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Abstract: This study explores the impact of manipulatives on improving mathematical understanding and performance among Grade 7
students in a Jamaican secondary school. Using purposive sampling, eleven male students aged 11 to 13 were selected to assess learning
outcomes in geometry. Pre- and post-intervention data revealed that 64% of students demonstrated improved test scores following
manipulative-based instruction. While the strategy particularly benefited underperforming learners, it did not yield uniform results, with
27% showing no change and 9% experiencing a decline. Nonetheless, all students engaged actively with the material, underscoring the
motivational value of hands-on tools. The study concludes by emphasizing the importance of differentiated instruction and suggests that
manipulatives, when aligned with student needs, can be a valuable component in mathematics education.
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1. Introduction

During my teaching practicum at an all-boys school, I
observed that Grade 7 students faced -challenges in
mathematics, despite the curriculum being revised to support
a spiral learning approach. This may be partly attributed to
the impact of the COVID-19 pandemic, which reduced in-
person instruction and prompted a shift to online learning,
resulting in considerable content gaps. Some students
demonstrated weaknesses in fundamental areas such
as memorizing multiplication tables and basic multiplication
and division skills. Many students expressed a dislike for
mathematics, some even stating that "the subject didn't like
them." I also noted that some students were restless and had
limited conflict resolution skills, an area I dedicated time to
addressing. Despite these efforts, their mathematical
performance remained below the teacher’s target of 60%,
highlighting the urgent need for intervention to meet the
Grade 7 Mathematics Curriculum objectives. Recognizing
that the students were very active and kinesthetically
inclined, I decided that incorporating manipulatives might be
an effective strategy to improve their performance. It was
also apparent that while students could verbally explain
some concepts, they struggled when asked to read and
answer questions from a paper.

In particular, over the years, students have shown significant
challenges in comprehending both algebraic concepts and
geometric topics, which are foundational strands for grade 7
students to progress in mathematics. Collins et al. [1] shared
in their study that students showed signs that they struggled
to understand concepts such as solving simple equations,
identifying patterns, using variables, identifying properties
of shapes, and estimating angles. In other words, students
have major difficulty with abstract reasoning and visual

spatial thinking, which are demanded for students to develop
conceptual understanding.

These Grade 7 students had recently completed the Primary
Exit Profile (PEP), Jamaica’s national Grade Six
examination, which assesses student performance and
determines high school placement to the Secondary level.
The students are tested in the following areas: Abilities,
Mathematics, Language Arts, Social Studies, and Science.
The exams were graded on the following scale, beginning,
developing, proficiency and high proficiency with the
exception of Abilities where the raw score is used. The
Jamaica’s former Minister of Education Mrs. Fayval
Williams, in 2023 reported that 57% of students achieved
proficiency or high proficiency in Mathematics in the 2023
PEP Exams which was an improvement in comparison to
previous years [2]. However, she stated that the Exam had
been tweaked during the 2020-2022 periods to accommodate
the impact of the COVID-19 Pandemic on learning. She also
reported that the girls outperformed boys in mathematics [2].
Although the PEP results revealed that almost 60% of
students were at the Grade 6 level, the teacher researcher did
not notice this during observations of the incumbent Grade 7
students who may have come from that batch of Grade 6
students. The teacher-researcher would like to have at least
80% of students achieving good performance levels of 70%
or higher. The teacher researcher was also concerned about
the students’ future achieve academic success if their
challenges with mathematics was not addressed. The
Organisation for Economic Cooperation and Development
(OECD) Programme for International Student’s Assessment
(PISA) tests the skills and knowledge of 15-year-olds in
mathematics, reading and science. The 2022 PISA tests had
eighty-one countries participating in the assessment which
focused on mathematics. The PISA results revealed that
Jamaican students’ mathematics average was 43% while the
overall PISA mathematics average was 69% [3].
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Another major concern of the teacher-researcher, having
previously worked in the private sector within the service
industry, observed a recurring challenge during the hiring
process: a significant number of job applicants lacked a
passing grade in CXC CSEC Mathematics. This deficiency
often resulted in individuals being overlooked for
employment opportunities or being confined to positions
that were below their qualifications or career aspirations.
Such limitations not only hindered their professional
advancement but also affected their confidence and
motivation as most of them seem embarrassed by this
failure. This trend raised critical concerns for the teacher-
researcher, prompting questions about the underlying causes
within the education system that contribute to the high rate
of mathematics underachievement. The consistent pattern of
poor mathematical performance among school-leavers
entering the workforce highlights a potential gap in teaching
strategies, curriculum effectiveness, or student engagement,
all of which warrant deeper investigation. The Prime
Minister of Jamaica, Dr. The Most Honourable Dr. Andrew
Holness stated that “The country cannot develop with us not
doing better at mathematics” [4]. In that same article he also
pointed out that the better paying jobs are in the areas of
science, technology, engineering and mathematics. He said
this in response to the disappointing 33.4% pass rate for
CXC CSEC mathematics results in 2024 [4]. The reality is
that mathematics serves as a foundational skill for both
academic success and employability. It is therefore essential
to understand the challenges that students face in
mathematics and to provide intervention for improving
leaning outcomes and workforce readiness.

Purpose of the Study

This study aimed to explore the specific challenges faced by
Grade 7 students in mathematics and to evaluate the
effectiveness of manipulatives in improving their
understanding of geometrical concepts and overall
mathematical performance.

Significance of Study

This study aimed to explore the specific challenges faced by
Grade 7 students in mathematics and to evaluate the
effectiveness of manipulatives in improving their
understanding of geometrical concepts and overall
mathematical performance.

Research Questions

1) What key challenges do Grade 7 male students in
Jamaica face when learning geometric concepts in
mathematics?

2) To what extent does the use of manipulatives enhance
Grade 7 students’ conceptual understanding and
problem-solving abilities in geometry?

Definition of Terms

Mathematical Performance — This refers to the ability to
“formulate, employ and interpret mathematics in a variety of
contexts to describe, predict and explain phenomena,
recognising the role that mathematics plays in the world”
[3]. In the context of this study, mathematical performance
is defined as students demonstrated ability to understand and
apply mathematical concepts, whether assessed formally or

informally. This includes their performance in written
assessments and other mathematical activities where they
are expected to apply what they have been taught.

Manipulatives — According to Larbi & Okeyere [6]
manipulatives are materials from our own environment that
learners can use to learn or form mathematical concepts.
These materials help the students to understand Mathematics
by reducing the abstract nature of Mathematics.
Manipulatives are objects that are used in Mathematics to
engage students in learning concepts and can either be
physical object or virtual object. In this study the teacher-
researcher used physical manipulatives otherwise known as
concrete manipulatives.

Conceptual Understanding in Mathematics — Conceptual
knowledge is defined as an “understanding of the underlying
structure  of  mathematics—the  relationships  and
interconnections of ideas that explain and give meaning to
mathematical procedures” [7].

In this study, conceptual understanding refers to students’
ability to grasp mathematical ideas deeply enough to apply
them confidently in real-life situations and academic
assessments. Developing conceptual understanding often
leads to increased confidence and improved mathematical
performance.

2. Literature Review

This section explores the key theoretical and practical
foundations that inform this study, with a focus on
enhancing  mathematics  education.  Grounded in
Constructivist Learning Theories, the study draws on the
work of  Jerome Bruner’s Three ~ Modes of
Representation and Lev Vygotsky’s Sociocultural Theory,
which together provide a framework for understanding how
students construct knowledge through experience and social
interaction. These theories support the idea that learning is
most effective when students are actively involved in
making sense of mathematical ideas, particularly through
hands-on and collaborative experiences.

