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ABSTRACT
This study investigated the relationship between working memory and mathematics
performance. It is a correlational study utilising experimental tasks to investigate the
relationship, using backwards digit span task to test working memory and a simple
maths quiz for maths performance. Thirty (30) participants from psychology
undergraduates were involved. The result showed a positive relationship between
working memory and maths performance based on total correct recall, whilst a negative
relationship was found between working memory and maths performance based on total
time taken. This indicates the existence of a significant relationship between verbal
working memory and maths. Working memory is related to the mathematical aspects
of manipulation of numerical value and the procedures involved in solving maths
problems, thus more correct answers and lesser time taken with the increase of working
memory level. Furthermore, the spread of the data, contributing to the non-normal
distribution of the data, implied the role of attention in working memory in retrieval

speed of information.

Keywords: verbal working memory, maths, attention, retrieval, time taken, correct

recall
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ABSTRAK
Kajian ini menyiasat hubungan antara ingatan kerja (working memory) dan kebolehan
matematik. Kajian ini ada kajian korelasi menggunakan tugasan eksperimental untuk
menyiasat hubungan tersebut, menggunakan tugasan backwards digit span untuk
ingatan kerja dan kuiz matematik mudah untuk kebolehan matematik. Tiga puluh (30)
peserta daripada siswa psikologi terlibat dalam kajian ini. Keputusan kajian
menunjukkan hubungan positif antara ingatan kerja dan kebolehan matematik
berdasarkan jumlah jawapan tepat, manakala terdapat hubungan negative antara ingatan
kerja dan kebolehan matematik berdasarkan jumlah masa diambil untuk menyelesaikan
masalah matematik. Hal ini menunjukkan kewujudan hubungan yang signifikan antara
ingatan kerja lisan (verbal) dan kebolehan matematik. Ingatan kerja berkait dengan
aspek kebolehan matematik iaitu memanipulasi nilai nombor dan langkah kerja yang
diperlukan untuk menyelesaikan sesuatu masalah matematik. Di samping itu, taburan
data, faktor taburan tidak normal, memberi indikasi kewujudan peranan tumpuan dalam

kelajuan proses mendapatkan semula informasi (retrieval) daripada rn jangka

panjang.

Kata kunci: ingatan kerja lisan (verbal), matematik, tumpuan, proses mendapatkan

semula, masa diambil, jawapan tepat

v



CHAPTER ONE

INTRODUCTION

1.0 Introduction

This chapter will cover the background of study, problem statement, objectives, research
questions, hypotheses, conceptual framework, significance of the study, and conceptual and

operational definitions of the variables.

1.1 Background of Study

Mathematics (maths) is an essential element in life. We practise the skills every day (Ojose,
2011). We use it in calculating our daily budgets, when purchasing essentials, measuring
ingredients in cooking, and, for academics, to analyse data. Therefore, it is imperative that it is
studied to contribute for the betterment of the skills involved. The performance in mathematics
varies from person to person. The factors leading to the performance level are various with one
of it being working memory. This led to much research being done with regards to working
memory and its relationship with maths performance and maths anxiety (Allen et al., 2019).
Research done on the matter also seeks to enhance the outcome in mathematics performance
(ultimately academic achievement), especially the role of working memory and many have
sought the training in working memory in the hopes that it may improve maths performance.
Only by knowing the true nature and the role played by the working memory on maths

performance can it really add to the betterment of maths performance (Cragg et. al., 2017).

Maths is especially emphasised in Malaysia. It is taught from kindergarten until Sijil

Pelajaran Malaysia (SPM) level (fifth form in secondary school). Many universities or tertiary



level education institutions require that maths achievement is credit (at least C) to enrol. For
instance, psychology students of Universiti Malaysia Sarawak (UNIMAS) are required to pass
maths in SPM level (E grade), but from asasi (foundation) level, at least a C in maths or

additional maths (like Teaching English as Second Language [TESL] course in UiTM).

Recently, Sarawak emphasised on the improvement of education. With this, comes the
emphasis on science, technology, engineering, and mathematics (STEM) education. The
Minister of Education, Innovation, and Talent Development, Dato Sri Roland Sagah was
reported to have said on the importance of STEM education to prepare the younger generation
for future prospects (Petingi, 2023). This shows the importance of mathematics in the

development of youth, and indirectly, the development of our country.

In practice, maths involves the numbers being manipulated and then the retention of
numbers and the operations in memory to arrive at a solution. Working memory is a temporary
store of information where it can be manipulated. This means that a relationship between
working memory and maths is expected. The study of working memory is of interest for some
time with many models developed to explain it. One famous model is the Baddeley and Hitch
(1974) model, it has subsystems which are phonological loop and visuospatial sketchpad.
Studies found that maths involved verbal and visual aspects of working memory (Miller &

Bichsel, 2004; Cragg et al. 2017, and Allen et al., 2019).

Therefore, the purpose of this study is to investigate the relationship between working

memory and maths performance.



1.2 Problem Statement

Ideally, maths, being a universal language, is studied in every culture, or across cultures.
Furthermore, different demographics may produce variations in both working memory
performance and maths performance. However, based on previous studies, only a few studies
specify their target groups. Many focus on school children and adults in general, whilst a few
specifically mention their target group, like science students and humanities students, such as
studying maths anxiety and working memory, i.e. Dowker and Sheridan (2022) and a good
grasp on adult samples with varying educational backgrounds (studying working memory and
maths performance and math anxiety). A study was conducted which included psychology
undergraduates but only comparing the age and strategy, e.g. from primary school to adult

(Cragg et al., 2017).

