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ABSTRACT

“I Can’t Do Math.” The Experience of Math Anxiety and Math Related Intrusive Thoughts
in Men and Women
Genevieve Trudel
University of Ottawa, 2024

The underrepresentation of women in science, technology, engineering, and math
(STEM) fields is a well-recognized concern and is often attributed to the importance of
mathematics within STEM disciplines. Math anxiety has been suggested to be more prevalent
among women which could potentially act as a barrier to their pursuit of STEM careers. This
dissertation's primary objective was to gain a better understanding of gender differences in math
anxiety. Study 1 aimed to identify whether math anxiety may mediate the relation between
gender and math performance in a sample of undergraduate students (N = 389). Results revealed
that women reported higher math anxiety and exhibited lower math performance compared to
men. Moreover, math anxiety partially mediated the association between gender and math
performance. Researchers have also primarily focused on the cognitive interference model to
explain the link between math anxiety and math performance. This account posits that intrusive
thoughts experienced by individuals with math anxiety disrupt the working memory processes
necessary for successful math performance. Thus, Study 2 and Study 3 focused on the gender
differences in the frequency and types of intrusive thoughts experienced during math tasks. In
Study 2 we found that among a sample of 309 undergraduate students, math anxiety significantly
predicted the frequency of intrusive thoughts, while gender was not a predictor. The most
common intrusive thoughts were related to making mistakes, previous math experiences, and

problem-solving methods. Study 3 (N = 437) aimed to examine whether intrusive thoughts
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differed based on the working memory demand of the task. Results indicated that women and
higher math anxious individuals experienced more intrusive thoughts. Additionally, higher
working memory demand tasks elicited more intrusive thoughts. The most common intrusive
thoughts were related to making mistakes, previous math experiences, and time pressure.
Overall, this dissertation contributes valuable insights into the complex relation between gender
differences, math anxiety, math performance, and intrusive thoughts during math tasks.
Understanding these factors is essential to finding effective interventions for math anxiety which

could potentially help address the underrepresentation of women in STEM fields.
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CHAPTER ONE:
GENERAL INTRODUCTION

Emotions are episodic in nature (Ekman, 1992) and can be triggered by events that are
external (e.g., encounters with undesirable stimuli) and/or internal (e.g., thoughts, memories,
sensations; Scherer, 2000). Popular models of emotions, such as discrete emotion models,
describe emotions as eliciting changes in cognition (e.g., attention), judgement (e.g., perception
of risk), experience (e.g., recognition of emotion), behaviour (e.g., running away), and
physiology (e.g., heart racing; Lench et al., 2011). Together, these encourage a tailored reaction
to the specific environmental change that has triggered the emotion (Lench et al., 2011).
Emotions can also motivate an individual to approach or avoid a specific situation. Positive
emotions (e.g., happiness) tend to encourage an individual to approach a situation/stimulus
whereas other, more negative emotions (e.g., fear and anxiety), tend to encourage avoidance of a
situation/stimulus (Bechara et al., 1997; Lench et al., 2011; Phat, 2014).

Fear and anxiety are normal emotional responses that occur when an individual perceives
danger or threat (Milne et al., 2019). They are adaptive responses aimed at motivating reactions
that will alleviate the uncomfortable emotion (Rosen & Schulkin, 1998). Though there are
similarities between fear and anxiety, these emotional reactions are distinct. Fear is defined as a
response that immediately prompts protective actions to shield oneself from the imminent danger
or life-threatening circumstances (Barlow, 2000). In contrast, anxiety is a sense of apprehension
that arises from the anticipation of potentially harmful events, even when the source of the threat
is unknown (Barlow, 2000). Our body responds to three primary types of threats: external,
internal, and conditioned (McKay et al., 2017). External threats involve dangers stemming from

outside forces (e.g., loss of your job; McKay we al., 2017). Internal threats arise from sensations
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within our bodies, such as those associated with danger (e.g., rapid heartbeat, shortness of breath,
dizziness), that may be interpreted as threatening despite originating from internal sources
(McKay et al., 2017). The third type of threat is conditioned threat, which pertains to objects,
situations, or internal experiences that may not inherently pose significant danger but have
become associated with the anticipation of harm (McKay et al., 2017). For example, though math
may not pose a danger, repeated negative experience in math-related situations can lead to
associations of math with feelings of inadequacy, anxiety, and/or embarrassment (e.g., Beilock &
Maloney, 2015; Luttenberger et al., 2018). The way individuals perceive threats has long been
identified as a key cognitive process in the emergence and maintenance of anxiety and anxiety
related disorders (e.g., Butler and Mathews, 1983; Carr, 1974). Threat appraisal is defined as an
individual's assessment of both the likelihood and seriousness of a potential negative future event
(Carr, 1974). It is suggested that some individuals are more prone to anxiety (anxiety proneness)
due to inaccuracies in evaluating the probability and severity of a threat while underestimating
one's ability to cope with the threat (Beck et al., 1985 as cited in Milne et al., 2019).

A cognitive behavioural model is often used to conceptualize anxiety and anxiety disorders
(Rapee & Heimberg, 1997; Wells, 1999). According to this model, thoughts, feelings,
behaviours, and physiology interact together and with the environment to produce and maintain
anxiety (Josefowitz & Myran, 2017). This model refers to thoughts as automatic because they
happen very quickly and often without conscious awareness (Josefowitz & Myran, 2017). It is
normal for individuals to experience an array of automatic thoughts throughout the day, and most
are not associated with any strong emotional reactions (e.g., “I wonder if the sun will be out
tomorrow?”’; Josefowitz & Myran, 2017). However, some automatic thoughts can be associated

with a negative feeling of anxiety (e.g., “What if I forgot that I have a math test tomorrow?”). In
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these instances, the thoughts can influence an individual’s feelings, physiology, and behaviours
(Josefowitz & Myran, 2017). For instance, if an individual has the automatic thought “What if
forgot that I have a math test tomorrow?” they may become anxious and notice physiological
symptoms such as a rapid heart rate, difficulties breathing, sweating, and feeling tense. Given the
circumstances, the individual will likely be propelled to engage in a certain behaviour such as
checking their agenda or studying for the test. With chronic anxiety and/or anxiety disorders,
individuals consistently misinterpret situations as being threatening (McKay et al., 2017). To
alleviate the anxiety experienced, individuals may engage in safety behaviours, defined as
actions designed to shield them from threats (McKay et al., 2017). There are two types of safety
behaviours: avoidant and approach. Avoidant safety behaviors involve actions or strategies
aimed at avoiding or reducing anxiety-inducing situations (e.g., I feel anxious that I may have
forgotten that I have a math test tomorrow so I will avoid it and go play videogames to distract
myself). In contrast, approach safety behaviors entail actively confronting anxiety-provoking
situations while employing strategies to prevent or minimize the feared outcome (e.g., [ am
anxious that [ may have forgotten the math test so I will check my agenda a few times per day,
ask friends, and email my teacher).
What Contributes to Anxiety?

Anxiety is a complex psychological phenomenon influenced by various factors, including
biological predispositions, past experiences, and individual gender differences. While these
factors play significant roles in the development and manifestation of anxiety disorders, the

etiology of anxiety is complex and not fully understood.
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Biological Factors

Genetic factors seem to play an important role in the development of anxiety disorders with a
portion of its variance being explained by genetics (Frani¢ et al., 2010; Van Houten et al., 2013).
Some evidence suggests that individuals with family members who have an anxiety disorder
have an increased likelihood of experiencing anxiety themselves (Hettema et al., 2005). While
specific genes have been identified as contributing to anxiety (e.g., BDNF), anxiety disorders are
not solely determined by a single gene but rather multiple genes interacting together (Tocchetto
et al., 2011). Some of these genes also impact neurotransmitters (e.g., serotonin, norepinephrine,
GABA), which play a pivotal role in the development of anxiety disorders (Chan et al., 2023).
Furthermore, alterations in brain activity, such as irregularities in cerebral blood flow and
metabolism can also precipitate anxiety (Bonne et al., 2003).

Past Experiences

Traumatic life events including but not limited to sexual, physical, and emotional violence
and neglect, significantly heighten an individual’s susceptibility to anxiety disorders (e.g., Chen
et al., 2010; Fernandes and Osorio, 2015). While everyone is at risk of traumatic events,
evidence suggests that traumatic experiences appear to be more prevalent among girls and
women compared to men (e.g., Stoltenborgh et al., 2011) increasing their vulnerability to anxiety
disorders.

Gender

Women are approximately twice as likely to develop anxiety disorders than men (Wittchen et
al., 2011; Remes et al., 2016). This difference often starts around the age of six and remains
constant across the life span (Beesdo et al., 2009; Costello et al., 2011; Wittchen et al., 2011;

Steel et al., 2014). Anxiety disorders seem to also be more chronic and disabling for women
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leading to more severe symptoms of anxiety as well as more somatic complaints than men
(McLean et al., 2011). Some researchers suggest that women may have a more sensitized
hypothalamic-pituitary-adrenal (HPA) axis (i.e., a system that regulates the stress response
system) than men (Kudielka and Kirschbaum, 2005; Goel et al., 2014). As such, this increases
their adrenal reactivity and cortisol levels making them more vulnerable to anxiety disorders
(Kudielka and Kirschbaum, 2005; Goel et al., 2014; Hallers-Haalboom et al., 2020).
Additionally, there seem to be sociocultural and psychological factors that influence the
difference in anxiety occurrence between men and women. For instance, women are more prone
to worry, interpret threats as more unpredictable, and perceive symptoms of anxiety as more
dangerous than men (McLean & Anderson, 2009; Nolen-Hoeksema, 2012). These differences
may be in part related to women’s need for affiliation, which refers to an inclination to seek
closeness and engage in interdependent relationships (Drescher and Schultheiss, 2016). Though
an adaptive response, if the attempt to affiliate is not reciprocated or results in negative
outcomes, it can ultimately lead to an increased stress reaction (Taylor, 2006). Researchers have
also found that women are more likely to comply with other’s desires and have difficulty with
assertiveness which, again, increases their vulnerability to anxiety (Hallers-Haalboom et al.,
2020). This tendency could partly result from interactions between parents, typically mothers,
and daughters, which emphases the importance of affiliation and interpersonal closeness, while
interactions with boys may prioritize assertiveness and dominance (McLean and Anderson,
2009). Additionally, in a study by Khan and Khan (2020) they identified factors such as
loneliness, experiences of bullying, physical abuse, and strained relationships with parents and

peers to increase the likelihood of developing an anxiety disorder. They also found that these
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factors had a more pronounced effect on girls, exacerbating the onset and progression of anxiety
symptoms as compared with boys.
What are the Consequences of Anxiety?

Left untreated, anxiety may have an array of negative consequences such as comorbid
psychopathologies, health consequences, and diminished performance on cognitively demanding
tasks, to name a few. Anxiety and anxiety disorders are highly comorbid with other
psychopathologies, especially mood disorders and other anxiety disorders. For example,
individuals with generalized anxiety disorder (a disorder characterized by excessive and
persistent worry) often are also diagnosed with another anxiety disorder and a depressive
disorder (APA, 2022). Additionally, the comorbidity between panic disorder and major
depressive disorder ranges from 10% to 65% (APA, 2022). Anxiety disorders also increase the
risk that individuals may engage in unhealthy behaviours such as nicotine use, physical
inactivity, and alcohol use, which subsequently increases the risk of chronic health conditions
including but not limited to diabetes, asthma, and cardiovascular disease (Sawchuk et al., 2011).
Left untreated, anxiety can lead to individuals taking more days off from work resulting in
negative economic consequences and higher rates of unemployment among individuals who
struggle with anxiety disorders (Kasper, 2006). Moreover, anxiety also impairs performance on
more cognitively demanding tasks (Eysenk & Calvo, 1992; this is further discussed in the section
Working Memory). This phenomenon is prevalent in cognitively demanding tasks like
mathematics, which may lead to challenges encountered in this domain.

Math Anxiety
Math anxiety is the feeling of fear, tension and apprehension experienced towards math or

the prospect of completing math related tasks (Ashcraft, 2002; Hembree, 1990). Math anxiety
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shares many commonalities with other types of anxiety, but it is different from both general
anxiety (Hembree, 1990; Hill et al., 2016) and test anxiety (Kazelskis et al., 2000; Ashcraft,
2002). General anxiety (often divided into both state and trait anxiety) refers to the likelihood of
an individual worrying about events, behaviours, and personal abilities (Hill et al., 2016). Trait
anxiety refers to an individual’s typical and more stable feelings of anxiety whereas state anxiety
refers to momentary anxiety levels given the circumstances (Spielberger, 2010). Despite being
conceptually different from math anxiety, general anxiety shares a moderate correlation with
math anxiety (Hembree, 1990; Hill et al., 2016) and math anxiety is often influenced by general
anxiety levels (Hill, 2016). Test anxiety refers to anxiety that arises when an individual is faced
with an academic test and can be experienced in other domains than math (Kazelskis et al.,
2000). Similarly to general anxiety, test anxiety shares moderate correlations with math anxiety
(Hembree, 1990).

Math anxiety is not considered a diagnosable disorder recognized by the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition, Text Revision (DSM-V-TR; American
Psychiatric Association, 2022); however some researchers refer to it as a genuine phobia
(Kunwar, 2020; Nnamdi Obikeze, 2019). When engaging with mathematics, those with higher
levels of math anxiety can have an array of negative responses, ranging from mild reactions such
as slight frustrations to severe reactions containing both emotional and physiological disruptions
(e.g., bursting into tears; Ashcraft & Moore, 2009).

Math anxiety is believed to be multidimensional, and the items used within a scale influences
the component of math anxiety measured (Barroso et al., 2021). Through the years, researchers
have uncovered various components of math anxiety, including math test anxiety (Gierl &

Bisanz, 1995), numerical processing anxiety (Wu et al., 2012), math problem-solving anxiety



THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS
(Gierl & Bisanz, 1995), and math error anxiety (Ganley & McGraw, 2016). Given the overlap

between these dimensions (Barroso et al., 2021), some researchers only distinguish between two
components of math anxiety, 1) math evaluation anxiety, which refers to anxiety that arises when
studying for or completing a math evaluation and 2) math learning anxiety, which is the anxiety
that arises when an individual is faced with situations related to math learning (i.e., math classes;
Hopko et al., 2003). Others, especially those using a cognitive behavioral approach, describe two
dimensions to math anxiety, that is, the affective dimension and the cognitive dimension (Bicer
et al., 2020). The affective dimension refers to the emotional component of math anxiety, that
includes the physical reactions, the feelings of tensions, and overall nervousness. The cognitive
dimension relates to the negative thoughts, beliefs, and expectations towards a math situation
(see Bicer et al., 2020 for review). It remains unclear however which dimensions of math anxiety
are measured using which scale (Namkung et al., 2019) and, for this reason, most researchers do
not distinguish between dimensions of math anxiety in their research.

Math anxiety is also seen around the world (Foley et al., 2017). Across 39 countries, 31% of
15-year-old students reported “that they get very nervous doing mathematics problems” (OECD,
2015, p. 2). Math anxiety also starts young. Children as young as first grade report experiencing
various levels of math anxiety (Ramirez et al., 2016; Szczygietl & Pieronkiewicz, 2022). This
anxiety peaks in adolescence, around 9th and 10th grade when math is believed to become more
complex (Hembree, 1990). Individuals are then believed to maintain this level of math anxiety
into adulthood (Donelle et al., 2007). Not only is math anxiety seen around the globe, but it is
also quite common within North America.

Lutterburger and colleagues (2018) have proposed a framework to conceptualize math

anxiety and its effects. Their framework (visually represented in Figure 1) illustrates antecedents,
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interacting variables and outcomes of math anxiety. Among antecedents, they highlight that math

anxiety can be influenced by environmental factors such as culture and messages conveyed by
parents, as well as by genetic predispositions, general anxiety proneness, and gender.
Additionally, they outline variables that interact with math anxiety such as self-efficacy, prior
knowledge of math, and motivation/interest for math. Together, these variables influence the
outcome of math anxiety which relate to performance, learning behaviours, and academic
choices. The different components of this framework will be unpacked throughout the general
introduction.

Figure 1. Math Anxiety Framework

Antecedents Interacting variables Outcomes

Performance

Environmental Prior knowledge R

ture. ) o grades, achievement
. culture, Self-efficacy, Motivation,
significant others self-concept interest

Learning behavior,
procrastination

Personal

gender, genetic ;
disposition, general Math anxiety Choices
anxiety proneness

academic, vocational

Note. Figure from Lutterberger et al., 2018

Why do some people develop math anxiety?

The antecedents of math anxiety have been a subject of interest for years and many
researchers have proposed theories of its origins. Although there are certain genetic and
environmental factors that are common to all types of anxieties, it is agreed that there are also
specific genetic and environmental influences that contribute specifically to math anxiety

(Malanchini, et al., 2017; Wang et al., 2014).
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Culture
There is evidence to suggest that culture seems to influence math anxiety. For instance,

using data from 15-year-old students across several countries (Program for International Student
Assessment; PISA), Fan and colleagues (2019) compared profiles of math anxiety among 15-
year-old students. By comparing students from the United States, Korea, and Finland, they
identified that Korean students appeared to have overall more math anxiety. However, among
students who reported experiencing math anxiety, those from the United States reported the
highest levels of math anxiety compared to math anxious students from Korea and Finland. Fan
and colleagues (2019) hypothesized that various factors may influence these findings such as
gender stereotypes, as well as teacher and parent expectations.
Significant Others

There is further compelling evidence suggesting that the foundations of math anxiety are
often present in early childhood (Beilock & Maloney, 2015). A study by Soni and Kumari (2017)
revealed that parents with higher math anxiety tended to have children who were themselves
more math anxious and had lower performance in math. The study highlighted how parents’
attitudes towards math could impact their communication about the subject, potentially
contributing to the development of math anxiety in their children. Maloney and colleagues
(2015) suggested that parents with higher math anxiety who often helped their children with
math homework had children who themselves developed math anxiety and had lower math
achievement. When higher math anxious parents refrained from helping their children in math,
however, there seemed to be no negative consequences on the child’s math anxiety. It seems that
by helping their children in math, there may be the opportunity for a higher math anxious parent

to express their frustration and strong dislike for math to their child (Beilock & Maloney, 2015).
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Children can internalize these beliefs resulting in lower motivation to complete math, reduced
efforts in math, and eventually increased math anxiety and lower math performance (Beilock &
Maloney, 2015). This can lead to a harmful cycle where math anxiety lowers performance in
math tasks, leading individuals to avoid math, thereby increasing their anxiety about the subject
even further (Beilock & Maloney, 2015).

Another important role model in children’s lives is their schoolteacher. Unfortunately,
teachers who have math anxiety themselves can convey negative math attitudes to their students
(Maloney & Beilock, 2012; Schaeffer et al., 2020). According to Beilock et al. (2009), girls seem
to be most affected by teachers’ math anxiety. In fact, girls in classes with female teachers (in
Canada, about 84% of elementary school teachers identify as female; Statistics Canada, 2014)
who have higher math anxiety, often learned less math during the school year (Beilock,
Gunderson, Ramirez, & Levine, 2009). Schaeffer and colleagues (2020) replicated the study
conducted by Beilock et al., 2009 and found evidence that teachers’ math anxiety influenced
their students’ overall math learning over the school year. Specifically, boys and girls equally
learned less math when their teacher experienced higher math anxiety than when their teachers
were less math anxious.

Genetic predispositions

Emerging evidence also suggests that math anxiety, similar to other types of anxiety, is
influenced by genetic factors. Wang and colleagues (2014) investigated math anxiety in sets of
adolescent twins and found that 40% of the variation in math anxiety was attributable to genetics.

The rest of the variation was accounted for by individual-specific environmental factors.
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Anxiety Proneness

As described above, anxiety proneness, refers to an individual’s tendency to perceive
stressful situations as threatening (Reiss, 1997). This stable individual difference increases the
likelihood of individuals interpreting stressful math tasks as being threatening and therefore
increases their vulnerability to math anxiety (Luttenberger et al., 2018). A meta-analysis by
Hembree (1990) found that math anxiety and anxiety proneness had positive correlations ranging
from r = .24 to r = .54.
Gender

The evidence on gender differences in math anxiety has been inconsistent at best. Some
studies have found math anxiety levels to be similar among men and women (e.g., Haynes et al.,
2004; Levy et al., 2021). However, other studies have found women to experience higher levels
of math anxiety than men (e.g., Miller & Bichsel, 2004; Else-Quest et al., 2010; Zhang et al.,
2019; Xie et al., 2019) such as a study of 761,655 high school students from 68 nations (Stoet et
al., 2016). The context in which researchers measure math anxiety also seems to matter. One
study’s finding suggested that women exhibited higher levels of math anxiety solely in academic
environments, whereas no gender differences were observed in non-academic settings (Roick et
al., 2013 as cited in Henschel & Roick, 2020). Girls have also been found to experience more
math anxiety related to high stake math tasks (e.g., math evaluations), however, in these same
situations, there was more variance in the level of math anxiety for boys (Henschel & Roick,
2020).

Much research has been conducted to investigate the reasons why a gender difference may
exist in math anxiety. Overall, researchers seem to propose that these differences may be due to

reporting bias, uncontrollability perception, and/or stereotype endorsement.
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Reporting bias. Reporting bias happens when individuals respond in a specific way to make
themselves seem favorable (Donaldson & Grant-Vallone, 2002). Some researchers propose that
the apparent gender difference in math anxiety may not necessarily reflect an actual disparity in
experienced anxiety. Instead, it is suggested that women are simply more likely to report
experiencing anxiety than men (Ashcraft, 2002). Math is often perceived as being a male domain
field (Heilman, 1983; Makarova et al., 2019; Deiglmayr et al., 2019). Therefore, men may hide
their math anxiety to cater to this widely held belief (Xie et al., 2019). Alternatively, Goertz and
colleagues (2013) suggested that women may report higher levels of math anxiety because of
their belief that they have low competencies in math. This may drive them to perceive and report
higher levels of math anxiety than what they truly experience.

Uncontrollability perception. Another explanation for the gender difference in math anxiety
is uncontrollability perception. Generally, stress emerges in situations which have previously
proven to be unpredictable (Zirk-Sadowski et al., 2014). Thus, the uncontrollability perception
arises in situations where individuals become anxious as a result of feeling that they have little to
no control (Zirk-Sadowski et al., 2014). In these situations, individuals can sometimes
experience learned helplessness (i.e., a condition where an individual suffers from feeling
powerless) which leads to an accelerated deterioration of performance (Seligman & Maier,
1967). In their study, Zirk-Sadowski and colleagues (2014) found uncontrollability perception to
be one of the causes of math anxiety. Specifically, they found that women have lower
perceptions of control when learning math and that this mediated the relation between gender
and math anxiety.

Stereotype endorsement. Another body of literature suggests that stereotype endorsement

may influence the gender differences in math anxiety. A stereotype is defined as the belief that a
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particular group has specific characteristics and/or engages in specific behaviors (Beeghly,
2015). For years, men have been believed to be naturally better at math than women. Although
this stereotype is less prominent today, it is being observed in educational settings (Jao &
Radakovic, 2017). Furthermore, among a sample of adults from Ontario, Canada, approximately
one-third of the participants held the belief that boys possess superior mathematical abilities
compared to girls (Jao & Radakovic, 2017). Within this same sample, a significant proportion of
the participants believed that parents are more inclined to perceive their sons as being better at
math than their daughters. Women who internalize this stereotype may form a distorted
perception of their mathematical abilities (Bonnot & Croizet, 2011) which could contribute to
higher levels of anxiety. Bieg and colleagues (2015) found that women who endorse the
stereotype that math is a gendered domain often experience higher levels of math anxiety

whereas men who endorse this stereotype often have lower levels of math anxiety.

What influences math anxiety?

Self-Efficacy and Self-Concept

Within the context of mathematics, self-efficacy refers to an individual’s perception that
through their own actions and efforts they can be successful in math (OECD, 2012). Self-
efficacy is also closely related to self-concept which refers to an individual’s perception of
competence within math (Marsh & Scalas 2011). Both high self-efficacy and self-concept in
math have been identified as protective factors against math anxiety and to be positively
correlated with performance in the PISA studies (OECD, 2012). Self-efficacy, self-concept and
math anxiety seem to share a reciprocal relationship (Luttenberger et al., 2018). For instance,

increases in math performance tends to be associated with increased self-concept and lower math

anxiety (Marsh & Scalas, 2011; Marsh, et al., 2013; Kaskens et al., 2020).
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Prior Knowledge

Research also indicates that inadequate math skills can trigger math anxiety, which in turn
may lead individuals to avoid math-related tasks, resulting in missed opportunities to improve
their math skills (Carey et al., 2016). Consequently, individuals with higher levels of math
anxiety may represent and/or process numbers differently than individuals with lower levels of
math anxiety (Maloney et al., 2010; Maloney et al., 2011; Beilock & Maloney, 2015).
Specifically, in a study by Maloney and colleagues (2010), higher and lower math anxious
undergraduate students were shown one to nine squares and asked to identify the number of
squares presented. When participants were presented with one to four squares, higher and lower
math anxious individuals performed similarly. However, when participants were presented with
five or more squares, those with higher math anxiety were slower and made considerably more
mistakes. Thus, when individuals with higher math anxiety are subitizing (usually identifying
one to four objects, which does not require counting) there is no relation with their performance.
When individuals are required to count (when five or more objects are presented) however,
individuals with higher levels of math anxiety have more difficulty. Counting is considered a
foundational skill which is required for higher level math (e.g., Geary, 1993). Thus, those with
higher math anxiety may lack the necessary skills to grasp the essential concepts required in
more advanced math.

Individuals who are higher in math anxiety also have more difficulty comparing the
magnitude of two numbers than their lower math anxious counterparts. Numerical magnitudes
are believed to be mentally represented on a mental number line (which is like a mental ruler).
This number line is believed to help us conceptualize and efficiently process the difference in

magnitude between numbers (Dehaene, 2011). The closer numbers are to one another (e.g., two
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and three) the closer their location is on our mental number line. Importantly, Maloney and
colleagues (2011) found that individuals with higher math anxiety were slower at identifying
which number was the largest when presented with two numbers. This suggests that individuals
who have higher levels of math anxiety also have a less accurate representation of numbers
(Maloney et al., 2011). This is an important consideration given that, much like counting, mental
number lines are believed to be a foundational concept required to be able to understand and
perform more advanced math (Beilock & Maloney, 2015)
Motivation and Interest

Motivation can be defined as internal and/or external factors that drive, direct, and sustain an
individual’s behaviour towards achieving a goal or outcome (Locke, 2023). Students who are
more highly motivated in a specific subject tend to dedicate more time and effort to learning the
subject and use more effective learning strategies (Macher et al., 2015). Research with children
and adults has identified a negative correlation between math anxiety and performance in
individuals with lower motivation, indicating that lower motivation combined with higher math
anxiety may contribute to poorer math performance (Wang et al., 2015). However, these same
researchers have found a non-linear relation for those with higher levels of math anxiety. It is
possible that for students who are highly motivated in math, a moderate degree of math anxiety
may push them to study more and more effectively resulting in beneficial effects.

What are the Consequences of Math Anxiety?

Poor Math Performance
Through the years, there has also been much interest in understanding the outcomes of math
anxiety. One of its most explored and consistent outcomes is its relation to poor math

performance (e.g., Ashcraft et al., 2007; Carey et al., 2016; Pellizzoni et al., 2022).
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Math anxiety and math achievement have been found to have a small-to-moderate negative
correlation in populations of various ages (Barroso et al., 2021). The relation between math
anxiety and math achievement is most often investigated using mental arithmetic. However,
there is some evidence to suggest that math anxiety does not affect all types of math to the same
extent (e.g., Vukovic et al., 2013). Specifically, the level of difficulty involved in the math task
seems to play an integral role in math anxiety and therefore its link to lower math performance
(Ching, 2017).

Three prevailing theories have been brought forth to explain the relation between math
anxiety and math performance: the deficit theory (Eysenk & Calvo, 1992), the reciprocal theory
(Ashcraft & Krause, 2007), and the cognitive interference theory (Carey et al., 2016).

The deficit theory suggests that poor math performance may be caused by lower math skills,
which in turn can lead to math anxiety (Barroso et al., 2021). According to this perspective,
lower skills in basic number processing lead to negative encounters, which ultimately leads to
math anxiety (Barroso et al., 2021). Some evidence suggests that adults with math anxiety
demonstrate slower performance in numerical and spatial tasks (Maloney et al., 2010) and are
less precise in their understanding of numerical magnitudes (Nufiez-Pefia & Sudrez-Pellicioni,
2014). Should this theory be true, Namkung and colleagues (2019) hypothesized that among a
sample of students of varying ages, the relation between math anxiety and math performance
would be weaker for younger children compared to adolescents. Specifically, they believed that
younger children would likely have experienced fewer instances of poor math performance
resulting in fewer negative memories. However, in their meta-analysis they found no differences

in the strength of the relation between math anxiety and math performance between elementary
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and high school students (Namkung et al., 2019). This suggests that the other theories may better
explain the link between math anxiety and math performance.