Bruner’s Three Modes of Representation

Bruner proposed a framework for how students learn, which

applies to mathematics, especially when introducing new

mathematical concepts to students. This framework includes
three sequential modes of representation; namely Enactive,

Iconic, and Symbolic Phases respectively [8, 9]. The

following gives details of each phase and an example

activity to support it.

o Enactive/ Actively Phase - In this stage, the child or
learner needs to interact with the concrete materials to
understand the concept. This allows students to engage in
hands-on  mathematics activities by  physically
manipulating objects, helping them internalise abstract
mathematical concepts. For instance, Jane Currell [10]
shared that she taught students a lesson on equivalent
fractions where she used multi-link cubes. She used the
cubes to help students visualize the fractions and
physically represent them. For example, five cubes were
used to engage students in a hands-on activity: three blue
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3 2
cubes represented > and two green cubes represented =

This visual model helped students understand that the
two representations could not be considered equivalent,
as the groupings (or arrangements) were not the same.
This allowed the students to see and touch physical
representation of the fractions, rather than relying solely
on symbolic representations. This tangible experience
allows students to recognize the relationship between
numerators and denominators to develop a foundational
understanding of fractions, which abstract teaching
methods, when used alone, fail to achieve.

o lIconic Phase - child/teacher then creates a visual
representation or a picture of the activity, where the
teacher includes demonstrations/ illustrations. For
instance, Currell [10] shared that her students after using
the multilink cubes for fractional representations, then
engaged in drawing pictures. There are two pictures, one
above the other, where one shows a whole (representing
5 parts) and above that picture, there is another showing
the division of the whole into three and two parts to

3 2 . . .
representgand = This presentation was done using the

bar model for easier comparison.
e Symbolic Phase - The learner uses mathematical symbols

. 3 2
to represent the scenario. For example, z and S are

symbolic representations used to show the tangible and
pictorial representations of the fractions. Additionally,

they could deduce the whole by adding % and 2 using

mathematical symbols: z + % = z =1

The Concrete-Representational-Abstract (CRA) approach
closely aligns with Jerome Bruner’s three modes of
representation, offering a structured pathway for developing
mathematical understanding. The concrete stage mirrors
Bruner’s enactive mode, where learners physically
manipulate objects to grasp concepts. The representational
stage corresponds to the iconic mode, involving visual or
pictorial representations to support thinking. Finally,
the abstract stage aligns with the symbolic mode, where
learners use mathematical symbols and notation to
demonstrate understanding without relying on physical or
visual aids. This progression supports cognitive
development by building conceptual understanding before
moving to formal abstraction and ultimately leading to
improved mathematical performance. The study by Larbi &
Okeyere, [6] on the ‘Use of Manipulatives in Mathematics
Education’ investigated the effectiveness of using algebra
tiles on the mathematical performance of 56 junior high
school students in Ghana from two schools split into a
control group and an experimental group. The
study revealed that students in the experimental group who
were taught algebra units over four weeks using algebra tiles
outperformed their counterparts in the controlled group.

Lev Vygotsky’s Sociocultural Theory

Lev Vygotsky’s sociocultural theory explains that students
learn best when they interact with others, especially those
who already understand a topic well. He believed that
learning starts through social interaction and becomes part of
the student's own thinking over time. One important idea in
his theory is the Zone of Proximal Development (ZPD),
which is the difference between what a student can do alone

and what they can do with help. In the classroom, this means
students can solve harder problems in math when they get
support from a teacher or a classmate [11]. Vygotsky also
believed that language helps students think and solve
problems, making it an important part of learning. By
integrating this knowledge of the ZPD, educators can be
guided to impart literacy skills, peer teaching or utilization
of activities with peers group to assist students to improve
mathematical performance.

2.1 The Challenges Impacting Students’ Mathematical
Performance

This section examines the multifaceted challenges affecting
students’ mathematical performance, with a particular focus
on the Jamaican context, through a review of relevant
literature. Key issues identified in the research include lack
of prior knowledge, frequent absenteeism, students’ negative
attitudes toward mathematics, math anxiety, and difficulties
in understanding algebraic and geometric concepts. These
factors contribute to learning gaps and hinder students’
academic progress. The literature also highlights how math
anxiety can undermine students’ confidence and willingness
to engage with mathematical tasks, while gaps in
foundational knowledge and persistent struggles with
abstract concepts—such as algebra and geometry—further
compound their difficulties.

Lack of Prior Knowledge

Dong et. al. [12] conducted a study in China on 356
students’ ages 12—15 years to investigate if prior knowledge
influences engagement of students; they included
mathematics classes. The research showed that prior
knowledge had a positive impact on learning engagement,
and the researcher realised that many students in this study
had an aversion to mathematics. The study also revealed that
students with low levels of prior knowledge were less likely
to seek help during the learning process compared to their
counterparts with higher levels of prior knowledge. This
situation can lead to a continued cycle of poor performance
if no intervention takes place. The teacher-researcher also
experienced this in some instances while in the Grade 7
class. What is evident in both the study identified above and
the teacher-researcher’s experience is that pre-existing

situations did influence the teaching and learning
experience, which in turn impacts mathematical
performance.

Dislike of Mathematics

A study by Gafoor & Kurukkan [13], in India explored the
reasons high school students found mathematics difficult.
Their study of 51 students (25 boys and 26 girls) found that
88% of students reported that Mathematics was the subject
they hated the most. The main reason given for not liking
mathematics was that they found it a difficult subject.
Oftentimes, students expressed that it is difficult due to the
abstract nature of mathematics, especially when they find it
hard to relate to real life contexts. In fact, the study reported
that those students who dislike mathematics tend to have a
negative self-efficacy for learning mathematics. This
indicates that students lack confidence in their mathematics
ability which not only cause them to become disengaged but
also become part of a continuous cycle where they avoid
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anything that requires mathematics and thus perform poorly.
Consequently, students can become anxious and unwilling to
complete problem-solving tasks, which may widen their
learning gaps even more.

Absenteeism

Absenteeism in schools refers to the consistent or habitual
absence of a student, whether excused or unexcused, which
disrupts learning and negatively impacts academic
performance. Chronic absenteeism—defined as missing 10%
or more of the school year for any reason—has been closely
linked to lower academic achievement, particularly in
mathematics [14]. Garcia & Weiss [14], in their study,
covering data from 2003 to 2018, emphasizes the long-term
consequences of missed instruction. In Jamaica, ongoing
student absences continue to hinder mathematics
achievement, along with other subjects [15]. The Minister of
Education, Skills, Youth & Information Senator Dr. the
Honourable Dana Morris Dixon expressed that absenteeism
is a big deal in Jamaica affecting Jamaica’s goal of ensuring
equity and transformation of the education sector [15]. She
expressed that students cannot succeed in learning if they are
not even present. Moreover, since mathematics is a
cumulative subject, even brief absences during foundational
lessons can create knowledge gaps that impede later
understanding and problem-solving. This issue is especially
severe in Grade 7 classrooms who are just transitioning from
primary schools, particularly when there are large class sizes
and limited individualized support make it harder for
struggling students to catch up. The Jamaican public school
system currently enrolls over 400,000 students across
primary and secondary levels [16]. During the COVID-19
pandemic, nearly 120,000 enrolled students were
unaccounted for, receiving little or no instruction for almost
two years. This led to significant learning loss and retention
issues [16].

