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ABSTRACT

This study investigates Grade 11 high school students' conceptual understanding of
probability concepts through the framework of Skemp's understanding theory.
Recognising the critical role of mathematics in everyday life and its application
across various fields, this study emphasises the need for deep comprehension rather
than mere memorisation. Utilising a qualitative descriptive methodology, the
research analyses the scripts of eight (8) students in response to a cognitive ability
test focused on probability, revealing distinct patterns of understanding categorised
as relational and instrumental. The findings indicate that while some students exhibit
relational understanding, demonstrating the ability to explain concepts and apply
knowledge flexibly, many struggle with instrumental understanding, relying on rote
memorisation and showing difficulty in problem-solving. The study identifies
specific misconceptions and gaps in understanding, such as equiprobability bias,
representativeness bias, belief bias and proportional reasoning. These
misconceptions hinder the students' engagement with probability concepts.
Ultimately, this research highlights the necessity for improved instructional
strategies that promote relational understanding, fostering meaningful connections
between mathematical concepts. The insights gained from this analysis aim to
inform educators and curriculum developers, providing a foundation for targeted
interventions that enhance students' mathematical comprehension and application in
real-world scenarios.
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INTRODUCTION

Mathematics is intrinsically linked to everyday life,
necessitating effective problem-solving skills for
students to grasp its concepts (Hsiao et al., 2017;
Ozregberoglu & Caganaga, 2018; Phonapichat et
al., 2014; Spooner et al., 2017). Understanding
mathematics transcends mere memorisation; it
requires a deep comprehension of material and the
ability to connect problems with mathematical ideas
(Cai & Ding, 2017; Helsa & Juandi, 2023). One of
the primary learning objectives in mathematics
education is for students to achieve a robust
understanding of mathematical concepts (NCTM,
2000). This understanding is not only vital for
applying mathematical principles but also for
comprehending their underlying rationale.

Mathematical knowledge is seen as a dual-edged
skill, facilitating both understanding and application
(Cai & Ding, 2017). A strong mathematical
foundation enables students to grasp concepts
intuitively, impacting their overall learning
experience (Chimmalee & Anupan, 2022).
Understanding goes beyond simple recall; it
involves integrating concepts into an internal
framework (Anggraini, 2023). Kholid et al. (2021)
emphasise that true comprehension allows students
to engage with the material meaningfully,
enhancing their ability to solve mathematical
problems effectively.

According to the National Council of Teachers of
Mathematics (NCTM, 2000), a comprehensive
understanding of definitions, theorems, and
problem-solving  techniques is  essential.
Mathematical concepts are organised hierarchically,
from the concrete to the abstract (Coles & Sinclair,
2019). Mastery of these concepts is crucial, as it lays

the groundwork for learning more complex material
(Skemp, 1976). However, existing research often
overlooks the specific challenges students face in
developing this understanding, particularly in
probability concepts, which remain a poorly
understood area for many. Therefore, developing
mathematical conceptual understanding is vital for
enhancing students' educational experiences.

Skemp's understanding theory differentiates
between relational and instrumental understanding,
providing educators with a framework to assess
students’ comprehension levels (Samosir et al.,
2023). Instrumental understanding refers to the
ability to use mathematical procedures without
grasping their underlying principles, whereas
relational understanding involves a comprehensive
grasp of both "how" and "why" (Skemp, 1976).
Students with relational understanding can apply
knowledge flexibly, using prior experiences to
tackle new challenges.

Skemp identified several characteristics of students
with relational understanding, including the ability
to explain concepts, adapt to new tasks, and enjoy
problem-solving (Samaosir et al., 2023). In contrast,
students with instrumental understanding may rely
on memorisation and struggle to explain their
reasoning (Kaltakci-Gurel, 2023). The ability to
categorise and relate mathematical concepts is
crucial for developing a thorough understanding, as
it fosters connections between various topics (Cai &
Ding, 2017).