In addition, the study between maths and working memory in Malaysia is limited. This
is significant considering that mathematics is taught in Malaysia in mainly two languages, 1.e.
English and Malay. This may contribute to differences in performance in working memory,
number recall and maths performance in general as found by Peng et. al. (2020) and
Kirjavainen et al (2020). It was found that different aspects in a language may impact different
skills in maths. It may involve phonological processing in numerical representation and

vocabulary and comprehension in understanding concepts and problem solving.

In the domains of verbal (phonological) working memory, some studies used words
recall in measuring working memory. For instance, Cragg et al., (2017) used animal names, or
using sentences (recalling certain words at the end of a sentence); i.e. Miller & Bichsel (2004)
and listening span task (working memory capacity, L-span task) in Ashcraft & Kirk (2001).

This may have a negative impact on different demographics (culture and education level). On



the other hand, some studies used digit span tasks i.e. van Bueren et al. (2022) and Dowker &
Sheridan (2022). The use of digit span tasks is more appropriate considering it is a study on

maths and also to reduce the effect of the usage of second language in maths.

Therefore, this study included or specified the target demographics, which were
psychology students in UNIMAS, representing the Malaysian context and also university

students.

1.3 Research Objectives

1.3.1 General Objective

To investigate the relationship between working memory and mathematics performance.

1.3.2 Specific Objectives

a. To investigate the relationship between verbal working memory performance and
maths performance based on total correct recall.
b. To investigate the relationship between verbal working memory performance and

maths performance based on total time taken.

1.4 Research Questions

a. Is there a relationship between verbal working memory performance and mathematics
performance based on total correct recall?
b. Is there a relationship between verbal working memory performance and mathematics

performance based on total time taken?



1.5 Research Hypotheses

a. There is a relationship between verbal working memory performance and mathematics
performance based on total correct recall.
b. There is a relationship between verbal working memory performance and mathematics

performance based on total time taken.

1.6 Conceptual Framework

Verbal Work-il?g Maths Performance
Memory (Digit Span e  Total correct recall
Task) e Total time taken

Figure 1.6: Conceptual framework
1.7 Significance of Study

This study sought to add value to the field of working memory and maths. It is important to
seek the relationship between working memory and maths performance as it contributes to the
further understanding of learning and memory. Improvement in learning will contribute to
improvement in understanding cognitive function. In addition, any improvement on education,
or understanding in learning, in our society is highly regarded as it contributes to the state's

policy in education as reported by Petingi (2023).

Furthermore, the instrument for working memory used was digit span. This eased the

study by being neutral in terms of culture and language (unlike the words recall requiring



English speaking medium). Relevant data will be possible, making it less centred towards the

Western studies.

1.8 Definition of Terms

1.8.1 Working memory

Conceptual Definition: Verbal working memory maintains speech-based information,

including spoken, written, and printed words, even digits (Baddeley, 1992).

Operational Definition: In this study, verbal working memory will be measured by the

number of digits recalled in a digit span test.

1.8.2 Mathematics performance

Conceptual Definition: Mathematics is defined as the science that involves counting,
measuring, and the describing of the shapes of objects. It concerns logical reasoning and

quantitative calculation (Knorr et al., 2023).

Operational Definition: In this study, maths performance will be measured by the accuracy

(total correct answers) and total time taken to complete a mathematics test.

1.9 Summary

To encapsulate, this study seeks the relationship between working memory and maths
performance. This chapter has organised the background of the study, problem statement, the
objectives and hypotheses, the framework of the study, the significance of the study, and

finally, the conceptual and operational definitions of the variables.



CHAPTER TWO

LITERATURE REVIEW

2.0 Introduction

This chapter will detail the literature and resources used in explaining the models and past

studies that support the current study.

2.1 Working Memory

Working memory is a memory system that has a limited capacity and can manipulate
information (Baddeley, 1992), and integrate the information with others (Drew & Vogel,
2009). It is often related to complex cognitive tasks such as learning, comprehension, and
executive function (Cowan, 2014). It seeks to further explain or replace the short-term memory
model in Atkinson and Shiffrin (1968) multi-store model. They considered short-term store as
one whole unit controlling the encoding of information from the sensory register and later
recalling from the long-term memory. Baddeley and Hitch (1974) found this simplistic view

inadequate and that there are subcomponents to a short-term memory in working.

Baddeley and Hitch (1974) proposed that working memory consists of a central
executive which coordinates the information coming in and later the process of storing and
manipulation, and also using it to guide behaviour (Adams et al., 2018). Then, there are two
slave systems which are dedicated to two separate types of stimuli, i.e. the phonological loop

(verbal working memory), and visuospatial sketchpad (visual working memory).

Phonological loop, or verbal working memory, maintains speech-based information
(Baddeley, 1992). It includes spoken and written (and printed) words, and even digits.

Baddeley and Hitch (1974) conducted several experiments which they reported in the chapter



they wrote with evidence to the existence of the central unit and phonemic buffer. They found
that there is impairment in performance in verbal reasoning, comprehension, and free recall
when a memory load of 6 items was imposed, the presence of phonemic similarity, and when
doing articulatory suppression. These suggest the existence of a phonological store in the

working memory.

