
that mathematics connection positively and significantly influenced mathematics
achievement motivation of senior high school students. The indirect effects of mathematics
connection on achievement motivation through teaching quality was positive and significant.
It was also revealed that the interaction effects of teaching competence on the relationship
between mathematics connection and achievement motivation was insignificant.
Furthermore, the interaction effects of history of mathematic concepts on the indirect path
between mathematics connection and achievement motivation through teaching quality was
significantly negative. The study recommended that mathematics connection should be
emphasized through quality teaching, and explanations to historical themes underlying

topics.

Xi



CHAPTER ONE

INTRODUCTION

Overview

Malouff and collegues' (2008) assessment proved that the combination of appropriate
instructor traits and effective teaching strategies significantly affect student’s mathematics
motivation. For instance, teachers' ability to relate mathematics to real-life circumstances
and other disciplines (Aguilar, 2021; Arthur et al., 2017; Mazana et al., 2018). Even so,
among Ghanaian senior high school students, the effects of other external factors to the
highlighted relationship had gone understudied. So, the goal of this research was to explore
the mediating and moderating effects of teaching quality, teaching competence, and history
of mathematics concepts on the relationship between mathematics connection and students'
mathematics achievement motivation. This chapter discusses the study's background and
context first, then the research problem, purpose, objectives, and hypotheses, the significance

and lastly, delimitations and limitations.

Background of the Study

Achievement motivation is most obvious in the military. “Boot Camp”, a term commonly
referred to recruits receiving basic combat training. Driven by motivation, this training
involves highly determined recruits to complete risk-taking as well as perilous combat
training such as obstacle crossing and simulated combat with live fire. War movies portray
scenes with soldiers single-handedly fighting selflessly hard to cover an entire retreating
regiment. In education, achievement motivation drives pupils to study mathematics with full

concentration and focus (Habibullah et al., 2022). Per empirical and theoretical perspectives



(e.g. Cabalsa, n.d.; Lippke, 2017; Maehr & Sjogren, 1971; Wigfield, 1994), it is an important
factor in students’ mathematics comprehension and retention (Arthur et al., 2022; Awoniyi,
2022; Schiefele & Csikszentmihalyi, 1995; Tran & Nguyen, 2021; Obayemi et al., 2022;
Peteros et al., 2019). Achievement motivation is most obvious in behaviors associated with
intrinsic struggle, with competition tied to personality (Ryan & Deci, 2000; Bipp et al.,
2008). It is the innate push that drives students to strive for higher levels, as well as their
desire to overcome obstacles via risk-taking, involvement in productive activities, and the

pursuit of effective techniques to improve outcomes (Yaman et al., 2015).

The study of mathematics achievement motivation has piqued the interest of researchers,
since it had been found necessary for pupils' overall mathematics achievement. Extant studies
confirmed motivation was a powerful predictor of mathematics achievement (Arthur, Boadu,
et al., 2022; Arthur, Dogbe, et al., 2022; Boadu et al., 2023). Because motivation is vital,
researchers had concentrated on motivational elements in mathematics instruction (see for
e.g. Green, 2002; Keller, 1983). Several hypotheses regarding instructor-related achievement
motivators have been developed and tested in various studies. Authors had come to
consensus on the importance of factors which make mathematics teaching-learning more
relevant and enjoyable. Among them, teachers ability to establish mathematical connections

to the real world (Arthur et al., 2017).

Students' motivation arouse when teachers use teaching tactics that connect mathematics to
real-life situations (Krpan, 2018), explain concepts through problem-solving methodologies,
or tell the story of mathematics as an abstract depiction of naturally occurring phenomena.
Mathematics connection ability is therefore a crucial instructor trait (Arthur et al., 2018)
which enhances active participation and promotes academic performance (Boadu et al.,

2023; Xia et al., 2022). Authors found that pupils are motivated to learn mathematics when
2



teachers establish links between conceptual ideas and real-world events (Durmus &
Karakirik, 2006; Gainsburg, 2008). According to Arthur et al. (2017, 2018), the relationship
between mathematics and the actual world allows students to investigate the role that
mathematics plays in describing real-world phenomena. Teachers, for example, might
stimulate the study of percentages and rates by creating a scenario in which future
businesspeople would collaborate on a project. They can simulate the investment of a loan
amount on a farm, suggest the interest rate, and calculate the profit. By so doing, students

develop higher levels of motivation to study mathematics.

Aristotle (384 — 322 B.C.) once said, “If you would understand anything, observe its
beginning and its development”. This supports the fact that incorporating the history of
mathematics concepts into teaching is critical to mathematics education. During teaching,
the illustration of the historical background of mathematical concepts stimulates student
interest growth (Arthur, Appiah, et al., 2022). Understudies can learn about the origins of
concepts and how they evolved. Using history as a teaching tool, Baah-Duodu et al. (2021)

asserted that pupils understand the function of mathematics in civilizations.

The quality of teaching guarantees that pupils are motivated (Comadena et al., 2007,
Ekmekci & Serrano, 2022; Ruiz-alfonso et al., 2021). As a result, in general, quality teaching
has been explored to enhance problem solving in real-world experience. One important
challenge with being a successful teacher is not just a greater understanding of concepts,
rather information from several perspectives that motivate students to think, which according
to George Polya is peculiar to quality teachers (Wittmann, 2021). Because thinking leads to
mathematical sense making and comprehension (Wittmann, 2021). Students' exposure to
quality teaching helps them to build on their strengths while also considering their

deficiencies. Quality instructors employ a variety of techniques to remedy students' faults via
3



experiential learning (Uyen et al., 2022). It is created the knowledge that mistakes and failure
are necessary for mathematical comprehension. Explanation to teaching quality begins that
in challenging situations, teachers should utilize words of praise, offer positive feedback, and
acknowledge learners' accomplishment. Inspiration to realize full potential and achieve one's

learning objectives is a teaching quality that boosts students' achievement motivation.

Teachers' mastery of mathematical topics, as well as their ability to apply a range of
techniques to foster comprehension, are necessary. An instructor's teaching competence
includes both content knowledge and pedagogical expertise (Guerrio, n.d.; Jeschke et al.,
2021). Using visual aids and diverse exercises at the learners' discretion promotes
understanding. Another skill is the teacher's ability to use graphic organizers to depict
concepts and relate them to past knowledge (Owolabi & Adaramati, 2015; Zollman, 2009).
Competent teaching promotes cooperative learning (Klang et al., 2021), which lays the
groundwork for active student engagement in which students investigate the role of

mathematics in their daily lives.

If one wants to figure out the appropriate mathematics achievement motivators, the best way
IS to concentrate on instructor-related traits, because teachers are the leaders in mathematics
teaching-learning. This study is based on the idea that mathematics connection is contingent
on the levels of teaching competence, and teaching quality to adopt and adapt to changing
classroom situations and strategies, and the use of historical themes in pedagogical practice

to improve understudies’ motivation.

Statement of the Problem

Senior high school graduates must obtain at least a credit pass to continue their education at

the postsecondary level (Adam & Mahmoud, 2014). According to Figure 1, the proportion
4



of graduates with aggregate A1-C6 in mathematics (core) was 47.23%. This value decreased
to 38.33% in 2018, and increased sharply to 65.31% in 2019, and 65.71% in 2020. The
highest performance rate ever recorded in 2020 could not be maintained, decreasing to
54.11% in 2021, and increased to 61.39% in 2022. Figure 1 clearly depicts that the
mathematics performance of school candidates who sat for final examinations over the six-
year period (2017-2022) had been fluctuating. Dossel (1993) ascribed such unsteady
performance to the bad nature of understudies' mathematics phobic and anxious behaviors
caused by amotivation (Tran & Nguyen, 2021). Amotivated pupils exhibit apathy and a
reluctance to speak up during mathematics classes. They sag in their seats and fail to fully
participate in discussions (Jones, 2008). To counteract this potential threat, Boadu et al.
(2023) opined that student’s impetus is critical. Teachers should strategically enhance
learners’ mathematical enthusiasm through instructional tactics that allows learners
comprehension of the relationship between mathematics and their everyday lives, actual
events, and other disciplines (Arthur, 2019; lyer, 2022). Such mathematics connections
should be tied to the historical context of topics, as this has been shown to improve student
interest and motivation growth (Arthur, Appiah, et al., 2022; Chorlay et al., 2022; Jankvist,
2009; Liu, 2003; Marshall, 2000). Consistently, literatures concluded that inspiring students
to engage and perform significantly in mathematics is the duty of teachers (Herges et al.,
2017; Klanderman et al., 2019; Nyman & Sumpter, 2019; Saadati & Celis, 2023). Hence,
Nessipbayeva (2019) asserted that the arousal of learners’ motivation depends on competent

and effective mathematics instructors.

Studies of the relationship between mathematics connection and students’ mathematics
achievement motivation exist (Arthur et al., 2018; Durmus & Karakirik, 2006; Gainsburg,

2008), however, such studies failed to build robust empirical model that incorporated the
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contributions of important teacher-related traits, which are, teaching quality, teaching
competence, and history of mathematics concepts. In consequence, the mediating and
moderating effects of these constructs are only weakly empirically proved in Ghana. Among
the literatures reviewed, this is a recognized gap, which should be filled. In light of this, the
present study intended expanding literatures of the mediating and moderating effects of
teaching quality, teaching competence, and history of mathematics concepts on the
relationship between mathematics connection and achievement motivation at the Ghanaian

senior high school level.

65.71

65.31

61.397

Pass_Rate

5411+

42737

38.337

U 1 1 T U U
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Figure 1: WASSCE Core Mathematics Performance from 2017 to 2022 (WAEC, 2017,
2018, 2019, 2020, 2021, 2022)



Purpose of the Study

The purpose of this study was to examine the mediation and moderation effects of teaching
quality, teaching competence, and history of mathematics concepts on the relationship

between mathematics connection and students’ mathematics achievement motivation.

Objectives of the Study

The study seeks to;

. determine the direct impact of mathematics connection on student achievement
motivation.

ii. identify the mediating effect of teaching quality on the relationship between
mathematics connection and student achievement motivation in mathematics.

iii. find out the moderating effect of teaching competence on the relationship
between mathematics connection and student achievement motivation in
mathematics.

iv. asses the moderating effect of history of mathematics concepts on the second half
of the path of the indirect relationship between mathematics connection and

achievement motivation.

Hypotheses

The study seeks to test the following hypotheses;

I. H1: Teacher’s ability to make mathematics connections positively affect senior
high students’ achievement motivation.
ii. H2: The positive correlation of mathematics connection with achievement

motivation is mediated by teaching quality.
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iii. H3: The direct relationship between mathematics connection and achievement
motivation is moderated by teaching competence.

Iv. H4: History of mathematics concepts moderates the second half of the path of the
indirect relationship between mathematics connection and achievement

motivation.

Significance of the Study

The study contributes to the body of knowledge about teacher-related variables that influence
students' achievement motivation in mathematics. The study's findings provided empirical
insights into teaching techniques that inspire pupils to learn and perform in mathematics.
Teachers and teacher educators can create and implement techniques to increase senior high
students' motivation in mathematics teaching-learning activities based on this. Furthermore,
empirical knowledge to address challenges in mathematics motivation and performance is

made available to policymakers and the National Teaching Council.

Limitation of the Study

First and foremost, senior high school students were chosen as the study's sample. The
findings of this study may not be applicable to students who do not fall within this category.
In addition, descriptive survey is strictly quantitative. Thus, pupils' experiences and concerns
were not taken into account beyond the questionnaire (Arthur, Appiah, et al., 2022). It may
be particularly necessary if imminent studies include mixed approaches, which allow for a
deeper exploration of pupils' knowledge and experiences. Furthermore, the study was a
survey that collected data on perceived constructs without actual manipulations or
experiments. The data was merely evaluated to predict potential relationships. As a result,

the outcomes may be insufficient to draw conclusions for decision making. Future studies
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should include action research or experimental studies in which factors are manipulated to

obtain secondary data.

Delimitation of the Study

While motivation is important in mathematics learning for students of all ages, this study
focused on the mathematics achievement motivation of senior high school students. The
research was a survey restricted to senior high school students at Kumasi Senior High
Technical School. The study's major goal was to predict students' mathematics achievement
motivation using mathematics connection, teaching quality, teaching competence, and
history of mathematics concepts. The study solely looked at these teacher-related
characteristics, leaving out other motivators. Self-determination theory, expectancy-value
theory, situated cognition theory, and social cognitive learning theory were all considered in

the study.

Organization of the Study

The study was structured in five chapters. Chapter one dealt with the introduction including
background to the study, statement of the problem, objectives, research questions,
significance of the study, limitations, and delimitations. Chapter two concerned review of
related literature based on study objectives. Chapter three talked about research methodology
in the areas; research design, sampling technique and sample, instrumentation (with validity
and reliability), and data analysis technique. Chapter four considered data analysis, results

and discussion. Chapter five provided conclusions and recommendations.



CHAPTER TWO

LITERATURE REVIEW

2.0 Overview

Generally, several literatures are concerned with factors affecting mathematics learning
motivation. This chapter presents comprehensive conceptual review of relevant literatures
on teaching quality, teaching competence, mathematics connection and history of
mathematics concepts. Also, empirical review of supportive studies is completely elaborated.
In addition, theories that were pertinent to this study are analyzed and synthesized. Lastly,

this chapter explains the conceptual framework for the present study.

2.1 Conceptual Review

2.1.1 Teaching Quality

The total efficacy of teaching approaches and their impact on student learning outcomes is
referred to as teaching quality. It includes several aspects, such as teaching tactics, classroom
management, evaluation and feedback, rapport building, and provision of inclusive learning
environment (Hattie, 2009). Teaching quality highlights instructors’ comprehensive
approach to optimizing student learning experiences. The consequences and efficacy of
teaching approaches in supporting student success and engagement are the focus of teaching
quality. Moreover, scholars (e.g. Singh & Sarkar, 2012; Wenglinsky, 2000) have described
teaching quality from various angles. Wenglinsky (2000) defines teaching quality as the
value of a teacher's effective practice that is unique to him or her in the profession. According
to Singh & Sarkar (2012), teaching quality is the combination of teacher attributes such as

inputs (professional credentials, experience, location of residence, in-service training, etc.)
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and practices, attitudes, content knowledge exhibited in class. In the perspective of GEIES
(2003), teaching quality relates to aspects such as training qualification and a teacher's
professional balance. Others (e.g. Boyd et al., 2007; Darling-hammond, 2000; Hanushek &
Rivkin, 2006, 2007; Ingersoll, 2007), have linked teacher education, experience, and
certification to teaching quality. The phrases "teaching quality” and "teacher quality" should
be used separately but sometimes treated together (Singh & Sarkar, 2012). Teacher quality
describes the characteristics of an effective instructor, and teaching quality addresses
concerns about how to improve instructional growth and knowledge impartation (Fauth et
al., 2019). Bonney et al. (2015) realized that quality varied from place to place and school to
school. Teacher encounter with new syllabi, pupils, and school management members might

result in significant disparities in quality practice.

Traditional criteria are used by educators and education bodies to assess teaching quality.
The criteria are known as "indicators"” or "proxies” of teacher quality (Boyd et al., 2007; Goe,
2007; Hanushek & Rivkin, 2006; Wenglinsky, 2000), which Azam & Kingdon (2014) refer
to as credentials. They define credentials as measurable components of teaching quality that
include teacher education, training, and experience. Wiswall (2011), on the other hand,
categorized the proxies into two groups. First of the components, Wiswall (2011) defined
accumulated teaching experience as "the number of years spent on the field." The
classification's second component included "unobserved factors" such as degrees, licensing
status, and licensing exam score. Goldhaber et al. (2015), like Wiswall (2011) divided the
proxies into input and output measures. Experience and teacher qualifications are input
variables (Azam & Kingdon, 2014) whereas output measures show the level of teacher
performance (Ochieng et al., 2016). According to Atiah, (2023), Wiswall (2011)

categorization is inadequate. Apart from license and licensing examinations, he believes that
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direct measurements (tests, conferences, seminars, portfolios etc.) assess teaching quality.
Hanushek & Rivkin (2006) and Rothstein (2014) argued with certification and experience.
To them, certification and experience do not represent quality in the early years of teacher
deployment, but standardized examinations do (Angrist & Guryan, 2004). Aside from the
aforementioned indicators , Hanushek & Rivkin (2006) opined that high pay did not represent
a superior index of teaching quality. Rather, they conjecture that communication tactics
(Connell, 2009) and sustaining rapport in class improve teacher effectiveness. In this view,
salary and allowance incentives, as many teachers regard, have little to do with teacher
effectiveness (Hanushek & Rivkin, 2007). Regardless, educators in China have distinct ideas
about what constitutes good teaching. They feel that quality teaching includes motivation,
enthusiasm, respect, innovativeness, confidence, dedication, tolerance, and so on (Wang et

al., 2010), as quoted in (Peng et al., 2014).

