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Abstract
Students' performance in national assessments of mathematics at Grades 2, 4, and 6 has
been a cause for concern in the Eastern Caribbean. Researchers have called for studies to
focus on primary mathematics teachers' pedagogies rather than on laptops and
curriculum; however, it is unclear how primary mathematics teachers' pedagogical
knowledge influences these student’s achievement. The purpose of this quantitative study
was to investigate the relationship between primary mathematics teachers' pedagogical
content knowledge (mathematical knowledge for teaching, quality of instruction, and
pedagogical qualifications) and student achievement, measured by national assessment
scores in Grenada, controlling for teachers’ age, gender, and experience. Ball and
colleagues' concept of mathematical knowledge framed this study. The sample comprised
77 teachers. An ordinary least squares regression tested the hypotheses. A statistically
significant relationship between the overall pedagogical content knowledge and student
achievement with controls, was noted. However, when student achievement was
regressed onto each independent variable individually, significance was found only with
mathematical knowledge for teaching. The findings could be used by administrators,
policymakers, and teachers to develop and improve mathematics teachers’ pedagogies
through professional development, ultimately improving student performance and

creating social change.
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Chapter 1: Introduction to the Study

The last decade has shown a rejuvenated interest in the importance of teachers’
pedagogical content knowledge (Hoover et al., 2016; Kelcey et al., 2019; Raiula and
Kumari, 2018). However, in most Eastern Caribbean countries including Grenada,
primary teachers typically commence teaching without formal preservice training (Baker-
Gardner, 2016; Jennings, 2017; Maynard & Jules, 2017). “Primary teachers are expected
to impart knowledge in all subjects, including the subtleties of mathematics, even if they
are in a state of amnesia or distaste for the subject” (Mathematics Curriculum
Development Officer, personal communication, September 11, 2020). As such, Ministries
of Education in the region assume that most neophyte teachers start with some form of
expertise in mathematics pedagogy and content knowledge. Researchers in the Caribbean
and worldwide refute this practice, stressing that teachers cannot teach what they do not
know (Jennings, 2017; Robinson, 2016; Scheon et al., 2017).

Similarly, Leacock (2015) and Cueto et al. (2016) revealed that countries in this
region are greatly challenged in identifying teachers who are adequately knowledgeable
in pedagogical content knowledge. The underachievement of students in standardized
examinations has senior educators and stakeholders questioning teacher knowledge, the
quality of mathematics teaching, and how they influence student performance (Bourne,
2019; Crossfield & Bourne, 2017). This quantitative multiple regression study was,
therefore, initially focused on examining a domain and filling a gap in understanding that
was lacking in the region (Cueto et al., 2016): primary mathematics teachers’ primary

pedagogical content knowledge (mathematical knowledge for teaching, quality of



instruction and pedagogical qualifications) and its influence on student achievement as
measured by national assessments. However, with the impact of the COVID-19
pandemic, coupled with the effects of the volcanic activity, this study was limited to
Grenada.

To avoid the threats of validity, specifically the outside influence on the variables,
| controlled for three variables. Nielsen and Raswant (2018) underscored the importance
of controlled variables in research to account for their effect and avoid falsely concluding
that the independent variables of interest have an influence on the dependent variable,
known as Type 1 error. Inadequate attention to controls can threaten the “validity of
inferences” made by the researcher (Nielsen & Raswant, 2018, p. 958). To avoid this
threat, teachers’ gender, age, and years of experience were included as controlled
variables. Armstrong (2015), Paypay and Kraft (2016), Santagata and Lee (2019), and
Toropova et al. (2019) showed that teachers’ years of experience do have an impact on
student achievement. Armstrong also explained the influence of age and gender on
student achievement. Fundamental to my choice of controls was Wayne and Youngs
(2003), whose research claimed that teachers' background variables are often used in
research studies, such as teachers' gender, age, degrees, certification, and years of
experience. Therefore, these controls variables were critical additions in this research.

This study was relevant to the Eastern Caribbean context, specifically Grenada
given the lack of understanding or research in this area (Jennings, 2017). Ongoing
research is needed to reveal details of pedagogical content knowledge and instructional

practices and its association with students' learning in different perspectives and contexts



(Chapman, 2015). Brown (2018), a Caribbean researcher, mentioned that a need in the
Caribbean education system is to equip teachers with pedagogical content knowledge and
content knowledge with the aim of making an impact in student achievement. Therefore,
with this study focus, education practitioners, scholars, and policymakers in Grenada may
use the findings to change the trajectory of how mathematics teaching is understood and
thus shape teachers’ entry requirements within the education system. Educators may use
the data to evaluate teachers’ mathematical development and provide professional
development sessions, as highlighted by Jennings (2017). The major sections of this
chapter feature the background, problem statement, purpose, research questions, nature of
the study, and theoretical underpinnings, among others, to garner a more coherent
understanding of the gap and focus.
Background

Although mathematics and mathematical knowledge are of the utmost importance
in several applications (Cason et al., 2019 & Yeh et al., 2019), according to the
Organization of Eastern Caribbean States (2012), performance in mathematics continues
to decline for most states. Since then, little has changed (Spencer-Ernandez & George,
2016; World Bank Group, 2018). The Eastern Caribbean region records average
performances (50%) in standardized assessments and struggles with developing teachers'
mathematics knowledge (Organization of Eastern Caribbean States, 2012). Coleman et al.
(1966), noticing gaps like these in the United States, was among the first to examine the
schools' contribution towards its students' achievements. However, little attention was

paid to teachers as a salient school factor related to student outcomes (Hanushek, 2016).
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Shulman (1986) identified the teacher's intricacies, what teachers know that goes beyond
knowledge of facts, concepts, and behavioral characteristics. In other words, teachers’
profound understanding of mathematics that is unique to the subject matter.

Shulman (1986) described this category of knowledge as pedagogical content
knowledge, the "missing paradigm™ (p.7). Content knowledge, though important for
teaching by itself, is not linked to the subject matter (Konig & Pflanzl, 2016; Shulman,
1986). Pedagogical content knowledge is a critical element in mathematics classrooms in
promoting effective instruction (Hill & Chin, 2018). Cochran (1991) claimed this
category of knowledge refers to an understanding that is unique to teachers and is what
teaching entails. Shulman’s (1987) and other definitions were more comprehensive.
Pedagogical content knowledge refers to the art of teaching that is unique to the subject
and amalgamates both content and pedagogy; a thorough understanding of what teachers
know, how they know it, what they do with it (Raiula & Kumari, 2018; Setyaningrum et
al., 2018; Shulman, 1987). In this study, pedagogical content knowledge was considered
specifically for the subject of mathematics.

Building on Shulman's work, subsequent researchers have enriched the
educational arena, interrogating teachers' mathematical knowledge and the plausibility of
it being key to student success (Ball et al., 2008; Ball and Bass, 2003; Cochran, 1991;
Grossman, 1990; Hill & Ball, 2004; Hill et al., 2005; Hill et al., 2008; Hoover et al.,
2016; Jacob et al., 2017). While Shulman (1986) considered pedagogical content
knowledge as knowledge of content and pedagogical knowledge, Ball et al. (2008) used

the term mathematical knowledge for teaching to refer to teachers’ content knowledge
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and their pedagogical content knowledge. Grossman's (1990) contribution to the literature
was also substantial, being the first to systemize teachers' knowledge base components
proposed by Shulman. Several researchers assert that the quality of mathematics
instruction depends on what teachers know and do, affecting student outcomes (Cueto et
al., 2016; Hill and Chin, 2018; Kelcey et al. 2019; Norton 2018). Other studies focused
on teachers' knowledge but narrowed their focus on a specific component of mathematics
such as Algebra (Leung, 2016; Sahin & Soylu, 2017), used small samples (Odumosu et
al. 2018), or focused on preservice teachers (Greenstein & Seventko, 2017). Others
authors, such as Atnafut and Zergaw (2020) and Rahman et al. (2021), conducted related
studies without the inclusion of controlled variables.

Grenada and other Eastern Caribbean countries, however, lack studies in the field.
One Caribbean researcher, Jennings (2017), called for research on teaching pedagogies in
Caribbean schools. Mathematics teachers are responsible for creating opportunities for
students to become mathematically proficient, and thus their knowledge of mathematics
must be strong and adaptable (Esendemir & Bindak, 2019). Jennings (2017) asked a
fundamental question: if teachers are not trained in requisite competencies, how can they
exert what they lack? Thus, Widodo (2017) reiterated that even if the teacher pedagogical
content knowledge does not relate to student achievements, teachers' pedagogical
knowledge is still essential in shaping teaching practice.

Several researchers have developed instruments to measure pedagogical content
knowledge (Aksu et al. 2014; Dagli, 2019; Mu et al., 2018; Sahin & Soylu, 2017; Sang et

al., 2016; Scheon et al., 2017). However, these tools were either not specific to
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mathematics or were limited in scope. One of the most popular tools is the Mathematical
Knowledge for Teaching (MKT; Hoover et al., 2016). MKT is an instrument that was
developed by Ball et al. (2008) under the Learning Mathematics for Teaching project out
of the unique needs of the Study of Instructional Improvement. It is particularly used to
investigate the effects of teachers’ mathematical knowledge on student achievements and
was piloted with over 500 K-6 mathematics teachers (Hill et al., 2004). Additionally, the
Mathematical Quality of Instruction (MQI) is another tool used to measure the
application of K-9 teacher's mathematical knowledge in classroom practices by assessing
the quality of the instruction (Centre for Education Quality Research (n. d.); Hill et al.,
2008). The MQI, like the MKT, has been proven to be reliable and valid (Hill et al.,
2008). Both tools were primarily used in North American countries, but according to
Cueto et al. (2016) and Hoover et al. (2016), they can be useful in another educational
context such as the Caribbean region. Teachers’ pedagogical qualifications (trained or
untrained) were determined using a demographic survey.

Although there is research on mathematics in the Caribbean, it has focused on
secondary and tertiary mathematics education (Bourne, 2019; Brown, 2018; Crossfield &
Bourne, 2017; Spencer-Ernandez & George, 2016). Primary mathematics teachers’
pedagogical content knowledge (mathematical knowledge for teaching, quality of
instruction, and pedagogical qualifications together) effects on national assessment
student achievement in Grenada and the Eastern Caribbean is still new territory as the
relationships are not clearly understood. While research in other countries exists on

pedagogical knowledge, they are not sufficient, and the application of pedagogical
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content knowledge, the quality of instruction, and teachers’ pedagogical qualifications to
determine the effects on student achievement is unclear (Hoover et al., 2016). This called
for further investigation and a better understanding of the concept in the Caribbean, and
hence the rationale for the study.
Problem Statement

Caribbean economies require a "new paradigm of pedagogy within the schools"
(Wolff, 2020, p. 4). Yet, countries in the Caribbean seemed to have placed more
emphasis on products such as the curriculum and laptops, rather than on the pedagogy of
the persons who are critical to making effective use of it to help students learn (Jennings,
2017). Jennings (2017) cited that future research in the Caribbean needs to take a
different approach, based not on whether the countries have achieved learner
centeredness, but on the pedagogies of teachers and its influence on student achievement
in the Caribbean context. Mathematics teachers' pedagogical content knowledge for
teaching is not a new phenomenon, but studies in the area provide limited and biased
representation (Hoover et. al, 2016). Researchers in the Caribbean, such as Brown
(2018), Bourne (2019), Crossfield and Bourne (2017), and Néaslund-Hadley et al. (2014),
focused their attention on secondary mathematics education. Even with these studies,
primary mathematics teachers’ pedagogical content knowledge (mathematical knowledge
for teaching, quality of instruction, and teachers’ pedagogical qualifications) and its
relationship to Caribbean student achievement has not been researched and understood.

In a study by Crossfield and Bourne (2017), the authors reinforced the need for

educators and researchers to reexamine teacher quality and its impact on students



learning. Although the researchers looked at teacher effectiveness in terms of how
mathematics teachers' qualifications, age group, tenure, experience, and position held
affect student's achievement, they did not include the critical teacher factor of
pedagogical content knowledge and quality of instruction in relation to student
achievement. Brown (2018) emphasized the need to ensure Caribbean teachers have the
requisite pedagogical content knowledge and content knowledge so that it can have a
positive effect on student achievement. Even more, Naslund-Hadley et al. (2014)
highlighted that there is a gap in teachers' mathematical knowledge in Latin American
classrooms, and that more research is needed to better understand its influence during
classroom instructions and on students' learning. In Latin American countries, further
studies needed to be conducted, specifically, teachers’ pedagogical content knowledge,
qualifications and use of that knowledge in classroom interactions (instructional quality)
and connections to student achievement. (Cueto et al., 2016).

Research in other countries also exists on teachers' pedagogical content
knowledge but is deficient (Hoover et al., 2016), and its applications to the Caribbean and
Grenada context is unclear. Hoover et al. (2016) and Kelcey et al. (2019) stated that
whereas a number of studies have investigated the nature and composition of
mathematical knowledge for teaching and developing teachers' knowledge, fewer studies
have investigated the impact such knowledge has on teaching and learning. Hoover et al.
(2016) added that the next step in this line of research is to examine the relationships
among mathematical knowledge for teaching, teaching practice, and student learning.

Although pedagogical content knowledge comprises knowledge of content, students, and



the curriculum, how these concepts are visible in mathematics teaching, and their
relationships are not well understood or articulated (Copur-Gencturk et al., 2019; Jacob et
al., 2017). Other authors such as Fernandez (2014), Hill and Chin (2018), Konig and
Pflanzl (2016), Norton (2018), and Odumosu et al. (2018) illustrated similar sentiments
on the need to investigate how teachers' pedagogical content knowledge, qualifications,
and instructional quality affect student achievements. Nielsen and Raswant (2018) also
emphasized the importance of including controlled variables in these research to
determine the true influence.

The initial intention was to address pedagogical content knowledge and student
achievement with controls in four Eastern Caribbean countries. However, given the
inevitable challenges with COVID-19 and the volcanic activity, | resorted to only one
Caribbean island, Grenada. Therefore, the problem addressed in this study was the
unclear understanding of how primary mathematics teachers’ pedagogical content
knowledge (mathematical knowledge for teaching, quality of instruction, and pedagogical
qualifications) influences student achievement in Grenada controlling for age, gender,
and years of experience. A better understanding of the relationship between primary
mathematics teachers’ pedagogies (mathematical knowledge for teaching, quality of
instruction, and teachers’ pedagogical qualifications) and Grenada’s national assessment
of student achievement controlling for age, gender, and years of experience may address
this important gap in scholarly knowledge. This was done through examining primary
mathematics teachers' pedagogical content knowledge (mathematical knowledge for

teaching, quality of instruction, and pedagogical qualifications) and their possible
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influence on student achievement from Grenada’s national assessments, controlling for
age, gender, and years of experience.
Purpose of the Study

The purpose of this quantitative study was to examine the relationship between
primary mathematics teachers’ pedagogical content knowledge (mathematical knowledge
for teaching as measured by the MKT scale, quality of instruction as measured by the
MQI tool, and teachers’ pedagogical qualifications value as measured by a demographic
survey) and student achievement. I initially sought to assess four Eastern Caribbean
countries. Dominica, Grenada, St. Lucia, and St. Vincent and the Grenadines, all in the
Southeast part of the Caribbean. The final sample included teachers only in Grenada. |
utilized a quantitative multiple regression research design to determine the relationship
between teachers’ mathematical knowledge for teaching, quality of instructional
practices, and pedagogical qualifications and Grenada’s assessment of student
achievement when controlling for teachers’ age, gender, and years of experience.

The dependent variable was student achievement and the independent variables of
interest were the mathematical knowledge for teaching, quality of instruction, and
teachers’ pedagogical qualifications, which were indicators of pedagogical content
knowledge. The mathematics knowledge for teaching was measured by the MKT tool
designed by Ball et al. (2008), the quality of instruction was measured by the MQI
observational scale (Centre for Education Quality Research (n. d.); Hill et al., 2008; Hill,
2014), and teachers’ pedagogical qualifications was measured using the demographic

survey. Note that the MQI tool was designed to code video recordings of a teacher
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teaching a mathematics lesson, rather than a scale for use in “live” classroom instruction
(Learning Mathematics for Teaching Project, 2011, p. 31). Student achievement was
measured by Grenada’s standardized assessment scores and the results of those scores
were mated with the knowledge for teaching, quality of instruction scores, and the
pedagogical qualifications. Together, these scores were used to develop a better
understanding of the relationship, if any, that existed between primary mathematics
teachers’ pedagogical content knowledge (mathematical knowledge for teaching as
measured by the MKT scale, quality of instruction as measured by the MQI tool, and
teachers’ pedagogical qualifications value measured by the demographic survey) and
Grenada’s national assessment of student achievement controlling for age, gender, and
years of experience.
Research Questions and Hypotheses

Overarching Research Question: What is the relationship between primary
mathematics teachers’ pedagogical content knowledge (mathematical knowledge for
teaching as measured by the MKT scale, quality of instruction as measured by the MQI
tool, and teachers’ pedagogical qualifications as measured by a demographic survey) and
Grenada’s national assessment of student achievement together and individually,
controlling for teachers’ age, gender, and years of experience?

H1o: There is no statistically significant relationship between primary

mathematics teachers’ mathematical knowledge for teaching as measured by the

MKT scale and Grenada’s national assessment of student achievement,

controlling for teachers’ age, gender, and years of experience.
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H11: There is a statistically significant relationship between primary mathematics
teachers’ mathematical knowledge for teaching as measured by the MKT scale
and Grenada’s national assessment of student achievement, controlling for
teachers’ age, gender, and years of experience.

H2o: There is a no statistically significant relationship between primary
mathematics teachers’ quality of instruction as measured by the MQI tool and
Grenada’s national assessment of student achievement, controlling for teachers’
age, gender, and years of experience.

H21: There is a statistically significant relationship between primary mathematics
teachers’ quality of instruction as measured by the MQI tool and Grenada’s
national assessment of student achievement, controlling for teachers’ age, gender,
and years of experience.

H3o: There is no statistically significant relationship between primary
mathematics teachers’ pedagogical qualifications as measured by the
demographic survey on Grenada’s national assessment of student achievement,
controlling for teachers’ age, gender, and years of experience.

H31: There is no statistically significant relationship between primary
mathematics teachers’ pedagogical qualifications as measured by the
demographic survey on Grenada’s national assessment of student achievement,
controlling for teachers’ age, gender, and years of experience.

H4o: There is no statistically significant relationship between primary

mathematics teachers’ pedagogical content knowledge (mathematical knowledge
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for teaching as measured by the MKT scale, quality of instruction as measured by

the MQI tool, and teachers’ pedagogical qualifications as measured by a

demographic survey) and Grenada’s national assessment of student achievement.

H41: There is a statistically significant relationship between primary mathematics

teachers’ pedagogical content knowledge (mathematical knowledge for teaching

as measured by the MKT scale, quality of instruction as measured by the MQI

tool, and teachers’ pedagogical qualifications as measured by a demographic

survey) and Grenada’s national assessment of student achievement.

Conceptual Framework

The conceptual framework that undergirded this study was the Ball et al. (2008)
conceptualization of MKT. Scholars built on the foundational work done by Shulman
(1986 and 1987), such as Grossman (1990) who systemized Shulman's knowledge base
components. However, the most prominent is the model developed by Ball et al. (2008)
on MKT. Ball et al. (2008) defined mathematical knowledge for teaching as the
knowledge and skills that are unique to the teaching of mathematics. They used
Shulman's principles to classify MKT into only two subdomains: subject matter
knowledge and pedagogical content knowledge. Each area was further subdivided into
three categories.

In their study, Ball et al. (2008) went beyond a definition of what pedagogical
content knowledge means. They outlined the fundamentals of MKT, its subdomains, and
developed a reliable measurement tool for the area under the Learning Mathematics for

Teaching project. Ball and colleagues also defined three dimensions of pedagogical
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content knowledge: knowledge of typical student misconceptions and errors (knowledge
of content and students), knowledge of examples and concrete materials that facilitate
learning (knowledge of content and teaching), and knowledge of the specific materials
used in instruction (knowledge of content and curriculum). Although Ball et al. (2008)
did not specify which items falls under a particular component, | believed that the holistic
tool was an excellent measure of teachers’ pedagogical knowledge in terms of
mathematical knowledge for teaching and was used in this study. Using this framework, |
examined the relationship between teachers’ pedagogical content knowledge
(mathematical knowledge for teaching measured by the MKT scale, quality of instruction
as measured by the MQI tool, and teachers’ pedagogical qualifications as measured by a
demographic survey) and Grenada’s student achievement.

A body of research has demonstrated support of the need for the study of
teachers’ pedagogical content knowledge, quality of instruction, and teachers’
pedagogical qualifications and their influence on student achievement, as highlighted in
the purpose of this study. Hill and Chin (2018) advised that researchers need to uncover
the specifics of how teachers use their mathematical knowledge in classroom practices.
There is need for expansive research on teachers’ qualifications and student achievement
with an adequate sample size (Holland, 2011). Scheon et al. (2017), called specifically
for more research that investigates the association between teacher’s knowledge and
student learning. Cueto et al. (2016) called for studies examining whether or not teachers
with high level of pedagogical content knowledge show that knowledge in classroom

interactions and how they implement their knowledge of students and content.
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Additionally, Hoover et al. (2016) highlighted that the MKT framework has been the

popular framework utilized when conducting studies on teachers’ mathematical
knowledge for teaching. Some of these authors noted from the literature include Ball et
al. (2008), Campbell and Malkus (2014), Copur-Gencturk (2012), Garet et al. (2016), Hill
(2007), Hill et al. (2008), Jankvist et al. (2016), Kelcey et al. (2019), and Speer et al.,
(2015). This chapter gave a brief outline of this framework. However, Chapter 2 provided
a deeper analysis of the MKT framework.

There is a connection among the elements of the MKT framework. Though Ball et
al. (2008) made this distinction between pedagogical content knowledge and subject
matter knowledge on paper, researchers such Friedrichsen et al. (2009), Hill et al. (2004)
and even as Ball et al. (2008) showed that they are inseparable in practice and when
merged to form mathematics knowledge for teaching as claimed by Hill et al. (2008).
Friedrichsen et al. (2009) and Kleickmann et al. (2012) considered subject matter
knowledge as a prerequisite for pedagogical content knowledge. Measures of pedagogical
content knowledge should therefore contain subject matter mater knowledge and
pedagogical knowledge, such as the Ball et al. (2008) MKT tool, to get a complete
picture of mathematics teachers’ pedagogies. This was the case in this study.

Nature of the Study

This study utilized a quantitative multiple regression research design. Researchers
have demonstrated the need for investigators to conduct more quantitative studies in
teachers' mathematical knowledge linking it to student achievement (Friesen & Kuntze,

2020; Hoover et al., 2016; Konig & Pflanzl, 2016; Raiula & Kumari, 2018) with a larger
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sample (Copur-Gencturk, 2012). Quantitative correlational research designs can provide
a large amount of information, allowing for the exploration of several variables
simultaneously (Queirds et al., 2017). According to Aydelotte (1966) and Benson (1957),
such quantification provides a means for verifying general statements and according to
Asamoah (2014), it is based on precise measurements. It helps to explain, compare, and
in this case attempt to predict and control the phenomenon of interest to get results
(Apuke, 2017). Quantitative regression methods also offer a more systematic means of
testing hypotheses and relationships that can readily emerge, and that could not be seen
easily otherwise (Aydelotte, 1966). Bollen and Barb (1981) articulated the importance of
determining the strength of the relationship between variables to ensure the precision of
results.

The multiple regression design was specifically used in this study to provide
means of answering the research question for this study. This technique has become more
popular over the years because of its ability to examine linkages among pairs of variables
with the ability to control for confounds and to test associations among a series of
variables (Hoyt et al. 2006). Multiple regression also has the benefit of determining the
predictive powers of individual independent variables on the dependent variable as well
as the overall relationship of a set of variables on the dependent variable (Hoyt et al.,
2008). This flexibility was necessary for this study.

The purpose of this study was to determine the relationship between primary
mathematics teachers’ pedagogical content knowledge (mathematical knowledge for

teaching as measured by the MKT scale, quality of instruction as measured by the MQI
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tool, and teachers’ pedagogical qualifications as measured by the demographic survey),
and Grenada’s national assessment of student achievement controlling for age, gender,
and years of experience. Grenada’s national assessment student achievement was the
dependent variable, while the mathematical knowledge for teaching, quality of
instruction, and teachers’ pedagogical qualifications were the independent variables of
interest.

Data was collected individually from one Eastern Caribbean country (Grenada)
Grades 2, 4, and 6 mathematics teachers using the MKT questionnaire type survey from
the Learning Mathematics for Teaching project (Ball et al. 2008). Data was also collected
from these teachers through video recording of the teaching of one mathematics lesson
and rating of these instructional practices, using the MQI tool (Center for Education
Policy Research (n. d.); Hill et al. 2008). The rating of the instructional practice from the
videos were done by trained mathematics specialists.

From the demographic survey, | collected data on teachers’ pedagogical
qualifications. Data was also collected on student achievement using secondary data from
Grenada’s archival national assessment database and reports. The data from the four
variables, including the control variables was aligned based on pre-established codes for
the students that had part of their corresponding teachers’ codes, the school codes and the
countries codes. | consulted the developers of the first two tools and permission was
granted to use or adapt them for use in this study. Permission was also sorted via a letter
to the Chief Education Officer to gain access to Grenada’s standardized assessment

scores. This permission was granted. Therefore, MKT, MQI scores, teacher pedagogical
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qualifications values, and control variables values along with the national assessment
scores from the Ministry of Education 2021 databases, was used to measure the
relationship between teachers’ mathematical knowledge for teaching, quality of
instruction, and pedagogical qualifications and student achievement.

To estimate the relationship between the three independent variables (teachers'
mathematical content knowledge, teachers’ quality of instruction, and pedagogical
qualifications) and the dependent variable (student achievement), I specifically used the
ordinary least squares procedure to conduct the multiple regression analysis. According
to Hoyt et al. (2006), using a least squares algorithm for regression analysis, reduces the
residuals or sum of the squared errors of prediction in all sample cases. Mahaboob et al.
(2018) postulated that ordinary least squares is one of the major and most popular
statistical techniques used in analyzing data. Ordinary least squares models assume that
the analysis is fitting a model of the influence of one or more independent variables on a
continuous dependent variable (Zdaniuk, 2014). Since this study determined the influence
of the independent variables on the continuous dependent variable with control variables,
this technique was applicable to this study.

Definitions
Throughout the course of this study, I used the following operational terms.

Eastern Caribbean: is a chain of islands among the smallest countries in the

world, in terms of population, land area and Gross Domestic Product, bounded by the

Caribbean Sea (World Bank Group, 2018).
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Mathematical knowledge for teaching: Mathematics knowledge for teaching
refers explicitly to the knowledge, skills, and understanding that teachers need in teaching
the subject of matter for effectiveness (Raiula & Kumari, 2016; Shulman, 1987).

Mathematics quality of instruction and use: refers to the quality of mathematics
instruction or the use of mathematics knowledge as the teachers' actions observed during
teaching (Manizade and Orrill, 2020).

Pedagogical content knowledge: refers to a comprehensive understanding of the
subject matter knowledge and pedagogy that is unique to teachers (Cochran, 1991;
Setyaningrum et al., 2018; Shulman, 1986). According to Ball et al. (2008), pedagogical
content knowledge consists of:

e Knowledge of content and students refers to the amalgamation of what
teachers know about students and the content mathematics (Ball et al.,
2008).

e Knowledge of content and teaching is described as a combination of what
teachers know about teaching and the content mathematics Ball et al.
(2008)

e Knowledge of content and the curriculum refers to a combined
understanding of the range of materials and programs for teaching, which
“serves as a tool of trade for teachers” (Shulman, 1987, p. 8) and an
understanding of the mathematics content.

Pedagogical knowledge: an understanding of how students learn mathematics,

how to teach it, and how to assess and evaluate students’ understanding of mathematics
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materials (Setyaningrum et al., 2018). That is what teachers know about teaching, in this
case, mathematics.

Primary school: Organization of the Eastern Caribbean States Educational
Statistical Digest referred to primary school as the phase of compulsory education that
spans from ages 5-12, starting the cycle at Kindergarten and ending at Grade 6
(Organization of the Eastern Caribbean States, 2020).

Student achievement: measure of, in this case, the mathematics content knowledge
and skills that student’s learn in a determined amount of time and level through
standardized tests (Ballafkih & Middelkoop, 2019). Grades and achievement tests are
often used as a measure of student achievement.

Subject matter knowledge: an understanding of mathematics content or horizon
(Lee et al., 2018). Knowing about its structure, the body of concepts, facts, skills and
definitions as well as methods of justification and proof and offer some results on the
way in which teachers might hold this knowledge (Even, 1993). Subject matter
knowledge according to Ball et al. (2008) consists of:

e common content knowledge: the "mathematical knowledge known in
common with others who know and use mathematics" (Ball et al., 2008, p.
403).

e specialized content knowledge, according to Ball et al. (2008) is the skills

and knowledge unique to mathematics teaching.
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e Horizon knowledge: an "awareness of how mathematical topics are related
over the span of mathematics included in the curriculum” (Ball et al.,
2008, p. 403).

Teachers’ pedagogical qualifications: certification in the pedagogies of teaching
specific to an area of expertise among other areas (Zuzovsky, 2008) obtained through a
teacher’s college or university. It determines whether a teacher is qualified or trained or
not qualified (untrained) and is within the education system. In the Eastern Caribbean,
teachers are certified by the University of the West Indies, which has responsibility for
quality control and development functions in teacher education (Jennings, 2001).

Assumptions

I made a number of assumptions in this study. One is that teachers’ responses on
the MKT items were a true reflection of their mathematical knowledge and that their
responses genuinely reflected what they know. | assumed also that teachers’ pedagogical
content knowledge was about the same in all grade levels, but that differences exist based
on teachers’ gender, qualifications, age, years of teaching experiences, and school type. |
assumed that there were no major correlations between the independent variables and that
the independent variable was related to the dependent variable. | also assumed that
Grenada’s standardized assessment instruments results were comparable within schools.
An additional assumption was that the outcomes testing by all schools were similar
because student achievement was tested using the same OECS Harmonized Curriculum
and the same standardized instrument. Finally, | assumed that if teachers were better

aware of how to effectively utilize their pedagogical knowledge in the classroom to bring
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about positive changes in students’ performances, then they would use more of this
knowledge in their instruction.
Scope and Delimitations

The scope of this study involved teachers and students from one country in the
North Eastern Caribbean region (Grenada). The study was confined to 44 primary Grades
2, 4, and 6 mathematics teachers from Grenada. Grades 2, 4, and 6 teachers were selected
because throughout Grenada, there was a national standardized test administered by the
Ministry of Education for all schools at those grade levels. Items from the examinations
were designed using the OECS Harmonized Curriculum for the grade levels. However,
the scores from these assessments were not used for comparative purposes across
schools. I ran the data generally for the country. The data was limited to one MKT
assessment administered to the Grade 2, 4, and 6 teachers and Grenada’s national
assessment scores for Grade 2, 4, and 6 students for 1 year period, along with one four-
cycle classroom observation using the MQI. Teachers’ qualifications were limited to
certification at teacher’s college or a teacher training university. Thus, the first instrument
to be administered was the demographic survey (data for Independent Variable 3 and
controls), then the Learning Mathematics for Teaching MKT (data for Independent
Variable 1) followed, and the quality of instruction via the MQI (data for Independent
Variable 2). Finally, achievement measured by Grenada’s Ministry standardized test as
the dependent variable helped in determining the influence of the three independent

variables, and control variables on the dependent variable.
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Limitations

In meeting the goal of this study, there were a few possible limitations to be
considered. The ability to get the large sample size, as was required in this quantitative
study and to fulfill all multiple regression assumptions, was a challenge. Additionally,
recruiting teachers who agreed to participate in a study that assessed their knowledge,
proved to be a difficult task. Allowing teachers to video record themselves teaching a
mathematics lesson took a significant amount of time, especially the teachers who were
tardy in recording and emailing their videos. Thus, there were disparities in the timeframe
in which data was collected from the MKT Survey and the video recording. Teacher
absenteeism posed another challenge in conducting the study.

Significance

This study can fill a vital gap in understanding by focusing specifically on the
influence of Caribbean teachers' pedagogical content knowledge (mathematical
knowledge for teaching, quality of instruction, and pedagogical qualifications) on
students' learning. This study addressed an under-researched and not well-understood
area of teachers' mathematical knowledge, qualifications, and its use and the influence on
students’ learning (Mosvold & Hoover, 2018). It is particularly unique because, according
to Cueto et al. (2016) and Né&slund-Hadley et al., (2014), there are a lack of studies on
this topic in developing countries in Latin America. After reviewing 349 empirical
articles on mathematics teachers' content knowledge, Hoover et al. (2016) also indicated
that because of this gap, there is a need for a growing body of knowledge seeking to

underscore and better understand the importance of teachers' mathematical knowledge for
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improvements in learning as measured by achievement tests. Research has also shown
that although teachers may have high pedagogical knowledge levels, they may not
necessarily use it in the classroom (Cueto et al., 2016). Therefore, there is a call for
further investigations into what teachers do with such knowledge and the associations
between teachers' mathematical knowledge and students' learning (Evens et al., 2015;
Schoen et al., 2017).

This study sought to determine the relationship between primary mathematics
teachers’ pedagogical content knowledge (mathematical knowledge for teaching, quality
of instruction, and pedagogical qualifications) and student achievement in Grenada,
controlling for teachers age, gender, and years of experience. If so, the results of the
study could be used by administrators, educators, policymakers, and teachers to
determine ways of improving mathematics teachers’ pedagogies as a means of
influencing improved student performance. Van de Walle et al. (2010) explicitly stated
that the mathematical competence had been viewed as the door opener to successful and
effective teaching and further asserted that teachers' knowledge of mathematics and how
students learn mathematics are the two most essential tools teachers can acquire to
become an effective mathematics teacher. The Ministry of Education, Grenada, may
further use the insights to provide details on the criteria needed for selecting prospective
mathematics teachers and in developing polices for hiring mathematics teachers.

The results can further shed light on teachers' mathematical knowledge in
Grenada and how well Grenadian teachers use this knowledge in the classroom to impact

learning and create social change. Backes et al. (2017), Hill and Chin, (2018), Cueto et al.
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(2016), Hill et al. (2005), Kelcey et al. (2019), and Raiula and Kumari (2018) assert that

the quality of mathematics instruction depends on what teachers know and do, which may
have an effect on student outcome and thus is a useful area of research focus in the
teaching fraternity. Insights from this study may aid in the design and enactment of
professional development plans and preservice teacher training in subject matter
pedagogy. With the measure of teachers’ pedagogical qualifications, it provided data for
informing policies for teacher education training and certification.

This Caribbean setting can also present novel findings that can potentially create
positive social change through effective teaching and learning of mathematics and
ultimately student's success. If the Ball et al. (2008) MKT score is related to student
achievement, then Grenada’s Ministry of Education officials and policy directorates can
use the results from this study to provide the tool as a measure of primary mathematics
teachers’ knowledge before they enter teaching. This move can foster positive social
change in the means of appointing teachers into the service, since currently teachers have
no training before entering the service. It can transform expert students who have
successfully completed college and have expertise in the subject matter into an
understandable form by students (Shulman, 1986). It may also help in predicting student
achievement, determining potential trends over a period and making the necessary
changes to develop the pool of teachers currently within the teaching fraternity. The
ministry may further use the results to provide avenues and seek funding for teachers to
upgrade their skills in mathematical pedagogies, which may in turn influence student

achievement for the betterment of their communities (Baumert et al., 2010).
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Summary

This quantitative multiple regression aspect of the study was conducted to
investigate the relationship between primary mathematics teachers’ pedagogical content
knowledge (mathematical knowledge for teaching as measured by the MKT scale, quality
of instruction as measured by the MQI tool, and teachers’ pedagogical qualifications as
measured by the demographics survey) and Grenada’s national assessment of student
achievement, controlling for teachers’ age, gender, and years of experience. | determined
mathematics teachers’ pedagogical content knowledge using Ball and colleague’s (2008)
MKT, Hill and colleague’s (2008) MQI, and teachers’ pedagogical qualifications value
from a demographics survey. Student achievement was measured using secondary
standardized assessment scores from Grades 2, 4, and 6. The teachers’ grouped scores
were matched with their student’s scores using codes that include alignment numbers to
the country, school, and teacher. The proposed countries participating were Dominica,
Grenada, St. Lucia, and St. Vincent and the Grenadines, though the final study was
completed in Grenada.

Chapter 2 includes a review of the research literature on demands in mathematics
teaching, primary mathematics teachers' mathematical knowledge for teaching, quality of
instructional practices and their influence on student achievement, teacher qualifications,
and teachers’ pedagogical knowledge in the Caribbean context. Chapter 3 contains a
discussion of the study’s research design, and Chapter 4 highlights the results of the data
analysis phase of the study. Finally, Chapter 5 culminates with an interpretation of the

findings of the study and recommendations for further research on the topic.
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Chapter 2: Literature Review

In the Caribbean, increasing students' performance in mathematics continues to be
a challenge (Bourne, 2019; Brown, 2018; Buddo, 2017; Stuart-Barry, 2019). Therefore,
authors in the region, such as Jennings (2017), have made a call for research focusing
more on teachers' pedagogy and its influence on students' achievements. Other authors
reinforced the need for educators and researchers to reexamine teacher quality and its
impact on students' learning. Cueto et al. (2016) posited that Pedagogical Content
Knowledge is an emerging but anemic study area in Latin American countries. It is
necessary for researchers to examine pedagogical content knowledge and how teachers
use these skills because it makes up a critical aspect of teacher instructional quality and
can articulate the effect on student learning outcomes (Cueto et al., 2016; Pardimin &
Huda, 2018). The problem examined in this study was the unclear understanding of how
primary mathematics teachers’ pedagogical content knowledge (mathematical knowledge
for teaching, quality of instruction, and pedagogical qualifications) influences Grenada’s
student achievement.