As for visuospatial working memory, studies cited in Baddeley and Hitch (1974), such
as by Brooks et al. (1967) and Kroll et al. (1970), showed there were different systems
employed when subjects were presented with visual stimuli. For example, Holding (1985, as
cited in Baddeley 1992) reported different subsystems of working memory are employed in a
game of chess. First study on the determining chess positions showed impairment in the
visuospatial sketchpad but not in the phonological loop. However, in the second study, on
determining the next optimum moves in chess, the opposite is true; the verbal aspect is
disrupted but not the visual. These suggest that there are two different systems employed

depending on the stimuli.

Another model that can be considered is the model by Cowan (1988, in Adams et al.,
2018). Cowan (2014) went away from the slave systems in Baddeley and Hitch (1974) a bit,
by suggesting that there is no certainty that there are separate parts for it. Cowan suggested that
the systems are embedded in one, and that we do not know which one is overlapping or which
one is basic. However, he retained the central executive system, coordinating and manipulating
information. He proposed that information coming in from the environment activates long-term
memory (Adams et al., 2018) and a subset of which, the focus of attention, is activated (Cowan,
2014). Furthermore, he emphasised on sensory memory, stating that differences in verbal
working memory where spoken words are retained better than the same thing in printed form

(Cowan, 2014).



In addition, a model by Barrouillet (2004) suggest the effect of attention on working
memory span. This accounts for the memory traces decay as attention is switched away from
the task at hand. Therefore, it affects the retrieval speed of information from long-term memory

as in Cowan’s model.

2.2 Mathematics

Mathematics (maths) is a science that works with logics of shape, quantity, and order (Hom &
Gordon, 2021). It surrounds us, the complexity of maths grows with the sophistication of
society. The Program for International Student Assessment (PISA) has categorised four
elements that constitute mathematics: quantity; space and shape; change and relationship; and
uncertainty (Ojose, 2011). From this, the basis of mathematics is numbers (Courant et al.,
1996). Numbers help us count objects, but it has no characteristics of the objects counted. There
are many types of numbers: rational, real, integers (negative and positive), natural, irrational,
etc. (Waring, 2019). The most commonly found numbers are the positive integers, which refers
to numbers one, two, three onwards, and also the number zero (Lang, 1971). To calculate the
numbers, we need arithmetic (Courant et al., 1996). The basic arithmetic involves addition and

multiplication, and then subtraction and division, the inverse of the first two.

What everyone needs is mathematics literacy. Mathematics literacy refers to a person’s
capacity to know and apply basic mathematics (Ojose, 2011). OECD (2022) gave a thorough

definition of maths literacy as

“Mathematical literacy is an individual’s capacity to reason mathematically and to
formulate, employ, and interpret mathematics to solve problems in a variety of real-
world contexts. It includes concepts, procedures, facts, and tools to describe,

explain, and predict phenomena. It helps individuals know the role that



mathematics plays in the world and make the well-founded judgments and
decisions needed by constructive, engaged and reflective 21st Century citizens

(para. 2).”

In essence, the basic knowledge of maths that everyone needs is the knowledge on numbers

and arithmetic.

2.3 Working Memory and Mathematics

Ashcraft and Krause (2007) cited that there is a positive relationship between arithmetic and
working memory. It involves the manipulation of numerical values and also the total number
of steps in problem solving. As the size of the problem increases, so do the demands on working
memory. Mixed digits and mixed operations may add to the demand of working memory
(Raghubar et al. 2010). Furthermore, working memory functions more when the solution
requires strategy and operation or procedure, which means manually calculating the values,
rather than direct memory retrieval. Cragg et al. (2017) found that when working memory load
was imposed on the subjects, there is impairment in the accuracy and time taken in performing

maths.

However, considering Cowan’s (2014) model, even the retrieval strategy is working
memory as it involves an attentional filter activating long-term memory. According to Cragg
et al. (2017), the central executive component is responsible for the retrieval. Retrieval strategy
in maths refers to the method of directly retrieving long-term memory to solve a problem. For
example, in the problem 2 + 2= 4, we retrieve the answer from long-term memory, without
going through the counting or procedural strategy which is manually counting the values.

Cragg et al., (2017) cited a study that found that counting taxed the working memory and not

10



retrieval. However, evidence suggested that even retrieval has demands on working memory,
such as by Cragg et al., (2017) that regardless of strategies used, disruptions in working

memory equals impairment in maths performance.

Raghubar et al., (2010) reviewed four approaches in studying working memory and
maths performance, one of them being dual task studies, where participants performed two
tasks (criterion task and secondary task) simultaneously. The secondary task is the working
memory task. In their review, Raghubar et al. (2010) found that there is more evidence in the
role of phonological loop in arithmetic performance than the role of visuospatial
sketchpad. According to Peng et al. (2020), working memory accounts for 8% ~ 16% in
variance between language and maths, which proves the existence of the phonological loop in
connection to maths. In learning maths, language skills are necessary, such as comprehension
and vocabulary, and also phonological processing (Peng et al., 2020; Kirjavainen et al., 2019).
According to the research (van Bueren et al., 2022), they tested verbal working memory with
backward digit span task. In this task, participants were presented with a number sequence
verbally and had to recall it in reverse order. They found that higher performance in working

memory was related to better mathematical abilities.