The cognitive interference theory proposes that math anxiety leads to poor math achievement
(Ashcraft & Kirk, 2001; Barroso et al., 2021; Ramirez et al., 2018). The interference occurs in
three critical key phases of a math problem solving task: preprocessing, processing, and recalling
information leading to lower math achievement (Carey et al., 2016). During the preprocessing
phase, math anxiety leads students to avoid math situations due to low motivation, low
enjoyment, and low confidence in math, resulting in less opportunity to learn math and
subsequently lower math achievement (Hembree, 1990). Interference at the processing and recall
level results from intrusive thoughts which use up the working memory load necessary for
completing and recalling math information (Carey et al., 2016).

The reciprocal theory proposes a bidirectional relationship between math anxiety and math
performance (Codding et al., 2023). The theory integrates both the deficit theory and the
cognitive interference theory by suggesting that while poor performance can trigger math
anxiety, math anxiety can also contribute to poor math performance. (Carey et al., 2016). The
emotional state of math anxiety may also hinder attention, motivation and self-regulation when
doing a math task which subsequently leads to poor math performance (Pekrun, 2006). Together,
these influence perceptions and beliefs about math performance (Namkung et al., 2019).

Math Learning and Academic/Vocational Choices

Another consequence of math anxiety is that many individuals do not feel comfortable using
mathematical skills and therefore avoid careers requiring such skills (Levy et al., 2021).
Consequently, there is currently a lack of individuals qualified to work in careers requiring skills

in science, technology, engineering, and mathematics (STEM; Franz-Odendaal et al., 2016).
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Individuals with math anxiety have also been found to have less enjoyment of math, lower
motivation for math, and less confidence in math (Hembree, 1990). This relation has important
implications when considering educational choices and career outcomes. For example, in their
study, Espino and colleagues (2017) found that math anxiety in Grade 11 students significantly
influenced the likelihood that these students would enroll in math courses for the subsequent
year. Making this early academic choice limited their career options for the future and therefore
their likelihood of occupying a career in STEM during adulthood (Ahmed, 2018). Further studies
by Levy and colleagues (2021) found this trend to specifically affect women whereby math
anxiety was predictive of interest in STEM careers for women but not for men. Despite a recent
uptake in research related to the consequences of the gender gap in STEM, gender inequalities in
STEM remain the same (Casad et al., 2021). In 2016, women made up 34% of STEM bachelor’s
degree holders and only 23% of science and technology workers among Canadians aged 25 to 64
years (Wall, 2019). Numbers are comparable in the United States (Trapani & Hale, 2019).
People have investigated the reasons why men seem to be more drawn to STEM careers than
women with one of the factors being its necessity for mathematics and math achievement (Levy
et al., 2021).
Gender Differences and Math Achievement

The literature on gender and math achievement, similarly to the gender and math anxiety
literature, presents inconsistencies. Some studies have reported lower mathematical performance
among women compared to men (e.g., Else-Quest et al., 2010; Pirls et al., 2019; Delage et al.,
2021). However, other studies have found similar scores in mathematics for both men and

women (e.g., Miller & Bichsel, 2004; Lindberg et al., 2010; Pina et al., 2021).
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For example, in a meta-analysis which encompassed a sample of 1,286,350 individuals
worldwide, Lindberg and colleagues concluded that there was no significant difference in
mathematical performance between men and women (Lindberg et al., 2010). They further
concluded that observed gender disparity can likely be attributed to factors that would be
inherently unrelated to mathematical ability. However, according to the 2019 results from the
Trends in International Mathematics and Science Study (TIMSS), it was found that among 64
participating countries, approximately half of them observed significant gender differences in
math performance, with boys consistently outperforming girls (Pirls et al., 2019). For example,
they observed gender discrepancies in Finland, Italy, Japan, Sweden but no gender differences in
math performance in the United States and Canada. Similar patterns were also observed with the
Programme for International Students Assessment (PISA) which collected data across 65
participating countries and found that, on average, 15-year-old boys outperformed girls, in
mathematics (OECD, 2019). These gender differences are often first observed in elementary
school and appear to increase during high school and adulthood (Reilly et al., 2017).

A wide array of skills is also encompassed in mathematics such as number sense, arithmetic
knowledge, fluency in calculation, and proficiency in mathematical problem-solving (van de
Weijer-Bergsma et al., 2022). Large scales studies such as PISA (OECD, 2015) and TIMSS
(Pirls et al., 2019) often rely on mathematical word problem-solving tasks (van de Weijer-
Bergsma et al., 2022). However, when looking more specifically at math strands, it appears that
gender differences vary depending on the specific strand of math completed. Using a sample of
elementary school students, van de Weijer-Bergsma and colleagues (2022) aimed to identify
performance differences between boys and girls. They found that boys showed higher overall

levels of math fluency (i.e., tests of standard addition, subtraction, multiplication, division) than
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girls. However, they did not find any gender differences for overall math problem solving (i.e.,
contextual math problems such as money, time, proportions). In both Canada and the United
States, boys were found to outperform girls on assessments of numbers (i.e., number expressions,
simple equations, number relationships, fractions, and decimals), measurement and geometry,
and data (i.e., reading, interpreting, and representing data; Mullis et al., 2020). As such, in Study
1 and 2, mathematical skills will be assessed using a variety of mathematical strands. The
difficulty of the task is also believed to influence this trend whereby boys demonstrated superior
performance on more challenging items, whereas girls exhibited better performance on easier
items (Bielinski & Davison, 2001).

As stated above, math performance can also be influenced by math anxiety (e.g., Ashcraft et
al., 2007; Carey et al., 2016; Pellizzoni et al., 2022). As such, some researchers have investigated
whether gender may moderate the relation between math anxiety and math achievement. For
example, Miller and Bichsel (2004) investigated this question and found that the relation
between math anxiety and math performance was moderated by gender. Later, Barroso and
colleagues (2021) tried to replicate these findings, but to no avail. Rather, they found a similar
association between math anxiety and math achievement for both men and women. It is possible
however, that though gender may not moderate this relation, math anxiety may rather mediate
the relation between gender and math performance. However, no studies to our knowledge have
previously investigated this question. As such, Study 1 of this dissertation investigated this issue.
Working Memory

Working memory refers to a mental workspace which allows people to control, regulate,
manipulate, and retain important information to complete a demanding cognitive task (e.g.,

mentally completing complex mathematical equations; Miyake & Shah, 1999). Working memory
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is said to be important in mathematics as this subject often entails holding on to partial
information while mentally manipulating new information to arrive to a solution (Raghubar et
al., 2010).

The link between working memory and math competence has been widely investigated and,
repeatedly, working memory has been found to relate to various types of math performance (e.g.,
problem solving, calculations; Peng et al., 2016). The way the task is presented also seems to
matter. For example, math problems (i.e., contextual math problems that are written out) seem to
use up more working memory resources than math fluency questions (i.e., simply calculating
math facts quickly; Miller & Bichsel, 2004). This was hypothesized to be, because solving
written math problems involves mentally constructing a representation of the problem, keeping
track of the relevant numbers, and organizing them correctly according to the necessary steps.

Ashcraft and Kirk (2001) investigated this relation further and predicted that working
memory was an important factor influencing math performance especially in those with higher
math anxiety. They compared higher and lower math anxious individuals’ performance on two-
column addition problems involving carry operations (i.e., high working memory additions).
While doing these additions, participants were also asked to maintain a 2-letter string or a 6
letter-string in memory. Individuals with higher levels of math anxiety produced significantly
more mistakes when asked to maintain a 6-letter string in memory than those with lower levels
of math anxiety. It was concluded that individuals with higher math anxiety were likely to
experience worries which disrupted the working memory resources necessary for the completion
of this task.

The cognitive interference theory (as described in the Math Anxiety and Math Achievement

section) states that math anxiety causes a reduction in cognitive resources necessary for the
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completion of mathematics (Ramirez et al., 2018). Specifically, working memory seems to be
disrupted by intrusive thoughts and rumination when anxiety is present (Eysenck & Calvo,
1992). Despite this disruption being a common understanding within the math anxiety literature,
the nature of these intrusive thoughts remains unclear and was the focus of Study 2.
Additionally, given that math is particularly working memory demanding (Ashcraft, 1992), it
follows that experiencing math anxiety during a math task causes one to perform at a level below
that of which they would otherwise be capable (Ashcraft & Kirk, 2001; Maloney & Beilock,
2012). As such, Study 3 will focus on the relation between intrusive thoughts and the working
memory demand of a math task.

Intrusive Thoughts

Intrusive thoughts, defined as “repeated, unbidden memories, thoughts, and images of a
stressor” (Lepore et al., 2000, p. 500) are distinct from worry (i.e., defined as verbal thoughts
related to a possible outcome or consequence; Wilson, 2010) and are believed to increase one’s
worry (Gross & Eifert, 1990).

Although intrusive thoughts are among the common underpinnings of our understanding of
the link between math anxiety and math performance, very few studies have explored the nature
of these intrusive thoughts. One of the few studies which has investigated these thoughts was
conducted by Hunt and colleagues in 2014. In their study, they looked at the frequency and the
types of intrusive thoughts experienced by those with math anxiety. More specifically, by
modifying the Cognitive Intrusions Questionnaire (CIQ) developed by Freeston and colleagues
in 1991 (English translation by Freeston in 1994), to be more specific to mathematics (CIQ-M),
they created 8 categories of math-related intrusive thoughts (i.e., making mistakes, time pressure,

method of problem solving, what people might think, panicking, previous math experiences,
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physical changes, and non-task-related). They found that those with higher math anxiety
experienced more frequent intrusive thoughts of each type, except for method of problem
solving. However, given that women are not only more vulnerable to experiencing math anxiety
but also more likely to experience intrusive thoughts, it is unclear whether these results may
differ when considering gender. As such, Study 2 and Study 3 of this dissertation explored this
question.

Statement of the Problem

Math anxiety is a prevalent phenomenon that has been associated, in some literature, with a
higher prevalence among women and is believed to result in fewer women pursuing careers in
STEM fields (Ahmed, 2018; Levy et al., 2021). Furthermore, researchers have previously linked
math anxiety to decreased math performance (e.g., Ashcraft et al., 2007; Carey et al., 2016;
Pellizzoni et al., 2022) using the cognitive interference theory. Specifically, they highlighted that
intrusive thoughts may be the culprit for reduced performance in those with math anxiety
(Eysenck & Calvo, 1992). However, research on these intrusive thoughts has been limited which
hinders the implementation of targeted interventions tailored to the most prevalent types of
intrusive thoughts.

This dissertation aims to examine the relation between gender and math anxiety. We
explored whether gender operates as a mediator in the association between math anxiety and
math performance, suggesting that women's lower math performance may be partly attributable
to their higher levels of math anxiety. Additionally, we investigated the frequency and types of
intrusive thoughts experienced by both men and women during math tasks as well as while
completing higher and lower working memory demanding math. Through these investigations,

we hope to enhance our understanding of the intricacies of math anxiety experienced by men and
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women. We anticipate that these findings will provide valuable guidance for the development of
future interventions aimed at mitigating the potential gender gap in math performance and

promoting equitable opportunities in STEM careers.

Current Studies

The primary aim of this dissertation was to develop a better understanding of the gender
differences in math anxiety. Study 1 was designed to clarify the presence of a gender difference
in math anxiety and explore whether math anxiety could partially explain gender disparities in
math performance. To do so, undergraduate students (N = 389) were invited to the laboratory to
complete a one-hour questionnaire where they were asked to report on their math anxiety, their
general anxiety and then were asked to complete a math task. We hypothesized that gender
differences would be observed in math anxiety and math performance. We also hypothesized that
math anxiety would mediate the relation between gender and math performance.

Additionally, though researchers often rely on the cognitive interference theory to explain the
relation between math anxiety and poor math performance, limited research has explored the
frequency and nature of these thoughts. Therefore, Study 2 investigated the frequency and types
of intrusive thoughts experienced by individuals with varying levels of math anxiety. A total of
309 participants completed the study remotely via the Gorilla platform. Participants completed
an assessment of math anxiety, followed by a math task, and reported on their intrusive thoughts.

Building upon the findings of Study 2, Study 3 aimed to examine whether the frequency and
nature of intrusive thoughts differed based on the working memory demands of a math task.
Working memory is crucial in mathematical tasks, and its limited capacity can influence
cognitive processes (Beilock & Maloney, 2015; Namkung et al., 2019). A total of 437

undergraduate students participated remotely via the Gorilla platform. Participants were first
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asked to report on their math anxiety and their general anxiety. Next, participants were randomly
assigned to start with either a lower working memory demand task or to start with a higher
working memory demand task. Every participant completed a working memory task, a measure
of intrusive thoughts, a neutralizing task, followed by another working memory task, and a final
measure of intrusive thoughts. We hypothesized that both gender and working memory demand
would influence the frequency of intrusive thoughts as well as the types of thoughts experienced
during the task. Overall, this thesis sought to investigate the presence of a gender difference in
math anxiety and explore potential variations in intrusive thoughts between men and women.
The findings from these studies are anticipated to contribute valuable insight and a deeper

understanding of the experiences of math anxiety for both men and women.
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CHAPTER TWO:
Study 1: Understanding Gender Disparities in Math Performance: The Role of Math
Anxiety

Comprehension of numerical concepts and fundamental mathematics skills are essential for
many activities of daily living (e.g., managing money, cooking, understanding sport statistics).
Familiarity and level of comfort with these concepts and skills are predictive of academic
success (Odic et al., 2016), employment opportunities (Ahmed, 2018), income (Wall, 2019), and
socioeconomic status (Ritchie & Bates, 2013). Over the last decades, researchers have
investigated various factors which contribute to mathematical skills. Among these, emotional
factors such as math anxiety have been of utmost importance (e.g., Ashcraft, 2002; Beilock &
Maloney, 2015; Hembree, 1990). However, as outlined in the general introduction, there have
been diverging results surrounding the question of gender differences in math anxiety (e.g., Xie
et al., 2019; Else-Quest et al., 2010; Stoet et al., 2016). A growing body of literature suggests
that women suffer from higher levels of math anxiety than men (Betz, 1978; Llabre & Suarez,
1985; Stoet et al., 2016; Xie et al., 2019) while other researchers fail to find such differences
(Hyde et al., 2008; Levy et al., 2021). There is also a shortage of women in STEM, as there are
fewer women who study and work in these fields than men (Wall, 2019). This is recognized as
being detrimental to women, given that STEM occupations are among the highest-paying and
fastest-growing professions (Wall, 2019). As described in the general introduction, different
theories attempt to explain this possible gender difference.

A different, yet related topic of research pertains to one of the most common outcomes of
math anxiety: poor math performance (Ashcraft et al., 2007; Carey et al., 2016; Pellizzoni et al.,
2022). While there are some reasons to believe that those who struggle more in math may be

most prone to develop math anxiety (e.g., Ramirez et al., 2016 for a review), the consensus is
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that math anxiety contributes to people underperforming in mathematics. Studies have found a
negative association between math anxiety and performance on math tasks whereby individuals
who experienced more math anxiety performed more poorly on tasks of mathematics (Ashcraft
and Moore, 2001; OECD, 2015; Barroso et al., 2021). In an experimental study, Ashcraft and
Kirk (2001) explored the relationship between math anxiety and math performance. They
compared the performance of individuals with high and low math anxiety on two-column
addition problems involving carry operations (i.e., high working memory demanding additions).
Participants were also asked to remember either a 2-letter or a 6-letter string during the addition
task. They found that those with higher math anxiety had significantly lower math performance

when trying to remember a 6-letter string in mind than lower math anxious individuals.
Current Study

For this study, we explored whether we could find a gender difference in math anxiety
and in math performance. It was first hypothesized that women would experience higher levels
of math anxiety than men (Hypothesis 1). Researchers have also previously found that women
have lower performance on math achievement measures than men (e.g., Anaya et al., 2022). As
such, it was further hypothesized that undergraduate women would have lower performance on
an assessment of mathematical skill than undergraduate men (Hypothesis 2). Finally, given that
math anxiety is believed to elicit mechanisms which use up resources to complete a math task, it
was hypothesized that the gender difference in math performance would be mediated by

participants’ math anxiety (Hypothesis 3).

Method
Participants

An a priori power analysis was conducted using G*Power 3.1.9.2 software, which

determined that a sample size of 176 participants was needed, with o = 0.05 and Power = 0.95.
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To account for the expected exclusion of some participants, we increased the required sample
size by approximately 25%. Undergraduate students (V = 418) were recruited from a student
participation pool at a large research-intensive Canadian university. To be eligible for this study,
students were required to be fluent in English. They were allocated one percent toward their final
grade for participating in this hour-long study.

Participants were excluded from analyses if they did not consent to the study (n = 5), if they
did not answer more than 70% of the survey (n = 5), if their response times were of 0 (n = 2), if
they did not provide a gender (n = 3), and if they provided the same consecutive answer on
reverse coded measures (i.e., State Trait Anxiety Inventory) for more than half of the scale (10 or
more items; n = 14; Huang et al., 2012). Data were collected from September to December 2019.
Of the 389 participants, 274 identified as women and the mean age of participants was 19.2 years
(SD = 2.5). Most participants’ native tongue was English (56.5%) and reported a family income
above 50,0008 per year (64.1%). Among our sample, women reported experiencing higher levels
of trait anxiety (M = 47.22, SD = 9.88) than men (M = 41.23, SD = 9.28), #(387)=-5.38,p <
001, d=.29.

Measures

Math Test

Participants were asked to complete a short mathematics test composed of a variety of
questions. These questions were designed by a math curriculum specialist hired by the research
team. Given the influence of different mathematical strands on performance (van de Weijer-
Bergsma et al., 2022), we included math questions covering various strands of mathematics as
could be observed in standardized testing. Specifically, we included concepts taught in the five

strands of mathematics evaluated in fifth to seventh grade by the local provincial mathematic
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curriculum as concepts addressed in these questions are presented early enough in Canadian
education that participants should be familiar with these types of questions (i.e., increasing the
likelihood of having participants be able to solve the math problems). More specifically,
individuals were asked to answer 10 questions in each of the following strands: data management
and probability, geometry and spatial sense, number sense and numeration, measurement, and
algebra. These questions were designed to be similar to questions that could be present on a
provincially standardized math test. Thus, participants were presented with a math problem and
were given four potential answers from which to choose. Once the participant had selected their
answer, they were automatically directed to the next question. Abstentions from answering a
question were treated as incorrect answers. We followed this method as it is the current practice
on most academic exams. Please refer to Appendix A for the full math test. In the current
sample, Cronbach’s alpha was .83.
Math Anxiety

Math anxiety was measured using the nine-item Abbreviated Math Anxiety Scale
(AMAS) designed by Hopko et al., in 2003 which can be found in Appendix B. Participants were
asked to rate how anxious they felt on a five-point Likert scale ranging from low anxiety (1) to
high anxiety (5) in various situations relevant in mathematics, such as “Listening to a lecture in
math class”. This measure has been reported by Hopko et al. (2003) to have good to excellent
internal consistency (a = .90) and test-retest reliability (» = .85) and have a Cronbach's alpha of
.90. In the current sample, Cronbach’s alpha was also .90.
General Anxiety

General anxiety was measured using the trait section of the STAI (Appendix C;

Spielberger et al., 1983). This 20-item questionnaire required participants to report on how they
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generally feel. Some items were anxiety-absent (e.g., [ am content) while others were anxiety-
positive (e.g., I worry too much over something that really doesn’t matter). Questions were
answered on a 4-point Likert scale ranging from Not at all (1) to Very much so (4), and anxiety-
absent items were reversed scored. In their study, Spielberger et al., (1983) found this measure to
demonstrate high internal consistency (a = .90), good test-retest reliability for college-aged
students (» =.73 - r = .86) and a Cronbach's alpha of .92. In the current sample, Cronbach’s
alpha was .91.
Socio-demographics

Socio-demographic data were collected, including age, gender, and language proficiency.
Socio-demographic questions were either answered with text entry or by selecting one of the
provided options. See Appendix D for specific socio-demographic questions.
Procedure

This study was approved by the Office of Research Ethics and Integrity and complied
with the Social Sciences and Humanities Research Council of Canada’s guidelines on human
testing. Participants were invited to complete an hour-long questionnaire which was administered
through Qualtrics in a laboratory on the university’s campus. A research assistant was present
during the completion of the study to answer any questions. Upon arrival to the laboratory,
participants were brought to a testing station that included a computer, a pencil, a piece of paper,
and a calculator. Math questions were completed first, followed by the STAI-T, the AMAS, and
the socio-demographics questions. Response times and accuracies were recorded for each math

question. Only response accuracies were analyzed for this study.
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Data analysis

Occasionally participants failed to provide answers to a few questions on the AMAS and the
STAI-T (<5.5%). A Little’s Missing Complete at Random (MCAR) test was completed to
determine the pattern of missing data. Results indicated that data were MCAR, 4 (147, N = 389)
=137.66, p = 0.70. Data imputation with expectation maximization (250 iterations) was used to
impute missing data. All continuous variables were assessed for normality with Q-Q plots, a
review of skewness, kurtosis, and a z-test for normality (Kim, 2013). As math was negatively
skewed, a log transformation was carried out to normalize the data using standard parameters
(Kim, 2013; Wang et al., 2014).

The data analyses were computed using the PROCESS macro v. 4.2 in SPSS, Model 4.

First, independent-sample t-tests were completed to investigate whether gender differences
existed for math anxiety and for the scores of the math performance measure. Assumptions of
normality, Levene’s test for equality of variance (p > .05), and independence of observation were
met. Next, a mediation analysis was conducted to investigate the relation between gender, math
anxiety and math performance, controlling for general anxiety. Trait anxiety was controlled for
in this analysis as previous studies have found that general anxiety and math anxiety share a
moderate correlation (Hill et al. 2016; Mammarella et al. 2018) and we wanted to ensure we
were investigating math anxiety specifically. Both the significance and the strength of the
mediation model were tested using a bootstrapping method with 5000 iterations. Indirect effects
were calculated for each of the 5000 bootstrapped iterations and the 95% interval was
determined by computing the indirect effect at the 2.5" and the 97.5" percentile. Assumptions of

linearity (assessed by regression plots), normality, independence of residuals (Durbin-Watson =
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1.87), homoscedasticity of variance (assessed by visual inspection of plots of studentized
residuals), and multicollinearity were met.

Results

Comparing the Magnitude of Gender Differences in Math Anxiety and Math Ability

Math anxiety scores ranged from 9 to 45 and as was predicted, women reported higher
levels of math anxiety (M = 25.27, SD = 7.67) than men (M = 20.59, SD = 7.95), (t(387) =
-5.43, p <.001, Hedge’s g = 0.60). Additionally, scores on the math task could range from 0 to
50 and, as predicted, men scored higher on the math test (M = 45.14, SD = 4.45) than women (M
=43.14, SD = 4.95), (1(387) = 3.75, p <.001, Hedge’s g = 0.42). See Figure 2 for a visual
depiction.
Figure 2. Gender Differences in the Math Anxiety and Math Achievement Scores
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Of note: Figures 1A and 1B show the average levels of math anxiety and math ability broken
down by gender. Error bars reflect standard errors.

Mediation Analyses
A mediation analysis was conducted to investigate the hypothesis that math anxiety

mediates the relation between gender and math performance. General anxiety, measured with the
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STAI-T, was included as a covariate in the analysis to control for anxiety other than that related
to math. As illustrated in Figure 3, the results revealed a significant direct effect of gender on
math performance, while accounting for MA as a mediator b = -1.04, #(389) =-2.01, p = 0.046.
In addition, when math anxiety was added to the model, the total indirect effect was significant
as the 95% confidence interval did not include zero (effect = -.825, 95% CI [-1.14, -.37]),
suggesting that math anxiety mediated the relation between gender and math performance. As
such, approximately 44.4% of the effect of gender on math performance is explained by the level
of math anxiety of the individual.

Figure 3. Math anxiety as a Mediator of the Relation Between Gender and Math Performance.

Math Anxiety
3.10* _27*
Gender C-path = -1.86* ~ Math Performance
C'-path = -1.04*

* indicates p<.05.
Of note: the values provided in this figure are the unstandardized regression coefficients.

Discussion
The present study aimed to explore the gender differences in math anxiety and math
performance by testing the following three hypotheses: (1) women would experience higher
math anxiety than men, (2) women would have lower performance on an assessment of
mathematical skills, and (3) the gender difference in math performance would be mediated by

the participant’s math anxiety.
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With regards to Hypothesis 1, women in our sample reported higher levels of math anxiety than
men. This provides additional evidence that there may in fact be a gender difference in math
anxiety such as found by various researchers (Betz, 1978; Llabre & Suarez, 1985; Stoet et al.,
2016; Xie et al., 2019). With respect to Hypothesis 2, we also found a statistically significant
gender difference between men’s and women’s math performance whereby men outperformed
women on a math task. This finding is in line with previous results from Else-Quest et al. (2010)
who also found small gender differences in math achievement. However, these results should be
considered within the context of the findings for Hypothesis 3. Specifically, we found that the
gender difference in math performance was mediated by participants’ math anxiety. In fact, as
demonstrated in the results, math anxiety mediated the relation between gender and math
performance. Similar to what has been discovered by other researchers, these results suggest that
math anxiety hinders one’s performance on math tasks (Maloney et al., 2013; Spencer et al.,
1999). Additionally, given that the difference in math performance is partially mediated by math
anxiety, it suggests that this gender gap might, at least in part, be due to psychological factors
rather than men being better in math and therefore outperforming women in math tasks (Jordan
et al., 2006; Krinzinger et al., 2012; Krinzinger et al., 2012). This might in part be due to the
mechanisms underlying math anxiety. In fact, one of the common explanations for the relation
between math anxiety and math performance suggests that math anxiety may lead to a decrease
in the cognitive resources required for math achievement (Ramirez et al., 2016). In particular,
working memory appears to be disrupted by intrusive thoughts and rumination when anxiety is
present (Calvo & Eysenck, 1992). Since math tasks are known to heavily rely on working

memory (Ashcraft, 1992), when individuals experience math anxiety in such situations, their
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performance is hindered below what they are capable of achieving (Ashcraft & Kirk, 2001;
Maloney & Beilock, 2012; Shi and Liu, 2016).
Implications

Researchers have argued that math anxiety is one of the core factors influencing the lack
of women in STEM careers (Beilock & Maloney, 2015; Maloney & Beilock, 2012). The results
of this study support the idea of math anxiety being one of the potential culprits of the gender
gap in math performance. Therefore, implementing interventions aimed at reducing math anxiety
could help women reach their full potential. However, a better understanding of its underlying
mechanisms is crucial to be able to suggest and implement proper interventions to reduce or
eliminate it. As outlined in the introduction, there is significant research which highlights the role
of intrusive thoughts in the relation between math anxiety and math performance. Consequently,
the following studies will delve into the examination of intrusive thoughts experienced by men
and women during math tasks to try and gather better insight into the experience of math anxiety
within these populations.
Limitations

It is important to note that this study has some limitations. One of the largest limitations
is that 70% of our sample identified as women. This, paired with the fact that many researchers
have found evidence that women are more likely to experience math anxiety than men (e.g.,
Else-Quest et al., 2010; Miller & Bichsel, 2004; Stoet et al., 2016; Xie et al., 2019; Zhang et al.,
2019) limits the generalizability of the findings and could have introduced bias in the statistical
analyses. Additionally, this study was limited to individuals who identified as either men or
women. As such, this does not accurately represent the broader population, which includes

individuals of various gender identities and does not provide information about how math
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anxiety may influence math performance in these populations. Similarly, our sample consisted
solely of undergraduate students. Among this sample, most participants were anglophones
between the ages of 18 and 22 and were of middle socioeconomic status. As such, it is important
to be cautious when trying to extrapolate and generalize the findings of the study herein to other
populations. Furthermore, even though participants engaged with the survey within the
framework of their courses, the nature of the math task was probably not high-pressure,
considering students were rewarded merely for participating rather than for achieving success in
the task itself. This could have led to a reduced level of math anxiety compared to a scenario
where the task carried more weight, such as being a component of a course evaluation worth a
significant portion of the final grade. In such cases, participants may have experienced less math
anxiety than they may have if this same math task was presented in the context of a math
evaluation. Future research should investigate whether results remain similar if participants
complete the study in the context of an evaluation. Moreover, the AMAS and the STAI-T
questionnaires were both administered at the end of the study which could have been affected by
the math task they had just completed.
Conclusion

The current investigation had the goal of exploring whether math anxiety mediated the
relation between gender and math performance among an undergraduate sample from a Canadian
university. Our results demonstrated that gender mediated this relation, at least in part. These
findings support the need for interventions particularly for women to help them reduce or

eliminate their math anxiety and entice them to pursue careers in STEM fields.
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CHAPTER THREE:

Study 2: Understanding Intrusive Thoughts in Math Tasks and The Role of

Gender and Math Anxiety

Intrusive thoughts are distressing thoughts, images or memories of a stressor that are
experienced repeatedly and can prolong both the emotional and physiological responses to
stressful events (Lepore et al., 2000). They are believed to be a normal experience of human
consciousness and are experienced in multiple cultures across the world (Clark & Radomsky,
2014). They are also common within both clinical (Langlois et al., 2000) and non-clinical
populations (Langlois et al., 2000) and although they seem to play an integral role in math
anxiety, they are often studied in the context of Obsessive-Compulsive Disorders (OCD; e.g.,
Belloch et al., 2016; Seli et al., 2017). In the context of OCD, intrusive thoughts, otherwise
called “cognitive intrusions”, “normal obsessions”, and “obsessional thoughts”, are often
accompanied by compulsions that are used by the individual to try and reduce the anxiety
generated by the intrusive thought (American Psychiatric Association, 2013). It is important to
note that intrusive thoughts are experienced by most people (Bouvard et al., 2017) and only
develop into obsessions in a fraction of cases (Salkovskis, 1999). In the context of math anxiety,
intrusive thoughts do not include the obsessive nature that is often referred to in the OCD
literature. Rather, it refers to unwanted thoughts that come to mind abruptly and repeatedly and
can cause some level of distress (Wigfield & Meece, 1988). Intrusive thoughts are also most
common in individuals with higher levels of math anxiety (Wigfield & Meece, 1988; Hunt et al.,
2014).