Mathematics Anxiety

Another challenge that impacts mathematical performance is
mathematics anxiety. Richardson and Suinn [17] as cited by
Rugg & Boes [18] defined “math anxiety as stress causing
negative physical reactions that interfere with the
manipulation of numbers and problem solving in both
academic settings and everyday life”. Math Anxiety is a
confirmed medical condition. The impact of poor
performance in Mathematics in the form of anxiety is very
real. In one study of over one million students [19], revealed
that countries with higher levels of mathematics anxiety lead
to lower math grades in students. The anxiety extends not
only to the individual students but to peers sometimes even
leading to an entire nation experiencing it. Interestingly, one
study conducted in 2018 reported by Geddes [19] found that
77% of children with high math anxiety were normal to high
achievers. It is possible to have math anxiety and still
perform well in mathematics. In Jamaica, however, a cross-
sectional study conducted by Collins ef al. [1] across six
high schools, involving Grade 8 and Grade 9 students,
examined the impact of learning-based activities, algebra
tiles, and problem-solving teaching strategies on students’
conceptual understanding of mathematics. The study
employed the Modified Abbreviated Math Anxiety Scale
(mAMAS) and found that 25% of the participants reported
experiencing negative emotions toward mathematics,

indicating a significant presence of math anxiety among
early secondary students. The population of this study also
fits into the early secondary students’ category. Collins et al.
[1] went further to share that some students panic once they
realize the mathematics tasks are unclear to them; while
others shut down from participating and answering questions
whenever they get incorrect answers for questions.

Geometry Challenges in the Jamaican Setting

The study by Collins ef al. [1] focused on the Jamaican
secondary school contexts highlighting the challenges
students encountered in mastering conceptual understanding
of algebraic and geometric concepts. The study revealed that
75% of the students had difficulty understanding algebraic
and geometric concepts, 36% struggling particularly with
problem-solving, especially when it came to worded
problems. The study indicated that students struggled to
translate worded problems into visual representations of
geometric concepts, partly due to unfamiliarity with terms
such as ‘hinges’ and ‘trapdoor.’ This lack of vocabulary later
contributed to difficulties in solving problems involving
angles and measurement. According to Collins et al. [1], the
teacher-researchers reported that although CXC has
encouraged teachers to incorporate real-world problems—
particularly in geometry, measurement, and algebra, which
are the areas students struggle with most—there is
insufficient time to explore these types of worded problems
in depth.

2.2 The Impacts of the Problem

The study reviewed literature that focuses on the significant
impacts of students’ poor mathematics performance, with a
particular insight into their overall development and
prospects. In this section, low self-esteem, diminished self-
confidence, poor examination readiness, and limited range
of career paths were highlighted. Oftentimes, students who
struggle with low self-esteem and diminished self-
confidence tend to struggle with their academic outcomes,
repeatedly impacting their examination readiness. Also,
when these issues persist, students tend to be constrained in
their career paths, especially when passing mathematics is
necessary for some fields. This can hinder them from their
long-term aspirations and socioeconomic mobility.

Low Self-Esteem and Self-Confidence

One impact of poor academic performance is low self-
esteem in one’s academic ability. Poor performance in
anything can lead to low self-esteem and continued poor
performance. The article “Study: Bad Marks in
Mathematics” reported that in a study conducted in Finland
by the University of Jyvaskyla of 560 children between the
ages of 10 - 13 years old and in the grade 4 - 7 revealed that
lower marks in Maths lowered self-esteem for both boys and
girls [20]. The researchers had found that the awarding of
numerical grades in class made students compare their own
achievement with those of their classmates which can lead to
feelings of inferiority [20]. The study also reported that
students who performed at higher levels in Mathematics had
higher self-esteem. Pekrun et al. [21] as cited by Aguilar
[22] conducted a longitudinal study about the relationship
between emotions and achievement found that there is a
relationship between types of emotions and the level of

Volume 14 Issue 7, July 2025
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal
www.ijsr.net

Paper |D: SR25726084725

DOI: https://dx.doi.org/10.21275/SR25726084725

1714


http://www.ijsr.net/

International Journal of Science and Research (IJSR)
ISSN: 2319-7064
Impact Factor 2024: 7.101

achievement. The study also revealed that positive emotions
the higher the math scores and the lower the emotions the
lower the math scores and performance. Aguilar [22] study
revealed that in order to overcome negative emotions and
low mathematics performance teachers should be
encouraged to help their students realize that success and
achievement are not linked to their perception of how
capable (or not) they are to perform well but success overall
is the result of working toward a goal. He emphasizes that
teachers should help students to understand that struggling to
do something like Mathematics is ok and is a part of
learning. This approach would mitigate low self-esteem in
students and change their mindset towards mathematics.

Poor Examination Readiness and Limited Career Path

Dr. Wayne Wesley, Registrar and CEO of the Caribbean
Examinations Council (CXC), has highlighted a troubling
trend across the Caribbean region: many students are failing
to qualify for university admission due to poor performance
in Mathematics and English. According to Wesley, since
2018, approximately 11,500 students each year have not
passed both subjects, making them ineligible for tertiary
education [22]. As a result, many of these students are left
with limited options and often settle for low-paying jobs,
diverting them from their intended career paths. This issue
points to a larger concern about students’ readiness for high-
stakes examinations. Contributing factors may include gaps
in foundational knowledge, lack of access to adequate study
resources, ineffective teaching strategies, and poor study
habits. Without proper preparation and support, students are
ill-equipped to meet the academic demands of national
examinations, ultimately limiting their future opportunities.

2.3 Strategies to Manage the Problem

This section outlines practical strategies that can be used to
address students’ mathematical performance based on the
persistent challenges students encountered. The literature
highlights that manipulatives can be used to address
conceptual understanding issues, while discovery-guided
learning allows students to actively engage with content and
think critically. Another strategy is the integration of
technological tools to improve students’ interaction and
visualization of concepts. Together, these strategies enable
students to benefit from deeper learning and the potential
enhancement of their mathematics performance.

Use of Manipulatives

Manipulatives are widely recognized for their effectiveness
in enhancing conceptual understanding and improving
mathematical performance. Grounded in  Bruner’s
1966 enactive mode of representation, manipulatives support
active, hands-on learning by allowing students to physically
engage with mathematical ideas before transitioning to more
abstract forms [10]. This developmental approach not only
improves comprehension but also increases student
motivation and confidence. Research by Hidayah et al. [24]
found that students taught with manipulatives scored
significantly higher on post-tests compared to those taught
using traditional methods, with an average performance
increase of 22%. Their findings also indicated that
manipulatives enhanced classroom engagement and
encouraged active problem-solving. Likewise, Cockett and

Kilgour [25] reported that 87% of students surveyed felt that
manipulatives made learning mathematics easier and more
enjoyable, with many indicating a clearer understanding of
abstract concepts through hands-on exploration. As seventh-
graders transition into the formal operational stage (Piaget’s
theory) of cognitive development, which is characterized by
the ability to think abstractly manipulatives may be
ineffective. Hurst and Linsell [26] shared that a major meta-
analysis of lessons of multigrade levels K — College level,
was done by Puchner et al [27] which found that
manipulatives can be also ineffective. At the grade 6 level
students were given manipulatives to work on 2 x 2 digit
multiplication and were unable to use the manipulatives but
could just apply standard procedures. The use of
manipulatives should be taught and the manipulative should
be applicable. Puchner et al. [27] as cited by Hurst and
Linsell [26] also noted that “teachers often use
manipulatives in a procedural manner, instructing students to
apply a manipulative to obtain a correct answer. Such use
obstructs, rather than helps conceptual learning”. In the
context of this study, the teacher-researcher selected
manipulatives as an intervention to address gaps in students’
learning to boost overall mathematics achievement.
However, challenges such as the need for substantial
resource allocation and advanced lesson planning are some
of the limitations in implementing manipulative-based
instruction consistently.