A recent review by Allen et al., (2019) suggests that there is a positive relationship
between visuospatial working memory and mathematics performance. They found that
children develop their maths skills as they grow, changing their strategy to a more verbal
approach. Li and Geary (2017) studied the performance of school children in maths, from
kindergarten to ninth grade. They used the Working Memory Test Battery for Children
(WMTB-C) to test the children’s working memory and Wechsler Individual Achievement Test-
[I-Abbreviated to assess their overall achievement, and especially maths achievement. They

found that children with larger gains in visuospatial working memory, have better mathematical

11



achievement. They found that visuospatial working memory was specific to maths achievement
and not achievement in general, unlike verbal working memory is a predictor of both reading

achievement (Li & Geary, 2017) and maths performance (Ashcraft & Krause, 2007).

One factor that plays a role in affecting working memory and maths performance is
maths anxiety. Individuals exhibiting high levels of maths anxiety were found to have lower
working memory capacity (Ashcraft & Kirk, 2001). When an individual is anxious,
performance in maths worsen (Finell et al., 2022). Worrying thoughts limit the processing
capacity required in maths performance by spending working memory resources on irrelevant

stimuli.

According to Miller and Bichsel (2003), maths performance is influenced by both visual
and verbal working memory with maths anxiety affecting visual working memory. They
studied one hundred (100) adults from various backgrounds. They adapted a sentence-based
working memory test for verbal working memory, where participants need to recall the last
words of each sentence at the end of a set, and a paper-folding task for visual working memory.
Their findings on maths anxiety affecting visual working memory contradicted others where
they hinted on the effect of anxiety in verbal working memory as they utilised and tested verbal
aspects of the working memory, such as by Ashcraft and Kirk (2001). However, research by
Zivkovié et al. (2022) concurred with Miller and Bichsel (2003), where anxiety affects the
visuospatial working memory rather than verbal working memory. These studies indicated that
indirectly there is a huge role played by visuospatial working memory in maths performance
albeit the previous studies and the bulk of the studies indicating the major role of verbal

working memory.

12



From the literatures, it was found that the working memory tasks utilised were usually
language-specific, with emphasis on the English language and also only on the native speaking
population where maths is studied and tested only in their native tongue. For example, Cragg
et al., (2017) used animal names aurally presented to test working memory. Ashcraft and Kirk
(2001) utilised two tasks, listening span (L-span) and computation span (C-span) tasks. The
former required the participants to listen to a sentence and answer a question relating to the
sentence before proceeding to the next sentence and at the end of the sentence the participant
must recall the last word of the sentence. The second task was similar but replaced the sentences
with arithmetic problems, again requiring the recall of the last number of the problem. Their
study indicated the use of English language especially with the first task. van Bueren et al.,
(2022) and Finell et al. (2022) both reported the use of digit span task. However, the
presentation and the recall were done verbally, indicating the use of a specific language. This
current study seeks to be neutral in language use as maths is studied bilingually in Malaysia,

suggesting the universality of mathematics.

2.4 Summary

In conclusion, this chapter discussed the models used for working memory, the foundation of

mathematics, and studies relating working memory and mathematics (maths) performance.
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CHAPTER THREE

METHODOLOGY

3.0 Introduction

This chapter will detail about the method proposed in studying the relationship between

working memory and maths performance.

3.1 Research Design

This study applied quantitative methods, through correlational research design. Correlational
research or study is a study on the association between the independent variable (IV) and the
dependent variable (DV), whether there is a positive or negative relationship and the strength

of the relationship (Ahmad & Bujang, 2022).

The study focused on the relationship between verbal working memory (independent
variable) and maths performance (dependent variable) based on the total time taken to answer
maths quiz and total correct answers. Thus, it utilised experimental method in the correlational

study.

3.2 Population and Sample

The population chosen is the Psychology students in UNIMAS for the diverse backgrounds in
maths. This study was replicating a part of Cragg et al., (2017) study, where undergraduate

psychology students were their participants for the adult population.

The minimum number of participants accepted in most research is 30 participants
(Ahmad & Bujang, 2022). A simple experiment with stringent control of the variables may

only have 10 participants. Therefore, this study had 30 participants in total.
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3.3 Instruments

Demographics information was collected. The information included: gender, age, CGPA, and
year of study. Furthermore, informed consent forms will be included when filling in

demographics information.

There are two instruments chosen to measure the two variables:

3.3.1 Working memory measurement

The instrument used to measure working memory is the digit span task. A series of numbers
are presented to the participant verbally or via a computer using tests available online, like
from memorylosstest.com. The participants were tasked to recall the number in correct order.
It can be done in forward order (Finnell et al., 2021) or backwards (Raghubar et al., 2010; van
Bueren et al., 2022) as it is suggested to be a purer measure of working memory (Dowker &

Sheridan, 2022). Therefore, the study was done using backwards digit span task.

The basic principle of the test is that a participant will memorise and recall a string of
digits, and the test will stop when the participant failed twice on a certain level (Woods et al.,
2010), such as inaccurately recalling at 7 digits span. Three trials were given to the participants.
When the participants failed two out of three, then the test was stopped, and the highest span

reached without failure was recorded.

For example, in backward digit span task, in the first level, a three-digit span sequence
will be presented. A sequence of 234 is presented to a participant. He will have to recall 432 to
succeed. After successfully completing three trials of the three-digit span sequence, the
participants moved on to the next span (four-digit span), and on until two errors out of three

trials were found.
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3.3.2 Maths Performance Measurement

To measure maths performance, only the four foundations of maths, or four basic
arithmetic were tested, i.e. addition, multiplication, subtraction, and division. As such, a simple
quiz website, https://www.thatquiz.org/tq-1/math/arithmetic/, was used. In this website, there
will be two types of operations that are available but only one was used which was the single
operation (9 + 9 = ?). The level was also set at 20 (the numbers shall be up to 20). Level 20
means that the highest number in an operation is 20 for addition, subtraction, and
multiplication, whilst in division level 20 means 20 is the highest number for the answers to
the operation. In addition, subtraction, and multiplication, they are usually written as a+b =c,
a—b=c,and a * b= c. Level 20 in this means that for ‘a’ and ‘b’ in the equation, the highest
possible number is 20. For example, 17 + 14 = 34 for addition, 19 — 17 = 2 for subtraction, and
16 * 4 = 64 for multiplication. However, in division, where a/b = ¢, only ‘c’ is capped at 20,

e.g. 288/18 = 16.