Wenglinsky (2000) identified three dimensions of teaching quality. These include instructor
inputs, classroom procedures, instructional strategies, and professional development (Azam
& Kingdon, 2014). Similarly, Goe (2007) emphasized the qualities of teaching. These are as
follows: instructor experience and qualification relevant to the field of practice; social
learning (willingness to encourage learners to succeed in mathematics); motivation skills;
mentorship skills; assiduousness; integrity, reality and choice, self-control and assertive
discipline. Quality teaching maintain a high level of student understanding, which accelerates
student performance in mathematics (Sulaiman et al., 2017). Ochieng et al. (2016) discovered
a link between teaching quality and student mathematical output. They proposed that the
quality of the teacher truly enhances performance. Empirical information (e.g. Chand et al.,
2021; Ingersoll, 2007) shown that when high-quality instructors manage mathematics in even

the most disadvantaged schools, overall school performance and individual student success
12



improve. Furthermore, Sirait (2016) contends that teacher characteristics such as tenacity,
preparedness, and leadership abilities are consistently lead to students' achievement in

mathematics.

2.1.2 Teaching Competence

Teaching competence is centered on an individual teacher's knowledge, skills, and expertise.
It focuses more on the technical components of teaching and an individual teacher's ability
to impart knowledge. Goe et al. (2008) define teaching competence as a teacher's subject
matter understanding, pedagogical abilities, instructional planning, and capacity to
successfully involve students in learning activities. It stresses the individual teacher's
strengths and experience in delivering effective teaching. Teaching competence reflects the
quality of a teacher's instruction (Panggabean & Himawan, 2016). It is a broad concept
(Bagus et al., 2018). However, the nature of teaching makes it challenging to measure
competence (Caena, 2014; Caena & Redecker, 2019; Hollins, 2011; Wahyuddin, 2016).
Teaching competence is also defined as the balance of a teacher's fundamental knowledge,
abilities, and psychological potentials (Nessipbayeva, 2019). The nature of teaching
competence is proven by the teacher's teaching abilities and measured against the teacher's
conduct and the learning of the students. Furthermore, Subject matter knowledge is a key
indicator of teaching quality (Koomson et al., 2005; Rowe, 2008; Temin, 2002). The capacity
to grasp content and achieve a greater degree of comprehension in a subject is relevant to the

teaching profession.

Teacher effectiveness is synonymous with competence, although competence does not
always imply effectiveness (Roelofs & Sanders, 2007). Teaching competence is a mix of
personality traits, acquaintances, abilities, and attitudes required for effective teacher
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practice. Knowledge, skills, beliefs, and individual characteristics are examples of these
(Pantic et al., 2011; Sulaiman & Ismail, 2020). In preschool education, Lillvist et al. (2014)
established three levels of competence. Teachers' content knowledge and the capacity to
reflect on classroom activities and their understanding of the 'what and why' of teaching. The
instructors' ability to lead and organize demonstrates his expertise. Teachers' ability to
communicate and transact ideas is described by their communicative, social, and moral
competencies (Bagus et al.,, 2018). Personal competence, pedagogic competence,
professional competence (Cubukcu, 2010), and social competence are components of
teaching competence, according to Bagus et al. (2018). Knowledge and awareness of
students and their learning, topic knowledge, curriculum, the education system, and the
teacher's position are all examples of professional competencies. Bisschoff et al. (2006)
studied instructors' assessments of their own teaching abilities. Teaching competence was
classified as educative competence and collaborative competence based on factor analysis of

108 responses (Panggabean & Himawan, 2016).

Subject matter knowledge, pedagogical knowledge, and social knowledge are all crucial
competencies that any teacher should cultivate. Teachers must integrate pedagogical and
sociocultural information in order to recognize their students, the learning process, classroom
climate, curriculum, and teaching-learning materials (De Clercq, 2008). Teaching
competence is concerned with topic understanding (De Clercq, 2008) as well as instructional
delivery approaches available to teachers in order to accomplish desired outcomes. Sulistiyo
(2016) argued that professional development should be enhanced to continually improve
teachers' professional practices in order to improve these teacher traits. Nations should
standardize their staffing criteria in order to hire instructors with professional features who

will boost students' learning. Teachers should be competent (Fleming et al., 2007) enough to
14



give competitive skills to students in order for them to thrive in our modern world (Sulistiyo,
2016). As a result, there is a high need for specially trained teachers who can help pupils
achieve the mathematical knowledge and abilities they need for life (Darling-hammond,

2000)

Understanding the nuances of teaching competence leads our conceptual knowledge of
teaching and learning in order to plan teacher training and advancement programs. A survey
found that teachers regard understanding and growth less than self-evaluation and
professional development, subject knowledge, pedagogy and curriculum, values, and child
raising (Panti¢ et al., 2011). Siri et al. (2020) investigated the impact of teaching competence
and commitment on the performance of Madrasah instructors in Bali, Malaysia. Teachers

that are highly skilled and devoted did better.

2.1.3 Mathematics Connection

Reforms in mathematics teaching and learning exponentiated in 1989 (Babbitt, 1993). A
great deal of emphasis was placed on problem solving, mathematical reasoning, and
mathematics connections to strengthen active student learning, cooperative learning,
mathematical idea communication, and technology usage in instructional delivery and
student learning. The concept of mathematics connection relates to the idea that mathematics
is not a stand-alone discipline, but is linked to and connects with other fields of study and
the actual world. It highlights the significance of comprehending the relevance and
applications of mathematics in daily life and across disciplines (Kenedi et al., 2019). The
ability of teachers to link mathematical principles to other fields and students' daily lives is
referred to as mathematics connection. Mathematics connection takes several forms; real-
word connections, interdisciplinary connections, and historical connections. The
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interdisciplinary connection is concerned with relating mathematics to other fields such as
physics, engineering, social sciences, and so on (Sriraman et al., 2008). Understanding the
mathematical concepts and applications in these disciplines can help students realize the
value of mathematics outside of the classroom. Mathematics has several applications in
everyday life, including business, health, sports, and technology. Teaching mathematics in
the context of real-world situations and scenarios can assist students understand the
usefulness of mathematics in their daily lives (Clair, 2018). Math has a lengthy history and
has evolved over time. Understanding the historical context and history of mathematical
concepts and ideas can help students appreciate the importance and usefulness of

mathematics in society (Katz & Michalowiz, 2020).

Students may recognize the relationship between topics with the use of mathematics
connections (Kenedi et al., 2019; Wijayanti & Abadi, 2020). Mathematics connection assists
students in identifying interconnections between mathematical ideas and real-life events in
order to solve problems (Selvianiresa & Prabawanto, 2017). According to NCTM (2000),
mathematics connections have the potential to broaden students' knowledge, integrate
mathematics in a holistic manner, and make mathematics relevant in schools and the wider

world.

The capacity of mathematics teachers to relate mathematical ideas to real-world and real-life
events has been investigated to improve student interest growth (Arthur et al., 2018). (Arthur
etal.,2017b,2017a,2018; Karako¢ & Alacact, 2015). Ndiung and Nendi (2018) investigated
the effect of mathematics connection on learning achievement of 35 pupils at Watu Weri
state elementary school. The relationship between mathematics connection and learning

performance explained 21.9% of the diversity in students' learning accomplishment.
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Therefore, mathematics connection had a major impact on pupils' learning success. A study
conducted on a random sample of 1,263 students from ten (10) Ghanaian high schools to
identify teacher-factors that promote students' interest in mathematics found that teachers'
ability to connect mathematics to real-life problems is critical (Arthur et al., 2017a, 2018).
This improves students' ability to study and grasp mathematics topics by encouraging them
to connect new concepts to prior ones. Arthur et al. (2018) examined a successful
mathematics pedagogical strategy used in Australia to assist students learn via mathematical
linkages between different disciplines. The effort aimed to promote the connection of
mathematical ideas to students' diverse knowledge and life experiences (Arthur, 2019; Hasbi

etal., 2019).

According to Hasbi et al. (2019), the ability to establish mathematical connections are
critical, yet good math students lack them. Mathematics connection bridges the gap between
mathematical principles and their application in future careers and studies. Suominen (2015)
classified mathematical connections as "the connection of comprehension, the connection of
equivalent representations, and the connection of justification procedures.” Additionally,
Kusaeri et al. (2019) investigated 350 students' culture-based learning to identify their
mathematics connections. The findings classified mathematics connection into three stages:
comprehension, representation, and justification. Ariyani et al. (2020) classified mathematics
connections into three major taxa: connections among mathematical ideas, connections to
the sciences, and connections to the actual world. Teachers' capacity to connect conventional
concepts in mathematics to science addresses multiculturalism issues in teaching and
learning (Zohar, 2006). According to Latif (2017) pupils with sufficient ability might
complete a mathematics problem solving test using information gained via mathematics

connections.
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2.1.4 History of Mathematics Concepts

Mathematics has undoubtedly played a significant part in the history of science (Mann,
2011). The phrase "history of mathematics concepts” is, in reality, an old idea in the field of
mathematics education. It has been a frequently debated topic, and as a result, there is a
growing interest among researchers worldwide (Charalambous et al., 2008). The record or
narrative accounts of events that contributed to the formation of distinct mathematical
notions are referred to as the history of mathematics concepts. According to the literature
(eg. Fried, 2001; Goktepe & Ozdemir, 2021), history of mathematics has been included in

mathematics teaching.

Fried (2001) underlined that between 1960 and 1970, teachers practiced using history of
mathematics concepts in classrooms. Therefore, throughout the previous decades, the
application of history of mathematics concepts in mathematics teaching and learning has
been quite incremental (Schubring et al., 2012). In 1995, an establishment concerning the
history of mathematics and its application in teaching was evoked to promote the pedagogical
practice of employing history of mathematics in teaching (Goktepe & Ozdemir, 2021). The
institute encouraged the incorporation of historical pieces into lesson delivery and student
learning. Marshall (2000) discovered that the next year's (1996) gathering of the International
Congress on Mathematics Education contended the use of mathematics history to engage
students in teaching and learning activities. During the second ICTM International Teaching
Mathematics Conference (ICTM-2) in 2002, a panel was convened on "The Role of
Mathematics History in Mathematics Education.” They spoke about the best topic areas for

incorporating history of mathematics into teaching (Goktepe & Ozdemir, 2021).
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Learners develop totally new belief systems by incorporating the history of mathematical
concepts into instruction. The introduction of understudies to the history of mathematical
concepts helps them to perceive mathematics knowledge as an interconnected body of
evolutionary processes rather than a structured entity comprised of absolute infallible age-
old facts (Barbin et al., 2020; Jahnke et al., 2002). As a result of the origins of mathematical
ideas in human thinking and cultures, teachers were encouraged to show to students the
stages of growth of mathematics in an interesting manner ( NCTM , 2011 as cited in
Tsanwani, 2011). Teachers should prioritize history of mathematics as a vital component of
mathematics, according to Chorlay et al. (2022), in order to enhance teaching practice and

stay current on historical components of mathematics concepts.

Liu (2003) expounded on the whys and wherefores of the pedagogical integration of
mathematical historical themes. First, he discussed motivation in mathematics learning,
stating that historical knowledge motivates pupils and leaves them with a favorable attitude
toward mathematics. Second, pupils would be aware of the defects in mathematical idea
creation, which would assist them in dealing with any challenges that may arise. In addition,
solving historical questions aids in the development of students’ mathematical thinking.
Moreover, history reveals the human aspect of mathematical knowledge and serves as a
guidance for teachers. Also, by studying history, students can gain an understanding of which
significant breakthroughs has occurred in mathematics disciplines that are of importance to
them. They can realize that mathematics is a science that individuals constructed to meet
their requirements. They may be more eager to study since the history of mathematics
displays old traditions, many cultures, people's sentiments, and developments. Furthermore,
learners may understand why they need to learn mathematics as well as the source of

mathematics. Numerous studies (e.g. Carter, 2006; Goktepe & Ozdemir, 2021; Liu, 2003;
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Marshall, 2000) also support the idea that incorporating the history of mathematics into
lessons has a positive impact on students' achievement, interests, and attitudes, little evidence
support the moderating effects of historical themes on students’ mathematics achievement

motivation.

While historical context can improve the quality of mathematics instruction, it is not a magic
bullet. Teachers must continue to use caution to ensure that the historical background is
relevant and accessible to their pupils, and that the emphasis on historical context does not
detract from the basic mathematical principles being taught. Furthermore, it is critical to
understand that historical context is not a one-size-fits-all solution, and that different students
may respond differently to different historical contexts. Teachers may be better able to
construct problem-based courses that engage and encourage students, to increase their own
pedagogical content knowledge, and to design more effective evaluations if they investigate

the historical evolution of mathematical concepts and their applications.

2.2 Theoretical Framework

2.2.1 Situated Cognition Theory

Brown et al. (1989) are generally regarded as the proponents of situated cognition theory.
According to situated cognition theory, learning requires the development of complicated
cognitive processes and techniques embedded in genuine situations rather than the
acquisition of isolated abilities and knowledge (Brown et al., 1989). Learning is intrinsically
social and physical, and knowledge and skills are gained by active engagement in actual

activities in real-world situations (Woolley & Jarvis, 2007).
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Contextual learning is underpinned on this theory. Johnson (2002) opined that contextual
learning fosters the acquisition of knowledge and skills in real-life circumstances. The theory
emphasizes the importance of providing students with opportunities to engage in authentic
mathematical activities in real-world contexts to improve their understanding of
mathematical concepts and motivation to learn mathematics (Kelley & Knowles, 2016).
Therefore, the theory urges educators to immerse students in learning relevant to their context
(Herrington & Herrington, 2005). In mathematics classrooms, students should be given
opportunity to participate in problem-solving activities that are relevant to their lives and
allow them to apply mathematics concepts in meaningful ways (Arthur et al., 2018;

Crawford, 2001).

The theory emphasizes social interaction and collaboration in the learning process. Learning,
according to this theory, is a social activity involving contact with others, and knowledge is
co-constructed via social interaction (Jaworski, 2002). This points to the fact that students
must be given the opportunity to work in collaborative groups, debate their thinking, and

share their ideas and techniques with others (Li & Lam, 2013).

Several research in the area of mathematics education have offered support for situated
cognition theory. Yackel et al. (1991) discovered that students who were given opportunities
to engage in authentic problem-solving activities in small groups shown considerable gains
in their grasp of mathematical concepts and willingness to learn the subject. Situated
cognition theory is utilized to create instructional techniques that increase students'
mathematical engagement and accomplishment. Teachers, for example, might provide
students opportunity to participate in problem-solving activities that are relevant to their lives

and allow them to apply mathematical ideas and abilities in meaningful ways. Teachers
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should also encourage cooperation and social interaction by arranging group work activities

and allowing students to debate their ideas and techniques with others (Bowers et al., 1999).

To conclude, situated cognition theory provides a valuable framework for understanding the
multiple elements that impact students’ mathematical engagement and accomplishment.
Teachers may boost students' interest and success in the topic by giving them opportunity to

engage in genuine problem-solving activities and boosting teamwork and social engagement.

2.2.2 Expectancy-Value Theory

The expectancy-value theory (EVT) is a commonly used motivational theory that outlines
how individuals make choices and engage in activities based on their views about their
capacity to achieve (expectancy) and the worth they place on the activity (value) (Eccles &
Wigfield, 2020; Wigfield & Eccles, 2000a). In the milieu of mathematics education, EVT
point toward that students' motivation and engagement in mathematics can be anticipated by

their expectancy and value beliefs in the subject.

Expectancy beliefs refer to students' feelings about their capacity to excel in the subject
(Muenks et al., 2018). Previous mathematical experiences, feedback from teachers and peers,
and self-perception can all influence these feelings (Eccles et al., 1998). Students who have
strong mathematics expectancy beliefs are more likely to engage in mathematics-related
activities and persevere in difficult situations. Students who have low expectancy beliefs in
mathematics, on the other hand, may lack confidence and feel stranded, which can lead to
disengagement and poor performance. Value beliefs in mathematics, pertain to students'
perceptions of the significance of mathematics. Personal interest, societal expectations, and
prospective rewards or repercussions can all have an impact on this (Hidi et al., 2002).