Women are not only more vulnerable to develop math anxiety (Betz, 1978; Llabre & Suarez,

1985; Stoet et al., 2016), but are also more susceptible to experiencing intrusive thoughts when
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in stressful situations (Lepore et al., 2000; Schmaus et al., 2008; Del Rio-Casanova et al., 2021;
Arnaez et al., 2021; Thaiposri & Reece, 2022). For example, women have been found to
experience more intrusive thoughts compared to men in situations such as the early stages of the
COVID-19 pandemic (Del Rio-Casanova et al., 2021), when experiencing illness anxiety
(Arndez et al., 2021), and when experiencing an eating disorder (Thaiposri & Reece, 2022).
Intrusive thoughts are also believed to play an integral role in the relation between math
anxiety and math performance (Ramirez et al., 2018). In fact, the cognitive interference theory
states that math anxiety generates intrusive thoughts which uses working memory resources
necessary for the completion of math tasks (Ramirez et al., 2018). For example, Shi and Liu
(2016) investigated the relation between intrusive thoughts and math anxiety, looking
specifically at working memory. Participants were randomly assigned to one of two conditions
(i.e., math-related, and valence-neutral). In the math-related condition, participants were asked to
read a sentence related to dysfunctional beliefs about math aloud (e.g., “I feel nervous while
working on a math problem”) whereas in the valence-neutral condition, participants were
presented with a neutral sentence (e.g., “Each day the sun rises in the east and sets in the west.”).
Participants were also asked to complete a working memory task. Math anxious individuals
performed worse on the working memory task when math-related sentences were presented, than
those with lower math anxiety. However, no differences were found when valence-neutral
sentences were presented. Thus, it is believed that when individuals are highly math anxious,
they become preoccupied by this anxiety which can act as a “secondary task™ and result in the
exhaustion of working memory resources necessary for the completion of an arithmetic task
(Ashcraft & Krause, 2007). Specifically, when individuals have higher math anxiety, they are

trying to do two things at once: 1) solve the math problem and 2) cope with intrusive thoughts
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(Beilock & Maloney, 2015; Ramirez et al., 2018; Barroso et al., 2021). Given the limited nature
of working memory, when intrusive thoughts are present, they use up the working memory
resources which subsequently influences the individual’s ability to solve the math problems and
thus diminishes their performance on these tasks (Beilock & Maloney, 2015; Namkung et al.,
2019). With thorough investigation, Ashcraft and Faust (1994) found that although individuals
with higher math anxiety were slower and less accurate when completing a task of more complex
arithmetic problems, this was not believed to be the result of the individual’s competence
(Ashcraft & Moore, 2009). It was rather believed to be the result of working memory impairment
linked to intrusive thoughts (Ashcraft et al., 1992). It remains unclear however whether the
frequency and the types of intrusive thoughts vary as a function of the working memory demand
of the task at hand.

Surprisingly, although intrusive thoughts are among the common underpinnings of our
understanding of the relation between math anxiety and performance, few studies have explored
the relation between intrusive thoughts and math anxiety. One of the few studies which has
explored the topic was conducted in 2014 by Hunt and colleagues. As per outlined in the general
introduction, in their study Hunt and colleagues (2014) outlined 8 categories of math-related
intrusive thoughts (i.e., making mistakes, time pressure, method of problem solving, what people
might think, panicking, previous math experiences, physical changes, and non-task-related) that
may be experienced by those with math anxiety. They found that math anxious individuals
endorsed more intrusive thoughts than individuals without math anxiety, especially those related
to what people may think, panicking, and physical changes. It is possible that math anxious
individuals have poor self-concept about their math ability (OECD, 2012) and therefore fear that

others may also perceive and judge their difficulties in math. This may lead to increased intrusive
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thoughts pertaining to what people may think. Anxiety is also physiologically designed to
motivate a reaction and leads to physiological changes that prepare an individual to react
adequately to a situation (Josefowitz & Myran, 2017). This can often lead to uncomfortable
physical sensations (e.g., heart racing, paced breathing) and in extreme cases can lead to panic.
Study 1 provides evidence that women experience higher levels of math anxiety than men.
Additionally, past studies suggest that women are more susceptible to experiencing intrusive
thoughts when in stressful situations (e.g., Lepore et al., 2000; Schmaus et al., 2008; del Rio-
Casanova et al., 2021; Arnéez et al., 2021; Thaiposri & Reece, 2022). As such, this study aims to
further investigate math anxiety and gender differences in both the frequency and the types of
intrusive thoughts experienced when doing a math task.
Current Study
This study aims to develop a better understanding of the gender differences of math

anxiety by looking at individuals’ intrusive thoughts. As such, both the frequency and the types
of intrusive thoughts of both gender and level of math anxiety were explored.
Frequency of Intrusive Thoughts

Given that women tend to experience more intrusive thoughts than men (e.g., Lepore et al.,
2000; Del Rio-Casanova et al., 2021; Arnéez et al., 2021; Thaiposri & Reece, 2022), it was first
hypothesized that women in the current sample would report more intrusive thoughts than men
(Hypothesis 1). Additionally, given that math anxiety has been found to be positively correlated
with the frequency of intrusive thoughts (Hunt et al., 2014), it was hypothesized that those with
higher math anxiety would experience more intrusive thoughts than those with lower math

anxiety (Hypothesis 2). Furthermore, it was hypothesized that women with higher math anxiety
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would experience more intrusive thoughts than men with comparable levels of math anxiety
(Hypothesis 3).
Types of Thoughts
Hypothesis 4 posits that women would experience more intrusive thoughts of each of the

seven types of intrusive thoughts compared to men (Hypothesis 4). Additionally, in light of the
previous findings by Hunt and colleagues (2014), it was hypothesized that higher math anxious
individuals would experience more intrusive thoughts of each of the seven types with the most
prevalent being those related to what people might think, panicking, and physical changes
(Hypothesis 5; Hunt et al., 2014). Additionally, for years, women have been stereotyped as being
“worse in math” than men (Bieg et al., 2015; Cargnelutti et al., 2017; Steffens & Jelenec, 2011;
Jao & Radakovic, 2017) which may have led to increased math anxiety in women. As such, it
was also hypothesized that higher math anxious women would experience more intrusive
thoughts of each of the seven types compared to higher math anxious men with the most
prevalent thoughts being those that may relate to the fear of confirming the social stereotype of
being bad at math (i.e., making mistakes, method of problem solving, and what people may
think; Hypothesis 6).
Categories of Thoughts

For the purpose of this dissertation, the seven different types of intrusive thoughts
proposed by Hunt and colleagues (2014) were divided into three broader categories 1) thoughts
related to math ability (i.e., making mistakes, previous math experience, and method of problem
solving), 2) thoughts related to the circumstances of the task (i.e., time pressure and what people
may think), and 3) thoughts related to the physiological response to the task (i.e., panicking and

physical changes; see Table 1).
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Given the prevalent social stereotype that women have difficulty with math (Bieg et al.,
2015; Cargnelutti et al., 2017; Steffens & Jelenec, 2011), we wondered if the most prevalent
category of thoughts experienced by women would relate to their math ability. On the other
hand, because men are often stereotyped as being good in math tasks, it was hypothesized that
their fear may be most related to concerns about circumstances of the task that may make it more
difficult (Cvencek et al., 2011; Maloney et al., 2013; Research Question I).

Table 1. Categories of Intrusive Thoughts

Category 1: Category 2: Category 3:
Math ability Circumstances of the task Physiological reactions
Making mistakes Time pressure Panicking
Previous math experience What people may think Physical changes

Method of problem solving

Methods

Participants

Prior to data collection, an a priori power analysis was conducted using G*Power 3.1.9.2 (a. =
0.05, Power = 0.95) revealed a required sample size of 280 participants. We increase the sample
size required by approximately 25% (estimating that this would be the percentage of participants
excluded). Thus, 368 undergraduate students from a Canadian university were recruited from an
undergraduate student research pool which was designed to allow students following
introductory level courses to earn up to four percent of their final course grade by participating in
research. Students who participated in this one-hour long study were allocated one percent
towards their final grade, as per institutional guidelines.
Procedure

Participants were asked to complete a pre-screen questionnaire when registering to the pool.

They also had to complete the Single-Item Math Anxiety (SIMA; see description of measure
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below) among the pre-screen questions and provide their gender. With these data we could
ensure similar number of participants (i.e., low math anxious men, low math anxious women,
high math anxious men, high math anxious women). Students were required to be fluent in
written English and to identify as either a man or a woman to be eligible for the study. Only
eligible students were able to view the study on their student research portal.

Some participants were excluded from analyses for various reasons. First, they were
excluded if they provided an invalid verification ID or did not complete the survey (n = 14) as
this made it impossible to retrieve their pre-screen data. Additionally, those who provided
inconsistent scores on the SIMA and the AMAS (n = 24; e.g., report low math anxiety on the
SIMA and high math anxiety on the AMAS) were deemed to provide inconsistent math anxiety
scores and were excluded from further analyses. To calculate inconsistencies, we determined the
equivalent scores between the SIMA and the AMAS (with equivalent score on the AMAS being
a 4-point increase for every 1-point increment on the SIMA). To give more leniency to
participants, we divided the AMAS into three levels of math anxiety (scores under 21 were
considered low, scores between 22 and 33 were considered medium, and scores above 34 were
considered high) and determined that a participant’s scores needed to change by 12-points (or 3
points for the SIMA) to change levels of math anxiety. Participants whose AMAS scores were
plus or minus 12 from the expected scores based on the SIMA were excluded from further
analyses. For example, if a participant reported a score of 5 on the SIMA, their equivalent score
on the AMAS would be of 25; we would therefore include them if they reported scores ranging
from 13 to 37. Participants who incorrectly answered two or more attention check questions (n =
18; e.g., “Please select 2”) or who provided long string of identical answers (n = 3; Huang et al.,

2012) were excluded for lack of attention during the tasks. The final sample size (N = 309)
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provided sufficient power for our post-hoc power analysis [ = 0.05, Power = 0.87]. Data was

collected from April 2021 to July 2022.

Of the 309 participants, 166 identified as women. Generally women in our sample reported
experiencing higher levels of math anxiety (M = 28.12, SD = 7.17) than men (M = 24.24, SD =
6.64), #(307) =-4.90, p =<.001, d =.56. Women also reported experiencing higher levels of trait
anxiety (M = 50.43, SD = 11.70) than men (M = 47.21, SD = 10.72), t(307) =-2.51,p =.013,d
=.29. Women also exhibited lower math performance (M = 40.2, SD = 7.82) than men (M =
42.75, SD = 6.58), #(307) =-2.97, p =.003, d = 0.34. The mean age of participants was 19.7
years (SD = 3.7). Participants in the sample reported being registered in a range of faculties:
Health Sciences (24.3%), Science (24.3%), Social Sciences (21.4%), Business Management
(15.5%), Arts (7.4%), Engineering (4.2%), Medicine (1.3%), Education (<1%), and Other (1%).
Most participants reported their native tongue to be English (61%) whereas others reported
French (13.6%), Mandarin (7.1%), Arabic (5.4%), or other languages (12.9%). Most participants
also reported a family income above 75,000$ per year (59.5%). All participants were included in

analyses.

Measures
Note that the measures of math anxiety, general anxiety, math skill and socio-
demographics were identical to those used in Study 1. As such, only the measures new to Study

2 are detailed here.



46
THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS

Math Anxiety.

Prior to the study, math anxiety was assessed using The Single-Item Math Anxiety scale
(SIMA) designed by Nufiez-Pefia and colleagues (2014). Individuals were asked “On a scale
from I to 10, how math anxious are you?” where 1 represents not anxious and 10 very anxious.
Nunez-Pefia, Guilera and Suarez-Pellicioni (2014) found that the SIMA is correlated at .95 with
the Shortened Math Anxiety Rating Scale (SMARS; another measure of math anxiety), rendering
the minimum reliability estimate of the SIMA .70. Additionally, this measure was deemed valid

as it had adequate test-retest reliability (» = .81).

Intrusive Thoughts.

Intrusive thoughts were measured using the Cognitive Intrusions Questionnaire for Maths
(CIQM) which is a version that was modified by Hunt et al., (2014) from the original Cognitive
Intrusions Questionnaire (CIQ) developed by Freeston et al., 1991 (English translation by
Freeston, 1994). The CIQ is a common measure used to assess an individual’s intrusive thoughts
after a specific task. Only the first part of this measure was used for data analyses and required
participants to identify which type of intrusive thoughts they experienced during the math task as
well as the frequency of their intrusive thoughts. In their study, Hunt and colleagues (2014)
modified this section of the measure to include a list of thoughts that would be relevant to math.

bR 1Y

Among the types of thoughts included in their measure are “making mistakes”, “time pressure”,

99 6 b 1Y

“method of problem solving”, “what people might think”, “panicking”, “previous math

b ANTY

experience”, “physical changes”, and “non-task related” (see Appendix E).
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Procedure

This study was approved by the Office of Research Ethics and Integrity and complied with
the Social Sciences and Humanities Research Council of Canada’s guidelines on human testing.
Students were asked to provide voluntary and informed consent to partake in this study. Interested
participants were asked to complete a pre-screen questionnaire to evaluate eligibility. They were
told that the study explored how math anxiety may influence thoughts experienced during a math
task. Invited participants completed a one-hour questionnaire that was completed remotely using
the Gorilla platform. Participants completed the AMAS and the STAI-T, followed by a math task.
Once this task was completed, participants were asked to complete the CIQM to evaluate the
frequency and the type of intrusive thoughts experienced (Hunt et al., 2014). Last, participants
answered the demographic questions. Throughout the questionnaire, there were three attention
check questions dispersed in the questionnaire (e.g., “please select 3”) to flag inattention to the
task.
Data analysis

Statistical analyses were performed using SPSS version 26 and R version 4.2.2.
Occasionally some participants did not provide answers to a few questions on the AMAS and the

STAI-T (< 2.5%). A Little’s MCAR test was completed to determine the pattern of missing data.

Results indicated that data were MCAR, xz (5072, N =309) =5127.22 p = 0.29. Expectation-
maximization with 250 iterations was completed to replace missing values.

A two-way ANOVA was first completed to test for a main effect of gender, a main effect
of math anxiety and to see whether there was an interaction between these variables (note that
math anxiety was divided into quartiles). Assumptions of linearity (as assessed by regression

plots), independence of residuals (Durbin-Watson = 1.85), homoscedasticity (as assessed by
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visual inspection of plots), multicollinearity (tolerance > 0.1), outliers, leverage values, and
normality were met.

We also wondered whether each of the seven types of intrusive thoughts experienced by
women, higher math anxious individuals and higher math anxious women might differ from
those experienced by men, lower math anxious individuals and higher math anxious men. As
such, we divided math anxiety into quartiles and completed chi-square tests of homogeneity to
explore these questions. To control for multiple comparisons, Bonferroni corrections were
completed and the corrected threshold for statistically significant results was determined to be
p<0.002. An Analysis of Proportions Using Arcsine Transformation (ANOPA) was completed to
explore whether proportional differences existed between the types of thoughts experienced for
individuals with differing levels of math anxiety (Laurencelle & Cousineau, 2022). Lastly, we
explored whether there would be gender differences within the different categories of intrusive
thoughts. To do so, we completed a Kruskal-Wallis test using post-hoc Bonferroni corrected
Mann Whiney U’s to identify group differences. Of note, only a sub-set of the CIQ-M
questionnaire was analysed for the study herein (i.e., question 3.1 and 3.9).

Results

Frequency of Intrusive Thoughts

Gender, math anxiety and the frequency of intrusive thoughts

Hypothesis 1 was that there would be a main effect of gender on the frequency of intrusive
thoughts. A two-way ANOVA revealed no main effect of gender on the frequency of intrusive
thoughts, F (1, 301) =2.97, p = .089 adj. R? = .01, whereby women experienced a similar
frequency of intrusive thoughts (M = 3.14, SD = 1.19) as men (M = 2.68, SD = 1.23) during the

math test. However, for Hypothesis 2, there was a main effect of math anxiety on the frequency
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of intrusive thoughts F (3, 301) = 16.75, p < .001 adj. R? = .14, whereby higher math anxious

individuals experienced more intrusive thoughts than lower math anxious individuals (see Table

2). With regards to Hypothesis 3, we predicted an interaction between gender and math anxiety

whereby higher math anxious women would experience more intrusive thoughts than higher

math anxious men. Contrary to our prediction, there were no interactions between gender and

math anxiety on frequency of intrusive thoughts (3, 301) = 0.24, p = .872, partial n?=.002 (see

Figure 4).

Table 2. Mean Frequency of Intrusive Thoughts by Level of Math Anxiety.

Low Moderately Moderately High Math
Math Low Math High Math Anxious
Anxiety Anxious Anxious (n = 80)
n=179) (n=66) (n=84)
2.16 2.80 3.09 3.68
Mean frequency of
intrusive thoughts (Sb=1.16)  (SD=1.19) (SD=1.16) (SD =.99)
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Figure 4. Relation Between Math Anxiety and Gender on the Frequency of Intrusive Thoughts.
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Analyses were also conducted to investigate the types of intrusive thoughts experienced as a

function of gender and math anxiety.

Gender and types of intrusive thoughts

Hypothesis 4 was that women would experience more intrusive thoughts of each of the seven

types. Chi-squares of homogeneity were conducted to explore this hypothesis. Contrary to what

was expected, women experienced significantly more intrusive thoughts related only to making

mistakes and panicking compared to men.
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Table 3. Differences in the Types of Intrusive Thoughts for Men and Women

Types of intrusive thoughts Men Women Pearson P value
(n=143) (n=166) Chi-Square
Making Mistakes 67.1% 83.1% 10.70 .001*
Previous Math Experience 52.7% 65.1% 5.62 .018
Method of Problem Solving 41.3% 55.4% 6.17 .013
Time Pressure 32.9% 45.2% 4.87 .027
What People Might Think 26.6% 37.3% 4.08 .044
Panicking 15.4% 33.1% 12.93 <.001*
Physical Changes 14.7% 21.7% 2.50 075
None of the Above 14.0% 4.8% 7.83 .004*

*Indicates statistically significant results at p < .006 as per Bonferroni’s correction.
Of note: the percentages used in this table do not sum up to 100% as they are not mutually
exclusive.

Math anxiety and types of intrusive thoughts

Based on the study from Hunt et al., 2014, Hypothesis 5 was that higher math anxious
individuals would experience more intrusive thoughts related to what people might think, to
panicking, and to physical changes relative to their lower math anxious peers. To test this
hypothesis, math anxiety was divided into four quartiles low math anxiety (n = 79), moderately
low math anxiety (n = 66), moderately high math anxiety (n = 84), and high math anxiety (n =
79). Chi-square tests of homogeneity were conducted to test whether there were differences in
the types of intrusive thoughts experienced. Individuals in the fourth quartile (higher math
anxious individuals) were more likely to experience intrusive thoughts of each of the seven types
(see Table 4). Contrary to what was predicted, the most prevalent intrusive thoughts experienced
by higher math anxious individuals were those related to making mistakes, to previous math

experience, and to method of problem solving.
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Table 4. Differences in the Types of Intrusive Thoughts for Lower and Higher Math Anxious

Individuals.
Low Medium Medium High High MA (n= Pearson P value
MA (n= LowMA(n MA (n=84) 80) Chi-
79) = 60) Square
Making 57.0% 71.2% 79.8% 93.8% 30.75 <.001*
mistakes
Previous math ~ 34.2% 57.6% 63.1% 80.0% 35.31 <.001*
experience
Method of 34.2% 47.0% 52.4% 61.3% 12.24 .007
problem
solving
Time pressure  26.6% 36.4% 39.3% 55.0% 13.83 .004
What people 11.4% 25.8% 40.5% 50.0% 31.08 <.001*
may think
Physical 10.1% 12.1% 16.7% 33.8% 18.02 <.001*
changes
Panicking 6.3% 9.1% 32.1% 48.8% 50.06 <.001*
No intrusive 25.3% 9.1% 2.4% 0.0% 37.85 <.001*
thoughts

*Indicates statistically significant results at p < .006 as per Bonferroni’s correction.
Of note: the percentages used in this table do not sum up to 100% as they are not mutually
exclusive.

Next, we completed an ANOPA to investigate if there were proportional differences in
the types of thoughts experienced among individuals with varying levels of math anxiety. The
ANOPA allows one to explore interactions, main effects, and simple effects in studies that use
repeated measures (Laurencelle & Cousineau, 2022). A significant effect of math anxiety ¥*(3) =
0.57, p = <.001, as well as a significant effect of the types of intrusive thoughts ¥*(6) = 1.19, p =
<.001 was observed. There were no significant interactions between the level of math anxiety
and types of intrusive thoughts experienced ¥*(18) = 0.07, p = <.001 (see Figure 5). Participants

with the highest level of math anxiety experienced more intrusive thoughts of every type

compared to participants lower in math anxiety. As indicated in Figure 4, the proportional
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difference in the types of intrusive thoughts experienced as a function of math anxiety are similar
regardless of the type of intrusive thought.

Figure 5. Differences in the Proportion of Intrusive Thoughts by Level of Math Anxiety.
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Types of Intrusive Thoughts

Gender, math anxiety, and intrusive thoughts

Hypothesis 6 was that higher math anxious women would experience more intrusive thoughts
of each of the seven types with the most prevalent thoughts being those related to making
mistakes, method of problem solving, and what people may think. Again, AMAS was split by
quartile and chi-squares of homogeneity were conducted. Contrary to what was predicted, higher
math anxious women did not experience more intrusive thoughts of each of the seven types. As
expected, however, the most common types of intrusive thoughts were related to making

mistakes, previous math experience and method of problem solving (see Table 5).
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Table 5. Differences in the Experience of Intrusive Thoughts for Men and Women
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Types of intrusive Low Math  Moderately Moderately = High Low  Moderately Moderately = Higher  Pearson P value
thoughts Anxious Low Math High Math ~ Math Math  Low Math High Math Math Chi-
Men Anxious Anxious  Anxious Anxious  Anxious Anxious Anxious  Square
(n=48) Men Men Men Women  Women Women Women
(n=31) (n=45 (=19 (m=31) (=35 (n=39) (n=61)
Making Mistakes 47.9% 67.7% 77.8% 89.5%  71.0% 74.3% 82.1% 95.1% 37.03 <.001*
Previous Math 31.3% 57.8% 57.8% 84.2%  38.7% 60.0% 69.2% 78.7% 37.25 <.001*
Experience
Method of Problem 29.2% 38.7% 44.4% 68.4%  41.9% 54.3% 61.5% 59.0% 18.02 012
Solving
Time Pressure 22.9% 29.0% 42.2% 42.1% 32.% 42.9% 35.9% 59.0% 17.92 012
Physical Changes 8.3% 16.1% 15.6% 263%  12.9% 8.6% 17.9% 36.1% 19.90 .006*
What People Might 4.2% 32.3% 35.6% 52.6%  22.6% 20.0% 46.2% 49.2% 36.28 <.001*
Think
Panicking 4.2% 6.5% 26.7% 31.6% 9.7% 11.4% 38.5% 54.1% 56.06 <.001*
None of the Above 31.3% 12.9% 2.2% 0% 16.1% 5.7% 2.6% 0% 44.11 <.001*

*Indicates statistically significant results at p < .006 as per Bonferroni’s correction.
Of note: the percentages used in this table do not sum up to 100% as they are not mutually exclusive.
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Categories of intrusive thoughts

Lastly, we had a research question that proposed that the most prevalent types of intrusive
thoughts experienced by women (n = 166) would be those related to their math ability whereas
men (n = 143) would experience more intrusive thoughts related to the circumstances of the task.
A Kruskal-Wallis H test was conducted. The mean ranks of intrusive thoughts scores were
statistically significantly different between groups, (1) = 13.278, p < .001. Subsequently,
Mann-Whitney U tests were performed with a Bonferroni correction for multiple comparisons.
Women experienced more intrusive thoughts related to their math ability U = 14606.00, z = 3.64,
p <.001, the circumstances of the task U = 13899.00, z = 2.82, p = .005 and physiological
responses to the task U= 13769.00, z =2.94, p = .003 (see Table 6 for means). As hypothesized,
the most prevalent category of intrusive thoughts experienced by women was related to their
math ability (M = 2.04, SD = .96). However, contrary to hypotheses, the most prevalent category
of intrusive thoughts in men was also thoughts related to their math ability (M = 1.60, SD =
1.05).

Table 6. Means of Intrusive Thoughts by Categories of Thoughts for Men and Women

Categories of intrusive Men Women

thoughts

Math Abilities 1.60 (SD = 1.05) 2.04 (SD = .96)

Circumstances of the task 59 (8D = .67) .83 (SD =.73)

Physiological response .30 (SD = .56) 55 (8D =.75)
Discussion

In the first part of this study, we tested three hypotheses related to the frequency of
intrusive thoughts, whereby we hypothesized that (1) women would report more intrusive

thoughts than men, (2) higher math anxious individuals would report more intrusive thoughts
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than lower math anxious individuals, and (3) higher math anxious women would experience
more intrusive thoughts than higher math anxious men.

For Hypothesis 1, we failed to find a main effect of gender on the frequency of intrusive
thoughts. This result is inconsistent with previous research that has found that women are
generally more likely to experience intrusive thoughts than men (Arnéaez et al., 2021; Del Rio-
Casanova et al., 2021; Thaiposri & Reece, 2022). With respect to Hypothesis 2, we found that
individuals with higher math anxiety experienced more intrusive thoughts than those with lower
math anxiety. This was consistent with previous findings by Hunt et al. (2014) who found math
anxiety to strongly correlate with the frequency of intrusive thoughts. The results from
Hypothesis 3 indicated no interaction between math anxiety and gender suggesting that the
frequency of intrusive thoughts was similar for both higher math anxious men and women. This
suggests that individuals with similar levels of math anxiety can be expected to have a similar
frequency of intrusive thoughts, regardless of their gender. This is contrary to the literature in
other fields which suggests that women tend to experience more intrusive thoughts than men
(Arndez et al., 2021; del Rio-Casanova et al., 2021; Thaiposri & Reece, 2022). It has been
previously reported that women tend to exhibit higher overall anxiety compared to men (Deng et
al., 2021; Mohammadi et al., 2020). Consequently, when examining both anxiety and the
frequency of intrusive thoughts between genders, one must consider the likely comparison
between individuals with higher anxiety levels (often women) and those with lower anxiety
levels (often men). This unintentional comparison can lead to the perception that women
experience more intrusive thoughts than men. However, this study suggests that within the
context of math anxiety, both men and women with similar levels of math anxiety experience no

significant difference in the frequency of their intrusive thoughts. Furthermore, it is crucial to
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acknowledge that despite our efforts to include various strands of mathematics in the study, the
math task employed may have been insufficiently challenging for the participants. Research
suggests that the difficulty level of math tasks can impact the experience of math anxiety
(Namkung et al., 2019). Consequently, it is plausible that the relatively easier task utilized in our
study may have elicited lower levels of math anxiety, resulting in fewer instances of intrusive
thoughts. Consequently, similar frequencies of intrusive thoughts may have been observed for
both men and women in our study. Moreover, there is supporting evidence indicating that gender
differences in math performance may be influenced by the specific types of math tasks (e.g., van
de Weijer-Bergsma et al., 2022). Therefore, certain math strands could potentially lead to higher
levels of math anxiety and, consequently, more frequent intrusive thoughts.

