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ABSTRACT

Jamaica in recent years has seen the migration of many of its mathematics
teachers to other countries. This comes at a time when secondary mathematics
performance in Jamaica is at an all-time low. In Jamaica, the National Standards
Curriculum (NSC) remains a central focus, as the curriculum and its tenets lay the
foundation for student engagement necessary for advancement in the 21% century.
Teacher Training Institutions have the task of preparing teachers to engage all learners
effectively. This includes preparing student-teachers to apply the 5E constructivist model
during lesson delivery. The teacher migration coupled with the low mathematics
performance at the secondary level has resulted in a greater reliance on Teacher Training
Institutions to prepare pre-service mathematics teachers graduate ready and equipped to
effectively administer the NSC. With a specific focus on mathematics teaching, there has
been limited published research in Jamaica that explores pre-service teachers’ application
of the 5E constructivist model. For this reason, this study explored the Jamaican
mathematics preservice teachers’ current content knowledge, high school learning
experiences, and their application of the 5E constructivist model. This study utilized a
quantitative survey research design. In responding to the focus of the study, 99 preservice
teachers in 2nd, 3rd or 4th years of their teacher education program from four Teacher
Training Institutions in Jamaica participated in an online based survey that required them
to complete a Mathematics Content Knowledge Assessment, a preservice teacher survey
instrument divided into two parts: 1) Mathematics Experience Questionnaire, and 2)
Teacher Program Effectiveness Questionnaire. The preservice teachers were also required

to write a lesson plan using the 5E model. The findings of the study revealed that no



direct significant relationships were found between the preservice teachers’ high school
learning experiences and their current mathematical content knowledge. Conversely, it
was revealed that the preservice teachers’ high school content knowledge was a direct
significant predictor of their current mathematics content knowledge. It was also revealed
that the preservice teachers with greater positive high school learning experiences had
higher CSEC Mathematics passes. The preservice teacher Mathematics Content
Knowledge was revealed to have a positive significant statistical relationship with their
application of the 5E Constructivist model as seen in their lesson plan scores. Finally,
there was no evidence to suggest a statistical difference in the 2", 3™ and 4" year
preservice teachers’ perceptions of the effectiveness of their teacher education programs
related to Instruction and Professionalism. All three year groups had a positive outlook on
their program concerning these two factors. Concerning their views of curriculum, there
were significant differences as the 2" year preservice teachers held a near-neutral
position on the view that their teacher education program equips them with
comprehensive knowledge of curriculum design, subject matter content, and alternative
assessment practices necessary for effective teaching, while the 3™ and 4™ year preservice
teachers generally held a positive view. The findings of this study have the potential to
contribute to the ongoing efforts to improve the quality of mathematics education in
Jamaica. Two of the main implications are the need for conceptual teaching approaches
to be applied at the high school to improve students’ performance, and also the
consideration for Teacher Training Institutions to use the 5E model when delivering
mathematics courses to the preservice teachers in an effort to improve their appreciation

and understanding of the approach.
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CHAPTER 1
INTRODUCTION

The Jamaican Education Ministry launched the full rollout of the National
Standards Curriculum (NSC) for grades one to nine at the beginning of the 2016 — 2017
academic year. The NSC was designed to emphasize problem-solving approaches that
would allow students to gain real-world and hands-on learning experiences (Angus,
2016). The NSC in its design also places great emphasis on student-centered learning
which is expressed through the embodiment of lessons using the 5E constructivist model
(Campbell, 2016), which was adopted due to its design as a student-centered or
experimental learning approach to lesson planning. During the implementation phase of
the NSC, some teachers resisted the changes to the curriculum, and for others, the
training sessions conducted were not perceived as beneficial. The then-president of the
Jamaica Teachers’ Association (JTA), Howard Isaacs, reported that scores of teachers
who attended the training described the sessions as lacking, as it was reported that the
teachers appeared to be no wiser regarding the effective implementation of the NSC
(Poyser, 2016).

Three years after the rollout of the NSC, Jamaica’s education system was greatly
affected by the COVID-19 pandemic. In March 2020, the Jamaican government
announced the closure of schools due to the rising cases of COVID-19 on the island
(Dunkley-Malcolm, 2020). Consequently, the Education Ministry, through the National
Council on Education (NCE), provided a series of student engagement models to be
adopted by schools in order to engage students remotely. At the end of the pandemic

when Jamaican schools reopened, Anderson (2022) while covering the Jamaican



Education Minister, the Hon. Fayval Williams, reported that students’ performance for
the academic year ending 2022 saw moderate improvements in pass rates for the range of
Caribbean Secondary Education Certificate (CSEC) Examinations and also the Caribbean
Advanced Proficiency Examination (CAPE) subjects. Unfortunately, CSEC mathematics
pass rates were among the lowest at 37.2 percent (Anderson, 2022). This country-wide
performance in mathematics at the secondary level was deemed most concerning. This
was further compounded by the fact that many of the country’s more experienced
teachers have been leaving the island over the years, even before the COVID-19
pandemic. In support of this point, the then JTA president, Dr. Garth Anderson in 2019,
before the COVID-19 period, reported that many secondary schools across Jamaica
would have suffered from a shortage of specialist teachers at the start of the school year,
to include mathematics teachers (Campbell, 2019). Fast forward to 2022 and a similar
message was shared by the Education Ministry (Murphy, 2022). Notwithstanding, the
Government of Jamaica has invested in scholarships for specialist teacher training,
including the training of new mathematics teachers at the secondary level. The preservice
teachers who benefited from the scholarship are required to teach in Jamaica for a period
of five years, starting at the end of their course of studies at an accredited Teacher
Training Institution in the country (Murphy, 2022).

With both the mathematics performance crisis and ongoing teacher migration out
of the country, secondary level institutions have become heavily dependent on Teacher
Training Institutions to produce new teachers to replace those who have left. Therefore,
the focus has now been set on preservice teachers and Teacher Training Institutions, as

they play a major role in preparing the next generation of teachers to respond to the



constant shortage of teachers caused by the annual wave of migration out of the country.
The NSC still remains a central focus, as the curriculum and its tenets lay the foundation
for the type of student engagement necessary for advancement in the 21% century.
Teacher Training Institutions have the task of preparing teachers to engage all learners
effectively. This includes preparing the preservice teachers to apply the 5E constructivist
model; a student-centered inquiry-based lesson design, when preparing for lesson
delivery. It therefore means that preservice mathematics teachers should leave Teacher
Training Institutions ready and equipped to administer the NSC effectively, which
includes providing students with the right learning experiences. Such as pedagogical
practices that support conceptual understanding of mathematics concepts.

With the low academic performance in mathematics at the secondary level,
coupled with the teacher migration issues faced in Jamaica (Campbell, 2019), greater
reliance has been placed on Teacher Training Institutions to recruit and train mathematics
teachers in response to the growing needs (Murphy, 2022). This is an issue that predates
the concerns shared by Campbell (2019), whereas the then Jamaican government
established the national mathematics policy guideline in 2013 in response to the
unsatisfactory performance of students and graduates of the Jamaican education system
(Ministry of Education, 2013). The policy outlines a series of standards including the
academic qualifications required to teach mathematics in Jamaica, for it is a shared and
accepted notion among educators in Jamaica that the quality of teachers’ content
knowledge has a direct impact on students’ engagement and students’ learning outcomes

(Ball et al., 2008).



Notwithstanding, given the responsibility placed on new teachers, and the need
for teachers to leave Teacher Training Institutions (TTI) ready to implement the NSC and
student-centered learning through the utilization of the 5E constructivist model, this
research, therefore, sought to ascertain the nature of the relationship among Jamaican
mathematics preservice teachers’ content knowledge, learning experiences, and their
application of the 5E constructivist model.

Statement of the Problem

In 2004, the then government of Jamaica appointed a 14-member Task Force on
Educational Reform to evaluate the state of education in Jamaica, and from it, they
prepared and presented a plan of action for educational reform in Jamaica (Davis, 2004).
The task force reviewed the 1999 Revised Primary Curriculum (RPC) and the then
Reform of Secondary Education (ROSE) Curriculum and consequently found that the
curriculum documents lacked developmentally appropriate outcomes that would serve to
define what students should be able to know and demonstrate. There was a lack of
standards for discrete subjects outside of the core subjects such as mathematics, language
arts, and science. The review also revealed that the curriculum was content-heavy,
focused mainly on content retention, and lacked a smooth progression of learning from
the primary to the lower secondary level. In response to the gaps and weaknesses found
in the then curriculum, the NSC was developed and implemented (Ministry of Education,
Youth & Information, 2016).

A core feature of the NSC as outlined by Campbell (2016) is its focus on student-
centered learning. The NSC serves as the curriculum document from which lessons are

designed for student engagement. A defining feature of the lesson plan structure under



the NSC is the 5E constructivist model. The 5E model is rooted in a rich history. Building
on the initial work of Karplus and Their (1967), Town Bridge and Bybee (1990)
developed a five-phase instructional model. Duran and Duran (2003) described the 5E
Model as an inquiry-based approach to teaching and learning that focuses on supporting
students’ understanding of new concepts, while at the same time engaging students and
providing motivation for learning. It was expressed that the 5E model allows teachers the
opportunity to create unique learning experiences for students. The model is also based
on the constructivist theory of learning, which suggests that students construct knowledge
and meaning from their own experiences. The model was designed to support inquiry-
based learning, which is grounded in constructivism (Duran & Duran, 2004). The phases
of the 5E instructional model are 1) Engagement or Engage: This phase seeks to promote
students’ interest while accessing their prior understanding, 2) Exploration or Explore:
This phase involves engaging students in activities from which they are allowed to
investigate new concepts, 3) Explanation or Explain: In this phase, students are provided
with an opportunity to communicate what they have learned from their exploration.
Where necessary, the teacher can clear up misconceptions based on students’
explanations, 4) Elaboration or Elaborate: This phase encourages students to use their
new knowledge to explore its applications, and 5) Evaluation or Evaluate: The final phase
presents assessment activities that determine how much learning and understanding has
taken place. Because of the student-centered focus that the model brings, the Education
Ministry decided to use the 5E Constructivist model to inform lesson planning in
Jamaica. The potential issues and challenges in the implementation of the 5SE model are

explored in Chapter 2.



During the 2013 — 2014 academic year, the NSC was piloted in selected schools
across the island. The government of Jamaica spent a total of $49,986,785.80 JMD to
design, develop and pilot the NSC. It was further estimated that the NSC would cost
approximately $480,000,000 JMD to implement it over the period of two academic years
(Ministry of Education, Youth & Information, 2016). The implementation of the NSC
commenced at the start of the 2016 — 2017 academic year (Angus, 2016). Scott (2020)
published a paper that explored the experiences of teachers during the implementation of
the NSC. Among the findings of the study, it was revealed that not all teachers were
engaged in the training sessions. Of those who attended the training sessions for the
implementation of the NSC, there were reports of teachers not knowing how to
effectively implement the curriculum (Poyser, 2016).

The Education Ministry invested billions into the implementation of the NSC.
However, of the various factors working against a system-wide embrace of the
curriculum’s tenets, one major factor is that of teachers migrating to other countries.
Before the start of the 2022 — 2023 academic year, the JTA reported that approximately
400 teachers migrated out of the Jamaican classrooms, with an additional 167 teachers
resigning in August 2022 as reported by the education minister (Dennis, 2022). The
migration has affected schools, as some classes are left without a teacher. Additionally,
some of the teachers who migrated are those with more experience in teaching from the
NSC. In response to the teacher shortage crisis in Jamaica, the Education Ministry
circulated two general bulletins to all public schools outlining conditions and guidelines
that would 1) allow teachers on vacation leave to return to their position under a

contractual agreement, 2) allow teachers to extend their employment if they were



scheduled to proceed on retirement in September of 2022, 3) allow for the part-time
employment of teachers who have retired since January 2018, 4) allow for the
engagement of pre-trained graduates with a first degree in areas of expertise that are short
on teachers of their specialization, and 5) the engagement of preservice teachers in the
final year of their accredited teacher training program (Ministry of Education & Youth,
2022). Among the teachers who have been migrating out of the country are the country’s
secondary mathematics teachers. The high teacher attrition rate has also influenced
student performance. Post the COVID-19 pandemic, the CSEC mathematics pass rates
fell, which was the lowest pass rate among the other CSEC examinations that year
(Campbell, 2019).

Teacher migration out of the country coupled with the low student performance in
mathematics at the secondary level has for many years been a challenge for Jamaica. The
response to this crisis started long before the passing of the COVID-19 pandemic as
Jamaica took steps towards mathematics improvement for all learners through the launch
of an intensive mathematics program back in September 2013, which was geared at
addressing the continued poor performance in the subject of mathematics. The then
education minister at a back-to-school conference announced that “the central objective
of the program was to ensure that persons engaging our students in the teaching and
learning of the content are most effective” (Rose, 2013, para. 2). During that time the
Education Ministry also employed 100 mathematics coaches and specialists to be
deployed to targeted schools for support (Education Ministry Recruiting Math
Specialists, 2014). The mathematics coaches and specialists were tasked with supporting

struggling schools with poor mathematics performance to improve the management and



delivery of mathematics, with the expectation that it would then improve students’
academic outcomes. In more recent years, the number of Mathematics Coaches and
Specialists has declined, but the crippling challenge that the intervention faced was once
again teacher migration out of the country. The technical support provided to teachers in
relation to the NSC and the 5E design process became lost to the system once the
supported teachers migrate, and the process restarts with the next set of teachers
employed to replace those who have left, who, in most cases were preservice teachers
from the Teacher Training Institutions.

A recent study conducted by Mayne and Dixon (2020) explored the experiences
of Jamaican preservice teachers with respect to the NSC. Of notable mention was the fact
that the preservice teachers were aware of the 5E — design process, but struggled in the
area of practice, as 1) the cooperating teachers did not demonstrate an understanding of
the 5E — design process, and 2) they were met with resistance from students as they were
more accustomed to teacher-centered approaches, where the teacher was the main source
of all content and knowledge during lesson delivery. The findings from their study
suggest that despite the implementation of the NSC in 2016, to date, some in-service
teachers still struggle with developing and delivering lessons that are guided by the 5E
constructivist model. This reveals that while some in-service teachers in the education
system struggle to engage students in keeping with the standards of the NSC, the
preservice teachers in the country have been exposed to the 5E model within their teacher
training education programs. Such an outcome has inspired an inquiry into the high

school learning experiences of the mathematics preservice teachers.



Greenwald et al. (1996) posited that a teacher’s knowledge is known to be the
utmost important determinant of students' academic success. This claim is very similar to
one of the notions held by Shulman’s (1987) in his Pedagogical Content Knowledge
Theory, which serves as the theoretical framework of this study. For this cause, Teacher
Training Institutions have a responsibility to improve mathematics preservice teachers'
conceptual knowledge of mathematics before they begin to engage students in school
(Zerpa et al., 2009). With the NSC’s push towards student-centered learning and the
development of 21%-century learning skills, the extent to which mathematics preservice
teachers’ content knowledge relates to their ability to apply the 5E model has not been
formally explored in Jamaica.

Purpose Statement

The purpose of this study was to explore the relationship among Jamaican
mathematics preservice teachers’ content knowledge, learning experiences, and
application of the 5E constructivist model. This study used statistical analysis of survey
data, lesson plan ratings, and data from a mathematics content knowledge assessment; all
from mathematics preservice teachers from varying year groups within teacher education
programs to formulate a general understanding of the relationship among their content
knowledge, learning experiences, and their application of the 5E constructivist model.
Research Questions

This study explored the relationship among Jamaican mathematics preservice
teachers’ content knowledge, learning experiences, and their application of the 5E

constructivist model, with the guidance of the following research questions:



1. Controlling for confounding factors, what is the nature of the relationship between
Jamaican mathematics preservice teachers’ learning experiences as students in
high school, and their current mathematical content knowledge?
2. Controlling for confounding factors, what is the relationship between the content
knowledge of Jamaican mathematics preservice teachers, and their application of
the 5E Constructivist Model?
3. How do the perceptions of the effectiveness of mathematics teacher education
programs in preparing mathematics teachers to deliver content in the 21% century
classroom vary among Jamaican mathematics preservice teachers across different
academic years?
Significance of the Study

The Education Ministry remains committed to seeing the improvement of
mathematics teaching and learning in Jamaica. The 5E constructivist model was in recent
years introduced to the education system to promote student-centered and inquiry-based
learning environments. Extensive island-wide training was conducted for all teachers in
Jamaica with the hope to reform the teaching approach embodied by the education
system. This study explored the relationship among Jamaican mathematics preservice
teachers’ content knowledge, learning experiences, and application of the 5E
constructivist model. Therefore, the results of this research will be extremely useful for
various stakeholder groups in education such as the agencies of the Ministry of Education
which supports the implementation of the 5E lesson plan design, and the teacher
education institutions in Jamaica that have the task of preparing new teachers to

effectively implement the design.
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Firstly, the results of this study hold significant potential for influencing and
shaping the policy decisions of the Education Ministry with respect to the requirements
for entry into teacher training programs. This, in turn, can lead to significant changes in
the structure and emphasis of the programs offered by various mathematics Teacher
Training Institutions across the country.

Additionally, the implications of this study extend beyond the teacher training
programs and the Education Ministry, as it can also have a positive impact on the
professional development of mathematics teachers in Jamaica. The Jamaica Teaching
Council (JTC) is a key organization responsible for the ongoing professional
development of teachers in the country, and the findings of this study can provide
invaluable insights into how the JTC can better support mathematics teachers in their
efforts to enhance their teaching skills and improve student outcomes.

In addition, the results of this study can be of great benefit to the technical support
officers of the Education Ministry. These officers play a critical role in providing support
and guidance to teachers and educational institutions in the country. By gaining a deeper
understanding of the challenges faced by mathematics teachers and the strategies that can
be employed to improve teaching effectiveness, these officers can be better equipped to
provide effective technical support and guidance to those who need it most.

Overall, the findings of this study have the potential to contribute significantly to
the ongoing efforts to improve the quality of mathematics education in Jamaica and to
support the professional development of mathematics teachers across the country. The
data for this study can be used to make inferences for other disciplines in education, as

the principle of content knowledge is not limited to that of mathematics but could be

11



extended to other subjects such as science, social studies, and language arts, just to name
a few.

All in all, by sharing the results of this study widely and engaging with relevant
stakeholders, this study may ensure that these insights are effectively leveraged to drive
positive change and support for the continued growth and development of the education

sector in Jamaica.
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CHAPTER 2
LITERATURE REVIEW
Introduction
Jamaica’s education system has been affected by the migration of specialist
teachers such as mathematics teachers out of the country, while at the same time, the
country continues to suffer from low academic performance in mathematics at the
secondary level (Campbell, 2019). The teacher education institutions in response to the
challenges are therefore tasked to prepare new teachers who are ready to effectively
deliver the curriculum using the 5E constructivist model which is an inquiry-based
student-centered teaching approach (Duran & Duran, 2003). The purpose of this study
was therefore to explore the relationship among Jamaican mathematics preservice
teachers’ content knowledge, learning experiences, and their application of the 5E
constructivist model. The results of this research can be extremely useful to the Jamaican
Education Ministry which supports the implementation of the 5E lesson plan design, and
the Teacher Training Institutions in Jamaica that have the task of preparing new teachers
to effectively implement the design (Murphy, 2022). This chapter explores the: 1)
Theoretical Framework, 2) Higher Education Leadership and Teacher Training, 3)
Teacher Pedagogy and Students’ Achievement, 4) Teacher Content Knowledge and
Students’ Achievement, 5) Teacher Content Knowledge, Self-Efficacy, and Practice, 6)
Learning Experience and Students’ Achievement, 7) Challenges and Barriers to Using the

5E Constructivist Model, and 8) Summary and Gaps in Research.
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Theoretical Framework

Shulman (1987) made popular the school of thought called the pedagogical
content knowledge (PCK). PCK is rooted in the belief that teaching extends beyond the
scope of subject content delivery, but also encapsulates the knowledge and experience
regarding how various content concepts within a discipline should be delivered in order
to enhance students’ assimilation and understanding of concepts (Loughran et al., 2012).

Shulman (1986) argued that teaching requires a distinct body of knowledge that
differs from the general knowledge of subject matter experts. Murtafiah and Lukitasari
(2019) identified four key components of Shulman’s description of PCK: 1) the teacher’s
knowledge of the subject matter, 2) the teacher’s knowledge of effective and appropriate
teaching strategies, 3) the teacher’s knowledge of students’ conceptions, and 4) the
teacher’s understanding of what causes a given topic to be perceived as easy or difficult
in the eyes of their students. Of notable mention is Shulman’s (1987) emphasis on the
teachers’ level of content comprehension, and the significant impact it has on their ability
to facilitate student-oriented exploration.

This content comprehension is known as Content Knowledge (CK) - it is the
teachers’ understanding of the subject content being taught. Friedrichsen et al., (2009)
conducted a study investigating the prior knowledge for teaching among preservice
teachers entering alternative certification programs. In their study, they identified three
primary sources of CK: 1) the preservice teacher’s own learning experiences while being
students in their K-12 programs, 2) during teacher education and teacher professional
development programs, and 3) the development of the teachers’ CK through their own

teaching experiences.
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In the sphere of teacher education, there are multiple opportunities for the
development of CK and PCK. It should be noted that CK and PCK are not the same, but
instead that CK is only one component of PCK which is a larger framework compared
the CK. This study is under pinned by PCK, and as mentioned by Murtafiah and
Lukitasari (2019), this study primarily focuses on two of the main components of PCK.
These are 1) the teacher’s knowledge of the subject matter, referred to as CK, and 2) the
teacher’s knowledge of effective and appropriate teaching strategies, referred to as
pedagogy.

Higher Education Leadership and Teachers Training

Teacher education institutions have a responsibility to effectively train and
empower new teachers to carry out their core duty of educating students using the
appropriate pedagogical practices. Preston (2017) conducted a study that explored the
concerns of preservice teachers who were enrolled in a four-year teacher education
program in Jamaica. In the study, 30 third-year preservice teachers participated and a
focus group interview was conducted. The results of the study revealed a series of
concerns shared by the preservice teachers. The concerns were grouped into three
categories. The first category was the quality of teaching and teachers, which represents a
critique of their pedagogical practices. Here the preservice teachers were concerned about
the ineffectiveness of some of their lecturers to deliver the content, and they were
doubtful regarding some of their delivery strategies. This means that the preservice
teachers had doubts about the effectiveness of the pedagogical practices used by their
teacher educators. The preservice teachers complained that their expectations were not

met concerning the level of knowledge and competence that their teacher educators
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should possess. The second category of concern was the curriculum organization,
content, and delivery. Here the preservice teachers shared their concerns about the
program, and how it focused too much on the delivery of content, while little time and
effort was placed on treating pedagogical issues. The preservice teachers also discussed
the concerns they had surrounding the lack of integration between theory, and its societal
relevance. The final category of concern was that of resources. The preservice teachers
complained that they had inadequate resources to support their learning in some of the
courses within their teacher education program. They also shared concerns about the cost
of purchasing resources for their practicum exercises. Preston (2017) based on the
findings of the study suggested that teacher education programs should improve the
quality of teaching, curriculum design, and resources provided to their preservice
teachers throughout their respective programs. The type of leadership required to support
this level of reform is that of transformational leadership.

Prestiadi, et al. (2020) in exploring the role of transformational leadership in
facing the challenges of the technological era of education advanced the notion that
transformational leadership as a model focuses on organizational members. Through this
model, the institutional leader endeavors to inspire commitment among members to join
in the development of the educational institution. The researchers listed three key
approaches that a transformational leader employs to motivate members. They are 1)
building awareness surrounding the desired results, 2) encouraging members to prioritize
the interest of the institution over that of their own interest, and 3) through charisma,
intellectual stimulation, and individualized attention, to appeal to members’ intrinsic

aspirations and values. In seeking this level of institutional improvement for teacher
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education programs, there is a range of intervention structures that institutions can apply
as best practices to better respond to the varied needs of preservice teachers. Below are a
few as expressed in existing literature.