Discovery-Guided Learning Strategy

An alternative instructional strategy to address the research
problem is Discovery-Guided Learning, a constructivist
approach that encourages students to actively explore,
investigate, and draw conclusions about mathematical
concepts through inquiry-based tasks. This strategy aligns
closely with the principles of Jamaica’s National Standards
Curriculum (NSC), which promotes student-centred
learning, critical thinking, and problem-solving skills which
are key competencies emphasized in the Grade 7
mathematics framework [28]. Research by Amiyani and
Widjajanti [29], which involved a meta-analysis of 16
studies conducted between 2011 and 2018, found that the
implementation of Discovery-Guided Learning in
mathematics led to notable academic gains: mathematical
achievement improved by an average of 21%, conceptual
understanding by 18%, and cognitive ability by 16%.
Furthermore, the strategy was associated with increased
student self-confidence and engagement, two factors
strongly correlated with sustained academic performance in
mathematics. Despite these benefits, one notable limitation
is the time-intensive nature of the discovery guided learning
strategy because students are encouraged to investigate, and
test multiple solution paths before formal instruction, lessons
can require more planning time and extended in-class
engagement than traditional approaches. Given these
constraints and the need to address immediate learning gaps
within a fixed instructional timeframe, the student-
researcher opted not to use Discovery-Guided Learning as
the primary intervention in this study. Nonetheless, its
alignment with Jamaica’s competency-based curriculum
framework underscores its long-term value for developing
mathematical reasoning and learner autonomy.
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Use of Technological Approach

The use of technology in mathematics instruction is another
alternative for improving student performance, particularly
at the lower secondary level. This approach involves
integrating digital tools to enhance both conceptual
understanding and student engagement, allowing learners to
visualize abstract mathematical concepts more concretely.
Through applications such as virtual manipulatives,
graphing tools, and simulations, students can explore
mathematical ideas in interactive and meaningful ways.
Additionally, technology opens opportunities
for collaborative  learning, even across international
classrooms, which can enrich students’ global perspectives
and problem-solving skills. This strategy aligns
with constructivist learning theory, which emphasizes active,
exploratory learning, and it supports the goals of
Jamaica’s National Standards Curriculum (NSC), which
advocates the integration of Information and
Communication Technology (ICT) to promote 21st-century
learning skills [28].

A study conducted by Liburd and Jen [30] on the
effectiveness of a technology-based approach in a Caribbean
high school demonstrated the positive impact of
using GeoGebra, a dynamic mathematics software. The
study found that students who received instruction using this
technological tool exhibited significantly higher levels
of conceptual understanding compared to their peers who
were taught using traditional methods. These findings
reinforce the potential of educational technology to support
deeper mathematical learning and improve student
achievement. However, similar to other resource-intensive
strategies, the effective integration of technology
requires adequate infrastructure, teacher training, and
classroom management skills, which may limit its feasibility
in some educational settings. As such, while not selected as
the primary intervention in the present study, technology-
enhanced instruction remains a valuable long-term strategy
for improving mathematics outcomes in Jamaican
classrooms. Research on mathematical underachievement at
the lower secondary level highlights several contributing
factors, including lack of prior knowledge, mathematics
anxiety, absenteeism, and low student engagement. These
challenges often result in poor conceptual
understanding, low self-esteem, and reduced confidence,
ultimately affecting examination readiness and limiting
future career opportunities. Theoretical frameworks such
as Bruner’s three modes of representation—enactive, iconic,
and  symbolic—and Piaget’s  stages of  cognitive
development underscore the importance of developmentally
appropriate, hands-on learning experiences that support
learners’ transition from concrete to abstract reasoning,
especially during early adolescence. As a response to these

challenges, various strategies have been explored,
including manipulative-based instruction, discovery
learning, and technology integration, all grounded

in constructivist learning theory. Of these, mathematical
manipulatives have shown promise in enhancing student
engagement, building conceptual understanding, and
reducing anxiety by allowing learners to physically explore
and internalize abstract ideas. However, there remains
a limited body of research focused specifically on Grade 7
classrooms in Jamaica, and even fewer studies have been

conducted in single-gender (all-boys) school settings, where
additional motivational and behavioural factors may
influence learning outcomes. This study aimed to address
this gap by investigating the effectiveness  of
manipulatives in improving mathematical performance in a
Grade 7 all-boys classroom, with the goal of informing more
targeted, evidence-based interventions in similar educational
contexts.

3. Methodology

3.1 Research Design

An action research method was chosen for this study to gain
first-hand information from the subjects themselves
(students) and to address the research problem. The teacher-
researcher sought to use action research to explore and
improve her instructional practice, as she engaged the
students with the intent to respond to their needs. Parsons
and Brown [31] as cited in NCTM [32] describes action
research as a form of investigation designed for use by
teachers attempting to solve problems and improve
pedagogy in their classrooms by performing systematic
observations and data collection which can be then used by
the teacher-researcher in reflection, decision-making and the
development of more effective classroom strategies. Thus,
making action research especially relevant, where the
teacher-researcher could iteratively test the applied
instructional strategies and continuously refine time. The
intervention plan for this study followed six consecutive
lessons, where the lesson last 40 minutes. Every lesson
delivered included a warm wup activity, and for the
intervention direct teaching was done employing the use of
manipulatives, along with guided practice activities, and
student reflection. Additionally, the teacher prompts the
students and used guided questions which were documented
during lessons to ensure consistency. So, as she used
manipulatives, she assessed which seemed helpful or not,
particularly based on instructional processes, and made
changes to either the tool or how it is employed, as she
leveraged real-time feedback from students. Furthermore,
fidelity checks were made by both the cooperating teacher
and my practicum supervisor to ensure there was alignment
of the manipulatives with the lesson objectives, as well as
the accessibility for all students and given them enough time
to use them. Additionally, students kept journals and the
teacher-researcher made observational field notes to
facilitate record of the mid-cycle amendments. So, where it
was necessary to simplify the use of manipulatives or
consider the use of pictorial representations based on the
physical representations to better connections, to avoid
students being confused. The teacher-researcher was
interested in finding out the challenges that affected students'
conceptual understanding of algebra and geometry, allowing
them to share their perspectives. These challenges included
their own beliefs, experiences, and attitudes towards
mathematics. Also, the teacher-researcher sought to use
manipulatives to address these challenges while helping
students really understand the concepts in Mathematics. The
teacher-researcher engaging in this cycle of inquiry,
implementation, reflection, and adjustment, hoped to
measure the challenges and address them by creating
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meaningful improvement strategies that can be measured
based on students’ learning outcomes.

3.2 The Participants

The research was conducted at an all-boys high school with
Grades 7 to 13. The research site is located in the Corporate
Area of Jamaica. The population that was chosen had been
were the last cohort from the Primary Exit Profile (PEP)
Exams placement. The School itself had done a Grade 7
Diagnostic Test and the number of students that performed
at the beginning and development level in Mathematics was
approximately half for Mathematics in the PEP Exams in
2024 over an 8-week period. The Population for this
experiment was approximately 320 grade 7 students. The
reason this population was selected was because of the
inconsistent and poor performance in Mathematics having
recently done PEP Examinations. The original intended
sample size was 15 students drawn from one Grade 7 class;
however, the final sample was 11 because several students
missed classes and/or either the pretest or the post-test. The
sampling technique used was purposive sampling. John
Dudovskiy [33] states that in the purposive sampling
technique “the researcher relies on his or her own judgment
when choosing members of population to participate in the
study, .and often believe that they can obtain a
representative sample by using a sound judgment”. The
limitation of this sampling technique was that you cannot
generalize the findings to another population: such as
another grade 7 in another school. Regardless the findings
were applicable to this institution since the sample was a
representation of this population.