3.4 Pilot Study

For pilot study, 6 individuals were selected to test the feasibility of the instruments used. They
were tasked to complete the two tasks: (1) backward digit span task for working memory, and

(2) maths quiz for maths performance.

3.5 Procedures

Firstly, the participants were given a consent form to be filled. Then, they were to include the

demographics information, which include age, CGPA, year of study in a form.

After filling the form, the participant performed the digit span task from 3.3.1 above.
They were given three trials, and when two trials resulted in failures, the highest span reached

was recorded, as in 3.3.1 above.
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Then, the participants answered 20 questions for the maths quiz. The total time taken,

and total correct answers were recorded.

3.6 Analysis Methods

3.6.1 Descriptive analysis

For working memory, the highest span was recorded. For example, a participant excelled at
seven-digit span and failed at the eighth, thus the highest span is 7. Mean and range were

recorded for the overall analysis of the digit span task.

For maths quiz, the total correct answers out of 20 and also the total time taken were

recorded. Mean and range will be recorded.

The range and mean will be used to find correlation in the inferential statistics later.

3.6.2 Inferential statistics

Hypothesis Analysis

1. There is a relationship between verbal Spearman correlation
working memory performance and
mathematics performance based on total

correct recall.

2. There is a relationship between verbal Spearman correlation
working memory performance and mathematics

performance based on total time taken.

Table 3.6.2: Inferential analysis
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3.7 Summary

To summarise, this chapter detailed the methodology used, the instruments, the
population and sample, the procedures, and the analysis methods. Succinctly, correlational

research design is used, therefore, Pearson correlation will be the statistical test utilised.
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CHAPTER FOUR

FINDINGS AND DISCUSSION

4.0 Introduction
This chapter will detail the demographics data of the study, the findings related to working

memory and maths performance, and the discussion concerning the result of the study.

4.1 Demographic Data

4.1.1 Gender of the participants

Table 4.1.1: Gender of participants

Gender n %
Male 8 26.7
Female 22 73.3
Total 30 100
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Pie Chart of Gender of Participants

Gender

P Femals
| WA

26.67%
8

Figure 4.1.1: Pie chart of gender of participants
Table 4.1.1 and Figure 4.1.1 displayed the frequency of the data based on the gender of the

participants.

4.1.2 CGPA of the participants

Table 4.1.2 CGPA of participants

n M SD Min. Max.

CGPA 30 3.73 0.203 293 4.00

Table 4.1.2 showed the cumulative grade point average (CGPA) of the participants. The
mean of the CGPA is 3.73 (M=3.73) with standard deviation of 0.203 (SD=0.203). The range

is 1.07, ranging from 2.93 to 4.00.
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4.1.3 Age of participants

Table 4.1.3 Age of participants

Age n %
21 2 6.7
22 19 63.3
23 7 233
24 1 33
26 1 33

Total 30 100

AGE

20

Participants

Figure 4.1.3 Age of participants
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4.1.4 Year of study

Table 4.1.4 Year of Study

Year of Study n %
2 4 13.3
3 26 86.7
Total 30 100
Year of Study

30

20

Participants

Year of Study

Figure 4.1.4 Year of Study
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4.1.5 Working memory and maths performance total correct recall and total time taken
Table 4.1.5: Descriptive data for working memory and maths performance (total correct recall

and total time taken)

n M SD Min. Max.
Working Memory 30 5.40 1.329 3 8
Maths (total correct recall) 30 16.33 2.758 7 20
Maths (total time taken) 30 3.05 1.403 1.28 7.12

4.2 Inferential Data (Main Findings)
4.2.1 Normality test
To proceed with data analysis, a normality test was run to ascertain whether the assumption of

normal distribution for Pearson’s correlation was suitable.

Table 4.2.1 Test of normality

Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df  Sig.
Working Memory 218 30 <.001 915 30 .019
Maths (total correct recall) 185 30 010 .886 30 .004
Maths (total time taken) 150 30 .083 906 30  .012

Shapiro-Wilk values are observed because the number of participants is less than 2000 (30).

Significance value, p value, for Shapiro-Wilk should be more than .05 to be considered normal.

23



Hence, working memory, maths (total correct recall), and maths (total time taken) are not
normally distributed with p value of .019, .004, and .012 respectively. Figure 4.2.1 (a), (b), and

(c) shows the Q-Q plot of the three variables.

Normal Q-Q Plot of Worldng Memory

Expected Normal

2 4 [} g

Observed Value

Figure 4.2.1 (a): Q-Q plot of working memory
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Normal Q-Q Flot of MATHS (total correct recall)

Expected Normal

5 10 15 20 25

Ohbserved Value

Figure 4.2.1 (b): Q-0 plot of maths (total correct recall)

Normal Q-Q Flot of MATHS (total time taken)

Expected Normal

0 2 4 [ 8

Observed Value

Figure 4.2.1 (c): Q-0 plot of maths (total time taken)
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4.2.2 Spearman correlation coefficient
The distribution of the data is not normal, therefore the usage of Pearson’s correlation to
investigate the relationship was replaced with Spearman’s which does not assume the data to

be normally distributed.