Therefore, the purpose of this study was to examine the relationship between
primary mathematics teachers’ pedagogical content knowledge (mathematical knowledge
for teaching as measured by the MKT scale, quality of instruction as measured by the
MQI tool, and pedagogical qualifications as measured by the demographics survey) and
Grenada’s national assessment of student achievement, controlling for teachers’ age,
gender, and years of experience. The first part of this section provided a synopsis of the

research strategies utilized to garner information on the topic and related areas and the
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literature's scope. Next, | discussed the Ball et al. (2008) conceptual framework of MKT
including elements of a mathematical quality of instruction, proposed by Hill et al.
(2008). Finally, | present the literature review related to the demands in mathematics
teaching, primary mathematics teachers' pedagogical content knowledge, use of
knowledge in instructional practices, their influence on student achievement, teacher
qualifications, and teachers’ pedagogical knowledge in the Caribbean context. This
chapter concludes with a concise summary of its major components.
Literature Search Strategy

To collect extensive resources for the research literature review, | accessed and
explored a diversity of library databases and search engines. These included the Walden
University Library, ERIC, Education source, EBSCO, ResearchGate, ProQuest Central,
ProQuest Dissertations and Theses Global, Google Scholar, SAGE journals,
SpringerLink, Digital Library of the Caribbean, Caribbean Educational Research Journal,
PsycTESTS, and public educational archives on the local and regional level in the
Caribbean. I further conducted searches using Google, MSN, Organization of Eastern
Caribbean State website, and Caribbean Educational Research Information Service
website and journals. The key search terms and the combination of search terms utilized
are: Teachers mathematics knowledge, mathematics knowledge for teaching(MKT),
pedagogical content knowledge, mathematics student’s achievement, student achievement
AND Mathematics, Mathematics use, mathematics instruction AND quality,
Mathematics Education, indicators that determine student achievement, teachers’

knowledge AND Mathematics, teachers’ knowledge AND Achievement and Teachers’
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Knowledge AND Achievement AND Multiple regression. | also utilized a reference list
from current research found and the author studies citing these authors, which led me to
the additional study’s on the topic.

The scope of the review of literature was comprehensive. | searched for articles
published mainly from the years 2016 to 2020 and were peer reviewed. | also utilized
prominent educational journals and included seminal literature in my search. Some of
these journals included: The Journal of Mathematics Teacher Education, Journal for
Mathematics Teaching and Learning, Research in Mathematics Education, International
Journal of Instruction, Journal of Education and practice, The Elementary School
Journal, Journal of Eastern Caribbean Studies, The Mathematics Enthusiast,
International Journal of Science and Mathematics Education and the Educational
Researcher, among others. Based on the search terms, | categorized the review of
literature into eight main categories. They include: theoretical framework, the demands of
mathematics teaching, mathematical knowledge for teaching, mathematics students
achievement, mathematical quality of instruction and use, teachers’ pedagogical content
knowledge and use in relation to student achievement, and research on teachers’
pedagogical content knowledge in the Caribbean context.

Conceptual Framework

The Ball et al. (2008) conceptual framework is foundational to this study. Ball et
al. (2008) designed the domains of MKT, the knowledge and skills unique to the teaching
of mathematics. Along with Hill et al. (2008) domains of MQI, Ball et al. (2008)

provided the necessary grounding for this study. Although Shulman (1986 and 1987) was
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the first to conduct significant work on teachers' knowledge, while Shulman (1986)
grouped content knowledge, curriculum knowledge, and pedagogical content knowledge
as teachers' content knowledge, Ball et al. (2008) regrouped it into two main components.
Other authors re-organized Shulman's classification of teachers' knowledge. The main
ones are Grossman (1990), Carlsen (1999), Hill et al. (2005), Ball et al. (2008), and
Magnusson et al. (1999), with Grossman (1999) been the first to systemize and show the
relationship between and among the domains of teacher knowledge. However, Ball et al.
(2008) took preeminence by elaborating on Shuman's (1986 and 1987) construct of the
domains of MKT. They developed in detail the fundamentals of pedagogical content
knowledge and on the subject matter knowledge for teaching mathematics. Thus, Ball et
al. (2008) framework was critical to this research. Figure 1 shows the domains of MKT
as proposed by Ball et al. (2008). | wrote for permission to use the figure and permission

was granted (Appendix A).
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Figure 1

Domains of Mathematical Knowledge for Teaching

SUBJECT MATTER KNOWLEDGE PEDAGOGICAL CONTENT KNOWLEDGE
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b students (KCS)

( ) Specialized Knowledge
content of content
knowledge (SCK) and
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Note. This framework categorizes MKT and identifies the components under the two
main categories. From “Content Knowledge for Teaching: What Makes it Special,” by
D.L. Ball, M. H. Thames, and G. Phelps, 2008, Journal of Teachers Education, 59(5), p.
403 (https://doi.org/10.1177/0022487108324554). Copyright 2008 by SAGE
Publications. Reprinted with permission.

Ball et al. (2008) categorized content knowledge into two categories (subject
matter knowledge and pedagogical content knowledge). While Shulman (1986)
considered curricular knowledge as an additional classification, Ball et al. (2008)
condensed the domains by including curricular knowledge within pedagogical content

knowledge. Pedagogical content knowledge concentrates on the ways of representing and
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presenting the subject of mathematics that makes it easily understood by students (Ball et
al., 2008). It also includes knowledge of students, content, and teaching.

Knowledge of content and students, according to Ball et al. (2008), amalgamates
what teachers know about students and mathematics. Knowledge of content and students
examines teachers' ability to predict where students may be challenged, confused, or may
have misconceptions and what will interest, bore, or motivate them (Ball et al., 2008). In
other words, knowledge of content and students describes teachers' anticipation of
students' thinking in relation to the content. Knowledge of content and teaching, Ball et
al. (2008), describes as a combination of what teachers know about teaching and
mathematics. That is teachers' knowledge of how to design mathematics instruction to
treat with the content. Their sequencing of concepts and use of examples and
representations also falls under the knowledge of content and teaching category. The final
pedagogical content knowledge is knowledge of content and the curriculum from Ball et
al. (2008) model. It is still unclear as to what exactly constitutes teachers' knowledge of
content and curriculum and whether it is already considered under the knowledge of
content and teaching domain. Therefore, for this study, | focused on knowledge of
content and students and knowledge of content and teaching under the pedagogical
content knowledge dimension.

The subject matter knowledge does not focus on anything related to pedagogy,
curricular, or students, but explores what teachers need to know for "specific tasks of
teaching” (Ball et al. 2008, p. 402). Despite the authors making this distinction between

pedagogical content knowledge and subject matter knowledge, researchers such as
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Friedrichsen et al. (2009), and Hill et al., (2004) and even as Ball et al. (2008) showed

that they are inseparable in practice and, when merged, form MKT as claimed by Hill et
al. (2008). Friedrichsen et al. (2009) and Kleickmann et al. (2012) considered subject
matter knowledge as a prerequisite for pedagogical content knowledge. Measures of
pedagogical content knowledge should therefore also contain subject matter knowledge,
as Ball et al. (2008) MKT tool to get a complete picture of mathematics teachers’
pedagogies. This was the case in this study.

Ball et al. (2008) claimed that subject matter knowledge consists of the common
content knowledge, specialized content knowledge, and the horizon content knowledge.
They defined common content knowledge as the "mathematical knowledge known in
common with others who know and use mathematics" (p. 403). That is, the mathematical
knowledge and skills used outside of the teaching arena. This common content
knowledge, the authors claimed, is more general mathematics known by persons, than
specialized content knowledge, but that it is sometimes difficult to discriminate between
the two. Thus, in this study, the components of MKT were not separated but were used as
composite measure of all components.

Conversely, specialized content knowledge is the skills and knowledge unique to
mathematics teaching. This knowledge should distinguish specialist mathematics teachers
from other persons with just a general or common knowledge of mathematics. Ball et al.
(2008) included horizon knowledge, originally proposed by Ball (1993), as the third
category of subject matter knowledge. Horizon knowledge is an "awareness of how

mathematical topics are related over the span of mathematics included in the curriculum™
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(Ball et al., 2008, p. 403). In other words, teachers’ understanding of the connectivity,
relatedness, and use of various concepts in the curriculum. Again, Ball et al. (2008) MKT
instrument has not yet developed items to measure horizon knowledge and thus is
restricted to two sub-components.

While the Ball et al. (2008) framework was somewhat helpful in breaking down
the different domains, it is also essential to understand and measure teachers' MKT and
its use in instructional practices. Therefore, this study also explored Hill et al. (2008)
MQI domains. The elements of mathematics instruction, the authors placed into six
classifications. They include:

e Classroom work is connected to mathematics,
e richness of mathematics,

e errors and imprecisions,

e working with students and mathematics

e common core aligned student practices

e Whole lesson scale

The first aspect, classroom is connected to mathematics is a dichotomous item (1-
yes and 0-no). Connecting classroom practice to mathematics is defined as the extent to
which teachers' practices in the classroom are connected to mathematics (Hill et al.,
2008). The next four areas are measured using a 4-point scale of either not present (0),
low (1), mid (2), or high (3). In classroom observations, working with students and
mathematics refer to the extent to which teachers accurately interprets students’ ideas and

provides adequate feedback on the specific issue (Centre for Education Policy Research,



35

n. d.). The extent of teachers’ errors and the ability or inability to articulate mathematical
language and notation is captured under errors and imprecision. Common core aligned to
student practices is the different ways in which students participate or engage in the
mathematics content. The richness of mathematics comprises the teacher's ability to use
multiple representations and demonstrate the link between them, their mathematical
explanations, and their "explicitness around mathematical practices” (Hill et al., 2008, p.
437). According to Hill et al. (2008), appropriately responding to students is how teachers
can accurately interpret what students say and address their misconceptions. The final
component is the whole lesson codes. This area captures the instructional quality of the
entire lesson. It has 10 items, nine rated on a 5-point scale from 1-5, where 1-is not at all
true about the lesson and 5- very true of the lesson. The tenth item is intended to capture
the overall MQI based on teacher’s work during instruction. Together these components
were used to assess teachers MQI in classroom practices.

Hill et al. (2008) further claimed that teachers with high MQI scores will give
students fewer of the "deficits" and more of the "affordances"” while teachers with weak
scores will have more “deficits” and fewer “affordances.” In the development of the MQI
instrument, the authors tried to understand each teacher's mathematical quality as a
function of their MKT and other influences. In-depth observation of lessons then assisted
Hill et al. (2008) to provide a “platform to closely examine teacher-student interactions
for evidence of mathematical knowledge in use"” (p. 438). Therefore, the MQI tool was
used to measure teacher's use of mathematical knowledge, given the demands on teachers

in instructional practices, as was afforded in this study.
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The Demands of Mathematics Teaching

Teaching is referred to as one of the most stressful professions which demands a
lot from teachers (Skaalvik & Skaalvik, 2018). There so many dynamics, diversities, and
complexities that act simultaneously in the teaching arena and spontaneously show up on
teachers. The demand maybe even more significant for mathematics teachers, given that
mathematics is often perceived as a difficult subject (Butterworth, 2019). The National
Council of Teachers of Mathematics (2000) mentioned that for teachers to do well in
teaching mathematics, they should require high expectations and strong support for all
students. Thus, referring to it as equity, teachers' ability to provide reasonable and
appropriate accommodations is needed for all students' success.

But to ably do so, Chapman (2017) postulated that teachers need to know their
students beyond just the content. There are demands for teachers to provide the
appropriate context to meaningfully engage students in mathematical classrooms and
mathematics learning (Chapman, 2017). In other words, Chapman (2017) emphasized the
demands of establishing a classroom with a "culture™ of mathematics. Similarly, Li and
Schoenfeld (2019) claimed that mathematics teachers should relook the nature of
mathematics at the school. Mathematics in all K-12 classrooms should involve
"codification of experiences of both making sense and sense making through various
practices including problem solving, reasoning, communicating, and mathematical
modeling, and that students can and should experience it that way" (p. 1).

They mentioned that teachers have to deliberately arrange for students to have the

right experiences. Li and Schoenfeld (2019) further added that in mathematics and other
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disciples, the main focus should be on the field's content and practices and what teachers
do to ensure it is available to students. Thus, teachers must manage their classes so that
they do not just focus on computation, procedures, and rote learning, but also on problem
solving, reasoning, and sense making. Hill et al. (2005) summed teachers' demands as the
knowledge and skills needed that go beyond the basic mathematical skills and require
teachers to use representations, explain rules and procedures, and analyze students'
explanations and solutions. These skills and knowledge can have critical effects on the
quality of teaching and, consequently, students learning. Ball et al. (2008) advanced the
thought that mathematical demands of teaching require a “wealth” of knowledge and
skills, even in repetitive tasks. They highlighted “assigning student work, listening to
student talk, grading or commenting on student work” (Ball et al., 2008, p. 398). The
amounts of tasks of teaching that required teachers mathematical knowledge, therefore,
motivated Ball et al. (2008) and Hill et al. (2005) to emphasize the importance of
analyzing and measuring classroom teachers’ mathematical knowledge for teaching.
Mathematical Knowledge for Teaching

Although knowledge is an intangible, broad, dynamic, and abstract concept
(Guerriero, 2017; Hunte, 2003; Tchoshanov et al., 2018), several authors believe it is a
core element for effective mathematics teaching (Guerriero, 2014 & 2017; Hill et al.,
2005; Walshaw, 2012). MKT refers explicitly to the knowledge, skills, and understanding
that teachers need in teaching the subject of matter for effectiveness (Raiula & Kumari,
2016; Shulman, 1987). But researchers did not stop there. They added the need to

communicate or represent this knowledge in classroom interactions (Fenwick et al., 2011;
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Guerriero, 2014; Shulman 1987; Sveiby, 1997). Sveiby (1997) specifically considered

knowledge as the ability to act. This definition goes beyond just the acquisition of a
knowledge base but focuses on teachers' ability to translate, represent, and communicate
this knowledge in what they do in the classrooms.

Components of Mathematical Knowledge for Teaching

Shulman (1986) was one of the most prominent authors to do foundational work
on teachers' knowledge. He proposed three categories of teachers' content knowledge
specific for teaching: subject matter content knowledge, pedagogical content knowledge,
and curricular knowledge. Curricular knowledge deals with understanding the variety of
instructional materials and programs available for teaching. General pedagogical
knowledge looks at understanding the broad based principles and strategies associated
with teaching that "transcends subject matter” (Shulman, 1987, p. 8).

While Shulman (1986) emphasized the importance of all categories of knowledge,
he referred to the pedagogical content knowledge as the "missing paradigm™ (p. 7). The
subject matter content knowledge deals with the amount and structure of knowledge in
teachers' minds, whereas pedagogical content knowledge goes beyond understanding the
subject matter and is specific to teaching. Pedagogical content knowledge combines both
content and pedagogy to understand how topics or problems are organized, represented,
translated, and communicated based on instructional diversities and complexities
(Setyaningrum et al., 2018; Shulman, 1987). This area was of particular interest to
Shulman (1987) because it focused on the specific knowledge for teaching and could

distinguish between the content and pedagogy specialists. Shulman mentioned that
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pedagogical content knowledge requires more than just knowing the facts and concepts,
but an understanding of the organized principles and structures that will guide the teacher
in his/her actions and reflects the whys of doing. Teachers with such knowledge can go
beyond the topic's peripherals and hold fruitful discussions on alternative strategies.
Setyaningrum et al. (2018) concurred, adding that knowledge of students' difficulties,
frequent errors, and the teacher's ability to identify and treat them are also critical
elements of pedagogical content knowledge.

Scholars built on the foundational work done by Shulman. Grossman (1990)
systemized Shulman's knowledge base components. He looked at four interacting
components of the knowledge base: general pedagogical knowledge; b) subject matter
knowledge; c) the pedagogical content knowledge; d) knowledge of context. In his
concept, pedagogical content knowledge was the only feature that interacted with all of
the other elements of knowledge and is referred to a transformation pedagogical
knowledge, context, and subject matter. Grossman (1990) further subdivided each of the
four categories of knowledge. For pedagogical content knowledge, Grossman (1990)
categorized students' understanding, curricular knowledge, and knowledge of
instructional strategies. However, Carlsen (1999), sticking close to Shulman's three
domains teachers’ knowledge, divided it into three areas: general pedagogical knowledge,
subject matter knowledge and pedagogical content knowledge, one component less than
Grossman’s model. Although Carlsen's model was specific to pure science, it can be

applied to the science of mathematics.
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A plethora of other scholars dissected mathematical knowledge for teaching and
pedagogical content knowledge into subcategories such as Park and Oliver (2008) and
Rollnick et al. (2008) making their contributing to the field. Although beneficial to the
area of study and better our understanding of knowledge, their approach to pedagogical
content knowledge seemed rather multifaceted. When condensed, the results of the
domains seem to point to the same three main categories highlighted by Shulman (1986)
and, according to Ball et al. (2008), a complete articulation of knowledge base as
highlighted by Shulman (1987).

Ball et al. (2008) and Hill et al. (2004) used Shulman's principles to classify MKT
into only two simple sub-domains, pedagogical content knowledge and subject matter
knowledge. Each of which is subdivided into three subheadings. But Ball et al. (2008)
developed items for two subheadings under both. Pedagogical content knowledge they
categorized as knowledge of content and students and knowledge of content and
teaching. The knowledge of content and students is the knowledge that combines
knowing about students and knowing about mathematics, while knowledge of content
and teaching combines knowing about teaching and knowing about mathematics. Ball et
al. (2008) also added knowledge of the content and the curricular as part of pedagogical
content knowledge, but their emphasis was more on knowledge of content and students
and knowledge of content and teaching. In their study, Ball et al. (2008) went beyond just
a definition of what pedagogical content knowledge means by outlining its fundamentals,
subdomains, and developed a reliable measurement tool for the area. Although, Ball et al.

(2008) separated pedagogical content knowledge from subject matter knowledge in
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theory, Friedrichsen et al. (2009), Kleickmann et al. (2012), Magnusson et al. (1999), and

Rollnick et al. (2008), considered them as inseparable. Magnusson et al. (1999) and
Rollnick et al. (2008) highlighted subject matter knowledge as a subcomponent of
pedagogical content knowledge. Hill et al. (2004) and likewise Ball et al. (2008) merged
the two components to form MKT, one tool. Therefore, for this study, | utilized Ball et
al.’s (2008) measures of MKT as a measure of teachers’ pedagogical content knowledge.
Measuring Mathematical Knowledge for Teaching

According to Hill et al. (2004), the structure and organization of pedagogical
content knowledge for teaching have not been clear cut. Therefore, Hill et al. (2008)
developed on the area, by writing and later piloting numerous multiple choice items that
represent pedagogical content knowledge for primary school teachers. Their tool was
referred to as the MKT and is one of the most popular tools used when measuring
pedagogical content knowledge (Hoover et al., 2016). MKT is an instrument that was
developed by Hill et al. (2008) under the Learning Mathematics for Teaching project out
of the unique needs of the Study of Instructional Improvement. It is particularly used to
investigate the effects of teachers' mathematical knowledge on student achievements and
was piloted with over 500 K-6 mathematics teachers (Hill et al., 2004). Several other
researchers have developed instruments to measure pedagogical content knowledge
(Aksu et al. 2014; Dagli, 2019; Mu et al., 2018; Sahin & Soylu, 2017; Sang et al., 2016;
Scheon et al., 2017). However, these tools were either not specific to mathematics or

were limited in scope. Therefore, for this research, | used the MKT, a valid and reliable
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tool explicitly designed to represent the pedagogies of mathematics teachers and to
determine the influence on mathematics student achievement.
Mathematics Student Achievement

Student mathematics achievement has been the subject of discussion for years;
however, it has not proven easy to define in education (Guskey, 2013), due to
conceptualization, interpretation, and measurement (Ballafkih & Middelkoop, 2019).
Ballafkih and Middelkoop (2019) mentioned that this area attracts constant policy
debates, although most schools have used students’ achievement at every level as an
evaluation criterion. Ramchander and Naude (2018) analyzed student achievement based
on the increasing enrollment in large classes and in modules. In contrast, others broadly
define it as the soft skills and personal growth and engagement of students in educational
activities (Betebenner & Linn, 2009). However, student achievement is most often
referred to as the student’s ability to reproduce knowledge and tasks as measured through
standardized tests (Ballafkih & Middelkoop, 2019). This narrowed approach of looking at
student achievement, they added, uses grades as the standardized measurement.
According to Yep et al. (2019), students portray different mathematics achievements
because of their varied abilities. Contrarily, Boaler (2016) highlighted that research has
shown that students are not necessarily born with a “math brain” (p. 5) to achieve
mathematically, as is often conceived by many, but that there can be growth and changes

in their mindset (Claro et al., 2016) that can lead to changes in mathematics achievement.
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Factors Influencing Mathematics Student Achievement

Several authors pointed in the direction of teachers when assessing factors that
influence student mathematics achievement. Many of these studies have attributed a
substantial part of student achievement to teacher effectiveness or ineffectiveness (e.g.,
Darling-Hammond, 1999; Sanders, Wright & Horn, 1997) --as cited in Ballafkih and
Middelkoop (2019) and Yeh et al. (2019). "Factors such as the academic ability of
teachers, years of teaching experience, teaching knowledge, certification and teaching
behaviors have frequently been studied and debated” (Ballafkih & Middelkoop, 2019, p.
45). A significant number of low achieving students could be due to the control of teacher
directed instruction in mathematics classrooms (Yeh et al., 2019). Other statements were
made; one being that the teacher imparts the learning experience to students by
demonstrating his knowledge in doing academic activities (Sidabutar, 2016). Thus, the
teaching methods used will determine whether students can complete a task and learn.
Sidabutar (2016), although focused on innovation and its influence on student
achievement, did not refer to it in isolation. He mentioned that teachers are often not
equipped with the innovative technology needed to produce new teaching models that
yield better learning outcomes. "One of the efforts that need attention to grasp the lessons
and improve student achievement is through the innovation of teaching models”
(Sidabutar, 2016, p. 10). All of the above-mentioned arguments point back to the role of
the teacher.

Despite students' varying abilities and the levels of achievement they demonstrate,

instruction solely led by teachers is not diverse to allow teachers to vary pace and
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strategies. They are taught at the same pace and same way. Yeh et al. (2019) mentioned
that low performing students are particularly affected by the pace and the lack of time to
consolidate concepts and allow students to learn at their pace. But Sidabutar (2016)
placed the factors influencing student achievement into perspective. Sidabutar (2016)
claimed that four main factors affect mathematics students' ability to master a concept or
achieve mathematically, all linked back to the teacher. These are:
1. "Systematic and sequence of the lessons that cannot motivate students because the
teacher immediately teaches difficult lesson without explaining the necessary

basic knowledge” (p. 11).

2. Students memorizing without understanding the requisite concepts for

mathematics lessons.

3. No interconnectivity with the subject matter taught and if students are unclear

about teachings, so they fail to unravel concepts to understand the content taught.

4. Mathematics teachers are unable to transfer the concept of knowledge to the
students for them to master the material because they lack proficiency in
pedagogies unique for teaching mathematics (Sztajn, 2003 as cited in Sidabutar,

2016).

Ballafkih and Middelkoop (2019) argued that research has also shown other
factors in addition to the teachers' influences on student achievement, such as school
management, students, and government policies on education and accountability systems.

But that substantial part of student achievement is attributed to teacher effectiveness
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(Ballafkif & Middelkoop, 2019). Similarly, authors such as Mohammed et al. (2012)

mentioned that student achievement could also be influenced significantly by the
student's attributes, attitudes towards mathematics, the classroom environment,
mathematics anxiety, teacher attributes, teaching practices, and teaching quality methods.
Although teachers' characteristics seem to play an essential part in student learning, the
discussion on the extent to which teachers make a difference in student achievement is
ongoing (Mohammed et al., 2012). However, they posited that teachers' characteristics
could contribute to students' classroom learning environment, impacting students'
learning outcomes. Foster and Inglis (2019) looked specifically at teachers continued
professional development and reading as an influence, while authors such as Ball et al.
(2008) and Hill et al. (2008) looked at teacher mathematical knowledge and use of this
knowledge in instructional practices as predictors of students’ achievements.
Mathematical Quality of Instruction and Use

According to Mantzicopoulos et al. (2019) there is a need to measure teacher
effectiveness through the quality of their mathematics instruction. For teachers'
perceptions and interpretations during the classroom interactions are fundamental to
mathematics education (Friesen & Kuntze, 2020) and thus, Cohen and Goldhaber (2016)
and Mantzicopoulos et al. (2019) calls for the use of classroom observations to evaluate
instructional practices. According to Manizade and Orrill (2020), several researchers
assume that some teachers' knowledge may not be utilized during the teaching process
and that researchers should measure the use of that knowledge in instructional practice.

Orrill et al. (2020) put it like this, "some teacher knowledge may be inert, except in the
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act of teaching” (p. 221). Therefore, Manizade and Orrill (2020) referred to the quality of

mathematics instruction or the use of mathematics knowledge as the teachers' actions
observed during teaching.

The way in which teachers use mathematics in the classrooms and the quality of
instruction can be conceptualized in several ways (Manizade & Orrill, 2020). These
include the preexisting mathematics teacher characteristics, mathematics teacher
competencies, knowledge and skills, the interactive mathematics teacher activities,
students' mathematics learning activities, student mathematics learning activities, and
students mathematics learning outcomes (Manizade & Orrill, 2020). Therefore, this study
was timely in examining the quality of knowledge use in classroom interactions.

Moreover, Friesen and Kuntze (2020) examined the instructional quality or
teachers' use of knowledge as the teachers' evidence in classroom interactions by
analyzing the situation to inform their decisions. Therefore, their focus was more on
teachers' competence in analyzing situations and reacting to them. Teachers' analysis of
multiple representations and their use and teachers' ability to draw on their subject matter
knowledge and pedagogical content knowledge to make sense of and take control of
situations, are fundamental to instruction quality (Friesen & Kuntze, 2020). Multiple
representations deal with using different strategies or forms to represent mathematics,
such as graphs, formulae, tables, and diagrams. These skills can only be measured in real-
time. The authors claimed that teachers' use of multiple representations and analysis of
classroom situations could be preceded by teachers' professional mathematics knowledge,

their pedagogical content knowledge. Similarly, Orrill et al. (2020) considered the
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implementation of teachers’ pedagogical content knowledge as the teachers’ ability to
make sense of students’ work and their knowledge of the work. Also, their ability to
explain and use examples, models, and representations, their ability to connect learning to
prior knowledge, and their ability to select and order students’ work based on the
sophistication of strategies. As simply articulated by Sveiby (1997), all of this work sums
up to the ability of mathematics teachers to act during instruction. This quality of
instruction was thus measured.

Measures of Mathematical Quality of Instruction

There are several prominent measures used to measure mathematics teachers'
instructional quality. Some include the MQI (Hill et al., 2012), Reformed Teacher
Observation Protocol (Piburn et al., 2000), the Inside the Classroom Observation and
Analytic Protocol (Horizon Research, 2003), and the UTeach Observation Protocol
(UTeach Institute, 2014). The MQI measure was selected for this study because of its
balanced and multiple dimension view of mathematics instruction. Additionally, the tool
can promote and support teachers' growth and development through coaching, thus
informing professional development (Hill et al., 2014). Hill and colleagues developed this
tool (Hill et al., 2012).

Although Ball et al. (2008) emphasized the importance of teachers” MKT, they
concurred that educators should concentrate also on what teachers do to teach effectively
along with a measure of teachers’ knowledge. Emphasis here is placed on the use of
knowledge than on teachers themselves (Ball et al., 2008). This point made by Ball et al.

(2008) is fundamental in alerting teachers and educators that the battle for improvement
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in mathematics should not be focused on teachers personally, but the use of their
knowledge in classroom practices. Therefore, this study did not seek to attack teachers,
but rather to measure their pedagogical content knowledge and use of competencies in
instructional practices to predict, and ultimately improve, student learning.
Teachers’ Qualifications

Teachers’ qualification is an area that has undertaken several different meanings
and interpretations. Zuzovsky (2008) referred to teacher qualifications using a number of
characteristics, the license from test examination, degree levels, preparation in content
and pedagogy, years of experience, ongoing professional development, and certification
in the pedagogies specific to their concentration. Crossfield and Bourne (2017) had
similar classifications with addition: teacher certification and licensing status; pre-service
programs and experience; teachers’ product and test grades; professional development
participation and adequacy of the training, degree in mathematics; and two-year teacher
induction program. However, since this study was focused on mathematics teachers’
pedagogies and its effect on student achievement, | utilized from the definitions only the
teacher education certification aspect from teacher’s college or teacher training university
to refer to teachers’ pedagogical qualifications. In other words, teacher qualification
measures whether a teacher was qualified (trained) or not qualified (untrained) within the
education system. In the Eastern Caribbean, teachers are certified by the University of the
West Indies, which has responsibility for quality control and development functions in

teacher education (Jennings, 2001).
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Authors have used this variable in the past with different meanings. Ningtiyas and
Jailani (2018) referred to teachers’ pedagogical qualifications as teachers training needed
for them to apply their skills, knowledge and attitudes to conduct activities related to
teaching. Dodeen et al. (2012) referred to teacher qualifications as “credentials,
knowledge, and experiences that a teacher brings to the job” (p. 62). In the context of
their study, Dodeen et al. (2012) used teacher qualifications as the mathematical
pedagogy, professional development, years of experience, and their preparedness levels
among others. In this study, | operationalized it as the mathematical pedagogical training
received by mathematics teachers at a Teachers College or university certifying them to
teach.

Teachers must have qualifications specific to teaching to enter this education
profession (Shulman, 1986). Novikasari (2017) mentioned that the first step for someone
desirous of becoming a teacher is to enter the teacher education institution. In some
countries, there are regulations for all prospective teachers to become qualified primary
school teachers before joining the teaching fraternity (Novikasari, 2017). However, this
regulation is yet to materialize in the Eastern Caribbean region, particularly Grenada.
Therefore, teachers in the system are either qualified or trained, and others are untrained
or unqualified. This potential disparity could influence student achievement and thus was
critical to this study.

Teachers’ Pedagogical Content Knowledge and Use in Relation to Achievement

Over the years, scholars have focused their attention on teachers’ pedagogical

knowledge and the use of that knowledge in instructional practice to influence student
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achievement. Some research in the area showed positive but weak relationships. For
example, Cueto et al. (2016), in their quantitative study, selected a sample of 312 students
in 102 primary schools in Peru with 156 teachers randomly to participate in the survey
and test to determine the association between teachers' pedagogical content knowledge
and students' achievements. The results reflected that teachers' pedagogical content
knowledge had a significant positive effect on mathematics achievement when there was
a cutoff score for pedagogical content knowledge. Still, the proportion of variance was
small, and students with higher scores were more likely to have a teacher with a higher
pedagogical content knowledge.

Similarly, Hill and Chin (2018), in their quantitative correlational study,
administered questionnaires to 284 teachers, used the Massachusetts Test for Educator
Licensure and the MKT Instrument. They found a positive but weak relationship between
knowledge of students and teacher accuracy and students' achievements. Other authors
such as Callingham et al. (2016), Hill et al. (2005), and Rockoff et al. (2008), found a
weak correlation between teachers' pedagogical content knowledge and their students'
learning outcomes in different educational contexts to those reported in previous studies.

Using a quasi-experimental design, Odumosu et al. (2018), sampled 421
secondary school students and 12 mathematics teachers from eight public and four
private schools to determine the effects of teachers' content and pedagogical knowledge
on students' academic achievement specific to Algebra. Although the researchers found
content knowledge had little or no impact on students' test scores, teachers' pedagogical

knowledge had a significant effect on student achievement when teachers with low scores
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got students with low scores. Those with average and high scores had students with
average scores. This study provided insight into the connection of teachers' pedagogical
knowledge and students' performance in Algebra, in an African context and offers
grounding for this study. Similarly, Hill et al. (2008), found that teachers' MKT predicted
students’ gains in mathematics achievements at grades one and three. Other researchers
found a significant relationship with small effects, Kéniga and Pflanzl (2016) noted that
the correlation between teacher knowledge and students achievements was significant.
Still, the strength of the association had a medium effect. It must be highlighted that
Koniga and Pflanzl (2016) focused their attention more on general pedagogical
knowledge rather than on pedagogical content knowledge, which is specific to the subject
matter.

Unlike the previous studies' findings, other research showed a negative impact on
student achievement. There was a negative correlation between teachers' pedagogical
content, knowledge-content knowledge, and student learning (Gess-Newsome et al.,
2019). However, Gess-Newsome (2019) study concentrated on Biology and was not
specific to mathematics. Hill and Chin's (2018) results also showed a negative
relationship between teachers' knowledge of students' misconception scores on the
project-developed test. These findings all demonstrate that there are inconclusive findings
on the effect of teachers’ MKT on student learning. Additionally, research, particularly in
the Caribbean seems limited on the use of pedagogical content knowledge by teachers in

classroom interactions and the connection to student achievement.
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Research on Teachers Pedagogical Content Knowledge in the Caribbean Context

Research on teachers' pedagogical content knowledge is almost nonexistent in the
Caribbean. Néaslund-Hadley et al. (2014) revealed a gap in teachers' mathematical
knowledge in Latin America, including the Caribbean. That research was needed to
understand better the effects knowledge has on students’ learning. Cueto et al. (2016) also
posited that Pedagogical Content Knowledge is an emerging but anemic study area in
these countries. Thus, it is necessary for researchers to examine pedagogical content
knowledge and how teachers use these skills because it makes up a critical aspect of
teacher instructional quality (Cueto et al., 2016; Huda, 2018).

It must be noted that although research is rare in this area in Grenada and the
wider Caribbean, that several Caribbean researchers either included in their literature a
section on teachers' knowledge or called for a focus on what teachers know and do and its
ability to predict student achievement. Bourne (2019) referred to the need to ensure that
students at the primary level are properly taught. He called for the retooling and
retraining of teachers on how mathematics should be taught. Bourne (2019) further called
for training of teachers in mathematics strategies. This I refer to as teachers' mathematical
pedagogies. Finally, Bourne (2019) recommended that teachers should integrate their
theoretical understanding of mathematics to what they do in practice. Indirectly, the
author calls for an analysis of teacher's knowledge and use of that knowledge in
instructional practices.

Similarly, Crossfield and Bourne (2019), in their study on the factors that

contribute to effective mathematics teaching and achievements, saw no perceived



53

relationship between teacher effectiveness factors and student achievement. However, the
authors focused only on teacher attributes such as tenure, teaching experience,
qualifications, age group, position, and major area of study. Teacher knowledge and use
of the knowledge in instructional practices were not explored nor used to predict student
achievements. Crossfield and Bourne (2017) recognized this gap in the literature and
recommended the need for an instrument to measure teachers' overall skillsets and
evaluate their instructional practices in relation to student achievement.

More specifically, another Caribbean author (Jennings, 2017) called for a focus
on teachers' knowledge rather than on teachers' tools, such as computers and laptops. She
highlighted that this is an area of research that is lacking in the region. Jennings (2017)
questioned teachers who do not have the know-how and are often placed into schools
without training to apply the knowledge they lack. Thus, the call for a refocus on
teachers' pedagogies. But note that this appeal in not new. Barrett (1981), in the report on
strategies for science and technology education for three Caribbean countries (Grenada
inclusive), highlighted pedagogy as one of the areas needing emphasis. This research,
although dated, is still relevant today. The author stressed that a high proportion of
teachers remained untrained in the Caribbean and that this has created tremendous
problems regarding teachers' competencies in the delivery of the curriculum. This teacher
training situation has remained unresolved, although Barrett (1981) sounded the alarm
years ago. Barrett (1981) mentioned that when teachers see gaps in their knowledge, they
will be motivated to improve their teaching performance, and thus, teachers are key to

student learning.
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The Organization of Eastern Caribbean States Statistical Digest (2012) data also

revealed that many teachers in the region are yet to be trained but are in classrooms.
Baker-Gardner (2016), Jennings (2017), and Maynard and Jules (2017) have also
mentioned that teachers in the region begin teaching without any formal pre-service
training. This practice is evident is Grenada. Authors internationally and in the
Caribbean, such as Robinson (2016) and Schoen et al., (2017) negate this practice
because of the influence it can have on learning outcomes. Therefore, there is a need to
examine teachers' mathematical knowledge to determine their ability to predict student
achievement. Leacock (2015) and Cueto et al. (2016) revealed that countries in this
region are greatly challenged in determining teachers who are adequately knowledgeable
in pedagogical content knowledge and thus recommend a refocus in the area. This study
was timely and may help determine if primary mathematics teachers’ pedagogical content
knowledge and its use in instructional practices predict Grenada student achievement.
Summary and Conclusion

Teaching has its level of challenges and demands, particularly in mathematics,
given students' consistent low performance in the area. Several authors believe that
competencies and the ability to use that knowledge in classroom interactions may
contribute. Therefore, authors such as Shulman (1986 and 1987), Ball et al. (2008), Hill
et al. (2008) have spent the time to explore this field of study, given its perceived ability
to influence student achievement. However, most studies in the area have shown
inconsistent findings. Some indicate positive effects; others did not, leaving a gap in

understanding in the research in this area of the field. Scholars make a plea for
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researchers' ability to use in addition to teachers” MKT, this knowledge in instructional
practices. They claim that these areas are missing in the plethora of research conducted
on MKT. In the Caribbean and Grenada, in particular, studies in this area are non-
existent. Studies in this region focused more on mathematics education at the secondary
level and explored more of mathematics teacher effectiveness based on demographic
characteristics, rather than examining student achievements in relation to teacher MKT
and use of it. Therefore, this study extended knowledge internationally in the discipline.
It provided new knowledge in one of the Eastern Caribbean islands (Grenada) on the
relationship between primary mathematics teachers' pedagogical content knowledge
(mathematical knowledge as measured by the MKT tool, quality as measured by the
MQI, and teachers’ qualifications as measured by the demographic survey) and national
assessment of student achievement. Chapter 3 comprehensively described the research
designs and techniques of the quantitative methods to be implemented in investigating the
relationship between primary mathematics teachers' pedagogical content knowledge and
Grenada student achievement, when controlling for teachers’ age, gender, and years of

experience.
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Chapter 3: Research Method

Further research into the different features of teachers’ knowledge and their
interconnectivity in different contexts is needed (Friesen & Kuntze, 2020). This
quantitative multiple regression study examined the relationship between primary
mathematics teachers’ pedagogical content knowledge (mathematical knowledge for
teaching, quality of instruction, and pedagogical qualification), and national assessment
of student achievement in one Eastern Caribbean country. The study was conducted in
Grenada.