Understanding mathematical concepts is essential
not only for academic success but also for real-
world applications (Chimmalee & Anupan, 2022).
Knowledge of probability concepts is crucial for
various fields, including finance, insurance,
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industrial quality control, genetics, quantum
mechanics, and the kinetic theory of gases (Ma,
2024; Owusu et al., 2022). Its importance has led
educational authorities worldwide to integrate
probability literacy into school curricula to develop
future professionals (Chen et al., 2022; Batanero et
al.,, 2016). Despite this emphasis, high school
students often perform poorly and face significant
learning challenges in probability, highlighting a
critical need for targeted research in this area.
Research indicates that many students struggle to
achieve a deep and accurate understanding of basic
probability — concepts and  problem-solving
techniques (Memnun et al., 2019; Astuti et al., 2020;
Begolli et al., 2021; Hokor et al., 2022; Yusuf et al.,
2022; Sani & Rosnawati, 2022). Astuti et al. (2020)
highlight that probability is an abstract and complex
field, requiring students to grasp both concepts and
appropriate problem-solving strategies to succeed.
This paper aims to analyse students’ conceptual
understanding of probability concepts through the
lens of Skemp’s understanding theory, addressing
these gaps and contributing to the discourse on
effective mathematics education.

Literature Review
Understanding Probability Misconceptions

Skemp's theory of understanding helps educators
differentiate between students who genuinely
comprehend mathematical concepts and those who
do not (Samosir et al., 2023). He identifies two types
of understanding: instrumental and relational.
Instrumental understanding refers to using
mathematical processes without grasping their
underlying rationale, meaning students know "how"
but not "why" (Skemp, 1976). In contrast, relational
understanding involves applying mathematical
rules while understanding their justifications,
forming essential "schemas" (Skemp, 1982).
Research indicates that relational understanding is
linked to concept comprehension and problem-
solving, suggesting a stronger knowledge base
(Samosir et al., 2023).

Traits of Understanding

Students who possess relational and instrumental
understanding share a number of traits. Traits of
relational understanding include: 1) being able to
use "why" to explain a concept; 2) reflecting before
acting; 3) providing the answer at the end; 4)
adapting to any task by drawing on prior
knowledge; 5) making an effort to understand; and
6) enjoying solving math problems for their own
sake (Samosir et al., 2023). Accordingly, relational
knowledge can enhance students' mathematics
comprehension in addition to concentrating on a
process to arrive at the necessary answer (Dewi &
Samsudin, 2019). Conversely, students with
instrumental understanding exhibit traits such as: 1)
not being able to explain a concept using "why"; 2)
being able to give direct answers to specific
questions; 3) occasionally being unable to advance;
4) being more likely to memorize; 5) relying on the
teacher's example; and 6) not finding math
enjoyable (Kaltakci-Gurel, 2023).

Assessing Mathematical Understanding

Students' mathematical understanding can be
assessed and analysed through Skemp's seven
indicators, which include the ability to categorise
objects, apply concepts algorithmically, provide
examples, and correlate multiple mathematical
concepts (Bakar et al., 2018). Mastering
mathematical comprehension is essential, as it
enables students to relate mathematical topics to
broader concepts (Cai & Ding, 2017). Concept
comprehension is crucial for learning, allowing
students to grasp ideas that should not be retained in
isolation (Chimmalee & Anupan, 2022). However,
research indicates that many students struggle to
meet these indicators, with none achieving the
second, third, or fourth markers (Fatimah &
Prabawanto, 2020). This highlights the challenges
students face in developing a robust understanding
of mathematical concepts, particularly in
probability, which remains an area of persistent
difficulty.
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Conflicts Findings and Gap

While some studies emphasise the importance of
relational understanding in enhancing problem-
solving skills, others suggest that students can
perform adequately with instrumental
understanding in certain contexts. This discrepancy
underscores a gap in the literature regarding
effective teaching strategies that accommodate both
understanding types. Furthermore, the lack of
comprehensive  research on the specific
misconceptions students face in probability
concepts calls for targeted studies to develop more
effective instructional methods. Addressing these
gaps is essential for fostering deeper mathematical
comprehension and improving  educational
outcomes.