Swars et al. (2007) explored the mathematics beliefs and content knowledge of
103 elementary preservice teachers across two academic years within a teacher education
program. In their study, the researchers examined the impact of a teacher preparation
program on elementary prospective teachers' mathematics beliefs and teaching efficacy
which spoke to the pedagogical approaches used to engage their students. The researchers
used three different survey instruments: 1) the Mathematics Beliefs Instrument (MBI)
that measured preservice teachers’ beliefs about teaching and learning of mathematics, 2)
the Mathematics Teaching Efficacy Beliefs Instrument (MTEBI) that measures
preservice teachers’ belief in their capabilities to teach mathematics effectively, as well
as their beliefs surrounding mathematics teaching as a means of promoting student
achievement, and 3) the Learning Mathematics for Teaching Instrument (LMT) that
assessed student content knowledge. The findings revealed that there was a significant
positive shift in the prospective teachers’ beliefs throughout the program. By the end of
the program, the prospective teachers had increased teaching efficacy and reduced
mathematics anxiety. The researchers were able to conclude that teacher education
programs can positively improve the beliefs of their preservice teachers, which could
then influence their effectiveness as teachers.

With less focus on teacher beliefs, Zerpa et al. (2009) explored the change in
preservice teachers’ conceptual mathematical knowledge after the completion of a

mathematics methods course within their teacher education program. The study revealed
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from a t-test conducted on preservice teachers' pre-test and post-test scores that there was
a significant improvement in their conceptual knowledge by the end of the course.
Furthermore, based on the results of the regression analysis conducted, it was found that
the level of growth in the preservice teachers' conceptual knowledge had a positive
relationship to their high school mathematics level of performance. While there was
evidence of a positive relationship between preservice teachers’ high school mathematics
level and their improvement in conceptual knowledge as a result of the mathematics
methods course, there was no evidence to suggest that their academic performance in
university related to changes in their conceptual mathematical knowledge. This meant
that the preservice teachers' high school mathematics content knowledge experience
influenced their content knowledge growth within their current teacher education
program. Regardless, it is also proven that the method course once effectively delivered
can improve the mathematics content knowledge of its preservice teachers.
Leader-Janssen and Rankin-Erickson (2013) conducted a study that examined the
growth in content knowledge and self-efficacy of preservice teachers’ reading while
participating in a literacy course within their teacher education program. The treatment
group consisted of 21 preservice teachers enrolled in the literacy course, while the control
group consisted of 13 preservice teachers enrolled in another course within the same
teacher education institution. Both groups were administered a self-efficacy survey and a
content knowledge assessment that was divided into three sections: 1) an Informal Survey
of Linguistic Knowledge, 2) Word analysis, and 3) Reading comprehension. All three
instruments were administered to both groups before, during, and after the respective

courses. It was revealed that a significant difference was found between the treatment and
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control groups concerning the word analysis and Informal Survey of Linguistic
Knowledge sections of the content knowledge assessment, with the treatment group
scoring higher. This meant that the literacy course had positively influenced the treatment
group, causing them to outperform the control group that was not exposed to the course
content. A repeated measure analysis of variance was conducted to determine the
changes in self-efficacy of the preservice teachers throughout the course. The results of
the analysis revealed no significant difference between the treatment and control groups;
however, there was a notable increase in the self-efficacy of the preservice teachers from
the experimental group. This was interpreted to mean that both the treatment and control
groups had no statistically perceived disparity in how the respective courses influenced
their self-efficacy, but it was revealed that the self-efficacy of the experimental groups
improved beyond its initial level. Leader-Janssen and Rankin-Erickson (2013) in
exploring the relationship between the preservice teachers’ content knowledge and self-
efficacy, conducted a correlation coefficient analysis which was computed against the
two variables and it revealed that by the end of the course, there was a strong positive
relationship between the teachers’ content knowledge and their self-efficacy.

Menon and Sadler (2016) explored the relationship between 51 preservice
elementary teachers’ science self-efficacy beliefs and their science content knowledge
while engaged in a science course within their teacher training program. In the study, the
researchers administered a pre- and post-course science teaching efficacy belief
instrument, and also a science concept test. The multivariate analysis conducted on the
two subsections of the efficacy instrument, and the science content indicated significant

differences across the stated variables, which the researchers interpreted to mean that the
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elementary teachers had stronger positive self-efficacy beliefs as a result of having
improved content knowledge.

In exploring the effects of the 5E instructional model as an approach to improving
the instructional practices of novice teachers, Hu et al. (2017) conducted a study that
involved 40 novice teachers enrolled in a teacher training program. Based on the before
and after text-based scores collected over the five-stage engagement process of the 5E
constructivist model, the relationship was found to be statistically significant, which
indicated that the 5E model was positively related to the improvement of the novice
teachers’ instructional design and delivery practice. A similar result was found when
exploring the comparisons at each stage of the 5E process. Hu et al. (2017) concluded
that the application of teacher education training that focuses on the demonstration of the
5E model can develop and improve the instructional practice of novice teachers;
however, the specific level of improvement across the various stages of the 5E process
will vary from teacher to teacher. This means that the pedagogy in the form of the 5E
model was effective in improving the pedagogical practices of the novice teachers.

A similar study was conducted by Althauser (2018) who investigated the changes
in the self-efficacy levels among 347 elementary preservice teachers after the delivery of
a semester-long course that focused on teaching mathematics to elementary students,
which was delivered to emphasize hands-on mathematics instruction using the 5E
constructivist model. During the study, a mathematics teaching efficacy instrument was
administered before and after the semester-long course. The results of a paired samples t-
test conducted on the pre- and post-survey revealed that there was a significant difference

in the preservice teachers’ self-efficacy for the teaching of mathematics. Coupled with
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the fact that the preservice teachers’ self-efficacy improved by the end of the semester, it
was concluded that the mathematics course that focused on the 5E constructivist model
was effective in improving the self-efficacy of the preservice teachers enrolled in the
course.
Teacher Pedagogy and Students’ Achievement

The 5E Model which is aligned to the constructivist pedagogy was explored by
Wailia (2012) who conducted a study that examined the effects of the 5E instructional
model on students’ mathematical creativity. In conducting the study, 32 students from a
school in Haryana, India were sampled. The students participated in an experimental
design study in which they were randomly divided into two equal groups of 16 students
each. The experimental group was taught a mathematics lesson based on the 5E
constructivist model, while the control group was taught using the traditional teaching
approach. Both groups were given a pre- and post-mathematics assessment based on
Balka's (1973) creative ability in mathematics test. The findings of the study revealed that
the experimental group had higher performance scores than those of the control group.
The results of a Mann-Whitney test revealed that the mean performance of the
experimental and control groups differed significantly; therefore it was concluded that the
5E instructional model was more effective in impacting students’ mathematical creativity
than the use of the traditional teaching approach (Wailia, 2012).

A similar study was conducted by Tuna and Kacar (2013) who explored the
effects of the 5E instructional model on students' academic achievements in
trigonometry. In their study, they administered a pre-test and post-test to two randomized

groups. The experimental group was taught the trigonometry course using the 5E
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constructivist model, and the control group was taught without the use of the
intervention. Both groups had the same level of prior knowledge based on the results of
the independent sample t-test on the pre-test administered, however, the post-test results
revealed no significant difference between the experimental and control groups.

Notwithstanding, it was revealed in the study that the mean academic
performance of the experimental group was greater than that of the control group. Tuna
and Kacar (2013) administered a test four weeks after the siting of the post-test. The
independent sample t-test revealed a significant difference in performance on the
permanence test in favor of the experimental group. They concluded that the 5E
constructivist model has a more lasting impact on students' content retention than that of
the traditional teaching approach.

Yeni, et al. (2017) based on the prevailing teacher-centered method that
positioned students as followers of instructions instead of active creators of new
knowledge led them to launch an investigation into the effects of the 5E teaching model
on students’ mathematics achievement. Their research involved an experimental group
that was taught using the 5E model, and a control group that was taught using the
traditional teaching approaches. Both the experimental and the control groups were given
a series of content tests. Based on the result of the t-test conducted on the final test
administered to both the experimental and control groups, it was found that students’
learning outcomes from the group engaged using the 5E learning cycle were higher than
the group engaged using traditional teaching approaches.

In another study, Ranjan and Padmanabhan (2018) examined the effects of the 5E

constructivist approach on the achievement of students in mathematics. Within their
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study, two groups of 35 middle school students were taught. The experimental group was
taught using the 5E model, while the control group was engaged using conventional
teaching approaches. Both groups were given the same pre- and post-assessments. A t-
test was conducted, and the results suggested that teaching using the 5E constructivist
model was more effective in enhancing the mathematics achievement of middle school
students. This was made evident by higher test scores.

Sharma (2019) conducted a study that sought to examine the impact of the 5E
constructivist model on achievement and retention of learning among seventh-grade
students. The study divided the research participants into two equal groups of 40 students
each. The experimental group was taught using the 5E constructivist model, while the
control group was taught using a conventional approach for 15 weeks. Both groups were
administered a pre- and post-test, that indicated a significant difference between the post-
test scores for both groups and also mean gains scores obtained from the pre- and post-
tests. The results, therefore, revealed that the experimental group performed better than
the control group, and also that the 5E constructivist model is a more effective approach
in raising students’ achievement in comparison to traditional teaching approaches.

The literature explored in this section revealed that the constructivist pedagogy
resulted in higher student academic achievement, compared to traditional pedagogical
practices.

Teacher Content Knowledge and Students’ Achievement

Tchoshanov (2011) conducted a study that explored the association of the

cognitive types of teachers’ content knowledge with students' achievement. A sample of

102 middle-grade mathematics teachers was administered a Teacher Content Knowledge
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Survey that was used to group them into three cognitive types, which were Type 1: with
knowledge of facts and procedures, Type 2: with knowledge of concepts and connections,
and Type 3: with focus on models and generalizations. Based on the results a statistically
significant difference between the cognitive Type 2 with 1, and Type 2 with 3 were
found. This led Tchoshanov to conclude that the differences in the teachers' content
performance were influenced by their level of knowledge of concepts and connections
which is represented by Type 2. The study went further to explore the relationship
between the teachers’ cognitive type and students’ academic achievement in
mathematics. Tchoshanov (2011) found that the relationship between students’
performance on standardized assessments and cognitive Types 1 and 3 was not
statistically significant. On the other hand, it was found, that there was a positive
correlation with a large effect between students’ performance on standardized
assessments and cognitive Type 2. This was interpreted to mean that teachers with
knowledge of concepts and connections had students with higher performance scores in
mathematics.

Metzler and Woessmann (2012) also sought to determine the impact of teachers’
subject knowledge on students’ achievement. This was achieved through the
administration of separate mathematics and reading assessments for students and
teachers. The researchers targeted approximately 12,000 students across 900 sampled
primary schools. Of this sample, 56% were taught by the same participating teachers. The
descriptive statistics revealed that both students and teachers from urban areas had better
scores than those from rural areas. Also, it was revealed that the boys had higher

mathematics scores than the girls, but there was no statistical significance in the
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difference in reading between the two genders. Metzler and Woessmann (2012)
conducted a cross-sectional regression for the student’s test scores against the teachers in
both mathematics and reading. There was positive statistical significance between the test
scores of the students and the teachers in mathematics, but not for reading. From this
finding, the researchers suggested that there is a strong positive association between
teachers’ content knowledge and students' achievement in mathematics, but there is a
weaker association with reading.

Shirvani (2015) conducted a similar study that explored the mathematical content
knowledge of 87 pre-service teachers at the grade 6 level. In the study, a sixth-grade
mathematics assessment was administered to the pre-service teachers, as well as to all the
sixth-grade students from the state. The assessment administered contained 45 items
covering six objectives: 1) number operation and quantitative reasoning, 2) patterns,
relationships, and algebraic reasoning, 3) geometry and spatial reasoning, 4)
measurement, 5) probability and statistics, and 6) mathematical process and tools. The
scores of the pre-service teachers were averaged and compared to the average scores of
the sixth-grade students. The study found that both the pre-service teachers and the
students performed poorly in both the measurement and the probability and statistics
objectives, while the other objectives that the teachers performed better in were also the
ones the students also performed better in. Shirvani (2015) suggested from the findings
that the teachers’ content knowledge seemed to have a close relation to the mathematics

performance of their students.
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Teacher Content Knowledge, Self-Efficacy, and Practice

Wilkins (2008) investigated 481 elementary teachers’ attitudes toward
mathematics, their beliefs about the effectiveness of inquiry-based instruction, their use
of inquiry-based instructions, and their level of mathematical content knowledge. In the
study, the in-service teachers completed a survey that measured their beliefs, attitudes,
and practices. The in-service teachers were also given a mathematics content knowledge
assessment. The results revealed from a two-way analysis of variance that the upper
elementary teachers had significantly higher levels of mathematical content knowledge in
comparison to lower primary school teachers. The study further revealed that even
though the teachers generally reported positive attitudes towards both mathematics and
mathematics teaching, the upper elementary school teachers also had a more positive
attitude towards mathematics in comparison to their primary school teacher colleagues.
Of notable mention was the fact that the primary school teachers reported greater use of
inquiry-based learning as an instructional approach, over that of the upper elementary
school teachers. It was also revealed that the teachers’ belief in the effectiveness of
inquiry-based learning positively relates to their reported use of inquiry-based teaching
approaches when engaging students.

Isiksal-Bostan et al. (2015) conducted a similar study with Turkish mathematics
teachers. The study explored the beliefs of 258 teachers towards the use of an inquiry-
based instructional approach to teaching. Based on the two-way multivariate analysis of
variance from the responses made to the questionnaire used, it was found that teachers
hold a generally favorable belief regarding the use of inquiry-based instructional

approaches in comparison to traditionally held approaches.
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Johnson et al. (2018) conducted a study that examined the mathematics self-
efficacy and content knowledge of 34 elementary preservice teachers using a
correlational analysis. The preservice teachers were administered an assessment to
measure their mathematics content knowledge and also a survey that measured two
components of self-efficacy: 1) mathematics teaching outcome expectation, and 2)
personal mathematics teaching efficacy. The survey revealed that preservice teachers
generally agreed that effective teaching can impact students’ learning of mathematics,
and they also believed that they as preservice teachers possess the required skills and
ability to teach mathematics. The results of the mathematics content knowledge
assessment showed that the mean performance of the group exceeded the mean score
required to begin their teaching semester within their program of study. The bivariate
correlations that computed the mathematics content knowledge scores and the self-
efficacy survey results revealed that there were no significant correlations among the
measures. The results, therefore, suggest that there is no evidence to substantiate a
relationship between the content knowledge of the preservice teachers, and their self-
efficacy beliefs.

Catalano et al. (2019) conducted a study that investigated whether or not a
teacher’s content knowledge in science influenced their level of self-efficacy. In the
study, 82 in-service and 27 pre-service teachers completed a self-efficacy survey and
science content knowledge assessment. The result of the study revealed that the pre-
service teachers had higher self-efficacy scores than that of the in-service teachers. It was
also revealed that there was a negative relationship between the teachers’ beliefs about

their ability to teach and their level of science content knowledge. The researchers
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expressed concern regarding the findings of their study, as this means that the teachers
may confidently pass on misconceptions to their students due to their high self-efficacy
and low content knowledge (Catalano et al., 2019).

In a study conducted by Norton (2019), the content knowledge, confidence, and
self-efficacy of 99 pre-service teachers were explored. In the study, the pre-service
teachers completed a survey that captured their confidence and self-efficacy, while the
15-item assessment measured their mathematical content knowledge. They found that
there existed a very strong relationship between the pre-service teachers’ confidence to
do mathematics, and their beliefs about their ability to teach it effectively. On the other
hand, the analysis found that there is a weaker relationship between the content
knowledge of the preservice teachers and their confidence. It was also found that the
mathematics content knowledge of the preservice teachers was generally low, and they
tended to overestimate their mathematical competency. Similar to Catalano et al. (2019),
Norton (2019) discovered the same issue, where the teacher’s confidence in their ability
to teach is greater than their actual level of content knowledge.

Learning Experience and Students’ Achievement

Cybinski and Selvanathan (2005) conducted a study that explored the relationship
between student academic performance, and their perception of statistics education in
different learning environments; Traditional and Flexible. In the study the traditional
learning environment was defined as in-person teaching, while the flexible learning
environment focused on digital learning tools and small group sessions. The research
involved 99 students, 73 of which belonged to the traditional learning experience group,

while the remaining 26 came from the flexible learning experience group. From the
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comparative analysis conducted, it was revealed that students engaged in a flexible
learning environment experienced higher test anxiety, while at the same time recorded
less enjoyment when compared to the students from the traditional learning environment.
The study also revealed no statistically significant differences in the overall academic
performance between the students from the traditional and the flexible learning
environments. The study therefore suggests that while the respective groups had a
difference in subject enjoyment, and test anxiety, those differences did not translate into a
significant difference in actual test performance.

Ning and Downing (2012) conducted a similar study to determine the influence of
student’s learning experience on their academic performance but with the added element
of the mediating and moderating effects of self-regulation and motivation. In their study
of 384 undergraduate students in their final year of their program, the results of various
multiple regression analyses revealed that both self-regulation and motivation were found
to have mediated the relationship between learning experiences and academic
performance for final-year undergraduate students. It was also revealed that self-
regulation and motivation moderated the link between the learning experiences and
students' academic performance. It was noted that good learning experiences positively
influenced the students’ GPA however, the effects were found to be stronger for the
students who had low self-regulation and motivation. Ning and Downing (2012)
suggested that enhancing the self-regulation and motivation of students could improve
their academic performance, especially for those students who have negative perceptions

of their learning experiences.
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Xu and Qi (2019) had a different approach when compared to the previous
studies. They explored the connection between teachers' and students’ relationship, and
that of students’ academic achievement, mediated by self-efficacy. In their study which
involved 42,643 students from the eighth grade in a province of mainland China, a series
of statistical analyses were conducted, such as ANOVA, and multiple regression. The
analyses revealed firstly that while the girls outperformed the boys in mathematics, the
difference was not statistically significant. Secondly, they reported that the teacher-
student relationship had a positive significant correlation, suggesting that the stronger the
relationship between teachers and students, the higher the students performed
academically. It was also revealed that the stronger the relationship between teachers and
students, the higher the students’ self-efficacy or belief in their ability to learn and do
mathematics. Xu and Qi (2019) also determined that students with higher self-efficacy
had higher mathematics achievement. Of interest was the fact that the students’ self-
efficacy had a stronger impact on mathematics achievement than the actual relationship
between the teachers and the students. They reported that a large percentage (68%) of the
effect of the teacher-student relationship on the students' mathematics performance was
explained through the students’ self-efficacy. Xu and Qi (2019) interpreted this to mean
that while the relationship between the teacher and the students does influence the
students' academic achievement in mathematics, it as by improving their self-belief in

their ability to do and learn mathematics that may make the largest difference.
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Challenges and Barriers to Using the 5E Constructivist Model

Yoon et al. (2012) sought to understand the difficulties preservice teachers faced
during the delivery of science lessons using the inquiry-based teaching approach. In their
study, 16 preservice science teachers in the final year of their four-year teacher education
program participated in the study. In conducting the study, the researchers employed a
qualitative approach, where they conducted discussions and classroom observations. The
researchers also allowed the participants to take part in reflective writing. The findings of
the study divided the difficulties faced by the preservice teachers into two main
categories. The first category explored the common difficulties related to the absent
practices of the preservice teachers needed for the effective implementation of the
inquiry-based teaching approach during lesson delivery, such as: 1) the ability to develop
students’ ideas and curiosity, 2) the ability to guide students in the designing of suitable
experiments based on the hypotheses they came up with, and 3) the ability to effectively
facilitate classroom discussion around data interpretation. The second category of
difficulties faced by the preservice teachers pertained to internal factors that led to the
demonstration of the difficulties observed during the lesson delivery. These were reported
to be 1) apprehension surrounding the when and how to guide students during the open
inquiry segments of the lesson, compounded also by the desire to apply direct instruction,
2) incomplete understanding on the part of the preservice teachers as to the difference
between a hypothesis and a prediction, and 3) the preservice teachers had a lack of
confidence in their science content knowledge, which in the inquiry-based setting

accounted for the challenge they faced in connecting and developing the students’ ideas.
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A similar study was conducted by Enugu and Hokayem (2017) where they
explored the challenges faced by 55 preservice teachers while implementing the inquiry-
based teaching approach using the 5E constructivist model. In the study, the researchers
examined the preservice teachers’ lesson plans, conducted interviews, and gathered field
notes from lessons observed. The results of their study revealed numerous challenges
which they broke into two categories: 1) content-related challenges, and 2) method-
related challenges. Under content-related challenges, both the writing and
implementation of the explain phase of the 5E constructivist model were difficult for the
preservice teachers to accomplish effectively. It was also found that the preservice
teachers had difficulty evaluating their students' understanding. It was also reported the
elaborate phase of the lesson plan was often challenging to develop, and in some cases,
the preservice teacher lacked a full understanding of what the phase required. For the
method-related challenges, the preservice teachers found it challenging to gauge the
appropriate duration of time to be allotted to the various phases of the 5E constructivist
model.

Mdlalosea and Pennb (2021) conducted a study that explored the extent to which
the 5E constructivist model was being implemented by three life science teachers in
South Africa. In the study, the researchers conducted lesson observations, interviews, and
lesson plan reviews. Among the findings, much like the previous study, there were
barriers to the implementation of the 5E constructivist model. From the findings, it was
found that successful implementation of the 5E constructivist model as a student inquiry-
based approach requires teachers to undergo extensive training before attempting to

implement it, as the teacher would need to not only understand the components of the
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model but also its purpose. The study also revealed that the difficulty faced in
implementing the 5E model was due to insufficient time allocated for lessons, poor
classroom management, and inadequate teaching and learning resources.

Turan and Matteson (2021) examined the extent to which seven middle school
mathematics teachers were able to implement the 5E constructivist model. Based on the
analysis of fourteen (14) video recordings of mathematics lessons taught by the seven
teachers, along with reviews of their lesson plans prepared, it was determined that
teachers had difficulty implementing the 5E constructivist model as intended. It was
found that in some cases, the teachers could not identify appropriate activities for the
various phases, and it was also difficult for them to embrace student-centered teaching
approaches. The researchers recommended that professional development training be
provided to the teachers with a greater focus on developing lessons based on the 5E
model.

Summary and Gaps in Research

This research is theoretically underpinned by Shulman's (1986) pedagogical
content knowledge that puts forward the view that teachers' content knowledge and
knowledge of the various pedagogical approaches are vital to the delivery of the concepts
within the subject. Content Knowledge and Pedagogical practices are not the only
components of PCK however, for the scope of this research, greater focus is placed on
the relationship between Content Knowledge, and Pedagogy.

Teacher education institutions in Jamaica have a responsibility to prepare teachers
to teach effectively using a pedagogical practice known as the 5E constructivist approach.