Thus, the following research question drove this study:

Overarching Research Question: What is the relationship between primary
mathematics teachers’ pedagogical content knowledge (mathematical knowledge for
teaching as measured by the MKT scale, quality of instruction as measured by the MQI
tool, and teachers’ pedagogical qualifications as measured by a demographic survey) and
Grenada’s national assessment of student achievement together and individually,
controlling for teachers’ age, gender, and years of experience?

In this chapter, | discuss the research design and the methodology for the study. In
so doing, I provide an overview of the setting, the population, the sample, and sampling
procedures, variables, recruitment procedures, and the data collection and analysis plan
that was utilized. | provide a synopsis of the instruments used and the operationalization
of the tools. The chapter concludes with a section on the threats to validity, ethical

considerations, and a summary transitioning into Chapter 4.
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Research Design and Rationale

Over the last decade, researchers have demonstrated the need for investigators to
conduct more quantitative studies on teachers’ MKT and professional knowledge, linking
it to student achievement (Friesen & Kuntze, 2020; Hoover et al., 2016; Konig & Pflanzl,
2016; Raiula & Kumari, 2018) with a larger sample (Copur-Gencturk, 2012). This study
addressed the research problem through a quantitative multiple regression research
design. Quantitative research methodology deals with quantifying and analyzing
numerical data and variables to compare, predict, and show the relationship of the
phenomenon of interest to get results (Apuke 2017; Creswell & Creswell, 2018; Gay et
al., 2006). The quantitative findings are often likely to be used to make whole population
generalization (Rahman, 2017). According to Wright et al. (2016), with quantitative
research, knowledge is determined through "objective measurements and the quantitative
relationship between variables™ (p. 97). It takes the purist view of truth and objective
reality (Bloomfield & Fisher, 2019; Johnson & Christensen, 2014). Leavy (2017) called
it the most "rigid and linear" design of all the techniques they reviewed (p. 87). Given
that this study examined the relationship between the three independent variables of
interest, three controls, and one dependent variable, a quantitative multiple regression
design was appropriate.

To accomplish the purpose of this study, in this multiple regression design, the
dependent variable was student achievement (), measured by standardized assessment
scores in Grenada. The independent variables of interest was primary teachers’

mathematical knowledge for teaching (X1), measured by the MKT, quality of instruction
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(X2) measured by the MQI instrument, and mathematics teachers’ pedagogical
qualifications (X3) measured via a demographic survey. | included key control variables
in the analysis to remove influential factors influencing student achievement, measured
from the demographic survey. These included teachers’ age (X4), gender (Xs), and years
of experience (Xe). These controls have been used in a plethora of research with
determinants on student achievement (Koopman, 2019; Lamb & Fullarton, 2002; Lee et
al., 2017; Lindberg et al., 2012; Mohamed, 2012; Paypay & Kraft, 2016; Toropova et al.,
2019).

The role of control variables in regression analysis was to block other paths that
may influence the dependent variable to get an "uncontaminated" relationship between
the X variables and the Y variable (Hinermund & Louw, 2020, p. 3). When included in
the model, these variables indicated whether the variables of interest were influencing the
relationship to student achievement independently or whether the control variables were
adding to this influence. Armstrong (2015) showed that teachers’ with 6-10 and 31-35
years of experience performed better than teachers’ students with other ranges of year's
experiences. Similarly, Paypay and Kraft (2016) research findings showed that teachers'
years of experience do return student performance benefits. Toropova et al. (2019)
confirmed this in their findings, stating that teachers' characteristics, such as years of
experience, impact student achievement. Other authors such as Mohammed et al. (2012)
and Yalcini et al. (2017) shared similar sentiments. With this being the case, years of
experience was controlled in the analysis to determine the effects of the variables of

interest when other variables were controlled.
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Therefore, in the model, controls were included to determine whether a teacher
had several years of experience or little experience, whether younger or older or male or
female teachers bore any influence on student achievement that may have contaminated
the model. It further assisted in providing a clearer picture of the relationships that the
variables of interest had on student achievement without outside influence. The type of
model utilized was the standard multiple regression and correlation model. This approach
allowed me to evaluate the predictive power of each independent variable when all other
variables were statistically controlled and the effect of the independent variables as one
block on the dependent variable (Hoyt et al., 2006; Pallant, 2016). In this analysis, |
included the dependent variable, independent variables of interest, and then the control
variables (age, gender, and years of experience) simultaneously or at once in one group.
This model isolated the role of each variable while holding the other variables constant
(Frost, 2021).

Apart from the ability to control independent variables, multiple regression was
the most appropriate design because researchers (Arthur, 2017; Awofala, 2019) have
used it to predict the associations among and between variables with success and
precision in mathematics. Thus, demonstrating consistency with previous findings. The
basic application of multiple regression (standard or simultaneous regression) is
beneficial to determine which independent variables will significantly associate with
student achievement (Hoyt, 2006). The author posited that this strategy is used when the
researcher wants the most accurate influence of the independent variables on the

dependent variables to show the association between each independent variable on each
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dependent variable separately and as a set. Halinski and Feldt (1970) found that it is

commonly applied to research questions with prediction as the primary objective because
of its efficiency and ability to identify the variables that may not contribute to the
association. This study determined the relationship based on the regression model and
was appropriate.

All variables were continuous because they varied in degree and amount (Johnson
& Christensen, 2014), except for teachers’ gender, pedagogical qualifications, and the
mathematical quality of instruction (ordinal), which were categorical with numerical
values for each item. Winship and Mare (1984) declared that ordinal variables could be
utilized in the regression model, resulting in the same flexibility and power as a
continuous variable. Bollen and Barb (1981) also encouraged the analysis of categorical
variables as continuous variables since their findings showed little or no variance when
the two levels of measurement were used. All categorical variables had dichotomous
items and were coded using dummy codes, 0 and 1 (Cohen, 1968).

The multiple regression aspect specifically provided means of answering the
research question for this study. According to Cohen (1978), multiple regression can be
utilized to determine independent variables that may strongly predict a dependent or
outcome variable, yielding the best prediction. This technique has become more popular
over the years because of its ability to examine linkages among pairs of variables to
control for confounds and test associations among a series of variables (Hoyt et al., 2006;
Pallant, 2016). This study included controls along with key variables as demonstrated

earlier and thus had utility for this study. Shieh (2013) referred to this design as one of
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the leading designs in applied research across several fields used to determine the
strength of the associations between independent and dependent variables. Such research
design also had the benefit of determining the predictive powers of individual
independent variables on the dependent variable and the overall effect of a set of
variables on the dependent variable (Hoyt et al., 2008). This flexibility was necessary for
this study of interest.

For the data analysis, | chose the ordinary least squares algorithm for the multiple
regression analysis. Ordinary least squares is considered one of the most prevalent
techniques used to determine the effect of independent variables on a dependent variable,
especially with other factors present (Sheffet, 2019). In this study, student achievement
was regressed onto the independent variables (teachers' mathematical knowledge for
teaching, quality of instruction, and pedagogical qualifications) and controls to determine
the relationship. Using the ordinary least squares "minimizes the sum of the squared
errors of prediction (called residuals) across all cases in the sample” (Hoyt et al., 2006, p.
224).

After conducting the standard multiple regression using the ordinary least squares
procedure, once the independent variables had a statistically significant relation on the
dependent variable with controls, | interpreted the findings. | interpreted the association
between teachers' mathematical knowledge of teaching, quality of instruction, and
pedagogical qualifications and student achievement as a whole and the individual impact
that was significant. That is, | interpreted the multiple correlation coefficient that differed

significantly from zero. Where the relationship was not statistically significant for the
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overall group and where there was violation of assumptions, I utilized log natural
transformation (Warner, 2013). Log transformation is a method in which each x variable
with log(x). Osbourne (2010), although he referred to natural log transformation as
traditional, highlighted that it is a common method used when the dependent variable is
influenced by many independent factors. Log transformation assisted in retrieving the
symmetry of the data by obtaining a more normal distribution. Thereafter, | assessed the
variables with statistical significance and evaluated their relation to the outcome variable
when controlling for all other variables.

Arthur et al. (2017) found that teachers' application of pedagogies, ability to
impart knowledge, and teacher's quality coupled with positive attitudes strongly predicted
student interest and produced greater student achievements, with statistical significance.
These authors utilized multiple regression to demonstrate the correlates of dependent
variables and their ability to predict with success. Quantitative multiple regression
research designs provided a large amount of information, allowing for the exploration of
several variables simultaneously (Queiroés et al., 2017). It gave information on each
variable's contribution and the combined effect (all subscales) on the model (Licht, 2011;
Pallant, 2016). Even more, this design provided the ability to investigate the research
questions outside of an experimental laboratory setting using controlling variables
(Pallant, 2016). Since this research was conducted in a real-life context and determined
the relationship between pedagogical content knowledge (teachers' mathematical

knowledge for teaching, instructional quality, and teachers' pedagogical qualification)
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and student achievement, controlling variables, it was the most applicable design for this
study.

Despite this design's importance to the research process, it had a few potential
constraints that were considered with contingency plans. One of the limitations of using a
multiple regression design is the possible violation of the data's assumptions (Warner,
2013). The assumptions required and validated were independence, homoscedasticity,
linear relationship, collinearity, no outliers, and normality (with log transformation).
Multicollinearity occurs when two or more independent variables are highly correlated in
the regression model, affecting results' reliability (Daoud, 2017). Linearity refers to the
straight-line relationship between the independent and dependent variable, while
homoscedasticity indicates that the residuals’ variance is about the same across all values
of independent variables (Pallant, 2016).

Osbourne and Waters (2002) claimed that independence of errors is robust to
violations and that mild violation may not be a major issue. However, Ernst and Albers
(2017) argued that the severe deviation could threaten the study's validity. Other authors
such as Glass et al. (1972) also warned that infringement of one or more assumptions
could have severe repercussions for using the interpretation to estimate the population
parameters. Violation of independence and linearity can be particularly problematic,
leading to biased estimates (Ernst & Albers, 2017; William et al., 2013). Therefore, it
was essential to check for violations of these assumptions before interpretation.

To validate these assumptions, | ran several tests in IBM SPSS. To test for

multicollinearity, | applied the Variance Inflation Factor values test, as suggested by
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O'Brien (2007). Once this value was far from the rule of thumb 10 (high correlation and
cause for concern), then the multicollinearity assumption is met (O'Brien, 2007). If this
assumption was not met and the value was ten or close to ten, | identified the independent
variable causing the issue via the VIF. With only one variable with the problem, | would
have removed it from the regression model, as Warner (2013) recommended. However,
given that there were only three variables of interest in the analysis, this move could have
created another issue. Given that this assumption was met, | proceeded to interpret the
results. | interpreted the results using the standardized coefficients without
generalizations and avoided interpreting the results where there was no statistical
significance. All of these options, | exhausted before thinking about non-parameter
measures.

| used a correlation matrix to test for linearity, the Durbin-Watson test for
independence (Barker & Shaw, 2015; Chen, 2015) and SPSS linearity test. For normality,
the goodness of fit test or inspection of the autocorrelation of the residuals approach was
used (Ernst and Albers, 2017) along with Kolmogorov—-Smirnov and the Shapiro-Wilk
test. Kolmogorov—Smirnov test was particularly useful given that with scatterplots, it was
challenging to visualize whether the normality assumption was truly violated (Ernst &
Albers, 2017). In testing for homoscedasticity and outliers, I used a residual plot and
Levene's test (Schreiber-Gregory & Jackson, 2018). Dr. Matt Jones claimed that Levene's
test provides an understanding of the variances' equality (Laureate Education (Producer),
20161). Once those assumptions are violated, a log transformation of variables or Tukey's

transformation ladder can help remedy the issue (Barker & Shaw, 2015; Knief &
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Forstmeier, 2020). This strategy was applied given that the normality assumption was
violated for teachers’ qualifications and the controlled variables.

To proactively avoid violation of linearity assumption, | selected independent
variables from research that had consistently shown a significant positive relationship
between these independent variables and student achievement. | further used a large
sample size to avoid violating the normality assumption. There was no extreme outliers,
and thus no need to remove them or use data transformation (log of X), as Warner (2013)
recommended, to reduce the impact of the slope estimates. With minor deviations from
the assumptions of independence or multicollinearity, | interpreted the results, with
cautious generalizations, as suggested by Osbourne and Waters (2002).

Another potential issue was the occurrence of Type 1 error, where | could have
rejected the null hypothesis when in fact, it is true. Therefore, I minimized the
significance levels by setting the confidence interval at least 95%. Another constraint was
that multiple regression and correlation designs required large sample sizes for statistical
power. However, to avoid the number of resources and costs associated with the large
sample size, researchers may use a sample size formula to their advantage using rules of
thumb rather than confidence interval and effect sizes (Shieh, 2013). Shieh (2013)
highlighted this action could lead to misleading sample sizes, imprecisions, and
unsatisfactory research outcomes for the study. Therefore, | mitigated this by conducting
a priori power analysis using effect size, power, and confidence interval.

Despite the constraints, using a quantitative multiple regression design produced

rich, objective, and meaningful data with an accurate picture (Cohen et al., 2007). This
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study displayed the relationship between teachers' mathematical knowledge, quality of
instruction and pedagogical qualifications, and student achievement. This design was also
consistent with research designs that emphasized the need to advance understanding of
teachers' mathematical knowledge. Blomeke et al. (2016) mentioned that a study linking
the relationship between teachers' knowledge, instruction, and student achievement is
timely. Copur-Gencturk (2012) added that further studies are needed to examine the
relationship between teachers' mathematical knowledge and student achievement using a
larger sample and advocated for such to occur at middle schools and beyond. Other
authors requested the examination of relationships, and thus, this study design was
relevant to the advancement of the cause.
Methodology

Population

This study was intended to be conducted in primary schools in four chains of
islands in the Eastern Caribbean. The four countries were Dominica, Grenada, St. Lucia,
and St. Vincent and the Grenadines. However, data was analyzed only for Grenada given
the low participation rate in the other countries. According to the Organizational Eastern
Caribbean States Statistical Digest (2017-2018), primary school is the first phase of
compulsory education in the Eastern Caribbean that begins with students age five and
ends at Grade 6. Primary education spans from Kindergarten to Grade 6 in Grenada and
the Eastern Caribbean. During the academic year 2017-2018, there were 3,345 teachers
and 48,511 students enrolled at the primary level in the four countries altogether and

about 800 in Grenada (Organization of Eastern Caribbean States Statistical Digest, 2017-
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2018). In this study, teachers, and students from Grades 2, 4, and 6 were the target, given
that the national standardized assessments were consistently administered at these levels
in all four countries. However, only Grenada’s student assessment data was used. On
average, there was 478 teachers per grade, and thus the Grades 2, 4, and 6 total
population in the Eastern Caribbean was approximately 1,434 teachers. The approximate
student enrollment in the four countries based on 2017-2018 data was 20,816 at Grades 2,
4, and 6. To get access to the population, I wrote to the Ministry of Education to explain
the research scope and procedures and to gain support during data collection.
Sampling and Sampling Procedures

A nonprobabilistic purposive sampling method was used in this study. This
sampling type was based on a sound judgment from the researcher to select participants
based on certain features or characteristics (Etikan et al., 2016). This method gives the
researcher the power to decide what needs to be known and determine the persons who
can and may be willing to provide the information (Etikan et al., 2016; Tongco, 2007).
Taherdoost (2016) claimed that purposive sampling can further help identify participants
who may be knowledgeable or experienced in the field of study and warrant inclusion. To
sum it up, this method allowed for the identification of participants who were best suited
and relevant to be utilized without immense pressure placed on them for compulsory
participation. It was even more useful in this instance where random sampling was not
feasible or practical (Campbell et al., 2020). Since Grades 2, 4, and 6 teachers and
students were used for this research, homogeneous purposive sampling was specifically

utilized. Homogeneous sampling allows for the selection of participants based on
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commonalities (Etikan et al., 2016). Given that the Grenada’s national assessments were
standardized at Grades 2, 4, and 6 and the research was subject-specific (mathematics),
this type of purposive sampling was most appropriate.

Although purposive sampling does not follow any scientific rule of randomization
and probability sampling theories (Campbell et al., 2020), which may be rigorous and
precise, it may not mean that this sampling method is nonrepresentative of the
population. Grades 2, 4, and 6 teachers, even with this grade level commonality, had
other diverse characteristics, such as level of qualifications, gender, age, districts, and
years of teaching experience, to represent the population. According to DeCarlo (2018),
Enticott et al. (2017), and Van-Hoeven et al. (2015), a sample is considered
representative when a subset of the larger population is used, and the sample
characteristics are similar to that of the original population. Representative purposive
sampling was advantageous because it allowed for data from the sample to be used to
generalize from the population where the sample was taken (D'Exelle, 2014). Mc Millan
and Schumacher (2006) highlighted that Rowntree (1984) proved a sample size that is
only a small percentage of the population could satisfactorily approximate the
characteristics of the population.

The use of purposive sampling further ensured that the sample genuinely
represented the population grouping of mathematics teachers. All mathematics teachers
teaching at Grades 2, 4, and 6 again were invited to increase the chances of getting many
participants. This strategy was the most obvious way to increase the data’s statistical

power and generalize (Cremers et al., 2017). Samples size affects the study's sensitivity
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and the ability to reveal a real effect and was thus, critical to assess in studies (Uttley,
2019). Type 2 error, which leads to acceptance of the null hypothesis when it should be
rejected (Kim, 2015), can be an issue with the multiple regression. Therefore, | ensured
that the sample size was adequate and not too large nor loaded with several variables to
avoid such an error. | did this by conducting a priori power analysis using G*Power (Faul
et al., 2009).

With the limit on participation to mathematics teachers at Grades 2, 4, and 6, it
was anticipated based on the G*Power priori power analysis (Faul et al., 2009) that at
least 77 teachers will participate from a diversity of school districts, gender, age,
qualification levels, and years of teaching experience, throughout the island. The priori
power analysis uses research to estimate the sample size using the effect size, alpha, and
power (Uttley, 2019). After selecting the multiple regression statistic test and inputting
the effect size, alpha, and power along with the number of variables into the G*Power
software, the sample size of at least 77 was revealed. Therefore, it was scientifically
determined with G*Power version 3.1.9.7 (Faul et al., 2009). The analysis showed a
minimum sample size of at least 77, given a medium effect size of 0.15, alpha of 0.05,
two-sided confidence interval of 95%, and a 0.80 power (Appendix B). This effect size
was used because research from Learning Mathematics for Teaching showed effect sizes
ranging from small to medium. Cohen (1988), considered effect size that falls around
0.02 as small and around 0.15 as a medium effect. Other studies such as Koniga and
Pflanzl (2016) showed medium effects between teachers' pedagogies and student

achievements, Odumosu et al. (2018) results showed significant effects, while Cueto et
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al. (2016), Gess-Newsome et al. (2017), and Hill et al. (2005) saw small variances. On

average, the effect sizes ranged from small to medium, helping determine the effect size
for this research.

| made certain that the alpha level was also kept at the standard 0.05 for the least
(Uttley, 2019). The alpha threshold of 0.05 and confidence interval of 95% was used
because, according to Hazra (2017), this by far is often used by researchers and is the
standard practice (Leavy, 2017). Power ranging from 0.72-0.80 was observed in studies
and was critical in the selection of a 0.80 power. Creswell and Creswell (2018)
mentioned that for researchers to balance the risk of making a Type | against Type 1l
errors, they often use 0.80 as the estimated power. Other researchers also suggested
setting the power at a high level (Creswell & Creswell, 2018; Leavy, 2017). This move
they mentioned, can increase the probability of detecting the relationship. In this case, it
helped to detect the relationship between teachers' pedagogical content knowledge
(mathematical knowledge for teaching, quality of instruction, and pedagogical
qualifications) and student achievement.

| sent the request to participate to all schools with teachers at Grades 2, 4, and 6 to
avoid a low response rate. According to Taherdoost (2016), this strategy is necessary
since response rates are infrequently 100%. This approach helped to compensate for non-
response (Taherdoost, 2017) and increased the sample size by at least 50% during the
distribution stage (Barlette et al., 2001). Where the total number of teachers was more
than the anticipated amount, | used the data to enhance the assumptions' validation.

However, | ensured a balance because, according to Andrade (2020) and Faber and
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Fonseca (2014), the sample size should not be either too big or too small since both
extremes can compromise the conclusions drawn.

| developed a sampling frame recommended by Taherdoost (2016) with a list of
all possible primary mathematics teachers that | pulled from for the study with their
characteristics. This list included all Grades 2, 4, and 6 primary mathematics teachers in
the targeted population. It excluded all individuals who were not in the targeted group,
such as Kindergarten and Grades 1, 3, and 5 mathematics teachers. In so doing, | ensured
that the sampling frame was representative of the population (Taherdoost, 2016). | sought
permission to access the datasheet on each school with the list of teachers' data according
to grades and their email addresses. | used this datasheet to assign a unique code for
country, school, and teacher to identify potential teacher participants early. This
information was attained from Grenada’s Ministry of Educations’ databases and was used
to ensure accuracy of information and usefulness when needed. | ensured that the listing
also had the school at which each teacher is attached to retrieve their contacts.

The participating teachers were then emailed information on the scope and
purpose of the study and a request for informed consent via Google Forms. Once teachers
agreed to participate, they were given this unique code previously established from the
Ministry's database and asked to use it when completing the demographic survey,
questionnaire, and for video recording of the teachers mathematics lesson. A ten
character unique code was assigned to the teachers' students and aligned to the country (1
letter), the school attached (2 digits), teacher (3 digits), and their students’ codes (4

digits). Together the ten-character code for the student had corresponding elements from
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the teacher for tracking purposes. To codify students, I also sought permission to access
the Ministry of Educations' national assessment scores for each student in each
participating school according to grade and teacher.

National assessments are standardized tests conducted annually in Grenada at
Grades 2, 4, and 6, to determine each student's level of attainment, based on the same
Organization of Eastern Caribbean States Harmonized Curriculum in Mathematics and
Language Arts. These assessments are developed, administered, and scored by experts
under strict test administration standards to ensure the validity and reliability of results.
According to Greaney and Kellaghan (2008), national assessments have enabled
ministries of education to describe national levels of learning achievements in crucial
subject areas and are designed to allow for comparisons. Best et al. (2013) and
Delandshere (1997) both claimed that "standardized" when referring to those national
assessments denotes the consistency in design, content, administration, and scoring to
ensure comparability of the results by students and schools. Therefore, these students'
data was coded in Excel with identifiers to their corresponding teachers for alignment
purposes. All sets of scores were placed alongside each other for correlation and
prediction purposes for in an Excel spreadsheet. | then labelled accordingly. This
technique enabled the correlation of mathematical knowledge for teaching, mathematical
quality of instruction scores, and pedagogical qualifications along with the controls at the
country level with student achievement.

It must be noted that most primary schools had only one class per grade, with one

mathematics teacher, and thus this reduced the challenge of accurate alignment of
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teachers' scores with student assessment. However, in instances where there were two or
more classes at a grade level, with two or more teachers, | used the school's class register
to determine which group of students were in which teacher's class and which set of
student's scores should be utilized based on their teachers' participation. This sampling
frame avoided duplication of persons and further assisted in selecting the representative
sample with similar characteristics of the overall population to target as participants.
Recruitment, Participation and Data Collection Procedures

To gain access to the participants, | wrote to the Ministry of Education in the four
participating countries. | also requested permission to use the Ministry of Education’s
national assessment student achievement scores. Finally, I included in the letter a request
for permission to access the schools' and get required information for the study. However,
only Grenada’s data was utilized in this study, given the small response from the other
countries. In the next step, when IRB approval was granted, | retrieved the databases and
preassigned codes. Coding although can be challenging, once there is correct matching at
each wave, it lowers the likelihood of high Type 11 errors and low statistical power
(Audette, 2020; Yurek, et al., 2008). Thus, | assigned, the letter code G for Grenada and
used this code and two additional digits to assign codes to the list of schools. Then |
added three more numbers to assign codes to the teachers and four digits to assign codes
to the students. In other words, a student code contained the country letter, school and
teacher digits, and the unique student identifier. Examining one student’s code indicated
the student's country, school within that country, the student’s teacher, and the unique

student. These codes were password encrypted on my computer. Brandao (2018) refers to
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this move as a form of cybersecurity, where activities are taken to protect and secure data
contained on a computer. Schools' class registers for the grade level were also used to
ensure accuracy and precision in aligning students' codes to their teachers for every
country.

After this initial stage, | wrote to the principals through the Ministries to notify
the teachers via email of the study. This email provided a synopsis of the research and its
purpose, participants’ rights, and sought informed consent to participate in the study,
including completing the demographics and MKT survey and videotaping of the teaching
of one mathematics lesson. | also informed the teachers that participation was voluntary
and that there was no reward for involvement. This strategy was in keeping with ethical
procedures and ensured that incentives did not affect the study results (Goldenberg et al.,
2007). Participants' information were kept in the strictest confidence. | further notified
them that this study was separate from my professional role as an Education officer. They
were assured that the MKT scores received, demographic information, and video
recordings will not be shared with my supervisors or the District Education Officers.

Once informed consent was given via the Google Form link, I collected
demographic and MKT information via a survey in another Google Form link.
Demographic information was collected on teachers’ age, gender, level of qualifications
(pedagogical-trained or untrained ), education levels, years of teaching experience, the
school attached, type of school (private or public), the grade-level teaching (Grades 2, 4,
or 6), and employment status (temporary, permanent, contract). This move helped to

better understand the background characteristics of the participants and ensure diversity
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and a well-represented population. Sifers (2002) claimed that the use of demographic
characteristics enables a better understanding of participants and provides the descriptive
attributes in the study.

Upon completing the demographic survey, | directed teachers to the MKT section
and reiterated their rights. The confidentiality of the process | also re-emphasized along
with instructions for completion of the survey. All data documents collected
electronically were encrypted with an access code only for me to access, which is a key
highlight. Codes without names were used for the participants, but country and school
names were used. Yurek et al. (2008), underscored the importance of maintaining
identification codes for the respondents at each data point so that the same respondent’s
data can be aligned and compared overtime. Therefore, | provided each teacher
participant with a code and informed them of the importance of the codes. This move was
critical in ensuring that the teachers' scores from the survey could be tracked and aligned
to their student achievement scores at the country level and also matched with their
quality instruction scores. The use of codes also eliminated the risks of bias or
comparison of responses to individuals and helped maintained anonymity (Yurek et al.,
2008). It further ensured accuracy in the application of the multiple regression model.

Once the mathematical knowledge for teaching questionnaire data was collected,
the teacher volunteer used a phone to record the teaching of one mathematics lesson for
24-32 minutes. This was done using a tripod stand or just by propping up the phone for
the recording. | further provided instructions for the video recording. These instructions

included that the recording should only include footage of the teacher, the video
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recording should be unedited and continuous, and there was no requirement or
expectation to create a professional-quality production. However, teachers were to ensure
that they were visible and clearly heard along with students clearly heard on the video
submitted. The teachers needed to test all video/audio equipment (phone) for sound and
quality before beginning teaching. While recording, teachers had to teach as normal and
avoid focusing on the camera. On completion of the recording, teachers were expected to
save it on a hard-drive or flash drive and email to me. They were reminded to include the
unique identifier in the email when submitting the video recording for coding.

Video recordings help to capture the dynamics in instructional practices
(Newhouse et al., 2007). Tunis et al. (2016) stressed that there must be consistency in the
outcomes that are measured and reported if the data will be combined and used to inform
decisions and policies. The observational protocols for the mathematical quality of
instruction were utilized to ensure consistency of coding. There was flexibility in the day
and the mathematics lesson choice, ensuring teachers' comfort and genuinely capturing
mathematics instruction and teaching quality.

Once the video recordings were emailed to me, | forwarded to the raters for
coding. Two - four 5 - 7.5-minute segments of the videos were then rated by two trained
administrators independently using the MQI instrument protocols at a given time (Hill et
al., 2008 & Hill, 2014). After each segment, the raters stopped to score the dichotomous
item of whether mathematics content was taught for more than half of the segment time,
using 0-no and 1-yes (Hill, 2014). The raters scored five domains (Classroom work is

Connected to Mathematics, Mathematics richness, working with students and
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mathematics, errors and imprecisions, and student practices) using a 4-point rating scale.
The 4-point rating scale included 0-not present, 1- low, 2-mid, and 3-high. The five
domains each had individual items when totaled, gave 21 items scored individually, and
then an average of all of the items was calculated. Each of the domains was also scored
holistically, giving an overall judgment for each domain.

At the end of the lesson, the raters scored the entire lesson using the whole lesson
codes (Hill, 2014). In this section of the Mathematical Quality of instruction instrument,
there were nine items and one overall item. These items were all scored using a 5-point
rating scale of 1-5. The lowest point 1, signified that the item is not at all true, while the
highest extreme denoted very true of the item in the lesson. Therefore, the five point
rating scale for the Whole lesson Codes includes 1-Low, 2-Low/Mid, 3-Mid, 4-Mid/High
and 5-High. The tenth item gave an overall indication of the instruction quality of the
mathematics instruction. Thus, | calculated the nine items' average, and the tenth was
used separately as a single item. With this strategy, each teacher's scores were recorded
based on the first single item (connection to mathematics or not), the five combined
domains scores, and the whole lesson score. These scores were then averaged to
determine the general teaching quality of the mathematics teacher. The overall scores
from the two raters’ scores were then averaged to get a final score for the teacher.

This strategy helped to determine teachers' use of their knowledge in the
instructional practices/quality of instruction score and ensured consistency and reliability.
The classroom video recordings also provided checks and balances in understanding

teachers' pedagogical content knowledge and in determining whether teachers used that
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knowledge in classroom practices. Once the ratings were completed, all video recordings
were securely archived and will be discarded based on Walden’s stipulated policies after
five years. Data security has become critical in transmitting and storing information
(Agrawal & Pal, 2017). The results from the data collected was not shared with the
supervisors with names but with de-identified codes for participants and schools to
protect their privacy.

In the meantime, I collected and downloaded the data from the demographic and
MKT survey, and collected the MQI codes from the video raters, averaged, and mated
them with the Grenada students' national assessment scores as previously explained. All
this information was placed in an Excel spreadsheet. To ensure accuracy of alignment, |
utilized the class registers and verified that the teachers' and students' codes
corresponded. Subsequently, | sorted, screened, and cleaned the data first according to
individual school, teacher, and grade level using the filter function in Excel. “Data
cleaning aims to identify data errors and, if possible, correct them,” while data screening
assist in reviewing the data quality and features (Huebner, 2020, p. 2). The demographic
data collected from the participating teachers which indicated mainly their grade level,
qualifications, gender, age, years of experience, employment status, and school type
(private or public) from the Ministry of Education archives was also included in the Excel
database and screened. Once correctly organized and cleaned, all data collected was
exported to IBM SPSS for the descriptive and multiple regression analysis.

After completing the study, I will provide the administrators, supervisors, and

school staff with the results. | particularly offered to share a more detailed summary of
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the results with the participants and other key stakeholders, also debriefing them on how
the results will be shared with the administrators. | will send an electronic thank you card
to all the study participants for contributing to the study, but no reward will be given.
Instrumentation and Operationalization of Constructs

One dependent variable and three independent variables of interest, and three
controls were used in this study. The dependent variable was student achievement (Y),
while the independent variables of interest were primary teachers' mathematical
knowledge for teaching (X1), mathematics teachers' quality of instruction (Xz), and their
pedagogical qualifications (X3). The independent variables of control were the teachers'
age (X4), gender (Xs), and years of experience (Xe). Thus, the regression model looked
like:

Y=Dbo + b1 X1 + b2Xz + b3Xs + baXs + bsXs + bsXs

In conducting the IBM SPSS analysis, | included the dependent variable in the
model, the independent variables of interest, and the control variables (teachers' age,
gender, and years of experience) simultaneously. This approach helped me analyze the
predictive effect of the independent variables individually on the dependent variable and
then the influence when all were included in the regression, without the influence of the
controlled variables. In other words, | interpreted each independent variable's relationship
to the dependent variable, controlling all other variables. This model isolates each

variable's role while holding the other variables constant (Frost, 2021).
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Student Achievement

Student's mathematics achievement was measured by the Ministry of Education's
national assessments archival data in each country separately. Student achievement is a
measure of students' knowledge and skills at a specified time and level from a
standardized test. Guskey (2013) mentioned that although student achievement has been
around for years, it is difficult to conceptualize it based on varying interpretations and
measurements. Grenada’s Ministry of Educations' national assessment comprises of
standardized tests developed yearly by mathematics specialist teachers, education
officers, assessment officers, and teachers at the country level for the Grade 2 and 4
examinations (Ministry of Education Grenada, 2019a & b). The assessments are designed
specifically to measure the Organization of the Eastern Caribbean States Harmonized
Curriculum outcomes. These trained professional mathematics educators also review
standardized assessments for quality assurance purposes. Report: From St. Vincent and
the Grenadines (2018) states that Grades 2 and 4 national assessments allow for
collecting data on performance for each student, based on the mathematics curriculum,
while Grade 6 national assessment assists with placement of students to exit to secondary
school. The two purposes of the assessment outlined for the St. Vincent are the same for
Grenada and thus relevant in this study. World Data on Education (2010) highlighted that
the national standard assessment was introduced for quality control purposes, monitoring,
assessing, analyzing results, providing feedback, and correcting issues identified.

National assessments have enabled various ministries of education to describe

national levels of learning achievements in crucial subject areas and are designed to allow
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for comparisons (Greaney & Kellaghan, 2008). Best et al. (2013) and Delandshere (1997)

further argued that standardized when referring to those national assessments denotes
consistency in design, content, administration, and scoring to ensure comparability of
students' and schools' results. Similarly, Mc Millan and Schumacher (2006) postulated
that standardized test scores provide consistent administration and scoring procedures.
Therefore, in this study, student achievement scores were compared within Grenada and
placed alongside teachers' mathematical knowledge, mathematical quality of instruction,
and qualifications scores. The Organization of the Eastern Caribbean States Statistical
Digest has captured statistics using these standardized assessments yearly to demonstrate
student achievement in Grenada and throughout the Eastern Caribbean countries
(Organization of Eastern Caribbean States Statistical Digest, 2017-2018).

But how do they interpret student achievement? Authors such as Ramchander and
Naude (2018) interpreted student achievement based on the increasing enrollment in
large classes and modules, while other researchers conceptualized it as personal growth
and development in skills and knowledge (Betebenner & Linn, 2009). However, in this
study, student achievement was operationalized, as is most often referred to, as the
student's ability to reproduce knowledge and tasks as measured through standardized tests
(Ballafkih & Middelkoop, 2019). Therefore, Grenada’s national standardized assessment
conducted in 2021 was utilized to measure student achievement. Although the results
from this study cannot be generalized beyond the ambits of Grenada, it can be of great
utility in evaluating the impact of teachers' pedagogical content knowledge on student

achievement in Grenada.
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Grades 2 and 4 tests had varied items (multiple-choice, fill-in the blanks,
matching, and structured), but Grade 6 was multiple choice. While the Grade 2 and 4
standardized assessments for Grenada was developed locally using these specialists, the
Grade 6 assessment was developed by the Caribbean Examination's Council. These
assessments were administered in 2021 by trained supervisors under consistent
conditions. Items from the Caribbean Examination's Council were scored with one mark
per item. In contrast, the locally developed items were scored using a nationally
developed standardized analytic marking scheme for each item.

In this study, student's achievement scores out of a hundred were recorded, as is,
for Grenada and aligned to teachers' scores. In other words, the teacher's score was placed
alongside their student's achievement scores. After collecting the Pedagogical Content
Knowledge data from the teachers, I then correlated the Pedagogical Content Knowledge
(mathematical knowledge for teaching, quality of instruction codes and the pedagogical
qualifications values) against their students' actual scores using the corresponding codes
to ascertain alignment.

The Grades 2, 4, and 6 national assessment tools were appropriate for this study
because it measured student achievement for the grade levels at the end of the academic
year. Since this study focused on using primary mathematics teachers' pedagogical
content knowledge to determine the relation to Grenada’s national assessment of student
achievement, these standardized tests were critical in measuring student achievement of
curriculum goals. Ballafkih & Middelkoop (2019) mentioned that student achievement

could be determined through student grades from standardized assessments.
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| wrote to the Ministries of Education to discuss the present study and approvals
to use national assessment scores at de-identified levels through codes in this study.
Permission to conduct the study was sanctioned, and thus | proceeded with the data
collection from the Ministries’ datasets when IRB approved. Note that students' scores
were used as they were provided by the Ministry of Education.

The Ministry of Education's standardized national assessments have proven to be
reliable and valid. The Caribbean Examination’s Council (2020) Caribbean Primary EXit
Assessment standards document claimed that this tool provides a complete assessment of
the school curriculum before students move to the secondary level. Additionally, items
were developed and piloted to ensure a viable bank of items in the participating countries
(Anguilla, British Virgin Islands, Grenada, St. VVincent, Montserrat, Turks, and Caicos).
The CPEA was first introduced in 2012 in Anguilla and Grenada and then gradually
extended to the other islands in the Caribbean. A complete psychometric analysis was
conducted, which revealed coefficient reliability of 0.87 for the year 2019 and at that
level or above for the other years (Caribbean Examination Council, 2019).

Similarly, the locally developed national assessment items in Grenada have been
used for years with parallel items each year. These items were piloted, refined, and used
for examination, reflecting a cross-section of the Organization of the Eastern Caribbean
States Harmonized Curriculum used by Grenada and other Eastern Caribbean countries.
Dominica's National Assessment Report (2014) highlighted four critical stages in the
development of items for these examinations: (a) preparation of the test plan, (b)

development of test blueprint or test specifications, (c) item development, and (d) test
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construction. Grenada and the other islands followed the similar pattern for test
development. All test items were piloted before used to inform the item selection and the
examinations' timing. This strategy is clearly articulated in Grenada's National
Assessment Report (2019). Curriculum Officers and editors further reviewed the items on
the standardized tests against the Curriculum to ensure content validity and adherence to
the cognitive levels of objectives.