METHOD

The research employed a qualitative methodology
utilising a descriptive approach, focusing on
exploring and understanding the experiences and
perspectives of students in probability concepts.
This method allows for in-depth insights into
probability, providing a rich  contextual
understanding of the basic concepts. Given the
exploratory nature of this study, a small sample size
of 8 students was chosen to facilitate detailed
gualitative analysis. This size enables a more
nuanced examination of individual experiences and
perspectives, which might be lost in larger samples.
However, this small sample may limit the
generalizability of the findings to a broader
population. The analysis is based on the results of
students’ scripts in a cognitive ability test on
probability concepts, based on Skemp's theory of
understanding. Participants were selected using a
purposive sampling technique, which involved
specific criteria and recommendations from the
authors. The participants in this study included eight
(8) Grade 11 students from four different schools in
Kumasi metropolis of Ghana, who read Further
(Elective) Mathematics as an elective subject.

The technique for ensuring data validity is
conducted in several stages, which include
preparation, implementation, data collection,
analysis, and report preparation. During the
preparation phase, the authors in this study focused
on the understanding of probability concepts and
examining fundamental probability theories by the
students. The primary research instrument
employed in this study is a cognitive ability test on
probability concepts, designed to assess both
conceptual understanding and problem-solving
skills. This test was derived from textbooks aligned
with the curriculum and validated by experts in
mathematics education.

In the data collection and analysis stage, activities
involved selecting the students as research
participants and administering test instruments to
the students. The cognitive ability test included a
variety of question types, which were open-ended,
demanding short answers and problem-solving
tasks, to capture a comprehensive view of students’
conceptual understanding. The data was then
analysed using Skemp's theory of understanding, as
outlined by the authors. Subsequently, the solutions
written by the students were examined in relation to
the study's objectives.

The validity of the data in this study was established
through data triangulation. This involves collecting
data using multiple methods, such as tests, content
analysis and observations. Time triangulation refers
to the comparison and analysis of data to reassess
the reliability of the information gathered at
different times. Data analysis consists of data
reduction, data presentation, and drawing
conclusions, ensuring a rigorous approach to
interpreting the collected data.

Data Analysis and Results

To effectively analyse the students’ conceptual
understanding of probability concepts through the
lens of Skemp’s theory of understanding, a
comprehensive content analysis of their written
scripts was conducted. This analytical approach was

361 | This work is licensed under a Creative Commons Attribution 4.0 International License.


http://creativecommons.org/licenses/by/4.0/

East African Journal of Education Studies, Volume 8, Issue 2, 2025
Avrticle DOI: https://doi.org/10.37284/eajes.8.2.2987

specifically designed to elucidate the depth and
breadth of the students’ grasp of the topic, allowing
the authors to gain insights into their cognitive
processing of probability. By aligning the
assessment  with  Skemp's  theory, which
distinguishes between relational and instrumental
understanding, the analysis aimed to highlight not
only the correctness of the students' answers but
also the underlying reasoning and conceptual
frameworks they employed while solving these
problems. This dual focus on both the content and
the thought processes involved is crucial for
identifying gaps in understanding and informing
future instructional strategies that can better support
students' learning in probability.

Based on the students’ responses in the test, the
authors analysed the different categories of

Question 1:

Figure 1

M S

a) ldentify with reasons the figure exhibits the
underlisted properties

i) Mutually exclusive
i) Inclusive
iii)

iv)

Complementary

Exhaustive

understanding in probability concepts. The
indicator for conceptual understanding of
mathematical concepts used for this analysis are as
follows:  The indicators of mathematical
understanding of the concepts utilized in this study
are as follows: 1) students' ability to classify objects
based on needs that can form a concept; 2) students'
ability to apply concepts algorithmically; 3)
students' ability to give examples of a concept; 4)
the ability to repeat the concepts learned; 5)
students' ability to provide some mathematical
concepts; and 6) students' ability to correlate some
mathematical concepts. A purposive sampling of
the scripts of the students in the test was selected
and analysed based on the questions in the cognitive
ability test. For the purpose of anonymity, codes
such as S1, S2, S3, T1, T2, T3, T4, etc., were used
for the students instead of their real names.