3.3 Data Collection and Data Analysis

The teacher researcher utilized the following instruments in
carrying out this research: Pre-Test, Post Test, Observations
by the teacher, Student Questionnaire. The Initial
Instrumentation used was a Pre-Test to assess the knowledge
of the participants of the study before the teaching. Brophy
[34] states that one advantage of using the Pretest and Post
Test is that “Student learning can be inferred from the
difference in student performance between two points in
time”. The Pre Test is a diagnostic test/assessment while the
Post Test is a summative test/assessment. The Pre and Post
Test were identical test issued at the beginning and again at
the end of the six weeks to assess the changes in
mathematical performance. This consisted of 10 geometrical
questions. Questions 1 — 9 were multiple choice questions.
Question 10 consisted of 6 completion questions in the
format of fill-in-the-blank. The Pretest was done at the first
class, while the post-test was done at week 6. The second
data collection instrument that was used was Teacher
Observations. These observations were field notes recorded
by the teacher based on the observations of the levels of
engagement, apparent understanding of the concept/topic
taught, attitudes, and comments of the participants that the
teacher believed would assist in determining the challenges
students faced with mathematical performance. Observation
in action research is a systematic way of collecting data by
the researcher using all their senses to watch what the
participants are doing primarily in a natural [35]. This
method of data collection was necessary to collect primary

data of this sample. This was to ascertain the behaviour,
attitudes to learning, levels of frustration and the interaction
which impacted the sample mathematical performance. The
type of observation that was done was overt where the
identity of the teacher-researcher and participants were
revealed to each other and permission was sought. One
limitation of using observation can be the Hawthorne Effect
which Cherry [36] refers to it as the tendency of participants
to work harder and perform better in a study because of their
awareness of being observed. Other limitations include bias
of the observer and time-consuming nature of action
research to teach, observe and intervene using varying
instruments. The third instrument used in the study was
a student questionnaire, which can be defined as a structured
data collection instrument that enables the systematic
gathering of responses to specific questions [36]. According
to Kuphanga [36], questionnaires are versatile and powerful
tools for data collection, offering a standardized format that
enhances the organization, analysis, and interpretation of
data. He also highlights their cost-effectiveness, ease of
administration, and ability to capture comprehensive insights
from participants. This tool consisted of eight questions,
primarily closed-ended, with the option for free-text
responses to allow participants to elaborate if the predefined
choices did not accurately reflect their views. The objectives
for each question were as follows:
e Question 1: To ascertain which Math topics students
found most challenging.
e Question 2: To ascertain students’ emotions when faced
with a Math Problem.
e Question 3: To ascertain students’ belief on their reason
for struggling in Maths.
e Question 4: To ascertain what students believe would
assist them to improve in Mathematical performance.
e Question 5-8: To ascertain how the students felt about
using manipulatives in class and if it they believed it
helped to improve their performance.

This instrument was selected for its practical advantages as
outlined by Kuphanga [36] and more importantly, to
obtain firsthand feedback from students regarding their
experiences before and after the intervention. The
questionnaire aimed to verify whether the challenges
affecting student performance, as perceived by the teacher-
researcher, aligned with the students’ perspectives.
Additionally, it sought to capture students’ reflections on
how the use of manipulatives influenced their understanding
and performance in mathematics. Despite its strengths, the
questionnaire has some limitations, including the potential
for misinterpretation of questions and the possibility that
participants may not provide fully honest or reflective
responses. The teacher-researcher ensured validity and
reliability of the study by expert review of instruments to be
used, member checking and the use of triangulation, two of
the teacher-researcher’s peers were asked to review the Pre-
Test & Post-Test Questions and the Questionnaire study to
ensure the validity of the study. When each item was
reviewed, the experts checked for clarity to ensure the
respondents can readily comprehend the intent especially
considering age appropriateness, ensuring alignment with
the research questions, and checking for content relevance.
When they reviewed redundant questions were removed
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while others were reworded for greater clarity. The experts
ensured that the questionnaire sought to produce results to
answer the research questions. For instance, items such as
“Do you believe using manipulatives help you understand
geometric concepts in your mathematics classes?” and
“Would you prefer using manipulatives in your mathematics
classes?” that directly align to the research questions were
considered for this investigation. After the collection of the
data the stakeholders were presented with the findings of the
study before it was shared with external parties to ensure
that agree that the results is a true representation of their
feelings. Furthermore, when the member-checking was done
the participants had the opportunity to review summaries of
their responses and how they were interpreted. Following,
this only a slight amendment of a participant response was
made to facilitate an update of the analysis, which was
nothing major. This took the place of the field notes
provided and the results of the questionnaire and the pre-test
& post-test. This is called member checking, which lends to
the validity of the study. The study used three methods of
data collection known as triangulation which supported the
reliability, since multi-perspectives  were  captured
minimizing the risk of single-source bias. Data collected
from the three different methods best supports a more
accurate representation of the findings. Ultilizing of the
Observation Tool and Questionnaire gave a comprehensive
view on the challenges with students' mathematical
performance while the Questionnaire and the Post-Test
reported on the effectiveness of the implemented
intervention strategy to improve mathematical performance.
The data collected in this study were analysed using a
combination of quantitative and qualitative methods to
ensure a comprehensive evaluation of the intervention's
effectiveness. The qualitative data obtained from the student
questionnaire and teacher ~ observations were  analysed
using thematic  analysis and confidence intervals. This
approach enabled the teacher-researcher to identify recurring
patterns and themes, allowing for the classification and
organization of qualitative data into meaningful categories
for interpretation and presentation. The study used
inferential tests to complement the exploratory statistical
inference with a small sample size (n = 11), instead of
confirmatory. Quantitative data from the pre-test and post-
test were analysed using comparisons of paired t-tests to
assess statistically significant differences in student
performance before and after the intervention. The Cohen’s
d and test statistics, effect sizes were used from the paired t-
test in an attempt fortify transparency through the data and
better reflect the limitations associated with the small sample
zise. In addition, chi-square tests were initially conducted to
examine relationships between categorical variables,
particularly those related to students’ perceptions captured in
the questionnaire. However, due to the small sample size,
key assumptions associated were violated since some
expected cell frequencies were below 5. Thus, the study
used Fisher’s Exact Test. Wilson score confidence intervals
were also used to estimate the precision of observed effects.
The results of the paired t-test and chi-square analysis were
presented in tabular form to clearly illustrate the impact of
using manipulatives on student achievement. This mixed-
methods approach allowed the researcher to draw well-
supported conclusions based on both statistical evidence and
participant feedback. Additionally, permission letters and

consent forms were prepared and sent to the parents
following the school’s approval, which was secured by the
second week of data collection. The data presented did not
reveal the identity of the institution, the class or the
individual participants at any time by the researcher. In the
study, the name of the school was changed and pseudonyms
were given to participants in order to protect their identity.

4. Results
4.1 Results Based on Research Question 1

What key challenges do Grade 7 male students in Jamaica
face when learning algebraic and geometric concepts in
mathematics?

This research question provides an analysis of several
interconnected challenges Grade 7 students experienced
while learning algebra and geometry. The study revealed
that absenteeism, lack of understanding foundational
concepts, and comprehending algebra and geometry were
core challenges that these students encountered. The
findings underscored that students who are absent from
school are very likely to lose out on key lessons and fall
behind. Also, students who lack an understanding of
foundational concepts, especially those needed to progress in
comprehending algebra and geometric concepts delivered at
the Grade 7 level.