Authors seem to have used local and international standardized assessment to
measure student achievements in the past. Dodeen et al. (2012) and Toropova et al.
(2019) used the standardized test Trends in Mathematics and Science Study (TIMSS).
They mentioned that this tool helps collect achievement data and information on Grades
2, 4, and 6 students. Similarly, Johansson and Strietholt (2019) used TIMSS to examine
the aspects of the mathematics curriculum. Fung et al. (2018) utilized the Programme
International Student Assessment. In the Caribbean region, Crossfield and Bourne (2017)
used the results from the Caribbean Examination’s Council Caribbean Secondary
Education Certificate standardized examination. Therefore, this study also applied the
Ministry of Education's standardized assessments for Grenada to determine student
achievements as an appropriate measure.

Mathematical Knowledge for Teaching

To collect data on primary teachers' mathematical knowledge for teaching, I used
the Learning Mathematics for Teaching (2004 & 2008) instrument for Grades 2, 4, and 6
teachers, the MKT. The instrument comprised a questionnaire with multiple-choice

items, most of which had four options. This questionnaire was developed to measure
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teachers' knowledge for teaching mathematics in different content areas and domains.
The Learning Mathematics for Teaching items are unique because led researchers
designed items based on common problems that may arise during mathematics teaching
to students (Learning Mathematics for Teaching, 2004). Members of the Study of
Instructional Improvement/Learning Mathematics for Teaching projects designed the
items. However, Ball et al. (2008) and Hill et al. (2004) were the leading developers.
Through a questionnaire, the instrument allowed teachers to explain rules and procedures
and examine a variety of strategies for solving problems, among other areas (Learning
Mathematics for Teaching, 2004).

Given that the instrument was developed specifically to measure teachers’ MKT,
including pedagogical content knowledge and subject matter knowledge, this instrument
was appropriate for the current study in measuring teachers' mathematical knowledge.
For this study, | utilized the MKT three content areas Number Concepts and Operations,
Geometry and Probability, Data, and Statistics. These three areas had items covering all
components in the Organization of Eastern Caribbean States Harmonized Curriculum
used in the Eastern Caribbean. Additionally, these two of the three areas also had items
for Grades K-6 classroom, including the three grades utilized in this study.

Items from the MKT tool were written and piloted with over 500 elementary
teachers (K-6) between the years 2000 and 2008 with a combination of common content
knowledge, specialized content knowledge, knowledge of content, and students, and
knowledge of content and teaching items. For the purpose of this study, items created

from 2004 and 2008 were used. According to Hill (2007), although many items focus on
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content knowledge, the tool provides an overall measure of teacher mathematical
knowledge for teaching, which includes pedagogy and subject matter knowledge. This
instrument does not measure common content knowledge but focuses on knowledge that
is unique and beneficial to teaching students mathematics (Learning Mathematics for
Teaching, 2004). In other words, it focuses on the pedagogies and subject matter content
knowledge rather than on solving content problems. Therefore, this instrument was
appropriate for this study.

To gain permission to access the MKT tool, 1 visited the Learning Mathematics
for Teaching website and contacted the liaison for training via email. With the provision
of my credentials as a researcher, | was given access to the training website. The MKT
training consisted of three compulsory modules before | gained access to the larger item
pool. They were an Introduction to Mathematical for Teaching training, Developing an
Assessment Plan, and Using the Teacher Knowledge Assessment System. Upon
completing the training, | received a confirmation for the use of and access to the array of
items according to content areas, domains, and forms to select the most appropriate for
this study.

The MKT instrument is a preestablished tool with proven validity and reliability.
Most of the MKT tool content and levels had two forms of items. Each form have 8-30
items, based on the grade levels, each of which can be completed in approximately 30
minutes. For the purpose of this study, the forms selected had 8 (Geometry), 15 (Number
Concept and Operations), and 20 items (Probability, Data, and Statistics). Learning

Mathematics for Teaching (2004) developed Geometry; Number Concepts and
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Operations and Probability, Data and Statistics were developed by Learning Mathematics
for Teaching (2008a & b). The reliability ranged from 0.75 to 0.85 (Hill, 2007) and was
determined using the Item Response Theory. The questions were formatted with a stem
and up to three to five optional responses, including distractors. All items were created to
discriminate and reliably measure teachers' mathematical knowledge levels, and
therefore, there were easy, medium, and difficult questions.

Learning Mathematics for Teaching project provided the answer keys for each
item for Teaching. Teachers were either awarded a one if the response was in accordance
with the answer key or zero if the response provided did not correspond to the answer
key. The raw scores were then tallied for each item and converted to Item Response
Theory scores using the Learning Mathematics Teaching conversion table. Each teacher's
final Item Response Theory score was attained by averaging each component's score
(Geometry, Number Concepts and Operations, and Probability, Data, and Statistics).
Sample items were released from Learning Mathematics for Teaching (2008) (Appendix
C). Items currently used for the MKT are not released because of the cost of developing
and piloting questions (Learning for Mathematics Teaching, 2004). This questionnaire
with the items will be administered online and thus is web-based.

Additionally, all items created in 2004 and beyond were reviewed by
mathematicians to ensure the items' accuracy and validity. This move helped improve the
face validity and the statistical performance of the questions (The Regents of the
University of Michigan, 2011). The Learning Mathematics for Teaching MKT instrument

followed the validity proposed by Kane (2006). In this approach, the authors
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recommended the need to outline the planned use and interpretations of the scores,
develop some assumptions to support use and interpretations, and investigate these
assumptions using multiple evidence. Therefore, Shilling and Hill (2007) helped interpret
the MKT scores, where they re-emphasized that MKT scores are not common knowledge
but reflect the mathematical knowledge for teaching. The authors highlighted three key
assumptions that were adhered to for the interpretation arguments to be true:
Assumption 1: The scores teachers receive should reflect the MKT and not based
on guessing or other subtle test-taking strategies and techniques.
Assumption 2: Teachers' scores represent more than common content knowledge
and reflect the theory of MKT with a combination of the domains.
Assumption 3: Teachers use their knowledge for mathematics teaching to
instruction to improve maximum quality to get students learning mathematics.
Researchers have provided evidence for these assumptions and helped to validate
the MKT tool (Ball et al., 2005; Delaney et al., 2008; Hill et al., 2007; Jankvist et al.,
2016; Mosvold & Hoover, 2018; Schilling et al. 2007; Schilling & Hill, 2007). Thus, the
validity and reliability procedures were consistent over the years. Mathematical
Knowledge for Teaching tool was used by researchers in populations in Europe, such as
Ireland, Asia, Africa, and the United States. In the study done by Cueto et al. (2016), the
instrument was used in Peru, a Latin American country. However, the Mathematical
Knowledge for Teaching instrument was mostly used in Northern America studies with
middle school mathematics pre-service teachers (Hoover et al., 2016). Studies by

Charalambous (2010), Copur-Gencturk et al. (2019), Copur-Gencturk (2012), Hill et al.
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(2008), Ng et al. (2012), Phelps and Howell (2016), and Santagata and Lee (2019) among

several others used this tool to assess teachers’ mathematical knowledge. Hoover et al.
(2016) further showed that most of these studies' sample size was small to medium (10-
29).

Previous studies have operationalized MKT in different ways. Raiula & Kumari
(2016) and Shulman (1987) used MKT as the knowledge, skills, and understanding that
teachers need in teaching the subject matter for effectiveness (Raiula & Kumari, 2016;
Shulman, 1987). Ball et al. (2008) theoretically categorized MKT in two separable
components, pedagogical content knowledge and subject matter knowledge. However,
Copur-Gencturk et al. (2019), Friedrichsen et al. (2009), Kleickmann et al. (2012),
Magnusson et al. (1999), and Rollnick et al. (2008), considered them as inseparable.
Copur-Gencturk et al. (2019), specifically noted that the constructs of MKT as
operationalized by the developers (Ball et al., 2008) were indistinguishable from each
other. Therefore, all constructs in the Ball et al. (2008) MKT framework were
conceptualized and operationalized in this study as a unit, all fused to measure teachers’
mathematical knowledge.

Even more, Andrew (2001), Grossman (1990), Magnusson et al. (1999), Marks
(1990), and Rollnick et al. (2008) highlighted subject matter knowledge and MKT
components stated in Ball et al. (2008) framework as sub-components of pedagogical
content knowledge. In other words, pedagogical content knowledge was examined as the
broader concept with MKT features from Ball et al. (2008) and others as its sub-

components. Shulman (1986) considered pedagogical content knowledge as an
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amalgamate of content and pedagogy, which Ball et al. (2008) used to construct the MKT

framework. Therefore, in this study, MKT was employed as the knowledge, skills, and
understanding teachers need in teaching mathematics effectively that are unique to the
field. It was considered a component of pedagogical content knowledge which was sub-
divided into two main components (subject matter knowledge and pedagogical
knowledge). The pedagogical knowledge included instructional processes and quality as
included in Marks (1990) framework.
Mathematics Teachers Quality of Instruction

The MQI tool was utilized to measure Grade 2, 4, and 6 mathematics teachers' use
of knowledge or quality of instruction in classroom practices. This tool was developed by
Hill et al. (2008) and Hill (2014) via the Learning Mathematics for Teaching Project
(2014). It assisted in collecting data on teachers' quality of instruction. The instrument
provides a framework for analyzing teachers' mathematical instruction in five critical
domains and the whole lesson through an observational rubric (Centre for Quality
Education Research, n. d.). | recruited eight raters from among the four islands, including
myself, as a standby in emergency cases if one rater may be inevitably unavailable. Four
of the raters were from Grenada, two from St. Lucia, one from St. Vincent, and one from
Dominica. | recruited two additional raters to ensure that at least two could have been
used for each country. Therefore, the total raters amounted to ten. However, given the
small response rate from the other countries, only teachers from Grenada were used in the
research. As such, three out of the four trained raters in Grenada assisted with the coding

of the videos.
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After the lessons' video recording, the data was placed in a folder encrypted with
a code on my computer, correctly labeled. Then I organized the raters in pairs to rate the
videos together via an online modality such as zoom during a scheduled timeframe.
Videos were randomly assigned to raters, based on the number of teachers who
volunteered to participate. With about 77 teachers, each rater received approximately 16
teachers' videos to rate. However, given that one of the raters from Grenada did not
participate, that 16 was redistributed to the other raters. One lesson was recorded per
teacher, and the trained raters documented their scores independently to avoid collusion
and influence from one rater. After each coding, I collected the rating sheets from the
raters coding the same video, and the scores were averaged and recorded.

The raters assessed teachers based on all five areas and the entire lesson. The five
domains of the MQI tool are common core aligned to student practices, errors, and
imprecision, the richness of mathematics, working with students and mathematics, and
classroom work is connected to mathematics (Centre for Quality Education Research, n.
d.). The tool used scales or score points to determine the levels of quality of
teachers. Therefore, the rater divided the 24-32 minutes lesson into 5 -7.5 minutes
segments and rated each segment. The first section contained one dichotomous item (1-
yes and 0-no) that measured the connection of classroom work to mathematics. For the
other four domains measured individually and as a group, raters used a 4-point scale (0-
not present, 1- low, 2-mid and 3-high) to assess mathematics richness (4 items), teacher
ability to work with student and mathematics (2 items), errors and precisions (3 items),

and student practices (5 items). The whole lesson aspect consisted of nine items and one
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holistic item to give an overall picture of instructional quality. This section was rated
using a 5-point rating scale (where 1 reflects not at all true of the lesson and 5 very true
of the lesson). The Learning Mathematics for Teaching (2014) demonstrated an example
of how raters should code Section 1(classroom work is connected to mathematics) with a
yes or no response as shown hereunder:
Grade as yes if the lesson is focused on mathematical content for the majority of the
segment (at least 3.75 minutes for a 7.5-minute segment). Examples from Learning
Mathematics for Teaching (2014) are:

e Teacher reviewing content from a prior lesson

« Teacher introducing content

« Students practicing content

« Students working on a warm-up problem while the teacher takes attendance
The presence of such mathematical related areas that take up more than half of the video
segment rated imply that the teacher will be graded with a yes for the section classroom
work is connected to mathematics.

However, a code of no means that focus for most of the segment (at least 3.75
minutes for a 7.5-minute segment) is on non-mathematical topics or student activities that
have no apparent connections to developing mathematical content. Examples: from
Learning Mathematics for Teaching (2014) include:

o Gathering or distributing materials, other administrative issues

o Disciplinary issues that severely impinge upon instructional time
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« Students doing an activity (cutting, pasting, coloring) that is not clearly connected
to mathematics

Hill et al. (2008) developed the MQI to reliably measure what teachers do with
their students in the classroom related to mathematics. Additionally, it is based on the
theory of instruction and the concept of knowledge (Measures in Effective Teaching
Projects, 2010), which drove this research, research literature, and the observation and
analysis of several teachers from varied backgrounds. During the period between 2003
and 2012, the MQI tool was developed and piloted. A significant positive relationship
was noted in research between the MQI and student outcomes (Darling-Hammond, 2000;
Hill et al., 2011; Hill et al. 2008; Kelcey et al., 2014). The MQI tool is also widely used
by researchers (Blazar, 2015; Blazar et al., 2017; Garet et al., 2016; Mantzicopoulos,
2018; Mantzicopoulos, 2019).

The MQI was selected because it was widely used in studies of classroom
instruction in mathematics, and there is some existing evidence for positive associations
between MQI scores and student achievement (Blazar, 2015; Hill et al., 2011). Measures
in Effective Teaching Project (2010) stated that the MQI tool is unique among the other
measures of teachers’ practices in the classroom since it takes a holistic view of all
elements that comprise of effective mathematics instruction. Finally, Hill et al. (2008)
and Hill (2014) - recent version in developing the MQI tool used it to quantify the
relationship between MKT and MQI. In so doing, they were able to uncover the way in
which MKT appears in instruction with the MQI. This translation of knowledge to

instruction was fundamental to the purpose of this study. Therefore, this tool has been
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proven reliable to measure teachers' use of their mathematical knowledge in classroom
interaction as proposed by this study.

To access the MQI tool, | contacted the developers via email. Once the developers
were contacted, access to the training modules was provided and the raters also went
through the training after the liaison forwarded the materials to me for a workshop. The
training provided means of how to rate classroom videos using the MQI tool. Once |
gained entry to the training, | was further given permission to use, and access the
instrument on the MQI Training website.

The MQI instrument was "designed to reliably measure the mathematical work
that occurs in classrooms, on the theory that work is distinct from classroom climate,
pedagogical style, or the deployment of generic instructional strategies"” (Measures of
Effective Teaching Project, 2010, p. 2). The reliability coefficient ranged from 0.5-0.83
in the MQI domains (Hill et al., 2008). In validating the tool, the researchers conducted
five case studies. They gave a sample of ten teachers MKT surveys to complete and
participate in recording their lesson to test the tool, and thus, its utility in this study.
Additionally, several studies (Hill et al. 2012; Kelcey, 2014; Mantzicopoulos, 2018,
Mantzicopoulos, 2019; Santagata & Lee, 2019) have used the MQI tool, gathering data to
prove the tool's reliability. The MQI instrument was most popular with U.S teachers
(Centre for Education Policy Research, n. d.).

Several studies have also operationalized quality of mathematics instruction.
According to Manizade & Orrill (2020), this variable refers to the teachers' actions

observed during teaching. Mantzicopoulos et al. (2019) looked at it as the effectiveness
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of teachers in instructional practices, while teachers' perceptions and interpretations
during the classroom interactions are what Friesen and Kuntze (2020) referred to as
quality of instruction. Friesen and Kuntze (2020) extended saying that it looks at the
teachers' evidence in classroom interactions by analyzing the situation to inform their
decisions.

This study conceptualized and operationalized MQI as the evidence of teachers’
actions and use of knowledge in the classroom interactions. Specific to mathematics, Hill
et al. (2008) operationalized MQI as “several dimensions that characterize the rigor and
richness of the mathematics of the lesson, including the presence or absence of
mathematical errors, mathematical explanation and justification, mathematical
representation, and related observables” (p. 431). These dimensions were used in this
study to measure primary mathematics teachers’ quality of instruction. Other authors
have also utilized this variable in the past (Charalambous & Litke, 2018; Mantzicopoulos
et al., 2018; Mantzicopoulos, 2019). It is measured by the MQI tool developed by Hill et
al. (2008) via the Learning Mathematics for Teaching Project (2014), and the same was
done for this study.

This observational tool was applied because of the ability to capture teachers' use
of their knowledge in instructional practices. As Creswell (2014) mentioned that with an
observational tool, the researcher could record information as it happens in reality. This
thought is consistent with Friesen and Kuntze’s (2020) indication of quality of instruction

as the evidence of classroom interactions and was thus useful in this study.
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Pedagogical Qualification

The third independent variable of interest, teacher pedagogical qualifications was
used in this study. The demographic survey used just before collecting data on teachers’
mathematical knowledge was used to determine teachers’ pedagogical qualifications. The
demographic survey | developed comprised of ten items: gender, highest level of
education, pedagogical qualifications (trained/qualified, untrained/not qualified), years of
teaching experience, age, type of school (private or public), the grade level that they were
teaching (Grades 2, 4 or 6), employment status (temporary, permanent) and their
mathematics qualifications status (Appendix D). At the beginning of the survey teachers
had to include their unique identifier and school name where they are attached. Teachers
were given this demographic survey via a link in Google Form to complete.

The pedagogical qualification was a dichotomous item (1-trained, O-untrained),
based on teachers’ certification to teach from Teacher’s College or university. | dummy
coded pedagogical qualifications variable. While dummy variables can be important in
capturing the influence of categorical variables (Bollen & Barb, 1981), Yip and Tsang
(2007) findings showed that the results can be misinterpreted, especially when using the
main effects between the dummy and independent variables in a regression. Therefore, |
ensured that | was clear on the main effects approach and its interpretation to avoid
mistakes in hypotheses testing (Yip & Tsang, 2007). Since there were only two items
trained and untrained, one dummy variable was created (trained coded as “1” and
untrained coded as “0”) for this variable. Dummy variables are recommended,

particularly when there is no order to the items in the category or if there are more than
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two items that do not have equal differences, but it may impose multicollinearity and
affect the entire analysis (Holgersson et al., 2013). Therefore, the assumptions tests were
critical here.

Teachers’ pedagogical qualification was conceptualized in this study as
mathematics teachers’ training in teaching. In Granada and most Eastern Caribbean
countries, teachers can enter the teaching profession without any formal training. Some
teachers become trained several years after being in the classroom. Teacher training in
pedagogy occurs after two years of development in the pedagogies of teaching, after
which teachers become certified in teaching referred to as qualified. Therefore, in this
study teachers’ pedagogical qualifications were operationalized as whether a teacher is
qualified (trained) or unqualified (untrained) in the teaching profession.

Authors have used teachers’ qualification variable in the past with different
meanings. Ningtiyas and Jailani (2018) referred to teachers’ pedagogical qualifications as
teachers training needed for them to apply their skills, knowledge, and attitudes to
conduct activities related to teaching. Dodeen et al. (2012) referred to teacher
qualifications as the “credentials, knowledge, and experiences that a teacher brings to the
job” (p. 62). In the context of their study, Dodeen et al. (2012) used teacher qualifications
as the mathematical pedagogy, professional development, years of experience, and their
preparedness levels among others. In this study, | operationalized it as the mathematical

pedagogical training received by mathematics teachers.



98

Controlled Variables

| used three control variables in this study, teachers' gender, age, and years of
experience. | controlled these three variables because researchers have shown their
influence on both the independent and dependent variables. Bartram (2020) and Shahar
and Shahar (2013) strongly maintained that control variables should only be included in a
regression model to mitigate against any potential bias. Bartram (2020) added that these
confounding biases could occur if the researcher fails to include variables in the model
that influence both the main variables of interest and the dependent variable. But Bartram
(2020) warned that if the variable only influences the dependent variable, then it should
not be used in the study as controlled variables but as intervening variables.

Armstrong (2015) showed that teachers with 6-10 and 31-35 years of experience
their students perform better than student's teachers with other range of years’ experience.
Similarly, Paypay and Kraft (2016) research findings showed that teachers' years of
experience do return benefit in terms of student performance. Toropova et al. (2019)
confirmed this in their findings, stating that teachers' characteristics, such as years of
experience, impact student achievement. Other authors such as Darling-Hammond
(2000), Mohammed et al. (2012), and Yalcini et al. (2017) shared similar sentiments. Hill
et al. (2005) further showed that teachers' years of experience and teachers’ Mathematical
knowledge are related. As teachers grow in expertise, it is expected that they will grow in
knowledge specific to mathematics and master instructional practice (Novikasari, 2017).
Santagata and Lee (2019), realizing this mentioned that novice teachers must be given

additional support at the beginning of their career. Given that this is the case, then years
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of experience was controlled in the analysis to determine the effects of the variables of
interest when other variables were controlled.

Similar observations were made for teachers' age and gender. Regarding teachers'
age, Armstrong (2015) highlighted that older teachers' students tend to perform better
than younger teachers' students. Teachers' background variables are often used in
research studies, such as teachers' gender, age, degrees, certification, and years of
experience (Wayne & Youngs, 2003). Although results are sometimes inconclusive with
some teachers' characteristics like gender, Koopman et al. (2019) research findings
showed that teachers' pedagogical content knowledge, their age, and years of experience
all had positive effects on student's achievement. Gong et al. (2016) also showed that
gender had a positive effect on students learning outcomes. Additionally, Ehrenberg et al.
(1995) used teachers' gender as a control to determine effectiveness in their study. Again
given, the statistically significant relationship observed by these researchers, the addition
of teachers’ age and gender warranted controlling to determine the relation of variables of
interest even when these are controlled. When included in the model, these variables
indicated whether the variables of interest were influencing the relationship on student
achievements independently or whether the control variables added to this influence.

Therefore, in the model, controls were included to determine whether a teacher
with several years of experience or little experience, whether younger or older or male or
female teachers bore any influence on student achievement. It further assisted in
providing a clearer picture of the relationships that the variables of interest had on student

achievement without outside influence. The gender of teachers consisted of two
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dichotomous responses, which were dummy coded (“0”-Male and “1”-female). Teachers'
age were included as a continuous scale and also teachers’ years of experience.

The type of model that I utilized was the standard multiple regression model. This
approach allowed me to evaluate each independent variable's predictive power when all
other variables were statistically controlled and the influence of the independent variables
as one block on the dependent variable (Hoyt et al., 2006; Pallant, 2016). In this analysis,
| included the dependent variable (YY) in the analysis, the mathematical knowledge for
teaching (X1), instructional quality (X2), qualifications (X3) variables, and then the
control variables (age (Xa4), gender (Xs), and years of experience (Xs)) simultaneously in
one group. This model isolated the role of each variable while holding the other variables
constant (Frost, 2021).

Data Analysis Plan

The purpose of this quantitative multiple regression study was to determine the
relationship between primary mathematics teachers’ pedagogical content knowledge
(mathematical knowledge for teaching as measured by the MKT scale, quality of
instruction as measured by the MQI tool, and pedagogical qualifications measured via a
demographic survey), and Grenada’s national assessment of student achievement, while
controlling for teachers’ age, gender, and years of experience. The data collected was
analyzed using the multiple regression model via the ordinary least squares algorithm.,

Ordinary least squares multiple regression algorithm is one of the major and most
popular statistical techniques used in analyzing data (Mahaboob et al., 2018). Ordinary

least-squares procedure assumes that the analysis is fitting a model of a relationship
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between one or more independent variables and a continuous dependent variable that
minimizes the sum of square errors, where an error is the difference between the actual
and predicted value of the dependent variable (Zdaniuk, 2008). Since the purpose of this
study was to determine the effect of three independent variables of interest on a
dependent variable, given controls this analytic technique was quite suitable. Ordinary
least squares multiple regression procedure is also flexible in that it can be used to predict
outcomes for a group or an individual (Bogoya, et al., 2017). Additionally, according to
Huang (2018), using ordinary least squares is an important consideration because it
requires limited resources and is accessible. To limit the financial strain, especially
during the economic recession, again made this method adequate in answering the
research question and testing the hypotheses.

To address the research question, inferential statistics was used to describe the
relationship between primary mathematics teachers’ pedagogical content knowledge
(mathematical knowledge for teaching as measured by the MKT scale, quality of
instruction as measured by the MQI tool, and teachers’ pedagogical qualification), and
Grenada’s national assessment of student achievement. Primary mathematics teachers’
raw scores on the MKT, their MQI scores, and pedagogical qualification information
were collected along with the student achievement scores from Grenada Ministry of
Education national standard’s assessment. The raw MKT scores were converted into
standardized scores for each teacher and imported into Excel and then into IBM SPSS for

analysis.
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Similarly, I entered the MQI data for Grenada into Excel and imported to IBM

SPSS alongside the teachers” MKT score, and the control variables values. The codes
used to identify teachers guided the process. Since this quality of instruction variable was
already numerical, this made the importation straightforward. | selected the student
achievement scores needed from Grenada Ministry of Education’s database and imported
it into the IBM SPSS alongside the corresponding teachers’ scores using the code and
class register to confirm. Finally, teachers’ demographic information was added, and
aligned to their codes. The multiple regression analysis using the ordinary least squares
was then conducted to determine the relationship between mathematical knowledge for
teaching, quality of instruction, and teachers’ qualification (pedagogical content
knowledge) and Grenada’s national assessment of student achievement.

Before the commencement of this data analysis, | screened the dataset to prepare
and clean the databases and formatted all variables data. This process assisted me in
finding and eliminating errors where necessary. Osbourne (2013) articulated the
importance of data cleaning in making a difference in quantitative methodology data
analysis. He added that cleaning the data has beneficial effects on the effect size,
statistical power, and population estimates accuracy. These effects can reduce the
possibility of Type Il errors and ensure "validity, generalizability, and replicability of
published results" (Osbourne, 2013, p. 2). Karam and Ralston (2016) posited that the
potential for a problem with unclean data is even more likely when using a multitude of
different countries' datasets integrated into a single database. Given that | only used

Grenada's data in the final analysis, this issue was avoided, and the probability of
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potential errors was reduced. Karam and Ralston (2016) recommended using these five
steps preparation, screening, correcting data problems, checking sample demographics,
checking factor analyses, and scale reliabilities to be repeated with each group of data
before data analysis. These steps | utilized before analysis in this study. But while
screening and cleaning, | checked for missing data or values and re-checked the database
for errors in inputting the data.

Research Question Restated

Hereunder is an overview of the research question along with the hypotheses
utilized for the purpose of this study.

Overarching Research Question: What is the relationship between primary
mathematics teachers’ pedagogical content knowledge (mathematical knowledge for
teaching as measured by the MKT scale, quality of instruction as measured by the MQI
tool, and teachers’ pedagogical qualifications as measured by a demographic survey) and
Grenada’s national assessment of student achievement together and individually,
controlling for teachers’ age, gender, and years of experience?

H1o: There is no statistically significant relationship between primary

mathematics teachers’ mathematical knowledge for teaching as measured by the

MKT scale and Grenada’s national assessment of student achievement,

controlling for teachers’ age, gender, and years of experience.

H11: There is a statistically significant relationship between primary mathematics

teachers’ mathematical knowledge for teaching as measured by the MKT scale
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and Grenada’s national assessment of student achievement, controlling for
teachers’ age, gender, and years of experience.

H2o: There is a no statistically significant relationship between primary
mathematics teachers’ quality of instruction as measured by the MQI tool and
Grenada’s national assessment of student achievement, controlling for teachers’
age, gender, and years of experience.

H21: There is a statistically significant relationship between primary mathematics
teachers’ quality of instruction as measured by the MQI tool and Grenada’s
national assessment of student achievement, controlling for teachers’ age, gender,
and years of experience.

H3o: There is no statistically significant relationship between primary
mathematics teachers’ pedagogical qualifications as measured by the
demographic survey and Grenada’s national assessment of student achievement,
controlling for teachers’ age, gender, and years of experience.

H31: There is no statistically significant relationship between primary
mathematics teachers’ pedagogical qualifications as measured by the
demographic survey and Grenada’s national assessment of student achievement,
controlling for teachers’ age, gender, and years of experience.

H4o: There is no statistically significant relationship between primary
mathematics teachers’ pedagogical content knowledge (mathematical knowledge

for teaching as measured by the MKT scale, quality of instruction as measured by
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the MQI tool, and teachers’ pedagogical qualifications as measured by a

demographic survey) and Grenada’s national assessment of student achievement.

H41: There is a statistically significant relationship between primary mathematics

teachers’ pedagogical content knowledge (mathematical knowledge for teaching

as measured by the MKT scale, quality of instruction as measured by the MQI
tool, and teachers’ pedagogical qualifications as measured by a demographic
survey) and Grenada’s national assessment of student achievement.

After screening and data cleaning, I reported on the number and percentages of
respondents and nonrespondents in the survey and observations. | further reported on the
number and percentage of student achievement scores utilized. Then | conducted a wave
analysis or evaluate the characteristics from the demographic data for responders and
nonresponders to identify response bias. The analysis of the demographic characteristics
is one of the most popular methods used to determine response bias (Lewis et al., 2013).
However, the authors highlighted that wave analysis is also used by researchers.
Therefore, |1 examined the returns on selected items weekly to determine average changes
in responses. Once this check for response bias was conducted, | ran the analysis.

Consequently, I used descriptive statistics to determine the mean and standard
deviation values for the mathematical knowledge for teaching, mathematical quality of
instruction, teachers’ pedagogical qualifications, student achievement, and the controlled
variables. | further calculated the range of the scores for these independent variables and
the dependent variable. Then, I used inferential hypothesis tests statistics (multiple

regression) to address the research question, determining the relationship between
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teachers’ pedagogical content knowledge (mathematical teachers’ knowledge, quality in
instructional practices, and pedagogical qualifications) and student achievement. In so
doing, I determined the inter-correlation of each variable in the analysis and the ordinary
least squares regression model with all variables in the model. Data was analyzed only
for Grenada.

These statistical tests were employed because, according to Cohen (2007), a
statistical test must be selected based on the purpose of the study. The multiple regression
model helps researchers to determine the relationship between two or more independent
variables and a dependent or outcome variable. Multiple regression models can provide a
large amount of information, allowing for the exploration of several variables
simultaneously (Frankfort-Nachmias & Leon-Guerrero, 2018; Queirds et al., 2017). It can
give a more accurate prediction of whether two or more independent variables influence
the dependent variable than any single variable (Frank-Nachmias & Guerrero, 2018; Gay
et al., 2006). Pandis (2016) added that multiple regressions further allow for a mixture of
continuous and categorical independent variables and interaction terms among the
variables to determine the combined effects. Pandis (2016) recommended the use of this
model because of the ability to adjust for confounders. It also allows for the identification
of outliers or anomalies (Weedmark, 2018). Since the purpose of the study was to
determine the relationship between primary mathematics teachers’ pedagogical content
knowledge (mathematical knowledge for teaching as measured by the MKT scale, quality

of instruction as measured by the MQI tool and teachers’ pedagogical qualifications as
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measured by the demographic survey), and Grenada’s national assessment of student
achievement, this test was appropriate.

There were a number of assumptions to be addressed with multiple regression.
These included independence, homoscedasticity, linear relationship, multicollinearity, no
outliers, and normality. | used the Variance Inflation Factor values test to validate for
multicollinearity (O'Brien, 2007), a correlation matrix to test for linearity (Barker &
Shaw, 2015), and the Durbin-Watson test for independence (Flatt & Jacobs, 2019). There
were a number of tests run to assess normality, including the use of scatterplots. | also
utilized Kolmogorov—Smirnov test, given that with scatterplots, it is difficult to check
whether the normality assumption is violated (Ernst & Albers, 2017). For homogeneity of
variance and outliers, Levene’s test was used to validate this assumption (Nimon, 2012).
Although, the assumptions tests were run to avoid their violations, the multiple regression
ordinary least squares analytical technique used in this study was robust to several
assumptions (Osbourne & Waters, 2002). While mild violation may not be an issue with
multiple regression, severe violation of independence and linearity have consequences
that leads to bias, inconsistent, and inefficient estimates (Ernst & Waters, 2017; Williams
etal., 2013).

Where the assumptions were violated, | applied log transformations. Barker and
Shaw (2015) and Knief and Forstmeier (2020) claimed that a log transformation of
variables or Tukey’s ladder of transformation can help solve this challenge. My last resort
would have been to use a non-parametric measure, but this proved unnecessary. Once the

main assumptions that affect ordinary least squares multiple regression were not violated



108

(linear relationship, independence, no multicollinearity), then | proceeded with the
analysis of the data. The raw scores were be converted using conversion tables provided
with the instruments and exported into IBM SPSS statistical software 27 for analysis
(IBM Corporation, 2020). | then regressed the dependent variable (Y) onto the predictor
variables of interest (X1, X2, X3) and controls (X4, Xs, Xg), using the least squares
algorithm. Hoyt et al. (2006) posited that the least squares reduces residuals across all
cases in the sample.

| interpreted the results to make sense of the data based on the research question,
hypotheses, and conclusions (Creswell, 2014). In so doing, | reported how the results
answered the research question. The regression coefficients assisted me in determining
the relationship identified between teachers’ pedagogical content knowledge sub-areas
and student achievement holistically and individually with controls. | then used the
regression coefficients for the independent variables and the intercept to build a
regression model, using the significance tests for R2. In this case, once the p-value was
less than the critical value (0.05), I interpreted as a significant association between
teachers' pedagogical content knowledge (mathematical knowledge for teaching, quality
of instruction, and pedagogical qualifications) and student achievement as a whole. That
is, the multiple correlation coefficient differed significantly from zero. At that point, |
used the model to determine the expected change in the dependent variable when there is
one unit increase in each independent variable (Boscardin, 2010). Where the p-value was

greater than the alpha, I concluded that there was insufficient evidence in this sample to
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prove that there is a non-zero relationship between the set of independent variables and
the dependent variable. The interpretations were made for Grenada.

The output data from SPSS also provided the p-values for each regression
coefficients. These p-values, | interpreted to determine the relationship of each
independent variable on the dependent variable. Where the p-value was less than the 0.05
threshold set, then the regression coefficients differed significantly from zero (Hoyt,
2006). This result indicated that a statistically significant relationship existed between the
predictor variable and the dependent variable, when controlling for all other predictors.
Similar interpretation was made for each independent variable.

According to Gay et al. (2006), the probability values of 0.05 is reasonable to use
in a study because the "consequences of committing a Type | error are usually not too
serious” (p. 345). Creswell (2014) stated that with this confidence interval of 95%, the
results indicate that 95 out of 100 times the scores will be within the range of values.
While interpreting the regression model, | was able to articulate the proportion of
variance in student achievement accounted for by teachers” mathematical knowledge for
teaching, quality of instruction, and pedagogical qualifications, when teachers’ age,
gender, and years of experience were controlled. Finally, I discussed the implications of
the results for practice and further research on the topic.

Threats to Validity

To ensure that all possible foreseen challenges were considered, deliberated on,

and treated, | examined the external and internal threats to validity. Given that teachers in

Grenada may not have been familiar with certification instruments that measure their
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knowledge, it was anticipated that some would have resisted this MKT tool and
considered it to be a test. This expectation proved to be true. They were understandably
concerned about using the data collected and the persons who may have access to the
data, as Hill et al. (2008) indicated. These concerns from teachers affected the level of
participation in this study. In turn, the extent of the generalization of the findings to a
broader context (Eastern Caribbean) was affected with only Grenada’s data analyzed.

Similarly, using the MQI instrument required the teachers' video recording a
mathematics lesson during instructional practices. Teachers were not motivated to
participate because of a lack of confidence in the process and the recording's use and
accessibility. Again, this influenced the sample size and the ability to generalize findings
from the sample to a larger population. The situation effect further affected the external
validity of the study. This study involved the recording of a teacher during one
instructional practice lesson. Thus, depending on the mindset of the teacher on that day, it
could have affected the outcome of the results.

The sample size only from Grenada affected the ability to utilize the multiple
regression analysis techniques with all scores in their original form. Given that the
assumption of normality was not adequately met for qualifications and the controls, |
utilized log transformation to counteract this challenge. This smaller sample size was due
to low response rate from the other countries. These numbers threatened the results'
internal validity and the statistical conclusion validity outside of Grenada. Modifications
of measures as a result of violation of assumptions could further threaten conclusion

validity (Matthay & Glymour, 2020). This was the case given that log transformation was
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performed to address the normality assumption. The restriction to Grades 2, 4, and 6
teachers further complicated the matter. It could have led to incorrect estimates and lower
statistical power than if all grades were included. However, upon analysis with the
characteristics from the general population, the grade levels were comparable. Also,
given that teachers did their recording in this instance, it may have led some of them to
select a recorded lesson that did not genuinely represent the teachers in normal
instructional settings.

Even more, since all teachers received a request to participate in the
questionnaire, not all were compelled to participate; this affected the characteristics of the
representative sample marginally in some instances. Thus, results differed slightly from
the wider population for some areas. However, the majority of areas (gender, years of
experience, qualifications) well represented the sample and avoided a general biased
sample. Further, because of the diversity of factors that act on and influenced students'
achievement, it was difficult to separate or minimize the influence of other extraneous
factors, other than teachers' knowledge, quality, and qualifications simultaneously acting
on student achievement. According to Flannelly et al. (2018), failure to properly control
for extraneous variables possibly “undermines” the ability to make casual inferences (p.
109). Therefore, | carefully selected controls based on empirical evidence to mitigate
against this challenge.

To counteract these threats to validity and ascertain a robust study, | ensured that
all teachers in the sample had an equal chance to be selected. | consistently encouraged

and motivated teachers to participate and extended the period for data collection. This
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strategy assisted in increasing the statistical power of the results. From the beginning of
the study, I articulated teachers' rights and clarified the study's purpose and use. |
explained very early that the questionnaire, demographic survey, and observational tool
were not an assessment of individual teachers' knowledge and skills. But they will be
used to determine the relationship with student learning outcomes and improve the
mathematics programs in the school system and consequently aid in their growth and
development. | reassured them of the confidentiality of the datasets to be used and
reminded them that the data was not be given to their supervisors for ulterior motives. In
terms of the sample used, | ensured that the characteristics of the general population was
maintained as much as possible in the area of sampling procedures. Finally, | used the
video recordings, the demographic survey, and the survey of teachers' mathematical
knowledge for teaching. The use of the three instruments ensured balance and a better
assessment of teachers' knowledge rather than just using the one-shot video recordings.
Ethical Procedures

Before engaging participants or other parties about the study, I submitted Form A
(Description of Data Sources and Partner Sites) to the Institutional Review Board and
they then provided a listing of documents needed to conduct the study. This move
ensured compliance with the University's ethical guidelines and mandatory procedures
(Walden University Center for Research Quality, 2018). Subsequently, | organized the
requested documents, such as the site approval letter of cooperation and consent form,
and settled any outstanding ethical challenges noted. Once the proposal was approved, |

updated documentation. Then, I submitted all updated documents and awaited
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confirmation from the Institutional Review Board to commence the data collection
process.