The existing literature explored revealed that teacher education training through its

33



program offerings can target and successfully improve their preservice teachers' content
knowledge, but also improve their pedagogy. This literature also showed that the delivery
of methods courses that expose them to the 5E constructivist cycle can improve their
ability to plan lessons that align to the 5E constructivist model. Further research has also
revealed that the 5E constructivist model has a proven record of producing higher
academic outcomes for learners in comparison to traditional teacher-centered approaches.
While this is the case concerning the teachers’ pedagogy, it was also determined that the
teachers’ level of mathematical content knowledge was directly related to students’
academic achievement in the subject. It was also found that the teachers' content
knowledge had an impact on their self-efficacy; however, there were reported cases of
teachers having high beliefs about their knowledge and ability to teach, even when their
subject content knowledge was proven to be low. Studies also revealed that teachers were
in support of inquiry-based teaching approaches as a means of improving students'
performance, but at the same time, the literature revealed that teachers encounter
difficulty when implementing the inquiry-based teaching approach through the 5E
constructivist model. Some of these issues faced by the teachers concern their content
knowledge, knowledge of the model, or the circumstantial factors hindering the
implementation of the model.

With all that has been explored, what has not been a focus of any of the studies is
that of teachers’ content knowledge and teaching approach, and more specifically, there
has not been found any study that explores teachers' content knowledge and its
relationship with their ability to apply the various components of the 5E constructivist

model. There has also been little mention of the role that secondary school experiences
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played in their ability as teachers using the 5E constructivist model. For these reasons,
this study was conducted to fill those gaps.

Based on the findings from the literature review conducted, the exploration of the
research gaps, and the current reliance on teacher education institutions in Jamaica to
produce equipped and ready teachers to deliver mathematics effectively; this study was
therefore conducted to explore the relationship among Jamaican mathematics preservice
teachers’ content knowledge, learning experiences, and application of the 5E
constructivist model, with the guidance of the following research questions:

1. Controlling for confounding factors, what is the nature of the relationship between
Jamaican mathematics preservice teachers’ learning experiences as students in
high school, and their current mathematical content knowledge?

2. Controlling for confounding factors, what is the relationship between the content
knowledge of Jamaican mathematics preservice teachers, and their application of
the 5E Constructivist Model?

3. How do the perceptions of the effectiveness of mathematics teacher education
programs in preparing mathematics teachers to deliver content in the 215 Century
classroom vary among Jamaican mathematics preservice teachers across different

academic years?
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CHAPTER 3
METHODS

Introduction

In response to the secondary students’ poor mathematics performance, and the
migration of specialist teachers such as mathematics teachers out of the country, this
study explored the relationship among Jamaican mathematics preservice teachers’
content knowledge, learning experiences, and their application of the 5E constructivist
model. To conduct this study, quantitative data were collected and analyzed to respond to
the research’s inquiries. This chapter explores the research design for the study, followed
by participants and sample, then instrumentation, data collection procedure, sample
demographics, data preparation, and in closing, a summary.
Research Design

This study is guided by a correlational research design that uses a survey research
design to collect data. This study used multiple regression analysis to respond to the
research questions. The bivariate analysis explores the relationship between two
variables, while a multiple regression analysis, a form of multivariate analysis, explores
the relationship among three or more variables (Sherpa, 2021). Because this study sought
to examine the relationship among three major factors: 1) the Jamaican mathematics
preservice teachers’ learning experience while in high school, and 2) their content
knowledge as the main independent variables, and 3) their application of the 5E
constructivist model as the main dependent variable, this quantitative research that

focuses on conducting bivariate and multivariate analyses is deemed most appropriate in
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aiding the researcher in responding to the overall research and also the various research
questions posed.
Participants and Sample

In Jamaica, there are a total of eight (8) teacher education institutions that fall
under the Teachers’ Colleges of Jamaica (TCJ). Among those institutions, some are
known for their secondary B.Ed. teacher education programs that specialize in preparing
mathematics teachers. Jamaica is divided into large geographical areas called parishes.
This study focused on four (4) of the eight institutions. The four institutions in focus are
each located in a separate parish, and within or close to either their parish capital or a
major town within the parish. Teacher education institutions are traditionally known to
have students from the low to middle-class levels of the socioeconomic system (Myers,
2014).

For this study, the second-, third-, and fourth-year mathematics preservice
teachers were targeted within each of the four institutions. Across the four institutions,
the total expected number of participants was estimated to be two hundred (N = 200)
preservice mathematics teachers. Upon further dialogue with the research officers and
assigned contact lecturers from the various institutions, the number of students was closer
to approximately one hundred and fifty (N = 150) across the three-year groups. The
actual number of students who participated in the study was one hundred and three (n =
103); however, the data cleaning process conducted using Microsoft Excel brought the
number of participants to ninety-nine (n = 99) student teachers across the four (4)

targeted Teacher Training Institutions in Jamaica.
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Instrumentation

In an effort to gather the data needed to respond to the various research questions,
an online data instrument was developed. Within the online data collection instrument, it
contained a content knowledge assessment and a survey instrument. The instrument also
required the mathematics preservice teachers to complete a lesson plan that was then
evaluated and scored. The nature and focus of the various instruments are explored
below:
Mathematics Content Knowledge Assessment

A mathematics content knowledge assessment (see Appendix A) was used to
determine the student teachers’ mathematical content knowledge. The content of the
assessment focused on the number and measurement strand aligned to the CSEC
Mathematics Syllabus and was also designed in keeping with the Ministry of Education,
Youth, and Information’s (2021) diagnostic model that utilized multiple-choice items that
consisted of a stem and four options (A, B, C, D) from which participants were required
to select the option that they believed to be the answer to the stem. This is further
reflected in the Interpretation guide (see Appendix B). The assessment was designed with
10 number strand items and 10 measurement strand items that totaled to 20 items. The
model also used the Pearson Distractor Rationale Taxonomy as the framework for the
development of the options. Each option represented a different level of student
understanding (King et al., 2004). The taxonomy has four levels which are described in

Table 3.1 below.
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Table 3.1. The Pearson Distractor Rationale Taxonomy for Mathematics Multiple
Choice Items

Level of Understanding  Student Error

Level 1 Fundamental gaps in/ lack of content knowledge; responses
typically based on common/ loosely related knowledge
rather than the subject-specific content

Level 2 Basic knowledge of the content; able to identify the relevant
topic/idea/concept but unable to apply it because
understanding is flawed

Level 3 Knowledge of generalizations of content/concept evident but
inaccurate application in the specific case given in the item

Level 4 Correct response: able to apply knowledge of the
content/concepts in the manner required by the item

The content knowledge assessment items which | prepared and was vetted by a
senior member of the National Mathematics Program in the Education Ministry. The
assessment items were written based on the Webb Depth of Knowledge (DoK), which is
a framework that categorizes assessment items into four levels of rigor that demand
learning and thinking at deeper cognitive levels (Wine & Hoffman, 2023). The four
levels are:

1. DoK 1: Tasks at this level require recall of facts or rote application of simple
procedures. The task does not require any cognitive effort beyond remembering
the right response or formula.

2. DoK 2: Involves mental processes beyond habitual response. At this level, a

student must make some decisions about his or her approach. Tasks with more
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than one mental step such as comparing, organizing, summarizing, predicting, and
estimating are usually level 2.

3. DoK 3: At this level of complexity, students must use planning and evidence, and
thinking is more abstract. A task with multiple valid responses where students
must justify their choices would be level 3.

4. DoK 4: Level 4 tasks require the most complex cognitive effort. Students

synthesize information from multiple sources, often over an extended period.

The mathematics content knowledge assessment contains items from DoK levels
1, 2, and 3, as it was not practical to include DoK level 4 items in the multiple-choice
assessment. DoK levels 1, 2 and 3 align with the three respective knowledge types
expressed by Tchoshanov (2011) from the literature in Chapter 2. The 20 items were
spread across DoK levels 1 — 3. The decision was made to design the assessment so that
30% of the questions are at DoK 1, 50% at DoK 2, and 20% at DoK 3. The reason for
this spread where DoKs 2 and 3 combined out number the DoK 1 items is due to the
targeted test takers being preservice teachers who specialized in mathematics education,
which require them to have greater content knowledge beyond recall and basic
mathematics procedures. Further details on the breakdown of the assessment are

expressed in table 3.2 below.
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Table 3.2. Table of Specifications for Content Knowledge Assessment

Strand DOK Level Number of Items Percentage

Number 1 3 15%

2 5 25%

3 2 10%

Measurement 1 3 15%
2 5 25%

3 2 10%

Total 20 100%

The assessment needed to measure what it intends to assess (Golafshani, 2003);
therefore, to ensure that the content knowledge assessment was valid, the assessment
instrument was inspired by the Ministry of Education, Youth, and Information’s (2021)
diagnostic assessment tool, and was also vetted by a senior member of the National
Mathematics Programme of the Ministry of Education and Youth in Jamaica.

Each correct answer results in one point, and zero points for each incorrect
response to the multiple-choice items. A participant can receive a total of 20 points,
which is equal to 100%. Because the Mathematics Content Knowledge Assessment has
many sub-components, such as performance in the strands and DoK levels, all
performance results are given as a percentage of the number of items correct. An example
of this would be if a participant receives 7 correct DoK 2 items, then this would represent
7 of 10 DoK 2 items, resulting in a 70% score for DoK 2 items.

Preservice Teacher Survey Instrument

This study used a preservice teacher survey instrument (see Appendix C) that was
divided into three sections. The first section captured the basic demographic data for the
mathematics preservice teachers. The second section of the instrument focused on the

experiences of the Jamaican mathematics preservice teachers while in secondary school.
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For this section, the 30 of the 50 Likert scale items from the Allen’s (2001) Mathematics
Experience Questionnaire were adapted to the Jamaican setting without changing the core
focus of the instrument. The adapted instrument covers three scales of mathematics
experience with each having 10 items. These are 1) the Pedagogical Experience Scale, 2)
the Content Experience Scale, and 3) the Teacher Experience Scale. Each scale consists
of five positively and five negatively worded statements. The ten items per scale were
used to measure the mean levels from 1 to 5. The adapted items based on Allen’s (2001)
instrument were cross referenced against original instrument from Fennema and Sherman
(1976). The survey items according to the three scales represent the following positions.
Each of the statements below represents a scale score of five (5), to mean total
agreement:

1) Pedagogical Experience: The preservice teachers’ high school mathematics
teachers used a range of effective teaching methods to ensure understanding of
mathematical concepts.

2) Content Experience: The preservice teacher generally found mathematics content
to be easy to comprehend and was able to relate new concepts to previous topics
taught.

3) Teacher Experience: The preservice teachers’ high school mathematics teachers
were supportive, and competent, and also assisted them in becoming confident in
their ability to learn mathematics.

The Mathematics Experience Questionnaire used by Allen (2001) was adapted
from the original 1976 Fennema-Sherman Attitude Scales that was designed to measure

the attitudes and beliefs of secondary school students (Kalder & Lesik, 2011). Within this
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study, the 30 items were randomly itemized in this section of the survey instrument.
Allen (2001) in testing the internal reliability of the instrument, the items were piloted,
and using Cronbach’s alpha test, the reliability for the various constructs ranged from
0.75 to 0.92. With each of the values within the acceptable range and the instrument’s
alignment with the research focus, it is with this confidence that this instrument was
adapted for use in this study. The reliability coefficients for the three Learning
Experience scales are outlined in Table 3.3 below.

Table 3.3. Reliability Coefficients for the Learning Experience Scales

Scale Coefficients
Pedagogy Experience Scale 75
Content Experience Scale .92
Teacher Experience Scale 91

The final section of the instrument focused on the preservice teachers’ perception
of the effectiveness of their mathematics teacher education program. For this section, the
14 themes from the Armstrong Survey for Teacher Program Effectiveness framework
(Armstrong, 2007) were adapted to develop the 14 Likert scale items aligned to the
Jamaican setting.

Armstrong's (2007) original questionnaire asked participants to rate on a five-
point scale indicating how important they perceived each variable to be, as well as to rate
their level of preparedness as a result of their teacher education program to enact the
stated variables. For this research, the participants were required to rate the stated
variables for their teacher education program’s preparation of their preservice teachers.
The first seven items from this section addressed teacher education program effectiveness

in relation to instruction, the four items that followed addressed curriculum, and the final
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three items addressed professionalism. The depths of the variables were determined by

adding the assigned scores associated with each position taken. For all 14 items, Strongly

Disagree was assigned a “1” and Strongly Agree was assigned a “5”. Based on the

number of items within each scale, the scores for the Instruction Scale ranged from 7 —

35, for the Curriculum Scale it ranged from 4 — 20, and for the Professionalism Scale the

scores ranged from 3 — 15. The survey items according to the three scales represent the

following positions. Each of the statements below represents the highest possible

outcome for the scale scores, which also means a total agreement:

1)

2)

3)

Instruction: The preservice teachers believe that their teacher education program
effectively prepares them to manage the classroom dynamics, engage and
motivate students, and address the diverse learning needs of students using
instructional technigques and technology.

Curriculum: The preservice teachers believe that their teacher education program
equips them with comprehensive knowledge of curriculum design, subject matter
content, and alternative assessment practices necessary for effective teaching.
Professionalism: The preservice teachers believe their teacher education program
fosters a collaborative culture, encouraging professional development and
equipping them with skills to utilize resources and bridge theory with practice
through field-based experiences.

Armstrong (2007), in pilot testing the instrument for readability, administered the

instrument to preservice teachers taking fall courses at Marshall University Graduate

College. The students were also required to complete a survey polling to rate the clarity

of each item. It was reported that the feedback was used to revise the instrument to what
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it is now. It is with this confidence in the research process carried out by Armstrong
(2007), coupled with its alignment to this research’s focus, that this instrument was
adapted for use in this study. After administering this instrument, the Cronbach’s alpha
reliability test revealed results ranging from 0.78 to 0.86 for the various constructs. With
each of the values within the acceptable range, the analysis results from using this
instrument were deemed trustworthy. The reliability coefficients for the three Program
Effectiveness scales are outlined in Table 3.4 below.

Table 3.4. Reliability Coefficients for the Program Effectiveness Scales

Scale Coefficients
Instruction Scale .86
Curriculum Scale 81
Professionalism Scale .78

Overall, sections 2 and 3 of this survey instrument took the form of a 5-point
Likert Scale. Given that the Likert Scale was developed to measure attitude and
perception (McLoed, 2008), it was deemed to be an ideal tool to explore the preservice
teachers’ experience while enrolled in high school, as well as their perception of their
teacher training program.
Lesson Plan Evaluation

The research participants were required to complete a lesson plan using the 5E
Lesson Plan Design (see Appendix D). The 5E Model used by the participants followed
the 5E lesson plan design based on the format recommended in the Ministry of
Education’s mathematics lesson plan booklet (Ministry of Education, Youth, and
Information, 2020). The preservice teachers’ lesson plans focused on the lesson

objectives, the prior knowledge, and the 5E process: Engagement, Exploration,
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Explanation, Elaboration, and Evaluation. The specific objective and prior knowledge of
the topic were provided to the participants. The lesson plans were scored using the
adapted rubric from Hu et al.’s (2017) evaluation model for the instructional design
process for novel teachers (see Appendix E). The adapted scoring rubric was divided into
five sections to match each phase of the 5E process. Each section in the original rubric
had four sub-areas for scoring; however, this adapted rubric has two sub-areas each. This
is due to some elements of the original rubric not being observable based on what is
required of the research participants, given that they will not be observed teaching the
lesson. Each sub-area was scored from 1 to 5, with 1 being the lowest and 5 being the
highest. The lesson plans were evaluated by a mathematics specialist from the Education
Ministry who underwent a standardization process. The highest overall score that can be
obtained on the lesson plan using the rubric is 50, however, the highest score that can be
obtained for each subsection of the rubric is 10. For this study, percentages were used for
the scores obtained for the overall lesson plan, and also for the subsections. An example
of this is where a participant receives a score of 40 for the overall lesson plan, but 9 for
the Engage Stage of the plan. This would be recorded as 80% for the overall lesson plan
90% for the Engage Stage.
Data Collection Procedures

This study explored Jamaican mathematics preservice teachers’ content
knowledge, learning experience, and their application of the 5E constructivist model. To
achieve this goal, the study targeted four previously highlighted Teacher Training
Institutions in Jamaica that consistently specialize in preparing secondary school teachers

of mathematics.
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In Jamaica, the guidelines for conducting research in public educational
institutions require that permission is granted by the Ministry of Education and Youth. |
submitted a request for which the Planning and Development Division of the Ministry of
Education and Youth replied with a formal letter of approval. Post the approval from the
Ministry of Education and Youth, | summitted to Temple University for Institutional
Review Board (IRB) Approval.

Following the approval from Temple IRB, the four Teacher Training Institutions
were formally contacted via an email sent to their institution’s domain-specific email
addresses (see Appendix F) seeking their support in sharing the recruitment message and
the online survey instrument linked to their second-, third-, and fourth-year students (see
Appendix G).

The research participants were required to complete an online form that did not
record personally identifiable information (Given, 2008). Therefore, the identities of the
participants are unknown to me. Within the online form, it was stated clearly that clicking
the "Next" button to get started with the survey will be registered as consent being given
to participate in the study. It was also stated that if they wanted to leave the survey at any
time due to no longer wanting to be a part of the study, they could just exit the survey.
The online form was open for two months before it was closed at the start of the End-of-
Semester Examinations for the Teacher Training Institutions. The Google form with the
responses was downloaded and the data were cleaned using the Microsoft Excel software.
The respondents were assigned a participant 1D, and the lesson plan data were extracted
on a separate Excel file. The file was shared with a mathematics education specialist

within the Education Ministry who also served as an external assessor for the Joint Board
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of Teacher Education (JBTE) to score the plans using the adapted rubric from Hu et al.
(2017). The scores from each mathematics education specialist were collated for analysis
along with the mathematics content knowledge assessment and the survey responses.
Sample Demographics

A total of 99 preservice teachers from the four targeted Teacher Training
Institutions in Jamaica fully completed the online survey instrument that required them to
complete a mathematics content knowledge assessment, complete a survey, and write a
lesson plan based on an assigned topic linked to the Mathematics Content Knowledge
Assessment. The names of the four institutions shall remain confidential.

The 21 — 23 age group constitutes the largest percentage of the respondents with
52.5%. Notably, the 3" and 4™ year respondents 72.7% and 68.6% of their respondents in
this age group. This age range is typical of students at the higher education level in
Jamaica. It is equally acceptable that the 18 — 20 age group would be the largest group for
the second-year preservice teachers, due to the age of entry into tertiary institutions in
Jamaica traditionally starting at 18. The differences between year group and age were
found to be statistically significant (2= 35.23, p < .001). The differences between gender
and age were not found to be statistically significant. This meant that there was a
relatively proportionate distribution of the gender across the year groups.

Consistently there were more female than male respondents across the three-year
groups. This is supported by the results of the Chi-Square test which revealed no
statistical significance. Having considerably more female preservice teachers than male

preservice teachers is reflective of the state of the enrolment for preservice teachers in
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Jamaica. The number and percentage distributions of respondents across the three-year
groups, by age, and gender are expressed in the tables that follow (Tables 3.5 and 3.6).

Table 3.5. Year Group and Gender on Age Crosstabulation

Age

18 - 20 21-23 24+ Total

Year Group 2" 17 (54.8%) 4(12.9%)  10(32.3%) 31 (100.0%)
3 4(12.1%) 24 (72.7%) 5 (15.2%) 33 (100.0%)

4t 2(5.7%) 24 (68.6%) 9 (25.7%) 35 (100.0%)

Gender Male 8(22.2%) 17 (47.2%) 11 (30.6%) 36 (100.0%)
Female  15(23.8%) 35(55.6%) 13(20.6%) 63 (100.0%)

Total 23 (23.2%) 52 (52.5%) 24 (24.2%) 99 (100.0%)

Year Group: x%=35.23, p <.001, Cramer’s V = .422
Gender: y2=1.258, p > .05

Table 3.6. Year Group on Gender Crosstabulation

Gender
Male Female Total
Year Group 2" 10 (32.3%) 21 (67.7%) 31 (100.0%)
31 13 (39.4%) 20 (60.6%) 33 (100.0%)
4t 13 (37.1%) 22 (62.9%) 35 (100.0%)
Total 36 (36.4%) 63 (63.6%) 99 (100.0%)

¥2=0.366, p > .05

In Jamaica, the requirements to study for a B.Ed. in Secondary Mathematics are
five CSEC passes to include mathematics and English Language. While it is not
enforced, some students leaving high school will attend sixth form and take advanced
proficiency subjects before transitioning to higher education, and in this case, teacher

training. CSEC Examinations are a series of exit assessments students undertake at the
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end of their high school experience. At the level of general proficiency, candidates who
sit a CSEC examination can be rewarded a grade that ranges from 1 — 6, or ungraded.

A grade one (1) is the highest grade a student can obtain. Among the requirements
for entry into a Bachelor of Education program in Jamaica with a specialization in
Mathematics, is a CSEC Mathematics grade one (1) or two (2), with some institutions
conditionally accepting students with a grade three (3). Table 3.7 shows only the Grades
1 - 3, as known of the research participants have a failing grade for CSEC Mathematics.
Most respondents have a grade of 2 in CSEC Mathematics, which was also consistent
across the three year groups and by gender. The differences in year group and gender
with CSEC Mathematics grades were not statistically significant (x%= 2.833, p > .05, and
¥%=1.608, p > .05 respectively). Table 3.7 below reflects the CSEC Mathematics passes
for the research participants according to their year group.

Table 3.7. Year Group and Gender on CSEC Mathematics Grade Crosstabulation

CSEC Mathematics Grade Total
1 2 3

Year Group 2 12(38.7%) 18 (58.1%) 1 (3.2%) 31 (100.0%)
3 14 (42.4%) 18 (54.5%) 1 (3.0%) 33 (100.0%)

4t 13 (37.1%) 18 (51.4%) 4 (11.4%) 35 (100.0%)

Gender Male 13 (36.1%) 22 (61.1%) 1 (2.8%) 36 (100.0%)
Female 26 (41.3%) 32 (50.8%) 5 (7.9%) 63 (100.0%)

Total 39 (39.4%) 54 (54.5%) 6 (6.1%) 99 (100.0%)

Year Group: x>=2.833, p> .05

Gender: ¥2=1.608, p > .05
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In Jamaica, it is recommended that students entering teaching education programs
to specialize in mathematics should also take CSEC Additional Mathematics or at least
one of the CAPE Mathematics examinations. These examinations are set at the general to
advanced proficiency levels. Across all three year groups, more respondents did not
register and sit any of the advanced proficiency CXC Mathematics examinations (CSEC
Additional Mathematics, or CAPE Pure, Applied or Integrated). Overall, 61.6% of the
research respondents did not sit any of the advanced proficiency CXC Mathematics
examinations. The differences in year group and gender with whether the preservice
teachers did any of the Advanced proficiency CXC Mathematics examinations were not
found to be statistically significant (x?= 1.332, p > .05, and %= 0.879, p > .05
respectively). Represented in Table 3.8 below is the number and percentage of preservice
teachers across the three year groups who registered and passed one or more advanced or
CAPE level Mathematics Examinations.

Table 3.8. Year Group and Gender on Advance/CAPE Level Mathematics
Crosstabulation

Advanced/CAPE Level Mathematics Total
No Yes

Year Group 2" 17 (54.8%) 14 (45.2%) 31 (100.0%)
3rd 20 (60.6%) 13 (39.4%) 33 (100.0%)

4t 24 (68.6%) 11 (31.4%) 35 (100.0%)

Gender Male 20 (55.6%) 16 (44.4%) 36 (100.0%)
Female 41 (65.1%) 22 (34.9%) 63 (100.0%)

Total 61 (61.6%) 38 (38.4%) 99 (100.0%)

Year Group: x>=1.332, p> .05

Gender: 2= 0.879, p > .05



To complete one of these examinations requires students to advance to the six-
form level (A Levels) program for an additional one or two years in high school. In
Jamaica, obtaining CAPE-level examination passes does not result in advanced
placement in the teacher training Bachelor programs offered by the Teacher Training
Institutions, and as such, it is reasonable that fewer of the respondents would have done
at least one of the advanced units.