Absenteeism

Table 1 shows the attendance of each participant of the study
over 6 consecutive school teaching lessons, mainly focusing
on geometric topics, specifically shapes and solids. The
teacher noticed that students were not present at all classes
as presented in Table 1 from her attendance register. Table 1
showed only 2 of the 11 students were present for every
lesson, who were Student D and Student F, while 9 out of 11
was absent for one or more lessons. Of the 9 students who
were absent 44% (Students A, B, G, H, and K) were absent
for two or more lessons. Chronic Absenteeism was also
observed before the study in the general population. When
the teacher researcher investigated the reason for absence,
she received that either the students were not feeling well or
the students were going to represent the school at an event.
However, although these reasons are valid, the impact was
evidence since students missed important concepts taught.
For instance, Lessons 4 and 5 which covered the topics
“Building Nets of Solids” and “Constructing Solids from the
Nets and Classify Solids” were missed by Student B. This
student lost the opportunity to understand 3D visualization,
and spatial reasoning, which is core areas of geometry.
Similarly, Student G missed 50% of these lessons, which
provided key sessions, particularly through interactive
learning strategies, including the “Mystery Solids Game”,
which was used to help student improve their conceptual
understanding by engaging with discovery-based activities.
The absence of the students from these scaffolding
opportunities, gravely affected their learning process,
causing a break even though the teacher attempted to
minimize the missing of content by trying to quickly teach
those participants the missing concept. Even with this
attempt, the students are at a disadvantage in comparison to
their peers, due to time constraints and face paced delivery
of
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Table 1: Sample of students’ attendance and lesson topics associated

Student | Lesson 1 Lesson 2 Lesson 3 Lesson 4 Lesson 5 Lesson 6
Tasis Types of | Exploring Real- | Solids — Mystery | Building Nets [Construct Solids from the Nets| Recap Solids and
Shapes World Solids Solids Game of Solids and Classify Solids Nets of Solids
A 1 1 0 1 0 1
B 1 1 1 0 0 1
C 1 1 1 0 1 1
D 1 1 1 1 1 1
E 1 1 1 0 1 1
F 1 1 1 1 1 1
G 1 0 0 1 0 1
H 1 1 1 1 0 1
I 1 1 1 0 1 1
J 1 0 1 1 1 1
K 1 1 1 0 0 1

Key to Interpret: 1 = present, 0 =absent

the content, lacking the depth as when first taught. The
reality is that absenteeism often led to students missing out
on the prerequisite knowledge needed. Students who missed
foundational lessons such as “Types of Shapes” and
“Exploring Real-World Solids”, struggled to comprehend
nets and classifying solids. Consequently, students had gaps
in their procedural knowledge and lacked the conceptual
connections to make sense across the geometry strand.
Absenteeism appears to be one of the challenges affecting
effective teaching and learning, and contributed to students’
inability to comprehend geometric concepts and affect their
overall mathematical performance.

Lack of Understanding

Figure 1 presents the responses of Grade 7 students
regarding the perceived reasons for their struggles in
mathematics, based on the questionnaire data. The majority
of students, 8 out of 11 (73%), identifieda lack of
understanding as the main challenge. Additionally, 1 student
(9% attributed their struggle to poor teaching, while another
student (9%) citeda lack of prior knowledge. One
respondent selected the “Other” option, but did not specify a
reason. These findings suggest that most students recognize
gaps in their understanding rather than placing blame
primarily on external factors, reinforcing the importance of
using  instructional  strategies, such as concrete-
representational-abstract, that support the use of
manipulatives, supporting conceptual learning in a deep and

9 8
E 8
a7
E 6
“ 5
& 4
23
g2 1 1 1
71
Z 0 b | L | i |
Lack Of Poor Teaching Lack of Prior Other
Understanding Enowledge
the Concept

Reason for Math Struggles

Figure 1: Students’ reasons for their struggles with
mathematics

more engaging method of learning Mathematics. Mangarin
& Caballes [38] in their study reviewed and analysed
existing studies to identify some of the difficulties

encountered by students in learning mathematics. Their study
suggest that a lack of conceptual understanding is a barrier in
students’ mathematical learning. They found that students
often memorize procedures with proper conceptual
understanding, limiting their ability to apply the knowledge
to new problems and to engage in higher-order thinking [38,
39, 40].

Algebra and Geometry Challenges

Figure 2 illustrates the mathematics strands and skills that
Grade 7 students in a Jamaican classroom found most
challenging. The data revealed that55% of students
identified Algebra as the most difficult area, while 45%
reported challenges with Geometry. These results indicate
that Algebra and Geometry are the two most problematic
domains for students at this level. The students found
algebra challenging in terms of the algebraic rules they
needed to follow, especially in manipulating expressions by
making sense of the unknown values. This indicates that
students who lack these skills tend to not engage in higher-
order thinking and symbolic reasoning, expressing a sense of
confusion, especially in making the transition from
arithmetic to algebraic thinking in solving equations. On the
other hand, students had challenges with spatial reasoning,
including being able to visual the shapes, understand and
apply the properties of solids, especially to construct or
deconstruct nets related. As previously mentioned, part of the
factor that affects students comprehending geometric
concepts is attributed to their absence from lessons,
including “Exploring Real-World Solids and “Constructing
Solids from Nets”. Many of them also expressed that due to
the abstractness of the geometric properties, they found it
hard to relate these properties to tangible shapes. This has
made it difficult for them to classify different figures, as well
as analyse them. Furthermore, progressing in learning future
geometric concepts becomes problematic due to students’
lack of the foundational concepts needed due to the
cumulative nature of mathematics, which can create a cycle
of struggling learners. However, this study focused
specifically onimproving mathematical performance,
aligning with the intervention content delivered during the
research. Thus, the teacher-researcher developed an
intervention plan with the aim of addressing the areas
students were found to be weak in, using manipulatives with
the intent of reducing abstraction, engage students in hands-
on activities, and enhance students’ conceptual
understanding. Additionally, besides enhancing performance,

Volume 14 Issue 7, July 2025
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal
www.ijsr.net

Paper |D: SR25726084725

DOI: https://dx.doi.org/10.21275/SR25726084725

1719


http://www.ijsr.net/

International Journal of Science and Research (IJSR)
ISSN: 2319-7064
Impact Factor 2024: 7.101

the intervention plan sought to bridge the gap that exist
between the theory and the application using targeted
strategies, particularly where students needed it most.

Algebra,
Geometry
Algebra & & ;t]ler
Geometry
204

Algebra
37%

Worded
Problems
18%
Geometry
27%
= Algebra = Geometry
" Worded Problems B Algebra & Geometry

B Algebra, Geometry & other

Figure 2: Mathematics topics students found most
challenging

Figure 3 presents students’ perspectives on the strategies
they believe would improve their mathematical performance.
The majority of students, 7 out of 11 (64%), expressed
that the use of different teaching methods would be
beneficial. Additionally, 3 out of 11 students, representing
27% Dbelieved thatextra practice or supplementary
lessons would support their understanding, while only one
student (9%) highlighted the need for additional learning
resources. These findings underscore the importance
of instructional variety and active learning strategies,
reinforcing the rationale for implementing manipulatives to
enhance conceptual understanding and engagement in
mathematics. Furthermore, the teacher-researcher observed
challenges related to knowledge retention. Students often
struggled to recall previously taught content. This issue was
evident during the pretest, where students were assessed on
topics that were taught at the primary level;

Other 0
More Resources . 1
I -

3

Different Teaching Method

Extra Practice / Lesson

Number of Students

Figure 3: Students’ perceptions of methods used to improve
their mathematics performance nonetheless, 45% of the class
failed the pretest. The implementation of manipulatives
aimed to address these gaps by promoting deeper learning
and long-term retention through hands-on, experiential

instruction.