In the second part of this study, we investigated the types of intrusive thoughts
experienced by participants. Specifically, we hypothesized that (4) women would experience
more intrusive thoughts of each of the seven types, (5) higher math anxious individuals would
experience more intrusive thoughts of each of the seven types, and (6) higher math anxious
women would experience more intrusive thoughts of each of the seven types compared to higher
math anxious men.

With regards to Hypothesis 4, we found that men and women did not experience differing
types of intrusive thoughts. Rather, the most common types of thoughts experienced by men and
women were related to making mistakes, previous math experiences and method of problem
solving. Additionally, significantly more women experienced thoughts related to making
mistakes and panicking than did men. Given that women are often more likely to be stereotyped

as being “bad at math” (Steffens & Jelenec, 2011), it is possible that women in our sample
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experience more intrusive thoughts related to making mistakes in fear that if they made a
mistake, they would confirm this social stereotype.

Previous research has also found a higher prevalence of panic disorder (McLean et al.,
2011) and somatic symptoms (Atasoy et al., 2022) in women compared to men. As such, it is
possible that previous experiences with somatic and panic related symptoms heightened
sensitivity toward these symptoms among women in our sample, making them more likely to
have intrusive thoughts about panicking than men. Men however were more likely to report
experiencing an absence of intrusive thoughts compared to women. On one hand, it is possible
that men truly experience little to no intrusive thoughts when completing the math task. On the
other hand, previous researchers have suggested that men tend to underreport their levels of math
anxiety (Xie et al., 2019). It is possible that the avoidance and/or absence of recognition of their
anxiety extends to those of intrusive thoughts leading to an underreporting of their experience.

In line with Hypothesis 5, results from the study herein suggest that higher math anxious
individuals experience more intrusive thoughts of every type as compared with their lower math
anxious counterparts with the three most common types of thoughts related to making mistakes,
previous math experience, and method of problem solving. Additionally, the proportional
difference in the experience of intrusive thoughts was similar across levels of math anxiety.
Interestingly, this was not completely in line with the results from Hunt and colleagues (2014).
In their study, they also found making mistakes and method of problem solving as being the
most common types of thoughts. The second most common type of intrusive thoughts reported in
their study related to time pressure whereas in ours it was related to previous math experience. It
is possible that the type of math completed may influence the types of thoughts experienced. In

fact, in their study, Hunt and colleagues asked participants to complete addition and subtraction
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questions with fixation points between trials. This may have induced some sense of time pressure
for participants. However, most participants were likely familiar with additions and subtractions
therefore reducing intrusive thoughts related to previous math experience. On the contrary, in our
study, participants were not presented fixation points and were asked a broader range of math
questions stemming from the fifth to seventh grade curriculum. Participants had to have
previously learned the math content to be able to answer these questions. This could have
increased intrusive thoughts related to previous math experience. When exploring Hypothesis 6,
we found that higher math anxious women and higher math anxious men also experienced the
same types of intrusive thoughts whereby making mistakes, previous math experiences and
method of problem solving were the most common.

Additionally, we had one research question which related to the categories of intrusive
thoughts. We wondered if women would experience more intrusive thoughts related to their math
ability whereas men would experience more intrusive thoughts related to the circumstances of
the task. We found that both men and women in our sample reported experiencing more intrusive
thoughts related to their math ability. These results suggest that, for both men and women, math
anxiety seems to induce intrusive thoughts related to the math itself (i.e., making mistakes,
previous math experience, method of problem solving) rather than other factors that may also
contribute to the anxiety such as time pressure, what people may think, panicking and physical
changes.

Implications

The findings from the study herein allowed for a more in depth look at the experience of

math anxiety for men and women as well as for those with differing levels of math anxiety. In

the last decade, there has been a push to explore and implement interventions to help those with
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math anxiety. One well supported intervention is expressive writing which is a clinical technique
that encourages individuals to write openly about their feelings towards a stressor (Park et al.,
2014). Expressive writing is thought to be helpful because it diminishes intrusive thoughts
experienced by participants which ultimately helps increase working memory capacity (Klein &
Boals, 2001). There is evidence to suggest that expressive writing tasks are most effective when
participants are provided with specific guidelines for their writing (Reinhold et al., 2018). The
findings from the study herein could help guide expressive writing interventions by providing
participants with more specific instructions (i.e., write freely about fears related to how your
previous math experience may influence your success on this task) rather than asking
participants to write about a math task generally.
Limitations

The COVID-19 pandemic presented unprecedented challenges for data collection in this
study. Conducting the research remotely using the Gorilla platform limited our control over data
collection. This likely resulted in participants completing the survey in different environments,
potentially influencing their engagement and the study outcomes. While steps were taken to
ensure data quality and validity, including the use of attention check questions, it is important to
acknowledge that limitations stemming from the remote survey methodology cannot be
eliminated. This may have introduced additional variability and potential bias in the data.

Moreover, the exceptional circumstances of the COVID-19 pandemic were known to be
stressful for many individuals and could have triggered intrusive thoughts (Del Rio-Casanova et
al., 2021). Consequently, the reported frequency of intrusive thoughts in this study may be an

overestimation compared to non-exceptional times.
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Another limitation of this study is the homogeneity of the participant sample, which was
primarily composed of young, anglophone adults from undergraduate programs and with mid-to-
high socioeconomic status. Consequently, caution should be exercised when extrapolating the
results to more diverse populations and contexts. Future studies should strive to replicate this
research to a more heterogeneous sample and by conducting in-person surveys to address these
limitations.

Furthermore, it appears that the math task employed in this study was relatively easy for
participants, leading to high scores on the task (i.e., most participants had above 80%). This
could potentially have influenced the participants' experience of math anxiety, as well as the
frequency and types of intrusive thoughts reported. Additionally, the study was completed in a
low stakes environment whereby participants were compensated for their participation rather
than for their grades. To enhance the validity and generalizability of findings, future research
should consider utilizing a more challenging math measure to introduce greater variability in
participants' performance and subsequently capture a wider range of experiences in terms of
math anxiety and intrusive thoughts. Future studies should also consider exploring whether
results may change in a higher stakes environment such as when completing a class evaluation.

The study also lacked clear descriptions regarding the various types of intrusive thoughts.
This could potentially have led to varied interpretations among participants. For instance, for
thoughts related to past math experiences, some individuals might have construed this to inquire
about their prior exposure to the content, while others may have understood it as their positive or
negative encounters with math in the past. To address this ambiguity, future studies could
encourage participants to elaborate on the specific nature of the prevalent thoughts they

experienced. Additionally, qualitative data pertaining to intrusive thoughts would facilitate a
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deeper understanding of how individuals perceive and categorize intrusive thoughts, thereby
enhancing the validity and reliability of the findings.

According to the cognitive interference theory, math anxiety leads to intrusive thoughts
which uses up working memory necessary for math performance (Eysenck & Calvo, 1992).
Considering the high demand for working memory in math tasks (Ashcraft, 1992), it can be
inferred that experiencing math anxiety during such tasks leads to performance below one's
potential capabilities (Ashcraft & Kirk, 2001; Maloney & Beilock, 2012). A limitation of this
study is the absence of differentiation between math questions with higher and lower working
memory demands. Consequently, we are unable to provide insights into the influence of working
memory demands on intrusive thoughts. Investigating this aspect should be prioritized in future
studies and will be the focus of Study 3.
Conclusion

Gender and math anxiety were both shown to be significant predictors of the frequency of
intrusive thoughts. However, no interactions were identified between gender, math anxiety and
intrusive thoughts whereby both higher math anxious men and women experienced similar
frequencies of intrusive thoughts. Additionally, the most common types of intrusive thoughts for
men, women, and for higher and lower math anxious individuals were those related to making
mistakes, previous math experience, and method of problem solving. These findings provide
important insight into both the gender, and math anxiety differences in intrusive thoughts. Future
research should investigate the influence of working memory demands on intrusive thoughts

experienced during a math task.



63
THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS

CHAPTER FOUR:

Study 3: Math Anxiety, Gender, and Intrusive Thoughts: A study Exploring Working
Memory Demand

Working memory can be defined as a cognitive process that provides a mental workspace for
controlling, regulating, manipulating, and retaining crucial information necessary for the
completion of complex cognitive tasks, such as solving intricate mathematical equations (Miyake
& Shah, 1999). In the realm of mathematics, working memory holds particular importance due to
the frequent need to retain partial information while mentally manipulating new information to
reach a solution (Raghubar et al., 2010). Ashcraft and Kirk (2001) predicted that working
memory was an important factor influencing math performance especially in those with higher
math anxiety. They compared higher and lower math anxious individuals’ performance on two-
column addition problems involving carry operations (i.e., high working memory additions).
While doing these additions, participants were also asked to maintain a 2-letter string or a 6
letter-string in memory. Individuals with higher levels of math anxiety produced significantly
more mistakes when asked to maintain a 6-letter string in memory than those with lower levels
of math anxiety. It was concluded that individuals with higher math anxiety were likely to
experience worries which disrupted the working memory resources necessary for the completion
of this task.

One of the downfalls of working memory is that it is limited in its nature and can be used up
by external and/or internal distractions (Pellizzoni et al., 2022; Shi & Liu, 2016). As outlined in
the general introduction, math anxiety can lead to intrusive thoughts and rumination which
deplete working memory (Eysenck & Calvo, 1992). Given that math is particularly working
memory demanding (Ashcraft, 1992), when individuals have higher math anxiety, they are trying

to do two things at once 1) solve the math problem and 2) cope with intrusive thoughts (Beilock
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& Maloney, 2015; Ramirez et al., 2018). Given that intrusive thoughts consume working
memory, this influences the individual’s ability to maintain and mentally manipulate information
such as required with math problems and thus diminishes their performance on math tasks
(Beilock & Maloney, 2015; Ashcraft & Kirk, 2001; Maloney & Beilock, 2012). Shi and Liu in
2016 found that math anxious individuals had lower performances on a working memory
demanding task when they had been previously presented with anxiety inducing math
statements. In line with the cognitive interference theory, they hypothesized that these
individuals likely experienced intrusive thoughts which impaired their performance.

In Study 2, our findings did not yield any evidence of gender differences in the frequency
and types of intrusive thoughts experienced during the completion of the math task. Nonetheless,
we proposed that this outcome could potentially be attributed to both the nature of the math task
and its level of difficulty. Previous research has indicated that boys tend to exhibit superior
performance on arithmetic tasks compared to girls (Weijer-Bergsma et al., 2022). Therefore, in
this study, we modified the math task to specifically focus on arithmetic, with the aim of
exploring whether gender differences may become apparent.

Furthermore, it remains unclear whether math tasks with higher demands on working
memory versus those with lower demands evoke similar frequencies and types of intrusive
thoughts. This requires further investigation to ascertain whether the cognitive load associated
with working memory influences the manifestation of intrusive thoughts during math tasks. On
one hand, it is possible that higher working memory demanding math (i.e., generally more
difficult math) results in more intrusive thoughts which ultimately negatively affect math
performance. On the other hand, it is possible that the same types and number of intrusive

thoughts are present in both higher and lower working memory math. However, unlike higher
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working memory demanding math, lower working memory demanding math requires fewer
working memory resources which may make it manageable for individuals to attend to both the
math task and the intrusive thoughts. If this is the case, performance may not be impacted on
lower working memory demanding math but only when the math requires more working
memory resources than available.
Current Study

In the current study, we measured individuals’ experience of intrusive thoughts when
completing lower and higher working memory-demanding math tasks to further deepen our
understanding of the gender differences in math anxiety. Similar to Study 2, both the frequency
and the types of intrusive thoughts were explored as a function of gender and level of math
anxiety.
Performance

It was hypothesized that we would find a main effect of working memory demand on
performance. In light of the results from Study 1 which identified a gender difference in math
performance, we also hypothesized that there would be a main effect of gender on performance.
As previously mentioned, for Study 1 and 2 we used a measure that proved to be relatively easy
for participants. We still observed gender differences on math performance with men achieving
slightly better scores than women, although the differences were not substantial. For the current
study, we chose a math measure that involves both low working memory and high working
memory arithmetic calculations. Consequently, on the low working memory math task, we
anticipated that participants would perform well and therefore scores would be similar between
genders. However, considering that tasks requiring higher working memory tend to be inherently

more challenging, we hypothesized that scores on the higher working memory math task would
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decrease for both men and women. This led us to predict that there would be no interaction
between working memory and gender (Hypothesis 1). Similarly, it was also hypothesized that
the relation between working memory demand, level of math anxiety, and performance would
exhibit a main effect of working memory demand and a main effect of math anxiety. It was also
predicted that there would be no interactions between these two variables because again, we
anticipated that both higher and lower math anxious individual would perform well on the lower
working memory task, and both have reduced performance on the higher working memory math
task (Hypothesis 2).
Frequency of intrusive thoughts

Prior research has found women to experience more intrusive thoughts than men (Lepore
et al., 2000). Moreover, gender differences have been noted in performance on arithmetic tasks
(Weijer-Bergsma et al., 2022). Based on these findings, it was hypothesized that we would
observe a gender difference in the frequency of intrusive thoughts whereby women would
experience more intrusive thoughts than men. Additionally, given that higher working memory
tasks tend to be more challenging in nature, we hypothesized that there would be a main effect of
working memory on the frequency of intrusive thoughts. However, given that working memory
tasks are inherently more challenging, we thought that both men and women may experience
more intrusive thoughts when completing the higher working memory task leading to no
interaction between gender and working memory (Hypothesis 3). It was also hypothesized that
when examining the relation between working memory demand, levels of math anxiety and the
frequency of intrusive thoughts there would be a main effect of working memory demand and
math anxiety. Given that higher math anxious individuals experience more intrusive thoughts

than lower math anxious individuals (Wigfield & Meece, 1988; Hunt et al., 2014) and that higher
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working memory tasks are more challenging than lower working memory tasks, it was
hypothesized that there would be an interaction between working memory and math anxiety
(Hypothesis 4).
Types of thoughts

Given the findings from Study 2, it was hypothesized that both men and women would
experience the same types of intrusive thoughts when completing a lower and a higher working
memory-demanding task (Hypothesis 5). It was also hypothesized that higher math anxious men
and women would experience more intrusive thoughts of every type compared to their lower
math anxious counterparts (Hypothesis 6). Further, it was hypothesized that the most common
types of intrusive thoughts experienced by both higher math anxious men and women would be
those related to making mistakes, previous math experience, and method of problem solving
(Hypothesis 7). Finally, given that individuals tend to have more difficulty completing higher
working memory-demanding tasks, it was hypothesized that individuals would experience more
intrusive thoughts of every type when completing a higher working memory-demanding task

compared to a lower working memory-demanding task (Hypothesis 8).

Methods

Participants

An a priori power analysis was performed utilizing G*Power 3.1.9.2 software, indicating a
necessary sample size of 382 participants with o = 0.05 and Power = 0.95. We adjusted the
required sample size by approximately 25%, considering the anticipated percentage of
participants who would be excluded. Over two semester, undergraduate students (N = 635) from
a Canadian university were recruited via an undergraduate student pool which is designed to

allow students following introductory level courses to earn up to four percent of their final
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course grade by participating in research. Students who participated in this 45-minute study were
allocated one percent towards their final grade, as per institutional guidelines.

Upon registration to the pool, participants were asked to fill out a pre-screen questionnaire.
Among the pre-screen questions, they were asked to complete the Single-Item Math Anxiety
(SIMA) and were required to be fluent in written English. Some participants were excluded from
analyses for various reasons, including: their data did not register correctly (n = 39), providing an
invalid verification ID (n = 2), or providing inconsistent scores for the SIMA and the AMAS (n
= 29; i.e., note that this was determined the same way as in Study 2). Participants were also
excluded if they incorrectly answered two or more attention check questions (n = 7; e.g., “Please
select 2”) or provided the same consecutive answer on reverse coded measures (i.e., State Trait
Anxiety Inventory) for more than half of the scale (» = 2; Huang et al., 2012). Participants who
reported using a calculator, a pencil and paper or reported that they did not provide quality data
(n = 119) were also excluded from analyses as these would have greatly impacted the strain on
their working memory. This resulted in a final sample size (N = 437) providing sufficient power
for our post-hoc power analysis [o = 0.05, Power = .97]. Data was collected from May to
November 2022.

Of the 437 included participants, 123 participants identified as men, 303 identified as women
and 11 individuals identified as another gender (e.g., non-binary, trans, questioning). Women
reported higher levels of math anxiety (M = 27.61, SD = 7.20) than men (M = 22.85, SD =
7.07), t(424) =-6.22, p =<.001. The mean age of participants was 19.52 years (SD = 3.50) and
participants in the sample reported being registered in a range of faculties: Health Sciences
(28.1%), Social Sciences (26.1%), Science (23.3%), Business Management (11.0%), Arts

(6.9%), Engineering (4.1%), Medicine (<1%), and Education (<1%). Most participants reported
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their native tongue to be English (54.2%) whereas others reported French (20.5%), Arabic
(4.3%), Mandarin (3%), or other languages (18%). Most participants also reported a family
income above 75,0008 per year (60.4%).
Measures

Note that the measures of math anxiety, general anxiety, socio-demographic questions
were identical to those used in Study 1 and the measure of intrusive thoughts was identical to the

one used in Study 2. Therefore, only the measures new to Study 3 are detailed below.

Modular Arithmetic

The math task used was the modular arithmetic task developed by Gauss (1801; as cited
in Beilock & Carr, 2005) as it requires knowledge and skill from real-world arithmetic.
However, given that modular arithmetic is not often used or taught, this task is advantageous in a
study as it is often novel, even to those who have a lot of math experience. Modular arithmetic
problems (i.e., represented by the following symbol “=") are completed by judging the accuracy
of problems such as “62 = 14 (mod 3)”. To solve the problem, the second number needs to be
subtracted from the first number (i.e., 62-14). Next, the difference is divided by the last number
(i.e., 48/3). If the dividend provides a whole number (i.e., no decimals), then the statement is
true, if not, the statement is false. This task was divided into two subsections: questions that were
lower in working memory demand and those that were higher in working memory demand.
Higher working memory demand questions involved carry-over operations (e.g., 73 = 13)
whereas lower working memory demand questions did not (e.g., 8 = 1). Carry-over operations
are thought to be more working memory demanding as participants need to mentally keep track
of the carried-over digits, maintain accuracy in the calculations, and correctly align and place the

numbers in the appropriate columns (Ashcraft & Krause, 2007). As such, working memory
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resources are necessary to temporarily store and manipulate the intermediate results during the
problem-solving process (Ashcraft & Krause, 2007). To review this task, please refer to

Appendix F. Cronbach’s alpha for the task within our current sample was of .93.

Procedure

This study was approved by the Office of Research Ethics and Integrity and complied
with the Social Sciences and Humanities Research Council of Canada’s guidelines on human
testing. Each participant was tested individually through Gorilla on their own device. Interested
participants registered for the study through the student research pool and provided voluntary
and informed consent. Next, participants were asked to complete questionnaires assessing their
level of math anxiety (AMAS) and general anxiety (STAI-T). Participants were then randomly
assigned to either a higher or a lower working memory-demanding modular arithmetic task. This
study used a within-participants design whereby each participant was exposed to both the higher
and lower working memory-demanding tasks. For the working memory task, participants were
provided a solution to a modular arithmetic question and were asked to identify whether the
question was correctly or incorrectly resolved by pressing “a” for true or “I” for false. Every
participant first completed a practice trial which was comprised of four lower working memory
demand questions [e.g., 5 =2 (mod 3)] and four higher working memory demand questions [e.g.,
62 = 14 (mod 3)]. These were presented in a randomized order. Each trial started with a 500ms
fixation point at the centre of the screen followed by the question. During the practice trial,
participants were presented with a check mark or an X for 1,000ms following the submission of
an answer to indicate whether they had correctly resolved the problem. Then, the screen went
blank for 1,000ms before they were presented with the next fixation point. Both the higher

working memory demand and the lower working memory demand tasks comprised 40 modular
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arithmetic problems which were presented in a random order for each participant. Participants
were instructed that the use of calculators, paper, and/or pencils were not permitted. Following
the first working memory demanding tasks (i.e., higher and lower working memory demanding
tasks), the participants were asked to complete an assessment of the intrusive thoughts they
experienced during the task (Hunt et al., 2014). Following the intrusive thoughts questionnaire,
and prior to the second working memory demanding task, participants were required to watch a
2:45 second video on rice cultivation to neutralize working memory load and the anxiety from
the previous task. Next, participants were asked to complete the subsequent modular arithmetic
task followed by another self-reported measure on intrusive thoughts. Finally, participants were
asked to answer demographic questions and confirm whether they used a calculator or paper-
pencil during their participation.
Data analysis plan.

Statistical analyses were performed using SPSS version 26 and R version 4.2.2.
Occasionally some participants did not provide answers to a few questions on the AMAS and the

STAI-T (<2%). A Little’s Missing Complete at Random (MCAR) test was completed to

determine the pattern of missing data. Results indicated that data were MCAR, x2 (4435, N =
437) =4060.06, p = 1.000. Expectation-maximization with 250 iterations was completed to
replace missing values.

First and foremost, four separate two-way mixed ANOV As were completed to investigate
the first four hypotheses. We tested the assumptions of homogeneity, outliers, and normality of
distributions. Next, chi-square tests of homogeneity were completed to investigate the following
hypotheses. To control for the increase in Type I error, Bonferroni corrections were manually

applied, and statistically significant results were identified as being those with a p value <0.03. It
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is important to note that individuals who identified as other than men or women were excluded
from analyses regarding questions pertaining to gender. They were included in all other analyses.
Of note, both ANOVASs and chi-squares are believed to be robust against unequal group sizes
(Blanca et al., 2017; McHugh, 2012). An ANOPA was completed to explore whether
proportional differences existed between the types of thoughts experienced during a lower and a

higher working memory demand tasks (Laurencelle & Cousineau, 2022).
Results
Performance on the task

Performance, Gender, and Working Memory Demand

We first predicted a main effect of gender on performance during the math task. Only
individuals who identified as men and women were included in this analysis. Contrary to our
expectations, there were no main effects of gender F(1, 424) =2.53, p = .11, n* = .006 and both
men and women had similar scores during the math task (men M = 71.51, SD = 9.02; women M=
69.88, SD =9.79). We also hypothesized that there would be a main effect of working memory
on performance during the math task. The two-way mixed ANOVA revealed a main effect of
working memory demand F(1, 424) = 259.96, p <.001, n* = .38 whereby individuals experienced
lower performance when completing a higher working memory demanding task (M = 32.67, SD
= 6.67) compared to a lower working memory demanding task (M = 37.69, SD = 4.27). As
hypothesized, there was no interaction between working memory demand and gender, F(1, 424)

=1.397, p =.238 (see Figure 6).
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Figure 6. Effects of Gender and Working Memory Demand on Performance.
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Performance, Math Anxiety and Working Memory Demand

Furthermore, we hypothesized that we would observe a main effect of math anxiety on
performance during the math task. Math anxiety was divided into quartiles for this analysis. A
two-way mixed ANOVA revealed a main effect of level of math anxiety, F(3,433)=5.12,p
=.002, n? = .03 whereby those with higher math anxiety experienced lower scores on both the
lower and the higher working memory demand task (see Table 7). As anticipated, we also found
a main effect of working memory demand F(1, 433) = 331.20, p <.001, n? = .43 whereby
individuals exhibited lower performances when completing a higher working memory
demanding task (M = 32.67, SD = 6.67) compared to a lower working memory demanding task
(M =37.69, SD =4.27). A two-way mixed ANOVA also revealed no interaction between

working memory demand and math anxiety, F(3, 430) = 1.98, p = .12 (see Figure 7.
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Table 7. Performance on Working Memory Demand Task by Level of Math Anxiety.

Mean scores Low Moderately Moderately High Math
Math Low Math High Math Anxious

Anxiety Anxious Anxious (n=115)
(n=108) (n=106) (n=108)

Lower working 38.18 38.09 37.82 36.76

memory demand task (SD = 390) (SD = 3.13) (SD = 4.09) (SD = 5.44)

Higher working 34.10 33.24 32.65 30.83

memory demand task (SD = 6.12) (SD =6.76) (SD = 683) (SD = 6.61)

Figure 7. Performance on the Working Memory Demand Tasks for Individuals with Varying
Levels of Math Anxiety.
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Frequency of Intrusive Thoughts

Gender Difference in the Frequency of Intrusive Thoughts
It was also hypothesized that there would be a main effect of gender on the frequency of

intrusive thoughts. Only individuals who identified as men and women were included in this
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analysis. As predicted, a two-way ANOVA revealed a main effect of gender F(1, 422) =5.90, p
=.016, n* = .014 whereby women (M = 3.53, SD = .13) reported experiencing more frequent
intrusive thoughts than men (M = 2.93, SD = .21). We also predicted a main effect of working
memory on the frequency of intrusive thoughts. A main effect of working memory demand was
identified F(1, 422) =79.97, p <.001, n?> = .16 whereby individuals experienced more intrusive
thoughts when completing a higher working memory demanding task (M = 3.82, SD = .15)
compared to a lower working memory demanding task (M = 2.64, SD = .13). However, we did
not predict an interaction between gender and working memory. As hypothesized, a two-way
mixed ANOVA revealed no interaction between working memory demand and gender, F(1, 422)
=0.17, p =.68 (see Figure 6).

Figure 8. Effect of Gender and Working Memory Demand on the Frequency of Intrusive

Thoughts.
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Math Anxiety Differences and the Frequency of Intrusive Thoughts

It was further hypothesized that we would observe a main effect of math anxiety on the
frequency on intrusive thoughts. As expected, a two-way mixed ANOVA revealed a main effect
of level of math anxiety, when divided into quartiles, F(3,431) = 28.23, p <.001, n*> = .16.
Specifically, individuals with higher math anxiety experienced more frequent intrusive thoughts
than lower math anxious individuals (see Table 8). We also hypothesized that we would, again,
find a main effect of working memory on the frequency of intrusive thoughts. As predicted, a
main effect of working memory demand was identified F(1, 431) = 105.17, p <.001, n? = .20,
whereby individuals experienced more intrusive thoughts when completing a higher working
memory demanding task compared to a lower working memory demanding task. However, it
was expected that there would be an interaction between math anxiety and working memory. The
two-way mixed ANOVA revealed no interaction between working memory demand and math
anxiety, F(3, 428) =2.17, p =.09 (see Figure 9).

Table 8. Mean Total Frequency of Intrusive Thoughts by Level of Math Anxiety.

Low Math Moderately Moderately High Math
Anxiety Low Math High Math Anxious
(n=108) Anxious Anxious (n=114)
(n=106) (n=107)
Mean frequency of 2.0 2.95 3.9 4.43

intrusive thoughts
(SD = .20) (SD = .21) (SD = .21) (SD = .20)
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Figure 9. Effect of Math Anxiety and Working Memory Demand on the Frequency of Intrusive

Thoughts.
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It was further hypothesized that both men and women would experience the same types of

intrusive thoughts when completing a lower and a higher working memory demanding task. As

expected, both men and women experienced mostly the same types of intrusive thoughts with the

most common thoughts being related to making mistakes, method of problem solving, and time

pressure (see Table 9).
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Table 9. Differences in the Types of Intrusive Thoughts for Men and Women with Differing

Levels of Math Anxiety
Types of intrusive Men - Low  Women - Low Men - High Women - High
thoughts working working working working memory
memory math memory math  memory math math
(n=123) (n=303) (n=123) (n=303)
Making Mistakes 63.4% 69.6% 74.8% 82.8%
Method of Problem 30.9% 33.0% 56.9% 60.7%
Solving
Time Pressure 34.1% 36.9% 46.3% 53.1%
Previous Math 26.8% 25.7% 30.1% 35.0%
Experience
What People Might 12.2% 18.5% 19.5% 27.7%
Think
Panicking 11.4% 18.8% 22.8% 35.3%
Physical Changes 6.5% 14.9% 11.4% 21.5%
None of the Above 19.5% 17.8% 12.2% 8.9%

Of note: the percentages used in this table do not sum up to 100% as they are not mutually
exclusive.