Data Preparation

Microsoft Excel was used to calculate the means for the scale scores associated
with the survey instrument. All scale scores results range from 1 - 5. The data was then
transferred to the Statistical Package for the Social Science (SPSS) software. This
included the results of the mathematics content knowledge assessment and the scores of
the lesson plans. All assessment scores were expressed as percentages ranging from 0 —
100. The software was used to conduct a series of statistical analyses on the preservice
teachers’ assessment performance against various aspects of the scored lesson plans and
the scaled score data.

Operational Definition of Variables

Some categorical variables were coded to support the statistical analyses
conducted. For example, age was divided into three categories, 18 — 20, 21 — 23, and 24
+. The details of the coding are outlined below.

Gender. The survey required participants to indicate if they were “Male” or
“Female”. For statistical analysis purposes, Male was coded “1”, and Female was coded

‘60”
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Age. The survey required participants to indicate their age based on three options:
“18 — 207, “21 — 237, and “24+”. For statistical analysis purposes, two dunny variables
were created. For the variable Age 18-20, “18 — 20 was coded as “1”, and all other
options were coded as “0”. For the variable Age 21-23, “21 — 23" was coded as “1”, and
all other options were coded as “0”.

Year Group. The survey required participants to indicate their year group in their
Teacher Training Program. Three options were presented: “2nd”, “3rd”, and “4th”. For
statistical analysis purposes, two dunny variables were created. For the variable Year
Group 2, “2nd” was coded as “1”, and all other options were coded as “0”. For the
variable Year Group 3, “3rd” was coded as “1”, and all other options were coded as “0”.

CSEC Grade. The survey required participants to indicate their CSEC
Mathematics Grade. The participants were required to indicate the grade number for their
CSEC pass, which, for this group was either a 1, 2 or 3. For statistical analysis purposes,
two dunny variables were created. For the variable CSEC 2, “2” was coded as “1”, and
all other options were coded as “0”. For the variable CSEC 3, “3” was coded as “1”, and
all other options were coded as “0”.

Advanced/CAPE Level Mathematics. The participants were required to indicate
the grade number for any of the Advanced or CAPE Level Mathematics passes obtained,
which for this group was eithera 1, 2, 3, 4, 5, 6, or 7. If the participant did not take any of
the advanced mathematics assessments, the option was present for them to indicate
“N/A”. For statistical analysis purposes, where the participant passed one or more of the

Advanced or CAPE Level Mathematics Examination, then “Yes” was coded as “1” to
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indicate that they registered, sat, and passed at least one of the examinations. “No” was
coded as “0”.
Summary

This study targeted Jamaican mathematics preservice teachers in their second,
third, and fourth year of their teacher training program. The data collected were captured
through the administration of an online survey that required participants to complete a
mathematics content knowledge assessment, a survey, and the writing of a lesson plan

based on an assigned topic.
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CHAPTER 4
RESULTS AND FINDINGS
This study explored the relationship among mathematics preservice teachers'
content knowledge, learning experience, and application of the 5E constructivist model.
In response to the research questions of this study, this chapter presents the results of the
statistical analyses referenced in Chapter 3. The organization of this chapter is broken
into three major headings representing each research question in this study. The research
questions are as follows:

1. Controlling for confounding factors, what is the nature of the relationship
between Jamaican mathematics preservice teachers’ learning experiences as
students in high school, and their current mathematical content knowledge?

2. Controlling for confounding factors, what is the relationship between the
content knowledge of Jamaican mathematics preservice teachers, and their
application of the 5E Constructivist Model?

3. How do the perceptions of the effectiveness of mathematics teacher education
programs in preparing mathematics teachers to deliver content in the 21st-
century classroom vary among Jamaican mathematics preservice teachers
across different academic years?

The analyses concerning the three research questions are each divided into sub-

sections. The sub-sections mainly start with descriptive and inferential statistics, before
expressing the major statistical analysis that directly responds to the research question.

Each sub-section ends with a results summary. The overall chapter ends with a summary
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of the main results. This was done to establish context for the analyses, and further
support the discussion.

In summary, this chapter explored a series of statistical analyses divided
according to the three research questions. The chapter ends with a summary that
highlights the major findings.

Research Question #1: Relationship between High School Learning Experiences and
Current Mathematical Content Knowledge

The first research question sought to determine the nature of the relationship
between Jamaican mathematics preservice teachers’ learning experiences as students in
high school, and their current mathematical content knowledge. A Mathematics Content
Knowledge Assessment was used to measure the preservice teachers' current
mathematical content knowledge. The preservice teachers’ high school learning
experiences were captured using three scales: the Pedagogical Experience Scale, the
Content Experience Scale, and the Teacher Experience Scale.

The Pedagogical Experience scale focused on the preservice teachers’ reflection
on the pedagogy and techniques used by their teacher when they were students in high
school. The Content Experience Scale focused on the preservice teachers’ reflection on
ho they found the assimilation process for the mathematics content they were exposed to
while being a student in high school. The Teacher Experience Scale focused on the
preservice teachers’ reflection of their relationship with their high school mathematics
teachers, and their judgement of their competence. The analyses of the outcome and

predictor variables are outlined in the two sections below.
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Outcome Variable: Mathematics Content Knowledge Assessment

A Mathematics Content Knowledge Assessment was used to measure the
preservice teachers' current mathematical content knowledge. The assessment results
were further disaggregated into sub-components, such as strand and DoK performance.
The two content strands as indicated in Chapter 3 are the Number Strand and the
Measurement Strand. Concerning the Dept of Knowledge (DoK) levels, DoK 1 questions
focus on recalling facts or rote application of simple procedures. DoK 2 involves mental
processes beyond habitual response. At this level, a student must make some decisions
about his or her approach. With DoK 3 items, students must use planning and evidence,
and thinking is more abstract. It also represents a task with multiple valid responses
where students must justify their choices. The performance scores for each component of
the assessment were recorded as percentages as indicated in Chapter 3.

Looking at the results, the mean performance on the Mathematics Content
Knowledge Assessment was 57.12% however, it was notable that the mean performances
on the Number Strand and the DoK 1 components of the assessment compared to the
overall mean score were slightly higher with 62.02% and 63.47% respectively. These
differences were found to be statistically significant, where in both cases p < 0.001. The
mean performances on the other assessment components were lower than the overall
mean performance, with only the Measurement and DoK 2 components of the assessment
revealing statistically significant differences, where in both cases p < 0.001.. Further
details on the results of the Mathematics Content Knowledge Assessment are outlined in

Table 4.1 below.
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Table 4.1. Paired Sample Test on Preservice Teachers” Overall Mathematics Content
Knowledge Performance Against Assessment Components

Components Mean Std. Deviation  Range t
Number 62.02 17.67 10 -100 -4.89**
Measurement 52.22 18.33 20-90 4.89**
DOK 1 63.47 22.04 0-100 -3.87**
DOK 2 53.64 19.56 0-90 3.68**
DOK 3 56.31 20.93 0-100 41

Overall Mean =57.12, SD = 14.99, Range = 15 - 90
*p<.05 **p<.01

For a greater appreciation for the Content Knowledge assessment scores, the
preservice teachers’ Mathematics Content Knowledge performance scores were
expressed according to CSEC Mathematics Scores, Year Group, Gender, and
Advanced/CAPE Mathematics levels.

The analysis of the preservice teachers’ Mathematics Content Knowledge
Assessment scores according to year group revealed that across all components of the
Mathematics Content Knowledge Assessment, except DoK 3, the preservice teachers
with a Grade 1 in CSEC Mathematics had the highest mean scores, followed by those
with a Grade 2. The preservice teachers with a Grade 3 had the lowest mean scores in the
various components of the assessment, except for DoK 3 items, where they had the
highest among the three groups. Despite the observable differences, the One-Way
ANOVA results in Table 4.2 reveal no significant effect in the mean scores for the
various components of the Mathematics Content Knowledge Assessment for the
preservice teachers who received a Grade 1, 2, or 3 CSEC Mathematics pass while they
were students in high school. While it is expected that the preservice teachers with higher

CSEC Mathematics passes would outperform those with lower passes, it is
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understandable that there would be no significant differences between their performance
on the Mathematics Content Knowledge Assessment due to the impact of the
mathematics courses within their Teacher Education Program. Due to there being no
statistically significant differences in the mean performances of the preservice teachers
according to their CSEC Mathematics grade, the table was not included in this section of
the study, but instead can be found in Appendix H.

Concerning the preservice teachers’ Mathematics Content Knowledge
Assessment performance according to year group within their Teacher Education
Program, the One-Way ANOVA in Table 4.2 revealed no significant effect on the year
groups regarding the preservice teachers’ Measurement Strand and DoK 3 Mathematics
Performance Scores from the Mathematics Content Knowledge Assessment. On the other
hand, significant effects of year group on the overall, Number Strand, DoK 1, and DoK 2
components of the Mathematics Content Knowledge assessment scores were found. The
multiple comparisons using Tukey’s LSD (see Appendix H) revealed significant
differences as follows.

e For the Overall Mathematics Content Knowledge Scores, there were significant
differences between the 2" and 3" year groups (p=0.001), 2" and 4™ (p=0.026),
but not between the 3™ and 4™ (p=0.254). Table 4.2 revealed that the 3™ year
preservice teachers had the highest mean scores in the Overall Mathematics
Content Knowledge Assessment (62.27%), while the 2" year group had the
lowest (50.32%). This outcome is well supported by the fact that the 3 and 4%
year preservice teachers have been exposed to greater levels of mathematics

content, compared to the 2" year preservice teachers.
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For the Number Strand component of the Mathematics Content Knowledge
Assessment, there were significant differences between the 2" and 3" year groups
(p=0.001), 2" and 4™ (p=0.001), but not between the 3™ and 4™ (p=0.985). Table
4.4 revealed that the 3" and 4™ year preservice teachers had similar mean scores
in the Number Strand component of the Mathematics Content Knowledge
Assessment. The 2" year preservice teacher had the lowest mean performance of
the three groups in this component. Once again, this outcome is supported by the
fact that the 3™ and 4™ year preservice teachers are further along in their Teacher
Education Program, compared to the 2" year preservice teachers.

For the DoK 1 component of the Mathematics Content Knowledge Assessment,
there was a significant difference between the 2" and 3' year groups (p=0.005),
but not the 2" and 4" (p=0.112), nor between the 3" and 4™ (p=0.187). Table 4.2
revealed that the 3" year preservice teachers had the highest mean scores in the
DoK 1 component of the Mathematics Content Knowledge Assessment at 70.7%.
The 2" year preservice teacher had the lowest mean performance of the three
groups in this component (55.37%). The results continue to reflect the fact that
the 3" and 4™ year preservice teachers are more advanced in their program
compared to the 2" year preservice teachers.

For the DoK 2 component of the Mathematics Content Knowledge Assessment,
there was a significant difference between the 2" and 3" year groups (p=0.012),
but not the 2" and 4™ (p=0.146), nor between the 3™ and 4" (p=0.248). Table 4.2
revealed that the 3" year preservice teachers had the highest mean scores in the

DoK 2 component of the Mathematics Content Knowledge Assessment at
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59.39%. The 2" year preservice teachers had the lowest mean performance of the

three groups in this component (47.1%). Further details can be found in Table 4.2

below.

Table 4.2. ANOVA for Mathematics Content Knowledge Performance as a Function of

Year Group
Component  Year Group Mean Score SD n? F(2,96)
Overall Year 2 50.32 18.03 107 5.756**
Year 3 62.27 11.93
Year 4 58.29 12.54
Number Year 2 52.58 20.65 131 7.264**
Year 3 66.36 14.32
Year 4 66.29 14.57
Measurement Year 2 48.06 20.40 .056 2.841
Year 3 58.18 16.86
Year 4 50.29 16.71
DOK 1 Year 2 55.37 26.66 .079 4.121*
Year 3 70.70 20.42
Year 4 63.82 16.42
DOK 2 Year 2 47.10 21.48 .065 3.318*
Year 3 59.39 15.80
Year 4 54.00 19.73
DOK 3 Year 2 50.81 22.81 .038 1.890
Year 3 56.82 19.03
Year 4 60.71 20.37

*p<.05 **p<.01

Table 4.3 revealed that there were no statistical differences between the

performance of male and female preservice teachers in any of the five components of the

Mathematics Content Knowledge Assessment. While the differences were not found to

be significant, overall, the male preservice teachers slightly outperformed the female
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preservice teachers. This pattern was also observed with the Measurement Strand, DoK 1,
and DoK 2 Assessment scores. The female preservice teachers slightly outperformed the
male preservice teachers in the Number Strand and DoK 3 components of the
Mathematics Content Knowledge assessment. Further details can be found in Table 4.3
below.

Table 4.3. Independent Sample t-test for Mathematics Content Knowledge Performance
as a Function of Gender

Assessment Score Male Female t(99)
M SD M SD

Overall 58.61 14.57 56.27 15.27 146
Number 61.67 18.59 62.22  17.27 -150
Measurement 55.56 17.64 50.32  18.58 1.374
DoK 1 66.21  23.05 61.90 21.47 935
DoK 2 55.28 18.44 52.70  20.26 .629
DoK 3 55.56  20.80 56.75  21.16 -271
*p<.05

Table 4.4 revealed for all components of the Mathematics Content Knowledge
Assessment that there was no statistical difference between the performance of the
preservice teachers who had at least one Advanced or CAPE Level Mathematics Subject,
against those who only had a CSEC Mathematics Pass. While the differences were not
statistically significant, the preservice teachers without an Advanced or CAPE Level
Mathematics Subject outperformed those with at least one Advanced or CAPE Level
Mathematics Subject in the following components of the Mathematics Content
Knowledge Assessment: Overall, Number Strand, Measurement Strand, DoK 1, and DoK

2. The only component for which the preservice teachers with Advanced or CAPE Level
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Mathematics Subjects outperformed those who did not was the DoK 3 items from the
Mathematics Content Knowledge Assessment. Further details can be found in Table 4.4
below.

Table 4.4. Independent Sample t-test for Mathematics Content Knowledge Performance
as a Function of Advanced/CAPE Level Mathematics

Assessment Score Yes No t(99)
M SD M SD

Overall 54.61 17.49 58.69 13.10 -1.324
Number 60.53 20.79 62.95  15.53 -.662
Measurement 48.68 19.20 54.43 17.56 -1.526
DoK 1 59.21 22.83 66.12 21.29 -1.527
DoK 2 50.53 21.05 55.57 18.49 -1.252
DoK 3 57.89 24.73 55.33 18.32 591
*p<.05

Predictor Variables: High School Learning Experience Scale Scores

Three high school learning experience scales were used to measure the preservice
teachers' learning experience while they were students in high school. How the mean
scores for the three learning experience scales were derived and how they were
interpreted is expressed in Chapter 3. The analyses of the three scales are outlined in
Tables 4.5 and 4.6 below.

Table 4.5 reflects the mean scores for the three Learning Experience Scales across
the preservice teachers who received a Grade 1, 2 or 3 in their CSEC Mathematics
Examination when they were in high school. As expressed in Chapter 3, each learning

experience scale ranges from 1 to 5. The three scales represent the following positions
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with a value of five (5) representing total agreement, and one (1) representing total
disagreement:

1) Pedagogical Experience: The preservice teachers’ high school mathematics
teachers used a range of effective teaching methods to ensure understanding of
mathematical concepts.

2) Content Experience: The preservice teacher generally found mathematics content
to be easy to comprehend and was able to relate new concepts to previous topics
taught.

3) Teacher Experience: The preservice teachers’ high school mathematics teachers
were supportive, and competent, and also assisted them in becoming confident in
their ability to learn mathematics.

To interpret the means from Table 4.6, the following rating system was developed
concerning the previously stated positive statements for each Learning Experience Scale:
1) Strong Disagreement: 1.00 — 1.99, 2) Disagreement: 2.00 — 2.99, 3) Neutral: 3.00 —
3.49, 4) Agreement: 3.50 — 4.49, and 5) Strong Agreement: 4.50 — 5.00.

The One-Way ANOVA in Table 4.5 revealed significant effects on the preservice
teachers according to their CSEC Mathematics Grade concerning all three learning
experience scales. The multiple comparisons using Tukey’s LSD (see Appendix H)
revealed significant differences as follows.

e For the Pedagogical Experience, there was a significant difference between the
preservice teachers with a CSEC Grade 1 and those with a Grade 3 (p=0.015), but
not between those with a Grade 1 against those with a Grade 2 (p=0.133), and

also not between those with a Grade 2 against those with a Grade 3 (p=0.077).
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Table 4.6 revealed that all three groups of preservice teachers with a Grade 1, 2,
or 3 CSEC Mathematics pass from high, generally disagreed that their high school
mathematics teachers used a range of effective teaching methods to ensure
understanding of mathematical concepts. Despite the disagreement, the preservice
teachers with Grade 3 CSEC Mathematics passes had the strongest level of
disagreement, while those with a Grade 1 CSEC Mathematics pass had the
weakest level of disagreement.

For Content Experience, there were significant differences between the preservice
teachers with a CSEC Mathematics Grade 1 pass against those with a CSEC
Grade 2, and Grade 3 pass (p=0.008, p=0.004 respectively). There was no
significant difference between the preservice teachers with a CSEC Mathematics
Grade 2 pass against those with a CSEC Grade 3 pass (p=0.102). In support of
this finding, Table 4.6 revealed that preservice teachers with a Grade 1 for their
CSEC Mathematics pass, generally agreed that while they were in high school,
they found mathematics content to be easy to comprehend and that they were able
to relate new concepts to previous topics taught. The preservice teachers with a
Grade 2 for their CSEC Mathematics pass were found to generally hold a neutral
position, while those with a Grade 3 pass generally did not find mathematics
content to be easy to comprehend and they were not able to readily relate new
concepts to previous topics taught.

For Teacher Experience, there was a significant difference between the preservice
teachers with a CSEC Mathematics Grade 1 pass against those with a CSEC

Grade 3 pass (p=0.010). There were no significant differences between the
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preservice teachers with a CSEC Mathematics Grade 2 pass against those with a
CSEC Grade 1, or Grade 3 pass (p=0.142, p=0.053 respectively). In support of
this finding, Table 4.6 revealed that preservice teachers with a Grade 1 or 2 for
their CSEC Mathematics pass, generally agreed that their high school
mathematics teachers were supportive, and competent, and also assisted them in
becoming confident in their ability to learn mathematics. The preservice teachers
with a Grade 1 pass had higher levels of agreement compared to those with a
Grade 2 pass. The preservice teachers with a Grade 3 for their CSEC Mathematics
pass, generally held the position that their high school mathematics teachers were
not supportive, and were not competent, and also, they did not assist them in
becoming confident in their ability to learn mathematics. See further details in
Table 4.5 below.

Table 4.5. ANOVA for Learning Experience Scale Scores as a Function of CSEC
Mathematics Passes

Learning CSEC Mean Score  SD > F(2,96)

Experience

Scale Score

Pedagogical Grade 1 2.918 .6082 .067 3.450*
Grade 2 2.752 4608
Grade3  2.350 4037

Content Grade 1 3.662 .6033 114 6.154**
Grade2  3.272 7424
Grade3  2.783 .6969

Teacher Grade 1 3.831 8247 .073 3.764*
Grade 2 3.589 .7659
Grade3  2.933 4803

*p< .05 **p<.01
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Table 4.6 revealed that the male and female preservice teachers had statistically
different Pedagogical and Content Experience Scale Scores. This means, that in the case
of pedagogical experience, while both genders generally disagreed that their high school
mathematics teachers used a range of effective teaching methods to ensure understanding
of mathematical concepts, female preservice teachers had a higher level of disagreement
compared to male preservice teachers. In the case of content experience, although the
male preservice teachers generally agreed that while they were in high school, they found
mathematics content to be easy to comprehend and that they were able to relate new
concepts to previous topics taught, the female preservice teachers had a neutral stance.

In looking at teacher experience, there was no statistical difference between male and
female preservice teachers' scale scores. Both male and female preservice teachers
generally agreed that their high school mathematics teachers were supportive, and
competent, and also assisted them in becoming confident in their ability to learn
mathematics. Further details can be found in Table 4.6 below.

Table 4.6. Independent Sample t-test for Learning Experience Scale Scores as a Function

of Gender
Assessment Score Male Female Cohen’s d t(99)
M SD M SD
Pedagogical 2944 3982 2.706  .5842 454 2.172*
Content 3.592  .6805 3.284 7287 432 2.068*
Teacher 3.828 .6012 3.540  .8807 .364 1.743

*p<.05
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Descriptive Statistics: Correlation Between Mathematics Content Knowledge
Assessment Components

The regression model sought to predict the Jamaican mathematics preservice
teachers’ current mathematical content knowledge, based on their learning experiences as
students in high school. Given that the Mathematics Content Knowledge Assessment has
multiple components, Pearson correlation coefficients were calculated to measure the
linear association between each pair of assessment components.

The results of the Pearson correlation coefficient on the various components of
the Mathematics Content Knowledge Assessment reveal moderate to strong positive
relationships between the overall assessment scores and each sub-component of the
Content Knowledge Assessment. Because of this outcome, the regression model used the
overall Content Knowledge Assessment Score as the outcome variable for the model. The
results are expressed in Table 4.7 below.

Table 4.7. Pearson Correlation Coefficients Between Mathematics Content Knowledge

Components

Number  Measurement DOK 1 DOK 2 DOK 3
Overall .826™ .839™ 672" .884™ 453™
Number 386" 541™ 749™ 3517
Measurement 578" 723" 402"
DOK 1 3557 -.002
DOK 2 267"
**p< .01

Variables Entered in the Regression
This regression measured the relationship between preservice teachers’

Mathematics Content Knowledge as reflected in their Overall Mathematics Content
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Knowledge Assessment scores, with eight independent variables: Their Pedagogical
Experience Scale Scores, their Content Knowledge Scale Scores, 2" Year Preservice
Teachers, 3" Year Preservice Teachers, Grade 2 CSEC Mathematics passes, Grade 3
CSEC Mathematics Passes, Advanced/CAPE Level Mathematics and Male Gender. See
Table 4.8 below for additional details regarding the mean and standard deviation for the
regression variables.

Table 4.8. Regression Variables Related to Mathematics Content Knowledge Scores

Regression Variable Mean/Proportions  Standard Range
Deviation

Pedagogical Experience 2.793 0.53 1.4-4.0
Content Experience 3.396 0.72 1.2-4.9
2" Year Group 0.31

3 Year Group 0.33

CSEC Grade 2 passes 0.55

CSEC Grade 3 passes 0.06

Advanced/CAPE Level Mathematics 0.38

Male Gender 0.36

Correlation Between Regression Variables

In an effort to mitigate the effects of multicollinearity, Pearson correlation
coefficients were calculated to measure the linear association between each pair of
regression variables. Based on the results of Table 4.9 the Teacher Experience Scale
Score had a strong positive correlation with the Pedagogical, and Content Experience
Scale Scores (0.536 and 0.683 respectively). It was also noted that Age 18 — 20 had a
strong positive correlation with 2" Year Preservice Teachers (0.505). Age 21 — 23 also

had a strong positive correlation with 2" Year Preservice Teachers (-0.536). To ensure
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there is no multicollinearity, Teacher Experience, Age 18 — 20, and Age 21 — 23 variables
were omitted from the regression model. The details of the results are expressed in Table

4.9 below.
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Regression on Preservice Teachers' Mathematics Content Knowledge

The outcome variable used in the regression model was the Mathematics Content
Knowledge Assessment Scores as the stand-in for preservice teachers' current
Mathematics content knowledge. Among the independent variables used in the model
were the preservice teachers' high school content and pedagogical experiences. The high
school content experiences represented the preservice teachers’ view or reflection of the
content assimilation process while they were students in high school. As for the
pedagogical experiences, this represented the preservice teachers’ view or reflection on
pedagogy or teaching techniques used by their teacher while they students in high school.