4.2 Results Based on Research Question 2

To what extent does the use of manipulatives enhance Grade
7 students’ conceptual understanding and problem-solving
abilities in algebra and geometry?

This section presents an analysis of the data collected to
evaluate the effectiveness of using manipulatives as an
instructional strategy to improve mathematical performance.
The focus of the intervention was on the teaching and
learning  of geometric  concepts, particularly  three-
dimensional solids and their corresponding nets—an area
previously identified as challenging for students. During the
intervention, a range of hands-on, tactile manipulatives were
utilized to support student learning. These included real-life
solid objects such as boxes and containers, a wooden 3D
solid set, and paper nets that students cut, folded, and
assembled to visually and physically explore the connection
between two-dimensional and three-dimensional figures.
These tools were used to help bridge the gap between
abstract symbols and concrete understanding. This approach
was grounded in Jerome Bruner’s theory of the three modes
of representation—enactive (physical manipulation), iconic
(visual representation), and symbolic (mathematical
notation)—as well as Piaget’s theory of cognitive
development, which emphasizes the importance of concrete
experiences for learners at the concrete operational stage.
Teacher observation notes documented a noticeable increase
in student engagement, curiosity, and willingness to
participate. Students expressed excitement, particularly
during the “Guess What Solid is in the Box™ activity, where
they used their sense of touch and shape recognition to
identify hidden solids. The student questionnaire
responses gathered at the end of the intervention confirmed

the positive reception of manipulatives.

Figure 4 illustrates the responses from the student
questionnaire (Question 5) where 80% of students reported
that they enjoyed using manipulatives during mathematics
lessons, while 20% indicated they did not. This reflects a
generally positive perception of the use of hands-on learning
tools as an instructional strategy. The teacher-researcher also
observed increased levels of engagement when students were
provided with manipulatives, particularly during a structured

mYes

No

Figure 4: Students’ perceptions of enjoying mathematics

activity called “Guess What Solid is in the Box.” In this
game-based task, students placed their hands inside a
concealed box to feel a geometric solid, then identified the
shape by counting its vertices, edges, and faces.
Additionally, when students were tasked with assembling
pre-cut nets to form three-dimensional solids, full class
participation was observed, suggesting that manipulatives
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not only supported conceptual understanding but also
encouraged active involvement and collaboration.

Table 2 shows that all 11 students would prefer to use the
manipulatives either sometimes or all the time in class,
according to the survey; however, one student reported that
they didn’t believe that it can help to improve their
mathematical performance. This implies that there is a
generally positive effect of using manipulatives for Grade 7

students’ comprehension of algebraic and geometric
concepts, coupled with their ability to solve problems.
Furthermore, 9 students expressed (4 “Sometimes” and 5
“Definitely”) that their use of manipulatives during lessons
has helped them understand concepts better. Contrastingly, 2
students stated that using manipulatives, though enjoyable
for lessons, did not affect them gaining understanding of
algebraic and geometric concepts.

Table 2: Students’ perceived impact of using manipulatives

Question Definitely Sometimes Does not Matter No Total
6) Would you prefer to use manipulatives in your| 4 7 0 0 11
Math Classes?
7) Do you believe the use of manipulatives can
. 3 7 0 1 11
help to improve your math grades?
8) Did you find that using manipulatives helped 5 4 0 ) 1
you to understand the concepts better?

Nonetheless, this minority response does not affect the
majority view that manipulatives facilitate instructional
supports that enhance the teaching and learning process. The
results emphasized that hands-on learning resources, when
incorporated as part of the teaching practices, provide
students have the opportunity to deepen their mathematical
understanding and improve their confidence in solving
problems, especially in the challenging areas of algebra and
geometry.

Table 3 below provides a summary of the comparison
between the Chi-square test and Fisher’s exact test. Initially,

the Chi-square was considered but the sample size is too
small to satisfy the key assumptions. The Fisher’s test
revealed that while the use of manipulatives had an
overwhelming positive impact on students, the p-values vary
for each indicated items on the questionnaire Q6, Q7 and Q8
precisely. For item Q6, the p-value of 0.083 > 0.05 indicated
no statistical significance for students’ preference to use
manipulatives. However, it was found that a marginal trend
exists since 11 students responded that they had a high
inclination to use manipulatives “Definitely” or
“Sometimes”. On the other hand, Q7 and Q8 were revealed
to be statistically significant with p-values 0.0003 and 0.0089

Table 3: Statistical summary and justification to use Fisher’s exact test instead of Chi-square

Observed Expected Counts Adjustment
Question Frequencies (if equally Statistical Test Used Assumption Check | Fisher’s Exact
q distributed) Test (p-value)

Q6: Preference to use 4 (Definitely), 7

manipulatives (Sometimes), 0, 0 2.75 per category Chi-square Goodness of Fit Some expected <5 0.083
Q7: Belief it improves grades 3,7,0,1 2.75 per category Chi-square Goodness of Fit Some expected <5 0.0003
Q8: Understanding improved 5,4,0,2 2.75 per category | Chi-square Goodness of Fit + CI | Some expected <5 0.0089

respectively, indicating students perceived that the use of
manipulatives helped improve their grades and conceptual
understanding of geometric concepts. Moreover, based on
the Fisher’s test, it is revealed that the low p-value indicates
students’ responses are not likely due to chance.

Table 4 shows that the Wilson score confidence intervals
(ClIs) provide insights into students’ level of agreement in
relation to items Q6, Q7, and Q8 which focused on students’
perceptions of using manipulatives for mathematics
instruction. The findings revealed for Q6 the 95% confidence
interval range of 36.4% - 81.6%, which combined all
students stated preference. This range indicate majority of
the students hold a positive view, further reiterating findings

for Table 2 and 3. On the other hand, for item Q7, the CI is
27.2% - 77.9% revealing that while some students believed
the use of manipulatives helped to enhance their grades, the
lower part of the range suggests less certainty of students’
perceived improvement of grades. Contrasting, for Q8 the CI
seen in Table 4 shows more consistency amongst students’
agreement that the use of manipulatives, indeed, helped them
understand geometric concepts. In essence, while students
may not see the use of manipulatives for grade improvement,
they can attest it being effective in comprehending geometric
concepts taught. This suggests the need for a more targeted
approach to address both performance and conceptual
understanding.

Table 4: Proportion estimates and 95% confidence intervals (CI) for Questions 6-8 Students’ responses

Question

Confidence Interval (95%)

Q6: Preference to use manipulatives

36.4% — 81.6% (combined preference)

Q7: Belief it improves grades

27.2% — 77.9% (combined "Yes")

Q8: Understanding improved

45.3% — 87.2% (answered "Definitely/Sometimes")

Figure 5 presents the students’ test results before and after
the intervention strategy - use of manipulatives to improve

students’ mathematics performance. The Pre-test and Post-
Test were conducted under exam conditions with 11
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students. Figure 5 shows the results of the pretest and post-
test. The pre-test results showed that 6 of 11 students
achieved grades of over 50% or higher in the pre-test,
representing over 55% of students. The post-test results
showed that 50% of these students did not improve after the
intervention strategy, 33% improved, while 17% actually
performed worse on the post-test. Five of eleven who failed
the pretest but showed improvement on the post-test results.
Student F showed remarkable improvement, moving from a
grade of 20% to 80%. Student I also scored 20% on the
pretest and managed to improve his score 100% to a grade of
40%. Interestingly, Figure 6 reveals that 3 out of the 11
students (A, C, and K) showed no improvement in
mathematical performance after the intervention strategy.
The three students scored between 93%, 60 and 80%
respectively. Ten of the eleven students expressed that they
believed the use of manipulatives would improve their
mathematical performance sometimes or all the time while

one student did not believe. Nine of out eleven students

found that the use of the manipulatives helped. Teacher

Observer noted that the use of manipulatives revealed

improvements in students’ mathematical performance after

the use of manipulatives. From Figure 5 the arithmetic
average for both pretest and the post test was calculated. The

Pretest average = 56.91% The Post Test average = 72.09%.