Table 4.2.2 (a): Correlation between working memory and maths (total correct recall)

Working ~ Maths (total

Memory correct recall)

Spearman's ~ Working memory  Correlation 1.000 412
rho Coefficient

Sig. (2-tailed) . 024

N 30 30

Maths (total correct Correlation 412 1.000
recall) Coefficient

Sig. (2-tailed) .024 .

N 30 30

Table 4.2.2 (a) illustrates the result of Spearman’s correlation coefficient between working
memory and maths performance based on total correct recall. The p value was smaller than the
0.05 level of significance (p = .024), thus the first hypothesis had not enough evidence to be
rejected. The correlation coefficient between working memory and maths performance based
on total correct recall was r.(28) = .412. Therefore, it can be concluded that there is a significant
positive relationship between working memory and maths performance based on total correct

recall.
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Table 4.2.2 (b): Correlation between working memory and maths (total time taken)

Working Maths (total time
memory taken)

Spearman's Working memory  Correlation 1.000 -.385
rtho Coefficient

Sig. (2-tailed) . .036

N 30 30

Maths (total time Correlation -.385 1.000
taken) Coefficient

Sig. (2-tailed) .036 .

N 30 30

Table 4.2.2 (b) indicated the result of Spearman’s correlation coefficient between working
memory and maths performance based on total time taken. The p value is significant, having p
< 0.05 level of significance (p = .036), thus the second hypothesis failed to be rejected.
However, the correlation coefficient between working memory and maths performance based
on total time taken is negative, r(28) = -.385. It is concluded that there is a significant negative

relationship between working memory and maths performance based on total time taken.

4.2.1.1 Discussion
From table 4.2.2 (a), it was reported that there is a significant positive relationship between
working memory and maths performance based on total correct recall. The correlation is
considered moderate with the r, value being more than .4 (r. = .412). Participants were tasked
to perform a backwards digit span working memory task and a maths quiz consisting of 20
questions. Participants with higher working memory performed better in maths, thus
contributing to the positive relationship.

A positive relationship was also reported in a study by Miller and Bichsel (2004). They
found that in intercorrelation between measures, both visual and verbal working memory were

significantly and positively related to basic and applied maths performance. Their study was
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on maths anxiety, and they found that working memory is secondary to maths anxiety in
predicting maths performance. One explanation afforded by them was, amongst individuals
with high maths anxiety, those with high working memory have more resources in performing
maths than those with lower working memory.

Another study by Cragg et al. (2017) also reported a positive relationship between
working memory and maths performance. They found that previous studies suggest that
strategies used in solving maths problems were where the working memory is most evident.
Their study stated that regardless of strategies, working memory interfered with all three
strategies (retrieval, decomposition, counting) to a similar extent. However, they suggest that
working memory’s role in maths performance is influenced by the problem size when using
strategies, excluding memory retrieval to arrive at a solution.

Dowker and Sheridan (2022) studied the attitude on maths and maths performance, and
the influence of various factors including working memory. They found that oral maths was
predicted by working memory. In other words, mental arithmetic has a positive relationship
with working memory as is evident in the current study. Dowker and Sheridan (2022) stated
that science students having longer digit span than humanities students, reported better maths
performance, implying the relationship between working memory and maths performance.

These are all elucidated earlier by Ashcraft and Krause (2007). They explained that
there are two aspects of the relationship between working memory and maths performance: (1)
manipulation of numerical values, and (2) procedures (total number of steps) in problem
solving. Furthermore, working memory is more taxed when the operands in maths problems
grow larger, similar to what was suggested by Cragg et al. (2017) with regards to problem size.

Ashcraft and Krause (2007) stated that use of procedural strategies is more taxing than retrieval,
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comparing this with Cragg et al. (2017) where there is not much difference between the
strategies including retrieval.

To explain problem size, in maths there are four basic arithmetic skills: addition,
multiplication, subtraction, and division. Basically, in addition, if the sum or multiply of two
values is more than ten (10), it will involve a carry operation where the additional tens will be
carried over to the next place (Courant et al., 1996). Inversely, in subtraction, a ten value may
be borrowed and brought to the ones place to make it possible to subtract with a larger number.
These showed the extra procedure and extra need to retain the value in the working memory.
It is even more complex in multiplication and division where an individual may need to
remember the multiples of a number so further multiplication involving more digits or division
can be performed.

From the two elements; problem size and strategies; it was observed that most people
that have errors in their maths quiz erred in either division or multiplication or both. This further
proves the relationship between working memory and maths performance based on total correct
recall in conjunction with the aspects of maths mentioned above and the two elements
aforementioned.

Combining the two elements or aspects of problem size and strategies, we can expect
an increase in time needed to perform more complex maths problems. With bigger problem
size, more time will be needed and working memory is exerted more. This was shown in table
4.2.2 (b), there is a significant negative relationship between working memory and maths
performance based on total time taken. This means that as the level of working memory of an
individual increases, the less time is needed for that individual to solve maths problems.