So, in essence, the model used their high school learning experiences to predict
their current Mathematics content knowledge. Multiple iterations of the model were
conducted to ensure the robustness of the variables’ outcomes. Based on the consistency
in the outcome from the regression analysis, the dependent variable; the preservice
teachers’ overall Mathematics Content Knowledge Assessment Scores, and the eight
independent variables listed in Table 4.8, were selected for the final model.

The regression revealed an R? value of 0.204, and p = 0.007. This means that the
result of the regression model was found to be statistically significant, with the
independent variables affecting 20.4% of the preservice teachers’ Mathematics Content
Knowledge Assessment results. Controlling for all other variables, the regression model
identified two statistically significant variables with negative relationships to the
preservice teachers’ Mathematics Content Knowledge Assessment Scores. The two

variables are outlined below:
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e The results revealed that the 2" Year Preservice Teachers had a negative effect
on the overall Mathematics Content Knowledge scores (p =0.042). This indicates
that, compared to 4th-year preservice teachers, 2nd-year preservice teachers
scored approximately 7.5 percent points lower on the assessment, holding all
other variables constant.

e The results revealed that preservice teachers’ who received a Grade 2 pass in
CSEC Mathematics while they were in high school had a negative effect on the
overall Mathematics Content Knowledge scores (p = 0.036). This indicates that,
compared to preservice teachers who received a Grade 1 pass in CSEC
Mathematics while they were in high school, the preservice teachers with a Grade
2 CSEC Mathematics pass scored approximately 6.6 percent points lower on the
assessment, holding all other variables constant.

None of the over six independent variables in the regression were individually
found to be statistically significant. Notwithstanding, the variables contributed to the
overall statistical significance of the regression model. The variables that were found to
have contributed little to the model were the Pedagogical Experience Scale Scores, the
Content Knowledge Scale Scores, the 3™ Year Preservice Teachers, Grade 3 CSEC
Passes, the Advanced/CAPE Level Mathematics, and Male Gender. Concerning the
model, it is notable that no bias was found between the male and female preservice

teachers. The details of the regression model are outlined in Table 4.10 below.
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Table 4.10. Regression of Preservice Teacher Mathematics Content Knowledge Score by

Variable
Regression Variable Regression Beta t
Coefficient (B)

Pedagogical Experience -.854 -.030 -.281
Content Experience 2.082 101 .937
2" Year Group -7.493 -.233 -2.065*
3 Year Group 3.617 114 1.050
CSEC Grade 2 passes -6.606 -221 -2.131*
CSEC Grade 3 passes -11.823 -.189 1.785
Advanced/CAPE Level Mathematics -5.347 -174 -1.751
Male Gender 1.911 .062 .626
(Constant) 59.255 5.484

R? =0.204, F stat = 2.879, p = 0.007
*p<.05
Research Question #1 Results Summary

RQ1: Controlling for confounding factors, what is the nature of the relationship
between Jamaican mathematics preservice teachers’ learning experiences as students in
high school and their current mathematical content knowledge?

The high school learning experiences of the preservice teachers were captured
using three Learning Experience Scales: 1) Pedagogical, 2) Content, and 3) Teacher
Experience. The current Mathematics content knowledge of the preservice teachers was
reflected in their Mathematics Content Knowledge Assessment Scores (Overall, Number
Strand, Measurement Strand, DoK 1, Dok 2, and DoK 3). The regression with outcome
variable: Overall Mathematics Content Knowledge Assessment, and eight independent
variables: Their Pedagogical Experience Scale Scores, their Content Knowledge Scale

Scores, 2" Year Preservice Teachers, 3 Year Preservice Teachers, Grade 2 CSEC
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passes, Grade 3 CSEC Passes, Advanced/CAPE Level Mathematics and Male Gender,
was found to be statistically significant (F(8) = 2.879, p = 0.007) with independent
variables affecting 20.4% of the preservice teachers’ Mathematics Content Knowledge
Assessment results (see Table 4.10).

Within the regression model, only two independent variables were found to be
statistically significant. The first was the 2" Year Preservice Teachers, who had a
negative effect on the overall Mathematics Content Knowledge scores (p =0.042),
indicating that, compared to 4th-year students, the 2nd-year Preservice Teachers scored
approximately 7.5 percent points lower on the assessment. This is further supported by
the results of the One-Way ANOVA in Table 4.3 which revealed a significant effect of
year group on the Overall Mathematics Content Knowledge Assessment Scores. The
multiple comparisons using Tukey’s LSD revealed significant differences between the 2"
and 3™ year groups (p=0.001), 2" and 4™ (p=0.026), but not between the 3" and 4™
(p=0.254).

Similarly, the preservice teachers’ who received a Grade 2 CSEC Mathematics
pass also had a negative effect on the overall Mathematics Content Knowledge scores (p
=0.036), indicating that, compared to preservice teachers who received a Grade 1 pass in
their CSEC Mathematics, the preservice teachers with a Grade 2 pass scored
approximately 6.6 percent points lower on the assessment. While the One-Way ANOVA
in Table 4.2 did not reach a significant effect for CSEC Mathematics Grade on the
Overall Mathematics Content Knowledge Assessment Scores, it was notable that the

preservice teachers with a CSEC Mathematics Grade 1 pass had a higher mean score on
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all components of the Mathematics Content Knowledge Assessment compared to the
those with a Grade 2 or 3 CSEC Mathematics pass.

The remaining six independent variables in the regression of preservice teachers’
Mathematics Content Knowledge Assessment scores were not found to be statistically
significant. Among these variables were the Pedagogical and Content Experience Scales,
indicating that the preservice teachers' high school learning experiences did not have a
significant impact on their current Mathematics Content Knowledge. While there is no
statistical evidence to suggest that the high school learning experiences of the preservice
teachers directly influenced their current Mathematics content knowledge, the findings of
the One-Way ANOVA in Table 4.5 revealed that the preservice teachers with higher
CSEC Mathematics Grades also had more positive high school learning experiences as
represented by the three scales; Pedagogical, Content, and Teacher Experiences, all of
which were found to be statistically significant. The preservice teachers with at least one
Advanced or CAPE Level Mathematics Subject was one of the variables revealed not to
be a statistically significant contributor to the regression. This was further supported by
the Independent Sample t-test in Table 4.4 which revealed no statistically significant
differences between preservice teachers with an Advanced or CAPE Level Mathematics
Subject and those without for all components of the Mathematics Content Knowledge
Assessment. It was further noted that the preservice teachers without an Advanced or
CAPE Level Mathematics Subject outperformed those with at least one Advanced or
CAPE Level Mathematics Subject in the following components of the Mathematics
Content Knowledge Assessment: Overall, Number Strand, Measurement Strand, DoK 1,

and DoK 2. Male gender which was the final independent variable in the regression was
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found to not be statistically significant. This suggested that there was no gender bias. The
absence of a gender bias was further supported by the results of the Independent Sample
t-test in Table 4.3 which revealed that male and female preservice teachers had no
statistically significant differences in the mean performances for all components of the
Mathematics Content Knowledge Assessment. While there was no disparity between
male and female preservice teachers concerning their performance on the Mathematics
Content Knowledge Assessment, it was noted, that male and female preservice teachers
had statistically significant differences in their Pedagogical and Content Experience Scale
scores but not the Teacher Experience Scale scores (see Table 4.6).
Research Question #2: Relationship between Current Mathematical Content
Knowledge and Application of the 5E Constructivist Model

The second research question sought to determine the relationship between
Jamaican mathematics preservice teachers' content knowledge and their application of the
5E Constructivist Model. As with the previous research question, the Mathematics
Content Knowledge Assessment was used to measure the preservice teachers' current
mathematical content knowledge. The preservice teachers’ application of the SE
Constructivist Model was captured using the scored lesson plans each participant was
required to write. In response to this research question, the Mathematics Content
Knowledge Scores were used as the main predictor variable in the regression model,
while the lesson plan scores were used as the outcome variable. The analyses of the
Mathematics Content Knowledge Scores can be referenced under the previous research
question within the Chapter. As for the lesson plan scores, the analyses of the outcome

variable are outlined below.
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Outcome Variable: Preservice Teachers’ Lesson Plan Scores

Each participating preservice teacher was required to write a lesson plan in
keeping with the 5E lesson plan design. The five stages of the 5E - model are 1)
Engagement or Engage where there is the promotion of students’ interest while accessing
their prior understanding, 2) Exploration or Explore which involves engaging students in
activities from which they are allowed to investigate new concepts, 3) Explanation or
Explain where students are provided with an opportunity to communicate what they have
learned from their exploration. At this stage, where necessary, the teacher can clear up
misconceptions based on students’ explanations, 4) Elaboration or Elaborate where
students are encouraged to use their new knowledge to explore its applications, and 5)
Evaluation or Evaluate where students are presented with assessment activities that are
used to determine how much learning and understanding has taken place. While there is
an overall assessment score for the lesson plans written, there are also scores for the five
sections of the lesson plan in keeping with the 5Es. The overall lesson plan scores and the
scores for each section of the plan were recorded as percentages as indicated in the
previous Chapter.

The mean performance score for the overall lesson plan as prepared by the
preservice teachers was 54.22%. The scores for the sub-sections of the lesson plans were
relatively close to the overall score, except for two stages, the Engage Stage of the plan
which was higher than the overall score (59.09%), and the Explain Stage of the lesson
plan which was lower than the overall score (46.97%). These two stages were also

revealed to have statistically significant differences when compared to the overall mean
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score for the lesson plans (p < 0.001). The results of the scored Lesson Plans are outlined

in Table 4.11 below.

Table 4.11. Paired Sample Test on Preservice Teachers’ Overall Lesson Plan Score
Against Lesson Plan Stages

Components Mean Std. Deviation  Range T
Engage 59.09 18.19 20-80 -3.80**
Explore 55.76 19.17 20-80 -1.35
Explain 46.97 21.50 20-80 4.24**
Elaborate 54.04 20.00 20-80 A7
Evaluate 55.25 18.20 20-90 -91

Overall Mean = 54.22, SD = 14.61, Range = 20 - 80
*p<.05 **p<.01

For a greater appreciation for the scores, the preservice teachers’ lesson plan
scores were further expressed and analyzed according to Gender and Year Group. See
Tables 4.12 and 4.13 below.

Concerning gender, Table 4.12 revealed no statistical differences between the
performance of male and female preservice teachers concerning the writing of lesson
plans in keeping with the 5E Constructivist Model for the overall lesson plan score and
the 5 sub-sections. While there were no statistical differences, it was noted that the male
preservice teachers had similar but slightly higher mean performance scores for all areas
of the scored lesson plan, except the Explain Stage. The mean performances on the lesson
plans were low for both males and females; overall, and across the five lesson plan

stages. See Table 4.12 below for more details.
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Table 4.12. Independent Sample t-test for Mathematics Lesson Plan Performance Scores
as a Function of Gender

Lesson Plan Male Female t(99)

M SD M SD
Overall 55.17 12.94 53.68 15.56 484
Engage 60.28 19.64 58.41 17.43 489
Explore 57.22 18.61 54.92 19.58 573
Explain 45.28 18.12 47.94 23.29 -.590
Elaborate 56.11 17.45 52.86 21.36 77
Evaluate 56.94 18.80 54.29 17.94 .697
*p<.05

Concerning the Preservice Teachers’ year group within their Teacher Education
Program, Table 4.13 revealed that among the year groups, the second-year preservice
teachers had the lowest mean score for their overall lesson plan, while the fourth-year
preservice teachers had the highest overall mean score. Despite the observed differences
in the lesson plan scores across the year groups, the performances were generally low.
Exploring the scores for the lesson plan stages, across all five Es, the second-year
preservice teachers had the lowest mean scores. Conversely, the fourth-year preservice
teachers had the highest mean scores for three of the five lesson plan stages (Engage,
Elaborate, and Evaluate), while the third-year preservice teachers had the highest mean
scores for the remaining two stages (Explore and Explain). The One-Way ANOVA in
Table 4.13 revealed no significant effect on the year groups concerning the preservice
teachers’ Explore, Explain, Elaborate, and Evaluate Lesson Plan Scores. Conversely,

significant effects of year groups on the Overall and Engage Stage Lesson Plan Scores
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were found. The multiple comparisons using Tukey’s LSD (see Appendix H) revealed

significant differences as follows.

For the Overall Lesson Plan Scores, there were significant differences between
the 2" and 3" year preservice teachers (p=0.041), 2" and 4™ year preservice
teachers (p=0.021), but not between the 3 and 4™ year preservice teachers
(p=0.808). Table 4.13 also revealed that the 3™ and 4™" year preservice teachers
had similar lesson plan scores, while the 2" year group had the lowest. The
outcome of the analysis supports the fact the preservice teachers in 3" and 4%
years would have been exposed to a greater number of practicum experiences
when compared to the limited practicum experience for the 2" year teachers. It
should also be noted that the preservice teachers in the higher year groups would
have been exposed to more methodology courses.

For the Engage Stage - Lesson Plan scores, there were significant differences
between the 2" and 4" year preservice teachers (p=0.010), 3" and 4" (p=0.022),
but not between the 2™ and 3™ year preservice teachers (p=0.727). Table 4.13
further revealed that the 4™ year preservice teachers had the highest Engage Stage
- lesson plan mean score (66%), while the 2" year preservice teachers had the
lowest (54.52%). Similarly, these findings continue to support the aligned
performance expectations of the year groups, based on the 3@ and 4" year
preservice teachers who would have been more exposed to the 5E Constructivist
model through their program courses and extent of practicum exposure. See Table

4.13 for more details.
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Table 4.13. ANOVA for Mathematics Lesson Plan Performance Scores as a Function of

Year Group
Lesson Plan  Year Group Mean Score SD n? F(2,96)
Overall Year 2 48.84 17.69 .063 3.233*
Year 3 56.24 12.79
Year 4 57.09 12.09
Engage Year 2 54.52 20.63 .081 4.225*
Year 3 56.06 17.49
Year 4 66.00 14.59
Explore Year 2 51.61 22.82 022 1.061
Year 3 57.88 17.81
Year 4 57.43 16.69
Explain Year 2 40.65 21.59 .060 3.071
Year 3 53.64 22.20
Year 4 46.29 19.42
Elaborate Year 2 47.74 20.77 .046 2.303
Year 3 56.67 20.41
Year 4 57.14 18.08
Evaluate Year 2 49.68 21.05 .045 2.238
Year 3 56.97 16.49
Year 4 58.57 16.30

*p<.05
Descriptive Statistics: Correlation Between Scored Mathematics Lesson Plan
Components

The regression model sought to predict the Jamaican mathematics preservice
teachers’ application of the SE Constructivist Model, based on their current mathematics
content knowledge. Given that the Scored Lesson Plans have five scored sub-components
called the 5Es, the Pearson correlation coefficients were calculated to measure the linear

association between each pair of assessment components.
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The results of the Pearson correlation coefficient on the various components of
the Scored Lesson Plans reveal moderate to strong positive relationships between the
overall Lesson Plan Scores and each sub-component of the Lesson Plans (5E Model).
Because of this outcome, the regression model used the overall Lesson Plan Score as the
outcome variable for the model. The results are expressed in Table 4.14 below.

Table 4.14. Pearson Correlation Coefficients Between Scored Lesson Plan Components

Engage Explore Explain Elaborate Evaluate
Overall 718™ .809™ 6157 .848™ 786"
Engage 592" 157 423" .609™
Explore .305™ 631" 550"
Explain 511" 247
Elaborate 614

*p<.05 **p<.01
Variables Entered in the Regression

This regression measured the relationship between preservice teachers’
application of the 5E Constructivist Model as reflected in their Overall Mathematics
Lesson Plan Scores, with seven independent variables: Their Mathematics Content
Knowledge Assessment Scores, the preservice teachers who scored above the mean
performance for the Engage, Explain, Elaborate, and Evaluate Stages of their lesson
plans, 2" Year Preservice Teachers, and Male Gender. Regarding the constructed
variables for the components of the Lesson Plan, the performance scores could not be
directly added into the model as a predictor, as it would not be feasible for components of
the outcome variable to be its own predictor. As such, the constructed variables were

used in place of the actual scores for the lesson plan subcomponents. See Table 4.15
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below for additional details regarding the mean and standard deviation for the regression
variables.

Table 4.15. Regression Variables Related to Mathematics Lesson Plan Scores

Regression Variable Mean/Proportion Standard Range
Deviation

Content Knowledge Assessment Score 57.12% 14.985% 15-90%
Engage Stage - Above Mean 0.72

Explain Stage - Above Mean 0.43

Elaborate Stage - Above Mean 0.59

Evaluate Stage - Above Mean 0.62

2" Year Group 0.32

Male Gender 0.36

Correlation Between Regression Variables

In an effort to mitigate the effects of multicollinearity, Pearson correlation
coefficients were calculated to measure the linear association between each pair of
regression variables. Based on the results in Table 4.16, the four largest correlation
coefficients were measured between the 2" and 3™ year preservice teachers (-.477), and
the preservice teachers who scored above the mean performance for the Explore Stage
and the Elaborate Stage (.453). To ensure that there is no multicollinearity between the
variables, 3" year preservice teachers, and preservice teachers who scored above the
mean score for the Explore Stage of their lesion plans were omitted from the regression

model. The results are expressed in Table 4.16 below.
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Regression on Preservice Teachers' Mathematics Lesson Plan

The outcome variable used in the regression model was the Mathematics Lesson
Plan Score as the stand-in for preservice teachers' application of the 5E Constructivist
Model. Among the independent variables used in the model was the preservice teachers’
overall Mathematics Content Knowledge Assessment Score as the primary predictor for
the preservice teachers’ application of the SE Constructivist model. The regression model
used the preservice teachers’ Mathematics Content Knowledge Assessment Scores to
predict their Lesson Plan Scores. Multiple iterations of the model were conducted to
ensure the robustness of the variables’ outcomes. Based on the consistency of the
outcome grounded by the independent variables applied to the model, the regression
model with the dependent variable, the preservice teachers’ overall Mathematics Lesson
Plan Scores, and seven independent variables were selected for the final model.

The regression revealed an R? value of 0.894, and p = 0.001. This means that the
result of the regression model was found to be statistically significant, with the
independent variables affecting 89.4% of the preservice teachers’ Mathematics Lesson
Plan Scores. Controlling for all other variables, the regression model identified five
statistically significant variables with positive relationships to the preservice teachers’
Mathematics Lesson Plan Scores. The five variables are outlined below:

e The results reveal that the preservice teachers' Mathematics Content Knowledge
Assessment Scores have a positive effect on the Overall Mathematics Lesson
Plan Scores (p=0.042). This means that a one percentage point increase on the
Mathematics Content Knowledge Assessment is associated with a 0.104

percentage point increase in the overall lesson plan score.
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e The results reveal that preservice teachers who scored above the mean scores for
the Engage Stage of the lesson plan had a positive effect on the Overall
Mathematics Lesson Plan Scores (p<0.001). This indicates that, compared to
those who received scores below the mean, this group scored approximately
10.2 percentage points higher on the Overall Mathematics Lesson Plan.

e The results reveal that preservice teachers who scored above the mean scores for
the Explain Stage of the lesson plan had a positive effect on the Overall
Mathematics Lesson Plan Scores (p<0.001). This indicates that, compared to
those who received scores below the mean, this group scored approximately 8.2
percentage points higher on the Overall Mathematics Lesson Plan.

e The results reveal that preservice teachers who scored above the mean scores for
the Elaborate Stage of the lesson plan had a positive effect on the Overall
Mathematics Lesson Plan Scores (p<0.001). This indicates that, compared to
those who received scores below the mean, this group scored approximately
10.7 percentage points higher on the Overall Mathematics Lesson Plan.

e The results reveal that preservice teachers who scored above the mean scores for
the Evaluate Stage of the lesson plan had a positive effect on the Overall
Mathematics Lesson Plan Scores (p<0.001). This indicates that, compared to
those who received scores below the mean, this group scored approximately 9.7
percentage points higher on the Overall Mathematics Lesson Plan.

The remaining two independent variables in the regression were not individually
found to be statistically significant. Notwithstanding, the variables contributed to the

overall statistical significance of the regression model. The variables that we deemed to
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have contributed none or little to the model are the 2" Year Preservice Teachers and
Male Gender. Concerning the model, this suggested that no bias was found between the
male and female preservice teachers’ lesson plan performance scores. The details of the
regression model are outlined in Table 4.17 below.

Table 4.17. Regression of Preservice Teacher Mathematics Lesson Plan Score by

Variable
Regression Variable Reg.retssmn Beta t
Coefficient (B)

Content Knowledge Assessment Score 104 107 2.059*
Engage Stage - Above Mean 10.183 316 6.319**
Explain Stage - Above Mean 8.210 .280 5.271**
Elaborate Stage - Above Mean 10.738 .364 6.439**
Evaluate Stage - Above Mean 9.749 .326 6.052**
2" Year Group -1.646 -.053 -1.047
Male Gender -1.324 -.044 -.923
(Constant) 27.771 6.668

R? = 0.894, F stat = 51.903, p = 0.001
*p<.05 **p<.01

The Pearson correction in Table 4.14 between the Overall Lesson Plan score
against the Explore and Elaborate Stages of the lesson plans were 0.809 and 0.848
respectively, suggesting positive associations between the variables. It is therefore
suggested that the overall regression model with the outcome variable being the Overall
Lesson Plan scores, could be substituted for the Explore, or Elaborate Stages of the lesson

plan and hold similar statistical effects.
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Research Question #2 Results Summary

RQ2: Controlling for confounding factors, what is the relationship between the
content knowledge of Jamaican mathematics preservice teachers, and their application of
the 5E Constructivist Model?

The preservice teachers’ application of the 5E Constructivist Model was captured
using the evaluation of their lessons, while Mathematics content knowledge was
measured using their Mathematics Content Knowledge Assessment scores. In response to
this research question, within the regression model, the Mathematics Content Knowledge
Scores were used as the main predictor variable, while the lesson plan scores were used
as the outcome variable. The other independent variables in the regression were: The
preservice teachers who scored above the mean performance for the Engage, Explain,
Elaborate, and Evaluate Stages of their lesson plans, 2" Year Preservice Teachers, and
Male Gender. The regression of preservice teachers’ Mathematics Lesson Plan scores
was found to be statistically significant (F(7) = 51.903, p = 0.001) with independent
variables affecting 89.4% of the preservice teachers’ Mathematics Lesson Plan scores
(see Table 4.17). Within the regression model, only five independent variables were
found to be statistically significant. The first variable was the preservice teachers’
Mathematics Content Knowledge Assessment Scores, which had a positive effect on the
Overall Mathematics Lesson Plan scores (p=0.042), indicating that a one percentage
point increase in the Mathematics Content Knowledge Assessment is associated with a
0.104 percentage point increase in the overall lesson plan score. Though significant, the
size of the performance increase was observably small. Furthermore, the Pearson

correction in Table 4.14 between the Overall Lesson Plan score against the Explore and
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Elaborate Stages of the lesson plans were 0.809 and 0.848 respectively, suggesting the
Explore and Elaborate Stages of the lesson plan may hold similar statistical effects.

Within the regression, the preservice teachers who received lesson plan scores
that were at or above the mean for the Engage, Explain, Elaborate, and Evaluate Stages of
the lesson plan were included in the model. All preservice teachers from all four stages
were revealed to have a positive effect on the Overall Mathematics Lesson Plan scores
(p<0.001). This indicated that, compared to those who received scores below the mean in
the respective lesson plan stages, these groups scored approximately 9.7 - 10.7
percentage points higher on the Overall Mathematics Lesson Plan.