Figure 2

3,7

b) Write down a mathematical expression for

P (A or B)

i) If A and B are mutually exclusive

i) If A and B are independent
Answers:
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Figure 3: Student S1 Answer to Question 1

Question.

Write on both sides of the paper

From figure 3, it can be realised that student S1
knows and understands the definition of the
underlisted properties, i.e., mutually exclusive,
inclusive, complementary and exhaustive. Student
S1 was able to identify with reasons why the figure
had the above-listed properties. Based on the
discussions regarding question 1, it appeared that
student S1 has a good understanding of indicators 1,
2 and 3 of the mathematical conceptual

Figure 4.: Student S2 Answer to Question 1

Question

understanding according to Skemp” s theory. Such
a student exhibits relational understanding since the
student was able to provide reasons for the answers
provided for question 1a) i) - iv). This is in line with
the first three characteristics of relational
understanding, i.e., 1) being able touse ‘why’ to
explain a concept; 2) reflect before acting; 3)
provide the answer in the end.

Write on both sides of the paper

gﬁ\"‘(v\ t \>C'(\;
VAN
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PA) T P(B) — (A DE)

was able to provide the needed answer for question
1a), but could not provide the reasons for the
answers provided. Based on the analysis of the

Analysing figure 4 above, student S2 wasn’ t able
to solve all the questions in question 1. Student S2
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solution, student S2 appeared confused, had
difficulty answering the remaining questions and
didn” t remember the previous basic probability
concepts they might have learnt. Again, since
student S2 couldn’ t give a reason for the answer
provided for question 1a), the student answered the
guestion by guessing. Based on this, student S2 can
be said to have met indicator 3, which reads
students to provide examples of a concept’ , which
is in line with characteristic 3 of relational
understanding according to Skemp’ s theory (i.e.,
‘providing the answer at the end’ ). However,
student S2 does not meet indicator 1 because the
student was not able to explain the properties using
‘why’ . Student S2 was only able to provide
direct answers to question 1a), specifically without
any reason. The student simply relied on
memorisation of the answers without any
understanding of the probability concepts.

>

Question 2:

Figure 5: Student S3 Answer to Question 2

Question: . s R L L S G
n

Write on both sides of the paper

Given that P(A) = 0.6, P(B)=0.5and P (AN B) =
0.2

Illustrate the above information on a Venn
diagram

a)

Find P (A U B)
Find P (A U By’

Show that events A and B are not
independent.

Are the events A and B complementary?

Give two reasons to support your answer in
question e) above.

ANSwers:

For question 2, students were given a preamble
where they were supposed to illustrate the
information on a Venn diagram (in question 2a).
This was to ascertain their level of conceptual
understanding in the use of a Venn diagram as a
visual aid in solving probability problems.

& D (§ S N 2D o
a) A\ P(AY| PCA

From Figure 5, it can be realised that student S3
doesn’ t understand the purpose of the question
(question 2) even though the student was able to
draw the Venn diagram correctly. Student S3
subsequently was able to draw the Venn diagram,

but doesn’ t understand what’ s being asked in
question 2b - 2f. Student S3 only wrote down the
information he/she knew without writing down
what was being asked for in the subsequent
guestions. Based on the outcome of the analysis,
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student S3 remembers writing the symbols for
union, intersection and complement of a set, as
applied in probability problems involving the use of
Venn diagram. However, the student couldn’ t
apply this knowledge in solving for P (A w B) and
P (A U B)’. Such a student doesn’t meet indicator 5
of the mathematical understanding theory (i.e.,
‘students’ ability to provide some mathematical
concepts’). Additionally, student S3 didn’t meet
indicators 4 and 6, which subsequently not able