However, the correlation is weak, with r, = -.385, with r. < .4 being considered weak.
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One explanation that may be given is the varying maths skill and knowledge an
individual possesses. Cragg et al. (2017) suggested that further studies need to be done with
regards to the differences between science students and humanities students. This was evident
in their study that science students reported a longer digit span than humanities students. Owing
to this fact, the background of the participants of the current study, undergraduates of
psychology programme from UNIMAS, is diverse prior to undergraduates with some from the
science stream, others studied business, literature, linguistics, or having a diploma in
administration. This variety of background means that there are different levels of maths skills
and knowledge.

Cragg et al. (2017) found that retrieval strategies, finding solution through retrieval
from memory, involves working memory. Barrouillet and Lépine (2005) found that children
with higher working memory can retrieve faster in simple arithmetic problems. They take into
account Cowan’s model of working memory activating the long-term memory in retrieval and
also the model by Barrouillet et al. (2004), time-based resource-sharing model that takes into
account the attention required in working memory tasks and also the number of memory
retrievals. These can account to the retrieval of the multiples in solving multiplication and

division in maths as mentioned earlier.

4.3 Summary
To summarise, the chapter described the demographics data, the descriptive data of the main
study, the normality test result, the inferential data testing the hypotheses, and the discussion

that explained the result.
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CHAPTER FIVE

LIMITATION, IMPLICATION, RECOMMENDATION AND CONCLUSION

5.0 Introduction
This chapter details the implications of the study, the limitations, the recommendations for

future studies, and the conclusion.

5.1 Implications

The study has led to a better understanding of the relationship between working memory and
maths with the recording of the total time taken. This adds value to studying working memory
taking into consideration of the effects of attention to working memory and the retrieval of

long-term memory as in Cowan’s model.

Furthermore, it can be inferred that other than working memory, attitude towards maths
can affect maths performance. The effects of attention and attitude towards maths on the
performance of maths can be observed from the spread of data, where some participants on the
average working memory performed differently on maths and also upon debriefing, the
participants shared their view on maths. Nevertheless, working memory in general does play a

part in maths performance albeit partially.

In addition, the study has helped better understand maths education in Malaysia despite
being taught differently than the places where the various studies were cited here. Despite the
differences, working memory remains a crucial part of maths performance. Therefore, students

with better working memory may study and perform better in maths than those with lower
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working memory. As working memory can be trained, this may improve the learning process

of our students.

5.2. Limitations of Study

There are a few limitations in the study that may affected the outcome.

Firstly, the number of participants is small. It may not be statistically strong enough to
create powered research. This brought about the lack of diversity in the participants, focusing
only on the psychology undergraduates, thus the results may not be generalised. However, the
study is still valid with only 30 participants as it is considered the minimum value for most
research, 10 to 20 participants for a simple experiment may be possible (Ahmad & Bujang,
2022). The psychology undergraduates came from various backgrounds prior to enrolling in

bachelor's studies. That may account for a little bit of diversity.

Secondly, there is an issue of attitude towards maths amongst the participants. A
negative attitude towards maths may result in poor performance in maths in spite of working
memory level. This combined with small number of participants may have cause the data being
not normally distributed. However, the study only tested simple arithmetic, which the

participants have basic knowledge of, thus the attitude towards maths may be negligible.

Furthermore, the study did not cover many aspects of maths, only touching the four
foundational arithmetic: addition, multiplication, subtraction, and division. It also only
included whole numbers and single operations. Thus, it only correlates with some parts based
on the elements by PISA, i.e. quantity and relationship. Nevertheless, as the study sought to
test the basics, the four arithmetic and whole number are still adequate as implied by Courant

et al. (1996) and Ojose (2011).
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The working memory test may be limited in terms of the aspect it tested. The backward
digit span task focused only on verbal working and digit processing. There are other tests to

test verbal working memory.

5.3 Recommendations

For future studies, these are some recommendations to improve from the limitations.

Firstly, to increase the number of participants. This will strengthen the research data
analyses. Furthermore, a more diverse sample of participants may be included with various

backgrounds which this study focused only on psychology undergraduates.

To address the effects of the attitude towards maths had upon the study, it is
recommended that future participants should be filtered, or criteria should be set in selecting
participants. This will ensure that the relationship between working memory and maths can be
studied without the confounding variable, unless the study is on the effects of maths anxiety.
The participants may be filtered based on their attitude towards maths - how they view maths,

whether it is positive or negative, maths anxiety, and test anxiety.

It is suggested to include more aspects of maths in future studies. Maths is a large field
in science, it encompasses the bulk of quantitative sciences, as in physics, chemistry, and
statistics. Aspects of maths such as fractions, decimals, probability, and shapes should be
included to give a holistic understanding of the relationship between working memory and

maths.

Finally, more working memory tests should be incorporated such as reading span task,

n-back, and include visual working memory tests such as Corsi block-tapping test. Most studies
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utilised more than one working memory tests and recent studies have found that there is a

relationship between visuospatial working memory and maths.