Upon receipt of Walden Institutional Review Board and site approval, | wrote the
schools via email with information on the purpose of the study, rights and confidentiality
protection for participants, and a Google Form link to an informed consent for their
Grades 2, 4, and 6 teachers. | further informed teachers that participation in this study
was voluntary; it was not an assessment and that my role as a researcher was different
from my role as an assessment supervisor. | also mentioned that the research was not
intended to harm but may be informative (Cohen, 2007). Finally, | emphasized that the
datasheet or video recording from this study will not be shared with their supervisors or
anyone outside of this study's ambit. However, the data will be used strictly for
determining the relationship between teachers’ pedagogical content knowledge and
student achievement. | highlighted that they were free to withdraw from being a
participant at any time without consequences since, according to Cohen et al. (2007), the
respondents’ decision to participate and when to withdraw is entirely up to them.

Once informed consent information was received via Google Forms, | directed the
potential participants to the demographic survey and Mathematical knowledge for
teaching questionnaire link from the Google Form. Each participant received a school
code for use when completing the surveys. | was the only person with access to these
codes and their interpretations. These codes were critical in identifying which school the
teacher was aligned, to match the student achievement scores. Once the mathematical

knowledge for teaching and demographic survey data were collected, | used security
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codes to password encrypt the information on my computer and external hard drive,
ensuring that others did not have access. | then asked teachers who agreed to participate
in the study to commence their video recording of them teaching a 24-32 minutes
mathematics lesson.

At this stage, again, | reminded teachers that they were free to discontinue being a
participant or withdraw at any point once they so desired. Those who decided to continue
provided me with the video recording of them teaching a mathematics lesson. Video
recordings were subsequently rated by trained administrators of the MQI tool using a
rating sheet with all of the MQI components. At the end, the two raters’ scores were
collected and averaged to get the final coded for the teacher. The trained administrators
did not have direct access or copies of the videos, but the videos | were shared during the
rating sessions on a screen and removed once scoring was completed. To ensure
consistency, I recruited four trained raters from Grenada who were paired for scoring.
Given that only three raters assisted consistently with the coding, a pair was created
based on availability of the raters. All videos were secured on an encrypted computer,
external hard drive, and SD card. Once all recordings were analyzed, and the research
was completed, recordings will be discarded after encrypted storage for five years. 1 will,
however, provide participants and critical stakeholders with a synopsis of the findings of
the results upon completion of the research and send a thank you card of appreciation to

the participants and site administrators.
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Summary

To determine the relationship between primary teachers’ pedagogical content
knowledge (mathematical knowledge, quality of instruction, and teachers’ pedagogical
qualifications) and student achievement, a quantitative multiple regression research
design with the ordinary least squares algorithm was used. The study was initially
intended for four Eastern Caribbean countries, Dominica, Grenada, St. Lucia, and St.
Vincent and the Grenadines, but only Grenada’s data was used in the analysis, given the
low response rate from the other countries. A representative sample of Grade 2, 4, and 6
mathematics teachers teaching was utilized as the targeted sample from the broader
population to answer the research questions. A MKT tool via a questionnaire was
employed to determine teachers” mathematical knowledge for teaching and the
demographic survey measured pedagogical qualifications. In contrast, the MQI tool
assisted in rating the video recordings of teachers’ use of that knowledge (quality of
instruction) in real-life settings. For measuring student achievement, | used Grenada’s
2021 archival data as secondary data to conduct analysis. Once information was
collected, it was organized, cleaned, analyzed using IBM SPSS statistical software, and
interpreted to draw conclusions and make future study recommendations. These
processes followed the ethical procedures and considered the fundamental rights of the
potential participants and validity threats. In the subsequent chapter, I highlight the data

collection processes and present the study results for the research question.
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Chapter 4: Results

The purpose of this quantitative multiple regression study was to examine the
relationship between primary mathematics teachers’ pedagogical content knowledge
(mathematical knowledge for teaching as measured by the MKT scale, quality of
instruction as measured by the MQI tool, and teachers’ pedagogical qualifications value
as measured by a demographic survey) and student achievement for one Eastern
Caribbean country. The researcher question and hypotheses were as stated hereunder.

Overarching Research Question: What is the relationship between primary
mathematics teachers’ pedagogical content knowledge (mathematical knowledge for
teaching as measured by the MKT scale, quality of instruction as measured by the MQI
tool, and teachers’ pedagogical qualifications as measured by a demographic survey) and
Grenada’s national assessment of student achievement together and individually,
controlling for teachers’ age, gender, and years of experience?

H1o: There is no statistically significant relationship between primary

mathematics teachers’ mathematical knowledge for teaching as measured by the

MKT scale and Grenada’s national assessment of student achievement,

controlling for teachers’ age, gender, and years of experience.

H11: There is a statistically significant relationship between primary mathematics

teachers’ mathematical knowledge for teaching as measured by the MKT scale

and Grenada’s national assessment of student achievement, controlling for

teachers’ age, gender, and years of experience.



117

H2o: There is a no statistically significant relationship between primary
mathematics teachers’ quality of instruction as measured by the MQI tool and
Grenada’s national assessment of student achievement, controlling for teachers’
age, gender, and years of experience.

H21: There is a statistically significant relationship between primary mathematics
teachers’ quality of instruction as measured by the MQI tool and Grenada’s
national assessment of student achievement, controlling for teachers’ age, gender,
and years of experience.

H3o: There is no statistically significant relationship between primary
mathematics teachers’ pedagogical qualifications as measured by the
demographic survey and Grenada’s national assessment of student achievement,
controlling for teachers’ age, gender, and years of experience.

H31: There is no statistically significant relationship between primary
mathematics teachers’ pedagogical qualifications as measured by the
demographic survey and Grenada’s national assessment of student achievement,
controlling for teachers’ age, gender, and years of experience.

H4o: There is no statistically significant relationship between primary
mathematics teachers’ pedagogical content knowledge (mathematical knowledge
for teaching as measured by the MKT scale, quality of instruction as measured by
the MQI tool, and teachers’ pedagogical qualifications as measured by a

demographic survey) and Grenada’s national assessment of student achievement.
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H41: There is a statistically significant relationship between primary mathematics
teachers’ pedagogical content knowledge (mathematical knowledge for teaching
as measured by the MKT scale, quality of instruction as measured by the MQI
tool, and teachers’ pedagogical qualifications as measured by a demographic
survey) and Grenada’s national assessment of student achievement.

To address the research question, a multiple regression design was utilized via the
ordinary least squares procedure. The dependent variable was student achievement (YY),
as measured by Grenada’s Ministry of Education standardized assessment. The
independent variables of interest were primary teachers’ mathematical knowledge for
teaching (X1), measured by the MKT, quality of instruction (X2) as measured by the MQI
instrument, and mathematics teachers’ pedagogical qualifications (X3) measured via a
demographic survey. The controlled variables of teachers’ age (X4), gender (Xs), and
years of experience (Xes) were also included in the analysis to remove influential factors
influencing student achievement. These were measured from the demographic survey.

In this chapter, I discuss the study’s results, including the recruitment and data
collection overview, description of the demographics characteristics of the sample,
assessment of assumptions, analysis of the data, and summary of the chapter.

Data Collection Overview

The IRB approval number 04-16-21-0173680 was granted for the data collection.
Participant recruitment was scheduled for a 3-month timeframe and was initiated as soon
as IBB approved data collection in April 2021. However, | did not receive the anticipated

response rate of at least 70% and thus extended the data collection for another 8 weeks. 1
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sent reminders to those who already gave consent to participate through emails and
telephone calls. With the extension, teachers from Grenada responded well, agreeing to
participate. However, only a few persons from Dominica, St. Vincent, and St. Lucia
consented. Due to the challenges with COVID-19 and the volcanic activity in St. Vincent,
it was challenging to recruit the needed participants. Therefore, | removed them from the
data analysis, and only Grenada was considered for this study given their adequate
numbers.

Out of the 149 teachers who responded to the invitation email to participate in the
study, 122 provided informed consented (114 from Grenada and eight from the other
islands). From this amount, 77 completed the demographic survey, MKT questionnaire,
and the video recording of a mathematics lesson for coding using the MQI tool. Given the
small numbers from the other countries and the difficulty in recruiting participants during
the COVID-19 pandemic, they were removed. Therefore, only the participants from
Grenada were accounted for in this study.

From Grenada, 114 teachers agreed to participate via the consent form. However,
95 of these teachers responded to the demographic survey and MKT questionnaire, while
77 completed all components. Given that only 77 of the teachers completed all steps in
the research, N = 77 was utilized in the analysis, with strictly Grenadian participants.

Only three out of the four video coding raters trained from Grenada assisted
consistently in rating the video lessons. The raters from the other countries were unable
to participate given the low response rate from these countries. It must be noted that St.

Vincent and the Grenadines experienced the impact of volcanic eruptions coupled with
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the COVID-19 effects during the period of data collection and thus could be a

contributing factor for the low response rate. Despite the low rates from the other
countries, data collection was completed in September 2021 because of the changes in
some teachers for various grades at the end of the academic school year in August. The
response rate for Grenada was reasonable, given that 100% (N=77) of the expected
numbers, based on the G*Power analysis was accomplished.

The video coding process was carefully monitored for consistency. I resent all the
PowerPoint presentations from the training, the MQI manual, and the scoring sheets just
before the commencement of coding to all raters. Given that the MQI website was
undergoing some maintenance repairs, the liaison from the developers emailed the MQI
presentations. This critical step assisted in providing a refresher for the raters and ensured
consistency in coding. The raters then viewed the videos in pairs and scored
independently. In other words, two raters scored the same video individually. To ensure
that the raters were scoring as they were trained to do, I also randomly selected a few of
the videos the raters coded and scored, comparing for interrater reliability. When there
were differences in scores by a wide margin (more than two points), the raters and | held
a discussion, referring back to the MQI manual and training guidelines to finalize the
coding. The two raters’ scores were then averaged to provide an overall code for the
teacher.

Respondents’ information remained confidential. The data collected from the
survey and the video recordings and coding were stored on my computer and external

hard drive as a backup. The information collected was password encrypted for security
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purposes. | will retain the data for 5 years, as is stipulated by Walden University, after
which time it will be securely destroyed.
Reliability
Cronbach's alpha was utilized to confirm the internal consistency of the

instruments in this study. According to Bujang et al. (2018), Cronbach's alpha estimates
the reliability of the items on a measure or rating, which tells how stable the tools are
when evaluated. Cronbach'’s alpha coefficient was 0.85 for the Mathematical Knowledge
for Teaching (MKT) and 0.76 for the Mathematical Quality of Instruction. This value is
consistent with the acceptable Cronbach's reliability coefficients of 0.70 or greater
(Bujang et al., 2018). It was also consistent with Ball et al. (2008) findings, where
reliability estimates were 0.75 to 0.85 for the MKT and Hill et al. (2008) with 0.50 and
greater with the MQI scale. Therefore, there were high consistent responses within the
sets of questions for both measurements.

Characteristics of the Sample in Comparison to the Population of Interest and the

General Population
Table 1 shows the general characteristics of the sample compared to the targeted

population and, in some instances, the population of interest (Grades 2, 4, and 6), as far
as the data was available. In the population of interest, 78.8% of the population were
females and 21.2% males. This followed a similar pattern to the general population,
where approximately 80.53% of the total primary teaching population is female and
about 19.47% males. Similarly, the sample constituted of 71.43% (n= 55) females and

28.57% (n=22) males. Eighty-four point four one percent (84.41%) of the teachers in the
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sample were from public schools, while 15.59% came from private schools. This data
was similar to the percent from the population of interest (81.50% public and 18.50%
private) and the overall targeted population, teachers’ workforce (81.49% public and
18.51% private). The proportions were closely aligned because | recruited participants
from all districts throughout the island and most of the schools. Thus, the distribution was
roughly even.

There were 46.75% of the teachers from Grade 6 in the sample, compared to
25.97% from Grade 2 and Grade 4 teachers, 27.27%. These percentages differed slightly
from the population of interest, where approximately one-third of the teachers taught at
each of the grade levels (Grade 2, 33.33%, Grade 4, 32.69%, and Grade 6, 33.98%).
Note, however, that Grade 6 teachers still maintained the lead in the percentage
represented in the sample and population of interest. The sample also had 77.92% of the
permanent teachers, against the 22.08% temporary. These percentages were consistent
with the targeted population (teachers’ workforce), where according to the Planning Unit
data (2021), 25.88% of teachers were temporary and 74.12% permanent.

Most of the teachers in the sample highest level of degree or schooling was an
associate degree, with 44.16% holding such. This was followed by a bachelor’s degree,
with 31.17% of the teachers achieving the same. Then the college graduates represented
18.18%, high school graduates 3.90%, and in the rear teachers with master’s degree,
2.60% and doctoral degree 0%. This data deviated slightly from the targeted population,
where based on data from the Planning Unit (2021), 38.26% are high school graduates,

30.20% hold associate degrees, and 17% bachelor’s degrees. Similar to the sample,
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teachers with masters (1.79%) and doctoral degrees (0%) represented the smallest
percentages for the targeted population.

Districts 2 and 3 had the largest number (19) of teachers participating in the
survey. Twenty-four point six-eight percent of the teachers came from District 2 and the
same for District 3, while 15.58% from District 4. The districts with the smallest
percentage of teachers were Districts 1 and 6, both with 5.19% and 6.49%, respectively.
District 3 (22.73%) and District 2 (20.45%) were the two districts with the greatest
number of schools participating in the survey. In the targeted population (teachers’
workforce), however, the districts noted for the highest number of schools were District 7
(23.29%) and District 3 (19.18%). On the contrary, District 1 fell amongst the smallest
number of schools (6.82%) for both the sample and the targeted population (teachers’
workforce).

The majority of the teachers had mathematics as a subject at the Caribbean
Examination Council’s Caribbean Secondary Education Certificate. Eighty-seven point
zero one percent (87.01%) have the subject, unlike the 12.99% without the mathematics
subject. Finally, 75.32% of the teachers in the sample were teacher trained-qualified,
while 24.68% were untrained or not qualified teachers. Meaning that 75.32% of the
teachers went to teachers’ college, while 24.68% did not attend teachers’ college. This is
close to the targeted population, where approximately 64.49% of the teachers were

trained and 33.51% untrained, according to the Planning Unit (2021) data.
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Table 1

Background Characteristics of the Sample, Population of Interest and the Targeted
Population (Teachers’ Workforce)

Attributes No. in % in Sample % in Population % in Targeted
Sample of Interest Population

School Type

Private 12 15.58 18.50 18.51

Public 65 84.42 81.50 81.49

Total 77 100 100 100

Grade Level

2 20 25.97 33.33

4 21 27.27 32.69

6 36 46.75 33.98

Total 77 100 100

Employment status

Temporary/Contract 17 22.08 25.88

Permanent 60 77.92 74.12

Total 77 100

Highest degree/Level of

Schooling

Associate Degree 34 44.16 30.20

Bachelor’s Degree 24 31.17 17.00

College graduate 14 18.18 12.75

High school graduate 3 3.90 38.26

Master’s Degree 2 2.60 1.79

Doctoral Degree 0 0.00 0.00

Total 77 100 100

Math at CSEC?

Yes 67 80.53

No 10 19.47

Total 77 100

Qualifications

Untrained-Not qualified 19 24.68 33.51

Trained-Qualified 58 75.32 66.49

Total 77 100 100

Gender

Male 22 28.57 21.2 19.47

Female 55 71.43 78.8 80.53

Total 77 100 100 100

Note. Grenada Educational Statistical Digest (2017-2018) is the data source for general
population, from the Statistical Division, Planning and Development Unit, Ministry of
Education, Grenada, and the population of interest were collected from the Ministry of

Education, Grenada schools in 2021.
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Results

Descriptive Statistics

From the 149 teachers who responded to the invitation email to participate in this
study, 122 provided consent, and 95 completed the demographic survey and
Mathematical Knowledge for Teaching questionnaire. Among these participants, eighteen
were removed because they either did not satisfy the video requirement or did the MKT
questionnaire twice. Therefore, | included only 77 participants in this study. Table 2
displays the descriptive statistics for both the independent and dependent variables.
Table 2
The Mean, Standard Deviation, Minimum and Maximum Values for the dependent

variable (Student achievement) and the six independent variables (three of interest and
three controls)

Var. N Min. Max. x St. Skewness Kurtosis
Dev. Stat. Std. Stat. Std.
Err. Err.

Student Ach.

) 77 32.97 85.83 63.16 10.03 -0.48 0.274 1.151 0.541

MKT (X1) 77 -1.82  1.28 -047 064 029 0.274 -0.001 0.541
MQI (Xz2) 77 5.81 13.86 1090 149 -0.747 0.274 1.685 0.541

Qualification

77 0 1 0.75 043 -1.198 0.274 -0.580 0.541
(Xs)
Age (Xs) 77 2 63 3078 868 0261 0274 -0.366 0.541
Gender (Xs) 77 0 1 0.71 046 0.968 0.274 -1.093 0.541
Years
Teaching 77 20 35 17.87 9.98 0.073 0.274 -1.13 0.541

(Xe)
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Table 2 illustrates the mean, standard deviation, minimum and maximum value
for the independent variable (student achievement), three dependent variables of interest
(Mathematical knowledge for teaching, quality of instruction, and qualifications), and
three variables of control (years of teaching experience, gender, and age). The mean
student achievement score was 63.16 and a standard deviation of 10.03. The lowest score
attained by students was 32.97 out of a maximum of 100, while the highest score was
85.83. The Mathematical knowledge for teaching Item Response Theory mean score was
-0.47 and a standard deviation of 0.64. The minimum and maximum values were -1.82
and 1.28, respectively, on the MKT questionnaire.

The MQI mean score was 10.90 out of 15.86, while the standard deviation
recorded was 1.49. The minimum score was 5.81, and the maximum, 13.86 on the MQI
scale. The average age of the teachers in the sample was 39.78 years, with a standard
deviation of 8.68. The youngest teacher who participated in the research was 22 years,
and the oldest was 63. The average years of experience of the teachers in the sample were
17.88 years and a standard deviation of 9.98. The least years of experience were two
years, while 35 years were the highest years of experience noted from the sample. The
mean for gender was 0.71, closer to one (females) than 0 (males). Thus, almost % of the
participants were females. The standard deviation was 0.46 for gender. The mean for
qualifications was 0.75 and the standard deviation, 0.43. Given that one represented
trained/qualified teachers and zero untrained/nonqualified, approximately 75% of the

teachers in the sample were qualified.
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Inferential Statistics

| conducted an inferential analysis using the data collected from the demographic
survey, the MKT questionnaire, and the MQI codes. This type of analysis assisted in
answering the research question to determine whether there was a statistically significant
relationship between primary mathematics teachers’ pedagogical content knowledge and
student achievement when teachers’ age, gender, and years of teaching experience were
controlled. Three critical areas were focused on for teachers’ pedagogical content
knowledge, mathematical knowledge for teaching, quality of instruction, and
qualifications. The inferential statistics results are noted below. Before delving into the
results, an overview of the overarching research question, hypotheses, and the validation
of assumptions was tabled.
Overarching Research Question

What is the relationship between primary mathematics teachers’ pedagogical
content knowledge (mathematical knowledge for teaching as measured by the
Mathematical Knowledge for Teaching scale, quality of instruction as measured by the
Mathematical Quality of Instruction tool, and teachers’ pedagogical qualifications as
measured by a demographic survey) and Grenada’s national assessment of student
achievement together and individually, controlling for teachers’ age, gender, and years of
experience?

H1o: There is no statistically significant relationship between primary

mathematics teachers’ mathematical knowledge for teaching as measured by the
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MKT scale and Grenada’s national assessment of student achievement,

controlling for teachers’ age, gender, and years of experience.

H2o: There is a no statistically significant relationship between primary

mathematics teachers’ quality of instruction as measured by the MQI tool and

Grenada’s national assessment of student achievement, controlling for teachers’

age, gender, and years of experience.

H3o: There is no statistically significant relationship between primary

mathematics teachers’ pedagogical qualifications as measured by the

demographic survey and Grenada’s national assessment of student achievement,

controlling for teachers’ age, gender, and years of experience.

H4o: There is no statistically significant relationship between primary

mathematics teachers’ pedagogical content knowledge (mathematical knowledge

for teaching as measured by the MKT scale, quality of instruction as measured by

the MQI tool, and teachers’ pedagogical qualifications as measured by a

demographic survey) and Grenada’s national assessment of student achievement.
Multiple Regression Ordinary Least Squares Results

An ordinary least squares multiple standard regression was conducted to address
the research question and test the hypotheses. This regression technique assisted in
assessing the relationship between primary mathematics teachers’ pedagogical content
knowledge (mathematical knowledge for teaching, quality of instruction, and teachers’
pedagogical qualifications) and Grenada’s national assessment of student achievement

together and individually, controlling for teachers’ age, gender, and years of experience.
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The ordinary least squares multiple regression was appropriate because it is one of the
major methods applied when analyzing quantitative data (Mahaboob, 2018) to determine
the relationship between a dependent variable and independent variables as a whole and
separately. According to Mahaboob (2018), this is done by minimizing the residual of the
sum of the squares. But in using ordinary least squares, | had six data assumptions that
were checked before the analysis was conducted. These assumptions included normality,
homoscedasticity, outliers, independence, linearity, and multicollinearity. Ernest and
Albers (2017) warned that severe violations of these can lead to issues, such as bias
estimates. Therefore, all of these assumptions were tested.
Assessment of the Assumptions

The assumption of independence was assessed using the Durbin-Watson value in
SPSS, which recorded 2.056. Karadimitriou and Marshall (n. d.) mentioned that the
Durbin-Watson value should be specifically between 1.5 and 2.5 to satisfy this
assumption. Similarly, Hassan et al. (2019) noted that a value close to the value 2
validates this assumption. This is an indication that data was not autocorrelated, thus,
validating the independence of errors. For the multicollinearity assumption, | utilized the
zero-order correlation and the Variance Inflation Factor. Table 3 shows all Pearson's
correlational coefficients were below 0.90. Thus, signifying that the assumption for the
absence of multicollinearity was satisfied. According to Pallant (2016), multicollinearity
exists when the independent variables' correlation coefficients are 0.90 and above,

meaning that the variables are highly correlated.
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Given that all of the coefficients were below this mark, the independent variables
are not highly correlated. This assessment was further confirmed with the Variance
Inflation Factor for all the independent variables of interest being less than 2. Given that
the value was around 1 (not correlated), far from the rule of thumb 10 (high correlation
and cause for concern), the multicollinearity assumption was met (O'Brien, 2007). For
teachers' age and years of experience, the Variance Inflation Factor was 5.928 and 7.447,
respectively, again showing moderate correlation, away from the 10 rule of thumb of
high correlation. Therefore, with the absence of multicollinearity, this assumption was

validated.
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Table 3
Zero-Order Correlation Table
Var. Stud. MKT MQI Qual. Age Gen. Yrs.
Ach. (X1) (X2) (X3) (Xa) (Xs) Teaching
(Y) (Xe)
Stud. Ach. (Y) 1.00 0.179 0.177 0.043 -0.189  0.177 -0.198
MKT (Xa1) 0.179 1.00 0.162 0.240 0.244 -0.26 0.303
MQI (X2) 0.177 0.162 1.00 0.171 0.001 0.47 0.024
Qual. (Xa) 0.043 0.240 0.171 1.00 0.397 -0.029 0.561
Age (Xa) -0.189 0.244 0.001 0.397 1.000 -0.016 0.898
Gen. (Xs) 0.177 -0.261 0.047 -0.029 -0.16 1.000 -0.117

Yrs. Teaching -0.198 0.303 0.024 0.561 0.898 -0.117 1.000
(Xe)

| then ran a test for normality in SPSS, using both the Kolmogorov-Smirnov and
Shapiro-Wilk tests. The significance values were 0.200 and 0.087 for the Kolmogorov-
Smirnov and Shapiro-Wilk tests, respectively for student achievement, greater than the
preestablished alpha value of 0.05. Thus, the student achievement scores did not differ
from the normal distribution, validating the normality assumption. A similar observation
was made for the teachers’ mathematical knowledge for teaching, where the
Kolmogorov-Smirnov p-value was 0.200 and 0.332 for the Shapiro-Wilk test. The
Kolmogorov-Smirnov p-value for the MQI was 0.072, above the alpha value of 0.05.
Figure 2 further illustrates a bell-curved plot which confirmed a normal distribution for
student achievement. However, for teachers’ qualifications, gender, age, and years of
experience variables, the p-values from both the Kolmogorov-Smirnov (X6) and Shapiro-

Wilk tests were all less than the alpha level of 0.05. This signaled that these distributions
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were slightly skewed. Therefore, | conducted a semi-log transformation on the
independent variables (qualifications, teachers’ age, gender, and years of experience) to
bring the data closer to normality before analysis. This move also assisted in decreasing
the Variance Inflation Factor to a smaller figure to prove the multicollinearity assumption
for teachers’ age and years of teaching experience. The Variance Inflation factor value

for teachers’ age was now 3.329 and 5.148 for years of teaching experience.
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Figure 2

Histogram Displaying Student Achievement Scores (Mathematical Knowledge for
Teaching, Age, Gender, Student Achievement)

Histogram

Dependent Variable: Student Achievement Scores
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| then assessed the assumption of linearity and homogeneity. To do so, I first used
the linearity test in SPSS. Based on the ANOVA output table, the significance deviation
from linearity of 0.575 was greater than the p-value (alpha) of 0.05 for the interactions
between student achievement and the mathematical knowledge for teaching scores.
Similarly, the p-values for the deviation from linearity for student achievement score
interaction with gender, age, and years of teaching experience were 0.123, 0.100, and
0.740, respectively. Therefore, it was concluded that a linear relationship existed between
the independent and dependent variables. Refer to Table 4 for the detailed data on the

validation of the linearity assumption between student achievement and the mathematical
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knowledge for teaching scores. The correlation matrix similarly proved the linearity of
the dependent and independent variables.
Table 4

ANOVA Table Illustrating Validating the Linearity Assumption (MKT and Student
Achievement)

Variable Sum of df  Mean F Sig.
squares squares
Stud. Ach. Bet. (Comb.) 65830.96 65 100.476 0986 0.556

scores* MKT groups
Linearity 244.513 1 244513 2400 051
Dev. from Lin. 6286.451 64 98.226 0.096 0.575

The next assumption | checked for was homoscedasticity. The scatterplot of
residuals in Figure 4 showed that there was no identifiable pattern in the spread of the
data in Figure 3. The points seemed evenly distributed above and below zero on the X-
axis and left and right of zero on the Y-axis. Once the points are approximately evenly
distributed above, and below zero, the assumption of homoscedasticity is satisfied
(Statistics Solutions, 2013). The random displacement of scores took more of a
rectangular shape with no systematic patterns. Levene’s test was further used to analyze
and confirm homoscedasticity. The significance value Based on Mean was 0.196 for
MKT and student achievement, higher than the alpha value of 0.05, confirming that
variance was homogeny. The significance levels were also greater than 0.05 for the other
independent variables, confirming homoscedasticity. Finally, the assessment in SPSS of
the percentile and the Boxplot also showed no extreme outliers. As a result, the no

outliers assumption was met.
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Graphical Representation of Normality and Homoscedasticity
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Figure 4

Scatterplot of Residuals Validating Homoscedasticity (MKT, teachers’ age, gender, and

years of experience)
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Findings

Overarching Research Question: What is the relationship between primary
mathematics teachers’ pedagogical content knowledge (mathematical knowledge for
teaching as measured by the MKT scale, quality of instruction as measured by the MQI
tool, and teachers’ pedagogical qualifications as measured by a demographic survey) and
Grenada’s national assessment of student achievement together and individually,
controlling for teachers’ age, gender, and years of experience?

The results from the multiple regression was statistically significant, F(6, 70) =
2.164, p = 0.024 is < 0.05, R? = 0.183. The R? (0.183) value indicated that 18.3% of the

variation in the dependent variable (student achievement) could be accounted for by
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mathematics teachers’ pedagogical content knowledge (primary mathematics teachers’
mathematical knowledge for teaching, quality of instruction, and qualifications),
teachers’ gender, age, and years of experience combined. This percentage signaled that
this set of independent variables (mathematics teachers’ pedagogical content knowledge)
has a medium effect on student achievement. Therefore, with a p-value of 0.024, which is
less than 0.05 alpha, the overall model is statistically significant. The final regression
equation was: Student achievement = 92.020 + 4.407 (MKT Score, X1) + 0.670 (MQI
Code, X2) + 1.872 (Log Qualifications, X3) — 11.373 (Log Age, X4) + 2.904 (Log
Gender, Xs) - 1.226 (Log Years Teaching, Xe).

Table 5

Regression Summary for Study Variables Relationship to Student Achievement (MKT,

MQI, Qualifications, Age, Gender and Years of Teaching Experience)

Model B SE B B t p
(Constant) 92.020 29.044 3.168 0.02
MKT IRT (X1) 4.407 1.851 0.283 2.380 0.020
MQI (X2) 0.670 0.755 0.099 0.887 0.378
Qualifications (X3) 1.872 2112 0.139 0.887 0.378
LN Age (X4) -11.373 8.853 -0.253 -1.285 0.203
LN Gender (Xs) 2.904 1.518 0.226 1.913 0.060
LN Years teaching (Xe) -1.226 3.022 -0.099 -0.406 0.686

Note. a. Dependent Variable: Student Achievement Scores (Y), Gender, 0=Male;
1=Female.

b. Age: 22+, Years of Experience: 2+, *significant at p < 0.05.
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Hypothesis Testing 1

In the final model, the analysis showed that only primary mathematics teachers’
MKT (t = 2.380, p = 0.020 is < .05) had a statistically significant contribution when
teachers’ age, gender, and years of experience were controlled. Therefore, | rejected the
null hypothesis that there is no statistically significant relationship between primary
mathematics teachers’ MKT and student achievement when controlling for teachers’ age,
gender, and years of experience. In other words, the regression coefficients differed from
zero. An increase of one unit in the primary mathematics teachers’ mathematical
knowledge for teaching will result in an increase of 4.407 in student achievement score
while controlling for teachers’, gender, age, and years of experience.
Hypotheses Testing 2 and 3

Teachers' MQI and teachers' pedagogical qualifications, when controlling for age,
gender, and years of experience, were not statistically significant since the p-values were
above 0.05. Therefore, | accepted the null hypothesis that there is no statistically
significant relationship between Teachers' MQI and student achievement, controlling for
teachers' age, gender, and years of experience. Similarly, I accepted the null hypothesis
that there was no statistically significant relationship between teachers' qualifications and
students' achievements when controlling for teachers' age, gender, and years of
experience.
Hypothesis Testing 4

Student achievement was not accounted for when MKT, MQI scores, and their

qualifications were combined, without the controls. The results of the multiple regression
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was not significant F(3, 73)= 1.415, p-value= 0.245 > than the preestablished 0.05 alpha,

R?=0.055. Since the overall model was statistically insignificant, 1 did not interpret the
individual relationship between the independent variables (MKT, MQI, and
qualifications) and the dependent variable (student achievement). |, therefore, accepted
the null hypothesis that there is no statistically significant relationship between teachers’
MKT, MQI scores, and teachers’ qualifications were combined, without the controls.
Table 6

Regression Summary for Study Variables Relationship to Student Achievement (MKT,
MQI, and Qualifications)

Model B SE B B T p

(Constant) 53.583 9.130 5.869 0.000
MKT (X1) 2.477 1.842 0.159 1.345 0.183
MQI (X2) 1.048 0.786 0.155 1.333 0.187
Qualifications (X3) -0.297 1.592 -0.022 -0.86 0.853

Note. a. Dependent Variable: Student Achievement Scores (Y), Gender, 0=Male;
1=Female.
b. Age: 22+, Years of Experience: 2+, *significant at p < 0.05.
Summary

The purpose of this study was to examine the relationship between primary
mathematics teachers’ pedagogical content knowledge (mathematical knowledge for
teaching, quality of instruction, and teachers’ pedagogical qualifications) and student
achievement for four Eastern Caribbean country. However, due to the effects of the
COVID-19 pandemic and the volcanic activities in one of the islands, only one of the

Eastern Caribbean country (Grenada) was utilized. Data collection from the three other
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islands was a challenge. Given the minimal data collected from these three islands, they
were eliminated from the analysis, and only data from Grenada, meeting the minimum
sample requirements, was utilized. Results from the multiple linear regression showed a
statistically significant relationship between mathematics teachers’ pedagogical content
knowledge (mathematical knowledge for teaching, quality of instruction, and teachers’
pedagogical qualifications) and student achievement in Grenada. The results further
indicated a statistically significant relationship between primary mathematics teachers’
mathematical knowledge for teaching and student achievement when controlling
teachers’ age, gender, and years of experience. Thus, null hypothesis 1 was rejected.
However, null hypotheses 2, 3, and 4 were accepted, given that there were no statistically
significant relationships between teachers’ quality of instruction and student achievement
and teachers’ qualifications and student achievement when I controlled for age, gender,
and years of experience. Also, teachers” mathematical knowledge for teaching,
qualifications, and quality of instruction had no statistically significant relationship to
student achievement.

The results observed in this chapter will be discussed in Chapter 5. This will be
done in alignment with the research questions and hypothesis testing and connected to the
relevant literature. I will also highlight the limitations, recommendations and make

suggestions for further research. The chapter will culminate with the conclusions.
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Chapter 5: Discussion, Conclusions, and Recommendations

Mathematics education at primary schools should be foundational to propel
students to a higher level of knowledge (Harris & Bourne, 2017). However, the
consistently low performance of students in mathematics at the primary level in Grenada
and other countries in the Eastern Caribbean has shown otherwise. While Adbullah et al.
(2018) identified, and Watt-Douglas & George (2021) agreed, that myriad factors could
influence student achievement in mathematics, Gess-Newsome et al. (2019) opined that
consideration of teachers’ pedagogical content knowledge could be the enabling factor
for student success. Such recent researchers have gravitated towards this area of interest.
Thus, the purpose of this quantitative multiple regression was to investigate the
relationship between primary mathematics teachers’ pedagogical content knowledge
(mathematical knowledge for teaching as measured by the MKT scale, quality of
instruction as measured by the MQI tool, and teachers’ pedagogical qualifications value
as measured by a demographic survey) and student achievement for four Eastern
Caribbean countries. However, during data collection, primarily Grenadian teachers
participated, and a minimal number from the other countries and thus Grenada became
the specific country studied. The low response rate could have possibly been due to the
effects of the COVID-19 pandemic and the volcanic activity in St. Vincent.

Researchers such as Friesen & Kuntze (2020), Hoover et al. (2016), Konig &
Pflanzl (2016), and Raiula & Kumari (2018) have beckoned for investigators to conduct
more quantitative studies on teachers' mathematical knowledge linking it to student

achievement. Copur-Gencturk (2012) specifically called for more of such studies with
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larger sample sizes. Therefore, this study provided a clearer understanding of the
relationship between mathematics teachers' pedagogical content knowledge and student
achievement within the Caribbean context. This chapter specifically contains discussions
and further research possibilities to assist in answering the overarching research question:

What is the relationship between primary mathematics teachers’ pedagogical
content knowledge (mathematical knowledge for teaching as measured by the MKT
scale, quality of instruction as measured by the MQI tool, and teachers’ pedagogical
qualifications as measured by a demographic survey) and Grenada’s national assessment
of student achievement together and individually, controlling for teachers’ age, gender,
and years of experience?

There were five critical findings from this research. The first finding showed that
there is a statistically significant relationship between mathematics teachers’ pedagogical
content knowledge (mathematical knowledge for teaching, quality of instruction, and
teachers’ pedagogical qualifications) and Grenada’s national assessment of student
achievement when teachers’ age, gender, and years of teaching experience were
controlled. In other words, the overall model revealed statistical significance when the
independent variables were combined and regressed with student achievement. However,
when the independent variables were examined individually, only one showed statistical
significance. Thus, the second finding showed a statistically significant relationship
between mathematics teachers’ mathematical knowledge for teaching and student
achievement when teachers’ age, gender, and teaching experience were controlled. The

third finding showed no statistically significant relationship between mathematics
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teachers’ quality of instruction and student achievement, controlling for teachers’ age,
gender, and student achievement. Another finding revealed no statistically significant
relationship between teachers’ qualifications (teacher trained or untrained) and student
achievement when the said three variables were controlled. Finally, the fifth finding
showed no statistically significant relationship between teachers’ pedagogical content
knowledge (mathematical knowledge for teaching, quality of instruction, pedagogical
qualifications) and student achievement without the controls.

This section of the study encapsulates the interpretation of these findings where
applicable, the study’s limitations, describes recommendations for future research in the
field, and explains the potential implications for social change. It also includes
conclusions that summarize the essence of the study.

Interpretation of the Findings
Interpretation: Overarching Research Question

While only one of the independent variables (mathematical knowledge for
teaching) had an individual statistically significant relationship with students'
achievement, the combined variables showed statistical significance when controlling for
teachers' age, gender, and years of experience. This study's finding is consistent with
Cueto et al. (2016), Koniga and Pflanzl (2016), and Odumosu et al. (2018). It also
confirms Shulman's (1986) beliefs that mathematics teachers' pedagogical content
knowledge is the "missing paradigm™ (p. 7) in relation to student learning outcomes. This
study showed that teachers' pedagogical content knowledge could account for 18.3% of

the variance in student achievement. That is, teachers' mathematical knowledge for
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teaching, quality of instruction, and pedagogical qualifications combined had a medium
effect on student achievement. This medium effect is unlike the findings from Odumosu
et al. (2018), where a small effect was noted, but is similar to other researchers such as
Koniga and Pflanzl (2016).
Interpretation for Hypothesis 1

Although Aron et al. (2021) found no significant relationship between teachers’
mathematical knowledge for teaching and student achievement, this study’s null
hypothesis 1 testing results could not be accepted. Similar to Hill and Chin (2018), the
finding showed a statistically significant relationship between primary mathematics
teachers’ mathematical knowledge for teaching and student achievement in the Grenadian
context. The results also showed an increase of one unit in the primary mathematics
teachers’ mathematical knowledge for teaching will result in an increase of 4.407 in
student achievement score. This data reflects a better performance than what was
recorded for Hill et al. (2005) and Kelsey et al. (2019) where one standard deviation
increase in teachers’ mathematical knowledge led to an average of 0.04 and 0.05 gains in
student achievement. Similarly small effect was recorded by Hill and Chin (2018) and
Ekmekci et al. (2019). There could be several explanations for the differences in the
effect size. One of the differences could be due to the inclusion of the three controlled
variables (teachers’ age, gender, and years of experience) in this study. Again, variations
in the sample size could have accounted for the differences in the effect size and the
cultural context. Both studies were conducted in the US, and the sample sizes varied,

only 34 teachers participated in the research undertaken by Ekmekci et al. (2019), while
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Fonseca (2014) warned that the sample size should not be either too big or too small
since both extremes can create issues in drawing conclusions in the research by
compromising findings.