Students who believe mathematics is worthwhile or gratifying are more likely to participate
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in mathematics-related activities and put in more effort. Students who do not see the
importance of mathematics, conversely, may lack motivation to participate in mathematics-

related activities and may not put up the effort required to get ahead.

According to EVT, the following equation can predict the desire to participate in
mathematics: Motivation = Expectancy x Value (Wigfield & Eccles, 2000a). This suggests
that pupils who have strong expectation views and high value beliefs in mathematics are
more likely to be motivated to succeed in the subject. Thus, students who feel they can
succeed in mathematics and perceive the significance of mathematics are more likely to
participate in mathematics-related activities and attain better levels of mathematics

competence.

Studies have discovered EVT is effective in explaining mathematics achievement
motivation. Conley (2012) revealed, for example, that students who reported higher levels of
intrinsic motivation and success in mathematics also reported higher levels of expectancy
beliefs and value views in the subject. Furthermore, Kim & Park (2018) found that students'
expectation and value views in mathematics were positively related to their academic success
in mathematics. Teachers can utilize a variety of EVT-aligned tactics to increase students'
motivation and engagement in mathematics. Teachers, for example, might create possibilities
for success by assigning difficult but manageable assignments and providing feedback that
stresses growth and progress (Bruning & Horn, 2000). Teachers can also stress the
importance and applicability of mathematics by demonstrating to students how mathematics
can be applied in real-world circumstances (Arthur et al., 2017a). The educational
implications of EVT offers a valuable framework for comprehending the various aspects that

impact students' motivation and involvement in mathematics. Teachers may improve
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students' motivation and success in mathematics by instilling high expectations and value

beliefs in them.

2.2.3 Self-Determination Theory

Self-determination theory (SDT) is a popular motivation theory that analyzes how people are
driven to engage in activities that meet their core psychological requirements for autonomy,
competence, and relatedness (Deci & Ryan, 2012; Ryan & Deci, 2000). SDT argues that the
level to which students' basic psychological needs are met might predict their motivation and

involvement in mathematics teaching-learning context.

The urge to be in control of one's own life and to have a feeling of choice in one's activities
is referred to as autonomy (Ryan & Deci, 2000). Students’ autonomy may be encouraged by
providing options in how they approach mathematical challenges and encouraging them to
take responsibility of their learning (Vansteenkiste et al., 2004). The desire to feel capable
and effective in one's actions is referred to as competence (Ryan & Deci, 2012). Students’
competence in mathematics may be developed by giving pupils opportunities to succeed and
have a sense of mastery over their mathematics learning (Vansteenkiste et al., 2004).
Relatedness is defined as the desire to feel linked to people, thus, to have a sense of belonging
(Ryan & Deci, 2000). Relatedness may be enhanced in mathematics class by developing a
supportive climate that enhances positive interactions among students and between students

and teachers (Wigfield & Wentzel, 2007).

Students who have their fundamental psychological needs met, according to SDT, are more
likely to be intrinsically motivated to participate in mathematics teaching- learning activities
(Niemiec & Ryan, 2009). Intrinsic motivation is the desire to engage in an activity just for

the purpose of doing so because it is fun, intriguing, or gratifying (Oudeyer et al., 2013).
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Extrinsic motivation, on the other hand, refers to the desire to engage in an activity in order
to earn some external benefit or avoid some bad consequence (Locke & Schattke, 2019).
Although extrinsic motivation might be beneficial in the short term, it is often less successful
in generating sustained engagement and accomplishment in mathematics than intrinsic

motivation (Trevino & DeFreitas, 2014).

Several studies have found SDT to be beneficial in the context of mathematics achievement
motivation. According Meece et al. (1988), students who reported higher degrees of
autonomy, competence, and relatedness in mathematics classrooms also reported higher
levels of intrinsic interest and engagement. Furthermore, Cheon et al. (2018) discovered that
students' views of autonomy-supportive mathematics instruction were favorably connected

with their intrinsic desire and success.

Teachers can implement various strategies proposed by SDT to maintain students' motivation
and engagement in mathematics. Teachers, for example, might provide students options in
how they approach mathematical activities, encourage students to take ownership of their
learning, and create possibilities for success and mastery (Paris & Winograd, 2003). Teachers
can also develop healthy relationships among students and between students and teachers by
creating a supportive classroom atmosphere (Doérnyei & Muir, 2019).In conclusion, SDT
implies that mathematics teachers can improve students' intrinsic motivation and
achievement through the nurture of basic psychological needs for autonomy, competence,

and relatedness.

2.2.4 Social Cognitive Theory

The social cognitive theory (SCT) was developed by Albert Bandura. It is a well-established

theory of human behavior that highlights the effects of cognitive, behavioral, and
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environmental elements in forming people' ideas, attitudes, and actions (Bandura, 1991,
2012). SCT reveals that students' beliefs about their own mathematical ability, as well as
their perceptions of the classroom environment, are major drivers of their engagement and
performance in mathematics. According to Bandura (2012) and Schunk (2013), people
acquire new behaviors and attitudes through observation and analysis of the results of their
actions. This type of observational learning is also known as vicarious learning, an effective

technique in mathematics education for increasing students' engagement and performance.

Teachers, classmates, and other role models may build successful mathematical problem-
solving techniques, provide feedback on students' performance, and provide encouragement
and support (Schunk & Pajares, 2002).The theory highlights the significance of self-efficacy,
which refers to people's conviction in their own capacity to complete a task (Bandura, 1977).
Students who believe they have high self-efficacy in mathematics are more likely to
persevere in challenging math problems, set higher objectives for themselves, and participate

in more effortful learning practices (Schunk & Pajares, 2001).

Social cognitive theory posits that a variety of cognitive and contextual variables impact self-
efficacy beliefs. Students' prior experiences with mathematics, judgments of their own skill
level, and interactions with instructors and classmates, for example, can all have effects on
their self-efficacy beliefs (Loo & Choy, 2013; Schunk & Pajares, 2001). The discussion of
elaborated on the facilitative effectiveness of self-efficacy beliefs on behavioral, cognitive,
and motivational engagement in the classroom. Linnenbrink and Pintrich (2003) expanded
on the role of self-efficacy beliefs in facilitating behavioral, cognitive, and motivational

engagement in the classroom.
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Furthermore, students' impressions of the classroom environment, such as the level of
challenge and assistance supplied by the instructor, might influence their self-efficacy beliefs
and mathematical engagement (Martin & Rimm-Kaufman, 2015; Pajares & Miller, 1994;
Schunk & Mullen, 2012). Self-efficacy beliefs were found to be major determinants of
students' engagement and achievement in mathematics in research by Azar et al. (2010).
Similarly, Hulleman et al. (2008) discovered that students' contemplations of mathematics'

relevance and value were positively related to their self-efficacy beliefs.

The implication of SCT is that teachers, for example, might model good problem-solving
techniques, provide feedback to students, and provide encouragement and support (Schunk
& Pajares, 2009). Teachers may also help students believe in their own abilities by giving
opportunities for achievement, providing positive feedback, and building a supportive
classroom climate that develops positive interactions among students and between students
and teachers (Hulleman et al., 2008). Teachers may improve students' motivation in
mathematics by supporting effective modeling, strengthening students' self-efficacy beliefs,

and establishing a supportive classroom atmosphere.

2.3 Empirical Review

The methodical and objective-based analysis of previous research studies, experiments, and
observations to detect trends, patterns, or discrepancies in data is referred to as an empirical
review (Kitchenham et al., 2009). The goal of an empirical review is to synthesize and
analyze the body of evidence on a certain topic or research issue, and to develop conclusions
based on information that is available. This section reviews studies on various aspects of the

relationship between mathematics connection and achievement motivation, such as the
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mediation role of teaching quality, moderation role of teaching competence, and moderated-

mediation role of history of mathematics concepts.

2.3.1 Mathematics Connection and Achievement Motivation

Connecting mathematics to real-world situations has been found to encourage understudies’
interests and motivation growth. In one study, Arthur et al. (2018) discovered that students
who were taught using real-life analogies were more interested in mathematical activities,
resulting in a deeper comprehension of mathematical ideas and greater performance on
mathematical tasks. Wilensky (1993) conducted in-depth interviews with adult learners to
build a "connected mathematics” method to studying mathematics. "Connected
mathematics" stresses learners' ability to make sense of mathematical concepts. The findings
revealed that learners in the “connected mathematics” are motivated to investigate and
develop interpretations for mathematical concepts, as well as to establish explicit links
between mathematical ideas and mathematics expertise and other disciplines. According to
the interviews, mathematics connections offer an enabling environment for learners to play
the role of mathematics by connecting parts of information that do not have relationships on
a normal scale. Cejka et al. (2006) studied the implementation of robots in engineering
education in K-12 classes. Participants learned mathematics concepts through real-world
applications using robotics. Robotics in Math, Science, and Engineering classes engaged
pupils, according to the findings. The method inspires students by piquing their interest in

connecting concepts to real-world experiences.

An et al. (2008) did an exploratory study on the integration of pop music in statistics lessons
as an intervention to boost students' attitudes, reinforce and expand their views about

mathematics. From 189 6th grade primary school kids in Southeast China, 35 were chosen
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at random. A 90-minute maths class was combined with a music-embedded exercise. Pre and
post-questionnaires with closed-ended and open-ended questions about students' attitudes
and beliefs about mathematics were administered to collect data. The findings showed that
mathematics instructions combined with music had a favorable influence on students'
attitudes and perceptions about mathematics. Weinberg et al. (2011) utilized a mixed
methods methodology to assess the impact of four experiential learning programs on middle
school students' interest and motivation in mathematics and science. 336 middle school
students participated in the research. The study found that overall interest and motivation in

mathematics rose with experiential learning programs.

Rooch et al. (2012) reported on research regarding MathePraxis, an initiative that improves
the link of mathematics to real-life problems. The research consisted of three projects: an
inverted pendulum regarded as a model for automated control within a Segway, a study on
the optimal design of a ribbed cooler, and a study on the best design of a ribbed cooler. The
approach enhanced engineering students’ motivation and retention by linking first-year
mathematical coursework with practical applications. Moore (2012) verified the best
teaching approaches of games, manipulatives, real-world application, differentiated
instruction, and using technology in mathematics training. The finest approaches, which
instructors may begin to use in their own classrooms, are capable of improving learners'

mathematics motivation and success across America.

Rohendi and Dulpaja (2013) did quasi-experimental study with 7th grade students from
Junior High School Ujungjaya 2 in the Sumedang area of Indonesia. Pre-test and post-test
data were obtained. The results demonstrated that the student's mathematical connection
ability was superior than the conventional model while employing the Connected

Mathematics Project (CMP) model based on presentation media. Students' participation in
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the learning process increased significantly when they used the Connected Mathematics
Project (CMP) based on presentation media. Calder (2013) examined learners' mathematical
understandings through student-centered inquiry that positioned mathematics within genuine
problem-solving situations using a mixed methods methodology. The experiment was carried
out with a Year 10 class in a purpose-built secondary school in New Zealand. According to

the findings, mathematics focusing on real-life learning was extremely interesting.

Kim and Aktan (2014) presented a theoretical model for curricular integration of
mathematics and science (CIMAS) and investigated experts' perceptions on its educational
perspectives among 23 mathematics educators in Ankara, Turkey. It was decided that topics
in the Turkish mathematics curriculum can be connected with physics, chemistry, or biology
(for example, derivative with linear velocity, ratio with chemical mixture, and probability
with genetics), with physics providing the most instances. The expert comments repeatedly
said that CIMAS will improve mathematics education for pedagogical, motivational, social,

and other purposes.

An et al. (2014) conducted a pretest-posttest control group experiment with two classes of
56 third grade students from an elementary school on the western coast of the United States
to compare mathematics achievement and dispositions, such as beliefs about success,
attitude, confidence, motivation, and mathematics usefulness. The music students got music-
mathematics integrated sessions, whereas the control students received typical lecture and
textbook-based mathematics teaching. The results showed that, although having statistically
equal pretest scores prior to the intervention, the music group students had statistically
substantially higher positive mathematics dispositions scores than their non-music group

counterparts after the intervention. These findings give empirical evidence that instructors
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benefit from using music-themed activities to provide students with the chance to study

mathematics in a tough yet fun learning environment.

Dass (2015) studied the concepts and practices of mathematics instructors and students'’
conceptual comprehension of contextualized Geometry lessons in STEM-oriented teaching.
The study addressed issues surrounding students' realization that solutions to real-world
problems or issues require the combined use of knowledge, processes, and practices from all
of these disciplines. As a result, effective STEM-oriented training must include a
methodology that is based on real-life challenges, concerns, difficulties, or questions and
allows students to use two or more STEM fields in an integrated manner. Riordain et al.
(2015) performed a case study on the implementation of an integrated approach to distance,
speed, and time learning in three second-level schools in Ireland. The research used a
qualitative design to investigate the integration of mathematics and science teaching and
learning. Teacher viewpoint, understanding of the 'other subject' and technology pedagogical
content knowledge (TPACK), and teacher cooperation and support were all shown to have
an influence on the implementation of an integrated approach to mathematics and science
teaching. In addition, combining mathematics and science teaching and learning improves
student learning, engagement, motivation, problem-solving, critical thinking, and real-world

application.

Kwon (2016) studied the impact of 3D printing and design software on student motivation,
interests, mathematics and real-world abilities. Students’ motivation, interests, real-life
abilities, and certain quantitative skills improved statistically significantly. Furthermore,
favorable impact sizes demonstrated the study's practical value. Students were able to obtain
motivation, interests, real-life skills, and some mathematics skills through 3D printing and

design.
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Bishara (2016) researched students' capacity to solve unique mathematical problems in the
domains of numerical series, verbal and formal, and its impact on the motivation of junior
high students with learning difficulties. Two instruments were used to gather data: "The
Working Paper for Challenging Problem Solving in Mathematics" was used to assess
mathematical series, and "The Student's Motivation for Learning" was used to examine
motivation for learning. The study included 50 adolescents with learning difficulties from
five junior high school regular education classrooms. According to the research, tackling

practical challenges increases students’ motivation to study mathematics.

Cahyono and Ludwig (2016) performed exploratory research with 272 students and nine
instructors from nine secondary schools in the Indonesian city of Semarang. The research
looked at the MathCityMap-Project, which was created by merging math trail program with
advanced mobile technology. Students' motivation to participate in a math trail activity
assisted by a mobile app was assessed. Observation, interviews, questionnaires, and student
work analyses were used to collect data. The findings show that intrinsic motivation and
recognized regulation had an important role in students’ motivation to participate in this
activity. The learning environment's design, the usage of a mobile app, and the importance

of the mathematics problem all contributed to this outcome.

Trifunov (2017) investigated the use of web apps in mathematics teaching to motivate
students  and increase  knowledge  acquisition.  The  web  application
http://mathlabyrinth.azurewebsites.net was used in the study, which allowed students to
explore, investigate, visualize, and solve real-life problems. The online application's contents
are linked to real-life scenarios that may be explained using prior mathematical knowledge.
Two surveys were administered to 146 students at the Gymnasium "Kocho Racin™ in Veles.

The first survey was conducted prior to the introduction of the online application to
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mathematics teaching-learning. The second survey was conducted a year later. The survey
concentrated on problem-solving tasks based on students' daily experiences. Students used
IT to solve problems, and their motivation arousal levels were investigated by asking, "Do
you think you can increase the motivation for studying mathematics by solving practical
exercises?". 67% of the students responded that they are always or frequently motivated to
study mathematics. Furthermore, when asked if doing practical tasks boosted their
enthusiasm to learn mathematics, 75% of students said yes. As a result, software and
technologies that put real challenges in context have the potential to motivate mathematics

learning.