Figure 6: Student S4 Answer to Question 2

Question

Write on both sides of the paper

from repeating the concepts that have been studied
in relation to intersection, union and complement,
and prevented them from correlating some
mathematical concepts. It can be seen that student
S3 possesses instrumental understanding instead of
relational understanding. This is because, according
to indicator 3 of instrumental understanding, the
student was unable to advance to solve the
subsequent questions after being able to draw the
Venn diagram.

f/l ) l'r‘

>
=
AT )
\‘
o>~

From Figure 6, it can be realised that student S4
doesn’t understand the basic concepts of probability
at all in relation to the use of a Venn diagram. For
instance, student S4 obtained a total probability of
1.3, which is an error and a wrong answer since no
probability should have a total value greater than 1.
This is according to the basic definition of
probability, i.e.,

P(U)=06+02+05=13%1.

The indication is that student S4 doesn’t meet
indicators 4, 5 and 6 of the understanding
characteristics, respectively. This is in the sense that
the student had not been able to repeat the
probability concepts they had learnt regarding

union, intersection and complement. The student
was not able to provide the correct mathematical
concepts regarding the basic definition of
probability was unable to correlate the probability
concepts to the subsequent questions in question 2.
Again, such a student exhibits instrumental
understanding since the student lacks the conceptual
understanding of the basic probability definition.
Such a student is more likely to memorise concepts,
will only rely on teachers’ examples and may not
find studying mathematics enjoyable, as according
to Kaltakci-Gurel (2023).
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Question 3

Mr. Emmanuel has a bag containing 5 green balls
and 7 red balls. Two balls are picked at random from
the bag, one after the other.

a) Illustrate the information on a tree diagram

if

i) The first ball was replaced before
the second ball was picked.

i) The first ball was not replaced, and

the second was picked.

b) Find the probability that the two balls
selected were of different colours.

c) Find the probability that the two balls
picked were of the same colour.

d) Find the probability that at least one of the
balls picked was green.

Figure 7: Student T1 Answer to Question 3

Question............

‘Write on both sides of the paper

e) Besides the use of the tree diagram, provide
any other way of obtaining the sample
space for the question, assuming that the
probability of picking a ball is independent.

f) For a number of experiments, provide any
two ways by which one can determine
whether a tree diagram drawn is correct or
wrong.

ANSwers:

Analysis of students’” scripts on this question was
not without errors and misconceptions. Most of the
students made  several  procedural and
computational errors, even though the number of
structural errors was minimal. Even though the
students had an understanding of the questions, the
content analysis of the students’  solutions
revealed that they had a challenge in drawing the
tree diagram. The conceptual understanding of the
students in relation to the use of a tree diagram in
solving probability problems was not encouraging

C’)\\ HeSTN~ 2
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From Figure 7, it was evident that student T1
understood question 3 very well but had a challenge
with drawing the tree diagram. However, student T1
was able to solve questions 3b and 3c without the
use of the tree diagram. This was an indication that
student T1 had met indicator 2 of the understanding
characteristics, which suggests that the student was
able to apply the concepts algorithmically.
Nonetheless, other students couldn’ t solve
questions 3b and 3c. Additionally, another notable
misconception identified was regarding the
concepts of “selection with replacement’ and
selection without replacement’ . This
misconception was evident with the sample spaces

Figure 8: Student T2 Answer to Question 3

they created, as they repeatedly selected from the
bag containing the items. The probabilities
indicated by their branches were influenced by this
confusion.

The students were found to have a
misunderstanding regarding the concepts of several
experiments conducted and the various options
from which they needed to choose an object. The
analysis further revealed that the students did not
grasp that the experiments conducted symbolised
the number of different tree diagrams, while the
branches represented the various choices available
for selection at any given moment.