Gender, math anxiety, and intrusive thoughts

Additionally, similarly to the findings from Study 2, it was hypothesized that higher math
anxious men and women would experience more intrusive thoughts of every type as compared to
their lower math anxious counterparts. Only individuals who identified as men and women were
included in this analysis. To explore this question, AMAS was split into quartiles and the number
of intrusive thoughts for either the lower working memory demanding or the higher working
memory demanding tasks were added. Contrary to this hypothesis, higher math anxious men and
higher math anxious women did not experience more intrusive thoughts of every type. In fact,
moderately high math anxious men experienced more intrusive thoughts related to method of
problem solving, previous math experience, what people may think, and physical changes than
higher math anxious men. Moderately high math anxious women also experienced more

intrusive thoughts related to making mistakes, method of problem solving, and time pressure
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than higher math anxious women. It was further hypothesized that the most frequent types of
thoughts experienced by higher math anxious men and women would be those relating to making
mistakes, previous math experience, and method of problem solving. Similarly to the findings
from Study 2, the most common type of intrusive thoughts were related to making mistakes and
method of problem solving. Unlike Study 2, one of the most common types of intrusive thoughts

related to time pressure rather than previous math experience (see Table 10).
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Table 10. Differences in the Types of Intrusive Thoughts for Men and Women with Differing Levels of Math Anxiety.
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Types of intrusive Low Math  Moderately Moderately  High Low  Moderately Moderately =~ Higher  Pearson P value
thoughts Anxious Low Math High Math  Math Math  Low Math  High Math Math Chi-
Men Anxious Anxious  Anxious Anxious  Anxious Anxious Anxious  Square
(n=46) Men Men Men Women  Women Women Women
(n=3)5) (n=28) (=14 ®m=58) (m=70) (n=75) (n=100)
Making Mistakes 78.3% 88.6% 92.9% 100.0%  79.3% 85.7% 96.0% 94.0% 20.17 .005*
Method of Problem 52.2% 60.0% 78.6% 64.3%  51.7% 54.3% 78.7% 74.0% 23.73 .001*
Solving
Time Pressure 56.5% 31.4% 67.9% 85.7%  34.5% 54.3% 80.0% 71.0% 51.07 <.001*
Previous Math 26.1% 40.0% 64.3% 571%  22.4% 35.7% 36.0% 63.0% 41.27 <.001*
Experience
What People Might 19.6% 14.3% 50.0% 143%  15.5% 17.1% 44.0% 44.0% 41.08 <.001*
Think
Panicking 15.2% 28.6% 39.3% 42.9%  13.8% 30.0% 49.3% 60.0% 52.78 <.001*
Physical Changes 2.2% 14.3% 35.7% 7.1% 8.6% 14.3% 36.0% 40.0% 50.18 <.001*
None of the Above 41.3% 25.7% 14.3% 143%  36.2% 30.0% 10.7% 18.0% 25.22 .001*

*Indicates statistically significant results at p < .006 as per Bonferroni’s correction.
Of note: the percentages used in this table do not sum up to 100% as they are not mutually exclusive.
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Types of Intrusive Thoughts Experienced in High and Low Working Memory Tasks

Finally, eight chi-squares of homogeneity were conducted to explore whether the types of
thoughts experienced in a lower and higher working memory demanding task differed. It was
hypothesized that individuals would experience more intrusive thoughts of every type when
completing a higher working memory demanding task. However, contrary to what was
anticipated, the higher working memory task elicited significantly more intrusive thoughts of
every type except for previous math experience and physical changes (see Table 11). The most
common types of intrusive thoughts for both the lower working memory demanding task and the
higher working memory demanding task were those related to making mistakes, method of
problem solving, and previous math experience.
Table 11. Differences in the Types of Intrusive Thoughts Experienced During the Higher and

Lower Working Memory Demand Task.

Low working High working Pearson Chi- P Value
Intrusive Thoughts  memory task (n=437) memory task Squares
(n=437)

Making Mistakes 295 (67.5%) 351 (80.3%) 18.61 <.001*
Time pressure 161 (36.9%) 221 (50.6%) 16.74 <.001*
Method of problem 140 (32%) 259 (59.3%) 65.30 <.001*
solving
Previous math 112 (25.6%) 145 (33.2%) 6.002 .014
experience
Panicking 72 (16.5%) 137 (31.4%) 26.60 <.001*
What people may 71 (16.2%) 108 (24.7%) 9.62 .002%*
think
Physical changes 54 (12.4%) 83 (19.0%) 7.28 .007
None 82 (18.8%) 44 (10.1%) 13.39 <.001*

*Indicates statistically significant results at p < .006 as per Bonferroni’s correction.
Of note: the percentages used in this table do not sum up to 100% as they are not mutually
exclusive.
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To explore this question further an ANOPA was completed to explore whether proportional
differences existed between the types of thoughts experienced during a lower and a higher
working memory demand task. The ANOPA allows the exploration of interactions, main and

simple effects in studies which use repeated measures (Laurencelle & Cousineau, 2022). The
ANOPA revealed a significant effect of the working memory task Xz (1)=129.29, p =<.001, as

well as a significant effect of the types of intrusive thoughts x2 (6)=213.31, p = <.001.

Additionally, a significant interaction was found between the demand of the working memory

task and the types of intrusive thoughts experienced x2 (11)=213.31, p =<.001 (see Figure 10).
As can be observed in Figure 10, when completing a higher working memory demand task,
participants experienced more intrusive thoughts of every type compared to when they
completed a lower working memory demand task. However, compared to other types of intrusive
thoughts, there was a significant increase in the proportion of intrusive thoughts related to
method of problem solving when individuals participated in a higher working memory task

compared to a lower working memory task.
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Figure 10. Proportional Differences in the Types of Intrusive Thoughts Experienced in Higher
and Lower Working Memory Demand Tasks.
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Discussion

We first tested two hypotheses related to performance on the math task where we
hypothesized (1) that we would observe that both gender and working memory would
individually influence performance on the math task. However, it was predicted that there would
be no interaction between gender and working memory demand. Further, we hypothesized (2)
that we would observe a main effect of math anxiety and a main effect of working memory
demand on performance, but no interaction between these variables.

Contrary to Hypothesis 1, there were no main effects of gender on performance during
the math task. As such, both men and women experienced similar scores on both the lower and
the higher working memory demanding task. These findings are inconsistent with the results
from both Study 1 and Study 2 which indicated a gender difference in math performance. As

such, this study adds to the current inconsistencies in the literature. As suggested by Vukovic et
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al., 2013, it is possible that the type of math completed influences math anxiety and therefore
math performance. However, previous researchers have found gender differences in arithmetic
performance (Mullis et al., 2020; van de Weijer-Bergsma et al., 2022), which was the underlying
reason why we chose this math task. Interestingly, the arithmetic task resulted in a gender
difference in the occurrence of intrusive thoughts but not in math performance. We did however
find a main effect of working memory on performance whereby individuals experienced lower
performance on the higher working memory demanding math task but not on the lower working
memory demanding math task. These results are not surprising considering that the relation
between math anxiety and math performance appears to be influenced by the level of difficulty
of the math task (i.e., the amount of working memory necessary to complete the task; Namkung
et al., 2019). Engaging in more complex mathematical tasks requires a higher utilization of
working memory resources. However, considering that working memory is limited in its nature,
math tasks that exceed working memory capacities may result in difficulties retaining and
mentally manipulating mathematical information (Namkung et al., 2019). Consequently, this can
lead to errors and a decline in overall math performance (Namkung et al., 2019).

With regards to Hypothesis 2, we also found a main effect of working memory as well as
a main effect of math anxiety on performance. However, there were no interactions between
these variables. These results suggest that working memory demand influences performance on
the task for both higher and lower math anxious individuals. It is important to note that higher
working memory tasks are inherently more challenging for most individuals. Consequently,
individuals with lower math anxiety also exhibit a decrease in performance on tasks requiring
higher working memory, although the extent of this decrease isn't as substantial compared to

individuals with higher math anxiety. Through the lens of the cognitive interference theory, one
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could hypothesize that the presence of anxiety may lead to intrusive thoughts which interfere
with individuals’ working memory (Calvo & Eysenck, 1992). As such, individuals with higher
levels of math anxiety would have less working memory resources to attribute to the working
memory demanding math tasks regardless of the level of difficulty of the task. This results in
worse performance than those with lower math anxiety (Ashcraft & Kirk, 2001; Maloney &
Beilock, 2012). Considering that higher math anxious individuals already have limited working
memory resources, a more pronounced decline in performance is observed when the task
requires higher working memory resources.

Next, we tested two hypotheses related to the frequency of intrusive thoughts, whereby
we hypothesized that (3) when examining the relation between working memory demand,
gender, and the frequency of intrusive thoughts we would observe a main effect of working
memory demand, a main effect of gender but no interaction between these variables. Similarly,
hypothesis (4) stated that when examining the relation between working memory demand, levels
of math anxiety, and the frequency of intrusive thoughts there would be a main effect of working
memory demand and a main effect of math anxiety and an interaction between working memory
demand and level of math anxiety.

For Hypothesis 3, as predicted we found a main effect of gender. This result is
inconsistent with our findings from Study 2 whereby we found no gender differences in the
frequency of intrusive thoughts. However, it is consistent with past literature which states that,
under stressful circumstances, women generally experience more intrusive thoughts than men
(Arndez et al., 2021; Del Rio-Casanova et al., 2021; Thaiposri & Reece, 2022). It is possible that
the type of math completed elicited more math anxiety for women and therefore an increase in

the frequency of intrusive thoughts. We also observed a main effect of working memory demand.
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This is likely because higher working memory tasks generally generate more math anxiety and
subsequently more intrusive thoughts (Carey et al., 2016; Ching, 2017). However, we did not
observe any interaction between gender and working memory demand which suggests that
women experienced more intrusive thoughts than men, regardless of the working memory
demand of the math task.

Regarding Hypothesis 4, our study yielded a significant main effect of math anxiety on
the frequency of intrusive thoughts. These findings align with the results obtained in Study 2,
where we observed that individuals with higher levels of math anxiety reported more frequent
intrusive thoughts compared to those with lower math anxiety. Moreover, these results are
consistent with the results from Hunt et al. (2014), which also found math anxiety to be strongly
related with the frequency of intrusive thoughts during math tasks. As previously stated in
Hypothesis 2, we also found a main effect of working memory. However, we did not observe
any interaction between math anxiety and working memory which suggests that higher math
anxious individuals experienced more intrusive thoughts during both a lower and a higher
working memory demand math task. However, unlike higher working memory-demanding math,
lower working memory-demanding math requires fewer working memory resources. This may
enable individuals to manage both the math task and the intrusive thoughts simultaneously. In
such cases, performance does not seem to be as affected in lower working memory-demanding
math tasks, but only when the math requires more working memory resources than readily
available.

Finally, we investigated the types of intrusive thoughts experienced by participants.
Specifically, we hypothesized (5) that men and women would experience the same types of

intrusive thoughts when completing a lower and higher working memory task. We also
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hypothesized (6) that higher math anxious individuals would experience more intrusive thoughts
of every type, (7) the most common types of thoughts would be related to making mistakes,
previous math experience, and method of problem solving, and (8) participants would experience
more intrusive thoughts of every type when completing the higher working memory task.

With regards to Hypothesis 5, as expected, both men and women experienced the same
types of intrusive thoughts. This was consistent with the findings from Study 2 which found no
significant differences in the types of intrusive thoughts experienced during the math task. For
Hypothesis 6, we found that, contrary to our hypothesis, higher math anxious men and higher
math anxious women did not experience more intrusive thoughts of every type. More
specifically, moderately high math anxious men experienced more intrusive thoughts related to
method of problem solving, previous math experience, what people may think, and physical
changes, than higher math anxious men. Additionally, moderately high math anxious women
also experienced more intrusive thoughts related to making mistakes, method of problem
solving, and time pressure than higher math anxious women, though some of these differences
were negligeable. On the contrary, higher math anxious women experienced more intrusive
thoughts pertaining to previous math experience, panic, and physical changes. Given that anxiety
often leads to physiological changes, it is possible that as anxiety increases, it leads to more
physical symptoms and more symptoms of panic increasing these types of intrusive thoughts.

Similarly to the findings from Study 2, for Hypothesis 7 we found that the most common
type of intrusive thoughts were related to making mistakes and method of problem solving.
However, unlike Study 2, one of the most common types of intrusive thoughts related to time
pressure rather than previous math experience. Nonetheless, our results were similar to those

found by Hunt and colleagues (2014) who also found making mistakes, method of problem
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solving and time pressure to be the most prevalent types of intrusive thoughts experienced. As
discussed in Study 2, the nature of the math task may play a role in the types of thoughts
experienced by participants. The study herein used a math task which was more like the one used
by Hunt and colleagues (2014) where participants were asked to solve a specific problem which
required basic arithmetic skills. They were also presented with a fixation point between each
trial. This setup may have induced a sense of time pressure among the participants. However,
since most participants had likely never completed modular arithmetic before, this probably
reduced the occurrence of intrusive thoughts related to previous math experience.

Finally, for Hypothesis 8, contrary to what was anticipated, the higher working memory
task elicited significantly more intrusive thoughts of every type except for previous math
experience and physical changes. There was also a significant increase in the proportion of
intrusive thoughts related to method of problem solving when individuals participated in a higher
working memory task compared to a lower working memory task. Considering that most
participants may have had limited prior exposure to modular arithmetic, it is plausible that the
occurrence of intrusive thoughts related to this specific task was equally prevalent in both the
lower working memory and higher working memory tasks. Additionally, the novelty of the task
itself may have elicited a degree of anxiety, irrespective of the working memory demand, leading
to the manifestation of physical symptoms that could have been comparable across both tasks.
Implications

The results of this study indicate that the impact on performance is more noticeable in
tasks with higher working memory demands compared to those with lower working memory
demands. The results suggest that individuals seem to experience fewer intrusive thoughts when

the task imposes lower working memory demands. Therefore, it is possible that reducing the
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working memory load through the memorization of arithmetic facts could lead to a decrease in
intrusive thoughts and an improvement in performance (Pham & Archibald, 2020).

The findings herein also provide support that anxiety may lead to intrusive thoughts
which use working memory. This also highlights the importance of interventions which target
intrusive thoughts and working memory. This could subsequently diminish math anxiety and
possibly diminish the consequences of math anxiety such as those related to math interest
(Hembree, 1990) and math performance (Barroso et al., 2021). As previously stated in Study 2,
expressive writing may be an intervention that could help reduce intrusive thoughts as means of
enhancing working memory and improving math performance. Additionally, new advancements
in the field suggest that emotional working memory training could help improve working
memory capacity while reducing trait anxiety (Veloso & Ty, 2021). This intervention is designed
to improve capacity and control of working memory specifically in relation to emotional stimuli.
In their study Veloso and Ty (2021), completed a randomized controlled trial whereby
individuals with high trait anxiety were either randomly assigned to an emotional working
memory training group or a control group. Participants in the emotional working memory
training group participated in an emotional Dual n-Back task whereby they were presented with
emotionally salient facial expressions as well as words designed to elicit strong emotional
reactions (e.g., “hate”, “evil” “dead”). Participants were asked to redirect their focus from
emotionally charged stimuli towards more neutral stimuli (e.g., location of the words). They
found that after 20-minute practices every day for 20 days, there were not only improvements in
working memory, but also a reduction in trait-anxiety compared to control groups. Although this
intervention has not yet been applied specifically to the math anxiety context, it provides

promising results within clinical contexts and should be further explored. Moreover,
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interventions aimed at reducing an individual's math anxiety hold promise for enhancing
mathematical performance, particularly in tasks requiring elevated levels of working memory
capacity. Detailed descriptions of these interventions are provided in the general discussion.
Limitations

The COVID-19 pandemic resulted in this study being conducted completed remotely
over Gorilla. This may have led to participants completing the survey in different environments
which may have influenced their level of engagement and concentration throughout the task.
Although efforts were made to ensure data quality and validity (e.g., attention check questions),
potential limitations from using a remote survey cannot be completely ruled out. Additionally,
the COVID-19 pandemic was a stressful time for many individuals which resulted in intrusive
thoughts for some (Del Rio-Casanova et al., 2021). As such, the frequency of intrusive thoughts
reported within the current study may be an overestimation of their occurrence during non-
exceptional circumstances.

Another limitation of this study is that due to various practical constraints we had unequal
group sizes for women and men whereby approximately three quarters of our sample identified
as women. This discrepancy in group sizes could potentially introduce bias and affect the
generalizability of the findings. Additionally, the homogeneity of the participant sample
introduces another limitation. The sample was composed of mainly young, anglophone adults
following an undergraduate program and of mid-to-high socioeconomic status. Again, this
affects the generalizability of the results to more diverse populations and contexts. Caution
should be exercised when extrapolating the results. Future studies should consider trying to
replicate this study using equal group sizes, a more heterogenous sample, and with an in-person

survey.
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Additionally, the novelty of the modular math approach may have imposed an additional
cognitive load on participants' working memory capacity. Given the unfamiliarity of the modular
math concepts such as interpreting the meaning of the three lines or understanding how to
complete the modular operation, participants may have been required to retain this information in
their working memory throughout the task. As a result, even in tasks presumed to have low
demands on working memory, participants may have experienced heightened cognitive load due
to the need to process and retain novel information which could have potentially impacted their
performance. Future studies should try and replicate the results using a more familiar math task.
Conclusion

In summary, the present study found both gender and math anxiety to be significant
predictors of the frequency of intrusive thoughts. It also highlights that those with higher math
anxiety experience more intrusive thoughts and generally have lower performance on a higher
working memory demanding task. The results also indicate no gender differences in the types of
intrusive thoughts and that higher math anxious individuals may not experience every type of
intrusive thoughts more frequently. It also highlights that the most common types of intrusive
thoughts were related to making mistakes, method of problem solving, and time pressure.
Finally, higher working memory tasks elicited more intrusive thoughts of every type. These
findings provide important insight into both the gender and math anxiety differences in intrusive
thoughts during lower and higher working memory tasks. Future research should investigate

interventions addressing both intrusive thoughts and working memory.
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GENERAL DISCUSSION

The underrepresentation of women in STEM fields is a widely acknowledged concern
which is often suggested as being related to the necessity of mathematics within STEM
disciplines (Levy et al., 2021). It has been proposed that math anxiety, which is believed to be
more prevalent among women, may act as a deterrent for them to pursue careers in STEM fields
(Levy et al., 2021). As such, the primary aim of this dissertation was to develop a better
understanding of the gender differences in math anxiety. Moreover, there is extensive evidence
that links math anxiety to diminished math performance (e.g., Ashcraft et al., 2007; Carey et al.,
2016; Pellizzoni et al., 2022). Some literature suggests that women are not only more vulnerable
to having math anxiety (e.g., Miller & Bichsel, 2004; Else-Quest et al., 2010; Zhang et al., 2019;
Xie et al., 2019), but they have also been found to underperform in math compared to men (Else-
Quest et al., 2010; Pirls et al., 2019; Delage et al., 2021). Therefore, Study 1 of this dissertation
sought to advance current research by examining whether the observed gender difference in
mathematical performance could be better explained, at least in part, by differing levels of math
anxiety in men and women.

Researchers have also predominantly focused on the cognitive interference theory
(Eysenck & Calvo, 1992) as an explanation for the association between diminished mathematical
performance among individuals with math anxiety (e.g., Ching, 2017; Shi & Liu, 2016b;
Skagerlund et al., 2019). According to this account, intrusive thoughts experienced by
individuals with math anxiety disrupt the working memory processes necessary for successfully
completing math tasks (Eysenck & Calvo, 1992). Despite the significance of intrusive thoughts
in understanding the link between math anxiety and poor math performance, there is very little

research that investigated the frequency and nature of these thoughts. Therefore, the secondary
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objective of this thesis was to delve deeper into the nature and types of intrusive thoughts
experienced during math tasks. Specifically, Study 2 aimed to explore the frequency and nature
of intrusive thoughts between men and women. We further investigated the frequency and nature
of intrusive thoughts among individuals with varying levels of math anxiety.

While Study 2 shed some light on the experience of intrusive thoughts among
participants, it remained unclear whether the frequency and nature of these thoughts differed
based on the working memory demands of a task. Working memory plays a crucial role in
mathematical processes, as it involves holding partial information while mentally manipulating
new information (e.g., Miyake & Shah, 1999; Raghubar et al., 2010). Thus, Study 3 aimed to
investigate potential differences in the frequencies and nature of intrusive thoughts among men,
women, individuals with higher math anxiety, and those with lower math anxiety while
performing tasks requiring varying levels of working memory demands.

This general discussion will summarize the findings from Studies 1, 2, and 3, situating
them within the broader context of the math anxiety literature. Furthermore, it will explore the
educational and intervention implications of these findings. Finally, limitations of the present
studies will be discussed, and suggestions for future research directions in this field will be
provided.

Summary of findings
Study 1 — Understanding Gender Disparities in Math Performance: The Role of Math
Anxiety

Given the inconsistent findings regarding the existence of gender differences in math

anxiety and math performance, Study 1 sought to explore whether we could observe gender

differences in both math anxiety and math performance in a sample of undergraduate students.
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Should this be apparent, we wondered whether math anxiety may be a mediator in the relations
between these variables. A sample of undergraduate students (N = 389) was recruited to
participate in a comprehensive one-hour questionnaire administered within a laboratory setting.
The questionnaire included assessments of math anxiety, general anxiety, as well as a math test
which included various strands of mathematics. The results revealed that women reported higher
levels of math anxiety compared to men, and they also exhibited lower performance on the math
test. Moreover, the analysis indicated that math anxiety partially mediated the association
between gender and math performance. This notable finding suggests that the gender differences
observed in math performance may be partially accounted for by variations in levels of math
anxiety. This initial study sheds light on the crucial role of math anxiety in understanding gender
disparities in math achievement and provided a basis for further exploration in subsequent
investigations.
Study 2 — Understanding Intrusive Thoughts in Math Tasks and The Role of Gender and
Math Anxiety

Study 2 aimed to explore the frequency and types of intrusive thoughts experienced by
both men and women, as well as individuals with differing levels of math anxiety, during the
completion of a math task. A total of 309 participants took part in the study remotely via the
Gorilla platform. They provided self-reports of their math anxiety and general anxiety.
Subsequently, participants completed a math task and an assessment of intrusive thoughts. The
results revealed that math anxiety significantly predicted the frequency of intrusive thoughts.
However, gender was not predictive of the frequency of intrusive thoughts. Furthermore, we
found that the most prevalent types of intrusive thoughts reported by participants, regardless of

gender or math anxiety levels, pertained to thoughts about making mistakes, previous math
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experience, and method of problem solving. These findings offer valuable insights into the
experience of intrusive thoughts among participants.
Study 3 — Math Anxiety, Gender, and Intrusive Thoughts: A Study Exploring Working
Memory Demand

The aim of Study 3 was to examine whether the frequency and types of intrusive thoughts
experienced by individuals, including men and women, and individuals with varying levels of
math anxiety, would differ depending on the working memory demand of the task. To achieve
this, a sample of undergraduate students (N = 437) was recruited to participate in a remotely
administered questionnaire via the Gorilla platform. Participants provided self-reports on their
levels of math anxiety and general anxiety. They were then randomly assigned to either start the
questionnaire by completing a lower working memory demand math task or a higher working
memory demand math task. Each participant then completed a measure of intrusive thoughts
followed by a neutralizing task. They then continued to the alternate task, either a lower or a
higher working memory demand math task and completed a measure of intrusive thoughts. The
unexpected findings from Study 2 prompted us to change the math task to solely include novel
arithmetic questions. We aimed to use mathematical tasks from a math strand that had previously
generated gender differences in math performance (van de Weijer-Bergsma et al., 2022; Mullis
et al., 2020) to see whether this may influence the frequency and types of intrusive thoughts
experienced by participants. The results of the study indicated a significant main effect of gender
and math anxiety whereby women and higher math anxious individuals experienced more
intrusive thoughts. We also found a main effect of working memory whereby individuals
experienced more intrusive thoughts when completing a higher working memory demand task.

We did not however find interactions between gender and working memory or between math
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anxiety and working memory. Additionally, these findings contribute valuable insights into the
interplay between gender and math anxiety and, the experience of intrusive thoughts during tasks
involving varying levels of working memory demand.
Implications for Math Anxiety Research

General Understanding of Math Anxiety. Emotions serve as a crucial mechanism for
human survival because they facilitate decision-making processes (Lench et al., 2011). Anxiety,
in particular, plays a significant role in signaling potential threats and prompting appropriate
behaviour (Barlow, 2000). Math anxiety is a specific manifestation of anxiety, that arises from a
combination of factors. External factors, such as past negative experiences with math, social
stereotypes, and social messages about math, have been previously found to contribute to the
development of math anxiety (Locke, 2023). These experiences paired with internal factors such
as physiological symptoms, negative emotions, and intrusive thoughts, can create a conditioned
response, where simply thinking of doing a math task may lead to anxiety (McKay et al., 2017).

Using a cognitive behavioural model, math anxiety can be understood through the complex
interplay between thoughts, feelings, behaviours, and physiological symptoms (Josefowitz &
Myran, 2017). When faced with a math task, a math anxious individual often experiences an
array of intrusive thoughts such as those related to making a mistake, their previous math
experience, or about the appropriate method of problem solving as suggested by the results of
Study 2 and Study 3. These intrusive thoughts may lead to anxiety and physiological responses
such as a racing heart, paced breathing, and dizziness. Ultimately, this anxiety provoking
experience may lead a math anxious individual to internalize the idea that they don’t like math,
that they are bad at math, and this may lead to them avoiding future encounters with math

(Bechara et al., 1997; Lench et al., 2011; Phat, 2014; Beilock & Maloney, 2015).
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In parallel, when the individual experiences negative intrusive thoughts, this uses up working
memory resources necessary for the completion of the math task (Eysenck & Calvo, 1992). As
suggested by the results from Study 3, more challenging/working memory demanding math tasks
also lead to an increase in intrusive thoughts. However, working memory is a limited resource
(Pellizzoni et al., 2022; Shi & Liu, 2016) whereby when it is being used up by something like
intrusive thoughts, it limits the remaining resources accessible for other tasks such as math.
Though most individuals experience intrusive thoughts every day, our findings from Study 2 and
Study 3 highlight that math anxious individuals experience considerably more anxiety provoking
intrusive thoughts than those with lower levels of math anxiety. Subsequently, individuals with
higher math anxiety end up having access to less of their working memory resources likely
leading to worse performance on the math task. Together, these factors likely form a negative
feedback loop, where intrusive thoughts consume working memory resources, resulting in
negative feelings towards the task, physiological symptoms, and ultimately, poorer math
performance. This may lead to an increased likelihood that the math anxious individual avoids
later math tasks (Carey et al., 2016). Avoiding math not only diminishes the chances of having
positive experiences with the subject but also impedes one's capacity to interact effectively with
mathematical concepts. This avoidance likely results in reduced comprehension and proficiency
in math (Carey et al., 2016). As a result, the fear of math remains unaddressed and may even
intensify over time, reinforcing the cycle of avoidance and anxiety.

Given that women tend to experience more math anxiety than men, it follows that women
may be at higher risk of avoiding math and therefore having reduced comprehension and
proficiency in math. This may lend some explanation for the findings from Study 2 and Study 3

whereby higher math anxious women experienced more intrusive thoughts pertaining to their
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previous math experiences than men. Given that they may have less overall proficiency in math,
it is also possible that given that the novelty of the math task used in Study 3, they experienced
more intrusive thoughts regarding the method of problem solving to be used in the task than
higher math anxious men.

Gender Disparities in Math Anxiety. As highlighted in our studies, women consistently
reported experiencing significantly more math anxiety than men. In Study 1, our results
demonstrated that gender differences in math performance were partially mediated by the levels
of anxiety, marking, to our knowledge, the first study to explore this question. While this specific
research question has received limited attention in previous studies, our findings align with
existing research, supporting the notion that math anxiety influences individuals' performance on
math tasks (Maloney et al., 2014, 2013; Spencer et al., 1999) and that women tend to experience
higher levels of math anxiety than men (e.g., Miller & Bichsel, 2004; Else-Quest et al., 2010;
Zhang et al., 2019; Xie et al., 2019).