Rodionov and Dedovets (2017) assessed the effect of practical issues in boosting students'
interest and motivation, developing their global perspective, and orienting themselves in the
modern world at various levels of secondary school mathematics study. Motivation was
discovered to be driven by plausible mathematical reasoning. However, tackling real-world
situations helps to improve such reasoning. Kusuma et al. (2019) surveyed 35 eighth-grade
students from SMPN 1 Bojongsoang, Tegalluar Village, Kabupaten Bandung. The survey
was conducted following an experiment with eighth-grade junior secondary school students
that used ethnomathematics. Ethnomathematics is a method of teaching that ties
mathematical principles to culture. According to the study, ethnomathematics increased
student success more than direct teaching. Klanderman et al. (2019) polled 645 students from
middle schools, high schools, colleges, and universities. Students agreed that mathematics is
valuable, significant in everyday life, vital to learn, essential for the future, and beneficial in
life. Simamora et al. (2019) investigated guided exploratory learning with a focus on local
culture. The findings revealed that studying in a Batak Toba context greatly increased

students' mathematics problem-solving abilities and self-efficacy. Therefore, mathematics
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teachers should make an effort to use quality learning resources and include local culture into
mathematics instruction. Ukobizaba et al. (2019) conducted a study of 217 ordinary level
secondary school students and 25 secondary school instructors who teach Mathematics from
5 schools in Rwanda's Karongi District, Western Province. The findings revealed that
mathematics teaching was reduced to three components: preferred mathematics teaching
techniques, desire to teach and learn mathematics, and the utilitarian value of mathematics
in everyday life. Peer learning, group work, and expository strategies were shown to be the
most often used teaching modalities. Respondents reported that mathematics improves
students' critical thinking, problem-solving abilities, and creativity through connecting

mathematical concepts to real-world situations.

In Geometry teaching-learning, Reyes et al. (2019) performed a case study with 25
instructors and 25 pupils in Philippino junior high public schools. Participants were
interviewed in semi-structured interviews on how they learnt from their teacher's activities,
with focus on the real-life application of Geometry. Thematic coding was used to examine
the data, in which transcripts were put into phrases and relevant codes were grouped together.
According to the data, math teachers have two perspectives on contextualization: concerning
the student's life and employing local materials or information. Lessons may be taught
successfully and quickly if math teachers make advantage of existing materials or
information in the environment, resulting in a better knowledge of arithmetic ideas. The

students' lives provided context for the session, which made it dynamic and fascinating.

Desai (2020) discussed the impact of WEM (Why Engineering Mathematics?), an audio-
visual (AV) tool, on first-year engineering students' mathematics motivation. He carried out
pre- and post-survey testing. According to the findings, WEM enhances students' motivation

and a good attitude toward mathematics learning among engineering students. Cheng et al.
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(2020) examined the impact of 3D printing integration on students' motivation in science,
technology, engineering, and mathematics (STEM). The study comprised 26 teachers from
six different states in the United States, as well as 1,501 students who engaged in STEM
learning through 3D printing in the context of paleontology. Scales that had previously been
validated were used to measure teachers' views and students' STEM motivation. Instructors’
integration of 3D printing in STEM was revealed positively connected with students'

motivation in mathematics.

Wijayanti and Abadi (2020) studied the impact of STEM Problem Based Learning
instructions on lesson plans and student worksheets for Statistics in class VIII. The outcomes
of instructor evaluations and student responses were analyzed. The study discovered that
students' mathematics connection ability test was in the high category with an average score
of 14.2, and students' learning motivation was in the high category with an average score of
81.7. Zhong and Xia (2020) examined empirical data on robotics applications in mathematics
teaching. A keyword search and snowballing were employed to conduct a systematic search
in an online database. Twenty empirical papers were examined to determine the nuances of
robotics-assisted mathematics education. The analysis revealed that the majority of studies
conducted among elementary and secondary school students used LEGO robots to teach
and/or learn graphics, geometry, and algebra, and that nearly half of the studies taught
mathematics by engaging students in game-like interactions with robot's connections
between mathematics and real-life conditions. In mathematics education, robotics provides
pupils with a highly engaging and hands-on learning experience that encourages a new

generation of mathematical teaching-learning.

Yeo (2021) examined video recordings of 30 experienced and competent instructors from 23

different schools presenting a topic over the course of one to three weeks. 36.7% of teachers
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utilized real-life examples and/or applications to assist pupils understand the importance of
mathematics. In the second phase of this study, 677 secondary school mathematics teachers
from 108 secondary schools completed a survey to see how frequently they engage in the
classroom activities of the 30 instructors filmed in the first phase. It was revealed that 70%
of teachers often used real-life examples and/or applications to help their students grasp the
importance of mathematics in the real world, and learners' motivation was increased as a
result. Kohen et al. (2022) examined students' motivation to pursue mathematics using
mathematics modeling with real-world applications. There were 771 9th grade Israeli
students (44.5% girls), with the majority, 90.6%, participating. Pre-post survey data analysis
revealed that mathematics modeling learning boosted student proficiency and enthusiasm to
study mathematics. Abdulrahim et al. (2023) explored real-life applications for increasing
mathematics motivation among grade eight (8) pupils. Structured interviews and checklist
observation were used to obtain both qualitative and quantitative pre- and post-survey data.
The findings revealed that the degree of mathematics appreciation had increased. There was
also a substantial difference in the level of appreciation for mathematics before and after the

intervention.

According to the empirical review, incorporating real-life applications, connecting
mathematics to other subjects, employing technology in the classroom, and giving chances
for collaborative learning results to mathematical connections establishment and increase in
learners’ motivation. Therefore, it is conceivable to hypothesize that mathematics connection

and achievement motivation are positively correlated.
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2.3.2 Mediating Effect of Teaching Quality

The quality of instruction has been widely considered to be an essential determining factor
in students’ mathematics achievement motivation (Boston, 2012; Scherer & Nilsen, 2016;
Teig & Nilsen, 2022; Tongsilp, 2013). Studies have found that when teachers present lessons
in sequential manner, and engages collaborative learning, students become willing to accept
challenges in teaching and learning (Anwar et al., 2021). While poor teaching discourages
learners to give up easily on tasks, effective instructions drive learners’ abilities to solve
difficult mathematics problems (Scherer & Nilsen, 2016). Boston (2012) evaluated features
of a rigorous mathematics instruction, including the level of instructional tasks and task
execution, chances for mathematical discourse, and instructors' expectations. The findings
came from a survey of 13 middle school teachers in a medium-sized metropolitan district
who had received professional development in standards-based mathematics programs. The
instructional quality assessment (IQA) showed that high-quality assignments and student
work, and cognitively demanding activities promote students critical thinking and

motivation.

Teig and Nilsen (2022) investigated patterns, determinants, and relationships between
instructional quality and student success and motivation in elementary and secondary school.
The Norwegian data from the Trends in Mathematics and Science Study (TIMSS) 2015,
Grades 5 and 9, from elementary and secondary school, were investigated making use of
multi-level latent class analysis. Various profiles of instructional quality were found to be
significantly related to motivation. Tongsilp (2013) performed path analysis to determine the
elements influencing achievement motivation of students at Private Universities in Bangkok.
The multi-stage approach was used to sample 840 pupils at random. The findings

demonstrated direct and significant positive associations between classmate relationships,
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future expectations, and self-directed learning and achievement motivation. Teachers'
technology expertise is necessary for quality mathematics teaching (Koehler et al., 2013). To
justify, a systematic evaluation of 24 studies was conducted to identify the impact of
technology use on motivation and attitudes (Higgins et al., 2019). The findings show that
technology integration in mathematics lessons has a considerable overall influence on pupils'
motivation and attitudes. Anwar et al. (2021) surveyed students to determine the relationships
between their perceptions of collaborative teaching and learning and their learning
motivation. Analysis of 50 respondents by Pearson correlation revealed a computed r of
0.568 and a significant value of 0.003, implying that students' perceptions of collaborative
team teaching were considerably and strongly associated to learning motivation. A
pre/posttest quasi-experimental design with matching control group was conducted on two
groups of student teachers enrolled in an introductory physics course to study the influence
of strategic instruction on student teachers’ physics achievement, attitude towards physics,
and achievement motivation (Selcuk et al., 2009). Results showed positive effects on physics

achievement motivation.

As teaching quality is an important factor affecting understudies’ achievement motivation
(Ediger, n.d.), researchers have identified mathematics connections have external effects on
the quality of teaching. For instance, Khotimah (2016) investigated the use of contextualized
instructions in discovery-learning process to improve the quality of lecturers' course delivery
in differential equations and learners' problem-solving skills. The study of 34 mathematics
education students showed that lecturers' abilities to develop discovery-based contextual

learning that included relevant real-world situations led to excellent teaching.

Papadakis et al. (2016) studied the effects of realistic mathematics instruction on the

development of mathematical ability in 231 Greek kindergarten pupils. Children in the
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experimental group were taught realistic mathematics using realistic mathematics education
concepts which includes real world applications that makes mathematics relevant. Realistic
mathematic education made a substantial contribution to the development of young children's
mathematical skills. A concurrent exploratory mixed methods study was carried out to
investigate prospective middle school teachers' mathematics knowledge for teaching
geometry, as well as the connections established while performing open and closed card sort
activities designed to explore mathematical relationships (Eli et al., 2007). Despite having
below-average mathematics expertise for teaching geometry, prospective middle school
teachers were able to draw over 280 mathematical connections. Mathematics connection had
a statistically significant favorable influence on mathematics knowledge for teaching

geometry, according to the findings.

Therefore, empirical evidence consistently confirms that relating mathematics to real-world
situations, other subjects or learners’ lives improved the quality of teaching, resulting in
enhanced student motivation. As a result, high-quality teaching practices that foster learners’
engagement in real-life problem-solving supportive learning environments hypothetically
mediate the relationship between mathematics connection and students’ achievement
motivation. Yet, the mediation role of teaching quality on the relationship between
mathematics connection and students' achievement motivation is not perfectly established in

previous studies.

2.3.3 Moderating Effect of Teaching Competence

Teaching competence refers to instructors' ability to deliver comprehensible lessons and
facilitate learning. Student motivation and success is significantly influenced by worthy

instruction and the teacher's ability to establish a good learning environment. As a result, the
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worth of mathematics connections may be dependent on the teacher's ability to apply this
strategy. While mathematics connection has been consistently correlated with achievement
motivation in literature (Kwon, 2016; Riordain et al., 2015; Rooch et al., 2012; Weinberg et
al., 2011), the extent to which this relationship is moderated by the competent teaching has
not been widely established. But evidence from empirical sources suggest that the interaction

effects of mathematics connection and teaching competence is predictable.

Several studies investigated the impact of specific teaching interventions on student
motivation and achievement, such as real-world problem-solving tasks, mathematical
modeling, and interdisciplinary connections. However, because of teachers’ ability to
effectively implement these interventions, they had been more effective. In Coti¢'s and
Zuljan's (2009) study, for example, the impact of real-life problem-solving activities on
students’ motivation and performance was related to teacher's ability in presenting these
tasks. Similarly, the beneficial influence of mathematics connections on student motivation
and success in the study by Su and Cheng (2015) was attributable to teacher's ability to
effectively guide the implementation of activities and establish a pleasant learning
environment. The same applies to Surya et al. (2017) study, in which the impact of
mathematical modeling on student motivation and problem-solving abilities was influenced

by the teaching competence in executing this technique.

It is vital to mention that the efficiency of making mathematics connections is also affected
by the teacher's subject and pedagogical content expertise (An et al., 2004; Bonafini et al.,
2021). The teacher's grasp of subject matter is referred to as content knowledge (Filgona et
al., 2020), whilst the teacher's understanding of how to teach that subject matter is referred
to as pedagogical content knowledge (Ball et al., 2008). Teachers who are well-versed in

both content knowledge and pedagogical content knowledge are more likely to be successful
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in applying ways that relate mathematics to real-life phenomena. A teacher who understands
the mathematics underlying a real-world situation, for example, is more suited to assist pupils
through problem-solving processes. A teacher who understands how to teach mathematical

modeling is also more likely to effectively enable this technique with students.

An et al. (2004) conducted research that compared content knowledge and pedagogical
content knowledge among teachers in the United States and China. Teachers with greater
levels of content knowledge and pedagogical content knowledge were revealed to be more
effective in implementing real-world problem-solving activities and encouraging student
motivation and performance. Similarly, Kelly (2006) discovered that instructor competence
had a significant role in real-world problem-solving activities. According to the study,
instructors who were more effective in making mathematics connections by using
manipulatives had a higher impact on student motivation. Among the elements of competent
teaching, teaching from experience cannot be excluded. Teaching experience may regulate
the association between mathematics connection and student engagement and
accomplishment. Experienced instructors are more likely to understand how to foster a
pleasant learning environment and how to effectively execute instructional tactics that relate
mathematics to real-world issues. As a result, they may be more suited to accommodate these
techniques while also encouraging student achievement motivation and engagement.
Gallagher et al. (2022) found that experienced teachers were more effective at implementing
real-life problem-solving activities and encouraging student engagement. While experienced
teaching is more effective at problem-solving tasks, they are also more resistant to change
and less likely to adopt new approaches. When examining the influence of teaching
experience on student outcomes, it is critical to evaluate the potential trade-offs between

teaching experience and receptivity to new ideas.
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Teachers' ability to provide instruction and facilitate learning, adopts experienced teaching,
and create conducive teaching and learning environment had considerable impact on the
effectiveness of creating mathematical connections to motivate students. However, the

review found little empirical evidence to back up this claim.

2.3.4 Moderated-Mediating Effect of History of Mathematics Concepts

While several studies have been conducted to investigate the impact of mathematics
connections on effective teaching (e.g., Eli et al., 2007; Khotimah, 2016; Papadakis et al.,
2016), there has been less research on the moderating role of mathematical concepts history
in this relationship. However, by looking at some studies (Arthur, Appiah, et al., 2022; Betdil,
2012; Campuzano et al., 2018; Carter, 2006; Charalambous et al., 2008; K. Clark et al., 2016;
Doz, 2021; Galante, 2014; Ho, 2008; Jankvist, 2009; Kapofu & Kapofu, 2020; Panasuk &
Horton, 2013), one can start to think about the potential importance of historical context in
mathematics instruction. One possible explanation is in Buttner's and Baki's (2020) action
research. Students participated in history-infused mathematics teaching and learning
activities. The findings revealed that students' absolutist opinions had diminished. As a result,
students regarded mathematics pleasant, engaging, and vital subject that helped them solve
problems in their daily lives. Historical context gives a richer knowledge of mathematical
concepts and their applications. Teachers, for example, may be capable to construct problem-
based lessons that interest and encourage students if they consider the historical evolution of

mathematical models for solving real-world problems (Arthur, Appiah, et al., 2022).

Panasuk and Horton (2013) stated that the history of mathematics is the basis upon which
the teacher may build strong mathematical connections, which will assist the instructor's

mathematical subject understanding and confidence. According to Ho (2008), including
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historical elements into mathematics instruction helps to sustain positive belief and tenacity.
Arthur (2022) discovered that historical acknowledgements in mathematics education
increased students' attention. Teachers' explanations of historical events underlying topics
spark students' comprehension, leading to an increase in mathematical interest. Furthermore,
students' skills in mathematics connections are influenced by previous concept
advancements. Lit et al. (2001) taught eighth graders Pythagoras' theorem in a historical
context. According to the study, using the history of mathematics favorably and significantly

influenced students' attitudes about mathematics.

Teaching the history of mathematical concepts according to Marshall (2000), enables pupils
to recognize the significance that humans have put on knowing and performing mathematics
across time. The strategy increases the enjoyment of teaching and the incentive of students
to learn. History-rich instruction has a favorable influence on learners' motivation and
attitudes about mathematics (Doz, 2021). While introducing the history of mathematics,
Bettl (2012) noticed that students' enthusiasm for active learning participation increased as
history served as an antidote to mathematics anxiety. Galante (2014) conducted research on
the use of mathematics history to improve pre-service teachers' comprehension of
mathematics subject knowledge and pedagogical content knowledge. Per the findings,
participants stated that knowing about the history of mathematics provided them with fresh
ideas for developing lessons and instructional tools. Aligning education to the historical
context of Pythagoras' theorem, according to Kapofu and Kapofu (2020), stimulated
favorably student attitudes of the theorem and mathematics in general. Notable changes in
student perspectives included confirmations of greater motivation and admitted improvement

in grade eleven learners' willingness to tackle tough assignments utilizing Pythagoras
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theorem. Learners declared feeling more confident while dealing with proofs, as well as

enjoying creating their own discoveries and solving math problems.