The remaining two independent variables in the regression of preservice teachers’
Mathematics Lesson Plan scores were not found to be statistically significant. One of
these variables was the 2" year preservice teachers. While within the model, the year
group was not found to be a significant contributor, the results of the One-Way ANOVA
in Table 4.13 revealed that 3" and 4™ year preservice teachers had higher Overall Lesson
Plan scores compared to the 2" year preservice teachers. This difference in lesson plan
scores was found to be statistically significant. The statistically significant difference
extended also to the Engage Stage of the lesson plan, where the 4" year preservice
teachers had the highest mean scores at this stage compared to the other two year groups.

Just like the previous regression model, the Male gender which was the final
independent variable in the regression was found to not be statistically significant. This
once again suggested that there was no gender bias. The absence of a gender bias was
further supported by the results of the Independent Sample t-test in Table 4.12 which

revealed that male and female preservice teachers had no statistically significant
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differences in the mean performances for all components of the scored Mathematics
Lesson Plans.
Research Question #3: Preservice Teachers’ Perception of their Program
Effectiveness

The third research question sought to determine the nature of variation in
preservice teachers’ perceptions of the effectiveness of their mathematics teacher
education programs in preparing them to deliver content in the 21st-century classroom.
To respond to this research question three scales were developed. The three scales as
expressed in Chapter 3 are the Instruction Scale, the Curriculum Scale, and the
Professionalism Scale. The survey items according to the three scales represent the
following positions. Each of the statements below represents the highest possible
outcome for the scale scores, which also means a total agreement:

1) Instruction: The preservice teachers believe that their teacher education program
effectively prepares them to manage the classroom dynamics, engage and
motivate students, and address the diverse learning needs of students using
instructional technigques and technology.

2) Curriculum: The preservice teachers believe that their teacher education
program equips them with comprehensive knowledge of curriculum design,
subject matter content, and alternative assessment practices necessary for
effective teaching.

3) Professionalism: The preservice teachers believe their teacher education program

fosters a collaborative culture, encouraging professional development and
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equipping them with skills to utilize resources and bridge theory with practice

through field-based experiences.

In response to the research question, the mean scale scores for each year group of
preservice teachers were measured, and a One-Way ANOVA was conducted to compare
the mean scale scores for the three year groups, according to the three scales: Instruction,
Curriculum, and Professionalism.

The One-Way ANOVA in Table 4.18 revealed no significant effect on the year
groups concerning the preservice teachers’ Instruction and Professionalism Scale scores.
On the other hand, a significant effect of year group was found with the Curriculum Scale
scores. The multiple comparisons using Tukey’s LSD (see Appendix H) revealed for the
Curriculum Scale, that there were significant differences between the 2" and 3™ year
preservice teachers (p=0.038), the 2" and 4" year preservice teachers (p=0.016), but not
between the 3 and 4" (p=0.742). Table 4.18 further reveals that the mean Curriculum
Scale scores for the 3 and 4" year preservice teachers were similar but higher than that
of the 2" year preservice teachers. With the possible Curriculum Scale scores ranging
from 4 — 20, the 2" year preservice teachers with a mean scale score of 15.77 represented
a near neutral position on the view that their teacher education program equips them with
comprehensive knowledge of curriculum design, subject matter content, and alternative
assessment practices necessary for effective teaching. Conversely, the mean Curriculum
Scale scores for 3 and 4™ year preservice teachers of approximately 17 suggested that
they generally held the view that their teacher education program equips them with
comprehensive knowledge of curriculum design, subject matter content, and alternative

assessment practices necessary for effective teaching.
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While the Instruction and Professionalism Scale scores were revealed to not be
statistically significant across the three year groups, it was observed that for both scales,
the 2" year preservice teachers held the lowest scores, while the 4" year preservice
teachers had the highest scores. With the possible Instruction Scale scores ranging from 7
— 35, the three year groups with similar mean scale scores ranging from 27.19-28.77
represented the view with some reservation that their teacher education program
effectively prepares them to manage the classroom dynamics, engage and motivate
students, and address the diverse learning needs of students using instructional techniques
and technology. With the possible Professionalism Scale scores ranging from 3 — 15, the
three year groups with similar mean scale scores ranging from 11.48-12.23 represented
the view with some reservation that their teacher education program fosters a
collaborative culture, encouraging professional development and equipping them with
skills to utilize resources and bridge theory with practice through field-based experiences.
The results of the comparison of variance of the preservice teachers rating of their
Teacher Education Program effectiveness is outlined below in Table 4.18.

Table 4.18. ANOVA for Teacher Education Program Effectiveness Scale Scores as a
Function of Year Group

Scale Year Group Mean Score  SD n? F(2,96)

Instruction Year 2 27.19 5.63 .019 921
Year 3 27.61 5.14
Year 4 28.77 3.99

Curriculum Year 2 15.77 3.23 .067 3.471*
Year 3 17.06 2.09
Year 4 17.26 1.90

Professionalism Year 2 11.48 2.43 .022 1.087
Year 3 12.03 1.99
Year 4 12.23 1.88

*p<.05
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Research Question #3 Results Summary

RQ3: How do the perceptions of the effectiveness of mathematics teacher
education programs in preparing mathematics teachers to deliver content in the 21st-
century classroom vary among Jamaican mathematics preservice teachers across different
academic years?

The Instruction, Curriculum, and Professionalism Scales were used to capture the
preservice teachers’ perception of teacher education program effectiveness. The One-
Way ANOVA in Table 4.18 revealed no significant effect on the year groups concerning
the preservice teachers’ Instruction and Professionalism Scale scores, except for the
Curriculum Scale scores, which indicated that there were significant differences between
the 2" and 3" year preservice teachers (p=0.038), the 2" and 4™ year preservice teachers
(p=0.016), but not between the 3@ and 4™ (p=0.742). These differences are also reflected
in the positions each group takes in relation to the interpretation of the Curriculum Scale.
For the 2" year preservice teachers, they held a near-neutral position on the view that
their teacher education program equips them with comprehensive knowledge of
curriculum design, subject matter content, and alternative assessment practices necessary
for effective teaching. While the 3 and 4™ year preservice teachers generally held the
view that their teacher education program equips them with comprehensive knowledge of
curriculum design, subject matter content, and alternative assessment practices necessary
for effective teaching.

Concerning the interpretation of the remaining two scales, all three year groups
believed that their teacher education program effectively prepares them to manage the

classroom dynamics, engage and motivate students, and address the diverse learning
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needs of students using instructional techniques and technology, and they also believed
that their teacher education program fosters a collaborative culture, encouraging
professional development and equipping them with skills to utilize resources and bridge
theory with practice through field-based experiences.

Overall Summary of Results

This study aimed to explore the relationship among Jamaican mathematics
preservice teachers’ content knowledge, learning experiences, and application of the SE
constructivist model. In responding to the research questions, a series of statistical
analyses were conducted. This section provides a summary of the major findings, for
which a more in-depth summary can be found under the result summaries for the
respective research questions.

Concerning research question 1, the regression on preservice teachers’ Current
Mathematics Content Knowledge was found to be statistically significant (F(8) = 2.879, p
= 0.007) with independent variables affecting 20.4% of the preservice teachers’
Mathematics Content Knowledge Assessment results. While the model was statistically
significant, individually, the preservice teachers' high school learning experiences were
not found to be statistically significant contributors to the model, but instead, the
preservice teachers' year group within their teacher education program, and their CSEC
Mathematics Grades were revealed to have a positive effect on the preservice teachers'
current Mathematics Content Knowledge.

Concerning research question 2, the regression on preservice teachers’ application
of the 5E Constructivist model was found to be statistically significant (F(7) = 51.903, p

=0.001) with independent variables affecting 89.4% of the preservice teachers’
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Mathematics Lesson Plan scores. In addition to the model being statistically significant,
individually, the preservice teachers’ Mathematics Content Knowledge was revealed to
have a positive effect on the preservice teachers' Mathematics Lesson Plan Scores. Other
variables individually found to have a positive effect on the preservice teachers'
Mathematics Lesson Plan Scores, were the preservice teachers who scored above the
mean performance for the Engage, Explain, Elaborate, and Evaluate Stages of their
lesson plans.

Concerning research question 3, there was no evidence to suggest a statistical
difference in the 2", 3", and 4" year preservice teachers’ perceptions of the effectiveness
of their teacher education programs related to Instruction and Professionalism. In both
cases, all three year groups had a positive outlook on their program. Concerning the
Curriculum, there were significant differences between the 2" and 3™ year preservice
teachers, and also between the 2" and 4™ year preservice teachers. These differences saw
the 2" year preservice teachers holding a near-neutral position on the view that their
teacher education program equips them with comprehensive knowledge of curriculum
design, subject matter content, and alternative assessment practices necessary for
effective teaching. While the 3™ and 4™ year preservice teachers generally held a positive
view.

The results of the various analyses have provided interesting insights into the
various research questions within this study. All the result findings expressed above are
discussed in the upcoming chapter. This includes an exploration of the implications and

limitations.

96



CHAPTER 5
DISCUSSION, IMPLICATIONS, AND CONCLUSION

In exploring the relationship among mathematics preservice teachers’ current
mathematics content knowledge, their learning experiences while in high school, and
their application of the 5E Constructivist Model, this chapter engages with the results
outlined in Chapter 4. This chapter starts with a discussion of the findings, which itself is
divided into three sections, each relating to one of the research questions. This is
followed by an acknowledgment of the limitations of this study. The chapter continues by
exploring the implications for policy and practice, which includes suggestions for further
research. The chapter ends with a conclusion.
Discussion of Findings

The key findings of the study as explored in Chapter 4 are further discussed
below. The related literature and theories from Chapter 2 are incorporated throughout the
discussion. The discussion is divided into three sections. Each section is related to a
research question.
Research Question 1

There was no significant relationship revealed between the preservice teachers’
high school learning experiences and their current mathematics content knowledge
however, it was revealed that the preservice teachers’ year group was found to be a
significant predictor of their current mathematics content knowledge as represented by
their Mathematics Content Knowledge Assessment scores, as well as their CSEC
Mathematics Grade that they obtained at the end of their secondary level education,

which represented their high school mathematics content knowledge. It was further
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revealed that preservice teachers with higher CSEC Mathematics passes also had higher
ratings for their high school learning experiences. The preservice teachers’ high school
learning experiences encapsulated the type of pedagogical practices employed by their
teacher during the delivery of mathematics lessons, their reflection on how easy or
difficult it was to assimilate the mathematics content as delivered by their high school
mathematics teachers, and how they relatable and competent they perceived their high
school mathematics teacher to be. What this suggests is that the preservice teachers’ high
school learning experiences were able to directly influence their high school content
knowledge as represented by their CSEC Mathematics passes, but were later mitigated
after interacting with their Teacher Education courses. This is made evident by the fact
that the 3™ and 4™ year preservice teachers outperformed the 2" year preservice teachers
on the Mathematics Content Knowledge Assessment. Looking at the literature, Ning and
Downing (2012) conducted a study to determine the relationship between student’s
learning experience and their academic achievement. Their study revealed a positive
effect of learning experience on students' cumulative GPA, which aligned perfectly with
the findings of this study. The learning experiences of the preservice teachers, while they
were in high school were linked with their CSEC Mathematics results. This suggests an
immediate impact on high school content knowledge; however, it did not carry into the
teacher training program. Looking further at the literature, Zerpa et al. (2009) conducted
a study that explored changes in the preservice teachers’ conceptual mathematics
understanding, from which it was found that intervention applied at the tertiary level did
indeed improve their overall mathematics content knowledge. It was also revealed that

there was a positive relationship between the level of growth of the preservice teachers
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post their intervention and their high school mathematics level. Just like Zerpa et al.
(2009), it is therefore suggested for this study that the effects of the college experience
may have mitigated the influence of the preservice teachers’ high school learning
experience, specifically relating to the pedagogical approaches they were exposed to, the
level of comfort they felt interacting with the high school content, and the relation they
had with their high school teacher.

While there was no evidence to suggest that the preservice teachers’ pedagogical,
content and teacher experiences while in high school directly influenced their current
mathematics content knowledge levels, it should not be ignored that the ratings by the
preservice teachers of their pedagogical experiences while in high school were generally
low across all three year groups. This meant that the preservice teachers’ high school
teachers generally used traditional teaching approaches, as it was reported that they did
not use a range of effective teaching methods to ensure their students’ understanding.
This aligns with the finding from the study conducted by Mayne and Dixon (2020),
where the preservice teachers in Jamaica reported that their cooperating teachers did not
demonstrate an understanding of the 5E — design, which is a student-centered teaching
approach. Shulman (1987) under his theory of Pedagogical Content Knowledge (PCK)
placed emphasis on the notion that the teachers’ content comprehension has a significant
impact on their ability to facilitate student-oriented exploration. This is not the only
position held, but it represents one of the key relationships between content and pedagogy
(Shulman, 1987). The low rating from the preservice teachers towards their high school
teachers’ pedagogical practices would suggest that they may not have had the deep

content comprehension to facilitate the type of exploration required. It also represents the
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position that the preservice teachers’ high school mathematics teachers may not have
been adequately knowledgeable about effective and appropriate teaching strategies to
employ when teaching students. This is also supported as one of the key components of
Shulman’s (1987) PCK.

As stated earlier, it was revealed that the preservice teachers’ high school
pedagogical, content, and teacher experiences were linked to their CSEC Mathematics
Grade which they received at the end of their secondary education experience. Shulman’s
(1987) PCK speaks to the importance of applying effective and appropriate teaching
strategies. Against the background of Shulman’s (1987) PCK, the preservice teachers
with higher CSEC Mathematics grades were the ones with high school teachers who had
strong pedagogical practices, who made mathematics content relatable and easy to
comprehend, who had stronger mathematical content knowledge and who had a deeper
understanding of appropriate teaching strategies for their students and were teachers who
had healthy relations with their students.

Revisiting the performance of the preservice teachers on the Mathematics Content
Knowledge Assessment, despite all the means being low, the second-year group of
preservice teachers had the lowest overall mean mathematics content knowledge
performance in comparison to the third and fourth-year groups. Interestingly, it was
observed that the third-year preservice teachers had a higher overall mean score than that
of the fourth-year group. Further investigation would be needed to determine the cause of
this outcome. Notwithstanding, it should be noted that the fourth-year group was known
to be the final group of preservice teachers who started their studies during the COVID-

19 period. Even though the third-year group outperformed the fourth-year preservice
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teachers in the overall Mathematics Content Knowledge Assessment, concerning the
cognitive levels, the fourth-year preservice teachers had higher mean scores than those of
the second and third-year preservice teachers in relation to DoK 3, which is known as the
level at which learners must use planning, evidence, and critical thinking to respond to
the question (Wine & Hoffman, 2023). This suggests that when it comes to deeper and
critical thinking in mathematics, the fourth-year preservice teachers were the most
developed in comparison to the second and third-year groups. It is further suggested that
the mathematics courses and how they are currently delivered within its Teacher Training
Program have positively influenced the deeper conceptual mathematics knowledge of the
preservice teachers with each passing year of the program which is a position supported
by Zerpa et al. (2009). Notwithstanding, the performance in the high cognitive levels was
found to be generally low, even among 4" year preservice teachers. While
acknowledging the efforts of the Teacher Training Institutions in adding value and depth
to the preservice teachers’ Mathematics Content Knowledge, it still brings into question
the teaching strategies or pedagogy used to engage the preservice teachers, as well as to
question the considerations made for the preservice teachers’ prior knowledge and
experiences (Shulman, 1987).
Research Question 2

The preservice teachers' Mathematics Content Knowledge was revealed to be a
statistically significant predictor of the application of the 5E Constructivist Model, as
their Mathematics Content Knowledge Assessment Scores had a positive effect on the
preservice teachers' Mathematics Lesson Plan Scores. The findings suggest that the more

conceptual understanding the preservice teachers have, the better they will be in writing

101



lesson plans to reflect the 5E Constructivist approach. What has been revealed fully
supports one of the positions held by Shulman (1987) in his theory of Pedagogical
Content Knowledge (PCK), in which he argued that a teacher’s knowledge of the subject
matter is one of the critical factors that influence the strength of their teaching. It must be
emphasized that there are other components of PCK, and content knowledge alone is not
sufficient for PCK however, it is still deemed as a contributing factor that should not be
ignored. It should not be overlooked that the mean scores for the respective year groups
were relatively low in both their performance in the Mathematics Content Knowledge
Assessment and also in the lesson plan they were asked to prepare. This means that the
generally low performance on the Mathematics Content Knowledge Assessment
translated to generally low performance in the writing of the lesson plans in keeping with
the 5E model. Such outcomes align with Shulman’s (1987) PCK theory, that makes
mention of the relationship between content knowledge and pedagogy.

Taking a closer look at the components of the 5E Constructivist Model, the
findings reveal that the Explain Stage of the lesson design had the lowest performance
across all three year groups in comparison to the other four stages of the 5E model. This
aligns well with the findings from the study conducted by Yoob et al. (2012) when
exploring the difficulties preservice teachers faced during the delivery of science lessons
using the inquiry-based teaching approach. What was significant about their study was
the fact that the preservice teachers generally reported that they found it difficult to
effectively facilitate classroom discussion, which is a major aspect of the Explain Stage.
For Enugu and Hokayem (2017) in exploring the challenges faced by preservice teachers

while implementing the 5E Constructivist Model, it was reported that writing the explain
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phase of the 5E model was difficult for the preservice teachers to accomplish. From the
perspective of Shulman’s (1987) PCK, it is seen that the preservice teachers with higher
mathematical conceptual understanding were also the ones who were able to write
stronger Explain Stage activities.

A noteworthy finding was that the higher year groups had significantly higher
lesson plan performances compared to the 2" year preservice teachers. This finding
suggests that there were courses and practicum exposure that may have influenced the
positive growth in their performance with each passing year concerning the writing of
their lesson plan activities. The 3™ and 4™ year preservice teachers also have more
exposure and practice in the writing of mathematics lesson plans, and the delivery of
mathematics lessons to students. It is a possibility that the increased practicum exposure
can also explain why the 3 and 4™ year preservice teachers outperformed the 2" year
preservice teachers on the lesson plan writing task.

Research Question 3

The findings revealed that all three preservice teacher year groups were generally
in agreement that 1) their teacher education program effectively prepares them to manage
the classroom dynamics, engage and motivate students, and address the diverse learning
needs of students using instructional techniques and technology, and 2) their teacher
education program fosters a collaborative culture, encouraging professional development
and equipping them with skills to utilize resources and bridge theory with practice
through field-based experiences. Concerning Curriculum, the 3™ and 4™ year preservice
teachers believed that their teacher education program equips them with comprehensive

knowledge of curriculum design, subject matter content, and alternative assessment

103



practices necessary for effective teaching. As for the 2" year preservice teachers, they
had a neutral position on this aspect of their teacher education program. Such an outcome
is understandable, as the 2" year preservice teachers would not have been yet exposed to
the extent of content that the 3 and 4™ year preservice teachers would have engaged in.
These findings were in opposition to the views held by the Jamaican preservice teachers
in Preston’s (2017) study, who were dissatisfied with their lecturers’ delivery strategy,
and also their knowledge and competence. As a result of the preservice teachers’
perception of their program effectiveness, Preston (2017) suggested that teacher
education programs need to improve the quality of their curriculum design however,
when it comes to the findings of this research, it suggests that Teacher Training
Institutions do not need to put the same level of emphasis on improving their program
structure. Notwithstanding, based on the generally low performance of the preservice
teachers on the content knowledge assessment, and the lesson plan, this suggests that the
teacher training programs would benefit from reforms that would result in improved
teacher quality.

Across the three scales in this study (instruction, curriculum, and
professionalism), the second-year preservice teachers had the lowest rating scores, while
the fourth-year preservice teachers had the highest. Despite this, there was no statistical
evidence to suggest a difference in the three year groups’ perceptions of their teacher
education programs’ effectiveness in preparing them to deliver content in the 21st-
century classroom concerning instruction and professionalism. While the overall
perception of the preservice teachers was generally favorable, the high ratings did not

align with the low mathematics content knowledge performance and the low lesson plan
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scores. Catalano et al. (2019) cited a similar pattern when exploring whether a teacher’s
content knowledge in science would influence their level of self-efficacy. Their study
revealed that the preservice teachers had higher self-efficacy scores while having lower
science content knowledge. Just as Catalano et al. (2019) highlighted, the disparity is
concerning and warrants further investigation.

Limitations of the Study

Any study that is conducted will have some form of limitation or potential
weakness that may fall outside of the control of the researcher. Concerning this study, it
is important to note that because there is a focus on only preservice teachers from
Jamaica, this may cause the results of the study to not be generalizable for other
countries.

Secondly, some aspects of the study rely on self-reported data, which in turn may
be subject to self-selection bias, or false reporting which can lead to inaccurate
representation of reality. Numeracy and literacy are known to be related. This study
focused on mathematics content knowledge, but did not consider the influence of literacy
on the mathematics performance outcomes (Purpura & Napoli, 2015).

Thirdly, the scope of the study focused on the preservice teachers’ application of
the 5E constructivist model through the lesson planning process and did not consider
classroom management and student interaction. This decision was made based on the
time constraints surrounding the practicum periods, and the lack of control that the
researcher has on the teaching environment.

The original plan was to have participants write two lesson plans; however, due to

the length of the online instruments, it was downgraded to one plan. Having two lesson
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plans instead of one would have allowed for a deeper analysis. Additionally, the number
of mathematics preservice teachers from the Teacher Training Institutions in Jamaica is
relatively small, as not many students transition into teaching, and not many specialize in
mathematics. This naturally resulted in a smaller sample size.

This research used only quantitative approaches to answer the research questions.
A qualitative exploration could provide a deeper understanding of the findings. Although
a number of limitations of the study are identified, the nature of the results has some
potentially important implications for practice, policy, and future research.
Implications of the Study

This study has provided insights into the nature of the relationship among
Jamaican mathematics preservice teachers’ learning experiences in high school,
mathematics content knowledge, and their application of the 5E constructivist model as
represented by their ability to write lesson plans. The implications of the findings from
this study are discussed below.
Implications for Policy and Practice

Given that the quality of the preservice teachers’” CSEC Mathematics grades,
which represented their high school mathematics content knowledge was found to be
linked to their high school pedagogical, content, and teacher experiences, this means that
high school students in Jamaica who engage with mathematics teachers who do not
mainly use a range of effective teaching methods, may also produce students with lower
level of mathematics content knowledge, as reflected in their CSEC Mathematics passes.
It is also possible, for high school teachers who fail to use effective teaching methods, to

also cultivate students who find it difficult to comprehend the mathematics content.
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When this is coupled also with unsupportive teachers, who fail to build students’
confidence and competence, students may be more likely to receive lower CSEC
Mathematics grades. Where this becomes the case, it would then result in a lower
percentage of passes in the subject, which is a requirement for entry into some fields of
higher education in Jamaica. Speaking specifically to teaching mathematics, the 2013
National Mathematics Policy Guideline recommended that students entering teacher
education programs to specialize in mathematics should also take CSEC Additional
Mathematics or at least one of the CAPE Mathematics examinations (Ministry of
Education, 2013). If the high school learning experience is poor, then Jamaica may not be
able to enforce the full extent of the matriculation requirement for students desiring to
become mathematics teachers. This would be due to a lower number of CSEC and by
extension advanced proficiency level mathematics examination passes, as Teacher
Training Institutions are mindful of their enrollment levels, and their ability to produce a
sufficient number of new teachers, to replace those who continue to migrate out of the
country or the profession.