An array of factors likely contributes to this gender difference. For one, women are twice as
likely as men to experience anxiety in general (Wittchen et al., 2011; Remes et al., 2016), and
when they do, their symptoms tend to be more severe than those experienced by men (McLean et
al., 2011). Some factors such as biological vulnerabilities have been identified as one of the
culprits for this gender difference. Emerging evidence suggests that the HPA axis which
regulates the stress response is more sensitized in women (Kudielka and Kirschbaum, 2005; Goel
et al., 2014) leading to increased vulnerability to anxiety. Further research has indicated that
specific female hormones (e.g., estrogen) may heighten an individual's susceptibility to anxiety
(Kudielka and Kirschbaum, 2005; Goel et al., 2014). This suggests that hormonal fluctuations

within the female body could potentially contribute to an increased vulnerability to experiencing
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anxiety (Kudielka and Kirschbaum, 2005; Goel et al., 2014). These biological differences may
lead to more physical symptoms of anxiety in women which may contribute to women reporting
more intrusive thoughts pertaining to physical changes in both Study 2 and Study 3.

There is also evidence to suggest that social factors may influence math anxiety. For
example, parents of children with higher levels of math anxiety were themselves more likely to
also have higher math anxiety (Soni & Kumari, 2017). In their study, Soni and Kumari (2017)
explain that the parent’s own feelings toward math may impact the messages that they convey to
their children about the subject, subsequently resulting in math anxiety in their child. They
unfortunately did not look at gender differences in the internalization of messages. Evidence also
suggests that women tend to have a higher inherent need for affiliation in interdependent
relationships (Drescher and Schultheiss, 2016). While this can be adaptive, instances where
attempts to affiliate are not reciprocated or result in negative outcomes can lead to heightened
stress reactions (Taylor, 2006). This may render women to be more vulnerable to the
perceptions, attitudes, and messages conveyed by others they affiliate with (Taylor, 2006).
Consequently, when teachers and/or parents communicate negative messages about math, young
girls may be more likely to internalize these messages than young boys.

Moreover, persistent stereotypes perpetuate the notion that mathematics is a “male domain”
(e.g., Makarova et al., 2019; Deiglmayr et al., 2019), thereby contributing to the gender gap in
math-related fields and likely in the experience of math anxiety (Bonnot & Croizet, 2011). Given
this stereotype, it is possible that women become more anxious about math in fear that they may
confirm the stereotype that “girls are bad at math” (Bonnot & Croizet, 2011). This might provide
an explanation to the results of Study 2 whereby higher math anxious women reported

significantly more intrusive thoughts related to making mistakes than men and that they
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experience more intrusive thoughts regarding what people may think of them in both Study 2 and
Study 3. This preconceived notion that women may be “bad at math” could also lead to a greater
acceptance of women reporting their anxieties about math tasks because these experiences may
be more prevalent and consequently less stigmatized than they may be for men (Ashcraft, 2002).
Previous researchers have also indicated that women tend to perceive lower levels of control
during math learning, leading to learned helplessness and therefore increased feelings of anxiety
and powerlessness (Zirk-Sadowski et al., 2014).

Model of Math Anxiety. The model proposed by Lutterberger et al. (2018) provides
valuable insights into the complex phenomenon of math anxiety by outlining its antecedents,
interacting variables, and outcomes. However, the findings presented in the studies herein
suggest that while this model addresses several important factors, it may not fully capture the
intricacies of math anxiety. The authors effectively highlighted that gender is a significant
antecedent to math anxiety which is supported by our results (as evidenced in Study 1, 2, and 3).
Despite the well-documented association between intrusive thoughts and math anxiety, as well as
their impact on math performance (e.g., Wigfield & Meece, 1988; Hunt et al., 2014), it is
noteworthy that intrusive thoughts are not explicitly included in Lutterberger et al.'s (2018)
model.

To provide a more comprehensive understanding of math anxiety, it would be important for
intrusive thoughts to be incorporated into the framework of the model. Intrusive thoughts and
math anxiety appear to have a bi-directional relationship whereby the higher the math anxiety the
more intrusive thoughts are experienced (as apparent from the results from Study 2 and Study 3).

In parallel, it is probable that the more intrusive thoughts an individual experiences, the more
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their math anxiety increases. As such, it would likely be most appropriate for intrusive thoughts
to appear in the interacting variables of this model.

Furthermore, while the model incorporates performance as an outcome variable of math
anxiety, it fails to adequately emphasize the critical role of working memory within this
relationship. Working memory is particularly important when completing math tasks as it allows
an individual to retain partial information while simultaneously manipulating new information to
arrive at a solution (Raghubar et al., 2010). However, given its limited nature, both external and
internal distractors can deplete working memory resources resulting in poorer performance in
math (Pellizzoni et al., 2022; Shi & Liu, 2016). As shown in Study 3, it appears that the disparity
in performance is primarily driven by the presence of intrusive thoughts (an internal distractor)
which use up working memory resources necessary for completing math tasks. Therefore,
incorporating working memory within the outcome variables may provide a more comprehensive
and nuanced depiction of math anxiety. By acknowledging the intricate interplay between
intrusive thoughts, working memory, and math performance, the model could provide a more
comprehensive and accurate representation of the complex mechanisms underlying math anxiety.

The results from Studies 2 and 3 suggest that the characteristics of the math task and the
specific type of math being performed influences the types of intrusive thoughts experienced and
therefore the experience of math anxiety. For instance, when students were tasked with solving
problems involving various strands of mathematics (i.e., geometry and spatial sense, data
management and probability, measurement, algebra and number sense and numeration) the most
common intrusive thoughts revolved around making mistakes, problem-solving methods, and
previous math experiences. Conversely, during a novel arithmetic task, intrusive thoughts

primarily centered around making mistakes, method of problem solving, and time pressure. The
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specific type of mathematics being undertaken, along with the task's level of difficulty, seem to
also influence gender differences in the experience of math anxiety. Specifically, when
participants were engaged in a math task that encompassed various strands of mathematics,
typically encountered in fifth to seventh grade, no significant association was observed between
gender and the frequency of intrusive thoughts. Conversely, in the context of a novel arithmetic
task, women reported a higher occurrence of intrusive thoughts compared to men. These findings
provide valuable insights into the role of task circumstances and math content in shaping the
types of intrusive thoughts experienced by individuals and therefore the experience of math
anxiety during math-related activities. As such, the model proposed by Lutterberger et al. (2018)
would benefit from adding categories such as “type of math completed” along with the “task
difficulty” in the interacting variables as they seem to directly influence the experience of math
anxiety.

Math Anxiety and Math Performance. In all three of our studies, math anxiety was
related to worst performance on math tasks. The cognitive interference theory (Ashcraft & Kirk,
2001; Barroso et al., 2021; Ramirez et al., 2018) suggests that math anxiety impairs math
achievement because intrusive thoughts deplete working memory resources needed for
completing and recalling math information (Carey et al., 2016). In Study 3, we observed a
significant relationship between working memory and the frequency of intrusive thoughts,
indicating that participants experienced more intrusive thoughts when engaged in high working
memory-demanding math tasks. Additionally, we found a main effect of working memory on
performance where the more working memory demanding the math task, the worse the
performance on the task. This lends support to the cognitive interference theory by providing

evidence that a higher frequency of intrusive thoughts experienced during a working memory
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demanding math task may lead to a depletion of working memory and therefore worse
performance on a math task (Carey et al., 2016).

Despite the findings outlined in this dissertation, previous researchers have also
suggested the deficit theory which posits that a lack of math skills may lead to negative
encounters with math and therefore math anxiety (Barroso et al., 2021). Though this was outside
the scope of this dissertation, it is likely that the reciprocal theory may present the most accurate
depiction of the relation between math anxiety and math performance. The reciprocal theory
suggests a bidirectional relationship between math anxiety and performance, integrating aspects
of both the deficit and cognitive interference theories (Codding et al., 2023; Carey et al., 2016).
While poor performance can trigger math anxiety, the intrusive thoughts experienced during a
math task may also impede working memory demands leading to worse performance in math
(Pekrun, 2006). These factors collectively influence perceptions and beliefs about math
performance (Namkung et al., 2019).

Implications for Math Education

Math anxiety can lead individuals to avoid engaging in mathematical activities and miss
out on opportunities to enhance their mathematical skills (Beilock & Maloney, 2015). As a
result, individuals with higher levels of math anxiety may have weaker mathematical knowledge
compared to their counterparts with lower math anxiety (Hembree, 1990). They may also
experience less interest in math, be less confident in their math abilities, avoid math-related
tasks, and generally have lower levels of proficiency and achievement in math compared to their
peers (Ahmed, 2018; Ashcraft, 2002; Hembree, 1990; Namkung et al., 2019). Additionally, those
affected by math anxiety exhibit reduced cognitive reflection while tackling math word

problems, an essential component for cultivating a thorough comprehension of mathematical
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skills and concepts (Morsanyi et al., 2014). This has significant implications for educational
decisions and future career paths (Espino et al., 2017) whereby students with higher levels of
math anxiety avoid pursuing STEM-related careers in adulthood (Ahmed, 2018).

While the prevalence of math anxiety in men and women has been inconsistently
reported in previous studies (e.g., Levy et al., 2021), women have consistently reported higher
math anxiety than men in all three studies conducted within this dissertation. Additionally, in our
studies, it appears that when sampling both men and women who report having math anxiety,
women report having higher instances of math anxiety than men. This discrepancy may be lead
in part by the biological, social, and psychological factors described above and, together, may
contribute to a reduced interest in STEM fields among women but not among men (Levy et al.,
2021).

Both Study 2 and Study 3 highlight that among the most common types of intrusive
thoughts experienced by individuals with math anxiety are those pertaining to making mistakes
and previous math experience. It is possible that by creating a supportive and non-judgemental
math learning environment early in education may help circumvent these types of intrusive
thoughts. Teachers could encourage a growth mindset (Ricci, 2018) within their students where
mistakes are viewed as opportunities for learning and are normalized to alleviate the fear
associated with error. Teachers can emphasize that making mistakes is a natural part of the
learning process and provide constructive feedback to guide students towards improvement. This
would likely help reframe the role of mistakes in learning, as well as provide positive early
experiences with math. Additionally, incorporating frequent opportunities for practice and
feedback can help build students' confidence and reduce anxiety about previous math

experiences. Structured practice sessions, collaborative learning activities, and formative
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assessments can provide students with opportunities to reinforce their understanding of
mathematical concepts in a low-pressure setting creating positive previous experiences in math.

Additionally, the studies herein highlight the influence of working memory demands on
task performance and the occurrence of intrusive thoughts. Specifically, the results revealed that
the impact on performance is particularly pronounced in tasks requiring higher working memory
demands compared to those with lower working memory demands. These findings also suggest
that individuals tend to experience fewer intrusive thoughts when the task imposes lower
demands on working memory resources. Consequently, it is plausible to consider that reducing
the cognitive load on working memory could in turn help increase individuals’ math
performance. As such, it is possible that by aiming to build strong math skills, individuals could
reduce the working memory demand of the task and potentially decrease intrusive thoughts as
well as enhance their performance on the task (Pham & Archibald, 2020). The Ontario
Mathematics Curriculum (2020) emphasizes principles aimed at fostering a strong foundation in
math concepts and skills, recognizing the dynamic nature of math learning where each stage
builds upon the next. However, according to the Ontario Education Act (2020), the average
elementary class size is of 24 students, which presents challenges in effectively addressing
individual students' needs. Despite efforts to ensure equal learning opportunities for all students,
in a classroom of this size, there is a high likelihood that some students' math anxiety may go
unnoticed. Teachers are also often compelled to make decisions for the collective benefit of the
majority of students, which can pose a risk for students who may not fully grasp basic math
concepts before the class moves on to the next topic.

Furthermore, in the context of introducing new math concepts, educators can adopt a

pedagogical approach that encourages students to engage in practice examples that are less
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demanding on working memory. By gradually exposing students to more cognitively demanding
tasks, students can develop a sense of comfort and familiarity with the concepts. This approach
could mitigate the likelihood of math-anxious students experiencing negative emotions while
completing the tasks, which could otherwise lead to discouragement and exacerbate the cycle in
which poor math performance could perpetuate math anxiety (Carey et al., 2016).

Implication for Interventions

Timely implementation of interventions that specifically address the most challenging math
anxious thoughts has the potential to alter the trajectory of math-anxious individuals during their
developmental years. Such interventions can potentially mitigate the detrimental effects of math
anxiety, including the avoidance of math courses and careers. By intervening early, it could
become possible to reshape the path of math-anxious individuals, enabling them to circumvent
the negative consequences associated with math anxiety and fostering a more positive
relationship with mathematics.

Different researchers have aimed to find interventions that could help reduce math anxiety
(e.g., Park et al., 2014; Jamieson et al., 2016; Bicer et al., 2020). One such intervention is
expressive writing, a clinical technique that encourages individuals to openly express their
feelings toward a specific stressor (Park et al., 2014). For example, in their study Park and
colleagues (2014) asked adults with varying levels of math anxiety to complete a math task
before and after an expressive writing task. During the expressive writing activity, individuals
were asked to write about their feelings towards the upcoming math test for five to ten minutes.
Park and colleagues (2014) found that when individuals participated in expressive writing prior
to a math test, they performed better, reducing the performance gap between those with higher

and lower math anxiety. This intervention likely acts directly upon the working memory by
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mitigating intrusive thoughts to free up working memory resources. This ultimately allows
individuals to concentrate exclusively on the mathematical task at hand (Park et al., 2014).

Some researchers have also suggested that the effectiveness of expressive writing tasks is
enhanced when participants are provided with specific guidelines for their writing rather than
guidelines that may be vague (Reinhold et al., 2018). As such, the findings from Study 2 and
Study 3 can inform the development of new expressive writing interventions that may be more
specific to the most common types of intrusive thoughts experienced during math. This may
provide a better guide for participants on what exactly they are to be writing about and help
participants focus on the intrusive thoughts depleting their working memory. For example,
instead of asking participants to write about the math tasks in general, they could be guided to
write about any fears related to making mistakes during the task.

Some researchers have employed interventions which incorporate the use of visual
representations such as gestures or diagrams to help students when they are learning math (e.g.,
Hord et al., 2016; Walsh & Hord, 2019). This is thought to be helpful as it offloads some of the
demands placed on the working memory and rather have it stored into memory as visual
representations. Through this process, students are better able to allocate their attentional
resources towards critical thinking (Ives, 2007; Xin et al., 2005). This intervention could be
particularly beneficial for individuals experiencing math anxiety, as it could enable them to
reduce the cognitive load imposed by the math, making it more manageable to handle the anxiety
and the math at once.

There is additional evidence that reappraisal is also beneficial for individuals with higher
math anxiety. In fact, Jamieson and colleagues (2016) explored the benefits of using reappraisal

in a sample of 93 community college students across five semesters. They divided their sample



THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 108

in two groups. The first group read an article about the benefits of physiological arousal and its
importance for optimal performance (appraisal condition). Specifically, they read articles which
explained that physiological arousal during a stressful situation evolved to help performance
during the task. The other group read articles that suggested that ignoring stress and negative
thoughts were the best way to help improve performance (control condition). By targeting beliefs
about worry, students in the appraisal condition performed significantly better on their final
exam and reported less math anxiety than participants in the control group. This intervention
could also be modified to cater to the findings of the study herein. If individuals were able to
reframe their intrusive thoughts and recognize them as a common experience with evolutionary
significance, they might experience reduced anxiety and, consequently, a decrease in intrusive
thoughts.

Likewise, there is evidence supporting the effectiveness of Cognitive Behavioral Therapy
(CBT) in addressing math anxiety among individuals (Bicer et al., 2020). As outlined in the
general introduction, the core principle of CBT is that our thoughts play a significant role on our
emotions and behaviours (Bicer et al., 2020). As such, it follows that if we can alter our thoughts,
we are therefore able to change our emotions and our behaviours. In this regard, the present
dissertation provides valuable insights for CBT practitioners by delineating the most prevalent
types of intrusive thoughts experienced by individuals with math anxiety. By incorporating
interventions targeting the reduction of math anxiety, CBT therapists can potentially facilitate
individuals in realizing their full potential in math.

Additionally, relaxation and breathing techniques have been found to be effective strategies
that target the physiological response of math anxiety (Passolunghi et al., 2020; Schoeck, 1994).

When experiencing anxiety, the body's stress response is activated, leading to symptoms such as
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increased heart rate, shallow breathing, and muscle tension, to name a few (Lench et al., 2011).
Relaxation techniques such as progressive muscle relaxation (e.g., Xiao et al., 2020), guided
imagery (e.g., Acar et al., 2024), and mindfulness meditation (e.g., Hariri 2022) work by
promoting a state of deep relaxation, which helps counteract the body's stress response. By
engaging in these exercises, individuals can activate the body's relaxation response
(parasympathetic nervous system) to reduce the physiological arousal associated with anxiety
(Josefowitz & Myran, 2017).

Limitations and Future Directions

Though the studies in this dissertation have many strengths that have the potential of
contributing to the advancement of our understanding of math anxiety, some important
limitations need to be considered.

To the best of our knowledge, there is currently a lack of standardized math tests
available that encompass various strands of mathematics that are widely utilized in research.
Therefore, for Study 1 and Study 2, we used a measure of math that was designed by a math
curriculum specialist specifically for these studies. This measure was designed to incorporate
questions from different math strands (e.g., geometry, algebra) that are typically included in a
fifth to seventh grade provincial examination. Our intention was to use questions presented early
enough in the math curriculum that we would increase the likelihood that participants would
have been exposed to these types of problems during their education. However, it appears that
the level of difficulty of these questions was relatively low for our participants. Although we did
not observe ceiling effects, participants generally achieved high scores on this measure. The
level of difficulty of these questions paired with individuals being offered multiple choice

responses resulted in limited score variability. Consequently, it became more challenging to
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accurately evaluate individuals' true math abilities and differentiate between different levels of
performance. This limitation can potentially impact the generalizability of our findings, as the
measure may not fully capture the entire range of performances and abilities. Future research
endeavors should strive to replicate these findings by employing an alternative math measure
that includes diverse strands of mathematics while adequately challenging the target population.
Moreover, our results indicate that the strand of the mathematics being completed can impact
both the frequency and types of intrusive thoughts experienced. However, it is important to note
that our study did not examine different strands of mathematics separately but rather combined
them together. As a result, we cannot definitively determine which strand of mathematics elicits
the highest frequency and types of intrusive thoughts. This aspect warrants further investigation.

Additionally, given the statistical challenges that arose from studying intrusive thoughts
with a categorical approach, we divided math anxiety into quartiles. It is important to note that
such approach introduces potential limitations, such as the arbitrary nature of quartile divisions,
which may oversimplify the complexity of math anxiety. This can lead to loss of nuanced data,
potentially masking subtle differences in anxiety levels and their impact on intrusive thoughts.
Future research should consider this limitation.

Several limitations related to the circumstances surrounding the study as well as the
methods and design also warrant consideration. In all three studies, a survey approach was
employed to collect data from participants recruited through the university student research
participation pool. Consequently, participants self-reported on their anxiety levels as well as the
frequency and nature of their intrusive thoughts. It is important to acknowledge the potential that
participants could have either over or under-represented their experiences in their responses.

Furthermore, due to public safety measures implemented during the COVID-19 pandemic,
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Studies 2 and 3 were conducted remotely. While participants were encouraged to complete the
surveys in a quiet environment, the research team had limited control over participants'
surroundings. Consequently, environmental factors could have potentially disrupted participants'
ability to fully focus on the tasks. Additionally, in Study 3, participants were explicitly instructed
to refrain from using calculators or papers to ensure their reliance on working memory. Despite
requesting participants to confirm their adherence to these instructions and excluding those who
reported using external aids, there remains the possibility of participants providing inaccurate
responses, leading to potentially unreliable results. Previous researchers have also shown that
gender differences in math anxiety may be context-dependent whereby women may report higher
levels of math anxiety specifically in academic settings. Given the COVID-19 pandemic,
participants completed the survey from the comfort of their own homes which may not have
adequately mimicked the academic environment leading to lower math anxiety. Similarly,
though participants completed the survey in the context of their courses, this was likely a low
stakes math task given that students were provided 1% for their participation rather than for their
success of task. This may have resulted in lower math anxiety as opposed to if this had been a
course evaluation worth a third of the final course grade. Furthermore, the unprecedented
circumstances of the COVID-19 pandemic also likely resulted in individuals' overall anxiety
levels being more elevated compared to non-pandemic times. Consequently, scores reflecting
generalized anxiety may have been inflated. Moreover, heightened anxiety levels could have
impacted individuals' capacity to effectively manage their anxiety, potentially resulting in a
higher frequency of intrusive thoughts than would have been observed under normal
circumstances. To our knowledge, the studies presented herein represent the second set of studies

aimed at investigating the frequencies and types of intrusive thoughts associated with math
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anxiety. We chose to use the CIQ-M as a measure of intrusive thoughts, as it had been employed
in prior research by Hunt et al., 2016. However, it is conceivable that additional, more prevalent
types of intrusive thoughts occur during math tasks. Therefore, future research should replicate
our study to try and validate our findings as well as explore qualitative data on participants'
experiences of intrusive thoughts during math tasks to determine whether the identified themes
align with the categories outlined in the CIQ-M.

In this research, a convenience sample of undergraduate students from a university
research pool was employed to conduct the studies. Notably, most participants across all three
studies self-identified as women and were young adults from mid-to-high socioeconomic
backgrounds pursuing undergraduate studies. It is important to acknowledge that the
homogeneity of the sample presents inherent limitations which influence the generalizability of
the findings. Although the results bear implications for the undergraduate student population, it
is imperative for future investigations to explore the extent to which these findings can be
extrapolated to other diverse populations such as children, individuals with varying
socioeconomic statuses, and individuals with differing levels of education, to name a few. Past
researchers have also identified that different sociodemographic variables, such as age (Reilly et
al., 2017), may also influence math anxiety. However, the focus of the studies conducted in this
dissertation did not examine cross-cultural variations in math anxiety or differences in math
anxiety across ethnic groups despite previous studies having found evidence of differences
among groups (e.g., Fan et al., 2019). Similarly, since the participants in our study are primarily
undergraduate students, who belong to a relatively homogeneous age group, age was not a
primary factor of investigation. Future research should investigate how sociodemographic

variables may influence the frequency and the types of intrusive thoughts experienced during a
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math task. Finally, the primary focus of this dissertation was on clarifying gender differences in
math anxiety and intrusive thoughts, necessitating the inclusion of participants who identified as
"women" or "men" in the analytical procedures. Consequently, this approach inadvertently
excluded individuals who did not identify with either of these gender categories. Future studies
should expand upon these findings by employing more diverse samples and considering a
broader spectrum of gender identities (e.g., non-binary, agender), thereby enhancing the external
validity and applicability of the research outcomes.

Despite these limitations, this dissertation has several strengths that hold promise for
advancing the current body of research on math anxiety. To the best of our knowledge, we are
the first to examine math anxiety as a mediator of gender and math performance as well as the
frequency and nature of intrusive thoughts experienced by men and women when doing a math
task.

Conclusion

Math anxiety is a prevalent factor that significantly impacts math performance. However,
the existing research on gender differences in math anxiety yields inconsistent findings. In the
present dissertation, we aimed to investigate gender differences in math anxiety through the
utilization of surveys. Our objectives were twofold: 1) to examine whether we could observe a
gender difference in math anxiety, and 2) to explore potential differences in the experience of
intrusive thoughts related to math. Our findings revealed a gender difference in math anxiety,
with women consistently reporting higher levels of math anxiety compared to men. Furthermore,
we observed no significant differences between men and women in terms of the frequency and
types of intrusive thoughts experienced during math tasks. However, this seemed to be

dependent on the math task administered. When students were asked to complete an assessment
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which included various strands of mathematics, no gender differences were observed, however
women experienced more intrusive thoughts when completing an assessment in arithmetic.
Additionally, the types of intrusive thoughts experiences seemed to vary depending on the type
of math completed.

The results of these studies emphasize the need to conduct more research to delve into the
implications of these findings in the hope of helping the development of effective interventions

that would eventually help reduce the gender gap in STEM careers.



THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 115

References
Acar, K., & Ersoz, H. (2024). Effect of Guided Imagery on Patient Comfort, Vital Signs, Pain,
Anxiety, and Satisfaction in Cancer Patients Undergoing Port Catheterization with Local
Anesthesia: A Prospective Randomized Controlled Study. Cancer Nursing, 47(2), 93-99.

https://doi.org/10.1097/NCC.0000000000001194

Ahmed, W. (2018). Developmental trajectories of math anxiety during adolescence: Associations with
STEM career choice. Journal of Adolescence, 67, 158—166.

https://doi.org/10.1016/j.adolescence.2018.06.010

Alibali, M. W., & DiRusso, A. A. (1999). The function of gesture in learning to count: more than

keeping track. Cognitive Development, 14(1), 37-56. https://doi.org/10.1016/S0885-

2014(99)80017-3

Anaya, L., Stafford, F., & Zamarro, G. (2022). Gender gaps in math performance, perceived
mathematical ability and college STEM education: the role of parental occupation. Education

Economics, 30(2), 113—128. https://doi.org/10.1080/09645292.2021.1974344

Arnaez, S., Garcia-Soriano, G., Lopez-Santiago, J., & Belloch, A. (2021). Illness-related intrusive
thoughts and illness anxiety disorder. Psychology and Psychotherapy: Theory, Research and

Practice, 94(1), 63—80. https://doi.org/10.1111/papt.12267

Ashcraft, M. H. (1992). Cognitive arithmetic: A review of data and theory. Cognition, 44(1-2), 75—

106. https://doi.org/10.1016/0010-0277(92)90051-1

Ashcraft, M. H. (2002). Math anxiety: Personal, educational, and cognitive consequences. Current

Directions in Psychological Science, 11(5), 181-185. https://doi.org/10.1111/1467-8721.00196



https://doi.org/10.1097/NCC.0000000000001194
https://doi.org/10.1016/j.adolescence.2018.06.010
https://doi.org/10.1016/S0885-2014(99)80017-3
https://doi.org/10.1016/S0885-2014(99)80017-3
https://doi.org/10.1080/09645292.2021.1974344
https://doi.org/10.1111/papt.12267
https://doi.org/10.1016/0010-0277(92)90051-I
https://doi.org/10.1111/1467-8721.00196

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 116

Ashcraft, M. H., & Faust, M. W. (1994). Mathematics anxiety and mental arithmetic performance: An

exploratory investigation. Cognition and Emotion, 8(2), 97-125.

https://doi.org/10.1080/0269993940840893 1

Ashcraft, M. H., & Kirk, E. P. (2001). The relationships among working memory, math anxiety, and
performance. Journal of Experimental Psychology: General, 130(2), 224-237.

https://doi.org/10.1037/0096-3445.130.2.224

Ashcraft, M. H., & Krause, J. A. (2007). Working memory, math performance, and math anxiety.

Psychonomic Bulletin and Review, 14(2), 243-248. https://doi.org/10.3758/BF03194059

Ashcraft, M. H., & Moore, A. M. (2009). Mathematics anxiety and the affective drop in performance.
Journal of Psychoeducational Assessment, 27(3), 197-205.

https://doi.org/10.1177/0734282908330580

Atasoy, S., Hausteiner-Wiehle, C., Sattel, H., Johar, H., Roenneberg, C., Peters, A., Ladwig, K. H., &
Henningsen, P. (2022). Gender specific somatic symptom burden and mortality risk in the

general population. Scientific Reports, 12(1). https://doi.org/10.1038/s41598-022-18814-4

Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., & van [Jzendoorn, M. H.
(2007). Threat-Related Attentional Bias in Anxious and Nonanxious Individuals: A Meta-

Analytic Study. Psychological Bulletin, 133(1), 1-24. https://doi.org/10.1037/0033-2909.133.1.1

Baron-Cohen, S. (2009). Why so few women in math and science. The science on women and
science, 7-23.