The difference in averages shows that the Post-Test average

is 15% more than the pretest average, indicating a 15-

percentage point gain on average. To get a deeper insight, a

paired t-test was conducted on the pretest and post test scores

using the following Hypotheses:

e Ho (Null Hypothesis): There is no difference in the mean
scores between the pretest and post-test. Any observed
difference is due to chance.

e H: (Alternative Hypothesis): There is a significant
difference in the mean scores between the pretest and
post-test.
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Figure 5: Students’ test scores before and after mathematics intervention

The t-test revealed the test statistic (t = 2.54) and a p-value
0f 0.0294, which is less than 0.05 indicating that the result
is statistically significant (see Table 5). Thus, the null
hypothesis was rejected, and we accept the alternative that
there is a significant difference between students’ pretest and
post-test scores. Additionally, the effect size based on

Cohen’s d is 0.77 revealing a moderate to large effect of the
use of manipulatives on students’ achievement, indicating
that this is unlikely due to chance. This reflects that the use
of manipulatives positively impacted students’ performance.

Table 5: Paired t-test results

Measure Pre-Test Mean | Post-Test Mean | Mean Difference t-Statistic (df = 10) p-value Effect Size (Cohen’s d)
Test Scores 56.91% 72.09% 15.18% t=2.54 0.0294 d=0.77
Moreover, Figure 6 supported the t-test results showing that
64% of the participating students experienced improvement
in their mathematical performance compared to 27% who mImproved

showed no improvement, while 9% expressed that they
experienced a decline in their mathematical performance
with the use of this strategy. This highlights that while the
use of manipulatives is beneficial to most of the students, not
all learners are equally supported, indicating that a more
intentional approach of differentiated instruction is
warranted.

H No Improvements

Decline

Figure 6: Students’ perceived mathematics improvement
after intervention
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4.3 Further Discussions and Implications

The findings of this study highlighted several key challenges
impacting students’ mathematical performance of Grade 7
students. A key issue identified was absenteeism and the
study by Covelli & Steiner [41] noted that the connection
between chronic absenteeism and declines in math is not
coincidental. They also reported that the American Educator
Study found that more than 30% of principals stated that
chronic absenteeism was a major obstacle for math learning
and the students most at risk were from lower economic
communities. Chronic absenteeism is considered to be as a
result of students missing more than 10% of class attendance
which can vary from one institution to the next [41]. The
data in Table 1 shows a chronic absenteeism level of 36%,
revealing that students’ learning have been disrupted, where
they failed to achieve some mathematics learning objectives,
and eventually others even when they are present based on
the spiral and cumulative nature of the mathematics
curriculum. Missing critical lessons can hinder the student’s
ability to grasp more complex concepts hence leading to
poor performance. There is a need to investigate the reasons
students are absent and what support can be put in place to
ensure that students attend classes or make-up classes are
given whether face to face or virtually. Another challenge
that was identified was the lack of understanding. Figure 1
revealed that 73% of students blamed a lack of
understanding as their main challenge with math
performance. Many studies support this as a leading
challenge to students’ mathematical performance. Collins et
al [1] study that focused on Grades 8 & Grade 9 in Jamaica,
revealed that 75% of students lacked understanding in
various mathematical concepts, further supporting the need
to use intervention strategies such as the use of
manipulatives.

This study revealed that 67% of students would like to see
different teaching methods implemented in the classroom to
help them understand math concepts better, leading to better
in performance in Mathematics (see Figure 3) therefore
utilizing a variety of teaching strategies is essential in
meeting the learning styles of students to improve learning
outcomes. The main mathematics topics from this study that
students believed were the most challenging were algebra
and geometry. Data in Table 1 showed that up to 55% of
students found Algebra challenging and up to 45% of
students found Geometry challenging. Algebra involves
abstract thinking while Geometry requires strong spatial
reasoning and visualization. Since there is an issue with these
topics in Mathematics a strategic standard approach using
best practices should be employed when teaching these
topics. One observation that the teacher-researcher made was
that there seems to be a retention issue when it came to teach
mathematics and that can account for low prior knowledge or
prerequisite knowledge that contributes to poor performance.

The findings of this study revealed that manipulatives is a
useful tool in improving mathematical performance as seen
in Figure 6. In a study by Hurst and Linsell [26] as cited by
Lange [42] found that students’ mathematical performance
and conceptual understanding improved with the use of
manipulatives. The overall average of the students’
performance improved with the use of manipulatives.

Students who failed the pretest benefitted the most from the
use of the manipulatives after 20% and 73% showed
improvement

However, in this study the manipulatives were not effective
for students who were already performing well - and the
implementation of manipulatives for these students resulted
in either no improvement or a decline in mathematical
performances as illustrated in Figure 5 where 9% of the
students saw a decline in performance. The decline was for
student E who performed well receiving a grade of 80% on
the pretest but then only managed to score 68% on the post
test. He was only absent for one day though so there may be
other factors that contributed to his decline in performance.

Here are some implications to consider based on the
findings:

e The need to address chronic absenteeism which has
impacted students’ mathematics performance. School
administrators can consider root causal analysis, flexible
learning options and stronger parental engagement
strategies.

e The growing need for differentiated instruction in the
mathematics classroom to become a standard practice
since the one-size-fits-all approach does not work based
on the findings, 67% of the students requested varying
the teaching methods.

e Educators should consider developing specialized
pedagogical approaches to teach algebra and geometric
concepts using targeted teaching frameworks.

Manipulatives based on the findings were good for low
performing students; however, there needs to modification of
teaching methods to facilitate advanced learners.

5. Conclusion
This action research showed that manipulatives can
meaningfully improve geometry performance and
engagement among Grade 7 students in a Jamaican
secondary school, with 64 percent of learners improving and
a statistically significant gain in mean post-test scores.
However, the benefits were not universal; higher-performing
students did not always gain, and a minority declined,
underscoring the need for differentiated pathways and
careful alignment between manipulative choice and learner
readiness. Chronic absenteeism and weak conceptual
foundations remain structural obstacles to sustained growth.
Future studies should adopt larger, multi-site samples with
control groups, report effect sizes and assumption checks,
and examine how manipulative-based instruction interacts
with technology, discovery learning, and teacher professional
development to support both low and high-achieving
students.

6. Recommendations

Based on the findings the following recommendations can be
utilized for future research and improve pedagogy:
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1)

2)

3)

4)

The need to properly explore the effectiveness on the
use of manipulatives to improve mathematical
performance for grade 7 students wusing two
experimental groups and two control groups at two
different high schools. This may help to better see how
the students respond to the stimuli, to know the real
benefits of manipulatives if any.

A careful examination of the effectiveness of the use of
manipulatives across algebra and geometry topics to
improve conceptual understanding in a grade 7
classroom in Jamaica. This is especially suggested since
the limitation of the Pre Test and Post Test were
discovered to be students’ familiarity to the Tests
questions which may be the actual reason for
improvement and not the intervention strategy.

Teacher researcher should continue to use manipulatives
into daily mathematics lessons while catering to other
teaching styles for the differentiated classroom.

Teacher researcher should get professional development
for the use of both physical and virtual manipulatives to
ensure the correct selection and use of manipulatives in
all lessons.
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