Question
‘Write on both sides of the paper
& 1 1o 2
eI S TR T
LY T (digFererl colcur ) —
* =
= P (RlNG2) qo PLGI \L’ﬂi\\
(F z (&5, i
\/in > A ) | i (4% 2 /”)
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<) i { same | cQav )
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= L~ P ( Neg e’ n
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= | — TUuy
S/ 14y

Again, in an attempt to solve question 3d, student
T2 had the solution wrong because the student didn
"t understand the phrase ‘at least one’ , as
framed in the question. Student T2 had been able to
question 3b and 3c, similar to the solutions provided
by student T1, as seen in Figure 8. In this situation,
student T2 did not meet indicator 5 of the
mathematical understanding characteristic. This is
in the sense that the student was not able to provide
the correct mathematical concept needed to solve
the question. According to Skemp” s theory, such a

student possesses instrumental understanding
because, according to indicators 2 and 3, the student
was not able to provide direct answers and was
unable to make progress on the question.

Further analysis also revealed that other students
faced challenges in distinguishing between ‘or’

‘and” and ‘at least one’ . There was a
noticeable lack of basic knowledge that the sum of
probabilities of each branch should be equal to 1.
This suggests that if these key concepts had been
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adequately explained and appropriately treated,
students' conceptual understanding would have
significantly improved when solving problems
related to tree diagrams in probability concepts.

Question 4

Each of the 200 employees of a company took a
competency test. The results are identical in the
table below.

Pass Fail Total
Male A 32 D
Female 72 50 122
Total 118 B C

a) Find the values of A, B, C and D.

b) Are the events Pass and Fail mutually
exclusive?

c) Explain your answer in b) above.

d) Calculate the probability that a student
selected at random was a male who passed
or a female.

Answers

The performance of the students in answering
question 4 was very encouraging, as many
attempted and  answered it  correctly.
Comparatively, students who attempted question 4

Figure 9: Student T3 Answer to Question 4

Que:

Write on both sides of the paper

performed better than those who attempted question
3, i.e., the tree diagram. The general assessment of
these concepts was that the students felt comfortable
with the questions since they involved sums
(addition) and differences (subtraction), which are
basic mathematical operations. The students
acknowledged that contingency tables provide a
clear and structured way to visualise relationships
between variables and joint probabilities. They were
of the view that, for problems involving multiple
events, contingency tables can simplify the
complexity by allowing them to see all possible
outcomes. But in contrast, they claim that tree
diagrams can become cluttered and hard to follow
with multiple branches.

From Figure 9, student T3 understands the concepts
of sum and difference in relation to finding the
values of A, B, C and D. Student T2 was able to

determine the values of A, B, C and D using the total
frequencies of each column under question 3a.
Again, student T3 was able to give reasons why the
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events ‘Pass’ and ‘Failure’ are ‘mutually exclusive’,
i.e., P (P n F) = 0. The student concluded that the
events ‘Pass’ and ‘Failure’ cannot occur at the same
time. The student was able to solve the last question
(question 4d) correctly without any errors or
misconceptions.

Based on the analysis, it can be ascertained that
student T3 had met all the indicators according to
Skemp’s theory of understanding outlined in this
study. Analysis of this finding suggests that such a
student possesses relational understanding. The
performance of student T3 in this scenario indicates
that the student does not lack conceptual

Figure 10: Student T4 Answer to Question 4
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understanding of the basic probability concepts.
According to the characteristics of relational
understanding, the student was able to use ‘why’ to
explain the concept of mutually exclusive events
and provided the needed answers as well. Again,
such a student will be able to adapt to any task by
relying on the previous knowledge, which will make
them enjoy solving mathematical problems in.
future. This is in line with an assertion by Dewi and
Samsudin (2019), which states that relational
knowledge and understanding can enhance
students’ mathematics understanding in addition to
concentrating on a process to arrive at the necessary
answer.
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In the case of student T4, the first part of question 4
(question 4a) was solved correctly, similar to that of
student T3. However, student T4 couldn’t explain
the concept of mutually exclusive events by not
attempting question 4c (as seen in Figure 10). The
student didn’t understand or remember the concept
of a mutually exclusive event. The indication here
is that student T4 had met indicator 2 of the
understanding  characteristics, which  reads
‘students’ ability to apply concepts algorithmically’
by being able to solve for the values of A, B, C and
D in question 4a. On the other hand, the student
couldn’t meet indicator 5 since the student was not