Barroso, C., Ganley, C. M., Mcgraw, A. L., Geer, E. A., Hart, S. A., & Daucourt, M. C. (2021).
Supplemental Material for A Meta-Analysis of the Relation Between Math Anxiety and Math

Achievement. Psychological Bulletin, 147(2), 134—168. https://doi.org/10.1037/bul0000307.supp



https://doi.org/10.1080/02699939408408931
https://doi.org/10.1037/0096-3445.130.2.224
https://doi.org/10.3758/BF03194059
https://doi.org/10.1177/0734282908330580
https://doi.org/10.1038/s41598-022-18814-4
https://doi.org/10.1037/0033-2909.133.1.1
https://doi.org/10.1037/bul0000307.supp

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 117

Barlow, D. H. (2000). Unraveling the mysteries of anxiety and its disorders from the perspective of

emotion theory. The American Psychologist, 55(11), 1247—-1263. https://doi.org/10.1037/0003-

066X.55.11.1247

Bechara, A., Damasio, H., Tranel, D., & Damasio, A. R. (1997). Deciding Advantageously Before
Knowing the Advantageous Strategy. Science (American Association for the Advancement of

Science), 275(5304), 1293—1295. https://doi.org/10.1126/science.275.5304.1293

Beeghly, E. (2015). What is a Stereotype? What is Stereotyping? Hypatia, 30(4), 675-691.

https://doi.org/10.1111/hypa.12170

Beilock, S. L., & Carr, T. H. (2005). When High-Powered People Fail: Working Memory and
“Choking under Pressure” in Math. Psychological Science, 16(2), 101-105.

https://doi.org/10.1111/].0956-7976.2005.00789

Beilock, S. L., Gunderson, E. A., Ramirez, G., & Levine, S. C. (2010). Female teachers’ math anxiety
affects girls’ math achievement. Proceedings of the National Academy of Sciences - PNAS,

107(5), 1860—1863. https://doi.org/10.1073/pnas.0910967107

Beilock, S. L., & Maloney, E. A. (2015). Math Anxiety: A Factor in Math Achievement Not to Be
Ignored. Policy Insights from the Behavioral and Brain Sciences, 2(1), 4-12.

https://doi.org/10.1177/2372732215601438

Belloch, A., Roncero, M., & Perpifia, C. (2016). Obsessional and Eating Disorder-related Intrusive
Thoughts: Differences and Similarities Within and Between Individuals Vulnerable to OCD or to

EDs. European Eating Disorders Review, 24(6), 446—454. https://doi.org/10.1002/erv.2458

Benson, J. B. (2012). The Relation Between Space and Math: Developmental and Educational
Implications. Advances in Child Development and Behavior, 42, 197-243.

https://doi.org/10.1016/B978-0-12-394388-0.00006-X



https://doi.org/10.1037/0003-066X.55.11.1247
https://doi.org/10.1037/0003-066X.55.11.1247
https://doi.org/10.1126/science.275.5304.1293
https://doi.org/10.1111/hypa.12170
https://doi.org/10.1111/j.0956-7976.2005.00789
https://doi.org/10.1073/pnas.0910967107
https://doi.org/10.1177/2372732215601438
https://doi.org/10.1002/erv.2458
https://doi.org/10.1016/B978-0-12-394388-0.00006-X

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 118

Betz, N. E. (1978). Prevalence, distribution, and correlates of math anxiety in college students.

Journal of Counseling Psychology, 25(5), 441-448. https://doi.org/10.1037/0022-0167.25.5.441

Bicer, A., Perihan, C., & Lee, Y. (2020). A Meta-Analysis: The Effects of CBT as a Clinic- &amp;
School-Based Treatment on Students’ Mathematics Anxiety. International Electronic Journal of

Mathematics Education, 15(2). https://doi.org/10.29333/iejme/7598

Bieg, M., Goetz, T., Wolter, 1., & Hall, N. C. (2015). Gender stereotype endorsement differentially
predicts girls’ and boys’ trait-state discrepancy in math anxiety. Frontiers in Psychology, 6,

1404—1404. https://doi.org/10.3389/fpsye.2015.01404

Bielinski, J., & Davison, M. L. (2001). A sex difference by item difficulty interaction in multiple-
choice mathematics items administered to national probability samples. Journal of Educational

Measurement, 38(1), 51-77. https://doi.org/10.1111/j.1745-3984.2001.tb01116.

Blanca, M. J., Alarcon, R., Arnau, J., Bono, R., & Bendayan, R. (2017). Non-normal data: s ANOVA

still a valid option? Psicothema, 29(4), 552—557. https://doi.org/10.7334/psicothema2016.383

Bonne, O., Gilboa, A., Louzoun, Y., Brandes, D., Yona, 1., Lester, H., Barkai, G., Freedman, N.,
Chisin, R., & Shalev, A. Y. (2003). Resting regional cerebral perfusion in recent posttraumatic

stress disorder. Biological Psychiatry (1969), 54(10), 1077—1086. https://doi.org/10.1016/S0006-

3223(03)00525-0

Bonnot, V., & Croizet, J. C. (2011). Stereotype threat and stereotype endorsement: Their joint
influence on women’s math performance. Revue Internationale de Psychologie Sociale, 24(2),

105-120.


https://doi.org/10.1037/0022-0167.25.5.441
https://doi.org/10.29333/iejme/7598
https://doi.org/10.3389/fpsyg.2015.01404
https://doi.org/10.1111/j.1745-3984.2001.tb01116.x
https://doi.org/10.7334/psicothema2016.383
https://doi.org/10.1016/S0006-3223(03)00525-0
https://doi.org/10.1016/S0006-3223(03)00525-0

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 119

Bouvard, M., Fournet, N., Denis, A., Sixdenier, A., & Clark, D. (2017). Intrusive thoughts in patients
with obsessive compulsive disorder and non-clinical participants: a comparison using the
International Intrusive Thought Interview Schedule. Cognitive Behaviour Therapy, 46(4), 287—

299. https://doi.org/10.1080/16506073.2016.1262894

Britton, J. C., Lissek, S., Grillon, C., Norcross, M. A., & Pine, D. S. (2011). Development of anxiety:
the role of threat appraisal and fear learning. Depression and Anxiety, 28(1), 5-17.

https://doi.org/10.1002/da.20733

Butler, G., & Mathews, A. (1983). Cognitive processes in anxiety. Advances in Behaviour Research

and Therapy, 5(1), 51-62. https://doi.org/10.1016/0146-6402(83)90015-2

Carey, E., Hill, F., Devine, A., & Sziics, D. (2016). The Chicken or the Egg? The Direction of the
Relationship Between Mathematics Anxiety and Mathematics Performance. Frontiers in

Psychology, 6, 1987-1987. https://doi.org/10.3389/fpsyg.2015.01987

Cargnelutti, E., Tomasetto, C., & Passolunghi, M. C. (2017). How is anxiety related to math
performance in young students? A longitudinal study of Grade 2 to Grade 3 children. Cognition

and Emotion, 31(4), 755-764. https://doi.org/10.1080/02699931.2016.1147421

Carr, A. T. (1974). Compulsive neurosis: A review of the literature. Psychological Bulletin, 81(5),

311-318. https://doi.org/10.1037/h0036473

Casad, B. J., Franks, J. E., Garasky, C. E., Kittleman, M. M., Roesler, A. C., Hall, D. Y., & Petzel, Z.
W. (2021). Gender inequality in academia: Problems and solutions for women faculty in STEM.

Journal of Neuroscience Research, 99(1), 13-23. https://doi.org/10.1002/jnr.2463 1

Casad, B. J., Hale, P., & Wachs, F. L. (2015). Parent-child math anxiety and math-gender stereotypes
predict adolescents’ math education outcomes. Frontiers in Psychology, 6, 1597-1597.

https://doi.org/10.3389/fpsye.2015.01597



https://doi.org/10.1080/16506073.2016.1262894
https://doi.org/10.1002/da.20733
https://doi.org/10.1016/0146-6402(83)90015-2
https://doi.org/10.3389/fpsyg.2015.01987
https://doi.org/10.1080/02699931.2016.1147421
https://doi.org/10.1037/h0036473
https://doi.org/10.1002/jnr.24631
https://doi.org/10.3389/fpsyg.2015.01597

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 120

Chan, K. W., Hebert, J., Radford-Smith, D., Anthony, D. C., & Burnet, P. W. J. (2023). Live or heat-
killed probiotic administration reduces anxiety and central cytokine expression in BALB/c mice,
but differentially alters brain neurotransmitter gene expression. Neuropharmacology, 235,

109565-109565. https://doi.org/10.1016/j.neuropharm.2023.109565

Chang, H., & Beilock, S. L. (2016). The math anxiety-math performance link and its relation to
individual and environmental factors: A review of current behavioral and psychophysiological

research. Current Opinion in Behavioral Sciences, 10, 33-38.

https://doi.org/10.1016/j.cobeha.2016.04.011

Chen, L. P., Murad, M. H., Paras, M. L., Colbenson, K. M., Sattler, A. L., Goranson, E. N., Elamin,
M. B., Seime, R. J., Shinozaki, G., Prokop, L. J., & Zirakzadeh, A. (2010). Sexual Abuse and

Lifetime Diagnosis of Psychiatric Disorders: Systematic Review and Meta-analysis. Mayo Clinic

Proceedings, 85(7), 618—629. https://doi.org/10.4065/mcp.2009.0583
Ching, B. H. H. (2017). Mathematics anxiety and working memory: Longitudinal associations with
mathematical performance in Chinese children. Contemporary Educational Psychology, 51, 99—

113. https://doi.org/10.1016/j.cedpsych.2017.06.006

Clark, D. A., & Radomsky, A. S. (2014). Introduction: A global perspective on unwanted intrusive
thoughts. Journal of Obsessive-Compulsive and Related Disorders, 3(3), 265-268.

https://doi.org/10.1016/1.jocrd.2014.02.001

Codding, R. S., Goodridge, A. E., Hill, E., Kromminga, K. R., Chehayeb, R., Volpe, R. J., &
Scheman, N. (2023). Meta-analysis of skill-based and therapeutic interventions to address math
anxiety. Journal of School Psychology, 100, 101229-101229.

https://doi.org/10.1016/1.1sp.2023.101229



https://doi.org/10.1016/j.neuropharm.2023.109565
https://doi.org/10.1016/j.cobeha.2016.04.011
https://doi.org/10.4065/mcp.2009.0583
https://doi.org/10.1016/j.cedpsych.2017.06.006
https://doi.org/10.1016/j.jocrd.2014.02.001
https://doi.org/10.1016/j.jsp.2023.101229

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 121

Council of Canadian Academies. Expert Panel on STEM Skills for the Future. (2015). Some Assembly
Required: STEM Skills and Canada's Economic Productivity. Council of Canadian Academies.
Cvencek, D., Meltzoff, A. N., & Greenwald, A. G. (2011). Math-Gender Stereotypes in Elementary

School Children. Child Development, 82(3), 766—779. https://doi.org/10.1111/1.1467-

8624.2010.01529.x

Dehaene, S. (2011). The number sense: How the mind creates mathematics. OUP USA.
Deiglmayr, A., Stern, E., & Schubert, R. (2019). Beliefs in “Brilliance” and belonging
uncertainty in male and female STEM students. Frontiers in psychology, 10, 1114.

https://doi.org/10.3389/fpsye.2019.01114

Del Rio-Casanova, L., Sanchez-Martin, M., Garcia-Dantas, A., Gonzéalez-Vazquez, A., & Justo, A.
(2021). Psychological responses according to gender during the early stage of covid-19 in Spain.
International Journal of Environmental Research and Public Health, 18(7).

https://doi.org/10.3390/ijerph18073731

Deng, J., Zhou, F., Hou, W., Silver, Z., Wong, C. Y., Chang, O., Huang, E., & Zuo, Q. K. (2021). The
prevalence of depression, anxiety, and sleep disturbances in COVID-19 patients: a meta-analysis.
Annals of the New York Academy of Sciences, 1486(1), 90—111.

https://doi.org/10.1111/nyas.14506

Diagnostic and statistical manual of mental disorders: DSM-5-TR (5th edition, text revision.). (2022).
American Psychiatric Association Publishing

Donaldson, S. I., & Grant-Vallone, E. J. (2002). Understanding Self-Report Bias in Organizational
Behavior Research. Journal of Business and Psychology, 17(2), 245-260.

https://doi.org/10.1023/A:1019637632584



https://doi.org/10.1111/j.1467-8624.2010.01529.x
https://doi.org/10.1111/j.1467-8624.2010.01529.x
https://doi.org/10.3389/fpsyg.2019.01114
https://doi.org/10.3390/ijerph18073731
https://doi.org/10.1111/nyas.14506
https://doi.org/10.1023/A:1019637632584

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 122

Donelle, L., Hoffman-Goetz, L., & Arocha, J. F. (2007). Assessing Health Numeracy Among
Community-Dwelling Older Adults. Journal of Health Communication, 12(7), 651-665.

https://doi.org/10.1080/10810730701619919

Drescher, A., & Schultheiss, O. C. (2016). Meta-analytic evidence for higher implicit affiliation and
intimacy motivation scores in women, compared to men. Journal of Research in Personality, 64,

1-10. https://doi.org/10.1016/7.7rp.2016.06.019

Ellis, J., Fosdick, B. K., & Rasmussen, C. (2016). Women 1.5 times more likely to leave stem
pipeline after calculus compared to men: Lack of mathematical confidence a potential culprit.

PLoS ONE, 11(7), 1-14. https://doi.org/10.1371/journal.pone.0157447

Else-Quest, N. M., Hyde, J. S., & Linn, M. C. (2010). Cross-National Patterns of Gender Differences
in Mathematics: A Meta-Analysis. Psychological Bulletin, 136(1), 103—12.

https://doi.org/10.1037/a0018053

Eysenck, M. W., & Calvo, M. G. (1992). Anxiety and performance: The processing efficiency

theory. Cognition & emotion, 6(6), 409-434. https://doi.org/10.1080/02699939208409696

OECD — The Organisation for Economic Co-operation and Development. PISA 2012 Results: Ready
to Learn (Volume III): Students’ Engagement, Drive and Self-Beliefs. Paris: OECD Publishing;

2013. Available from: https://www-oecd-ilibrary-org.proxy.bib.uottawa.ca/education/pisa-2012-

results-ready-to-learn-volume-iii_9789264201170-en. Accessed February 27th, 2024.
Espino, M., Pereda, J., Recon, J., Perculeza, E., & Umali, C. (2017). Mathematics Anxiety and Its

Impact on the Course And Career Choice of Grade 11 Students. In International Journal of

Education, 2 (5). www.ijepc.com
Eysenck, M. W., & Calvo, M. G. (1992). Anxiety and Performance: The Processing Efficiency

Theory. Cognition and Emotion, 6(6), 409—434. https://doi.org/10.1080/02699939208409696



https://doi.org/10.1080/10810730701619919
https://doi.org/10.1016/j.jrp.2016.06.019
https://doi.org/10.1371/journal.pone.0157447
https://doi.org/10.1037/a0018053
https://doi.org/10.1080/02699939208409696
https://www-oecd-ilibrary-org.proxy.bib.uottawa.ca/education/pisa-2012-results-ready-to-learn-volume-iii_9789264201170-en
https://www-oecd-ilibrary-org.proxy.bib.uottawa.ca/education/pisa-2012-results-ready-to-learn-volume-iii_9789264201170-en
http://www.ijepc.com/
https://doi.org/10.1080/02699939208409696

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 123

Fernandes, V., & Osdrio, F. L. (2015). Are there associations between early emotional trauma and
anxiety disorders? Evidence from a systematic literature review and meta-analysis. European

Psychiatry, 30(6), 756—764. https://doi.org/10.1016/j.eurpsy.2015.06.004

Foley, A. E., Herts, J. B., Borgonovi, F., Guerriero, S., Levine, S. C., & Beilock, S. L. (2017). The
Math Anxiety-Performance Link: A Global Phenomenon. Current Directions in Psychological

Science, 26(1), 52-58. https://doi.org/10.1177/0963721416672463

Frani¢, S., Middeldorp, C. M., Dolan, C. V., Ligthart, L., & Boomsma, D. I. (2010). Childhood and
Adolescent Anxiety and Depression: Beyond Heritability. Journal of the American Academy of
Child and Adolescent Psychiatry, 49(8), 820—829. https://doi.org/10.1016/j.jaac.2010.05.013

Franz-Odendaal, T. A., Blotnicky, K., French, F., & Joy, P. (2016). Experiences and Perceptions of
STEM Subjects, Careers, and Engagement in STEM Activities Among Middle School Students
in the Maritime Provinces. Canadian Journal of Science, Mathematics and Technology

Education, 16(2), 153—168. https://doi.org/10.1080/14926156.2016.1166291

Freeston, M. H., Gagnon, F., Ladouceur, R., Thibodeau, N., Letarte, H., & Rhéaume, J. (1994).
Health-related intrusive thoughts. Journal of Psychosomatic Research, 38(3), 203-215.

https://doi.org/10.1016/0022-3999(94)90116-3

Ganley, C. M., & McGraw, A. L. (2016). The Development and Validation of a Revised Version of
the Math Anxiety Scale for Young Children. Frontiers in Psychology, 7, 1181-1181.

https://doi.org/10.3389/fpsye.2016.01181

Geary, D. C. (1993). Mathematical disabilities: Cognitive, neuropsychological, and genetic

components. Psychological Bulletin, 114(2), 345-362. https://doi.org/10.1037/0033-

2909.114.2.345



https://doi.org/10.1016/j.eurpsy.2015.06.004
https://doi.org/10.1177/0963721416672463
https://doi.org/10.1080/14926156.2016.1166291
https://doi.org/10.1016/0022-3999(94)90116-3
https://doi.org/10.3389/fpsyg.2016.01181
https://doi.org/10.1037/0033-2909.114.2.345
https://doi.org/10.1037/0033-2909.114.2.345

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 124

Gierl, M. J., & Bisanz, J. (1995). Anxieties and attitudes related to mathematics in grades 3 and 6. The
Journal of experimental education, 63(2), 139-158.

https://doi.org/10.1080/00220973.1995.9943818

Goel, N., Workman, J. L., Lee, T. T., Innala, L., & Viau, V. (2014). Sex Differences in the HPA Axis.

Comprehensive Physiology, 4(3), 1121-1155. https://doi.org/10.1002/cphy.c130054

Goetz, T., Bieg, M., Liidtke, O., Pekrun, R., & Hall, N. C. (2013). Do girls really experience
more anxiety in mathematics?. Psychological science, 24(10), 2079-2087.

https://doi.org/10.1177/0956797613486989

Gross, P. R., & Eifert, G. H. (1990). Components of generalized anxiety: The role of intrusive
thoughts vs worry. Behaviour Research and Therapy, 28(5), 421-428.

https://doi.org/10.1016/0005-7967(90)90162-C

Hango, D. (2013). Gender differences in science, technology, engineering, mathematics and compuer
science (STEM) programs at university. Statistics Canada, 75, 1-11.

http://www.statcan.gc.ca/pub/75-006-x/2013001/article/11874-eng.pdf

Hariri, S., Vishnubhotla, R. V., Reed, P. U., Rayapuraju, A., Orui, H., Balachundhar, P., Sadhasivam,
S., & Subramaniam, B. (2022). Online guided meditation training (Isha Kriya) improves self-

reported symptoms of anxiety and depression within 2 weeks of practice—An observational

study. Frontiers in Psychiatry, 13, 944973-944973. https://doi.org/10.3389/fpsyt.2022.944973
Haynes, A. F., Mullins, A. G., & Stein, B. S. (2004). Differential models for math anxiety in male and

female college students. Sociological Spectrum, 24(3), 295-318.

https://doi.org/10.1080/02732170490431304

Heilman, M. E. (1983). Sex bias in work settings: The Lack of Fit model. Research in

Organizational Behavior, 5, 269-298.


https://doi.org/10.1080/00220973.1995.9943818
https://doi.org/10.1002/cphy.c130054
https://doi.org/10.1177/0956797613486989
https://doi.org/10.1016/0005-7967(90)90162-C
http://www.statcan.gc.ca/pub/75-006-x/2013001/article/11874-eng.pdf
https://doi.org/10.3389/fpsyt.2022.944973
https://doi.org/10.1080/02732170490431304

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 125

Hembree, R. (1990). The Nature, Effects, and Relief of Mathematics Anxiety. National Council of
Teachers of Mathematics, 21(1), 33—-46.

Henschel, S., & Roick, T. (2020). The Multidimensional Structure of Math Anxiety Revisited:
Incorporating Psychological Dimensions and Setting Factors. European Journal of

Psychological Assessment, 36(1), 123—135. https://doi.org/10.1027/1015-5759/a000477

Hettema, J. M., Prescott, C. A., Myers, J. M., Neale, M. C., & Kendler, K. S. (2005). The Structure of
Genetic and Environmental Risk Factors for Anxiety Disorders in Men and Women. Archives of

General Psychiatry, 62(2), 182—189. https://doi.org/10.1001/archpsyc.62.2.182

Hill, F., Mammarella, I. C., Devine, A., Caviola, S., Passolunghi, M. C., & Sziics, D. (2016). Maths
anxiety in primary and secondary school students: Gender differences, developmental changes
and anxiety specificity. Learning and Individual Differences, 48, 45-53.

https://doi.org/10.1016/1.1indif.2016.02.006

Hopko, D. R., Mahadevan, R., Bare, R. L., & Hunt, M. K. (2003). The Abbreviated Math Anxiety
Scale (AMAS): Construction, Validity, and Reliability. Assessment (Odessa, Fla.), 10(2), 178—

182. https://doi.org/10.1177/1073191103010002008

Hord, C., Marita, S., Walsh, J. B., Tomaro, T.-M., Gordon, K., & Saldanha, R. L. (2016). Teacher and
student use of gesture and access to secondary mathematics for students with learning
disabilities: An exploratory study. Learning Disabilities (Weston, Mass.), 14(2), 189—.

Huang, J. L., Curran, P. G., Keeney, J., Poposki, E. M., & DeShon, R. P. (2012). Detecting and
Deterring Insufficient Effort Responding to Surveys. Journal of Business and Psychology, 27(1),

99-114. https://doi.org/10.1007/s10869-011-9231-8



https://doi.org/10.1027/1015-5759/a000477
https://doi.org/10.1001/archpsyc.62.2.182
https://doi.org/10.1016/j.lindif.2016.02.006
https://doi.org/10.1177/1073191103010002008
https://doi.org/10.1007/s10869-011-9231-8

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 126

Hunt, T., Clark-Carter, D., & Sheffield, D. (2014). Exploring the relationship between mathematics
anxiety and performance: The role of intrusive thoughts. Journal of Education, Psychology and
Social Sciences, 2, 69-75.

Hyde, J. S., Lindberg, S. M., Linn, M. C., Ellis, A. B., & Williams, C. C. (2008). Diversity. Gender
similarities characterize math performance. Science (American Association for the Advancement

of Science), 321(5888), 494—-495. https://doi.org/10.1126/science.1160364

Ives, B. (2007). Graphic Organizers Applied to Secondary Algebra Instruction for Students with
Learning Disorders. Learning Disabilities Research & Practice, 22(2), 110—118.

https://doi.org/10.1111/].1540-5826.2007.00235.x

Jamieson, J. P., Peters, B. J., Greenwood, E. J., & Altose, A. J. (2016). Reappraising Stress Arousal
Improves Performance and Reduces Evaluation Anxiety in Classroom Exam Situations. Social
Psychological and Personality Science, 7(6), 579-587.

https://doi.org/10.1177/1948550616644656

Jao, L., & Radakovic, N. (2018). Transdisciplinarity in mathematics education : blurring disciplinary

boundaries (L. Jao & N. Radakovic, Eds.). Springer. https://doi.org/10.1007/978-3-319-63624-5
Jordan, N. C., Glutting, J., & Ramineni, C. (2010). The importance of number sense to mathematics
achievement in first and third grades. Learning and Individual Differences, 20(2), 82—88.

https://doi.org/10.1016/1.1indif.2009.07.004

Jordan, N. C., Kaplan, D., Nabors Olah, L., & Locuniak, M. N. (2006). Number Sense Growth in

Kindergarten: A Longitudinal Investigation of Children at Risk for Mathematics Difficulties.

Child Development, 77(1), 153—175. https://doi.org/10.1111/1.1467-8624.2006.00862.x
Josefowitz, N., & Myran, D. (2017). CBT Made Simple: A Clinician's Guide to Practicing Cognitive

Behavioral Therapy. New Harbinger Publications.


https://doi.org/10.1126/science.1160364
https://doi.org/10.1111/j.1540-5826.2007.00235.x
https://doi.org/10.1177/1948550616644656
https://doi.org/10.1007/978-3-319-63624-5
https://doi.org/10.1016/j.lindif.2009.07.004
https://doi.org/10.1111/j.1467-8624.2006.00862.x

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 127

Kaskens, J., Segers, E., Goei, S. L., van Luit, J. E. H., & Verhoeven, L. (2020). Impact of Children’s
math self-concept, math self-efficacy, math anxiety, and teacher competencies on math
development. Teaching and Teacher Education, 94, 103096—14.

https://doi.org/10.1016/j.tate.2020.103096

Kasper, S. (2006). Anxiety disorders: under-diagnosed and insufficiently treated. International
Journal of Psychiatry in Clinical Practice, 10(S1), 3-9.

https://doi.org/10.1080/13651500600552297

Kazelskis, R., Reeves, C., Kersh, M. E., Bailey, G., Cole, K., Larmon, M., Hall, L., & Holliday, D. C.
(2000). Mathematics Anxiety and Test Anxiety: Separate Constructs? The Journal of

Experimental Education, 68(2), 137—146. https://doi.org/10.1080/00220970009598499

Khan, Md. M. A., & Khan, Md. N. (2020). Effects of psychosocial and socio-environmental factors
on anxiety disorder among adolescents in Bangladesh. Brain and Behavior, 10(12), €01899-n/a.

https://doi.org/10.1002/brb3.1899

Kim, H.-Y. (2013). Statistical notes for clinical researchers: assessing normal distribution (2) using
skewness and kurtosis. Restorative Dentistry & Endodontics, 38(1), 52.

https://doi.org/10.5395/rde.2013.38.1.52

Klein, K., & Boals, A. (2001). Expressive writing can increase working memory capacity. Journal of

Experimental Psychology: General, 130(3), 520-533. https://doi.org/10.1037//0096-

3445.130.3.520

Krinzinger, H., Kaufmann, L., Gregoire, J., Desoete, A., Nuerk, H. C., & Willmes, K. (2012). Gender
differences in the development of numerical skills in four European countries. International

Journal of Gender, Science and Technology, 4(1), 62-77.


https://doi.org/10.1016/j.tate.2020.103096
https://doi.org/10.1080/13651500600552297
https://doi.org/10.1080/00220970009598499
https://doi.org/10.1002/brb3.1899
https://doi.org/10.5395/rde.2013.38.1.52
https://doi.org/10.1037//0096-3445.130.3.520
https://doi.org/10.1037//0096-3445.130.3.520

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 128

Krinzinger, H., Wood, G., & Willmes, K. (2012). What Accounts for Individual and Gender
Differences in the Multi-Digit Number Processing of Primary School Children? Zeitschrift Fiir

Psychologie, 220(2), 78—89. https://doi.org/10.1027/2151-2604/a000099

Kudielka, B. M., & Kirschbaum, C. (2005). Sex differences in HPA axis responses to stress: a review.

Biological Psychology, 69(1), 113—132. https://doi.org/10.1016/j.biopsycho.2004.11.009

Kunwar, R. (2020). Mathematics phobia: Causes, symptoms and ways to overcome. International
Journal of creative research thoughts, 8(8), 818-822.

Kyttdld, M., & Lehto, J. E. (2008). Some factors underlying mathematical performance: The role of
visuospatial working memory and non-verbal intelligence. European Journal of Psychology of

Education, 23(1), 77-94. https://doi.org/10.1007/BF03173141

Langlois, F., Freeston, M. H., & Ladouceur, R. (2000). Differences and similarities between obsessive
intrusive thoughts and worry in a non-clinical population: study 1. Behaviour Research and

Therapy, 38(2), 157-173. https://doi.org/10.1016/S0005-7967(99)00027-3

Laurencelle, L., & Cousineau, D. (2023). Analysis of proportions using arcsine transform with any
experimental design. Frontiers in Psychology, 13, 1045436-1045436.

https://doi.org/10.3389/fpsye.2022.1045436

Lench, H. C., Flores, S. A., & Bench, S. W. (2011). Discrete Emotions Predict Changes in Cognition,
Judgment, Experience, Behavior, and Physiology: A Meta-Analysis of Experimental Emotion

Elicitations. Psychological Bulletin, 137(5), 834—855. https://doi.org/10.1037/a0024244

Lepore, S. J., Ragan, J. D., & Jones, S. (2000). Talking facilitates cognitive-emotional processes of
adaptation to an acute stressor. Journal of Personality and Social Psychology, 78(3), 499—-508.

https://doi.org/10.1037/0022-3514.78.3.499



https://doi.org/10.1027/2151-2604/a000099
https://doi.org/10.1016/j.biopsycho.2004.11.009
https://doi.org/10.1007/BF03173141
https://doi.org/10.1016/S0005-7967(99)00027-3
https://doi.org/10.3389/fpsyg.2022.1045436
https://doi.org/10.1037/a0024244
https://doi.org/10.1037/0022-3514.78.3.499

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 129

Levy, H. E., Fares, L., & Rubinsten, O. (2021). Math anxiety affects females’ vocational interests.