The finding that preservice teachers’ high school experiences (pedagogical,
content and teacher) were found to be linked to their CSEC Mathematics grades while
they were in high school means that primary and high school administrators have a
responsibility to ensure that teachers are using pedagogical practices that promote
conceptual understating of mathematics concepts, and that there is a positive teacher —
student relationship that can result in higher mathematics performance levels among
learners. To make this a reality, various stakeholder groups in education are required to

respond. Firstly, at the school level, effective instructional leadership practices should be
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implemented to ensure that teachers are using the most appropriate student-centered
teaching approaches in keeping with the NSC, and also that teachers are promoting a
positive disposition among learners, while fostering a good teacher-student relationship.
This can be done through 1) the strategic management of common planning time, 2) the
consistent, timely and targeted vetting of lesson plans to ensure adherence to curriculum
standards, and also by 3) conducting frequent lesson observations using well developed
instruments to measure and aid in providing feedback to teachers for their growth and
development. In order for these strategic levels of instructional leadership to be effective,
the senior teachers and school leaders could benefit from targeted training from specialist
members of the Education Ministry on how to effectively carry out their instructional
leadership and supervision practices. In working towards bringing about the necessary
educational reform, it is recommended that transformational leadership practices be
applied (Prestiadi et al., 2020). Beyond the primary and secondary school levels, Teacher
Training Institutions also have a role to play in preparing preservice teachers to
effectively deliver mathematics content to students. It is therefore recommended that
ongoing professional development seminars be conducted for each year group on a
consistent basis. The sessions should focus on exploring fundamental mathematics
concepts and principles that would help to deepen their knowledge and flexibility
concerning teaching approaches that promote conceptual understanding of fundamental
mathematics concepts in a fun and empowering manner.

It was revealed that the preservice teachers across all three year groups generally
expressed that their high school teachers used traditional teaching approaches, as it was

reported that they did not use a range of effective teaching methods to ensure their
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understanding. If this represents the prevailing approach to delivery in Jamaica, then this
has negative implications for student mathematics performance in schools. One
component of Shulman (1986) PCK spoke to the importance of the teachers’ knowledge
of effective and appropriate teaching strategies. It is therefore recommended that some of
the ongoing professional development seminars for preservice teachers include session
that focus on pedagogical best practices that boost the teaching knowledge and delivery
of the preservice teachers.

Given that the content knowledge of the preservice teachers as represented by
their performance scores from the Mathematics Content Knowledge Assessment were
found to be generally low, Teacher Training Institutions should use the data from the
Prospective Student Teacher (PST) Mathematics Diagnostic Assessment which is one of
the Education Ministry’s assessments offered to first year preservice teachers as a
requirement of the 2013 National Mathematics Policy Guideline in Jamaica (Ministry of
Education, 2013), to identify critical content knowledge gaps. The content issues
identified should then be used to develop an intervention plan to address their content
knowledge gaps. The intervention prepared should be done on a tiered bases, as Zerpa et
al. (2019) discovered that the level of mathematics content knowledge growth in a group
of preservice teachers following an intervention was found to be positively related to
their high school mathematics performance level, and as such, a one size fit all approach
would not be appropriate.

Given that the Teacher Training Institutions are required to administer PST
Mathematics Diagnostic Assessment, then the Tertiary Unit of the Ministry of Education

and Youth in Jamaica should put systems in place to monitor and support the Teacher
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Training Institutions to analyze and respond to the assessment data. The current policy
does not include a post or follow-up assessment to measure progress or growth. It is
therefore recommended that the Ministry of Education consider adjusting the National
Mathematics Policy Guideline to reflect a follow-up or post assessment for the preservice
teachers to determine their growth, and to identify where additional support is needed.

The impact of the preservice teachers’ high school experience on their
mathematics content knowledge dissipated as they engage with each passing year of their
teaching training program. The data revealed that the content knowledge of the preservice
teachers improved with each year of their program. This corresponds well with Swars et
al. (2007) and Leader-Janssen and Rankin-Ericken (2013) who individually conducted
studies to explore the growth of preservice teachers. They found that their respective
teacher training programs were effective in promoting their growth in relation to content
knowledge, self-efficacy, and anxiety reduction.

The findings of this study provided evidence in support of Shulman’s (1986) PCK
theory, with focus on both content and pedagogy development for the preservice teachers.
The preservice teachers who had high levels of conceptual understanding were also those
who had stronger written lesson plans. This means that the strength of the plans prepared
by preservice teachers were also dependent on the depth of their knowledge. It also
means that preservice teachers with weak levels of conceptual understanding may find it
difficult to prepare an effective lesson plan aligned to the 5E constructivist model.
Studies have revealed that students who are taught using the 5E constructivist model

outperformed their counterparts who were taught using more traditional approaches to
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teaching mathematics (Ranjan & Padmanabhan, 2018; Sharma, 2019; Tuna & Kacar,
2013; Wailia, 2012; & Yeni, Suryabayu, & Handayani, 2017).

Of the phases of the 5E model, the Explain Stage was found to be the most
difficult stage for the preservice teachers to write. It was also found to be one of the
phases directly related to the preservice teachers” mathematics content knowledge. This
has implications for the lesson plan, as the Explain Stage is the turning point of the
lesson. This is where the critical discussions should be held before the students move on
to applying their newfound knowledge in the Elaboration Stage. It is also the stage where
misconceptions on the part of the learner are addressed (Hu et al., 2017).

While it is positive that the preservice teachers were generally confident about the
effectiveness of their teacher training program in preparing them to deliver mathematics
to the 21% century learners, it remains a concern that their performance in the
Mathematics Content Knowledge Assessment and the writing of the lesson plans are
generally low. Such a dynamic has the potential for gaps and issues related to school
improvement to remain addressed. Concerning teaching, the high few on institutional
effectiveness coupled with lower standards of performance can lead to misconceptions
being passed to students (Catalano et al., 2019).

While previous recommendations were focused mainly with the preservice
teachers’ mathematics content knowledge, which also has implications for improvement
of their application of the 5E constructivist model, it should not be ignored that additional
support for preservice teachers is needed as it relates to their understanding, and
application of 5E constructivist model. It is evident from the study that the preservice

teachers have been formally introduced to the 5E constructivist model; however, based
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on their performances on the lesson plan, especially concerning the Explain Stage of the
lesson plan design, additional support is needed to improve the quality of the plans
produced by the preservice teachers. One way to do so is for Teacher Training
Institutions to adjust their approach to the delivery of the mathematics content courses to
infuse the 5E lesson plan design. This approach was applied by Hu et al. (2017) in a
study with novice teachers. The study revealed that the demonstration of the 5Es through
the delivery of the teacher training program resulted in improvements of the teachers’
instructional design and delivery practice.

Implications for Further Research

This research serves as one of the studies to open the academic inquiry into the
relationship among Jamaican mathematics preservice teachers’ content knowledge,
learning experiences, and application of the 5E constructivist model. It is often said that
hindsight is twenty-twenty, but now that this study has been conducted, there are a series
of concepts that could be explored to further expand upon the current body of literature
surrounding this study’s focus. The recommendations for further research are explored
below.

This study focused on second, third, and fourth year preservice teachers. The first-
year preservice teachers were not a part of this study on the basis that | wanted to ensure
that the participants would have at least been formally exposed to the 5E constructivist
model though their teacher education program. That aside, it would have been good to
explore the high school learning experiences of the first-year preservice teachers.
Including them would allow me to compare their performances to the other year groups

to determine the point at which the teacher education program began to influence or
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mitigate the effects of the preservice teachers' high school experience, in relation to its
impact on their mathematics content knowledge. This is stemming from the fact that there
was evidence to suggest that that preservice teachers’ learning experiences surrounding
the pedagogical practices used by their high school teachers, their view on how easy or
difficult it was to assimilate mathematics content while in high school, and the level
support they received from their high school teachers were found to be a direct influence
on their high school mathematics content knowledge as represented by the CSEC
Mathematics grades. While these learning experiences directly impacted their high school
content knowledge, there was no evidence to suggest that these same experiences directly
impacted their current mathematics content knowledge. Because of this outcome, it
would be interested to conduct a study to explore the impact of teacher education
programs in mitigating the influence of negative high school learning experiences on
preservice teachers” mathematics content knowledge. This study should take into account
all four year groups within the teacher training programs in Jamaica.

While in this study the preservice teachers only wrote a single lesson plan that
was analyzed quantitatively, it would also be insightful for there to be a study that
explores the quality of multiple 5E lesson plans prepared by preservice teachers, but
using a qualitative, or mixed method approach. In doing so, more insight can be pulled
from the themes and structures within the plans that are being reviewed. This study
would therefore explore the quality of preservice teachers' mathematics lesson plans
based on the 5E constructivist model.

While this study limited the application of the 5E constructivist model to the

writing of lesson plans, another study could be conducted that looks at preservice
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teachers' application of the 5E constructivist model through the teaching of mathematics
lessons using the 5E approach. While writing the plan is the first step in the process, the
true test of the application comes when the teacher can also effectively deliver the lesson.
A study that examines the relationship between preservice teachers’ mathematics content
knowledge and their application of the 5E constructivist model through lesson delivery
can be conducted.

An interesting finding within this study was the fact that preservice teachers were
generally confident about the effectiveness of their teacher training program in preparing
them to deliver mathematics, while at the same time, their performance in the
mathematics content knowledge assessment and the writing of the lesson plans were
generally low. Such a case could benefit from deeper investigation in the form of
interviews or focus group discussions. More importantly, it would be good to know the
preservice teachers' definition and understanding of effectiveness. It would therefore be a
study of interest to conduct a qualitative exploration of preservice teachers’ perception of
their teacher training program effectiveness.

Conclusions

The aim of this study was to explore Jamaican mathematics preservice teachers’
content knowledge, learning experiences, and application of the 5E Constructivist Model.
The study has revealed that the preservice teachers’ high school experiences
(pedagogical, content, and teacher) were not significant predictors of their current
mathematics content knowledge, but instead, their CSEC Mathematics grades and year
group with their teacher education program were found to be significant predictors of the

preservice teachers’ current mathematics content knowledge. Such a reveal has serious
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implications for students’ success in mathematics, and as such should not be ignored.
School leaders have to apply appropriate instructional leadership practices to ensure that
their teachers are applying the right teaching approaches while ensuring that the
classroom setting and culture present a safe place for learning. While school leaders play
their part, it is equally important for school supervision practices to be robust and
targeted in guiding school leaders in applying the appropriate instructional leadership
support.

The study also revealed that the preservice teachers’ conceptual understanding of
mathematics concepts was a predictor of their application of the 5E Constructivist Model.
This aligns well with Shulman’s (1986) theory of PCK. It was also revealed that the
Explain Stage had the lowest scores of the five stages of the lesson plans written. This
seems to be a common issue as expressed by Yoob et al. (2012) and Enugu and Hokayem
(2017). Teacher Training Institutions have a role to play in providing the necessary
education and guidance that will ensure that their preservice teachers are equipped with
the necessary knowledge, and skillsets needed to effectivity plan and deliver lessons in
keeping with the tenets and focus of the NSC in Jamaica. The Teacher Training
Institutions will require the support and oversight from the Tertiary Unit of the Ministry
of Education and Youth to make the necessary reforms to see the improvement the
country needs in relation to the future of Mathematics Education in the country.

Finally, the findings reveal that all three preservice teacher year groups were
mainly in agreement that their teacher education program is effective in preparing them
to deliver mathematics to students in the 21% century. While this is a positive outcome, it

remains concerning that the preservice teachers would find their programs to be effective,
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while at the same time, the preservice teachers have low mean performances in the
writing of lesson plans according to the 5E model, and also low mean scores for the
Mathematics Content Knowledge Assessment. A similar concern is held by Catalano et
al. (2019) who shared that this type of dynamic can lead to preservice teachers believing
confidently that they are doing the right things while unknowingly passing
misconceptions to their students. This occurrence should not go unnoticed, and so
additional research should be conducted to better understand why this is the case, so steps
can be taken to align performance with perception.

In closing, the findings of this study are varying and insightful with many highs
and also lows. Many of the challenges and issues identified by the study are not without
their corresponding paths to resolution. Honoring the practice of scholarly pursuit, the
hope is that this dissertation will inspire like-minded individuals, equipped with the
power and courage to effect change, to strive to use these findings to support the efforts

already being made to advance our nation, Jamaica, land we love.
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APPENDIX A

MATHEMATICS CONTENT KNOWLEDGE ASSESSMENT

1. Evahuare the following expression:
(0.209- 026 %02

1.576

1.098

0.1574

0.1048

0O

2. Michelle ran a time of 10 421 seronds
o Monday. Cm Tuesday, her fime was
nice-iheazandths of a second slower. What
was Michsells's fime oo Tuesday?

A 10581
105

B
C. 10401
D. 10482

3. Kimberly wrote the mumber 4573 oo a
piece of paper, then whispered mio
Apigail’s ear. Abizail in response o
Eimberly commecily wrote 500, Which of
the followmng did Eimberly ask Abigail to
prodace’

A Face valoe

B Place vahe

. Troe Valoe

D. Digits

4. Which of the following options
represent the best approximation of the
mamber expressed on the mumber line
below indicated by the down pointing
arrow”

|
TR

737
7335
73287
1326

oo

5. Which of the following aptions

represent the best approsimation of the
oumnber expressed on the number lins
below indicated bry the down pointing
arrowT

I | 4‘ 1.

L] |

F5) 1
A 2B
B. 78
. 68
D. 58

6. Which of the following mmbers when
rounded to the nearest 10 could pot zZive a
result of 23007

A 4517
B. 4504
. 4500
D. 4406

7. Four children were askad i close their
eves and open it when they belisve they
gof to a mimite. The remalt are listed
balow

Cryvstal | 1 mioute 15 seconds
Lmar | mamige X saconds
Iola 54 seconds

Lavla 25 ceconds

Which child had the best astimate?

A Crystal
B. Omar
. Tola

D. Layla
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2. Look at the computation problem
below:

L]
\'rﬂ-ﬁ_?
What is the best estimation of the answer
to the computation problem above?

b
41
33
10

oo e

0. A tmay of one dozen eggs fall, and a faw
pzgs were broken Which of the following
could not reprezant the fraction of egzs
broken?

1t
| ]

LA et b

k= yh B b

10. Kevin thouzht that the drive home
from the airpart would take him - of an
hour, but the actual drive was —of the time
less than he thought Which of the

responses below comrectly represents the
actual lengzth of fime the drve took™

A 3

wr| b
=
-

t
"=-=|

=

=

::{ ol
| L3 o] e
e

-

[

| L e | L | x|
|

[T IS [FUR T |
|

11. Which of the followmz would be
equivalent to 2.1 meters?

2100 cm
210 cm
21om
0.021 om

oM e

12, Marcus brought 8.6 kg of sugar and
filled 5 bodtles of equal sizes leawing 0.35
kg in excess. How nmuch more sugar would
be need to completely fll a §* bortle?

A 1650kg
B. 1300kz
C. 1650
D. 1300g

13. The diagram below shows two circles
touching at a point on their crcumfarence.
The larger circle has a radius of 3 cm. and
the smaller circle a radins of 2 cm.

What is the length of the hizhlizhted path
from one circle center to the next™

A 17m+ 10
4

B. lzm+ 10
4

Z. 10z 4+ 5

D. 12
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14. The diagzram below shows six 16 Chriztina joined 2 squares of ar=a 81

eguilateral mangles armanged o that the cm” and 35 cm? together as showm balow.
tofal length of the bases is 30 cm. What is the perimeter of the new fzure
now !

T

What is the total perimeter of the fgure

formed?
A 117 cm?
A 00 B. 80cm
€ 0 D. 45cm
D. 150m
17. The given fizure is made up of 10
squares of the same size. The perimester of
15. The diagram below is a parallslogram the figure iz 80 con. What is the area of the
with side length AB = 5 cm and figure?
perpendscular beight of 4 cm. If the area of
the parallslozram is 40 co®, what iz the
length of the side AC?
F, o
¥, 4
&
/ A 250 eof
4 J B. S0
Fd - C. o
. ' D. &om?
A 15am
B. 10am
C. B
D. %WT0m
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18 A rectangle is painted with a mianmilar 20 The salid below has a cirouwlar end face
desipn. AD:- DC = 1:2, E is the msdpoint of with perpendicular height of 15 cm and

AT, and F is midpoint of DC. The lensth baze of diameter 10 cm.
of AD'=4 cm_ What is the area of the
unshaded partion?
A B
i n E :
What is the volume of the cylinder?
o F ¢ A 1500% co’
B. IThx’
A o C. 150nom’
B. Mo 0. 150 cm?
C. 16’
D. 12w

19. The olid below has a right trianzle for
end faces with sides 3 om, 4 cmand 5 om,
and perpendicular height af 11 cm

L Bey

What is the vohmes of the selid?

132 om’
110 oo’
65 cm®
B o’

0O e
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APPENDIX B

INTERPRETATION GUIDE

Item Number: | 1 DoK Level:
Strand: | Number
Objective: | Perform the four basic operations, including multiple

operations, on real numbers.

Item Description:

Item require the student to apply the mathematical operations to
the real numbers in the correct sequence.

1. Evaluate the following expression:

(0.809 —0.26) x 0.2

A 1576
B. 1008
C. 0.1576
D. 0.1098
Level Option Rationale

1 A 1.576 Ignores the place value of the digits during subtraction,
and also during multiplication.

2 C 0.1576 Ignores the place value of the digits during subtraction,
but multiplies correctly thereafter multiplication.

3 B 1.098 Acknowledges the place of the digits during
subtraction, but ignores the effect of the place during
multiplication.

4 D 0.1098 Correct Response

128




Item Number: | 2 DoK Level: 2

Strand: | Number

Objective: | Perform addition or subtraction on decimal numbers.

Item Description: | Item require the student to apply knowledge of place value to

compare decimals.

2. Michelle ran a time of 10.491 seconds on
Monday. On Tuesday, her tume was nine-

thousandths of a second slower. What was
Michelle’s time on Tuesday?

A 10581
B. 1053
C. 10491
D. 10482
Level Option Rationale
1 C 10.491 Student writes the time given in the question
2 A 10.581 Student adds nine hundredths to the given time
instead of nine thousandths
3 D 10.482 Student understands the value of nine thousandths, but
subtracts it to reflect a slower time
4 B 10.5 Correct Response
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Item Number: | 3 DoK Level: 1

Strand: | Number

Objective: | Identify face value, place value and true value of numbers up to
millions.

Item Description: | Item require the student to determine whether the face value,
place value or true value of digit has been identified.

3. Kimberly wrote the number 4573 on a
piece of paper, then whispered into Abigail’s
ear. Abigail in response to Kimberly

correctly wrote 300, Which of the following
did Kimberly ask Abigail to produce?

A Face value
B. Place value
C. True Value
D. Digits
Level Option Rationale
1 D Digits Student has little knowledge of face, place
and true value
2 A Face Value Student considers the 500 in 4573 to be the
face value
3 B Place Value Student considers the 500 in 4573 to be the
place value
4 C True Value Correct Response
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Item Number: | 4 DoK Level: 2
Strand: | Number
Objective: | Compare number on a number line

Item Description:

Item require the student to read and interpret the value on the
number line in order to determine the approximate number
expressed by the arrow.

4, Which of the following options represent

the best approximation of the number
expressed on the number line below
indicated by the down pointing arrow?

FET. ] TiM
A 737
B. 73.35
C. 73.287
D. 73.26
Level Option Rationale
1 B 73.35 Student counted up from 73.28 by intervals of
0.01
2 D 73.26 Student counted backwards from 73.29 by
intervals of 0.01
3 A 73.7 Student counted the intervals on the number line
and came to 7.
4 C 73.287 Correct Response
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Item Number: | 5 DoK Level: 3
Strand: | Number
Objective: | Compare number on a number line

Item Description:

Item require the student to critical analyze the interval between
the two given numbers in order to estimate the number
expressed by the arrow.

5. Which of the following options represent

the best approximation of the number

expressed on the number line below
indicated by the down pointing arrow?

v .

[
55 93
A BE
B. 78
C. 68
D. 38
Level Option Rationale
1 A 88 Student does not consider the proximity of the number
2 D 58 Student selects the number closest to 55
3 B 78 Student selects the number roughly mid-way 55 and
93
4 C 68 Correct Response
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Item Number: | 6 DoK Level: 1

Strand: | Number

Objective: | Use estimation techniques to approximate numerical values.

Item Description: | Item require the student to determine apply knowledge of
rounding numbers.

6. Which of the following numbers when

rounded to the nearest 10 could not give a
result of 45007
A 4517
B. 4304
C. 4500
D. 4494
Level Option Rationale
1 B 4504 Student has little understanding of the concept of
rounding
2 D 4496 Student has little understanding of the concept of
rounding
3 @ 4500 Student does not consider the number to be
plausible
4 A 4517 Correct Response
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Item Number: | 7

DoK Level: 2

Strand:

Number

Objective:

Use estimation techniques to approximate numerical values.

Item Description:

Item require the student to apply knowledge of estimation to
select the most appropriate time.

7. Four children were asked to close their

eves and open it when they believe they got
to a minute. The result are listed below.

Crystal | 1 minute 15 seconds
Omar 1 minute 2 seconds
Jola 56 seconds

Lavla | 25 seconds

Which child had the best estimate?

A Crystal
B. Omar
C. Jola
D. Layla
Level Option Rationale
1 D Layla Student does not understand the concept
2 A Crystal Student rounds the number to the closet minute
3 C Jola Student does not consider that even though Omar
was over the minute, he was still the closest
4 B Omar Correct Response
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Item Number: | 8 DoK Level: 3
Strand: | Number
Objective: | Use estimation techniques to approximate numerical values.

Item Description:

Item require the student to use their judgment to arrive at a close
numerical value without the need for exact calculations

8. Look at the computation problem below:

v 130+

What 1s the best estimation of the answer to
the computation problem abowve?

§52
15

A 50
B. 41
C. 33
D. 10
Level Option Rationale
1 D 10 The student’s estimation is extremely low
2 A 50 The student’s estimation is extremely high
3 C 33 The student rounding all the figures to the nearest
ten before carrying out the calculation
4 B 42 Correct Response
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Item Number: | 9 DoK Level: 2
Strand: | Number
Objective: | Demonstrate understanding of equivalent fractions

Item Description:

Item require students to assess the given fractions in terms of
their equivalence to fractions with a denominator of 12.

9. A tray of one dozen eggs fell, and a few

eggs were broken. Which of the following
could not represent the fraction of eggs

broken?

A 36

B. 1.2

C. 512

D. .-'Ij

Level Option Rationale

1 C 5/12 Student has limited knowledge of fractions
2 B 1/2 Student has limited knowledge of equivalent fractions
3 A  5/6 Student has limited knowledge of equivalent fractions
4 D 2/5 Correct Response
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Item Number: | 10 DoK Level: 2
Strand: | Number
Objective: | Perform the four basic operations, including multiple operations,

on real numbers.

Item Description:

Item require the student to apply the correct mathematical

operations to fractions.

10. Kevin thought that the drive home from
the airport would take him E of an hour, but

the actual drive was ﬁ of the time less than

he thought. Which of the responses below
correctly represents the actual length of time

the drive took?