able to provide the mathematical concepts in
relation to mutually exclusive events. It can be
concluded that such a student possesses
instrumental understanding since the student was
not able to explain the concepts of mutually
exclusive events (i.e., not being able to explain a
concept using ‘why’). In the view of Kaltakci-Gurel
(2023), students who are unable to understand and
explain mathematical concepts are more likely to
memorise the concepts, rely on their teachers’
examples and may not find mathematics enjoyable.
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In analysing the cognitive ability test scripts from
the students in this content analysis, it became
apparent that not all indicators of mathematical
conceptual understanding regarding probability
concepts were met. The students' solutions revealed
errors and misconceptions. This evidence aligns
with Skemp’s theory of understanding, indicating
that students struggled to fulfil the criteria for
mathematical conceptual understanding in the topic
of probability. These observations pointed to
specific deficiencies in the students' grasp of
essential probability concepts, suggesting that their
mathematical knowledge in this area was either
insufficient or underdeveloped. As a result, this
finding prompts important questions about the
effectiveness of the teaching methods employed for
probability and highlights the necessity for targeted
interventions to improve student understanding in
this field.

DISCUSSION

Relational understanding involves a comprehensive
grasp of concepts, allowing students to explain
"why" a solution works. For instance, student S1
demonstrates strong relational understanding by
correctly identifying and reasoning through
properties such as mutually exclusive, inclusive,
complementary, and exhaustive. This ability aligns
with Skemp's assertion that relational understanding
enhances problem-solving and deepens memory
retention (Wang & Yang, 2018). This is echoed by
Hsiao et al. (2017) and Siregar et al. (2023), who
emphasise that understanding mathematical
principles must go beyond rote memorisation,
thereby reinforcing the importance of relational
understanding in mathematics education. Such
students can adapt their knowledge to various

contexts, indicating a solid understanding of
probability  concepts.  Conversely, students
exhibiting instrumental understanding rely on

memorisation and might provide correct answers
without comprehension. Student S2, for example,
was able to give answers for question 1a) but failed
to explain them, relying on rote memorisation. This

failure highlights a lack of relational understanding,
as student S2 could not provide reasons for their
answers, reflecting Skemp's characterisation of
instrumental understanding. Such students often
rely on rote learning and memorisation and
demonstrate a lack of enjoyment or engagement in
mathematics, which can hinder their overall
academic success (Kaltakci-Gurel, 2023).

The results from the data analysis reveal that
students’  performances vary  significantly
concerning Skemp's indicators of understanding.
For example, student S1 exemplifies relational
understanding, as evidenced by their ability to
articulate reasons for identifying properties such as
mutually exclusive and inclusive, which aligns with
Skemp's indicators of explaining "why" (Indicator
1) and reflecting before acting (Indicator 2).
However, it is important to acknowledge the
limitations of this study, particularly the small
sample size of 8 students, which may not adequately
represent the broader student population.
Additionally, potential cultural biases inherent in
Ghanaian schools could influence students'
engagement with mathematical concepts, as
educational practices and societal attitudes towards
mathematics may vary widely across different
cultures.

Such students not only perform well but also
demonstrate an intrinsic motivation to understand
mathematical concepts. Similarly, student T3
further supports this notion by showing a clear
understanding of mutually exclusive events and
successfully solving complex problems without
errors. Their ability to provide justifications
indicates a strong relational grasp of probability
concepts, affirming that relational understanding
fosters deeper learning and retention. In contrast,
Student S2 and Student S4 demonstrate
instrumental understanding. Student S2 managed to
answer some questions but failed to provide
explanations, relying primarily on memorisation,
which reflects Skemp's definition of instrumental
understanding as a lack of conceptual clarity that

370 | This work is licensed under a Creative Commons Attribution 4.0 International License.


http://creativecommons.org/licenses/by/4.0/

East African Journal of Education Studies, Volume 8, Issue 2, 2025
Avrticle DOI: https://doi.org/10.37284/eajes.8.2.2987

allows the student to follow procedures but
struggles to make connections between concepts.
Similarly, Student S4's inability to correctly
calculate a total probability and misunderstanding
of fundamental concepts further illustrate the
limitations of instrumental understanding. Such
students often rely on rote learning and exhibit a
lack of enjoyment or engagement in mathematics,
which can hinder their overall academic success
(Kaltakci-Gurel, 2023). These findings highlight the
necessity of integrating relational understanding
into teacher training programs, equipping educators
with strategies to foster deeper engagement and
comprehension among students.