The significant results noted showed that teachers’ mathematical knowledge for
teaching has some level of influence on students’ performance on standardized
examinations. A gain in teachers’ mathematical knowledge improves students’ outcomes,
despite the other contextual factors (Kelcey et al., 2019). Thus, it is critical for educators,
policymakers, and administrators to look closely at the hiring criteria or recruitment
policy in the first instance to ensure improvements in student achievement scores.
Interpretation for Hypothesis 2

This study’s conclusion that there is no statistically significant relationship
between primary mathematics teachers’ quality of instruction and the Ministry of
Education student achievement for Grenada disagrees with the literature that says that the
quality of mathematics instruction has a positive influence on student achievement
(Cerezci, 2020; Darling-Hammond, 2000; Hill et al. 2008; Hill et al., 2011; Kelcey et al.,
2014; Kelcey et al., 2019). This finding was least expected because several researchers
showed the connectivity between teachers’ mathematical knowledge for teaching and
their quality of instruction (Copur- Genturck, 2015; Cueto et al., 2016; Hill et al., 2008;
Lewis and Blunk, 2012). Lewis and Blunk (2012) specifically cited that a higher level of
mathematical knowledge for teaching “supports a higher quality of mathematical quality

of instruction” (p. 533). Even more, if, as was proven in this research, teachers’
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mathematical knowledge showed the presence of a significant relation to student
achievement, it was expected that the same would hold for quality of mathematics
instruction to student achievement. Ball et al. (2008), the founders of the Mathematical
Knowledge for Teaching tool and the conceptual framework for this study, revealed that
for improvement to be observed in mathematics, attention should be paid not just to
teachers’ knowledge but also the use of their knowledge in classroom practices.

Such anomalies in findings may have resulted from the lower statistical power
given that 77 participants were used, the least acceptable number as was specified by
G*Power analysis. Thus, probably implying that the nonsignificant results could have
resulted from a Type 2 error, where the null hypothesis was accepted, when indeed it
should have been rejected (Kin, 2015), with a larger sample. A large sample size is
essential in increasing the data's statistical power and generalizing (Cremers et al., 2017).
Uttley (2019) added that sample size could influence the study's sensitivity and the ability
to reveal the real effect and thus is critical to assess in studies. Type 2 error is a typical
issue with multiple regression, and thus, | did not generalize that there is no statistically
significant relationship between primary mathematics teachers' quality of instruction and
student achievement. Larger sample size may show differently.

Conversely, a few studies had similar findings to this research, showing no
significant relationship between mathematics quality of instruction and student
achievement, even with large sample sizes. Toropova et al. (2019) had 296 teachers
participating in their research. However, their research was focused on a higher grade

level, Grade 8, than this study, which focused on Grades 2, 4, and 6. Ottmar et al. (2014)
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found no statistically significant effect of teachers’ instructional quality on student
mathematics achievement, with a sample of 657. Other research, such as Nortvedt et al.
(2016), showed mixed findings. Out of the 32 countries used in their study, only 6
showed any significant relationship between mathematics instructional quality and
student achievement, while the remainder showed no significant relationship.

Finally, given that the teachers were all expected to video record themselves
teaching a lesson, this could have accounted for the absence of a significant relationship.
Teachers in recording themselves may have selected topics that they were pretty
comfortable with and may have put all in ensuring that the mathematics lesson was of the
best quality, unlike what may typically be happening in the classroom. Therefore, future
research may want to ensure that instructional quality is captured live while the teachers
are in their regular environment without any video recording, or may want to use other
more innovative means of capturing mathematical instructional quality.

Interpretation for Hypothesis 3

Dodeen et al. (2012) called for educators and policymakers to focus more on
teachers' qualifications to improve students' mathematics scores. However, the effects of
teachers' pedagogical qualifications on student achievement scores in mathematics are not
evident in the results of this study. Specifically, this study's results showed no statistically
significant relationship between primary mathematics teachers' pedagogical qualifications
as measured by the demographic survey on the Ministry of Education national assessment
of student achievement for Grenada, controlling for teachers' age, gender, and years of

experience. Maphoso and Mahlo (2015), admitted that teachers' qualification does not
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solely contribute to students' academic success/achievement. Similar findings were noted
by Zuzovsky (2008).

Comparable to mathematics teachers' instructional quality, the result of teachers’
qualifications on student achievement was surprising and interesting. Teachers must
have qualifications specific to teaching to enter this education profession (Shulman,
1986). Shulman (1986) made the bold assumption that although teachers' knowledge and
methodology (quality of instruction) are vital, they play a "secondary role™ when
teachers' qualifications are considered (p. 5). Novikasari (2017) mentioned that
qualifications should be one of the first steps if someone desires to become a teacher.
Novikasari (2017), Ojera (2016), and Shulman (1986), along with authors such as
Darling-Hammond (1999) and Darling Hammond et al. (2001), underscored the
importance of full qualifications of mathematics teachers. Similarly, a Caribbean author,
Jennings (2017) questioned the ability for teachers who are untrained in the requisite
competencies to impart learning.

Conversely, others (Goldhaber & Brewer, 2000) debate that student achievement
is similar whether taught by a qualified or nonqualified teacher. These mixed findings,
coupled with this study's results, could indicate that mathematical qualifications should
probably be treated as a necessary but not sufficient or a sole contributor to student
achievement. In other words, in this study, even if there was a nonsignificant relationship
between teachers' pedagogical knowledge and students' achievement when individually
regressed, educators should not use this as a weapon to remove certification programs

and training colleges from the equation given its significance in the overall model.
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Regulations should still be instituted to ensure that prospective teachers become qualified
before their recruitment as a teacher (Baker-Gardner, 2016; Barrett, 1981; Jennings,
2017; Maynard & Jules, 2017; Robinson, 2016; Schoen et al., 2017). Administrators and
educators should, instead, consider it along with other key indicators in influencing
student achievement. This point re-emphasizes the conclusions made by several authors
(Ballafkif & Middelkoop, 2019; Enu et al., 2015; Sidabutar, 2016) that in the
mathematics classrooms, there may be a plethora of factors influencing student
achievement. Enu et al. (2015) specifically stated, it is, therefore, "an irrefutable fact that
the successfulness of learning the subject is contingent on a myriad of factors" (p. 68).
Thus, it may be premature to restrict it to the silos of qualifications and to eliminate other
critical contributors.

Even more, the nonsignificant relationship between teachers’ qualifications and
student achievement could be signaling the need for more rigorous programs for teachers
and the influence of qualified teachers on unqualified ones. The qualified or trained
teachers can coach the unqualified/untrained teachers when they enter into the system.
Therefore, this sort of informal coaching and team planning in some schools could
account for the nonsignificant relationship. This unstructured system seemed to have
obscured any difference between the qualified and unqualified teachers and thus could
probably explain the results noted. Another explanation could be that the Teachers’
Training programs may not have the impact after teachers return to the classroom.
Pokharel's (2018) research findings showed that in classroom instruction, trained teachers

were not using their training. Qualified teachers, therefore, seem to utilize their training
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only while in the program and, after that, return to the orthodox teaching methods.
Teachers training colleges in the Eastern Caribbean are certified by the University of the
West Indies and thus have the responsibility for teacher education quality controls and
functionality (Jennings, 2001). But, Ball et al. (2008) stated that policymakers and the
education society on the whole often view teacher education courses as having little or no
effect on the daily realities of teaching and little impact on improvement in learning.
Therefore, it may have been a challenge to again differentiate between the qualified and
unqualified teachers, accounting possibly for the nonsignificant relationship between
teachers’ pedagogical qualifications and student achievement.
Interpretation for Hypothesis 4

The findings showed statistically significant relationships between mathematics
teachers’ pedagogical content knowledge (mathematical knowledge for teaching, quality
of instruction, and pedagogical qualifications) and Grenada’s national assessment of
student achievement, when teachers’ age, gender, and years of teaching experience were
controlled. However, without the controls, there was no statistically significant
relationship. The finding that there is a statistically significant relationship between
mathematics teachers’ pedagogical content knowledge and student achievement when
controlling for key variables is consistent with a few research conclusions.

Lange et al. (2012) showed that teachers’ pedagogical content knowledge had a
substantial positive relationship to student achievement after controlling for teachers’
covariates. Another comparable finding came from Baumert and Kunter (2013). They

found that teachers’ mathematical pedagogical content knowledge could explain 64% of
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the variance in student mathematics achievement, with control variables at the individual
level. Based on these findings and this study’s results, it is clear that teachers’
pedagogical content knowledge do relate to student achievement when variables are
controlled.

Nielsen and Raswant (2018) emphasized the importance of including controlled
variables in research to determine the true influence. The researchers' point was proven
when the control variables were removed from the model, and the results showed no
statistical significance. Again, this absence of statistical significance in the relationship
between teachers' pedagogical content knowledge (mathematical knowledge for teaching,
quality of instruction, and pedagogical qualifications) and student achievement is
inconsistent with most literature. Cueto et al. (2016) and Odumosu et al. (2018)
referenced teachers' pedagogical content knowledge as having a significant positive effect
on mathematics achievement. However, this was so only when there was a cutoff score
for pedagogical content knowledge. The proportion of variance was small, and students
with higher scores were more likely to have a teacher with a higher pedagogical content
knowledge score and vice versa. In their quantitative correlational study, Hill and Chin
(2018) also found a positive but weak relationship between knowledge of students and
teacher accuracy and students' achievements. Even more, authors such as Callingham et
al. (2016), Hill et al. (2005), Hill et al. (2008), and Rockoff et al. (2008) found a weak
correlation between teachers' pedagogical content knowledge and their students’ learning

outcomes. But all these researchers found statistical significance.
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Despite the results of this study and whether or not variables are controlled, most
people understand that teachers' pedagogical content knowledge is vital for teaching and
learning. Shulman (1986) referred to it as the "missing paradigm” (p. 7). Ball et al.
(2008), the authors of the conceptual framework upon which | designed this study,
mentioned that teachers lacking pedagogical content knowledge are more unlikely to
impart knowledge and help students learn the content. Thus, without the controls, the
unprecedented results from this study could have resulted from the sample size. Although
the sample size was satisfactory, it was the least needed to conduct the study, and the
other islands' data was not added because of the small number of participants. A small
sample size could have reduced the statistical power, causing a Type 2 error, where the
null hypothesis was accepted, when indeed it should have been rejected, with a larger
number of participants. At the same time, while I will not interpret the findings for
hypothesis 4 without the controls. I will interpret it with the control variables, that there is
a statistically significant relationship between teachers' pedagogical content knowledge
(mathematical knowledge for teaching, quality of instruction, and qualifications) and
student achievement in the Grenadian context, when teachers' age, gender, and years of
teaching experience were controlled. Given the limited research on the relationship
between teachers' pedagogical content knowledge and student achievement, further
research needs to be conducted in this field when controlling for variables.

Further research also needs to be undertaken, but with larger sample size. Such
research is imminent because of its probable findings' implications for policymakers,

teachers, recruitment officials, administrators, principals, and teacher education colleges.
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It may also provide a significant understanding of the teaching and learning process and
pedagogical and content training requirements for teaching before entering the
profession.

Limitations of the Study

While | believe that a quantitative research study was best to capitalize on the
facts from this study, the quantitative study did not provide an underlying understanding
as to why such findings were noted. This study's findings could have seen better
interpretation and evaluation of mathematics teachers' pedagogical content knowledge if
the quantitative aspect was combined with a qualitative research design. This move could
have provided the facts coupled with explanations for observing such facts via
interviews. According to Johnson and Onweugbuzie (2004), these mixed pluralist and
purist viewpoints could be essential and valuable. Thus, it could have made this study's
findings and interpretations much more fascinating.

Although this study had more than the minimal number of participants (95) for
the demographic and MKT surveys, only 81.05% (77) continued with the video
recording. While this percentage met the required sample of at least 77 because 18 more
persons responded to the survey but did not complete the video recording, their data had
to be removed from the analysis. In other words, 18 teachers failed to complete the video
recording but responded to the survey. They may have abstained from the video
recording because of their discomfort with others viewing them teaching a mathematics

lesson and their lack of trust regarding who may have access to the videos. Therefore,
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there is a need for future researchers to find more creative means of assessing teachers'
instructional quality in mathematics.

Another limitation may have been the limited timeframe participants had left in
the school term to complete the recording before vacation, based on when IRB approval
was received for data collection. Given the length of the MKT survey, some respondents
may have become disenchanted and unequivocally decided not to continue. So, this study
can be replicated, but next time, using less mathematical knowledge for teaching items as
a motivator to continue the video recording and larger sample size to avoid Type 2 error.
Future studies should further consider the time of the year most appropriate for the
commencement of such research, respecting teachers’ time more. The beginning of the
school year may be more desirable. It may have provided teachers with ample
opportunities to complete their video recordings, especially for those who may be tardy
or procrastinate.

The cultural relevance of the tools to the Caribbean context could have been
another limitation to this study. While both the MKT and the MQI tools seemed to have
worked well in this study, I was still concerned about the ability to fully capture the
uniqueness of the Caribbean and specifically Grenadian culture. According to Jakimovik
(2013), the use of MKT measures developed in the USA to determine teachers’
knowledge may not be reasonable because of the multiplicity of country-specific
“cultural, historical, and social” factors, instructional practices, and assessment
procedures that may influence mathematics education (p. 135). Therefore, there is a need

to develop instruments to measure teachers’ mathematical knowledge for teaching and
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the quality of instruction using tools designed specifically for the region. This is similar
to the call from Marshall and Sorto (2012), who suggested the need for more instruments
to assess teachers’ pedagogical content knowledge. Although several researchers have
tried to develop tools for measuring teachers’ mathematical knowledge, it is still a
challenge today (Kristanto et al., 2020). Not only should more robust instruments be
developed in this area, but instruments that are more responsive to the Caribbean culture
and context. These instruments need to more succinctly capture mathematics teachers’
pedagogical content knowledge to encourage and attract more willing participants.
Teachers’ mathematical quality of instruction should be captured differently.
Teachers were expected to produce a video recording of them teaching a lesson they
selected and then email it to me. However, this methodology could have caused the little
or no variations observed in scores, given that teachers may have tried to ensure that they
recorded the best lesson in an area in which they were most comfortable. If, however, the
quality of instruction was measured while teachers were naturally teaching mathematics,
it could have probably reflected a more authentic picture of their typical quality of
teaching. Also, for this study, teachers were required to send only one video recording
teaching mathematics. According to Scheonfeld (2013), it takes more than one episode of
teaching observation to assess teachers’ quality adequately. However, given the time
constraints in this study, observation of several videos per teacher was not possible.
Therefore, future research is encouraged using multiple occurrences to measure teachers’

quality of instruction.
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Recommendations

This study showed an overall statistically significant relationship between
mathematics teachers’ pedagogical content knowledge (mathematical knowledge for
teaching, quality of instruction, and pedagogical qualifications) and Grenada’s national
assessment of student achievement, when teachers’ age, gender, and years of teaching
experience were controlled. However, when student achievement was regressed unto the
independent variables individually, only mathematics teachers’ knowledge for teaching
showed statistically significant relations. Teachers’ quality of instruction and pedagogical
qualifications had no significance statistically. Therefore, further research is needed in
examining other plausible factors in the teaching and learning process apart from the
quality of instruction and qualifications that can enhance student achievement when
regressed individually. This can be done with careful consideration of the instruments
used to uniquely measure each variable, given the multiplicity of factors that act
simultaneously on teaching and learning and make demands on teachers more stressful
(Skaalvik & Skaalvik, 2018).

Other areas for further research can be considered. One of them is developing
Caribbean specific measuring instruments to determine teachers' mathematical
knowledge for teaching and their quality of instruction. These tools should be shorter
than those used in this research but still robust to capture the desired skills and
knowledge. Tools that are more accessible and relevant to the cultural diversities of the
region could be a motivating factor for attracting participants. It is essential to use

specific and culturally relevant instruments to one's country (Jakimovik, 2013) or adapted
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to suit the context. Also, the tools developed should be well balanced in terms of content
and length (Korb, 2012). Hoover et al. (2016) indicated that the MKT tool developed by
Hill et al. (2008) is comprehensive in scope, reliable, and the most popular tool used
when measuring pedagogical content knowledge. However, Korb (2012) claimed that the
instruments developed must be as short as possible to avoid participant fatigue but long
enough to ensure content validity. A shorter version instrument could have attracted more
teachers, increasing the sample size from the bare minimum. Another research can be
undertaken to determine whether teachers' performance on the different components of
the MKT tool has any statistically significant difference in student achievement.

A qualitative study is needed that can help with the quantitative findings. This
research could be designed to deeply understand teachers' and students' perspectives on
how mathematics teachers' pedagogical content knowledge influences students'
performance. A combination of indicators outlining teachers' pedagogical content
knowledge can be utilized to develop interview questions for such research. Such a
smaller, more thorough line of interrogation along with the quantitative findings may
provide more insight into how, when, and why teachers' pedagogical content knowledge
influences student achievement in the Caribbean context.

There need to be more creative ways of capturing the quality of mathematics
instruction other than through video recording. During this study, some teachers
expressed fear in submitting videos because of mistrust that the videos may be used for
ulterior motives. Further research is needed to design a questionnaire, survey, or quality

assessment tests that can measure instructional quality other than videos or classroom
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observations. Given that there was statistically no significant relationship between
mathematics teachers’ quality of instruction and student achievement, a study with a
much larger sample size will be needed to confirm or disconfirm this study’s findings
across the Caribbean and, by extension, the world.

There was also no significant relationship between mathematics teachers’
pedagogical qualifications and student achievement. In this study, whether the teachers
were trained/qualified from teachers’ colleges or not was used to determine their
qualifications. However, further research is desirable for clearly outlining what
constitutes teachers’ pedagogical qualifications since the scores obtained by students on
the Grenada’s Ministry of Education achievement did not vary much if the teacher was
either qualified or unqualified. Should teachers’ qualifications be concentrated on
teachers’ training at college only, or should other information such as their hours of
professional development sessions be inclusive? This fundamental question needs to be
answered. Further research along these lines will be relevant. There may also be a gap for
research on the impact of teacher training colleges on the implementation of mathematics
teaching strategies in the classroom. Further research can also be conducted into the
impact that qualified teachers have on unqualified ones in terms of coaching and whether
this makes a difference in student achievement.

Finally, the time used to conduct this research could have been much more
strategic, as outlined in the limitations. Data collection occurring at the end of the
academic school year can be demotivating and stressful for teachers, given the plethora of

activities coinciding during this time. Therefore, it is recommended that future research in
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this data collection process should commence at the beginning of the school term when
teachers are fresh and rejuvenated to assist in data collection. Given the statistically
significant relationship between teachers’ mathematical knowledge for teaching and
student achievement, there is also a recommendation for policymakers, administrators,
and educators to develop recruitment policies that include the assessment of new
teachers’ mathematical knowledge at the primary level before entering. Another
suggestion may be to institute subject specializations at the primary school level so that
more competent persons in mathematics can teach the subject. This move can first be
instituted as a pilot study in a few schools before fully implementing this policy. Such
gradual transition will provide time to evaluate the effectiveness before transitioning into
a whole country policy.
Implications

This research was specifically designed to determine whether there is a
statistically significant relationship between mathematics teachers’ pedagogical content
knowledge and student achievement within the Eastern Caribbean (Grenada), based on
claims from other educational contexts that this relationship exists. Mathematics
teachers’ mathematical knowledge for teaching, quality of instruction, and pedagogical
qualifications were used as indicators for pedagogical content knowledge. This study’s
findings have implications for the individual school and teachers’ level, Ministry of
Education organizational level, policy decisions, future research, and positive social

change.
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Senior teachers and school administrators can use the information from the study
to address mathematics teachers’ pedagogical proficiencies and competencies in the
subject at an early stage. This action may mean structured professional development
training sessions in problematic areas specific to mathematics, given the positive outcome
of teachers’ mathematical knowledge on student achievement. Professional development
sessions may help build teachers’ confidence level in the subject and content matter
(pedagogical content knowledge), which may lead to positive social change on students’
achievement and in the quality of persons within the teaching fraternity. But, the
supervisory teams need to monitor the implementation of these new pedagogies to
measure impact. Van de Walle et al. (2010) opined that mathematical competence had
been viewed as the doorway to effective and successful teaching. Other authors such as
Backes et al. (2017), Chin (2018), Cueto et al. (2016), Hill et al. (2005), Kelcey et al.
(2019), and Raiula and Kumari (2018), said that the quality of teachers’ instruction
depends on what they know and do with this knowledge, which can translate into positive
achievements for students. According to Watts et al. (2018), early mathematics
achievement by students can facilitate and lead to the understanding of futuristic and
more complex skills later. Thus, this study can have far-reaching implications for social
change even past the primary level.

Even more, these research findings can be used to foster positive social change at
the administrative and policy levels. It can inform the appointment of prospective
teachers into the education system, given that preservice training is not yet compulsory.

Although there was no significance between teachers’ pedagogical qualifications and
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student achievement when examined individually, there was an impact when combined
with the quality of instruction and teachers’ knowledge, with the controls. Therefore,
implementing a preservice training policy before individuals are allowed to teach can
transform students who completed college into experts in the subject matter (Shulman,
1986). Policymakers can further use the findings from this study to determine teachers’
pedagogical content knowledge before placing them to teach mathematics and to predict
student achievement yearly, based on the combined scores from the indicators.

Consequently, this data could assist in determining the potential trends so that
changes can be made early to the pool of teachers and inform professional development.
These interventions geared at positive social change in teaching and learning can be
instituted as corrective measures before failure is experienced. This action is a more
proactive means of correcting potential mishaps in student achievement. The Ministry
may further use the results to provide avenues and seek funding for teachers to upgrade
their mathematical pedagogies, which may influence student achievement for the
betterment of their communities (Baumert, 2010).

There can be the implication for future research in this area. This study has set the
stage for more advanced research to build on mathematics teachers’ pedagogical content
knowledge in the Caribbean context. While the initial intention was to conduct this
research in four Eastern Caribbean islands, due to the effects of the COVID-19 pandemic
and the volcanic activity, little data was collected from three of the four countries, and
thus, they were eliminated. Therefore, it leaves room for more comprehensive research in

this area with a broader cross-section of the Caribbean population. Gaining data
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throughout the region on this area can help generalize and make inferences on
mathematics teachers’ pedagogical content knowledge in relation to student achievement
in the Caribbean. This information can be subsequently used to inform teaching and
learning, professional development sessions, and preservice training for overall
improvements and social change in the regional mathematics education system.
Conclusions

This study focused on determining the relationship between primary mathematics
teachers' pedagogical content knowledge (mathematical knowledge for teaching, quality
of instruction, and teachers' pedagogical qualifications) and the Ministry of Education’s
national assessment of student achievement. The notion by several international
researchers' (Ball et al., 2008; Cueto et al., 2016; Hill et al., 2005; Hill et al., 2008; Hill &
Chin, 2018; Odumosu et al., 2018; Shuman, 1986) that mathematics teachers'
pedagogical content knowledge is related to student achievement is accepted in this
study. While the combined indicators for pedagogical content knowledge showed a
statistically significant relation to student achievement, only teachers' mathematical
knowledge for teaching recorded statistical significance when student achievement was
regressed onto the independent variables separately. The importance of mathematical
knowledge for teaching on student achievement is confirmed by Callingham et al. (2016),
Hill et al. (2005), and Rockoff et al. (2008) findings. Thus, teachers' mathematical
knowledge for teaching has some level of influence on student achievement in the

Caribbean context (Grenada).
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Although there was no statistically significant relationship between teachers'
quality of instruction and pedagogical qualifications and student achievement when
regressed independently, it does not dismiss former research showing significance in
these areas. While Crossfield and Bourne (2019) also found no relationship between
teacher effectiveness factors such as qualifications on student achievement, Dodeen et al.
(2012) found that some teachers' qualifications were related to student achievement. This
mixed conclusion on teachers' qualifications and student achievement may result from the
unclear conceptualization and operationalization of qualifications from one study to the
next. Further research should therefore be considered in this area to standardize the
meaning of qualifications and determine the best measure of the variable. Similarly, there
should not be a dismissal of the relationship between mathematics teachers' quality of
instruction and student achievement when regressed individually. Blazar (2015) and Hill
et al. (2011) found a positive statistical significance that must be considered, despite this
study's outcome.

Primary mathematics teachers' pedagogical content knowledge has a significant
impact on what students learn in the classroom. These competencies can assist students in
making progress and attaining mathematical gains. If teachers' combined subject and
content matter proficiencies are ignored, it can result in unfortunate learning outcomes
for students. Therefore, teachers within the service may need to enhance their expertise in
the area of mathematics for improvements in students' performance. Educators and
policymakers may further need to provide inservice teachers and prospective teachers

with robust professional development sessions specific to mathematics to realize better
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performances. This move may mean mandatory training before entry into the teaching
fraternity through preservice training. The Ministry of Education may further need to
review and evaluate the effectiveness of the teachers’ college in creating a difference in
classroom interactions and, ultimately, student achievements. The study results suggest
that teachers’ MKT should be measured to institute subject specialization when teaching
mathematics at the primary school level. Hopefully, with such interventions,
improvements can be noted in students' scores. Further research within the Caribbean
context on teachers' pedagogical content knowledge and student achievement can assist
in making a difference in the teaching and learning process in the region. Until then, the
paucity of opportunities in the Caribbean region to use teachers' pedagogies in

mathematics to predict student achievement will remain.



165

References

Abdullah, N. A, Shahrill, M., Yusof, J., & Prahmana, R. C. 1. (2018). Identifying the
factors affecting students’ performances in primary school mathematics. Journal
of Physics: Conf. Series, 1097 (012137). https://doi.org/10.1088/1742-
6596/1097/1/012137

Agrawal, E., & Pal, P. R. (2017). A secure and fast approach for encryption and
decryption of message communication. International Journal of Engineering
Science and Computing, 7(5), 11480- 11485.
https://www.researchgate.net/publication/320149845 A Secure_and_Fast_Appro
ach_for_Encryption_and_Decryption_of Message_Communication

Aksu, Z., Metin, M., & KonyalOoglu, A. C. (2014). Development of the pedagogical
content knowledge scale for pre-service teachers: The validity and reliability
study. Mediterranean Journal of Social Sciences MCSER, 5(20), 1365-1377.
https://doi.org/10.5901/mjss.2014.v5n20p1365

Andrade, C. (2020). Sample size and its importance in research. Indian Journal of
Psychological Medicine, 42(1), 102—
103. https://doi.org/10.4103/1JPSYM.IJPSYM_504 19

Andrews, S. (2001). The language awareness of the L2 teacher: Its impact upon
pedagogical practice. Language Awareness, 10(2 & 3), 75-90.

Apuke, O. B. (2017). Quantitative research methods a synopsis approach. Arabian
Journal of Business and Management Review (Kuwait Chapter), 6(10), 40-47.

https://doi.org/10.12816/0040336


https://doi.org/10.1088/1742-6596/1097/1/012137
https://doi.org/10.1088/1742-6596/1097/1/012137
https://www.researchgate.net/publication/320149845_A_Secure_and_Fast_Approach_for_Encryption_and_Decryption_of_Message_Communication
https://www.researchgate.net/publication/320149845_A_Secure_and_Fast_Approach_for_Encryption_and_Decryption_of_Message_Communication
https://doi.org/10.5901/mjss.2014.v5n20p1365
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andrade%20C%5BAuthor%5D&cauthor=true&cauthor_uid=31997873
https://doi.org/10.4103/IJPSYM.IJPSYM_504_19
https://doi.org/10.12816/0040336

166

Armstrong, P. (2015). Teacher characteristics and student performance: An analysis
using hierarchical linear modelling. SAJCE, 5(2), 124 — 145.

Aron, E. B. P., Luna, C. A., & Mariquit, T. M. (2021). Do teachers’ mathematical
knowledge for teaching matter on pupils’ achievement? American Journal of
Educational Research, 9(3), 113-116.

Arthur, Y. D., Asiedu-Addo, S., & Assuah, C. (2017). Teacher-student variables as
predictor of students' interest in mathematics: The use of stepwise multiple linear
regression analysis. Asian Research Journal of Mathematics, 4(3), 1-11.
https://doi.org/10.9734/ARJOM/2017/33544

Asamoah, M. K. (2014). Re-examination of the limitations associated with correlational
research. Journal of Educational Research and Reviews, 2(4), 45-52.

Atnafut, M., & Zergaw, D. (2020). Availability of resources, mathematics teachers’
knowledge, and attitude towards mathematics visualization as predictors of the
development of students’ visualization in mathematics. Bulgarian Journal of
Science and Education Policy (BJSEP), 14(2), 382-416.

Audette, L. M., Hammond, M. S., & Rochester, N. K. (2020). Methodological issues
with coding participants in anonymous psychological longitudinal studies.
Educational and Psychological Measurement, 80(1), 163-185.
https://doi.org/10.1177/0013164419843576

Awofala, A. O. A. (2019). Correlates of senior secondary school students’ mathematics

achievement. Educatia, 21(17), 15- 25. https://doi.org/10.24193/ed21.2019.17.02


https://doi.org/10.9734/ARJOM/2017/33544
https://doi.org/10.1177/0013164419843576
https://doi.org/10.24193/ed21.2019.17.02

167
Aydelotte, W. O. (1966). Quantification in history. The American Historical Review,

71(3), 803-825. https://doi.org/10.2307/1846023

Backes, V. M. S, Menegaz, J. D., Miranda, F. A. C., Santos, L. M. C., Cunha, A.P., &
Patricio, S. S. (2017). Lee Shulman: Contributions to research on teacher training
in nursing and health. Texto Contexto Enferm, 26(4), 1-9.
https://doi.org/10.1590/0104-07072017001080017

Baker-Gardner, R. (2016). Induction of teachers in the English-speaking Caribbean. In
T. Petty, A. Good, & S. M. Putman (Eds.), Handbook of research on professional
development for quality teaching and learning. IGI Global.
https://doi.org/10.4018/978-1-5225-0204-3.ch025

Baker-Gardner, R. (2014). A proposed model for the induction of new teachers in Jamaican
primary schools. International Journal of Education and Research, 2(12), 283-
296.

Ball, D. L. (1993). With an eye on the mathematical horizon: Dilemmas of teaching
elementary school mathematics. The Elementary School Journal, 93(4), 373-397

Ball, D. L. & Bass, H. (2003). Towards a practice-based theory of mathematical
knowledge for teaching. Proceedings of the 2002 Annual Meeting of the
Canadian Mathematics Education Study Group. CMESG/GCEDM.

Ball, D.L., Hill, H. C., & Bass, H. (2005). Knowing mathematics for teaching: Who
knows mathematics well enough to teach third grade, and how can we decide?

American Educator, 14-22.


https://doi.org/10.2307/1846023
https://doi.org/10.1590/0104-07072017001080017
https://doi.org/10.4018/978-1-5225-0204-3.ch025

168
Ball, D. L., Thames, M. H., & Phelps, G. (2008). Content knowledge for teaching: What

makes it special? Journal of Teacher Education, 59(5), 389-407.
https://doi.org/10.1177/0022487108324554

Ballafkih, A. H., & Middelkoop, D. V. (2019). Beliefs about student achievement held by
teachers at Dutch universities of applied sciences. International Journal of Higher
Education, 8(5), 45-55. https://doi.org/10.5430/ijhe.v8n5p45

Barker, L. E., & Shaw, K. M. (2015). Best (but oft-forgotten) practices: Checking
assumptions concerning regression residuals. The American Journal of Clinical
Nutrition, 102(3), 533-539. https://doi.org/10.3945/ajcn.115.113498

Barrett, E. (1981). Mathematics teaching: St. Lucia, Grenada, Jamaica - (mission).
https://unesdoc.unesco.org/ark:/48223/pf0000044210

Bartlett, J. E., Kotrlik, J. W., & Higgins, C. C. (2001). Organizational research:
Determining appropriate sample size in survey research. Learning and
Performance Journal, 19, 43-50.

Bartram, D. (2020). Age and life satisfaction: Getting control variables under control
Sociology, 0(0), 1-17. https://doi.org/10.1177/0038038520926871

Baumert, J., & Kunter, M. (2013). The COACTIV model of teachers’ professional
competence. Cognitive Activation in Mathematics Classroom and Professional
Competence of Teachers, 25-48. https://doi.org/10.1007/978-1-4614-5149-5 2

Baumert, J., Kunter, M., Blum, W., Brunner, M., Voss, T., Jordan, A., Klusmann, U.,
Krauss, S., Neubrand, M., & Tsai, Y- M. (2010). Teachers’ mathematical

knowledge, cognitive activation in the classroom, and student progress. American


https://doi.org/10.1177%2F0022487108324554
https://doi.org/10.5430/ijhe.v8n5p45
javascript:;
javascript:;
https://doi.org/10.3945/ajcn.115.113498
https://unesdoc.unesco.org/ark:/48223/pf0000044210
https://doi.org/10.1177/0038038520926871
https://doi.org/10.1007/978-1-4614-5149-5_2

169
Educational Research Journal, 47(1), 133—

180. https://doi.org/10.3102/0002831209345157

Benson, L. (1957). Research problems in American political historiography. In Mirra
Komarovsky (Ed.), Common frontiers of the social sciences. Free Press.

Best, M., Knight P., Lietz P., Lockwood C., Nugroho D., & Tobin M. (2013). The impact
of national and international assessment programmes on education policy,
particularly policies regarding resource allocation and teaching and learning
practices in developing countries. Social Science Research Unit, Institute of
Education, University of London.
https://research.acer.edu.au/cgi/viewcontent.cgi?article=1016&context=ar_misc

Betebenner, D. W., & Linn. R. L. (2009, December). Growth in student achievement:
Issues of measurement, longitudinal data analysis, and accountability [Paper
presentation]. Exploratory Seminar: Measurement Challenges Within the Race to
the Top Agenda Center for K — 12 Assessment & Performance Management,
Educational Testing Services Seminar.
http://www.k12center.org/publications.html

Blazar, D. (2015). Effective teaching in elementary mathematics: Identifying classroom
practices that support student achievement. Economics of Education Review, 48,
16-29.

Blazar, D., Braslow, D., Charalambous, C. Y., & Hill, H. C. (2017). Attending to general
and content-specific dimensions of teaching: Exploring factors across two

observational instruments. Educational Assessment, 22(2), 71-94.


https://psycnet.apa.org/doi/10.3102/0002831209345157
https://research.acer.edu.au/cgi/viewcontent.cgi?article=1016&context=ar_misc
http://www.k12center.org/publications.html
http://www.k12center.org/publications.html

170
Blomeke, S., Busse, A., Kaiser, G., Konig, J., & Suhl, U. (2016). The relation between

content-specific and general teacher knowledge and skills. Teaching and Teacher
Education, 56, 35-46. https://doi.org/10.1016/j.tate.2016.02.003

Bloomfield, J., & Fisher, M. J. (2019). Quantitative research design. Journal of
Australian Rehabilitation Nurses Association (JARNA), 22(2), 27-30.
https://doi.org/10.33235/jarna.22.2.27-30

Boaler, J. (2016). Mathematical mindsets: Unleashing students’ potential through
creative Math, inspiring messages and innovative teaching. San Francisco, CA:
John Wiley & Sons.

Bogoya, J. D., Bogoya, J. M., & Pefiuela A. J. (2017). Value-added in higher education:
Ordinary least squares and quantile regression for a Colombian case. Ingenieria e
Investigacion, 37(3), 30-36. https://doi.org/10.15446/ing.investig.v37n3.61729

Bollen, K. A., & Barb, K. H. (1981). Pearson's R and coarsely categorized measures.
American Sociological Review, 46(2), 232-239. https://doi.org/10.2307/2094981

Boscardin, W. J. (2010). Series on statistics: The use and interpretation of linear
regression analysis in Ophthalmology research. American Journal of
Ophthalmology, 150(1), 1-2. https://doi.org/10.1016/j.aj0.2010.02.022

Bourne, P. A. (2019). Mathematics performance in Jamaica. International Journal of
History and Scientific Studies Research (IJHSSR), 1(4), 8-31.
https://www.researchgate.net/publication/333203993 MATHEMATICS_PERFO

RMANCE_IN_JAMAICA/link/5ce2e44e458515712eb87a35/download


https://doi.org/10.1016/j.tate.2016.02.003
https://doi.org/10.33235/jarna.22.2.27-30
https://doi.org/10.15446/ing.investig.v37n3.61729
https://doi.org/10.2307/2094981
https://doi.org/10.1016/j.ajo.2010.02.022
https://www.researchgate.net/publication/333203993_MATHEMATICS_PERFORMANCE_IN_JAMAICA/link/5ce2e44e458515712eb87a35/download
https://www.researchgate.net/publication/333203993_MATHEMATICS_PERFORMANCE_IN_JAMAICA/link/5ce2e44e458515712eb87a35/download

171

Brandé&o, P. R. (2018). The importance of authentication and encryption in cloud
computing framework security. International Journal on Data Science and
Technology, 4(1), 1-5. https://doi.org/10.11648/).ijdst.20180401.11

Brown, T. T. (2018). Teacher qualification characteristics and secondary school students’
mathematics achievement: A qualitative study. Journal of Education and Culture
Studies, 2(4), 271-286. https://doi.org/10.22158/jecs.v2n4p271

Buddo, C. (2017, February 20). Mathematics education: A case for problem-solving.
Jamaica Observer. http://www.jamaicaobserver.com/columns/Mathematics-
education--A-case-for-problem-solving_90150

Bujang, M. A., Omar, E. D, & Baharum, N. A. (2018). A review on sample size
determination for Cronbach’s Alpha Test: A simple guide for researchers.
Malaysian Journal of Medical Sciences, 25(6), 85-99.
https://doi.org/10.21315/mjms2018.25.6.9

Burkholder, G. J., Cox, K. A., & Crawford, L. M. (Eds.) (2016). The scholar-
practitioner’s guide to research design. Laureate Publishing.