Level Option Rationale
1 A §+ 1 b Student does not understand the
275" concept of less time
2 B E B 1 b Student understands that the time
4 5 taken is going to be shorter
3 C 3 3.1 Student understands concept/what is
4 45 required but makes error in setting
out calculation
4 D 3 1 9 3 Correct Response
4 5 4




Item Number: | 11

DoK Level: 1

Strand: | Measurement

Objective: | Convert metric units

Item Description: | Item require the student to be able to convert between metric

units of length

11. Which of the following would be
equivalent to 2.1 meters?

A. 2100 cm
B. 210cm
C. 2.1cm
D. 0.021 cm
Level Option Rationale
1 C 2.1cm Student thinks that cm is equivalent to m
2 A 2100 cm Student applied the correct mathematical
operation, but thinks that 1000cm = 1m
3 D 0.021 cm Student understands the relation between cm
and m, but applied incorrect mathematical
operation when converting
4 B 210 cm Correct Response
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Item Number: | 12 DoK Level: 2
Strand: | Measurement
Objective: | Apply conversion skills between units in a problem situation

Item Description:

Item require the student will apply their knowledge of
measurement,
world problem

specifically kilograms and grams, to solve a real-

12. Marcus brought 8.6 kg of sugar and

filled 5 bottles of equal sizes leaving 0.35 kg
in excess. How much more sugar would he
need to completely fill a 6% bottle?

A. 1650kg
B. 1300kg
C. 1650¢g
D. 1300g
Level Option Rationale
1 A 1650 kg Student approaches the problem incorrectly, and
did not consider the unit
2 C 1650 g Student approaches the problem incorrectly, but
gives consideration to the unit
3 B 1300 kg Student approaches the problem correctly, but did
not consider the unit
4 D 1300 g Correct Response
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Item Number: | 13 DoK Level: 2
Strand: | Measurement
Objective: | Apply knowledge of circle property, and circumference

Item Description:

Item require the student to apply the concept of radius and
length of arc in a problem situation

13. The diagram below shows two circles

touching at a point on their circumference.
The larger circle has a radius of 3 cm, and
the smaller circle a radius of 2 cm.

What is the length of the highlighted path
from one circle center to the next?

Level Option Rationale

1 D 12 Student takes each quarter of an arc to be the
same length as the respective radius

2 A 177 + 10 Student finds the area of the sectors instead of

4 the lengths of the arcs.

3 C 10m + 5 Student finds the circumference of the respective
circles, but did not consider arc path

4 B 14w + 10 Correct Response

4
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Item Number: | 14 DoK Level: 3

Strand: | Measurement

Objective: | Determine the perimeter of a compound shapes

Item Description: | Item requires student to apply the concept of perimeter to
determine the perimeter of the compound shape

14. The diagram below shows six equilateral
triangles arranged so that the total length of
the bases 12 50 cm.

What is the total perimeter of the figure

formed?
Level Option Rationale

1 D 150 cm Student multiplies the given length by 3

2 A 300 cm Student multiplies the given length by 6 as there
are 6 triangles

3 B 250 cm Student adds the interior lengths when finding
perimeter

4 C 200 cm Correct Response
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Item Number: | 15 DoK Level: 2
Strand: | Measurement
Objective: | Apply the formula for the area of a parallelogram

Item Description:

Item require the student to use the formula for the area of a
parallelogram and apply it to find the length of a missing side

15. The diagram below is a parallelogram

with side length AB =5 cm and
perpendicular height of 4 cm. If the area of
the parallelogram is 40 cm?, what is the
length of the side AC?

B D
]
1
1
]
aem Vdem
1
1
]
|
|
o
A c
Level  Option Rationale
1 A 15cm Student applies knowledge of perimeter instead of
area
2 D 2/10 cm Student treats the parallelogram as a rhombus
3 C 8cm Student uses the slant height, and not the
perpendicular height when manipulating the area
formula
4 B 10cm Correct Response
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Item Number: | 16

DoK Level: 2

Strand: | Measurement

Objective: | Compute with perimeter and area

Item Description:

Item require the student to manipulate areas given to determine
the perimeter of a compound shape

16. Christina joined 2 squares of area 81 cm?

and 36 cm? together as shown below. What
is the perimeter of the new figure now?

A. 117 cm?
B. 60cm
C. 48 cm
D. 45cm
Level Option Rationale
1 A 117 cm? Student added both areas
2 D 45 cm Student Subtracted both areas
3 B 60 cm Student added the perimeter of the two squares
4 C 48 cm Correct Response
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Item Number: | 17 DoK Level: 2
Strand: | Measurement
Objective: | Compute with perimeter and area

Item Description:

sh

Item require the student to manipulate perimeter of a compound

ape in order to determine area

17. The given figure is made up of 10

squares of the same size. The perimeter of
the figure is 80 cm. What is the area of the
figure?
A. 250 cm?
B. 50cm?
C. 25cm?
D. 8cm?
Level Option Rationale
1 D 8 cm? Student divided the 80 cm by 10 due to the number
of squares
2 B 50 cm? Student obtains the length of One side of the square
then multiples it by the number of squares
3 C 25 cm? Student obtains the area of a single square
4 A 250 cm? Correct Response
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Item Number: | 18 DoK Level: 3
Strand: | Measurement
Objective: | Calculate the area of polygons

Item Description:

Item require the student to be able to calculate the area of right
triangles

18. A rectangle is painted with a triangular

design. AD: DC = 1:2, E is the midpoint of

AD, and F is midpoint of DC. The length of
AD =4 cm. What is the area of the
unshaded portion?
A B
4cm E
L o - e
Level Option Rationale
1 A 32 cm? Student found the area of the rectangle
2 C 16 cm? Student found half of the area of the rectangle
3 D 12 cm? Student found the area of the rectangle and
subtracted the area of the unshaded portion to find
the area of the shaded portion
4 B  20cm? Correct Response
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Item Number: | 19 DoK Level: 1
Strand: | Measurement
Objective: | Calculate the volume of solids (prism including cube and

cuboid,
cylinder, right pyramid, cone and sphere)

Item Description:

Item require the student to be able to find the volume of a
triangular prism by correctly applying area of cross section
times the height

19. The solid below has a right triangle for

end faces with sides 3 cm, 4 cm and 5 cm,
and perpendicular height of 11 cm.

3cm

What is the volume of the solid?

Level Option Rationale
1 D 23 cm?® Student adds the lengths given
2 B 110 cm?® Student uses the slant height when finding the area
of the triangle
3 A 132 cm® Student uses b x h to calculate the area of the
triangle
4 C 66cm’ Correct Response
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Item Number: | 20 DoK Level: 1
Strand: | Measurement
Objective: | Calculate the volume of solids (prism including cube and

cuboid,
cylinder, right pyramid, cone and sphere)

Item Description:

Item require the student to be able to find the volume of a
cylinder by correctly applying area of cross section times the
height

20. The solid below has a circular end face

with perpendicular height of 15 cm and base
of diameter 10 cm.

b WD ()| =i

-

What is the volume of the cylinder?

wo g

Level Option Rationale
1 D 150 cm?® Student multiplied the lengths given
2 C 1507 cm?® Student multiplied the circumference of the circle
by the height
3 A 15001 cm® Student considers the 10 cm to to be the radius of
the circle during the calculation.
4 B  375ncm® Correct Response
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Table of Specification

Strand DOK 1 DOK 2 DOK 3 Total

Number 1,3,6 2,4,7,9,10 5,8 10 (50%)
Measurement | 17 19 20 12, 13i715’ 16, 14, 18 10 (50%)

Total: 6 (30%) 10 (50%) 4 (20%) 20 (100%)

148




APPENDIX C
PRESERVICE TEACHER SURVEY INSTRUMENT
Section 1
1. Gender: Male |:| Female |:|

2. Age:18-20 [ ] 21-23[] 24+ []

3. What is your specialization?

4. Year Group: 2™ [] 34 [] 40 ]

5. Please indicate your grades for the following examinations:
a. CAPE -PURE MATHEMATICS -Unit2: _ N/A |:|
b. CAPE - PURE MATHEMATICS-Unitl: _ N/A |:|
c. CAPE - INTEGRATED MATHEMATICS: _ N/A |:|
d. CSEC - ADDITIONAL MATHEMATICS: N/A |:|

e. CSEC - MATHEMATICS:
Section 2
The following statements are in relation to your mathematics experiences while you were

a student in high school. Please address each statement to the best of your ability. Use the
following key as a guide as you circle the appropriate response:

SD = Strongly Disagree D = Disagree U = Undecided
A = Agree SA = Strongly Agree

1 | In high school, I struggled with many concepts sbl DIl Ul A |sA
in math

2 | My teachers relied on the whiteboardasthemain | sp | D | U | A | SA
tool for presenting information

3 | My teachers spent the necessary amountoftime | sp | p | U | A | SA
helping me to understand math concepts

4 | I had many competent math teachers in high sDbl DIl Ul A |sA
school
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In high school, my teachers emphasized SD A | SA
understanding and not just memorization

6 | During math classes in high school, | was SD A | SA
expected to sit quietly and listen

7 | lusually comprehended math content well and SD A | SA
seldom got lost while I was in high school

8 | I did not feel comfortable seeking help frommy | gp A | SA
math teachers outside of class

9 | Inschool, I did not like being introduced to new | gp A | SA
mathematical content

10 | My teachers in high school focused mainly on SD A | SA
the memorization of facts and procedures

11 | My high school math teachers were supportive in | gp A | SA
my efforts to learn mathematics

12 | My high school teachers assigned several SD A | SA
homework problems after each class.

13 | My high school teachers had confidence in me as | gp A | SA
a student of mathematics

14 | I learned best when my teachers took the time to
connect new concepts to that which I had already SD A | SA
learned

15 | New math content was usually easy for me to SD A | SA
understand in high school

16 | When confronted with a difficult concept in high
school, I generally worked until I understood the SD A | SA
concept

17 | I cannot recall many mathematical concepts that | gp A | SA
were hard for me to understand in high school

18 | My math teachers in high school were very SD A | SA
patient with me

19 | Many of my math teachers in high school were SD A | SA
incompetent

20 | My high school teachers did not believe | was SD A | SA
capable of learning mathematics

21 | When I had trouble with a math concept in high | gp A | SA
school | usually gave up and stopped trying

22 | My high school teachers often applied their math | gp A | SA
lessons to real-world situations

23 | My high school teachers used a combination of
manipulatives, visual aids, and cooperative SD A | SA
learning

24 | I was frequently lost and had trouble keepingup | gp A | SA
in my math classes in high school

25 | My high school teachers used math games to SD A | SA

reinforce my understanding of concepts
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26 | I can recall math teachers in high school who sDl D|lul A |SsA
made me feel dumb in class

27 | In high school, I had difficulty relating new
mathematical concepts to those | had previously | SD | D | U | A | SA
learned
28 | In high school, | generally saw mathasarelated, | sp | D | U | A | SA
sequential, progression of ideas
29 | In high school, my math teachers became sDbl DIl Ul A |sA
frustrated with me
30 | In high school, my teachers frequently used a sDbl DIl Ul A |sA
lecture format for classes

Section 3

The following statements are in relation to your perception of the effectiveness of your
teacher training programme in preparing you to teach mathematics in today’s classroom.
Please address each statement to the best of your ability. Use the following key as a guide
as you circle the appropriate response:

SD = Strongly Disagree D = Disagree U = Undecided
A = Agree SA = Strongly Agree

1 | My programme prepares me to effectively manage
the various behavioural challenges in today’s Sb| DU A]|SA
classroom

2 | My programme has been equipping me with the
necessary skills to be able to effectively engage Sb| D | U] A|SA
students

3 | My programme has been preparing metomotivate | sp | p | U | A | SA
students to learn

4 | My programme has been preparingmetoaddress |sp | p | U | A | SA
diversity in the classroom

5 | My programme has been preparing metoteachat | sp | p | U | A | SA
developmentally appropriate levels

6 | My programme has been preparing me to use sbl Dl ul A |SA
technology during lesson delivery

7 | My programme has been preparing me to A | sa

implement alternative assessment practices inthe | SD | D | U
classroom

8 | My programme has been equipping me with
knowledge of curriculum design (5Es, 4Cs, Units, Sb| D |UJ|A|SA
Strands, Attainment Target, Objectives, etc)
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My programme has been equipping me with
knowledge of the mathematics subject matter
content

SD

SA

10

My programme has been equipping me with
knowledge of instructional techniques (student-
centred approach, inquiry-based learning, etc)

SD

SA

11

My programme has been preparing me to
effectively bridge theory and practice through
field-based experiences (practicum)

SD

SA

12

My programme has been preparing me to
effectively collaborate with other teachers,
parents, and administrators

SD

SA

13

My programme has been developed a culture that
motivates me to participate in professional
development opportunities

SD

SA

14

My programme has been equipping me with
knowledge of how to identify and utilize
classroom and external resources

SD

SA

152




APPENDIX D

S5E LESSON PLAN TEMPLATE

Subject: Mathematics

Grade:

Duration: 60
minutes

Term:

Topic:

Prerequisite knowledge/skills:

Specific Objectives:

TEACHING/LEARNING ACTIVITY:

Engage:

Explore:

Explain:

Elaborate/Extend:

Evaluate:
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APPENDIX E

SE LESSON PLAN SCORING RUBRIC

Stage

Key points of the instructional process

Score points

2

3

4

Engagement

Creating a scene to promote student curiosity

Eliciting students’ prior knowledge

Exploration

Providing students with a common base of activities

Initiating of activity by teacher and allowing students
time and opportunities to investigate

Explanation

Encouraging students to discuss and analyze the process
themselves

Asking students to provide explanations about new
concepts

Elaboration

Creating new and unfamiliar problem situations for
student applications

Encouraging students to participate in discussions for
strengthening the understanding of new knowledge

Evaluation

Assessing students’ knowledge and skills in relation to
the lesson objective

Evaluating the students’ gradual development of
understanding in every teaching phase
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APPENDIX F
SAMPLE EMAIL CORRESPONDENCE
Dear <principal>:

My name is Lamar Edghill, and | am currently pursuing a Doctorate of Education Program at
Temple University. As a requirement for the successful completion of my program, | am in the
process of completing my dissertation, and | am reaching out seeking your permission and
support for a crucial aspect of my research.

In reference to the letter sent by the Planning and Development Division of the Ministry of
Education and Youth, the focus of my study revolves around exploring the relationship among
Jamaican mathematics preservice teachers’ content knowledge, learning experiences, and
application of the 5E constructivist model. To conduct this study, | am interested in engaging the
second-, third-, and fourth-year mathematics student-teachers at your institution as participants in
my research. | believe that their valuable insights and experiences will significantly contribute to
the depth and richness of the research findings.

To collect the information from the targeted students, | will be using an online form that consists
of a short mathematics assessment, a survey instrument, and a short answer component where
they are required to write a mathematics lesson using the 5E-model based on an assigned topic.

I hereby request your support in sharing a scripted email and the attached information sheet with
your second-, third-, and fourth-year student-teachers who specialize in Secondary Mathematics.

If you require any additional information or documentation regarding my research proposal, |
would be happy to provide it promptly. Moreover, | am open to scheduling a meeting at your
convenience to discuss this matter further and address any questions or concerns you may have.

Thank you for your attention.

Yours in education,

Lamar Edghill
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APPENDIX G
PARTICIPANT CONSENT FORM

Dear Preservice Mathematics Teachers,

You are being invited to take part in a study involving preservice mathematics teachers in
selected teacher education institutions across Jamaica. The purpose of this study is to explore the
relationship among Jamaican mathematics preservice teachers’ content knowledge, learning
experiences, and application of the 5E constructivist model. The findings of this study will be
extremely useful to various stakeholder groups in education such as the agencies of the Ministry
of Education which supports the implementation of the 5E lesson plan design, and the teacher
training institutions in Jamaica that have the task of preparing new teachers to implement the
design effectively.

If you are willing to participate, please use the link here; [LINK]. Taking part in this research is
voluntary. Whether you take part is up to you; if you do not, it will not be held against you. If you
choose to take part now and throughout you choose to withdraw from the study, this is also fine,
and will not be held against you.

Following the link will take you to an online form where you will be asked to complete a
mathematics content knowledge assessment with 20 items, followed by the completion of a
survey instrument that can be completed in 15 minutes. After you have completed the survey, you
will be asked to write a lesson plan based on an assigned topic. The entire process can take up to
an hour.

All information obtained from you will remain confidential as no personal identifiers will be
recorded. There will be no references made verbally or in writing that might link you directly to
the study. Your participation in this study will not affect any of your course grades or your
attainment of a teaching position after completing your programme. There are no expected risks
or discomfort for participating in this research. Although, it will require participants to reflect on
their learning experiences in high school to respond to section one of the survey instrument. It is
not expected that you will personally benefit from this research, but the findings have the
potential to play a role in the furtherance of mathematics education in Jamaica.

If you have questions, concerns, or complaints, talk to the researcher at (876) 572-7714.
Additionally, this research is being overseen by an Institutional Review Board (IRB). An IRB is a
group of people who perform independent review of research studies. You may talk to them at
(215) 707-3390 or irb@temple.edu if:

e You have questions, concerns, or complaints that are not being answered by the
researcher

You are not getting answers from the researcher

You cannot reach the researcher

You want to talk to someone else about the research

You have questions about your rights as a research subject
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Once again, participation is voluntary. Your participation in this study is appreciated and your
involvement will aid in uncovering the relationship between preservice teachers’ content
knowledge and application of the 5E constructivist model.

Sincerely,

Lamar Edghill
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APPENDIX H
ADDITIONAL STATISTICAL ANALYSIS

Additional Statistical Analysis for Research Question 1

ANOVA for Mathematics Content Knowledge Performance as a function of CSEC Passes

Component  CSEC Mean Score  SD G F(2,96)

Overall Grade 1 61.41 16.973 .059 3.036
Grade2  54.81 13.210
Grade 3 50.00 57.12

Number Gradel  66.92 19.756 .052 2.611
Grade 2 59.07 15.814
Grade3  56.67 13.663

Measurement Grade 1 55.90 19.697 .035 1.739
Grade2  50.56 17.311
Grade 3 43.33 15.055

DOK 1 Gradel  69.24 19.686 047 2.391
Grade 2 60.18 23.214
Grade3  55.55 20.197

DOK 2 Gradel  57.95 23.190 047 2.360
Grade2  51.85 16.606
Grade 3 41.67 11.690

DOK 3 Gradel  58.33 20.943 015 724
Grade 2 54.17 21.582
Grade3  62.50 13.693

*p<.05
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Multiple Comparisons
LSD

95% Confidence
Mean Interval
Dependent (D) Year (J) Year Difference Std. Lower Upper
Variable Group Group (1-J) Error  Sig. Bound Bound
Assessment 2nd 3 -11.950" 3.578 .001 -19.05 -4.85
Score (%) Al -7.963" 3.528 .026 -14.97 -.96
3rd e 11.950" 3,578 .001 4.85 19.05
Al 3.987 3.471 254 -2.90 10.88
4th 2nd 7.963" 3.528 .026 .96 14.97
3rd -3.987 3.471 254 -10.88 2.90
Assessment 2nd 3rd -13.783" 4161 .001 -22.04 -5.52
Score - Number 4th -13.705" 4.103 .001 -21.85 -5.56
Strand (%) 3rd 2nd 13.783" 4161 001 552 22.04
4th .078 4.037 .985 -7.94 8.09
4th 2nd 13.705" 4.103 .001 5.56 21.85
3rd -.078 4.037 .985 -8.09 7.94
Assessment 2nd 3rd -15.329" 5.344 .005 -25.94 -4.72
Score - DOK 1 4th -8.446 5.269 .112 -18.91 2.01
(%) 3rd 2nd 15.329" 5.344 005 4.72 25.94
4th 6.883 5.184 .187 -3.41 17.17
4th 2nd 8.446 5.269 .112 -2.01 18.91
3rd -6.883 5.184 .187 -17.17 3.41
Assessment 2nd 3rd -12.297" 4780 .012 -21.79 -2.81
Score - DOK 2 4th -6.903 4714 146 -16.26 2.45
(%) 3rd 2nd 12.297" 4780 012 2.81 21.79
4th 5.394 4.637 .248 -3.81 14.60
4th 2nd 6.903 4714 146 -2.45 16.26
3rd -5.394 4.637 .248 -14.60 3.81

*. The mean difference is significant at the 0.05 level.
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Multiple Comparisons

LSD
95% Confidence
() CSEC (J) CSEC Mean Interval
Dependent Mathematics Mathematics Difference Std. Lower  Upper
Variable Grade Grade (1-J) Error Sig. Bound Bound
Pedagogical 1 2 1661 1096 .133 -.052 .384
Experience 3 5679" 2288 .015 .114 1.022
Scale Score (%)2 1 -.1661 1096 .133 -384  .052
3 4019 2245 077 -.044 .847
3 1 -5679" 2288 015 -1.022 -.114
2 -.4019 2245 077 -.847 .044
Content 1 2 .3893" 1446 .008 .102 .676
Experience 3 .8782" 3018 .004 .279 1.477
Scale Score (%)2 1 -.3893" 1446 .008 -676  -.102
3 4889 2962 .102 -.099 1.077
3 1 -.8782" 3018 .004 -1.477 -.279
2 -.4889 2962 102 -1.077 .099
Teacher 1 2 2419 1635 .142 -.083 .566
Experience 3 .8974" 3411 .010 .220 1.575
Scale Score (%)2 1 -.2419 1635 142 -566  .083
3 .6556 3347 .053 -.009 1.320
3 1 -.8974" 3411 010 -1.575 -.220
2 -.6556 3347 .053 -1.320 .009

*. The mean difference is significant at the 0.05 level.
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Additional Statistical Analysis for Research Question 2

Multiple Comparisons

LSD

95% Confidence
I I
Mean nterva
Dependent () Year (J) Year Difference Std. Lower Upper
Variable Group  Group (I-J) Error  Sig. Bound Bound
Lesson Plan  2nd 3rd -7.404" 3.574 .041 -1450 -31
Score (%) =
4th -8.247 3.524 021 -15.24 -1.25
3rd 2nd 7.404" 3.574 .041 .31 14.50
4th -.843 3.467 .808 -7.73 6.04
4th 2nd 8.247" 3524 021 1.25 15.24
3rd 843 3.467 .808 -6.04 7.73
Lesson Plan  2nd 3rd -1.544 4406 .727 -10.29 7.20
Score - Stage: H - 5 >
Engage (%) 4t -11.484 4345 010 -20.11 -2.86
3rd 2nd 1.544 4406 727 -7.20 10.29
4th -9.939" 4275 .022 -18.42 -1.45
4th 2nd 11.484" 4345 010 2.86 20.11
3rd 9.939" 4275 022 1.45 18.42
3rd 1.602 4362 714 -7.06 10.26

*. The mean difference is significant at the 0.05 level.
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Additional Statistical Analysis for Research Question 3

Multiple Comparisons

LSD
95% Confidence
Mean Interval

() Year (J) Year Difference Std. Lower Upper
Dependent Variable Group  Group  (I-J) Error Sig. Bound Bound
Depth_Instruction 2nd 3rd -.413 1235 .739 -2.86 2.04
4th -1.578 1.217 .198 -3.99 .84

3rd 2nd 413 1235 739 -2.04 2.86

4th -1.165 1.198 .333 -3.54 1.21

4th 2nd 1.578 1217 198 -84 3.99

3rd 1.165 1198 333 -1.21 3.54

Depth_Curriculum 2nd 3rd -1.286" .613 .038 -2.50 -.07
4th -1.483" 604  .016 -2.68 -.28

3rd 2nd 1.286" 613  .038 .07 2.50

4th -.197 594 742 -1.38 .98

4th 2nd 1.483" 604 .016 .28 2.68

3rd 197 594 742 -98 1.38

Depth_Professionalism 2nd 3rd -.546 526 302 -1.59 .50

4th -.745 519 1564 -1.77 .29

3rd 2nd 546 526  .302 -.50 1.59

4th -.198 510 699 -1.21 .81

4th 2nd .745 519 154 -29 1.77

3rd .198 510 699 -.81 1.21

*. The mean difference is significant at the 0.05 level.

162