Goktepe and Ozdemir (2021) researched twenty-one eighth graders who used ancient
techniques to solve square roots in a historical setting. Pupils’ logs revealed that by teaching
mathematics through history, students developed positive attitudes toward the subject: "I am
motivated by Rene Descartes because every science derives from maths”; "Besides
mathematics, | learned something special: | learned to be passionate and (to) love something
and put it into action”; "History of mathematics very interesting”; "l am motivated by the
way the teacher presents the material along with some interesting things about past
mathematicians”; "I'm looking forward to the next lesson because I'm motivated and want to
learn more,” and "This is a mental image of my impression of today's lesson: Very
motivating." Campuzano and colleagues (2018) investigated the influence of a mathematical
thinking practice on undergraduates. Galileo's experiments were carried out in the effort to
investigate the parameters of falling bodies. Geometric interpretation of Galileo's
conclusions was accomplished using simple dynamic geometric applets created in

GeoGebra. The activity encouraged actual mathematical thinking.

Overall, including historical context into real-life mathematics instructions appears to
strengthen the quality of mathematics teaching, and subsequent increase in understudies’

achievement motivation.

2.4 Conceptual Framework

Conceptual framework is a pictorial view of the relationships among constructs involved in
a study. Diagrammatically, it describes the association among variables as perceived by

theories. Figure 1 displays the conceptual framework of the present study. The framework
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was developed from review of supportive literature including theoretical and empirical
sources. Situated cognition theory, expectancy-value theory, self-determination theory, and
social cognitive theory were consulted in framing this conceptual model. Figure 1 shows that
the conceptual framework comprises of four independent variables and a dependent variable.
The independent variables were presented in acronyms as TQ, TC, MC, and HMC for
Teaching Quality, Teaching Competence, Mathematics Connection, and History of
Mathematics Concepts respectively. Achievement Motivation represented the dependent
variable as AM. According to the framework, TQ serves as the mediator between MC and
AM. TC serves as the moderator of the path from MC to AM. In addition, HMC serves as
the moderator of the indirect path from MC to AM through TQ. The dashed lines represent
indirect effects while the undashed lines stand for direct effects. The conceptual framework
also comprised of four hypotheses represented by H1, H2, H3, and H4 with respect to the

study’s objectives.

@
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— - p Indirect Effect

Figure 2: Conceptual Framework

(Source: Author’s Construct, 2023)
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CHAPTER THREE

METHODOLOGY

3.0 Overview

This chapter provides an outline of the methodology the study adopted. The chapter
highlights the study area, research paradigm, research method, research design, population,
sample and sampling techniques, data collection instrument, data analysis, and ethical

considerations.

3.1 Study Area/Setting

The study was conducted at Kumasi Senior High Technical School (SHTS)-a co-educational
public school in Kumasi, Ghana. Mathematics, and mathematics-related subjects such as
physics, chemistry, accounting, and vocational and technical skills are among the academic
and technical disciplines available at the institution. Mathematics is an important subject in
molding a student's academic and career success. Kumasi SHTS places a strong focus on
mathematics education and provides a variety of extracurricular activities to help pupils
enhance their maths abilities and increase their motivation. Kumasi SHTS aspires to establish
a conducive learning atmosphere that inspires and pushes students to thrive in mathematics
and related subjects via initiatives such as math clubs, math contests, and mentoring
programs. Many Kumasi SHTS students have gone on to pursue careers in mathematics,
engineering, and related fields as a result of these efforts. Kumasi SHTS is also in an
economically vibrant location, with important economic activity including trading, and
industry. This gives students several possibilities to apply their technical and vocational

abilities in real-world circumstances and contribute to the region's growth. Furthermore, the
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school has a library, sports facilities, and students center, all of which help to improve the
learning experience and create an environment conducive to academic and personal

development.

3.2 Research Philosophy

Positivism, objectivism, or empiricism is a research philosophy that seeks to comprehend the
social world via empirical observation and measurement (Leedy & Ormrod, 2015). The
concept that the social world is objective and can be investigated in the same manner as the
natural world is one of the paradigm's key pillars (Bryman, 2016). This implies that
researchers use standardized measuring techniques and statistical analysis to identify
generalizable rules and patterns in social events. Positivists emphasizes observable and
quantitative evidence above subjective perceptions or interpretations (Park & Artino, 2020).
Another important characteristic of positivism is its focus on impartiality and distance from
the subjects of study (Stahl, 2007). Researchers are supposed to be fair and unbiased in their
observations and measurements, with no personal biases or subjective interpretations. This
may be accomplished by employing standardized measuring instruments, stringent data

processing methodologies, and systematic observation processes.

Positivists claim that knowledge without empirical evidence is unscientific (Fox, 2014). In
other words, positivism without empiricism is meaningless. Hence, positivism provides
reliable and valid data that can be utilized to evaluate hypotheses and theories (Fox, 2014).
Researchers can gather objective and precise knowledge about social phenomena by
employing standardized measuring techniques and statistical analysis. This can result in a
better knowledge of social reality and the creation of evidence-based policies and practices.

However, there are a number of drawbacks to positivism (Clark, 1998). One of the most
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common objections is reductionist view of the social world, in which complex social
phenomena are reduced to simple categories and variables (Dupré, 2000). As a result, vital
contextual information may be lost, and one's awareness of the social environment may be
limited. Furthermore, positivism may not be appropriate for studying subjective experiences

or difficult-to-quantify or measure social phenomena (Fox, 2014).

Despite these limitations, positivism continues to be popular and widely accepted philosophy
in social science research. It is especially well-suited to examining large-scale social
phenomena and resolving research issues requiring empirical evidence (Park & Artino,
2020). Practically, positivist research approaches begin with the development of research
questions or hypotheses, which are then answered or tested using standardized measuring
techniques and statistical analysis. Surveys, experiments, and other quantitative
instrumentations are frequently adopted for data collection. The data is then subjected to
analysis with statistical software. Interpretation of findings takes place with respect to the

research questions and hypotheses, and conclusions are drawn.

In summary, positivism unfolds the social world by empirical observation and measurement.
Its capabilities include the generation of trustworthy and valid data as well as the testing of
hypotheses and answering research questions. However, it has several flaws, one of which is
the tendency to oversimplify complex social phenomena. Overall, this paradigm is still an
important and useful approach to social research, especially when it comes to studies that

require statistical analysis or empirical evidence.

3.3 Research Method

This study was quantitative research. Quantitative research is a research approach that is

extensively utilized in social science domains such as psychology, education, sociology, and
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healthcare. The basic feature of quantitative research is the collection and analysis of
numerical data in order to describe and explain phenomena (Creswell, 2009). To gather data,
quantitative research often utilizes structured surveys, questionnaires, or experiments (Kasim
& Antwi, 2015). These instruments are intended to elicit responses from participants that can
be quantified and statistically analyzed. A survey, for example, can ask participants to score
their degree of satisfaction with a certain product or service on a scale of 1 to 5. Following
the collection of data, quantitative researchers employ statistical analysis to find patterns,
correlations, or associations between variables (Roni et al., 2020). This approach assists
researchers in testing hypotheses, answering research questions, and drawing empirically
supported conclusions.

One advantage of quantitative research is that it is often more objective and replicable than
qualitative research (Zyphur & Pierides, 2017). Because the data are numerical, it is easy to
quantify and evaluate differences across populations or time periods. Furthermore, the use
of statistical analysis reduces the possibility of researcher bias or subjectivity. Quantitative
research has a wide range of applications. It is used, for example, to investigate the
relationship between two variables, such as the association between stress and academic
achievement in college students. It may also be used to assess the efficacy of an intervention,
such as a new medical therapy (Allen & Babbie, 2013).

In conclusion, quantitative research is a powerful tool for researchers in a variety of
disciplines to gather and evaluate numerical data in order to answer research questions or test
hypotheses. It offers a systematic and rigorous technique to generate empirical data that is

utilized to influence decision-making in a variety of sectors (Depaoli et al., 2018).
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3.4 Research Design

The study adopted descriptive survey to explore respondents’ views and opinions about the
variables under study. A descriptive survey is a study design that uses surveys or
questionnaires to describe and quantify certain characteristics of a population or phenomena
(Mathers et al., 2007). A descriptive survey's goal is to collect information on a population
or phenomenon that could possibly be used to define its features, assess its prevalence, or
provide a baseline for future studies. Descriptive surveys are increasingly used in a variety
of fields, including healthcare, social sciences, education, and marketing. They are frequently
used to investigate issues including attitudes, beliefs, habits, preferences, and demographics
(Koh & Owen, 2000). Descriptive surveys often entail asking a standardized set of questions
to a sample of participants in person, over the phone, by mail, or online. The items are often
closed-ended, which means they offer a restricted number of response alternatives. This
enables the answers to be readily measured and statistically analyzed. Frequencies,
percentages, averages, and other descriptive statistics are computed from survey responses.
Descriptive survey is conducted quickly and inexpensively. Furthermore, it enables
researchers to collect enormity of data from a diverse sample, which is then be utilized to

make generalizations about the population of interest.

3.5 Population

The population of a research study refers to the total number of individuals, or objects that
the researcher is interested in investigating. It is the group to whom the study's findings are
meant to be generalized. In other words, the population reflects the complete target group for
whom the research question is posed. The study covered Kumasi Senior High Technical

School’s form 2 and form 3 students. The study targeted all students taking the courses;

51



Home Economics, Visual Arts, Business, General Arts, Technical and General Science. In
all, about 3200 students were available for the study. The distribution of the population is
displayed on Table 1. Table 1 shows that 3200 students were available for the study. The
population distribution is: Visual Arts (583), General Science (415), Technical (523),
Business (489), General Arts (610) and Home Economics (580). In total, 1691 males and

1509 females were considered for the study.

Table 1: Course and Gender Distribution of the Study Population
Source: School Administration (2023)

3.6 Sample Size

The Daniel Soper Sample Size Calculator for Structural Equation Modeling (SEM) was used

Course Number of Male Number of Total
Females

General Science 216 199 415
General Art 385 225 610
Visual Art 383 200 583
Home Economics 16 564 580
Technical 438 85 523
Business 253 236 489
Total 1691 1509 3200

to determine the minimum sample size to detect effects. This calculator is an online tool for
calculating the minimal sample size necessary for SEM analysis and is based on the
assumptions of normal distributions. The calculator relies on Monte Carlo simulations to
produce synthetic data sets depending on user-specified criteria (such as effect size,
significance level, statistical power, and other important factors). The calculator predicts the
minimum sample size necessary to attain the specified power level through iterations of this

process. Http://danielsoper.com/statcalc3/calc.aspx?id=89 was the webpage of the

calculator. Upon numerous inputs, including the number of latent variables (5), the number

of observed variables per latent variable (20), the anticipated population effect size (0.8), and
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the required degree of statistical power (0.8), the minimum sample size for the present study
was 100. However, the researcher selected the sample size of 400 greater than this minimum

for better results.

3.7 Sample and Sampling Technique

Convenience sampling and simple random sampling were applied to select participants.
These strategies were used to guarantee that the sample was both representative and
accessible. Convenience sampling is non-probability sampling in which participants are
picked based on their availability. It is frequently utilized in research projects with minimum
resources or time restrictions, such as those carried out in schools. Convenience sampling
was used in this study to pick participants from certain classes depending on their availability
and desire to participate in the study. While convenience sampling is easily undertaken, it
contributes to selection bias and restrict the generalizability of findings. To guarantee that
the sample is representative of the population, the researcher opted to follow it with simple
random sampling. Simple random sampling is a probability sampling technique that ensures
each student has an equal chance of being chosen. 400 students were randomly chosen using
computer-generated random numbers. They were picked from a sample frame that included
all Kumasi SHTS students. The sample frame was created using a database that had a list of

all students.

3.8 Data Collection Instruments

The instrument for collecting data was structured questionnaires that consisted of
standardized items meant to elicit information from respondents about the variables. Such
instruments had been frequently used in survey research and are especially beneficial for

gathering huge volumes of data in a methodical and efficient manner. The instrument
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comprised closed-ended questions which respondents choose from alternatives. The items
were reviewed by the researcher’s supervisor to ensure explicitness and clarity, and the
response alternatives were well-defined and thorough. A pilot study was conducted and
necessary additions or omissions were made. In the questionnaires design, the researcher

ensured reliability and validity are maintained.

The questionnaires comprised close-ended items on Likert scale. The items were measured
on an evaluative continuum ranging from strongly disagree to strongly agree. The instrument
was divided into six sections. The first section covered demographic information of
participants including age, gender, form, and course of study. The second part comprised of
5 items adapted from Arthur, Dogbe, et al. (2022) to measured teaching quality. They were;
(TQ1) “A quality teacher presents mathematical concepts in an orderly manner”; (TQ3)
“Teachers provide enough classroom tasks for me to do in order to assess my grasp of the
idea being taught” ;(TQ4) “My maths instructor urges me to learn the subject”; (TQ5) “My
maths teacher offers inspiring comments for improved understanding”; Teachers have
cordial relationship with students. Also, teaching competence was measured by 4 items
adapted from Swank et al. (2021). The items include; (TC7) “Teachers use teaching and
learning materials to improve our understanding”, (TC6) “Teachers stimulates students’
attention”, (TC4) “Teachers guide class discussions”, and (TC9) “Teachers can tell when a
pupil is having difficulty”. Furthermore, the items; (MC9) “I can solve challenges in my
daily life by thinking mathematically”, (MC8) “I can see the parallels and contrasts between
mathematical ideas”, (MC7) “Teacher explains the role of mathematics in our lives”, and
(MC10) “I can explain the significance of maths in several areas were used to measure
mathematics connection construct”. These items were adapted from Arthur et al. (2018).

Students’ opinions on history of mathematics concepts were captured by the following items
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adapted from Arthur, Appiah, et al. (2022): (HMC 1) “My math teachers introduce new ideas
by explaining the historical background”, (HMC2) ““I appreciate learning about the history
of the mathematics concepts we study”, and (HMC3) “I grasp mathematics concepts better
when a teacher introduces topics by their history”. Lastly, the following items adapted from
Lang and Fries (2006) were used to measure students’ mathematics achievement motivation:
(AM1) “I enjoy maths situations in which | may test my abilities”, (AM2) “When | am
presented with a mathematics problem that | believe | can solve, | am attracted to begin
working on it right away”, and (AM3) “I appreciate maths questions in which | can put my

skills to solve”.

3.9 Validity and Reliability Measures of the Instrument

To guarantee that the instrument was valid and reliable, the researcher carefully developed
it, pilot tested it with a sample of participants, and utilized SPSS to determine its’
psychometric properties. By assessing validity and reliability, the researcher ensured that the
questionnaire is an accurate and consistent measure of the constructs been studied. Reliability
refers to the questionnaire's consistency and stability across time and across diverse samples
(Sujati et al., 2020). Reliability measures include internal consistency and composite
reliability. Internal consistency is the degree to which the items in a questionnaire are
correlated and measure the same construct. Cronbach's alpha was computed to ascertain the
internal consistency of the constructs. According to Taber (2018), Cronbach alpha of 0.70
and above is acceptable. Hair et al. (2019) define composite reliability as a measure that
assesses how well the items in a questionnaire work together to measure the same construct.

Composite reliability was computed from the factor loadings and residual variances of the
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questionnaire items (Bacon et al., 1995). Composite reliabilities were ensured above the

required benchmark of .70.

According to DeVellis and Thorpe (2021) validity is the extent to which a questionnaire
measures what it is designed to measure. This study assessed convergent validity, and
discriminant validity of the constructs (Schumaher et al., 2019). The extent to which
items correlate with other items of the same construct is referred to as convergent validity
(Cheah et al., 2018). On the other hand, the extent to which items do not correlate with
items of unrelated constructs is referred to as discriminant validity (Hair et al., 2019).
Convergent validity was estimated using average variance extracted. AVE values were
ensured above 0.5 (Mendes dos Santos & Cirillo, 2021). The study also assessed discriminant
validity by Heterotriat-Monotrait ratio. Henseler et al. (2015) argued that to achieve

discriminant validity, all HTMT ratios should be less than 0.85.

3.10 Data Collection Procedure

In order to collect data, the researcher employed a structured questionnaires with close-ended
items on Likert scale. In all, a total of 400 questionnaires were printed and administered to
students in Kumasi SHTS. The surveys administration and collection were done personally
by the researcher. Consent was sought from the school authority before the administration of
the questionnaires. To do this, an introductory letter was submitted in person to the school
after which the exact date was scheduled. The questionnaires were self-administered, hence
participants independently completed them by their own interpretation and comprehension.