Butterworth, B. (2019). Foreword. In A. Fritz, V. G., Haase, P. & Rasanen, P. (Eds.),
International handbook of mathematical learning difficulties: From the
Laboratory to the Classroom (pp. vii —ix). Springer.
https://doi.org/10.1007%2F978-3-319-97148-3

Callingham, R., Carmichael, C., & Watson, J. (2016). Explaining student achievement:
The influence of teachers’ pedagogical content knowledge in statistics.

International Journal of Science and Mathematics Education, 14(7), 1339-1357.


https://doi.org/10.11648/j.ijdst.20180401.11
https://doi.org/10.22158/jecs.v2n4p271
http://www.jamaicaobserver.com/columns/Mathematics-education--A-case-for-problem-solving_90150
http://www.jamaicaobserver.com/columns/Mathematics-education--A-case-for-problem-solving_90150
https://dx.doi.org/10.21315%2Fmjms2018.25.6.9

172
Campobell, P. F. & Malkus, N. N. (2014). The mathematical knowledge and beliefs of

elementary mathematics specialist-coaches. ZDM Mathematics Education, 46,
13-225.

Campbell, S., Greenwood, M., & Prior, S. (2020). Purposive sampling: Complex or
simple? Research case examples. Journal of Research in Nursing, 25(8), 652—
661. https://doi.org/10.1177/1744987120927206

Caribbean Examinations Council (2012). Caribbean Primary Exit Assessment ™:
Mathematics specimen papers and marking scheme/key.
https://www.cxc.org/examinations/cpea/assessment/

Caribbean Examinations Council (2020). Caribbean Primary Exit Assessment (CPEA™)
standards. https://www.cxc.org/examinations/cpea/

Caribbean Examinations Council (2019). May 2019 CPEA® selected statistics for each
item on mc paper 011: Grenada.

Carlsen, W. (1999). Domains of teacher knowledge. In J., Gess-Newsome & N. G.
Lederman (Eds.), Examining pedagogical content knowledge (\Vol. 6, pp. 133-
144). Science & Technology Education Library. https://doi.org/10.1007/0-306-
47217-1 5

Cason, M., Young, J., & Kuehnert, E. (2019). A meta-analysis of the effects of numerical
competency development on achievement: Recommendations for mathematics
educators. Investigations in Mathematics Learning, 11(2), 134-147.

https://doi.org/10.1080/19477503.2018.1425591


https://doi.org/10.1177/1744987120927206
https://www.cxc.org/examinations/cpea/assessment/
https://www.cxc.org/examinations/cpea/
https://doi.org/10.1007/0-306-47217-1_5
https://doi.org/10.1007/0-306-47217-1_5
https://doi.org/10.1080/19477503.2018.1425591

173
Centre for Education Quality Research (n. d.). Mathematical quality of instruction (MQI).

https://cepr.harvard.edu/mqi

Cerezci, B. (2020). The impact of the quality of early mathematics instruction on
mathematics achievement outcomes. Journal of Childhood, Education & Society,
1(2), 216-228. https://doi.org/10.37291/2717638X.20201248

Chapman, O. (2015). Understanding and supporting mathematics teachers’ knowledge
for teaching. Journal of Mathematics Teacher Education, 18, 101-103.
https://doi.org/10.1007/s10857-015-9298-7

Chapman, O. (2017). Understanding and enhancing teachers’ knowledge for teaching
mathematics. Journal of Mathematics Teacher Education, 20,303-307.
https://doi.org/10.1007/s10857-017-9377-z

Charalambous, C. Y. (2010). Mathematical knowledge for teaching and task unfolding:
An exploratory study. The Elementary School Journal, 110(3), 247-278.
https://doi.org/10.1086/648978

Charalambous, C.Y., & Litke, E. (2018). Studying instructional quality by using a
content-specific lens: The case of the mathematical quality of instruction
framework. ZDM Mathematics Education 50, 445-460.
https://doi.org/10.1007/s11858-018-0913-9

Chen, Y. (2016). Spatial autocorrelation approaches to testing residuals from least
squares regression. PLoS ONE, 11(1), 1- 19.

https://doi.org/10.1371/journal.pone.0146865


https://cepr.harvard.edu/mqi
https://doi.org/10.37291/2717638X.20201248
https://doi.org/10.1007/s10857-015-9298-7
https://doi.org/10.1007/s10857-017-9377-z
https://doi.org/10.1086/648978
https://doi.org/10.1007/s11858-018-0913-9
https://www.researchgate.net/journal/PLoS-ONE-1932-6203
https://doi.org/10.1371/journal.pone.0146865

174
Claro, S., Paunesku, D., & Dweck, C. S. (2016). Growth mindset tempers the effects of

poverty on academic achievement. Proceedings of the National Academy of
Sciences, 113(31), 8664-8668. https://doi.org/10.1073/pnas.1608207113

Cochran, K. F., King, R. A., DeRuiter, J. A. (1991). Pedagogical content knowledge: A
tentative model for teacher preparation. https://eric.ed.gov/?id=ED340683

Cohen, J. (1968). Multiple regression as a general data-analytic system. Psychological
Bulletin, 70(6), 426-443.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.).
Lawrence Erlbaum Associates, Publishers.

Cohen, J., & Goldhaber, D. (2016). Building a more complete understanding of teacher
evaluation using classroom observations. Educational Researcher, 45, 378-387.

Cohen, L., Manion, L., & Morrison, K. (2007). Research methods in education (6th ed.).
Routledge.

Coleman, J. S., Campbell, E. Q., Hobson, C. J., McPartland, J., Mood, A. M., Weinfield,
F.D., & York, R. L. (1966). Equality of educational opportunities (Report No.
EO-38001). National Centre for Educational statistics.
https://files.eric.ed.gov/fulltext/ED012275.pdf

Cooper, D. R., & Schindler, P. S. (2001). Business research methods (7th ed.). McGraw-
Hill; Irwin.

Copur-Gencturk, Y. (2012). Teachers' mathematical knowledge for teaching,
instructional practices, and student outcomes [Doctoral Dissertation, University of

[llinois]. CORE. https://core.ac.uk/download/pdf/4838996.pdf


https://doi.org/10.1073/pnas.1608207113
https://eric.ed.gov/?id=ED340683
https://files.eric.ed.gov/fulltext/ED012275.pdf
https://core.ac.uk/download/pdf/4838996.pdf

175

Copur-Gencturk, Y. (2015). The effects of changes in mathematical knowledge on
teaching: A longitudinal study of teachers’ knowledge and instruction. Journal of
research in mathematics Education, 46(3), 280- 330.
https://doi.org/10.5951/jresematheduc.46.3.0280

Copur-Gencturk, Y., Tolar, T., Jacobson, E., & Fan, W. (2019). An empirical study of the
dimensionality of the mathematical knowledge for teaching construct. Journal of
Teacher Education 70(5), 485 — 527. https://doi.org/10.1177/0022487118761860

Cremers, H. R., Wager, T. D., & Yarkoni, T., (2017). The relation between statistical
power and inference in fMRI. PLoS ONE 12(11), 1-20.
https://doi.org/10.1371/journal.pone.0184923

Creswell, J. W. (2014). Research Design: Qualitative, quantitative, and mixed methods
approaches (4th ed.). SAGE Publications, Inc.

Creswell, J. W., & Creswell, J. D. (2018). Research design: Qualitative, quantitative and
mixed methods approaches. (5th ed.). SAGE Publications, Inc.

Crossfield, D., & Bourne, P. A. (2017). Education professionals' perceptions of factors
that contribute to effective mathematics teaching and achievement in Jamaica.
International Journal of Research in Humanities and Social Studies, 4(12), 1-10.

Cueto, S., Leon, J.,, Sorto, M. A., & Miranda, A. (2016). Teachers' pedagogical content
knowledge and mathematics achievement of students in Peru. Educational Studies
in Mathematics, 94(3), 319-345. https://doi.org/10.1007/s10649-016-9735-2

Dagli, H., H., Daglioglu E., & Atalmis, E. H. (2019). Development of a preschool

teachers' pedagogical content knowledge scale regarding mathematics.


https://doi.org/10.1177%2F0022487118761860
https://doi.org/10.1371/journal.pone.0184923
https://doi.org/10.1007/s10649-016-9735-2

176

International Journal of Assessment Tools in Education, 6(4), 617-635.
https://dx.doi.org/10.21449/ijate.593636

Daoud, J. I. (2017). Multicollinearity and regression analysis. Proceedings of the IOP
Conference Series: Journal of Physics, 949(012009), 1-6.
https://doi.org/10.1088/1742-6596/949/1/012009

Darling-Hammond, L. (2019). Teacher quality and student achievement. A review of
state policy evidence. Education Policy Analysis Archives, 8(1), 1-44.

Darling-Hammond, L. (2000). Reforming teacher preparation and licensing: Continuing
the debate. Teachers College Record, 102 (1), 5-27.
https://people.ucsc.edu/~ktellez/d_hammond.pdf

Darling-Hammond, L., Berry, B., & Thorenson, A. (2001). Does teacher certification
matter? Evaluating the evidence. Educational Evaluation and Policy Analysis,
23(1), 57-77. https://doi.org/10.3102/01623737023001057

DeCarlo, M. (2018). Scientific inquiry in social work. Open Social Work Education.
https://drive.google.com/file/d/1oCt4cobWCEhh8RdFa38E2jJS8ZmOfPMT/view

Dee, T. S. (2007). Teachers and the gender gaps in student achievement. The Journal of
Human Resources, 42(3), 528-554. https://doi.org/10.3368/jhr.XLI1.3.528

Delandshere, G. (1997). History of educational research. In J. P. Keeves (Ed.),
Educational research, methodology and measurement: An international handbook
(2nd ed., pp. 8-16). Oxford; Pergamon Press.

https://lib.ugent.be/catalog/rug01:000398869


https://dx.doi.org/10.21449/ijate.593636
https://doi.org/10.1088/1742-6596/949/1/012009
https://people.ucsc.edu/~ktellez/d_hammond.pdf
https://doi.org/10.3102/01623737023001057
https://drive.google.com/file/d/1oCt4cobWCEhh8RdFa38E2jJS8Zm0fPMT/view
https://www.jstor.org/stable/i40002421
https://doi.org/10.3368/jhr.XLII.3.528
https://lib.ugent.be/catalog/rug01:000398869

177
Delaney. S. F., Ball, D. L., Hill, H. C., Schilling, S.G., & Zopf, D. A. (2008). Adapting

U.S. measures of “mathematical knowledge for teaching” for use in Ireland.
Journal of Mathematics Teacher Education, 11, 171-197.

D’Exelle B. (2014). Representative sample. In A. C. Michalos (Ed.), Encyclopedia of
quality of life and well-being research (pp. 238-311). Springer; Dordrecht.
https://doi.org/10.1007/978-94-007-0753-5_2476

Dodeen, H., Abdelfattah, F., Shumrani, S., & Hilal, M. A. (2012). The effects of
teachers’ qualifications, practices, and perceptions on student achievement in
TIMSS mathematics: A comparison of two countries. International Journal of
Testing, 12(1), 61-77. https://doi.org/10.1080/15305058.2011.621568

Dominica’s National Assessment Report (2014). Grade 6 national assessment report
2014. Curriculum, Measurement and Evaluation Unit.

Ehrenberg, R. G., Goidhaber, D. D., & Brewer, D. J. (1995). Do teachers' race, gender,
and ethnicity matter? Evidence from NELS88 (Paper No. 4669). National Bureau
of Economic Research.
https://www.researchgate.net/publication/5192644 Do_Teachers%27_Race_Gen
der_and_Ethnicity Matter_Evidence_from_NELS88

Ekmekci A., Corkin, D. M., & Fan, W. (2019). A multilevel analysis of the impact of
teachers’ beliefs and mathematical knowledge for teaching on students’
mathematics achievement. Australian Journal of Teacher Education, 44(12).

http://dx.doi.org/10.14221/ajte.2019v44n12.4


https://doi.org/10.1007/978-94-007-0753-5_2476
https://doi.org/10.1080/15305058.2011.621568
https://www.researchgate.net/publication/5192644_Do_Teachers%27_Race_Gender_and_Ethnicity_Matter_Evidence_from_NELS88
https://www.researchgate.net/publication/5192644_Do_Teachers%27_Race_Gender_and_Ethnicity_Matter_Evidence_from_NELS88
http://dx.doi.org/10.14221/ajte.2019v44n12.4

178
Enticott, J. C., Shawyer, F., Vasi, S., Buck, K., Cheng, I-H, Russell, G., Kakuma, R.,

Minas, H., & Meadows, G. (2017). A systematic review of studies with a
representative sample of refugees and asylum seekers living in the community for
participation in mental health research. BMC Medical Research Methodology,
17(37), 1-16. https://doi.org/10.1186/s12874-017-0312-x

Enu, J., Agyman, O. K., & Nkum, D. (2015). Factors influencing students’ mathematics
performance in some selected colleges of education in Ghana. International
Journal of Education Learning and Development, 3(3), 68-74.

Ernst, A. F., & Albers, C. J. (2017). Regression assumptions in clinical psychology
research practice—a systematic review of common misconceptions. PeerJ,
5(e3323). https://doi.org/10.7717/peerj.3323

Esendemir, O., & Bindak, R. (2019). Adaptation of the test developed to measure
mathematical knowledge of teaching geometry in Turkey. International Journal
of Educational Methodology, 5(4), 547-565. https://doi.org/10.12973/ijem.5.4.547

Etikan, I., Musa, S. A., & Alkassim, R. S. (2016). Comparison of convenience sampling
and purposive sampling. American Journal of Theoretical and Applied Statistics,
5(1), 1-4. https://doi.org/10.11648/j.ajtas.20160501.11

Even, R. (1993). Subject-matter knowledge and pedagogical content knowledge:
Prospective secondary teachers and the function concept. Journal for Research in

Mathematics education, 24(2), 94-116. https://doi.org/10.2307/749215


https://doi.org/10.1186/s12874-017-0312-x
https://doi.org/10.7717/peerj.3323
https://doi.org/10.12973/ijem.5.4.547
https://doi.org/10.11648/j.ajtas.20160501.11
https://doi.org/10.2307/749215

179
Evens, M., Elen, J., & Depaepe, F. (2015). Developing pedagogical content knowledge:

Lessons learned from intervention studies. Education Research International,
2015(790417), 1-23. https://doi.org/10.1155/2015/790417

Faber, J., & Fonseca, L. M. (2014). How sample size influences research outcomes.
Dental Press Journal of Orthodontics, 19(4), 27-29.
https://doi.org/10.1590/2176-9451.19.4.027-029.ebo

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-G. (2009). Statistical power analyses
using G*Power 3.1: Tests for correlation and regression analyses. Behavior
Research Methods, 41, 1149-1160.

Fenwick, T., Nerland, M., & Jensen, K. (2012). Sociomaterial approaches to
conceptualising professional learning and practice. Journal of Education and
Work, 25(1), 1-13.

Fernandez, C. (2014). Knowledge base for teaching and pedagogical content knowledge
(PCK): Some useful models and implications for teachers’ training. Problems of
Education in the 21st Century, 60, 79-100.

Flannelly, K. J., Flannelly, L. T., & Jankowski, K. R. B. (2018). Threats to the internal
validity of experimental and quasi-experimental. Journal of Health Care
Chaplaincy, 24(3), 107-130. https://doi.org/10.1080/08854726.2017.1421019

Flatt, C., & Jacobs, R. L. (2019). Principle assumptions of regression analysis: Testing,
techniques, and statistical reporting of imperfect data sets. Advances in
Developing Human Resources, 21(4), 484-502.

https://doi.org/10.1177/1523422319869915


https://doi.org/10.1155/2015/790417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Faber%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25279518
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fonseca%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=25279518
https://doi.org/10.1590/2176-9451.19.4.027-029.ebo
https://doi.org/10.1080/08854726.2017.1421019
https://journals.sagepub.com/doi/abs/10.1177/1523422319869915
https://journals.sagepub.com/doi/abs/10.1177/1523422319869915
https://doi.org/10.1177%2F1523422319869915

180
Foster, C., & Inglis, M. (2019). Mathematics teacher professional journals: What topics

appear and how has this changed over time? International Journal of Science and
Mathematics Education, 2019(17), 1627-1648. https://doi.org/10.1007/s10763-
018-9937-4

Frankfort-Nachmias, C., & Leon-Guerrero, A. (2018). Social statistics for a diverse
society (8th ed.). Sage Publications.

Friedrichsen, P. J., Abell, S. K., Pareja, E. M., Brown, P. L., Lankford, D. M., &
Volkmann, M. J. (2009). Does teaching experience matter? Examining Biology
teachers’ prior knowledge. Journal of Research in Science Teaching, 46(4), p.
357-383. https://doi.org/10.1002/tea.20283

Friesen, M. E., & Kuntze, S. (2020). The role of professional knowledge for teachers’
analysing of classroom situations regarding the use of multiple representations.
Research in Mathematics Education, 22(2), 117-134.
https://doi.org/10.1080/14794802.2019.1710555

Frost, J. [Statistics by Jim]. (2021). When should I use regression analysis? Making
Statistics Intuitive.
https://statisticsbyjim.com/regression/when-use-regression-analysis/

Fung, F., Tan, C. Y., & Chen, G. (2018). Student engagement and mathematics
achievement: Unravelling main and interactive effects. Psychology in the Schools,
55(4). https://doi.org/10.1002/pits.22139

Garet, M. S., Heppen, J. P., Walters, K., Parkinson, J., Smith, T. M., Song, M., Garrett,

R., Yang, R., Bowman, G. D., &Wei, T. E. (2016). Focusing on mathematical


https://doi.org/10.1007/s10763-018-9937-4
https://doi.org/10.1007/s10763-018-9937-4
https://doi.org/10.1002/tea.20283
https://doi.org/10.1080/14794802.2019.1710555
https://statisticsbyjim.com/regression/when-use-regression-analysis/
https://doi.org/10.1002/pits.22139

181

knowledge: The impact of content-intensive teacher professional development
(Report No. NCEE 2016-4010). Institute of Education Sciences National Centre
for Education Evaluation and Regional Assistance.
https://ies.ed.gov/ncee/pubs/20164010/pdf/20164010.pdf

Gay, L. R., Mills, G. E., & Airasian, P. (2006). Educational research: Competencies for
analysis and applications (8th ed.). Pearson Education.

Gess-Newsome, J., Taylor, J. A., Carlson, J., Gardner, A. L., Wilson, C. D., & Stuhlsatz,
M. A. M. (2019). Teacher pedagogical content knowledge, practice, and student
achievement. International Journal of Science Education, 41(7), 944-963.
https://doi.org/10.1080/09500693.2016.1265158

Glass, G.V., Peckham, P. D., & Sanders, J. R. (1972). Consequences of failure to meet
assumptions underlying the fixed effects of analyses of variance and covariance.
Review of Educational Research, 42(3), 237-288.

Goldhaber, D. D., & Brewer, D. J. (2000). Does teacher certification matter? High school
certification status and student achievement. Educational Evaluation and Policy
Analysis, 22(2), 129-145. http://dx.doi.org/10.3102/01623737022002129

Goldenberg, L. R., Owens, E. F., & Pickar, J. G. (2007). Recruitment of research
volunteers methods, interest, and incentives. Journal of Chiropractic Education,
21(1), 28-31. https://doi.org/10.7899/1042-5055-21.1.28

Gong, J., Lu, Y., & Song, H. (2016). The effect of teacher gender on students’ academic
and noncognitive outcomes. Journal of Economic Literature, 121, p. 1-40.

http://ylu6.weebly.com/uploads/8/6/4/2/8642496/gender_sep2016.pdf


https://ies.ed.gov/ncee/pubs/20164010/pdf/20164010.pdf
https://doi.org/10.1080/09500693.2016.1265158
http://dx.doi.org/10.3102/01623737022002129
https://doi.org/10.7899/1042-5055-21.1.28
http://ylu6.weebly.com/uploads/8/6/4/2/8642496/gender_sep2016.pdf

182

Greaney, V., & Kellaghan, T. (2008). Assessing national achievement levels in education.
National assessments of educational achievement (Report No. 41789). World
Bank. https://openknowledge.worldbank.org/handle/10986/6904

Greenstein, S., & Seventko, J. (2017). Mathematical making in teacher preparation: What
knowledge is brought to bear? In E. Galindo, & J. Newton (Eds.), Proceedings of
the 39th annual meeting of the North American chapter of the international group
for the psychology of mathematics education. Hoosier Association of
Mathematics Teacher Educators.

Grenada Educational Statistical Digest (2017-2018). Planning and Development Unit.
Ministry of Education, Grenada.

Grossman, P. L. (1990). The making of a teacher: Teacher knowledge and teacher
education. Teachers College Press.

Guerriero, S. (2014). Teachers’ pedagogical knowledge and the teaching profession:
Background report and project objectives. OECD.
https://www.oecd.org/education/ceri/Background_document_to_Symposium_ITE
L-FINAL.pdf

Guerriero, S. (Ed.) (2017). Educational research and innovation pedagogical knowledge
and the changing nature of the teaching profession. OECD Publishing.
http://dx.doi.org/10.1787/9789264270695-en

Guskey, T. R. (2013). Defining student achievement. In J. Hattie, & E. M. Anderman

(Eds.), International Guide to Student Achievement (pp. 3-6). Routledge.


https://openknowledge.worldbank.org/handle/10986/6904
https://www.oecd.org/education/ceri/Background_document_to_Symposium_ITEL-FINAL.pdf
https://www.oecd.org/education/ceri/Background_document_to_Symposium_ITEL-FINAL.pdf
http://dx.doi.org/10.1787/9789264270695-en

183
Halinski, R. S. & Feldt, L. S. (1970). The selection of variables in multiple regression

analysis. Journal of Educational Measurement, 7(3), 151-157.
https://doi.org/10.1111/j.1745-3984.1970.tb00709.x

Hanushek, E. A. (2016). What matters for achievement: Updating Coleman on the
influence of families and schools. Education Next, 16(2), 22-30.
http://hanushek.stanford.edu/sites/default/files/publications/Hanushek%202016%
20EdNext%2016%282%29.pdf

Harris, J, & Bourne, P. A. (2017). Perception of teachers and pupils on factors
influencing academic performance in mathematics among a group of fifth and
sixth graders in Jamaica. Eureka Journals, 1(1).
http://technology.eurekajournals.com/index.php/Young_Scientist/article/view/194
1332

Hassan, S. H., Aziz, H.A., Zakariah, Z., Noor, S. M., Majid, M. R.A., & Karim, N. A.
(2019). Development of linear regression model for brick waste generation in
Malaysian construction industry. Proceedings of the Journal of Physics:
Conference Series, 1349. https://doi.org/10.1088/1742-6596/1349/1/012112

Hazra, A. (2017). Using the confidence interval confidently. Journal of Thoracic
Disease, 9(10), 4125-4130. https://doi.org/10.21037/jtd.2017.09.14

Hill, H. (2014). Mathematical quality of instruction (MQI). Center for Education Policy

Research, Harvard University. https://cepr.harvard.edu/mqi


https://doi.org/10.1111/j.1745-3984.1970.tb00709.x
http://hanushek.stanford.edu/sites/default/files/publications/Hanushek%202016%20EdNext%2016%282%29.pdf
http://hanushek.stanford.edu/sites/default/files/publications/Hanushek%202016%20EdNext%2016%282%29.pdf
http://technology.eurekajournals.com/index.php/Young_Scientist/article/view/194/332
http://technology.eurekajournals.com/index.php/Young_Scientist/article/view/194/332
https://doi.org/10.1088/1742-6596/1349/1/012112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5723800/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5723800/
https://doi.org/10.21037/jtd.2017.09.14
https://cepr.harvard.edu/mqi

184

Hill, H. C. (2007). Mathematical knowledge of middle school teachers: Implications for
the No Child Left Behind policy initiative. Educational Evaluation and Policy
Analysis (29), 95-114.

Hill, H. C. & Ball, D. L. (2004). Learning mathematics for teaching: Results from
California's mathematics professional development institutes. Journal for
Research in Mathematics Education, 35(5), 330-351.

Hill, H. C., Ball, D. L., Blunk, M. Goffney, I. M. & Rowan, B. (2007). Validating the
ecological assumption: The relationship of measure scores to classroom teaching
and student learning. Measurement: Interdisciplinary Research and Perspectives
(5), 2-3, 107-117.

Hill, H. C., Blunk, M. L., Charalambous, C. Y., Lewis, J. M., Phelps, G. C., Sleep, L., &
Ball, D. L. (2008). Mathematical knowledge for teaching and the mathematical
quality of instruction: An exploratory study. Cognition and Instruction, 26(4),
430-511. https://doi.org/10.1080/07370000802177235

Hill, H. C., Charalambous, C. Y., & Kraft, M. A. (2012). When rater reliability is not
enough: teacher observation systems and a case for the generalizability
study. Educational Researcher, 41(2), 56-64.

Hill, H. C. & Chin, M. (2018). Connections between teachers’ knowledge of students,
instruction, and achievement outcomes. American Educational Research Journal,

55(5), 1076-1112. https://doi.org/10.3102/0002831218769614


http://www.leaonline.com.proxy.lib.umich.edu/loi/mea
https://doi.org/10.1080/07370000802177235
https://doi.org/10.3102%2F0002831218769614

185
Hill, H. C., Kapitula, L., & Umland, K. (2011). A validity argument approach to

evaluating teacher value-added scores. American Educational Research
Journal, 48(3), 794-831.

Hill, H. C., Rowan, B. & Ball, D. L. (2005). Effects of teachers’ mathematical knowledge
for teaching on student achievement. American Educational Research Journal,
42(2), 371-406. https://doi.org/10.3102/00028312042002371

Hill, H. C., Schilling, S. G., & Ball, D. L. (2004). Developing measures of teachers’
mathematics knowledge for teaching. The Elementary School Journal, 105(1),
11-30. https://doi.org/10.1086/428763

Holgerssona, H. E. T., Nordstrom, L., & Oner, O. (2014). Dummy variables vs. category-
wise models. Journal of Applied Statistics, 41(2), 233-241.
http://dx.doi.org/10.1080/02664763.2013.838665

Holland, T. D. (2011). How do teacher qualifications impact student achievement in
relation to the achievement model established by the Mississippi Department of
Education? [Doctoral dissertation, University of Southern Mississippi]. The
Aquila Digital Community. https://aquila.usm.edu/dissertations/440

Hoover, M., Mosvold, R., Ball, D., & Lai, Y. (2016). Making progress on mathematical
knowledge for teaching. The Mathematics Enthusiast, 13(1), 3-34.

Horizon Research (2003). Looking inside the classroom: A study of K-12 mathematics
and science education in the United States. http://www.horizon-

research.com/insidethe classroom/reports/looking/complete.pdf


https://doi.org/10.3102%2F00028312042002371
https://doi.org/10.1086/428763
http://dx.doi.org/10.1080/02664763.2013.838665
https://aquila.usm.edu/dissertations/440
http://www.horizon-research.com/insidethe%20classroom/reports/looking/complete.pdf
http://www.horizon-research.com/insidethe%20classroom/reports/looking/complete.pdf

186
Hoyt, W. T., Imel, Z. E., & Chan F. (2008). Multiple regression and correlation

techniques: Recent controversies and best practices. Rehabilitation Psychology,
53(3), 321-339. https://doi.org/10.1037/a0013021

Hoyt, W. T, Leierer, S., & Millington, M. J. (2006). Analysis and interpretation of
findings using multiple regression techniques. Rehabilitation Counseling Bulletin,
49(4), 223-233. https://doi.org/10.1177/00343552060490040401

Huang, F. L. (2018). Measurement, statistics, and research design multilevel modeling
and ordinary least squares regression: How comparable are they? The Journal of
Experimental Education, 86(2), 265-281.
https://doi.org/10.1080/00220973.2016.1277339

Huebner, M., Vach, W., Cessie, S-I, Schmidt, C. O., Lusa, L., (2020). Hidden analyses: A
review of reporting practice and recommendations for more transparent reporting
of initial data analyses. BMC Medical Research Methodology, 20(61), 1-10.
https://doi.org/10.1186/s12874-020-00942-y

Hinermund, P., & Louw, B. (2020). On the nuisance of control variables in regression
analysis. https://arxiv.org/abs/2005.10314

Hunt, D. P. (2003). The concept of knowledge and how to measure it. Journal of
Intellectual Capital, 4(1). https://doi.org/10.1108/14691930310455414

IBM Corporation (2020). IBM SPSS statistics for Windows, version 27.0. IBM Corp.

Jabor, M. K., Machtmes, K., Kungu, K., Buntat, Y., & Nordin, M. S. (2011). The
influence of age and gender on the students’ achievement in mathematics.

International Conference on Social Science and Humanity, 5(2011), 304-308.


https://psycnet.apa.org/doi/10.1037/a0013021
https://psycnet.apa.org/doi/10.1177/00343552060490040401
https://doi.org/10.1080/00220973.2016.1277339
https://doi.org/10.1186/s12874-020-00942-y
https://arxiv.org/abs/2005.10314
https://doi.org/10.1108/14691930310455414

187
IACSIT Press

https://www.academia.edu/1397250/The_Influence_of Age_and_Gender_on_the
_Students_Achievement_in_Mathematics

Jacob, R. Hill, H., & Corey, D. (2017). The impact of a professional development
program on teachers’ mathematical knowledge for teaching, instruction, and
student achievement. Journal of Research on Educational Effectiveness, 10(2),
379-407. https://doi.org/10.1080/19345747.2016.1273411

Jakimovik, S. (2013). Measures of mathematical knowledge for teaching and university
mathematics courses design. Complex Analysis and Applications '13: Proc. of
International Conference, Sofia.

Jankvist, U. T., Mosvold, R., & Clark, K. (2016). Mathematical knowledge for teaching
teachers: The case of history in mathematics education. https://hal.archives-
ouvertes.fr/hal-01349261/document

Jennings, Z. (2001). Teacher education in selected countries in the Commonwealth
Caribbean: The ideal of policy versus the reality of practice. Comparative
Education, 37(1), 107-134. https://doi.org/10.1080/03050060020020453

Jennings, Z. (2017). Interventions in schools’ curricula to achieve quality in learning:
experiences from the Commonwealth Caribbean. Compare: A Journal of
Comparative and International Education, 47(6), 818-834.
https://doi.org/10.1080/03057925.2017.1331120

Johansson, S., & Strietholt, R. (2019). Globalised student achievement? A longitudinal

and cross-country analysis of convergence in mathematics performance.


https://www.academia.edu/1397250/The_Influence_of_Age_and_Gender_on_the_Students_Achievement_in_Mathematics
https://www.academia.edu/1397250/The_Influence_of_Age_and_Gender_on_the_Students_Achievement_in_Mathematics
https://doi.org/10.1080/19345747.2016.1273411
https://hal.archives-ouvertes.fr/hal-01349261/document
https://hal.archives-ouvertes.fr/hal-01349261/document
https://doi.org/10.1080/03050060020020453
https://doi.org/10.1080/03057925.2017.1331120

188
Comparative Education, 55(4), 536-556.

https://doi.org/10.1080/03050068.2019.1657711

Johnson, R. B., & Christensen (2014). Educational research: Quantitative, qualitative
and mixed approaches (5th ed.). SAGE Publication.

Johnson, R. B., & Onwuegbuzie, A. J. (2004). Mixed methods research: A research
paradigm whose time has come. Educational Researcher, 33(7), 14-26.

Kane, M. T. (2006). Validation. In R. L. Brennan (Ed.). Educational measurement (4th
ed.). American Council on Education and Praeger Publishers.

Karadimitriou, S. M., & Marshall, E. (n. d.). Outliers, Durbin-Watson and interactions
for regression in SPSS. Statstutor.
https://www.sheffield.ac.uk/polopoly _fs/1.531431!/file/MASHRegression_Furthe
r_SPSS.pdf

Karam, C. M. & Ralston, D. A. (2016). A failure before analysis: The soup to nuts of
preparing for multicountry analyses. Cross Cultural & Strategic Management;
Bingley, 23(4), 590-612. https://doi.org/10.1108/CCSM-05-2016-0105

Kelcey, B., Hill, H. C., & Chin, M. J. (2019). Teacher mathematical knowledge,
instructional quality, and student outcomes: A multilevel quantile mediation
analysis. School Effectiveness and School Improvement, 30(4), 398-431,
https://doi.org/10.1080/09243453.2019.1570944

Kelcey, B., McGinn, D., & Hill, H. (2014). Approximate measurement invariance in
cross-classified rater-mediated assessments. Frontiers in psychology, 5(1469), 1-

13. https://doi.org/10.3389/fpsyg.2014.01469


https://doi.org/10.1080/03050068.2019.1657711
https://www.sheffield.ac.uk/polopoly_fs/1.531431!/file/MASHRegression_Further_SPSS.pdf
https://www.sheffield.ac.uk/polopoly_fs/1.531431!/file/MASHRegression_Further_SPSS.pdf
https://www-proquest-com.ezp.waldenulibrary.org/pubidlinkhandler/sng/pubtitle/Cross+Cultural+$26+Strategic+Management/$N/27266/PagePdf/1873378366/fulltextPDF/A396B8A337414DB4PQ/1?accountid=14872
https://www-proquest-com.ezp.waldenulibrary.org/indexingvolumeissuelinkhandler/27266/Cross+Cultural+$26+Strategic+Management/02016Y10Y01$232016$3b++Vol.+23+$284$29/23/4?accountid=14872
https://doi.org/10.1108/CCSM-05-2016-0105
https://doi.org/10.1080/09243453.2019.1570944
https://doi.org/10.3389/fpsyg.2014.01469

189

Kim, H-Y. (2015). Statistical notes for clinical researchers: Type | and type Il errors in
statistical decision. Restorative Dentistry Endodontics, 40(3), 249-252.
https://doi.org/10.5395/rde.2015.40.3.249

Kleickmann, Richter, D., Kunter, M., Elsner, J., Besser, M., Krauss, S., & Baumert, J.
(2012). Teachers’ content knowledge and pedagogical content knowledge: The
role of structural differences in teacher education. Journal of Teacher Education,
20(10), 1-17. https://doi.org/10.1177/0022487112460398

Knief, U., & Forstmeier, F. (2020). Violating the normality assumption may be the lesser
of two evils. Behavior Research Methods, 1-33. https://doi.org/10.1101/498931

Konig, J. & Pflanzl, B. (2016). Is teacher knowledge associated with performance? On
the relationship between teachers’ general pedagogical knowledge and
instructional quality. European Journal of Teacher Education, 39(4), 419-436.
https://doi.org/10.1080/02619768.2016.1214128

Koopman, M., Thurlings, M., & Den-Brok, P. (2019). Factors influencing students’
proficiency development in the fraction domain: the role of teacher cognitions and
behavior. Research Papers in Education, 34(1), 14-37.
https://doi.org/10.1080/02671522.2017.1390595

Korb, K. A. (2012). Conducting educational research: Writing questionnaire items.
http://korbedpsych.com/R09dItems.html

Kristanto, Y. D., Panuluh, A. H., & Atmajati, E. D. (2020). Development and validation
of a test instrument to measure pre-service mathematics teachers’ content

knowledge and pedagogical content knowledge. Proceedings of the Journal of


https://doi.org/10.5395/rde.2015.40.3.249
https://doi.org/10.1177/0022487112460398
https://doi.org/10.1101/498931
https://doi.org/10.1080/02619768.2016.1214128
https://doi.org/10.1080/02671522.2017.1390595
http://korbedpsych.com/R09dItems.html

190
Physics: Conference Series, 1470(012008), 1-8. https://doi.org/10.1088/1742-

6596/1470/1/012008

Lamb, S., & Fullarton, S. (2002). Classroom and school factors affecting mathematics
achievement: A comparative study of the US and Australia using TIMSS.
Australian Journal of Education, 46(2).
https://doi.org/10.1177/000494410204600205

Lange, K, Kleickmann, T, & Moller, K. (2012). Elementary teachers™ pedagogical
content knowledge and student achievement in science education. In C.
Bruguiere, A. Tiberghien, & P. Clément (Eds.), Science Learning and Citizenship:
Proceedings of the Ninth ESERA-Conference 2011. Lyon. https://www.uni-
muenster.de/imperia/md/content/didaktik _des_sachunterrichts/dokumente/literatu
rmoeller/elementary_teachers_pedagogical_content_knowledge....pdf

Larson, M. G. (2008). Analysis of variance. Statistical Primer for Cardiovascular
Research, 117(1), 115-121.
https://doi.org/10.1161/CIRCULATIONAHA.107.654335

Laureate Education (Producer). (2016g). Multiple regression [Video file]. Baltimore,
MD: Author

Laureate Education (Producer). (20161). The t test for independent samples [Video file].
Baltimore, MD: Author.

Lavrakas, P. J. (2008). Research methods. Encyclopedia of survey research methods

(Vols. 1-10). Sage Publications. https://doi.org/10.4135/9781412963947


https://doi.org/10.1088/1742-6596/1470/1/012008
https://doi.org/10.1088/1742-6596/1470/1/012008
https://doi.org/10.1177/000494410204600205
https://www.uni-muenster.de/imperia/md/content/didaktik_des_sachunterrichts/dokumente/literaturmoeller/elementary_teachers_pedagogical_content_knowledge....pdf
https://www.uni-muenster.de/imperia/md/content/didaktik_des_sachunterrichts/dokumente/literaturmoeller/elementary_teachers_pedagogical_content_knowledge....pdf
https://www.uni-muenster.de/imperia/md/content/didaktik_des_sachunterrichts/dokumente/literaturmoeller/elementary_teachers_pedagogical_content_knowledge....pdf
https://doi.org/10.1161/CIRCULATIONAHA.107.654335
https://doi.org/10.4135/9781412963947

191

Leacock, C. (2015). Status of mathematics education in the Eastern Caribbean: Issues and
possible solutions for teacher preparation and support. Journal of Eastern
Caribbean Studies, 40(3), 201-233.