The analysis also highlights  significant
misconceptions among students, particularly
regarding basic probability concepts. For instance,
student S4's calculation of a total probability
exceeding 1 indicates a  fundamental
misunderstanding of probability principles. Such
errors further reinforce the necessity of relational
understanding, as students without a solid grasp of
underlying concepts are more prone to making
procedural errors. Another example was the
confusion surrounding "selection with replacement”
and ‘"selection without replacement”, which
indicates a deeper issue with conceptual
understanding. When students cannot differentiate
between these concepts, it impacts their ability to
solve problems effectively, as seen in students'
attempts to draw tree diagrams, which has been
echoed in a study by Das et al. (2022). Addressing
these misconceptions through targeted teaching
strategies could significantly enhance students'
conceptual understanding and inform curriculum
changes that prioritise relational understanding in
mathematics (Chimmalee & Anupan, 2022).

Interestingly, students performed better on question
4 than on question 3, which involved tree diagrams.
This disparity suggests that students may feel more
comfortable with basic arithmetic operations such
as addition and subtraction, compared to more
abstract representations of probability. The positive

reception of contingency tables indicates a
preference for structured visual aids over more
complex diagrams, which may be perceived as
cluttered and confusing. The findings illustrate a
spectrum of understanding among senior high
school students regarding probability concepts, as
framed by Skemp's theory. While some students,
like S1 and T3, exhibit relational understanding and
can explain concepts comprehensively, others, such
as S2 and S4, struggle with foundational
knowledge, relying instead on memorisation. This
analysis underscores the importance of fostering
relational understanding in mathematics education,
as it not only enhances problem-solving capabilities
but also nurtures a genuine appreciation for the
subject. By identifying specific misconceptions and
providing targeted instructional support, educators
can cultivate a deeper conceptual understanding of
probability among students, ultimately leading to
improved academic outcomes.

CONCLUSION

This study aimed to analyse Grade 11 high school
students' conceptual understanding of probability
concepts through the lens of Skemp's understanding
theory. The findings reveal significant insights into
students' grasp of mathematical principles,
highlighting a distinction between relational and
instrumental understanding. While some students
demonstrated a robust relational understanding,
characterised by the ability to explain concepts,
apply knowledge flexibly, and solve problems
effectively, many  exhibited instrumental
understanding, relying heavily on memorisation
without a deep comprehension of underlying
principles. The errors and misconceptions identified
in students' responses indicate a critical need for
enhanced instructional strategies in teaching
probability. To address these challenges, educators
should consider implementing specific pedagogical
strategies, such as visual aids, like concept maps and
diagrams, to help students visualise relationships
between concepts. Additionally, adopting problem-
based learning approaches can encourage students
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to engage with real-world scenarios, fostering
deeper connections to the material and promoting
relational understanding. This research underscores
the importance of integrating pedagogical
approaches that foster relational understanding,
encouraging students to connect mathematical
concepts meaningfully. In conclusion, addressing
the gaps in students' understanding of probability is
essential  for  their overall mathematical
development. Future research should focus on
conducting longitudinal studies to track the
progression of students' understanding over time, as
well as utilising larger sample sizes to enhance the
generalizability of findings. Implementing targeted
interventions and refining teaching methodologies
will be crucial to improving conceptual
comprehension in mathematics education. By doing
s0, educators can better equip students to navigate
the complexities of probability and enhance their
problem-solving skills, ultimately fostering a more
profound appreciation for mathematics in real-
world contexts.
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