A total of 390 questionnaires were returned. This value corresponds to 97.5 %, that is

(% X 100) %. The researcher ensured data protection, confidentiality, and anonymity.
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3.11 Ethical Consideration

Quantitative research is critical for producing empirical evidence and expanding knowledge
in a variety of domains. However, researchers must follow specific ethics while undertaking
quantitative research to guarantee that their study is done in an ethical and responsible
manner. Informed consent, confidentiality and privacy, equitable treatment, transparency,
and authorization were all considered. Firstly, the researcher informed participants about the
study's goal, methods, potential risks, and benefits. Also, participants were free to withdraw
from the research at any moment. Similarly, participants' privacy and confidentiality were
protected. Data collection, storage, and analysis were all handled with extreme caution.
Anonymization or de-identification procedures were used to safeguard participants' identity
while reporting findings. Additionally, the study paid attention to diversity and cultural
differences. Cultural, gender, and other types of diversity among participants were taken into
account. Furthermore, the study guaranteed that the data collected is valid and reliable. To
ensure this, appropriate data collection, storage, and analysis approaches were applied.
Potential biases that might affected results were addressed. Finally, results were conveyed

correctly, without distortion or manipulation.

3.12 Data Analysis

Data analysis involved preliminary exploratory factor analysis (EFA), confirmatory factor
analysis (CFA), and finally, structural equation modelling (SEM). The EFA involved
principal component analysis undertaken to ascertain the required number of factors
extracted. In the analysis, items that loaded either at multiple components or below 0.50 were
iteratively exited to achieve better loadings. The EFA was done on SPSS to pave way for
CFA on AMOS. CFA was used to validate or reject a hypothesized factor structure and to
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identify the best-fitting model (Hu & Bentler, 1999). Various goodness-of-fit indices, such
as the chi-square statistic, the Comparative Fit Index (CFI), the Root Mean Square Error of
Approximation (RMSEA), and the Standardized Root Mean Square Residual (SRMR), are

used to assess the model's fit.

To estimate direct effects, mediation and moderation effects as specified in the study
objectives, SEM was utilized. SEM is a statistical technique used to assess and confirm large
theoretical models that include several variables and interactions between them (Hair et al.,
2011). It entails the estimation of a sequence of simultaneous equations that represent, both
directly and indirectly, the relationships between variables in a model. Latent variables,
observed variables, paths, and factor loadings are all key terms in SEM. Latent variables are
unobservable variables that are represented by one or more observed variables. The observed
variables are the latent variables' measured indicators. Factor loadings show the relationship
between the observed variables and the latent variables they measure, whereas paths

represent the direct correlations between the latent and observable variables.

SEM is frequently used to assess complex theoretical models that would be difficult to test
using other statistical techniques like regression analysis or ANOVA. For example, to
examine causal-effects relationships between many latent variables and their indicators, to
assess the model's overall fit to the data, and to assess the relevance of specific paths in a
model. This study utilized AMOS to perform SEM. AMOS is an acronym for Analysis of
Moment Structure. AMOS is a statistical software that enables researchers to estimate
models and assess the model's goodness of fit to the data using fit indices such as the chi-
square statistic, Root Mean Square Error of Approximation (RMSEA), Comparative Fit

Index (CFI), and Tucker-Lewis Index (TLI) (Kline, 2015).
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CHAPTER FOUR

ANALYSIS, RESULTS AND DISCUSSION

4.0 Overview

The process of reviewing, cleaning, converting, and interpreting raw data in order to extract
relevant insights and make conclusions is known as data analysis. Data analysis entails
analyzing and comprehending data produced in a research project by utilizing various
methodologies, tools, and statistical procedures. This chapter is focused with data analysis,

interpretation, presentation, and discussion of results of the study.

4.1 Analysis and Results

4.1.1 Demographic Information of Participants

Table 2 presents the participants' background information. In all, 390 students successfully
completed the questionnaire. This number comprised of 164 males, accounting for 42.1%,
and 226 females, accounting for 57.9%. The number of students aged between 11-15 years,
16-20 years, 21-25 years, and above 25 years were 31, 352, 5, and 2 respectively. These
values represent 7.9%, 90.3%, 1.3%, and 0.5% accordingly. The survey involved 353 form
2 and 37 form 3 students which accounts for 90.5% and 9.5% of the total number of
participants. The results also show that 58 (14.9%) students offer Visual Arts, 67 (17.2%)
students offer General Arts, 114 (29.2%) students offer Home Economics, 36 (9.2%) students
offer Technical, 96 (24.6%) students offer General Science, and 19 (4.9%) students offer

Business.
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Table 2: Demographics of Students

Demographics Frequency (N) Percentages (%)
Gender 390 100.0
Male 164 42.1
Female 226 57.9
Age 390 100.0
11-15 years 31 7.9
16-20 years 352 90.3
21-25years 5 1.3
Above 25 years 2 0.5
Form 390 100.0
Form 2 353 90.5
Form 3 37 9.5
Course of Study 390 100.0
Visual Arts 58 14.9
General Arts 67 17.2
Home Economics 114 29.2
Technical 36 9.2
General Science 96 24.6
Business 19 4.9

Source: Field Data (2023)

4.1.2 Descriptive Statistics

Table 3 displays descriptive analysis of the items measuring Teaching Competence (TC),

Teaching Quality (TQ), Mathematics Connection (MC), Achievement Motivation (AM), and

History of Mathematics Concepts (HMC) Constructs respectively. The results indicate that

TQ (Mean = 4.04, SD = 0.98) achieved the highest mean response followed by AM (Mean

=3.92, SD = 1.05), TC (Mean = 3.87, SD = 1.04), MC (Mean = 3.65, SD = 1.15), and HMC

(M =3.52,SD =1.19) in that order. However, interpretation of the items' descriptive statistics

was done relative to a five-point Likert scale ranging from Strongly Disagree (1) to Strongly

Agree (5). Descriptive analysis of the TQ scale yielded a mean of 4.04 and a standard

deviation of 0.98. The mean responses of the individual items ranged from 4.10 to 3.96. TQ1

recorded the highest mean (M = 4.10, SD = 0.98) whilst TQ3 recorded the lowest mean (M

= 3.96, SD = 1.00). The statistics shows that students believed quality teaching is necessary
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for building students achievement motivation (Ekmekci & Serrano, 2022). The descriptive
results of the items measuring TC, that are; TC4, TC6, TC7, and TC9 produced mean
responses of 3.86, 3.85, 3.84, and 3.93 respectively. The mean and standard deviation of the
entire TC scale were 3.87 and 1.04 respectively. By comparison, TC9 had the highest mean
whereas TC7 had the lowest. These results point to the fact that teaching competence,
according to students’, opinions affects mathematics achievement motivation (Zollman,
2009).

Analysis of the MC scale revealed a mean of 3.98 and standard deviation of 1.15. The scale
consisted of the items; MC7, MC8, MC9, AND MC10. Their means and standard deviations
were 3.64, 3.62, 3.70, 3.64 and 1.19, 1.07, 1.17, 1.17 respectively. These statistics show that
teacher’s ability to establish mathematics connections to real-life scenarios and other
disciplines enhances motivation growth (Arthur et al., 2018; Trifunov, 2017). A mean of 3.52
and standard deviation of 1.19 were produced from the analysis of the HMC scale
descriptively. The individual measurement items including HMC1, HMC2, and HMC3
yielded mean responses; 3.32, 3.59, 3.65 and standard deviations of 1.41, 1.10, and 1.05
respectively. According to the statistics, setting the stage for historical background of
concepts arouses understudies’ mathematics enthusiasm (Liu, 2003). The mathematics
achievement motivation scale had a mean of 3.92 and a standard deviation of 1.05 based on
descriptive analysis. The mean response varied from 4.01 to 3.75. AM4 had the lowest mean

response (M = 3.79, SD =1.08). AM2 had the highest mean response (M =4.01, SD = 1.05).
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Table 3: Descriptive Statistics

Variables Mean [S)td'
ev.
Teaching Competence (TC) 3.87 1.04
(TC4): Teachers guide class discussions. 3.86 0.97
(TC6): Teachers stimulates students’ attention. 3.85 1.05
(TCT7): Teachers use teaching and learning materials to improve our  3.84 1.09
understanding.
(TC9): Teachers use different approaches in teaching. 3.93 1.04
Teaching Quality (TQ) 4.04 0.98
(TQL): A quality teacher presents mathematical concepts in an orderly  4.10 0.98
manner.
(TQ3): Teachers provide enough classroom tasks for me to do inorder  3.96 1.00
to assess my grasp of the idea being taught.
(TQ4): My maths instructor urges me to learn the subject. 4.01 1.02
(TQ5): My maths teacher offers inspiring comments for improved 4.17 0.95
understanding.
(TQ8): Teachers have cordial relationship with students. 3.98 0.96
Mathematics Connection (MC) 3.65 1.15
(MCT7): Teacher explains the role of mathematics in our lives. 3.64 1.19
(MCS8): I can see the parallels and contrasts between mathematical 3.62 1.07
ideas. 3.70 1.17
(MC9): I can solve challenges in my daily life by thinking 3.64 1.17
mathematically.
(MC10): I can explain the significance of maths in several areas.
Achievement Motivation (AM) 3.92 1.05
(AM1): I enjoy maths situations in which | may test my abilities. 3.96 1.05
(AM2): When | am presented with a mathematics problem that | 4.01 1.05
believe I can solve, | am attracted to begin working on it right away.
(AM3): | appreciate maths questions in which I can put my skills to 3.90 1.01
solve. 3.79 1.08
(AM4): Mathematics activities that allow me to put my skills to test
attract me. 3.52 1.19
History of Mathematics Concepts (HMC) 3.32 1.41
(HMC1): My math teachers introduce new ideas by explaining the
historical background. 3.59 1.10
(HMC2): | appreciate learning about the history of the mathematics
concepts we study. 3.65 1.05

(HMC3): I grasp mathematics concepts better when a teacher
introduces topics by their history.

Source: Field Data (2023)
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4.1.3 Construct Reliability Analysis

Reliability analysis is critical in determining the consistency and internal consistency of
scales (Streiner, 2003). Reliability analysis aids scale refinement by identifying problematic
items, resulting in better scales (Tavakol & Dennick, 2011). Cronbach's alpha coefficient is
a commonly used reliability estimate because of its capacity to quantify the internal
consistency of multi-item scales (Cronbach, 1951). Cronbach's alpha is a statistical measure
of a scale's internal consistency. It evaluates how well various items on a scale measure the
same constructs. Cronbach's alpha coefficient interpretation is based on its magnitude. The
coefficient has a value between 0 and 1, with higher values indicating better internal
consistency. A value of 0.70 or higher is generally deemed acceptable, indicating a high level
of internal consistency. To guarantee that the questionnaires accurately measure the target
constructs, analysis of the internal consistency was done. Cronbach alpha was computed on

SPSS (version 23).

Table 4: Alpha-reliability

Constructs Cronbach Alpha Number of Items
Teaching Competence (TC) 0.820 4
Teaching Quality (TQ) 0.811 5
Mathematics Connection (MC 0.827 4
Achievement Motivation (AM) 0.814 4
History of Mathematics Concepts (HMC) 0.709 3

Source: Field Data (2023)

According to the reliability results reported on Table 4, Cronbach alpha for all unobserved
variables were more than 0.7, indicating that internal consistency has been attained. Alpha-

reliabilities of TC, TQ, MC, AM, and HMC were 0.820, 0.811, 0.827, 0.814, and 0.709
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accordingly. Therefore, the reliability coefficients of the constructs met the 0.7 minimal

requirement.

4.1.4 Preliminary Analysis

Field (2013) defined preliminary analysis as the examination and exploration of data prior to
conducting in-depth statistical analyses. Preliminary analysis employs descriptive statistics,
data cleaning, and data screening to get insight into dataset's features. Preliminary analysis
involved Exploratory Factor Analysis (EFA), carried out to identify the number of items
extracted under each construct. Also, to assess the model fitness, Confirmatory Factor
Analysis (CFA), Discriminant Validity, Convergent Validity, and Composite Reliability

were estimated.

4.1.5 Exploratory Factor Analysis

Exploratory Factor Analysis (EFA) is a statistical technique for identifying the latent factors
in a set of observed variables. EFA assists the identification of patterns of correlations and
determining the number of factors required to explain observed variance in data (Costello &
Osborne, 2005). EFA was performed on SPSS (version 23) by principal component method
and varimax rotation with Kaiser Normalization. Factor loadings, which represent the degree
and direction of the association between each observed variable and the extracted factors
were examined. Higher loadings (= 0.5) indicated a stronger relationship between a variable
and a factor. Similarly, eigenvalues larger than 1 or a clear break in the scree plot were

considered. Eigenvalues show the amount of the variation explained by each factor.
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4.1.6 Confirmatory Factor Analysis (CFA)
Table 5: Results of Exploratory Factor Analysis

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling
Adequacy.

Bartlett's Test of Approx. Chi-Square
Sphericity df

Sig.

.836

2887.548
190
.000

Component

Measurement Items
2 3

TQ5 749
TQS 739

TQ4 737

TQ3 735

TQ1 686

MC9 811

MC10 799

MC8 788

MC7 785

TC6 813
TC7 802
TC9 775
TC4 724
AM3

AM2

AM4

AM1

HMC1

HMC2

HMC3

779
167
761
124

.804
784
.709

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
Rotation converged in 5 iterations.

Source: Field Data (2023)

CFA was conducted to evaluate the goodness-of-fit between the hypothesized model and the

observed data. It entailed defining priori factor loadings, which represent the expected

correlations of the latent factors with the observable variables. CFA was performed in Amos

to determine the measurement model's fitness. In the CFA, items which loaded below 0.50
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were excluded. As a results, the initial 50 items on the scale were reduced to 20; 5 for TQ, 4
for TC, 4 for AM and 4 for MC, as well as 3 for HMC. In addition, model fit indices were
also maintained at their respective benchmarks, according to Hu's and Bentler's (1999)
criteria, to ensure overall fitness of the measurement model. Comparative Fit Index (CFI)
compares the fit of the hypothesized model to a null or independence model. It ranges from
0to 1, with values closer to 1 indicating better fit. A CFl value 0of 0.952 (> .90) was attained,
which typically indicates a good fit. Goodness-of-Fit Index (GFI) assesses the proportion of
variance and covariance that the hypothesized model accounts for. A GFI value of 0.933 (>
.90) was attained, which is frequently seen as satisfactory. PCLOSE is the probability of
obtaining a chi-square statistic equal to or greater than the one observed. A PCLOSE value
of 0.776 (> .05) indicated that there is a substantial difference between the observed and
expected models. The chi-square to degrees of freedom ratio (CMIN/DF) is the ratio of the
chi-square statistic (CMIN = 290.073) to its degrees of freedom (DF = 159). CMIN/DF of
1.824 (between 1 and 3) indicated good fit. Tucker-Lewis Index (TLI) compares
the hypothesized model's fit to a baseline model, such as the null or independence model.
TLI of 0.947 (> .90) was obtained indicating a good fit. RMSEA (Root Mean Square Error
of Approximation) is a measure of difference between the hypothesized model and the
population

covariance structure. RMSEA of 0.046 (< .08) was deemed acceptable. RMR (Root Mean
Square Residual) is the average difference between observed and expected covariance or

correlations. RMR reading of 0.055 indicated a good fit.
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Table 6: Table of Confirmatory Factor Analysis
Source: Field Data (2023)

Std.