Learning Mathematics for Teaching (2005). Learning mathematics for teaching survey of
middle school teachers of mathematics. University of Michigan School of
Education.

Learning Mathematics for Teaching (2004). Mathematical knowledge for teaching
measures: Geometry content knowledge. Ann Arbor, MI: Authors.

Learning Mathematics for Teaching (2008). Mathematical knowledge for teaching
measures: Number and operations knowledge of students and content. Ann Arbor,
MI: Authors.

Learning Mathematics for Teaching (2008). Mathematical knowledge for teaching
measures: Probability, data and statistics and content. Ann Arbor, MI: Authors.

Learning Mathematics for Teaching Project (2011). Measuring the mathematical quality
of instruction. Journal of Mathematics Teacher Education, 14(1), 25-47.
https://doi.org/10.1007/s10857-010-9140-1

Leavy, P. (2017). Research design: Quantitative, qualitative, mixed methods, arts-based,
and community-based participatory research approaches. The Guilford Press.

Lee, J., Rhee, D-E, & Rudolf, R. (2017). Teacher gender, student gender, and primary
school achievement: Evidence from ten francophone African countries (Paper No.
77329) [Doctoral dissertation, Korea University]. MPRA. https://mpra.ub.uni-

muenchen.de/77329/1/MPRA_paper_77329.pdf


https://doi.org/10.1007/s10857-010-9140-1
https://mpra.ub.uni-muenchen.de/77329/1/MPRA_paper_77329.pdf
https://mpra.ub.uni-muenchen.de/77329/1/MPRA_paper_77329.pdf

192
Lee, Y., Capraro, R. M., Caprar, M. M. (2018). Mathematics teachers’ subject matter

knowledge and pedagogical content knowledge in problem posing. International
Electronic Journal of Mathematics Education, 13(2), 75-90.
https://doi.org/10.12973/iejme/2698

Lewis, E. F., Hardy, M., & Snaith, B. (2013). Estimating the effect of nonresponse bias in
a survey of hospital organizations. Evaluation & the Health Professions, 36(3),
330-351. https://doi.org/10.1177/0163278713496565

Lewis, J. M., & Blunk, M. L. (2012). Reading between the lines: Teaching linear algebra.
Journal of Curriculum Studies, 44(4), 515-536.
https://doi.org/10.1080/00220272.2012.716975

Leung, I. K. C., Ding, L., Leung, A. Y. L., Wong, & N. Y. (2016). The correlation
between prospective teachers’ knowledge of algebraic inverse operations and
teaching competency — using the square root as an example. International Journal
for Mathematics Teaching and Learning, 17(3), 201.
http://www.cimt.org.uk/ijmtl/index.php/IJIMTL/article/download/30/23

Licht, M. H. (2011). Multiple correlation and multiple regression. In T. Quirk (Ed.),
Excel 2010 for Business Statistics: A Guide to solving Practical business
problems (pp. 153-168). Springer Science; Business Media
https://doi.org/10.1007/978-1-4419-9934-4 7

Lindberg, S. M., Hyde, J. S., & Petersen, J. L. (2012). New trends in gender and
mathematics performance: A metanalysis. Psychology Bulletin, 136(6), 1123—

1135. https://doi.org/10.1037/a0021276


https://doi.org/10.12973/iejme/2698
https://doi.org/10.1177/0163278713496565
https://doi.org/10.1080/00220272.2012.716975
http://www.cimt.org.uk/ijmtl/index.php/IJMTL/article/download/30/23
https://doi.org/10.1007/978-1-4419-9934-4_7
https://doi.org/10.1037/a0021276

193
Li, Y., & Schoenfeld, A. H. (2019). Problematizing teaching and learning mathematics as

“given” in STEM education. International Journal of STEM Education, 6(44), 1-
13. https://doi.org/10.1186/s40594-019-0197-9

Magnusson, S., Krajick, J., & Borko, H. (1999). Nature, sources, and development of
pedagogical content knowledge for science teaching. In J. Gess-Newsome & N.
G. Lederman (Org.), Examining pedagogical content knowledge: The construct
and its implications for science education Dordrecht (pp. 95-132). Kluwer
Academic Publishers.

Mahaboob, B., Venkateswarlu, B., Narayana, C., Sankar, J. R., & Balasiddamuni, P.
(2018). A treatise on ordinary least squares estimation of parameters of linear
model. International Journal of Engineering & Technology, 7(4.10), 518-522.
https://www.sciencepubco.com/index.php/IJET

Manizade, A., & Orrill, C. H. (2020). International perspectives on frameworks for
mathematics teachers’ knowing and quality of mathematics instruction. Research
in Mathematics Education, 22(2), 93-97.
https://doi.org/10.1080/14794802.2020.1798809

Mantzicopoulos, P. Y., Patrick, H., & French, B. F. (2018). The mathematical quality of
instruction (MQI) in kindergarten: An evaluation of the stability of the MQI using
Generalizability Theory. Early Education and Development, 29(6), 893-908.
https://doi.org/10.1080/10409289.2018.1477903

Mantzicopoulos, P. Y., Patrick, H., & French, B. F. (2019). The quality of mathematics

instruction in Kindergarten: Associations with students’ achievement and


https://doi.org/10.1186/s40594-019-0197-9
https://www.sciencepubco.com/index.php/IJET
https://doi.org/10.1080/14794802.2020.1798809
https://doi.org/10.1080/10409289.2018.1477903

194

motivation. The Elementary School Journal, 119(4).
https://doi.org/10.1086/703176

Maphoso, L. T. & Mahlo, D. (2015). Teacher qualifications and pupil academic
achievement. Journal of Social Sciences, 42(1-2), 51-58.
https://doi.org/10.1080/09718923.2015.11893393

Marks, R. (1990). Pedagogical content knowledge: From a mathematical case to a
modified conception. Journal of Teacher Education, 41(3), 3-11.

Marshall, J. H., & Sorto, M. A. (2012). The effects of teacher mathematics knowledge
and pedagogy on student achievement in rural Guatemala. International Review of
Education, 58(2). https://doi.org/10.1007/s11159-012-9276-6

Matthay, E. C., & Glymour, M. M. (2020). A graphical catalog of threats to validity:
Linking social science with Epidemiology. Epidemiology, 31(3), 376-384.
https://doi.org/10.1097/EDE.0000000000001161

Maynard, D-M, B., & Jules, M. A. (2017). Promoting inclusive education in Barbados:
Applications of the pre-service emerging reflective teacher training (PERTT)
model. Caribbean Curriculum, 25, 19-37.

Mc Millan, J. H., & Schumacher, S. (2006). Research in education: Evidence-based
inquiry (6th ed.). Pearson Education, Inc.

Measures of Effective Teaching Project (2010). The MQI protocol for classroom
observations. https://usprogram.gatesfoundation.org/news-and-insights/usp-

resource-center/resources/the-mqi-protocol-for-classroom-observations


https://doi.org/10.1086/703176
http://dx.doi.org/10.1080/09718923.2015.11893393
http://dx.doi.org/10.1007/s11159-012-9276-6
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matthay%20EC%5BAuthor%5D&cauthor=true&cauthor_uid=31977593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glymour%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=31977593
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7144753/
https://doi.org/10.1097/EDE.0000000000001161
https://usprogram.gatesfoundation.org/news-and-insights/usp-resource-center/resources/the-mqi-protocol-for-classroom-observations
https://usprogram.gatesfoundation.org/news-and-insights/usp-resource-center/resources/the-mqi-protocol-for-classroom-observations

Ministry of Education, Grenada (2019a). National report: Minimum competency test
2019, Grade 2. Educational Testing and Measurement Unit.

Ministry of Education Grenada (2019b). National report: Minimum competency test
2019, Grade 4. Educational Testing and Measurement Unit.

Mohamad, A. B., Omar, E. D., & Baharum, N. A. (2018). A review on sample size

195

determination for Cronbach’s Alpha Test: A simple guide for researchers. Malays

Journal of Medical Science, 25(6), 85-99.
https://doi.org/10.21315/mjms2018.25.6.9

Mohammed, Z. G. A., Mustafa, B. M., Lazim A., & Maad, H. A. (2012). The factors

influence students’ achievement in mathematics: A case for Libyan's students.

World Applied Sciences Journal, 17(9), 1224-1230.

Mosvold, R., & Hoover, M. (2018). Mathematical knowledge for teaching and the
teaching of mathematics. Proceedings of CERME, 10(hal-01949100).
https://hal.archives-ouvertes.fr/hal-01949100

Mu, G. M., Liang, W., Lu, L, & Huang, D. (2018). Building pedagogical content

knowledge within professional learning communities: An approach to

counteracting regional education inequality. Teaching and Teacher Education, 73,

24-34. https://doi.org/10.1016/j.tate.2018.03.006

Né&slund-Hadley, E., Varela, A. L., & Hepworth, K. A. (2014). What goes on inside Latin

American math and science classrooms: A video study of teaching practices.

Global Education Review, 1(3). 110-128.


https://doi.org/10.21315/mjms2018.25.6.9
https://hal.archives-ouvertes.fr/hal-01949100
https://doi.org/10.1016/j.tate.2018.03.006

196

National Council of Teachers of Mathematics. (2000). Principles and standards for
school mathematics. NCTM.

Newhouse, C. P., Lane, J., & Brown, C. (2007). Reflecting on teaching practices using
digital video representation in teacher education. Australian Journal of Teacher
Education, 32(3), 51-62. https://doi.org/10.14221/ajte.2007v32n3.5

Ng, D., Mosvold, R., & Fauskanger, J. (2012). Translating and adapting the mathematical
knowledge for teaching (MKT) measures: The cases of Indonesia and Norway.
The Mathematics Enthusiast, 9(1&2), 149-178.

Nielsen, B. B., & Raswant, A. (2018). The selection, use, and reporting of control
variables in international business research: A review and recommendations.
Journal of World Business, 53(6), 958-968.
https://doi.org/10.1016/j.jwb.2018.05.003

Nimon, K. F. (2012). Statistical assumptions of substantive analyses across the general
linear model: A mini-review. Frontiers in Psychology, 3(322), 1- 5.
https://doi.org/10.3389/fpsyg.2012.00322

Ningtiyas, F. A., & Jailani (2018). Does teacher’s training affect the pedagogical
competence of mathematics teachers? Proceedings of the Journal of Physics:
Conference Series, 1097(012106). https://doi.org/10.1088/1742-
6596/1097/1/012106

Norton, S. (2018). The relationship between mathematical content knowledge and

mathematical pedagogical content knowledge of prospective primary teachers.


https://doi.org/10.14221/ajte.2007v32n3.5
https://doi.org/10.1016/j.jwb.2018.05.003
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=KimNimon&UID=14503
https://doi.org/10.3389/fpsyg.2012.00322
https://doi.org/10.1088/1742-6596/1097/1/012106
https://doi.org/10.1088/1742-6596/1097/1/012106

197
Journal of Mathematics Teacher Education, 22(5), 489-514.

https://doi.org/10.1007/s10857-018-9401-y

Nortvedt, G. A., Gustafsson, J-E., & Lehre, A-C. W (2016). The importance of
instructional quality for the relation between achievement in reading and
mathematics. In T. Nilsen and J.-E. Gustafsson (Eds.), Teacher quality,
instructional quality and student outcomes (Vol. 2, pp. 97-113). IEA Research for
Education; Springer Open. https://doi.org/10.1007/978-3-319-41252-8 5

Novikasari, I. (2017). Factors affecting the development of mathematical knowledge for
teaching and mathematical beliefs of prospective primary teachers. International
Electronic Journal of Mathematics Education, 12(3), 243-264.

O’Brien, R. M. (2007). A caution regarding rules of thumb for variance inflation factors.
Quality & Quantity, 41, 673-690. https://doi.org/10.1007/s11135-006-9018-6

Odumosu, M. O., Olisama, O. V., & Fisayo, A. (2018). Teachers’ content and
pedagogical knowledge on students’ achievement in algebra. International
Journal of Education and Research, 6(3), 83-94.

Ojera, D. A. (2016). Impact of teacher qualification on pupils’ academic achievement in
Kenya certificate of primary education in public primary schools of Migori
County, Kenya. World Journal of Educational Research, 3(7), 1-20.

Organization of the Eastern Caribbean States (2012). OECS education sector strategy
(2012-2021): Every learner succeeds. https://www.oecs.org/our-
work/knowledge/library/education/oecs-education-sector-strategy-2012-2021-

may-2012


https://doi.org/10.1007/s10857-018-9401-y
https://doi.org/10.1007/978-3-319-41252-8_5
https://www.iejme.com/article/factors-affecting-the-development-of-mathematical-knowledge-for-teaching-and-mathematical-beliefs-of
https://doi.org/10.1007/s11135-006-9018-6
https://www.oecs.org/our-work/knowledge/library/education/oecs-education-sector-strategy-2012-2021-may-2012
https://www.oecs.org/our-work/knowledge/library/education/oecs-education-sector-strategy-2012-2021-may-2012
https://www.oecs.org/our-work/knowledge/library/education/oecs-education-sector-strategy-2012-2021-may-2012

198
Organization of Eastern Caribbean States (2020). OECS education statistical digest:

Statistics on education for the academic year 2017-2018.
https://view.joomag.com/oecs-regional-education-statistical-digest-2017-
18/0518281001572275884

Orrill, C. H., Copur-Gencturk, Y., Cohen, A., & Templin, J. (2020). Revisiting purpose
and conceptualisation in the design of assessments of mathematics teachers’
knowledge. Research in Mathematics Education, 22(2), 209-224.
https://doi.org/10.1080/14794802.2019.1702893

Osbourne, J. (2010). Improving your data transformations: Applying the Box-Cox
Transformation. Practical Assessment, Research and Evaluation, 15(12), 1-9.
https://doi.org/10.7275/qbpc-gk17

Osbourne, J. W. (2013). Best practices in data cleaning: A Complete guide to everything
you need to do before and after collecting your data. SAGE Publications.
http://pzs.dstu.dp.ua/DataMining/preprocessing/bibl/cleaning.pdf

Osborne, J. W., & Waters, E. (2002). Four assumptions of multiple regression that
researchers should always test. Practical Assessment, Research Evaluation, 8(2),
1-5. https://doi.org/10.7275/r222-hv23

Ottmar, E. R., Decker, L. E., Cameron, C. E., Curby, T. W., & Rimm-Kaufman, S. E.
(2014). Classroom instructional quality, exposure to mathematics instruction and
mathematics achievement in fifth grade. Learning Environments Research, 17(2),

243-262. https://doi.org/10.1007/s10984-013-9146-6


https://view.joomag.com/oecs-regional-education-statistical-digest-2017-18/0518281001572275884
https://view.joomag.com/oecs-regional-education-statistical-digest-2017-18/0518281001572275884
https://doi.org/10.1080/14794802.2019.1702893
https://doi.org/10.7275/qbpc-gk17
http://pzs.dstu.dp.ua/DataMining/preprocessing/bibl/cleaning.pdf
https://doi.org/10.7275/r222-hv23
https://psycnet.apa.org/doi/10.1007/s10984-013-9146-6

199
Pallant, J. (2016). SPSS survival manual: A step by step guide to data analysis using

SPSS program (6th ed.). McGraw-Hill Education.

Pandis, N. (2016). Statistics and research design: Multiple linear regression analysis.
American Journal of Orthodontics and Dentofacial Orthopedics, 2016, 149-581.
https://doi.org/10.1016/j.ajod0.2016.01.012

Papay, J. P., & Kraft, M. A. (2016). The myth of the performance plateau. Educational
Leadership [Internet], 73, 36-42.
https://scholar.harvard.edu/mkraft/publications/myth-teacher-performance-plateau

Pardimin, & Huda, M. (2018). Investigating factors influencing mathematics teaching
performance: An empirical study. International Journal of Instruction, 11(3),
391-402. https://doi.org/10.12973/iji.2018.11327a

Park, S., & Oliver, J. S. (2008). Revisiting the conceptualisation of pedagogical content
knowledge (PCK): PCK as a conceptual tool to understand teachers as
professionals. Research in Science Education, 38(3), 261-284.

Phelps, G., & Howell, H. (2016). Assessing mathematical knowledge for teaching: The
role of teaching context. The Mathematics Enthusiast, 13(1-2), 51-70.

Piburn, M., Sawada, D., Turley, J., Falconer, K., Benford, R., Bloom, I., & Judson, E.
(2000). Reformed teaching observation protocol (RTOP) Reference manual:
Technical report. (Report No. PT-TR-IN00-32). National Science Foundation.
http://files.eric.ed.gov/fulltext/ED447205.pdf

Planning and Development Unit (2021). Statistical data. Ministry of Education, Grenada.


https://doi.org/10.1016/j.ajodo.2016.01.012
https://scholar.harvard.edu/mkraft/publications/myth-teacher-performance-plateau
https://doi.org/10.12973/iji.2018.11327a
http://files.eric.ed.gov/fulltext/ED447205.pdf

200

Pokharel, J. K. (2018). Effectiveness of teacher training in teaching mathematics in
secondary level schools. International Journal of Educational
Science and Research, 8(4), 9-14.

Queiros, A., Faria, D., & Almeida, F. (2017). Strengths and limitations of qualitative and
quantitative research methods. European Journal of Education Studies, 3(9), 369-
387. https://doi.org/10.5281/zenodo.887089

Rahman, N. A, Rosli, R., & Rambley, A. S. (2021). Mathematical teachers' knowledge
of STEM-based education. Proceedings of the Journal of Physics: Conference
Series, 1806(012216), 1-5. https://doi.org/10.1088/1742-6596/1806/1/012216

Rahman, S. (2017). The advantages and disadvantages of using qualitative and
quantitative approaches and methods in language “testing and assessment”
research: A literature review. Journal of Education and Learning, 6(1), 102-112.
http://dx.doi.org/10.5539/jel.v6n1p102

Raiula, T. N., & Kumari, S. N. V. (2018). Mathematical knowledge for teaching (MKT)
among primary school teachers of Fiji. I-Manager’s Journal on School
Educational Technology, 13(4), 53-60. https://doi.org/10.26634/jsch.13.4.14544

Ramchander. M., & Naude, M. (2018). The relationship between increasing enrolments
and student academic achievement in higher education. Africa Education
Review 15(2), 1-17. https://doi.org/10.1080/18146627.2017.1340804

Report from: St. Vincent and the Grenadines (2018). Ministry of Education and Culture
(2007): Educational Statistical Digest. Data Management, Corporate Planning

Unit.


https://doi.org/10.5281/zenodo.887089
https://doi.org/10.1088/1742-6596/1806/1/012216
http://dx.doi.org/10.5539/jel.v6n1p102
https://doi.org/10.26634/jsch.13.4.14544
https://doi.org/10.1080/18146627.2017.1340804

201

Robinson, S. (2016). Facts, myths and monsters: Interrogating teacher education in the
Caribbean. Journal of Eastern Caribbean Studies, 40(3), 168-186, 252.

Rockoff, J. E., Jacob, B. A., Kane, T. J., & Staiger, D. O. (2008). NMER working paper
series: Can you recognize an effective teacher when you recruit one? (Paper No.
14485). National Bureau of Economic Research.
https://www.nber.org/papers/w14485

Rollnick, M., Bennett, J., Rhemtula, M., Dharsey, N., & Ndlovu, T. (2008). The place of
subject matter knowledge in pedagogical content knowledge: A case study of
South African teachers teaching the amount of substance and chemical
equilibrium. International Journal of Science Education, 30(10), p. 1365-1387.
https://doi.org/10.1080/09500690802187025

Rowntree, B. S. (1941). Poverty and progress: A second social survey of New York.
Longman; Green.

Sahin, O. & Soylu, Y. (2017). The development of content knowledge of prospective
middle school mathematics teachers on Algebra. European Journal of Education
Studies, 3(8), 181-213. https://doi.org/10.5281/zenodo.825312

Sang, G., Tondeur, J., Chai, C. S., & Dong, Y. (2016). Chinese pre-service teachers’
technological pedagogical content knowledge scale [Database record].
https://doi.org/10.1037/t47971-000

Santagata, R., & Lee, J. (2019). Mathematical knowledge for teaching and the

mathematical quality of instruction: A study of novice elementary school


https://www.nber.org/papers/w14485
https://doi.org/10.1080/09500690802187025
https://doi.org/10.5281/zenodo.825312
https://doi.org/10.1037/t47971-000

202

teachers. Journal of Mathematics Teacher Education, 24(33-60).
https://doi.org/10.1007/s10857-019-09447-y

Schilling, S. G., Blunk, M., & Hill, H. C. (2007). Test validation and the MKT measures:
Generalizations and conclusions. Measurement: Interdisciplinary Research and
Perspectives 5(2-3), 118-128. https://doi.org/10.1080/15366360701487146

Schilling, S. G., & Hill, H. C. (2007). Assessing measures of mathematical knowledge
for teaching: A validity argument approach. Measurement: Interdisciplinary
Research and Perspectives, 5, 2-3, 70-80.

Schoen, R. C., Bray, W., Wolfe, C., Tazaz, A., & Nielsen, L. (2017). Developing an
assessment instrument to measure early elementary teachers’ mathematical
knowledge for teaching. The Elementary School Journal, 118(1), 55-80.
https://doi.org/10.1086/692912

Scheonfeld, A. H. (2012). Classroom observations in theory and practice. ZDM: The
International Journal on Mathematics Education, 45(4), 607-621.
https://doi.org/10.1007/s11858-012-0483-1

Schreiber-Gregory, D., Jackson, H. M., & Bader, K. S. (2018). Logistic and linear
regression assumptions: Violation recognition and control.
https://www.lexjansen.com/wuss/2018/130_Final_Paper_PDF.pdf

Setyaningrum, W., Mahmudi, Murdanu, A. (2018). Pedagogical content knowledge of
mathematics pre-service teachers: Do they know their students? Proceedings of
the Journal of Physics: Conference Series, 1097(012098), 1-8.

https://doi.org/10.1088/1742-6596/1097/1/012098


https://doi.org/10.1007/s10857-019-09447-y
https://doi.org/10.1080/15366360701487146
http://www.leaonline.com.proxy.lib.umich.edu/loi/mea
http://www.leaonline.com.proxy.lib.umich.edu/loi/mea
https://doi.org/10.1086/692912
https://doi.org/10.1007/s11858-012-0483-1
https://www.lexjansen.com/wuss/2018/130_Final_Paper_PDF.pdf
https://doi.org/10.1088/1742-6596/1097/1/012098

203
Shahar, E., & Shahar, D. J. (2013). Causal diagrams and the cross-sectional study.

Clinical Epidemiology, 5(1), 57—-65. https://doi.org/10.2147/CLEP.S42843

Sheffet, O. (2019). Differentially private ordinary least squares. Journal of Privacy and
Confidentiality, 9(1), 1-43. https://doi.org/10.29012/jpc.654

Shieh, G. (2013). Sample size requirements for interval estimation of the strength of
association effect sizes in multiple regression analysis. Psicothema, 25(3), 402-
407.

Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching.
Educational Researcher, 15(2), 4-14. https://doi.org/10.2307/1175860

Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform.
Harvard Educational Review, 57(1), 1-23.
https://doi.org/10.17763/haer.57.1.j463w79r56455411

Sidabutar, R. (2016). The efforts to improve mathematics learning achievement results of
high school students as required by competency-based curriculum and lesson
level-based curriculum. Journal of Education and Practice, 7(15), 10-15.

Sifers, S. K., Puddy, R. W., Warren, J. S., & Roberts, M. C. (2002). Reporting of
demographics, methodology, and ethical procedures in journals in Pediatric and
Child Psychology. Journal of Pediatric Psychology, 27(1), 19-25.
https://doi.org/10.1093/jpepsy/27.1.19

Skaalvik, E. M, & Skaalvik, S. (2018). Job demands and job resources as predictors
of teacher motivation and well-being. Social Psychology of Education, 21, 1251—

1275. https://doi.org/10.1007/s11218-018-9464-8


https://doi.org/10.2147/CLEP.S42843
https://doi.org/10.29012/jpc.654
https://doi.org/10.2307/1175860
https://doi.org/10.17763/haer.57.1.j463w79r56455411
https://doi.org/10.1093/jpepsy/27.1.19
https://doi.org/10.1007/s11218-018-9464-8

204
Speer, N. M., King, K. D., & Howell, H. (2015). Definitions of mathematical knowledge

for teaching: using these constructs in research on secondary and college
mathematics teachers. Journal of Teacher Education, 18, 105-122.
https://doi.org/10.1007/s10857-014-9277-4
Spencer-Ernandez, J., & George, L. (2016). Single sex vs. co-educational high schools:
performance of Caribbean students across school types in mathematics on the
Caribbean secondary education certificate. Caribbean Educational Research
Journal, 4(2), 96 — 121.
Statistics Solutions (2013). Homoscedasticity. https://www.statisticssolutions.com/free-
resources/directory-of-statistical-analyses/homoscedasticity/
Stuart-Barry, T. (2019, August 16). Why are students in Grenada failing math? Now
Grenada. https://www.nowgrenada.com/2019/08/why-are-students-in-grenada-

failing-math/

Sveiby, K. E. (1997). The new organizational wealth: Managing and measuring
knowledge-based assets. Berret-Koehler.

Taherdoost, H. (2016). Sampling methods in research methodology; How to choose a
sampling technique for research. International Journal of Academic Research in
Management (IJARM), 5(2), 18-27. https://doi.org/10.2139/ssrn.3205035

Taherdoost, H. (2017). Determining sample size: How to calculate survey sample size.
International Journal of Economics and Management Systems, 2, 237-239.

Tchoshanov, M., Cruz, M. D., Huereca, K., Shakirova, K., Shakirova, L., & Ibragimova,

E. N. (2017). Examination of lower secondary mathematics teachers’ content


https://doi.org/10.1007/s10857-014-9277-4
https://www.nowgrenada.com/2019/08/why-are-students-in-grenada-failing-math/
https://www.nowgrenada.com/2019/08/why-are-students-in-grenada-failing-math/
https://doi.org/10.2139/ssrn.3205035

205

knowledge and its connection to students’ performance. International Journal of
Science and Mathematics Education, 15, 683-702.
https://doi.org/10.1007/s10763-015-9703-9

The Regents of the University of Michigan (2011). Learning mathematics for teaching.
https://az1.qualtrics.com/apps/harvard-tkas/training/modules/1/player.html

Tongco, D. C. (2007). Purposive sampling as a tool for informant selection. Ethnobotany
Research & Applications, 5, 147-158.

Toropova, A., Johansson, S., & Myrberg, E. (2019). The role of teacher characteristics
for student achievement in mathematics and student perceptions of instructional
quality. Education Inquiry, 10(4), 275-299.
https://doi.org/10.1080/20004508.2019.1591844

Tunis, S. R., Clarke, M., Gorst, S. L., Gargon, E., Blazeby, J. M., Altman, D. G., &
Williamson, P. R. (2016). Improving the relevance and consistency of outcomes
in comparative effectiveness research. Journal of Comparative Effectiveness
Research, 5(2), 193-205. https://doi.org/10.2217/cer-2015-0007

Unal, A. (2019). The impact of relative age effect on mathematics achievement.
International Education Studies, 12(6), 39-55.
https://doi.org/10.5539/ies.v12n6p39

UTeach Institute. (2014). UTeach observation protocol for mathematics and science.
https://utop.uteach.utexas.edu/node/3

Uttley, J. (2019). Power analysis, sample size, and assessment of statistical

assumptions—Improving the evidential value of lighting research. Leukos, The


https://doi.org/10.1007/s10763-015-9703-9
https://az1.qualtrics.com/apps/harvard-tkas/training/modules/1/player.html
https://doi.org/10.1080/20004508.2019.1591844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clarke%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26930385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gorst%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=26930385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gargon%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26930385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blazeby%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=26930385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Altman%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=26930385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williamson%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=26930385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williamson%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=26930385
file:///C:/Users/user/Documents/Dissertation%20EDPD%208990%203RD%20QUARTER/Journal%20of%20Comparative%20Effectiveness%20Res
file:///C:/Users/user/Documents/Dissertation%20EDPD%208990%203RD%20QUARTER/Journal%20of%20Comparative%20Effectiveness%20Res
https://doi.org/10.2217/cer-2015-0007
https://doi.org/10.5539/ies.v12n6p39
https://utop.uteach.utexas.edu/node/3

206
Journal of the Illuminating Engineering Society, 15(2-3), 143-162.

https://doi.org/10.1080/15502724.2018.1533851

Van-de-Walle, J. A., Karp, K., & Bay-Williams, J. (2010). Elementary and middle school
mathematics (7th ed.). Allyn & Bacon.

Van-Hoeven, L. R., Janssen, M. P., Roes, K. C. B., & Koffijberg, H. (2015). Aiming for a
representative sample: Simulating random versus purposive strategies for hospital
selection Loan. BMC Medical Research Methodology, 15(90).
https://doi.org/10.1186/s12874-015-0089-8

Walden University Center for Research Quality (2018). Research ethics and compliance.
Welcome from IRB. https://academicguides.waldenu.edu/research-center/research-
ethics/review-process

Walshaw, M. (2012). Teacher knowledge as fundamental to effective teaching practice.
Journal of Mathematics Teacher Education, 15, 181-185.
https://doi.org/10.1007/s10857-012-9217-0

Warner, R. M. (2013). Applied statistics: From bivariate through multivariate
techniques. SAGE Publications.

Watt-Douglas, T., & George. L. (2021). Investigating the impact of using manipulatives
on grade 5 Jamaican students’ mathematics achievement: An action research.
Caribbean Journal of Education, 42(1&2).

Watts, Y. W., Duncan, G. J., Clements, D. H., & Sarama, J. (2018). What is the long-run
impact of learning mathematics during preschool? Child Development, 89(2), 539

— 555, https://doi.org/10.1111/cdev.12713


https://doi.org/10.1080/15502724.2018.1533851
https://doi.org/10.1186/s12874-015-0089-8
https://academicguides.waldenu.edu/research-center/research-ethics/review-process
https://academicguides.waldenu.edu/research-center/research-ethics/review-process
https://doi.org/10.1007/s10857-012-9217-0
https://doi.org/10.1111/cdev.12713

207

Wayne, A. J., & Youngs, P. (2003). Teacher characteristics and student achievement
gains: A review. Review of Educational Research, 73, 89-122.
https://doi.org/10.3102/00346543073001089

Weedmark, D. (2018, March 13). The advantages & disadvantages of a multiple
regression model. https://sciencing.com/advantages-disadvantages-multiple-
regression-model-12070171.html

Widodo, A. (2017). Teacher pedagogical content knowledge (PCK) and students’
reasoning and wellbeing. Proceedings of the Journal of Physics: Conference
Series, 812. https://doi.org/10.1088/1742-6596/812/1/012119

Williams, M. N., Grajales, C. A. G., &; Kurkiewicz, D. (2013). Assumptions of multiple
regression: Correcting two misconceptions. Practical Assessment, Research, and
Evaluation, 18(11), 1- 14. https://doi.org/10.7275/55hn-wk47

Winship, C., & Mare, R. D. (1984). Regression models with ordinal variables. American
Sociological Review, 49(4), 512-525. https://doi.org/10.2307/2095465

Wolff, L. (2020). Secondary education in Latin America and the Caribbean: The
challenge of growth and reform. Inter-American Development Bank.
https://publications.iadb.org/publications/english/document/Secondary-Education-
in-Latin-America-and-the-Caribbean-The-Challenge-of-Growth-and-Reform.pdf

World Bank Group (2018). Organization of Eastern Caribbean States systematic
regional diagnostic. World Bank.

https://openknowledge.worldbank.org/handle/10986/30054


https://sciencing.com/advantages-disadvantages-multiple-regression-model-12070171.html
https://sciencing.com/advantages-disadvantages-multiple-regression-model-12070171.html
https://doi.org/10.1088/1742-6596/812/1/012119
https://doi.org/10.7275/55hn-wk47
https://doi.org/10.2307/2095465
https://publications.iadb.org/publications/english/document/Secondary-Education-in-Latin-America-and-the-Caribbean-The-Challenge-of-Growth-and-Reform.pdf
https://publications.iadb.org/publications/english/document/Secondary-Education-in-Latin-America-and-the-Caribbean-The-Challenge-of-Growth-and-Reform.pdf
https://openknowledge.worldbank.org/handle/10986/30054

208
World Data on Education (2010). St. Lucia (7th ed., No. 2010/11). UNESCO;

International Bureau of Education.
http://www.ibe.unesco.org/fileadmin/user_upload/Publications/WDE/2010/pdf-
versions/Saint_Lucia.pdf

Wright, K. B. (2005). Researching internet-based populations: Advantages and
disadvantages of online survey research, online questionnaire authoring software
packages, and web survey services. Journal of Computer-Mediated
Communication, 10(3). https://doi.org/10.1111/j.1083-6101.2005.tb00259.x

Wright, S., O’Brien, B. C., Nimmon, L. Law, M., & Mylopoulos (2016). Research design
considerations. Journal of Graduate Medical Education, 8(1), 97-98.
https://doi.org/10.4300/JGME-D-15-00566.1

Yalcini, S., Demirtasli, R. N., Dibek, M. I., & Yavuziv, H. C. (2017). The effect of
teacher and student characteristics on TIMSS 2011 mathematics achievement of
Fourth-and Eighth-Grade students in Turkey. International Journal of
Progressive Education, 13(3).

Yeh, C. Y. C., Cheng, H. N. H., Chen, Z-H., Liao, C. C. Y., & Chan, T-W. (2019).
Enhancing achievement and interest in mathematics learning through Math-
Island. Research and Practice in Technology Enhanced Learning, 14(5).
https://doi.org/10.1186/s41039-019-0100-9

Yip, P.S. L., & Tsang, E. W. K., (2007). Interpreting dummy variables and their
interaction effects in strategy research. Strategic Organization, 5(1), 13-30.

https://doi.org/10.1177/1476127006073512


https://doi.org/10.1111/j.1083-6101.2005.tb00259.x
https://doi.org/10.4300/JGME-D-15-00566.1
https://doi.org/10.1186/s41039-019-0100-9
https://doi.org/10.1177/1476127006073512

209
Yurek, L. A., Vasey, J., & Havens, D. S. (2008). The use of self-generated identification

codes in longitudinal research. Evaluation Review, 32(5), 435-452.
https://doi.org/10.1177/0193841X08316676

Zdaniuk B. (2014). Ordinary least-squares (OLS) model. In A. C. Michalos (Ed.),
Encyclopedia of quality of life and well-being research (p. 195). Springer.
https://doi.org/10.1007/978-94-007-0753-5_2008

Zuzovsky, R. (2008). Teachers’ qualifications and their impact on student achievement:
Findings from TIMSS 2003 data for Israel.

https://www.iea.nl/sites/default/files/2019-04/IRC2008_Zuzovsky?2.pdf


https://doi.org/10.1177/0193841X08316676
https://doi.org/10.1007/978-94-007-0753-5_2008
https://www.iea.nl/sites/default/files/2019-04/IRC2008_Zuzovsky2.pdf

210

Appendix A: Permission for Use of Figure

Content Knowledge for Teaching

Author: Deborah Loewenberg Ball, Mark Hoover Thames, Geoffrey Phelps
Publication: Journal of Teacher Education

SAGE Publisher: SAGE Publications
Date: 11/01/2008

Copyright © 2008, © SAGE Publications

Gratis Reuse

Permission is granted at no cost for use of content in a Master's Thesis and/or Doctoral Dissertation, subject to the following limitations. You may use a single excerpt or up to 3
figures tables. If you use more than those limits, or intend to distribute or sell your Master's Thesis/Doctoral Dissertation ta the general public through print or website publication,
please return to the previous page and select 'Republish in a Book/journal' or 'Post on intranet/password-protected website' to complete your request.



211

Appendix B: Sample size Power Analysis
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Appendix C: Sample of Learning Mathematics for Teaching Released Items

Study of Instructional Improvement/Learning Mathematics for Teaching
Content Knowledge for Teaching Mathematics Measures (MKT measures)
Released Ttems, 2008

ELEMENTARY CONTENT KNOWLEDGE ITEMS

1. Ms. Dominguez was working with a new textbook and she noticed that it gave more
attention to the number O than her old book. She came across a page that asked students to
determine if a few statements about 0 were true or false. Intrigued, she showed them to her
sister who is also a teacher, and asked her what she thought.

Which statement(s) should the sisters select as being true? (Mark YES, NO, or I'M NOT SURE
for each item below.)

I'm not
Yes No sure
a) 0is an even number. 1 2 3
b) 0is not really a number, Itis a 1 2 3
placeholder in writing big numbers.
c) The number 8 can be written as 008. 1 2 3

2. Ms. Chambreaux's students are working on the following problem:
Is 371 a prime number?

As she walks around the room looking at their papers, she sees many different ways to solve
this problem. Which solution method is correct? (Mark ONE answer.)

a) Check to see whether 371 is divisible by 2, 3, 4, 5, 6, 7, 8, or 9.
b) Break 371 into 3 and 71; they are both prime, so 371 must also be prime.
c) Check to see whether 371 is divisible by any prime number |ess than 20.

d) Break 371 into 37 and 1; they are both prime, so 371 must also be prime.

LEARMNING MATHEMATICS FOR TEACHING RELEASED ITEMS 4



Teacher’s code:[ ] School: [

1.

10.
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Appendix D: Demographic Survey

Demographic Survey

What is your gender?
[IMale 1 Female

What is your age? [1 []

What type of school are you attached to? (1 Private (1 Public

How long have you been teaching? [1 []

What grade level do you currently teach?
[] Grade 2 [] Grade 4 [] Grade 6

How long have you been teaching this grade? [ [

Employment status: Are you currently a temporary or permanent teacher?
[] Temporary/contract [] Permanent

What is your teacher qualifications status?

[] Teacher trained (qualified teacher) (1 Untrained (not- qualified)
What is the highest degree or level of school you have completed?

[] High school graduate L] Bachelor’s Degree

[] College graduate [] Master’s Degree

[] Associate Degree [1 Doctoral Degree

Do you have mathematics at CXC’s Caribbean Secondary Education Certificate
level?

L] Yes ] No
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