5.4 Summary

To summarise, the implication of the study was discussed, limitations and recommendations

of the study were highlighted.
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APPENDIX A

RAW SPSS OUTPUTS
1.0 Demographic data
Gender of participants
Gender n %
Male 8 26.7
Female 22 73.3
Total 30 100
CGPA of participants
n M SD Min. Max.
CGPA 30 3.73 0.203 2.93 4.00
Year of study
Year of Study n %
4 133
26 86.7
Total 30 100

39



Age of participants

Age

n %
21 2 6.7
22 19 63.3
23 7 233
24 1 33
26 1 33
Total 30 100
2.0 Descriptive data of the main findings
n SD Min. Max.
Working Memory 30 1.329 3 8
Maths (total correct recall) 30 2.758 7 20
Maths (total time taken) 30 1.403 1.28 7.12
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3.0 Inferential statistics

Normality test
Kolmogorov-Smirnov Shapiro-Wilk
Statistic Sig. Statistic df  Sig.
Working Memory 218 <.001 915 30 .019
Maths (total correct recall) 185 010 .886 30  .004
Maths (total time taken) 150 .083 906 30  .012
Spearman correlation coefficient
Working ~ Maths (total
Memory correct recall)
Spearman's ~ Working memory  Correlation 1.000 412
rtho Coefficient
Sig. (2-tailed) . 024
N 30 30
Maths (total correct Correlation 412 1.000
recall) Coefficient
Sig. (2-tailed) .024 .
N 30 30
Working Maths (total time
memory taken)
Spearman's ~ Working memory  Correlation 1.000 -.385
rho Coefficient
Sig. (2-tailed) . .036
N 30 30
Maths (total time Correlation -.385 1.000
taken) Coefficient
Sig. (2-tailed) 036 .
N 30 30
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APPENDIX B

GOOGLE FORM FOR PILOT STUDY FEEDBACK

Pilot Study Feedback

Greetings to all,

I am Raul Rifaie Bin Ronney (81029), a third-year Psychology student from the Faculty of
Cognitive Sciences and Human Development (FCSHD) at Universiti Malaysia Sarawak
(UNIMAS). | am currently conducting a pilot study for my Final Year Project (FYP) titled
"Working Memory and Mathematics Performance” and | would like to invite you to
participate. This research project is supervised by Mr Mohamad Azhari Bin Abu Bakar.
Your cooperation and participation in responding to this feedback form is much
appreciated. Your feedback on this questionnaire will assist the researcher in making
improvements prior to the main study.

Thank you for participating in the pilot study.

Should you require clarification, please do not hesitate to contact me through the following
contact details:

¥ Email: 81029@siswa.unimas.my
. Phone no: 019-484-7586

raulrifaieronney@gmail.com Switch accounts ()

* Indicates required question

Email *

[:l Record raulrifaieronney@gmail.com as the email to be included with my response
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Name *

Your answer

CGPA *

Your answer

Year of Study *

(O 1stYear

O 2nd Year
(O 3rd Year

() 4th Year

O Other:
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Highest working memory level from the backward digit span task. *

Your answer

Maths quiz correct answers (in percentage). *

Your answer

Are you able to understand the instructions given? *

() Yes
() No

How difficult are the tasks? *

1 2 3 4 5

Easy O O O O O Difficult
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Is the venue comfortable and suitable? *

(O Yes
O No

Did you experience any discomfort whilst performing the task? If yes, please *
elaborate.

Your answer

Do comment or suggest any improvement. *

Your answer
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APPENDIX C

WORKING MEMORY TASK

Free Digit Span Memory Test

A popular working memory test that is used in many cognitive and neuroscience re-
search labs. Type the numbers you see into the box below. Mosk people are able to
remember 5 to 8 numbers in a row. Users can change the “Span” of numbers dis-
played below. To make this test more challenging, switch from Forward to Reverse

order, and change the test speed from Slow to Fast.

4 )

Digit Memory Test by MyBrainTest.org

Click on "New Test' to start the test

EEEEN
IR =
o |
- New Test
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APPENDIX D

MATHS QUIZ EXAMPLES

Arithmetic

18 -0 =

Arithmetic

6x3=

Arithmetic

3+19 =

47



Length |20 +|
Level 20 v
Timer [None v|
Feedback [off  v|

Addition
Subtraction
Multiplication
Division

Simple ©
Inverted O
LongA O
LongB O
Triplet O

Negatives
Focused ©
x10 ) x100 O

Make UR!

Arithmetic

12+3=]

Right| ©
Wrong| 0 |
Clock | 000

i

Reset ]

Enter key or OK
button finalizes

Arithmetic

Score

100%

Completed

20

Unanswered

Right

20

Wrong

Time

1:27

Seconds per problem

4.35

ThatQuiz Home
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APPENDIX E

INFORMED CONSENT FORM

UNIVERSITI MALAYSIA SARAWAK

INFORMED CONSENT FORM
WORKING MEMORY AND MATHEMATICS PERFOMANCE

You are to take part in a study done for the fulfilment of the researcher’s final year project.
Below are the details pertaining to the study, so that you may decide to proceed with the study

or not. You are free to withdraw from the study at any point of the study.

The study will be conducted by Raul Rifaie bin Ronney to complete KMY3013/3014 Final
Year Project and supervised by Mr Mohamad Azhari Abu Bakar. The purpose of the study is
to investigate the relationship between working memory performance and mathematics
performance. Participants will be doing two tasks: backward digit span task and a maths quiz.
The estimated time of completion is approximately 15 minutes. All information will be kept

confidential and will be used only for academic research.
If you have any inquiries, please contact the following:
RAUL RIFAIE BIN RONNEY

Phone no.: 019-484 7586

Email: 81029@siswa.unimas.my

If you agree to participate in this study, please sign below. Thank you for your time and

participation.

(Signature of participant)
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APPENDIX F

DATA COLLECTION SHEET
DEMOGRAPHICS INFORMATION

Matric No.

Age

CGPA

Year of Study

TEST SCORE

Working Memory (Backward Digit Span)

Maths Quiz

Total correct answers & total time taken

ADDITIONAL INFORMATION:
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