Model Fit Indices: CMIN =290.073; DF = 159; CMIN/DF = 1.82; CFI = .952; TLI=  Eactor
.943; RMR = .055; RMSEA = .046; PCLOSE = .776; GFI1=.933; AGFI=.911 Loading

TEACHING COMPETENCE (TC): CA=0.820; CR=0.860; AVE=0.607
(TC4): Teachers guide class discussions. .69
(TC6): Teachers stimulates students’ attention. 74
(TCT7): Teachers use teaching and learning materials to improve our understanding. a7
(TC9): Teachers use different approaches in teaching. 12
TEACHING QUALITY (TQ): CA=0.758; CR=0.851; AVE=0.532
(TQ1): A quality teacher presents mathematical concepts in an orderly manner. .67
(TQ3): Teachers provide enough classroom tasks for me to do in order to assess 12
my grasp of the idea being taught.
(TQ4): My maths instructor urges me to learn the subject. .69
(TQ5): My maths teacher offers inspiring comments for improved understanding. 73
(TQA8): Teachers have cordial relationship with students. .61
MATHEMATICS CONNECTION (MC): CA=0.827; CR=0.874; AVE=0.633
(MCT): Teacher explains the role of mathematics in our lives. .83
(MCS8): I can see the parallels and contrasts between mathematical ideas. .62
(MC9): | can solve challenges in my daily life by thinking mathematically. .79
(MC10): I can explain the significance of maths in several areas. .62
ACHIEVEMENT MOTIVATION (AM): CA=0.814; CR=0.844;
AVE=0.575
(AML1): I enjoy maths situations in which | may test my abilities. .69
(AM2): When | am presented with a mathematics problem that I believe I can 73
solve, | am attracted to begin working on it right away.
(AMB3): I appreciate maths questions in which I can put my skills to solve. 75
(AM4): Mathematics activities that allow me to put my skills to test attract me 73
HISTORY OF MATHEMATICS CONCEPTS (HMC): CA=0.709;
CR=0.702; AVE=0.588
(HMC1): My math teachers introduce new ideas by explaining the historical .62
background.
(HMC2): | appreciate learning about the history of the mathematics concepts we 81
study.
(HMC3): I grasp mathematics concepts better when a teacher introduces topics by .62

their history.
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Figure 3: Diagrammatic Presentation of Confirmatory Factor Analysis
Source: Field Data (2023)

4.1.7 Discriminant Validity

Discriminant validity assesses whether constructs or variables in a study differ from one
another. It investigates the extent to which distinct indicators are uncorrelated or not
substantially correlated with one another (Henseler et al., 2015). The Fornell and Larker
Criterion has been used to assess discriminant validity in a number of studies (Hamid et al.,
2017; Roemer et al., 2021). Recent criticisms of the Fornell and Larker Criterion includes
stringent requirement, violation of AVE criterion, inflated AVE, and focus on manifest
variables (Henseler et al., 2015). These criticisms had caused rapid utilization of the

Heterotriat-Monotrait (HTMT) ratio which provide more robust and accurate measure of
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discriminant validity. The study utilized Heterotriat-Monotrait ratio to determine the
discriminant validity. Assessment of discriminant validity by HTMT ratio requires that all
values must be ensured less than 0.85 (Henseler et al., 2015; Roemer et al., 2021) as shown

in Table 7.

Table 7: Heterotriat-Monotrait Ratios

TQ TC MC AM
TQ
TC 403
MC 198 211
AM 485 402 .338
HMC 320 .263 .365 446

Source: Field Data (2023)

4.1.8 Convergent Validity

Convergent validity assesses the extent to which multiple indicators of the same construct
are correlated or converge with one another (Cheah et al., 2018). It investigates if many
measurements of a construct yield similar results, showing convergence on the underlying
construct. Convergent validities of the constructs were identified using Average Variance
Extracted (AVE) (Bornmann et al., 2009; Carlson & Herdman, 2012). Table 6 shows that
the average variance extracted were above the minimum benchmark of 0.50 (Mendes dos
Santos & Cirillo, 2021). Hence, the constructs in the study had the required convergent

validity.

4.1.9 Composite Reliability

Composite reliability is a statistical metric computed to determine the internal consistency
and reliability of a scale. It denotes how consistent and reliable the observed variables within

a composite measure are in assessing the underlying construct. The McDonald's Omega
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coefficient (w) was used to calculate the composite reliability. According to Raykov (2009),
composite reliability (w) is the ratio of the squared sum of the indicators' standardized
loadings to the sum of the squared loadings plus the sum of the error variances. To be deemed
satisfactory, composite reliability should exceed 0.70 (Hair et al., 2017). Table 6 shows that

the constructs had the required composite reliabilities.

4.1.10 Path Analysis

Path analysis is a statistical approach used to investigate the relationships among variables
and to assess direct and indirect impacts. This study applied structural equation modelling
generated on AMOS (version 23) to examine the complicated causal paths between the
variables (Kline, 2015). The path analysis allowed the evaluation of the extent and direction
of relationships while taking into consideration interdependence. It entailed building a model
with directed arrows, known as paths, that reflect the hypothesized causal relationships. The

coefficients assigned to the paths represent the extent and direction of the association.

4.1.11 Analysis of Direct Effects

Table 8 shows the results of the direct effects of the control variables (age, gender, course,
and form) and the independent variables (TQ, TC, MC, and HMC) on the dependent variable
(AM). According to Table 8, the impact of age on AM was negative and insignificant (f = -
0.084, t =-0.893, p = 0.372). The impact of gender on AM was negative and insignificant (3
=-0.039, t =-0.513, p = 0.608). The impact of course on AM was positive and significant (§
=0.010,t=0.453, p = 0.651). The impact of form on AM was positive and significant (} =
0.018,t=0.208, p = 0.835). In addition, the impact of TQ on AM was positive and significant
(B=0.336,t=4.574, p <.001). The impact of TC on AM was positive and significant (f =

0.198, t = 2.945, p = .003). The impact of HMC on AM was positive and significant (f =
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0.200, t = 2.522, p < 0.001). These results suggested that gender, age, course, and form did
not significantly affect the mathematics achievement motivation of students. On the other
hand, TC, TQ, and HMC all produced positive and significant effects on the mathematics

achievement motivation of students.

Moreover, to test H1, the direct impact of MC on AM was assessed. The results revealed that
MC has positive and significant effect on AM (B =0.112, t = 2.548, p = 0.011). The test was
done at 5% significance level for which a p-value less than .001 far below .05 was revealed.
This indicated that there is enough evidence to support H1. Therefore, H1 was accepted.
According to students’ responses, teachers’ ability to connect mathematics to real-life
situations and other disciplines accounts for about 16% increase in senior high school

students’ achievement motivation in mathematics.

Table 8: Summary of Direct Path Estimates

UnStd.

Direct Paths Estimate C.R.\t S.E. p-value
AM<«—Age -0.084 -0.893 0.094 0.372
AM<«Gender -0.036 -0.513 0.070 0.608
AM«Course 0.010 0.453 0.022 0.651
AM«Form 0.018 0.208 0.086 0.835
AM«TQ 0.336 4574 0.074 faleie
AM«TC 0.198 2.945 0.067 0.003***
AM—MC 0.122 2.548 0.044 0.011**
AM«—HMC 0.200 3.522 0.057 falaied

Model Fit Indices: CMIN = 462.715; DF = 241; CMIN/DF =1.920; CFIl =.922; TLI =
.911; RMR =.058; RMSEA = .049; PCLOSE = .624
*** ~ P-value significant at 1% (0.01)

** ~ P-value significant at 5% (0.05)
Source: Field Data (2023)
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Figure 4: Diagrammatic Representation of Direct Paths
Source: Field Data (2023)

4.1.12 Mediation Effects Analysis

The study assessed the mediation effect of TQ on the relationship between MC and AM.
Bias-Corrected (BC) percentile bootstrap method with 5,000 bootstrap samples was utilized
at 95% confidence level. The bias correction factor was used to adjust the point estimate of
the indirect effect and to calculate bias-corrected confidence intervals. These adjusted
estimates provide a more accurate reflection of the true indirect effect in the population and
reduce the potential bias introduced by standard bootstrapping. Model fit indices were
ensured at their respective benchmarks. The indirect effect of MC on AM was 0.067 (a %
b = 0.141 x 0.476), which was positive and significant (p = 0.007), because the confidence

interval (0.017, 0.142) did not cross zero. The direct effect of MC on AM in the presence of
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the mediator (TQ) was also revealed significant (B = 0.192, p <0.001). Hence, TQ partially

mediated the relationship between MC and AM. Therefore, H2 was accepted.

Table 9: Summary of Mediation Analysis

Direct Indirect Confidence

Effects Effects Interval
Lower Upper
Bound Bound

AM—TQ—MC  0.192*** 0.067 0.017 0.142 0.007***

““Significant at 1%
Source: Field Data (2023)
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Figure 5: Diagram of Mediation Effects
Source: Field Data (2023)
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4.1.13 Moderation Analysis

The study assessed the moderation effects of TC on the relationship between MC and AM.
Table 10 shows negative and insignificant interaction effect of TC (f =-0.069, t =-1.611, p
= 0.107). Therefore, H3 was rejected. This result was interpreted that the impact of MC on

AM was neither weakened nor strengthened by TC.

Table 10: Summary of Moderation Analysis

Relationship S C.R.It P-Value
AM—TC 0.362 5.282 falaied
AM—MCTC -0.069 -1.611 0.107

““Significant at 1%
Source: Field Data (2023)
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Figure 6: Diagram of Moderation Effects
Source: Field Data (2023)
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4.1.14 Moderated-Mediation Analysis

The study assessed the moderated-mediation effects of History of Mathematics Concepts

(HMC) on the second half of the path of the indirect effect of Mathematics Connection (MC)

on Achievement Motivation (AM) through Teaching Quality (TQ). Andrew Hayes process

model 14 was utilized by Bias-Corrected (BC) percentile bootstrap technique with 5,000

bootstrap samples at 95% confidence level using the estimands function in AMOS. Table 11

shows that the moderated-mediation index value of HMC is significant (index = -0.011, p =

0.046) at 95% confidence interval (-0.029, 0.00). This value indicates the extent of

conditional moderation. The results showed that in comparison to indirect effects at low

HMC levels through TQ, the indirect effect of MC on AM through TQ is lower at higher

HMC levels. The interpretation is that, with increase in HMC, the indirect effect of MC on

AM through TQ is weakened. Therefore, H4 was rejected.

Table 11: Summary of Moderated-Mediation Analysis

Direct Relationships Unstandardized C.R/t P-Value
TQ—MC 0.143 3.61 kel
AM<TQ 0.330 6.603 faleie
AM«—HMC 0.168 6.671 faleie
AM—HMCTQ -0.076 -1.983 0.048**
Moderated Indirect . Indirect

Relationships Direct Effect Effect C. 1 P-Value
AM—TQ«—MC 0.168 0.047  (0.016, 0.093) 0.004**
Probing Moderated

Indirect Relationships

Low HMC Level 0.058  (0.018,0.111) 0.005**
High HMC Level 0.037  (0.011, 0.083) 0.004**
mggfrated'med'a“on 0011  (-0.029,0.00) 0.046%*

***Significant at 1% (0.01)
**Significant at 5% (0.05)
Source: Field Data (2023)
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Figure 7: Diagram of Moderated-Mediation Effects
Source: Field Data (2023)

4.2 Presentations and Discussion of Results

This section presents the discussion of the study's findings in comparison to earlier studies.

The discussion was arranged around the study's objectives, which were as follows:

1. Direct effects of Mathematics Connection on Achievement Motivation.

2. Mediation effects of Teaching Quality on the relationship between Mathematics
Connection and Achievement Motivation.

3. Moderation effects of Teaching Competence on the relationship between Mathematics
Connection and Achievement Motivation.

4. Moderated-mediation effects of History of Mathematics Concepts on the first half of the

path of the indirect effects of Mathematics Connection on Achievement Motivation.
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4.2.1 Direct Effects of Mathematics Connection on Achievement Motivation

The study sought to identify the direct effect of Mathematics Connection (MC) on the
Mathematics Achievement Motivation of senior high school students. The results revealed
that Mathematics Connection has positive and significant effect on Achievement motivation
(AM) (p=0.112,t = 2.548, p=0.011). The beta () coefficient denotes the predicted change
in AM due to a percentage increase in MC. The beta coefficient in this situation is 0.112,
suggesting that for every 1% rise in MC, AM is expected to increase by 11.2%. The
significance of the beta coefficient is determined by the t-value. A t-value of 2.548 indicated
that the effect of MC on AM is statistically significant. The probability of observing the
effect of MC on AM was determined by the p-value. A p-value of 0.011, which was less than
a significance level of 0.05. As a result, it was inferred that MC has a statistically significant

influence on AM.

This results is consistent with previous research that emphasized the need of making
connections between various mathematical concepts and real-world applications, and other
disciplines (Abdulrahim et al., 2023; Cejka et al., 2006; Kwon, 2016; Rodionov & Dedovets,
2017; Rooch et al., 2012; Trifunov, 2017). When students see a clear connection between
mathematics and its practical application, it increases their desire to engage and achieve in
mathematics (Arthur et al., 2018). This beneficial effect of MC on AM has been seen in a
variety of educational contexts and age groups (Abramovich et al., 2019). The relationship
is supported by theories such as expectancy-value theory (Wigfield & Eccles, 2000b). The
theory suggests that when students realize the usefulness and importance of mathematics in
real-world circumstances, they are more likely to experience greater intrinsic motivation,

task satisfaction, and a sense that their efforts will result in good outcomes. These motivators
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can then influence their achievement-related behaviors and performance (Hulleman et al.,
2008). The present findings are in line with studies in which MC significantly improved
students' self-efficacy beliefs and result expectations in mathematics (Ozgen, 2013). Eccles
and Wigfield (2020) stressed the relevance of value and usefulness in driving students'
engagement and accomplishment. Students gain better confidence in their skills to address
real-world issues by demonstrating how mathematical principles are useful outside of the

classroom, leading to increased motivation (Crawford, 2001).

Furthermore, the present findings agree with Pajares and Miller (1994), Groenendijk et al.
(2013), and Hulleman & Harackiewicz (2009). Pajares and Miller (1994) investigated the
influence of self-efficacy beliefs in the relationship between mathematics problem solving.
Their findings revealed that when students see a strong relationship between mathematics
and real-world settings, it improves their self-efficacy beliefs, which contribute to higher
levels of motivation and achievement. According to Groenendijk et al. (2013), observing
others effectively applying mathematical principles to real-life circumstances boost pupils'
confidence in their own skills and inspire the determination to attain similar results. In
addition, Hulleman & Harackiewicz (2009) investigated the impact of values-affirmation
interventions on students' motivation and success in mathematics. By helping students reflect
on their personal beliefs and how math corresponds with their lives, the treatments attempted
to reaffirm the relevance and importance of mathematics. The results showed that the values-
affirmation treatments enhanced motivation and performance, emphasizing the importance
of meaningful relationships in developing Achievement Motivation. In conclusion, studies
support the positive and significant influence of Mathematics Connection on Achievement

Motivation. The research consistently shows that connecting mathematics to real-world

78



applications improves students' motivation, self-efficacy views, and performance in the

subject.

4.2.2 Mediation Effects of Teaching Quality on the Relationship between Mathematics

Connection and Achievement Motivation

When a third variable, in this case Teaching Quality (TQ), plays a role in explaining the
relationship between the independent variable, Mathematics Connection (MC) and the
dependent variable, Achievement Motivation (AM), this is referred to as mediation. To get
insight into how TQ impacts the relationship between MC and AM, mediation effects were
investigated. The study's findings revealed that Mathematics Connection (MC) has a strong
indirect effect on Achievement Motivation (AM) via Teaching Quality (TQ). The Bias-
Corrected (BC) percentile bootstrap approach was used to examine the mediation effect with
5,000 bootstrap samples at a 95% confidence level. The indirect effect size, represented by
the product of the path coefficients (a x b), was found to be 0.067. This indicates that a unit
increase in MC leads to a 0.067 increase in AM through the mediating variable TQ. The
indirect effect was statistically significant (p = 0.007) as the confidence interval (0.017,
0.142) did not include zero. This suggests that MC has a positive and significant influence
on AM through TQ. Additionally, the direct effect of MC on AM, even in the presence of
the mediator TQ, was found to be significant (B = 0.192, p < 0.001). This implies that MC
has a direct impact on AM, regardless of the mediating effect of TQ. Based on these results,
TQ partially mediated the relationship between MC and AM. This means that TQ plays a
role in explaining the relationship between the two variables, but it did not completely

account for the relationship.
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The findings align with Boston's (2012) survey of middle school teachers in a medium-sized
metropolitan district. According to his results, high-quality assignments and exercises which
includes cognitively demanding activities such as real-world problem-solving tasks promote
students critical thinking and motivation. Additionally, several other studies support the
findings that Teaching Quality mediates the relationship between Mathematics Connection
and Achievement Motivation. For example, Khotimah's (2016) study of mathematics
education students showed that lecturers' abilities to develop discovery-based contextual
learning situations led to effective teaching which improved learning motivation of
understudies. Similarly, research by Papadakis et al. (2016) identified positive influence of
quality instructions that incorporate real world applications that makes mathematics relevant
on early graders mathematics interest and their learning abilities. Also, the results were
consistent with Bandura (1986) theoretical framework, which stressed the role of instructors
as social models and their effect on students' motivation and self-efficacy beliefs. According
to this viewpoint, when teachers effectively establish mathematics connections by offering
real-world examples, and providing high-quality teaching, students’ motivation and

achievement improve.

Moderation Effects of Teaching Competence on the Relationship between Mathematics

Connection and Achievement Motivation

The moderation effect of Teaching Competence (TC), as indicated by the coefficient of -
0.069, suggests that TC did not significantly strengthen or weaken the relationship between
Mathematics Connection (MC) and Achievement Motivation (AM). The t-value of -1.611
indicates that the coefficient is not statistically significant, with a p-value of 0.107, which is
greater than the conventional threshold of 0.05. The interpretation was that TC has no

interaction effect on the impact of MC on AM. In other words, the existence of TC had no
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discernible effect on the relationship between MC and AM. It is crucial to emphasize that
the lack of substantial moderating effect does not mean that TC is inconsequential in the
context of MC and AM. Simply put, in this study, the relationship between MC and AM did

not vary significantly by TC.

Though several literatures asserted that teacher’s competency to guide real-world problem-
solving tasks, mathematical modeling, and interdisciplinary connections reinforce the
development of students’ achievement motivation in mathematics. However, the present
finding contradicts existing literature. In Coti¢'s and Zuljan's (2009) study, for example, the
impact of real-life problem-solving activities on students' motivation and performance was
related to teacher's ability in presenting these tasks. Similarly, the beneficial influence of
mathematics connections on student motivation and success in the study by Su and Cheng
(2015) was attributable to teacher's ability to effectively guide the implementation of
activities and establish a pleasant learning environment. The same applies to Surya et al.
(2017) study, in which the impact of mathematical modeling on student motivation and
problem-solving abilities was influenced by the teaching competence. Moreover, the present
results are inconsistent with that of An et al. (2004) and Kelly (2006). An et al. (2004) found
that teachers with greater levels of content knowledge and pedagogical content knowledge
were more effective at real-world problem-solving activities and encouraging student
motivation and performance. Kelly (2006) also discovered that instructor competence had a
significant role in real-world problem-solving activities. According to him, instructors who
exercise competence in making mathematics connections by using manipulatives highly

impacted on student motivation.
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4.2.3 Moderated-Mediation Effects of History of Mathematics Concepts on the

Relationship between Mathematics Connection and Achievement Motivation

According to Hayes (2015), moderated mediation refers to a situation where the mediating
effect of Teaching Quality (TQ) on the relationship between Mathematics Connection (MC)
and Achievement Motivation (AM), is influenced by History of Mathematics Concepts
(HMC). In other words, the indirect effect of MC on AM through TQ is contingent upon the
levels or conditions of HMC. Per the findings, low HMC levels heightens the indirect effect
of MC on AM through TQ whereas the indirect effect of MC on AM through TQ is lowered
at higher HMC levels. This means that an increase in HMC weakens the indirect effect of

MC on AM.

Extant studies revealed that historical context gives a richer knowledge of mathematical
concepts and their applications. That is, history provides the basis to construct problem-based
lessons that interest and encourage students. Arthur, Appiah, et al. (2022) opined that it is
necessary to consider the historical evolution of mathematical models for solving real-world
problems. The strategy increases the enjoyment of teaching and the incentive of students to
learn. History-rich instruction has a favorable influence on learners' motivation and attitudes
about mathematics (Doz, 2021). Betul (2012) noticed that students’ enthusiasm for active
learning participation increased as history served as an antidote to mathematics anxiety.
Butlner's and Baki's (2020) study found that students experienced the utilitarian value of
mathematics as they engaged in history-rich lessons. Also, Arthur 2012 identified that
teachers' explanations of historical events underlying topics spark students' comprehension,
leading to increase in mathematics interest. However, the present discoveries are inconsistent

with these findings.
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Despite research demonstrating the worth of mathematics history in schools, there are serious
and basic issues with history integration. In the notion of Fried (2001), while it is desirable
to incorporate historical topics into instruction, the teaching of contemporary mathematical
procedures required in the pure and applied sciences leads teachers to either belittle or
misrepresent history. This dedication, in particular, compels teachers to take, what Fried
(2001) referred to as "Whiggish" approach to teaching mathematics with historical themes.
First, history of mathematics diverts education from the normal stream of instruction, and
subsequently, it transforms mathematics study into the study of archaic mathematics texts.
As aresults, the level of students perceptions of mathematics caused by incorporating history
of mathematics in instruction could not significant (Arthur, Appiah, et al., 2022) because

teaching quality could be weakened by this approach.

83



CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.0 Overview

This chapter summarizes the salient points in the study. Also, conclusions were arrived at
the major findings, and recommendations were suggested to stakeholders of Ghana education
including teachers, teacher educators, Ghana Education Service, National Teaching Council

and many more.

5.1 Summary of the Study

The study explored the mediating and moderating effects of teaching quality, teaching
competence, and history of mathematics concepts on the relationship between mathematics
connection and achievement motivation. A survey was undertaken in Kumasi senior high
technical School in Kumasi of Ghana's Ashanti region. The study adopted descriptive survey
design on a random sample of 400 form 2 and form 3 students selected from a population of
about 3200 pupils offering the courses; General Arts, General Science, Visual Arts, Business,
Home Economics, and Technical. The study captured data of students’ opinions about the
constructs using structured questionnaires which were then analyzed by structural equation
modelling (SEM) on AMOS (version 23). Preliminary analyses involved exploratory factor
analysis, and confirmatory factor analysis. Construct reliability metrics included computed
alpha-reliabilities and composite reliabilities. Construct validity metrics were also
determined by computing discriminant validity and convergent validity. To achieve the
objectives of the study, estimations of direct effects, indirect effects and interaction effects

were conducted.
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5.2 Major Findings

The study made the following discoveries:

1. Demographic variables (age, gender, form, and course) were revealed to have
insignificant effects on mathematics achievement motivation of students.

2. Mathematics connection, teaching quality, teaching competence, and history of
mathematics concepts all positively and significantly predicted achievement motivation.

3. The indirect effect of mathematics connection on achievement was found to be positively
mediated by teaching quality.

4. The association of mathematics connection with achievement motivation was shown
insignificantly affected by the interaction effect of teaching competence.

5. The second half of the path of the indirect effect of mathematics connection on
achievement motivation was identified negatively and significantly moderated by history

of mathematics concepts.

5.3 Conclusions

The study assessed the mediation and moderation effects of teaching quality, teaching
competence, and history of mathematics concepts on the relationship between mathematics
connection and achievement motivation of senior high school students in Ghana. In
conclusion, mathematics connection, teaching quality, teaching competence, and history of
mathematics concepts all revealed substantial favorable influence on mathematics
achievement motivation. Additionally, teaching quality mediated the effects of mathematics
connection on achievement motivation. Also, teaching competence failed to moderate the

direct effects of mathematics connection on achievement motivation. Lastly, the effects of
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mathematics connection on achievement motivation through teaching quality was moderated

by history of mathematics concepts.

5.4 Recommendations

According to the findings of the study, the following were proposed:

1. In mathematics teaching and learning, teachers should establish mathematics connections
to real-life scenarios, other subjects, and students’ lives. This technique is contingent upon
the syllabus and mathematics textbooks inclusion of real-life problem-solving tasks for
various topics. NaCCA should ensure that the mathematics syllabus and textbooks for
senior high schools incorporate real-life scenarios, examples and activities that are
motivating. In doing so, understudies nurture the desire and like for mathematics concepts.

2. Ghana Education Service should ensure that recruitment require mathematics instructors
should be educated enough, possess the relevant credentials and certification from
accredited institutions, and have better interpersonal relationships. Mathematics
instructors should be in possession of the minimum academic qualifications to deliver
effective lessons that incorporate relevant real-word examples.

3. National teaching Council should ensure that mathematics instructors had sufficient grasp
of mathematics content as well as pedagogical skills necessary to strengthen the
preparation and delivery of lessons that incorporate real-world problem-solving tasks. To
do so, professional development programs should be planned and implemented regularly.
These include workshops, seminars, symposiums, online discussions etc. that builds the
professional competence of mathematics teachers.

4. Teachers should ensure that their inclusion of historical themes of concepts in instruction

should not waste instructional time, and diverts students’ attention from the topic at hand.
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Because, telling too much history relates modern teaching to archaic ideas which confuses

learner
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APPENDIX Al

QUESTIONNAIRE

A survey information on “Predicting students achievement motivation using mathematics
connection: mediation and moderation role of teaching quality, teaching competence and history of
Mathematics concepts”.

Dear student, this survey is for academic purposes only. Your response will be kept confident and
anonymous.

Background Information

Please tick [N] where appropriate.
1. Gender: Male[ ] Female[ ]

2. Age: 11-15[ ]116-20[ 120-25[ ]Above20[ ]
3. Form:Form1[ ]JForm2[ ]JForm3[ ]
4.

Course: General Arts[ ] Visual Arts[ ] General Science [ ] Technical[ ] Home
Economics[ ] Business[ ]

Rank the following factors that may contribute to your acceptance or rejection on Teaching
Quiality
SD=Strongly disagree; D=Disagree; N=Neutral; A=Agree; SA=Strongly

agree Table |
SN Teaching Quality SD|D |N SA
1 A quality teacher presents mathematical concepts in an orderly manner.
9 Teachers zflssi_gning s‘gudents in the_ir spare time increase the quality of
mathematics instruction and learning.
3 Teachers prqvide er}ough classroom tasks for me to do in order to assess my
grasp of the idea being taught.
4 My maths instructor urges me to learn the subject.
5 My maths teacher offers inspiring comments for improved understanding.
6  Poor learners are guided to learn better.
7 Students are allowed to participate in class.
8  Teachers have cordial relationship with students
9  Teachers can tell when a pupil is having difficulty
10  Teachers summarize lessons for pupils to remember it better
Rank the following factors that may contribute to your acceptance or rejection on Teaching
Competence
SD=Strongly disagree; D=Disagree; N=Neutral; A=Agree; SA=Strongly
agree Table 11
SN Teaching Competence SD|D | N SA
1  Teachers encourage pupils to think critically.
2  Teachers effectively ask questions.
3  Teachers teach mathematical ideas in a straightforward and related manner.
4 Teachers guide class discussions.
5  Teachers are well-versed in mathematics concepts.
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6 Teachers stimulates students’ attention.

7  Teachers use teaching and learning materials to improve our understanding.
8  Teachers dictates learning objectives for lesson.

9  Teachers use different approaches in teaching.

10 Teachers demonstrate in-depth knowledge apart from textbooks.

Rank the following factors that may contribute to your acceptance or rejection on Achievement

Motivation
SD=Strongly disagree; D=Disagree; N=Neutral; A=Agree; SA=Strongly
agree Table 111
SN Achievement Motivation SD SA
1 | enjoy maths situations in which I may test my abilities.
5 When | am presentgd with a mathgm_atics problem that I believe I can solve, |
am attracted to begin working on it right away.
3 | appreciate maths questions in which I can put my skills to solve.
4 Mathematics activities that allow me to put my skills to test attract me.
5 I enjoy maths problems in which I challenge my abilities.
6  When I don’t understand mathematics problem, I don’t give up easily.
7  Evenif I make a lot of mistakes in solving questions, | like maths.
8 | enjoy learning new concepts in mathematics.
9 I enjoy working difficult mathematics assignments.
10 If I do not understand a problem immediately, | start feeling worried.
Rank the following factors that may contribute to your acceptance or rejection on History of
Mathematics Concepts
SD=Strongly disagree; D=Disagree; N=Neutral; A=Agree; SA=Strongly
agree Table IV
SN History of Mathematics Concepts SD SA

My math teachers introduce new ideas by explaining the historical

1 background.

2 |l appreciate learning about the history of the mathematics concepts we study.

3 I grasp mathematics concepts better when a teacher introduces topics by their
history.

4 The history of mathematics adds significance to mathematics learning.

5  Explaining history of topics makes maths learning exciting

6 I am encouraged to learn history of mathematics concepts

7 History helps me develop better understanding of how formulae and concepts
developed.

8 I could see how mathematics has been used to solve real-life problems in the
past.

9  History keeps me awake during math class.

10 Lessons that included the history of mathematics are not boring

110




Rank the following factors that may contribute to your acceptance or rejection on Mathematics
Connection

SD=Strongly disagree; D=Disagree; N=Neutral; A=Agree; SA=Strongly

agree Table V

SN Mathematics Connection SD | D

Teachers relate mathematical concepts to real-world issues.

1
2  Teachers connect Mathematics to other subjects.

3 Teachers present examples and case studies.

4 Teachers set aside time each week to practice class exercises.

5 There is coorqlination between class work and the assignment supplied by
the mathematics teachers.

6  Teachers teach topics in concrete form.

7 Teacher explains the role of mathematics in our lives.

8 I can see the parallels and contrasts between mathematical ideas.

9 Ican solve challenges in my daily life by thinking mathematically.

10 I can explain the significance of maths in several areas.
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APPENDIX B2

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling

Adequacy.

Bartlett's Test of Sphericity ~ Approx. Chi-Square

df

Sig.

.836

2887.548
190
.000

Total Variance Explained

Extraction Sums of

Rotation Sums of Squared

Initial Eigenvalues Squared Loadings Loadings

% of Cumula % of [Cumula % of [ Cumul
Component | Total | Variance | tive % | Total | Variance | tive % | Total | Variance | ative %
1 5.434 27.172( 27.172| 5.434( 27.172| 27.172|2.872| 14.358| 14.358
2 2.341 11.706| 38.878|2.341| 11.706| 38.878| 2.671| 13.355| 27.713
3 1.917 9.585| 48.464| 1.917 0.585| 48.464| 2.661 13.303| 41.016
4 1.672 8.358| 56.821| 1.672 8.358| 56.821|2.639| 13.197| 54.213
5 1.442 7.210| 64.032]| 1.442 7.210| 64.032| 1.964 9.818| 64.032
6 729 3.644| 67.676
7 678 3.391| 71.067
8 .654 3.270| 74.337
9 601 3.006| 77.343
10 553 2.763| 80.106
11 501 2.506| 82.612
12 AT7 2.385| 84.997
13 469 2.347| 87.344
14 459 2.294| 89.638
15 403 2.015| 91.654
16 383 1.914| 93.567
17 363 1.817| 95.384
18 .339 1.695| 97.079
19 334 1.671| 98.750
20 250 1.250 100'08

Extraction Method: Principal Component Analysis.
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Rotated Component Matrix

Component

3

TQ5
TQS
TQ4
TQ3
TQ1
MC9
MC10
MC8
MC7
TC6
TC7
TC9
TC4
AM3
AM2
AM4
AM1
HMC1
HMC2
HMC3

749
.739
137
135
.686

811
799
.788
185

813
.802
175
124

779
167
761
124

.804
784
.709

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
Rotation converged in 5 iterations.

Statistics
Gender Age Form Course

N Valid 390 390 390 390

Missing 0 0 0 0
Sum 616 761 828 1299

Gender
Valid Cumulative
Frequency | Percent Percent Percent

Valid male 164 42.1 42.1 42.1

female 226 57.9 57.9 100.0

Total 390 100.0 100.0
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Age

Cumulative
Frequency | Percent | Valid Percent | Percent
Valid 11-15 31 7.9 7.9 7.9
16-20 351 90.0 90.0 97.9
20-25 5 1.3 1.3 99.2
Above 25 2 5 5 100.0
Total 390 100.0 100.0
Form
Valid Cumulative
Frequency | Percent Percent Percent
Valid Form 2 349 89.5 89.5 89.5
Form 3 37 9.5 9.5 100.0
Total 390 100.0 100.0
Course
Valid Cumulative
Frequency | Percent Percent Percent
Valid General Arts 67 17.2 17.2 17.2
Visual Arts 58 14.9 14.9 32.1
General Science 96 24.6 24.6 56.7
Technical 36 9.2 9.2 65.9
::;:zmics 14| 292 29.2 95.1
Business 19 4.9 4.9 100.0
Total 390 100.0 100.0

Reliability Statistics

Cronbach's
Alpha

N of Items

811

5
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Reliability Statistics

Cronbach's
Alpha

N of ltems

.820

4

Reliability Statistics

Cronbach's
Alpha

N of ltems

814

4

Reliability Statistics

Cronbach's
Alpha

N of Items

.709

3

Reliability Statistics

Cronbach's
Alpha

N of Items

827

4
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