Journal of Experimental Child Psychology, 210. https://doi.org/10.1016/j.jecp.2021.105214

Lindberg, S. M., Hyde, J. S., Petersen, J. L., & Linn, M. C. (2010). New Trends in Gender and
Mathematics Performance: A Meta-Analysis. Psychological Bulletin, 136(6), 1123—1135.

https://doi.org/10.1037/a0021276

Llabre, M. M., & Suarez, E. (1985). Predicting Math Anxiety and Course Performance in College
Women and Men. Journal of Counseling Psychology, 32(2), 283-287.

https://doi.org/10.1037/0022-0167.32.2.283

Locke, E. A. (2023). What Is Motivation? In Motivation Science. Oxford University Press.

https://doi.org/10.1093/0s0/9780197662359.003.0003

Luttenberger, S., Wimmer, S., & Paechter, M. (2018). Spotlight on math anxiety. Psychology

Research and Behavior Management, 11, 311-322. https://doi.org/10.2147/PRBM.S141421
Macher, D., Paechter, M., Papousek, 1., Ruggeri, K., Freudenthaler, H. H., & Arendasy, M. (2013).

Statistics anxiety, state anxiety during an examination, and academic achievement. British

Journal of Educational Psychology, 83(4), 535-549. https://doi.org/10.1111/].2044-

8279.2012.02081.x

Marsh, H. W., & Scalas, L. F. (2011). Self-concept in learning: Reciprocal effects model between
academic self-concept and academic achievement. Social and emotional aspects of learning, 1,
191-198.

Makarova, E., Aeschlimann, B., & Herzog, W. (2019). The Gender Gap in STEM Fields: The Impact
of the Gender Stereotype of Math and Science on Secondary Students’ Career Aspirations.

Frontiers in Education (Lausanne), 4. https://doi.org/10.3389/feduc.2019.00060



https://doi.org/10.1016/j.jecp.2021.105214
https://doi.org/10.1037/a0021276
https://doi.org/10.1037/0022-0167.32.2.283
https://doi.org/10.1093/oso/9780197662359.003.0003
https://doi.org/10.2147/PRBM.S141421
https://doi.org/10.1111/j.2044-8279.2012.02081.x
https://doi.org/10.1111/j.2044-8279.2012.02081.x
https://doi.org/10.3389/feduc.2019.00060

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 130

Malanchini, M., Rimfeld, K., Shakeshaft, N. G., Rodic, M., Schofield, K., Selzam, S., Dale, P. S.,
Petrill, S. A., & Kovas, Y. (2017). The genetic and environmental aetiology of spatial,
mathematics and general anxiety. Scientific Reports, 7(1), 42218-42218.

https://doi.org/10.1038/srep42218

Maloney, E. A., Ansari, D., & Fugelsang, J. A. (2011). Rapid communication: The effect of
mathematics anxiety on the processing of numerical magnitude. Quarterly Journal of

Experimental Psychology, 64(1), 10-16. https://doi.org/10.1080/17470218.2010.533278

Maloney, E. A., & Beilock, S. L. (2012). Math anxiety: Who has it, why it develops, and how to
guard against it. Trends in Cognitive Sciences, 16(8), 404—406.

https://doi.org/10.1016/1.tics.2012.06.008

Maloney, E. A., Risko, E. F., Ansari, D., & Fugelsang, J. (2010). Mathematics anxiety affects
counting but not subitizing during visual enumeration. Cognition, 114, 293-297.

https://doi.org/10.1016/j.cognition.2009.09.013.

Maloney, E. A., Ramirez, G., Gunderson, E. A., Levine, S. C., & Beilock, S. L. (2015).
Intergenerational Effects of Parents’ Math Anxiety on Children’s Math Achievement and

Anxiety. Psychological Science, 26(9), 1480—1488. https://doi.org/10.1177/0956797615592630

Maloney, E. A., Schaeffer, M. W., & Beilock, S. L. (2013). Mathematics anxiety and stereotype
threat: Shared mechanisms, negative consequences and promising interventions. Research in

Mathematics Education, 15(2), 115—-128. https://doi.org/10.1080/14794802.2013.797744

Mammarella, I. C., Donolato, E., Caviola, S., & Giofre, D. (2018). Anxiety profiles and protective
factors: A latent profile analysis in children. Personality and Individual Differences, 124, 201—

208. https://doi.org/10.1016/j.paid.2017.12.017



https://doi.org/10.1038/srep42218
https://doi.org/10.1080%2F17470218.2010.533278
https://doi.org/10.1016/j.tics.2012.06.008
https://doi.org/10.1016/j.cognition.2009.09.013
https://doi.org/10.1177/0956797615592630
https://doi.org/10.1080/14794802.2013.797744
https://doi.org/10.1016/j.paid.2017.12.017

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 131

Marsh, H. W., & Scalas, L. F. (2010). Self-Concept in Learning: Reciprocal effects model between
academic self-concept and academic achievement. In International Encyclopedia of Education

(Vol. 6, pp. 660—667). https://doi.org/10.1016/B978-0-08-044894-7.00619-9

McKay, M., Skeen, M., & Fanning, P. (2017). The CBT anxiety solution workbook: a breakthrough
treatment for overcoming fear, worry, and panic. New Harbinger Publications.
McHugh, M. L. (2013). The chi-square test of independence. Biochemia Medica, 23(2), 143—149.

https://doi.org/10.11613/BM.2013.018

McLean, C. P., & Anderson, E. R. (2009). Brave men and timid women? A review of the gender
differences in fear and anxiety. Clinical Psychology Review, 29(6), 496-505.

https://doi.org/10.1016/.cpr.2009.05.003

McLean, C. P., Asnaani, A., Litz, B. T., & Hofmann, S. G. (2011). Gender differences in anxiety
disorders: Prevalence, course of illness, comorbidity and burden of illness. Journal of

Psychiatric Research, 45(8), 1027—1035. https://doi.org/10.1016/j.jpsychires.2011.03.006

Miller, H., & Bichsel, J. (2004). Anxiety, working memory, gender, and math performance.
Personality and Individual Differences, 37(3), 591-606.

https://doi.org/10.1016/1.paid.2003.09.029

Miyake, A., & Shah, P. (1999). Models of working memory: mechanisms of active maintenance and
executive control. Cambridge University Press.
Mohammadi, M. R., Pourdehghan, P., Mostafavi, S. A., Hooshyari, Z., Ahmadi, N., & Khaleghi, A.

(2020). Generalized anxiety disorder: Prevalence, predictors, and comorbidity in children and

adolescents. Journal of Anxiety Disorders, 73. https://doi.org/10.1016/].janxdis.2020.102234


https://doi.org/10.1016/B978-0-08-044894-7.00619-9
https://doi.org/10.11613/BM.2013.018
https://doi.org/10.1016/j.cpr.2009.05.003
https://doi.org/10.1016/j.jpsychires.2011.03.006
https://doi.org/10.1016/j.paid.2003.09.029
https://doi.org/10.1016/j.janxdis.2020.102234

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 132

Moran, T. P. (2016). Supplemental Material for Anxiety and Working Memory Capacity: A Meta-
Analysis and Narrative Review. Psychological Bulletin, 142(8), 831-864.

https://doi.org/10.1037/bul0000051.supp

Morsanyi, K., Busdraghi, C., & Primi, C. (2014). Mathematical anxiety is linked to reduced cognitive
reflection: a potential road from discomfort in the mathematics classroom to susceptibility to

biases. Behavioral and Brain Functions, 10(1), 31-31. https://doi.org/10.1186/1744-9081-10-31

Mullis, I. V. S., Martin, M. O., Foy, P., Kelly, D. L., & Fishbein, B. (2020). TIMSS 2019
International Results in Mathematics and Science.

Namkung, J. M., Peng, P., & Lin, X. (2019). The Relation Between Mathematics Anxiety and
Mathematics Performance Among School-Aged Students: A Meta-Analysis. Review of

Educational Research, 89(3), 459—496. https://doi.org/10.3102/0034654319843494

Nnamdi Obikeze, P. (2019). Computer Anxiety and Mathematics Phobia as Predictors of
Postgraduate Students Achievement in Educational Statistics in Nigerian Universities. In
Management and Social Sciences (OJAMSS) (Vol. 4, Issue 1).

Nolen-Hoeksema, S. (2012). Emotion Regulation and Psychopathology: The Role of Gender. Annual

Review of Clinical Psychology, 8(1), 161-187. https://doi.org/10.1146/annurev-clinpsy-032511-

143109

Nunez-Pe™na, M. 1., & Su’arez-Pellicioni, M. (2014). Less precise representation of numerical
magnitude in high math-anxious individuals: An ERP study of the size and distance effects.

Biological Psychology, 103, 176—183. https://doi.org/10.1016/j.biopsycho.2014.09.004

Odic, D., Lisboa, J. V., Eisinger, R., Olivera, M. G., Maiche, A., & Halberda, J. (2016). Approximate
number and approximate time discrimination each correlate with school math abilities in young

children. Acta Psychologica, 163, 17-26. https://doi.org/10.1016/j.actpsy.2015.10.010



https://doi.org/10.1037/bul0000051.supp
https://doi.org/10.1186/1744-9081-10-31
https://doi.org/10.3102/0034654319843494
https://doi.org/10.1146/annurev-clinpsy-032511-143109
https://doi.org/10.1146/annurev-clinpsy-032511-143109
https://doi.org/10.1016/j.biopsycho.2014.09.004
https://doi.org/10.1016/j.actpsy.2015.10.010

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 133

OECD. (2015). Does math make you anxious? Pisa in Focus, 02(2), 1-4.

https://doi.org/10.1787/22260919.

OECD. (2019). Girls’ and boys’ performance in PISA. Pisa in Focus, 02(2), 141-155.
Ontario Curriculum and Resources. (2020). Principles Underlying the Ontario Mathematics

Curriculum. Ontario. https://www.dcp.edu.gov.on.ca/en/curriculum/elementary-

mathematics/context/principles-underlying-the-ontario-mathematics-curriculum

Ontario Regulation. (2020, September 3). Education Act. Ontario.

https://www.ontario.ca/laws/regulation/120132

Park, D., Ramirez, G., & Beilock, S. L. (2014). The role of expressive writing in math anxiety.
Journal of Experimental Psychology: Applied, 20(2), 103—111.

https://doi.org/10.1037/xap0000013

Pekrun, R. (2006). The control-value theory of achievement emotions: Assumptions, corollaries, and
implications for educational research and practice. Educational Psychology Review, 18(4), 315—

341. https://doi.org/10.1007/s10648-006-9029-9

Pellizzoni, S., Cargnelutti, E., Cuder, A., & Passolunghi, M. C. (2022). The interplay between math
anxiety and working memory on math performance: a longitudinal study. Annals of the New

York Academy of Sciences, 1510(1), 132—144. https://doi.org/10.1111/nyas.14722

Peng, P., Namkung, J., Barnes, M., & Sun, C. (2016). A meta-analysis of mathematics and working
memory: Moderating effects of working memory domain, type of mathematics skill, and sample
characteristics. Journal of Educational Psychology, 108(4), 455-473.

https://doi.org/10.1037/edu0000079



https://doi.org/10.1787/22260919
https://www.dcp.edu.gov.on.ca/en/curriculum/elementary-mathematics/context/principles-underlying-the-ontario-mathematics-curriculum
https://www.dcp.edu.gov.on.ca/en/curriculum/elementary-mathematics/context/principles-underlying-the-ontario-mathematics-curriculum
https://www.ontario.ca/laws/regulation/120132
https://doi.org/10.1037/xap0000013
https://doi.org/10.1007/s10648-006-9029-9
https://doi.org/10.1111/nyas.14722
https://doi.org/10.1037/edu0000079

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 134

Phaf, R. H., Mohr, S. E., Rotteveel, M., & Wicherts, J. M. (2014). Approach, avoidance, and affect: a
meta-analysis of approach-avoidance tendencies in manual reaction time tasks. Frontiers in

Psychology, 5, 378-378. https://doi.org/10.3389/fpsyg.2014.00378

Pham, T., & Archibald, L. (2020, June 24). Avoiding working memory overload in students with LDS.

LD@school. https://www.ldatschool.ca/working-memory-overload/

Pina, V., Martella, D., Chacén-Moscoso, S., Saracostti, M., & Fenollar-Cortés, J. (2021). Gender-
Based Performance in Mathematical Facts and Calculations in Two Elementary School Samples
From Chile and Spain: An Exploratory Study. Frontiers in Psychology, 12.

https://doi.org/10.3389/fpsye.2021.703580

Pirls, T. &, Mullis, . V. S., Martin, M. O., Foy, P., Kelly, D. L., & Fishbein, B. (2019). Highlights
TIMSS 2019 International Results in Mathematics and Science.

Pletzer, B., Kronbichler, M., Nuerk, H.-C., & Kerschbaum, H. H. (2015). Mathematics anxiety
reduces default mode network deactivation in response to numerical tasks. Frontiers in Human

Neuroscience, 9, 202-202. https://doi.org/10.3389/fnhum.2015.00202

Raghubar, K. P., Barnes, M. A., & Hecht, S. A. (2010). Working memory and mathematics: A review
of developmental, individual difference, and cognitive approaches. Learning and Individual

Differences, 20(2), 110-122. https://doi.org/10.1016/].1indif.2009.10.005

Ramirez, G., Chang, H., Maloney, E. A., Levine, S. C., & Beilock, S. L. (2016). On the relationship
between math anxiety and math achievement in early elementary school: The role of problem
solving strategies. Journal of Experimental Child Psychology, 141, 83—100.

https://doi.org/10.1016/1.jecp.2015.07.014



https://doi.org/10.3389/fpsyg.2014.00378
https://www.ldatschool.ca/working-memory-overload/
https://doi.org/10.3389/fpsyg.2021.703580
https://doi.org/10.3389/fnhum.2015.00202
https://doi.org/10.1016/j.lindif.2009.10.005
https://doi.org/10.1016/j.jecp.2015.07.014

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 135

Ramirez, G., Shaw, S. T., & Maloney, E. A. (2018). Math Anxiety: Past Research, Promising
Interventions, and a New Interpretation Framework. Educational Psychologist, 53(3), 145-164.

https://doi.org/10.1080/00461520.2018.1447384

Rapee, R. M., & Heimberg, R. G. (1997). A cognitive-behavioral model of anxiety in social phobia.

Behaviour Research and Therapy, 35(8), 741-756. https://doi.org/10.1016/S0005-

7967(97)00022-3

Rasmussen, C., & Bisanz, J. (2005). Representation and working memory in early arithmetic. Journal

of Experimental Child Psychology, 91(2), 137-157. https://doi.org/10.1016/j.jecp.2005.01.004

Reilly, D., Neumann, D. L., & Andrews, G. (2017). Investigating Gender Differences in Mathematics
and Science: Results from the 2011 Trends in Mathematics and Science Survey. Research in

Science Education, 49(1), 25-50. https://doi.org/10.1007/s11165-017-9630-6

Reinhold, M., Biirkner, P. C., & Holling, H. (2018). Effects of expressive writing on depressive
symptoms—A meta-analysis. Clinical Psychology: Science and Practice, 25(1).

https://doi.org/10.1111/cpsp.12224

Reiss, S. (1997). Trait anxiety: It’s not what you think it is. Journal of Anxiety Disorders, 11(2), 201—

214. https://doi.org/10.1016/S0887-6185(97)00006-6

Remes, O., Brayne, C., Linde, R., & Lafortune, L. (2016). A systematic review of reviews on the
prevalence of anxiety disorders in adult populations. Brain and Behavior, 6(7), €00497-n/a.

https://doi.org/10.1002/brb3.497

Ricci, M. C. (2018). Create A Growth Mindset School; an Administrator’s Guide to Leading a

Growth Mindset Community. ROUTLEDGE.


https://doi.org/10.1080/00461520.2018.1447384
https://doi.org/10.1016/S0005-7967(97)00022-3
https://doi.org/10.1016/S0005-7967(97)00022-3
https://doi.org/10.1016/j.jecp.2005.01.004
https://doi.org/10.1007/s11165-017-9630-6
https://doi.org/10.1111/cpsp.12224
https://doi.org/10.1016/S0887-6185(97)00006-6
https://doi.org/10.1002/brb3.497

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 136

Ritchie, S. J., & Bates, T. C. (2013). Enduring Links From Childhood Mathematics and Reading
Achievement to Adult Socioeconomic Status. Psychological Science, 24(7), 1301-1308.

https://doi.org/10.1177/0956797612466268

Rittle-Johnson, B., Zippert, E. L., & Boice, K. L. (2019). The roles of patterning and spatial skills in
early mathematics development. Early Childhood Research Quarterly, 46, 166—178.

https://doi.org/10.1016/j.ecresq.2018.03.006

Rosen, J. B., & Schulkin, J. (1998). From Normal Fear to Pathological Anxiety. Psychological

Review, 105(2), 325-350. https://doi.org/10.1037/0033-295X.105.2.325

Salkovskis, P. M. (1999). Understanding and treating obsessive—compulsive disorder. Behaviour

Research and Therapy, 37(7), S29-S52. https://doi.org/10.1016/S0005-7967(99)00049-2

Sawchuk, C. N., & Olatunji, B. O. (2011). Anxiety, health risk factors, and chronic disease. American

Journal of Lifestyle Medicine, 5(6), 531-541. https://doi.org/10.1177/1559827610393868

Schmaus, B. J., Laubmeier, K. K., Boquiren, V. M., Herzer, M., & Zakowski, S. G. (2008). Gender
and stress: Differential psychophysiological reactivity to stress reexposure in the laboratory.
International Journal of Psychophysiology, 69(2), 101-106.

https://doi.org/10.1016/1.ijpsycho0.2008.03.006

Seli, P., Risko, E. F., Purdon, C., & Smilek, D. (2017). Intrusive thoughts: linking spontaneous mind
wandering and OCD symptomatology. Psychological Research, 8§1(2), 392—398.

https://doi.org/10.1007/s00426-016-0756-3

Seligman, M. E., & Maier, S. F. (1967). Failure to escape traumatic shock. Journal of

experimental psychology, 74(1), 1. https://doi.org/10.1037/h0024514

Shi, Z., & Liu, P. (2016). Worrying thoughts limit working memory capacity in math anxiety. PLoS

ONE, 11(10), 1-12. https://doi.org/10.1371/journal.pone.0165644



https://doi.org/10.1177/0956797612466268
https://doi.org/10.1016/j.ecresq.2018.03.006
https://doi.org/10.1037/0033-295X.105.2.325
https://doi.org/10.1016/S0005-7967(99)00049-2
https://doi.org/10.1177/1559827610393868
https://doi.org/10.1016/j.ijpsycho.2008.03.006
https://doi.org/10.1007/s00426-016-0756-3
https://doi.org/10.1037/h0024514
https://doi.org/10.1371/journal.pone.0165644

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 137

Skagerlund, K., Ostergren, R., Vistfjill, D., & Triff, U. (2019). How does mathematics anxiety
impair mathematical abilities? Investigating the link between math anxiety, working memory,

and number processing. PLoS ONE, 14(1). https://doi.org/10.1371/journal.pone.0211283

Sokolowski, H. M., Hawes, Z., & Lyons, I. M. (2019). What explains sex differences in math
anxiety? A closer look at the role of spatial processing. Cognition, 182, 193-212.

https://doi.org/10.1016/j.cognition.2018.10.005

Soni, A., & Kumari, S. (2017). The Role of Parental Math Anxiety and Math Attitude in Their
Children’s Math Achievement. International Journal of Science and Mathematics Education,

15(2), 331-347. https://doi.org/10.1007/s10763-015-9687-5

Spencer, S. J., Steele, C. M., & Quinn, D. M. (1999). Stereotype threat and women's math
performance. Journal of experimental social psychology, 35(1), 4-28.

Spielberger, C., Gorsuch, R. L., Lushene, R., Vagg, P. R., & Jacobs, G. A. (1983). State Trait
Manual. 0-75.

Steffens, M. C., & Jelenec, P. (2011). Separating Implicit Gender Stereotypes regarding Math and
Language: Implicit Ability Stereotypes are Self-serving for Boys and Men, but not for Girls and

Women. Sex Roles, 64(5—6), 324-335. https://doi.org/10.1007/s11199-010-9924-x

Stoet, G., Bailey, D. H., Moore, A. M., & Geary, D. C. (2016). Countries with higher levels of gender
equality show larger national sex differences in mathematics anxiety and relatively lower
parental mathematics valuation for girls. PLoS ONE, 11(4), 1-24.

https://doi.org/10.1371/journal.pone.0153857

Stoltenborgh, M., van lJzendoorn, M. H., Euser, E. M., & Bakermans-Kranenburg, M. J. (2011). A
Global Perspective on Child Sexual Abuse: Meta-Analysis of Prevalence Around the World.

Child Maltreatment, 16(2), 79—101. https://doi.org/10.1177/1077559511403920



https://doi.org/10.1371/journal.pone.0211283
https://doi.org/10.1016/j.cognition.2018.10.005
https://doi.org/10.1007/s10763-015-9687-5
https://doi.org/10.1007/s11199-010-9924-x
https://doi.org/10.1371/journal.pone.0153857
https://doi.org/10.1177/1077559511403920

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 138

Swanson, H. L., & Beebe-Frankenberger, M. (2004). The relationship between working memory and
mathematical problem solving in children at risk and not at risk for serious math difficulties.

Journal of Educational Psychology, 96(3), 471-491. https://doi.org/10.1037/0022-0663.96.3.471

Szczygiet, M., & Pieronkiewicz, B. (2022). Exploring the nature of math anxiety in young children:
Intensity, prevalence, reasons. Mathematical Thinking and Learning, 24(3), 248-266.

https://doi.org/10.1080/10986065.2021.1882363

Taylor, S. E. (2006). Tend and befriend: Biobehavioral bases of affiliation under stress. Current

directions in psychological science, 15(6), 273-277. https://doi.org/10.1111/1.1467-

8721.2006.00451.x

Thaiposri, N., & Reece, J. (2022). Gender differences in eating disorder-related intrusive thoughts.

Eating Disorders, 30(1), 1-25. https://doi.org/10.1080/10640266.2020.1789830

Trapani, J., & Hale, K. (2019). Science & engineering educators 2020: Higher education in science
and engineering. National Science Board, Alexandria, VA, USA, NSB-2019-7.

Tocchetto, A., Salum, G. A., Blaya, C., Teche, S., Isolan, L., Bortoluzzi, A., Rebelo e Silva, R.,
Becker, J. A., Bianchin, M. M., Rohde, L. A., Leistner-Segal, S., & Manfro, G. G. (2011).
Evidence of association between Val66Met polymorphism at BDNF gene and anxiety disorders
in a community sample of children and adolescents. Neuroscience Letters, 502(3), 197-200.

https://doi.org/10.1016/j.neulet.2011.07.044

Trezise, K., & Reeve, R. A. (2014). Working memory, worry, and algebraic ability. Journal of

Experimental Child Psychology, 121(1), 120—136. https://doi.org/10.1016/j.jecp.2013.12.001

Tronsky, L. N. (2005). Strategy Use, the Development of Automaticity, and Working Memory
Involvement in Complex Multiplication. Memory & Cognition, 33(5), 927-940.

https://doi.org/10.3758/BF03193086



https://doi.org/10.1037/0022-0663.96.3.471
https://doi.org/10.1080/10986065.2021.1882363
https://doi.org/10.1111/j.1467-8721.2006.00451.x
https://doi.org/10.1111/j.1467-8721.2006.00451.x
https://doi.org/10.1080/10640266.2020.1789830
https://doi.org/10.1016/j.neulet.2011.07.044
https://doi.org/10.1016/j.jecp.2013.12.001
https://doi.org/10.3758/BF03193086

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 139

Uttal, D. H., & Cohen, C. A. (2012). Spatial thinking and STEM education: When, why, and how?.
In Psychology of learning and motivation (Vol. 57, pp. 147-181). Academic Press.

https://doi.org/10.1016/B978-0-12-394293-7.00004-2

Uttal, D. H., Meadow, N. G., Tipton, E., Hand, L. L., Alden, A. R., Warren, C., & Newcombe, N. S.
(2013). The malleability of spatial skills: A meta-analysis of training studies. Psychological

Bulletin, 139(2), 352—402. https://doi.org/10.1037/a0028446

Van Houtem, C. M. H. H., Laine, M. L., Boomsma, D. L., Ligthart, L., van Wijk, A. J., & De Jongh,
A. (2013). A review and meta-analysis of the heritability of specific phobia subtypes and
corresponding fears. Journal of Anxiety Disorders, 27(4), 379-388.

https://doi.org/10.1016/j.janxdis.2013.04.007

van de Weijer-Bergsma, E., Van Luit, J. E. H., & Moeller, K. (2022). Sex differences in the
association of math achievement with visual-spatial and verbal working memory: Does the type
of math test matter? British Journal of Psychology, 113(3), 798-819.

https://doi.org/10.1111/bjop.12562

Veloso, G. C., & Ty, W. E. G. (2021). The Effects of Emotional Working Memory Training on Trait
Anxiety. Frontiers in Psychology, 11, 549623-549623.

https://doi.org/10.3389/fpsye.2020.549623

Verdine, B. N., Golinkoff, R. M., Hirsh-Pasek, K., & Newcombe, N. S. (2017). I. SPATIAL SKILLS,
THEIR DEVELOPMENT, AND THEIR LINKS TO MATHEMATICS. Monographs of the

Society for Research in Child Development, 82(1), 7-30. https://doi.org/10.1111/mono.12280



https://doi.org/10.1016/B978-0-12-394293-7.00004-2
https://doi.org/10.1037/a0028446
https://doi.org/10.1016/j.janxdis.2013.04.007
https://doi.org/10.1111/bjop.12562
https://doi.org/10.3389/fpsyg.2020.549623
https://doi.org/10.1111/mono.12280

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 140

Vukovic, R. K., Kieffer, M. J., Bailey, S. P., & Harari, R. R. (2013). Mathematics anxiety in young
children: Concurrent and longitudinal associations with mathematical performance.

Contemporary Educational Psychology, 38(1), 1-10.

https://doi.org/10.1016/j.cedpsych.2012.09.001

Wall, K. (2019). Insights on Canadian society: Persistence and representation of women in STEM
programs. Insights on Canadian Society, 75, 1-16.

Walsh, J. B., & Hord, C. (2019). Using Gestures and Diagrams to Support Students With Learning
Disabilities Enrolled in Algebra II. Learning Disabilities (Weston, Mass.), 17(1), 59—.

Wang, H., Lu, N., Chen, T., He, H., Lu, Y., & Tu, X. M. (2014). Log-transformation and its
implications for data analysis. Shanghai Archives of Psychiatry, 26(2), 105-1009.

https://doi.org/10.3969/1.issn.1002-0829.2014.02.009

Wang, Z., Hart, S., Kovas, Y., Lukowski, S., Soden, B., Thompson, L., Plomin, R., McLoughlin, G.,
Bartlett, C., Lyons, 1., & Petrill, S. (2014). Who is afraid of math? Two sources of genetic
variance for mathematical anxiety. Journal of Child Psychology and Psychiatry, 55(9), 1056—

1064. https://doi.org/10.1111/jcpp.12224

Wang, Z., Lukowski, S. L., Hart, S. A., Lyons, I. M., Thompson, L. A., Kovas, Y., Mazzocco, M. M.
M., Plomin, R., & Petrill, S. A. (2015). Is Math Anxiety Always Bad for Math Learning? The
Role of Math Motivation. Psychological Science, 26(12), 1863—1876.

https://doi.org/10.1177/0956797615602471

Wells, A. (1999). A Cognitive Model of Generalized Anxiety Disorder. Behavior Modification, 23(4),

526-555. https://doi.org/10.1177/0145445599234002

Wigfield, A., & Meece, J. L. (1988). Math Anxiety in Elementary and Secondary School Students.

Journal of Educational Psychology, 80(2), 210-216. https://doi.org/10.1037/0022-0663.80.2.210



https://doi.org/10.1016/j.cedpsych.2012.09.001
https://doi.org/10.3969/j.issn.1002-0829.2014.02.009
https://doi.org/10.1111/jcpp.12224
https://doi.org/10.1177/0956797615602471
https://doi.org/10.1177/0145445599234002
https://doi.org/10.1037/0022-0663.80.2.210

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 141

Wilson C. Pathological Worry in Children: What is Currently Known? Journal of Experimental

Psychopathology. 2010;1(1). https://doi.org/10.5127/jep.008110

Wittchen, H. U., Jacobi, F., Rehm, J., Gustavsson, A., Svensson, M., Jonsson, B., Olesen, J.,
Allgulander, C., Alonso, J., Faravelli, C., Fratiglioni, L., Jennum, P., Lieb, R., Maercker, A., van
Os, J., Preisig, M., Salvador-Carulla, L., Simon, R., & Steinhausen, H.-C. (2011). The size and
burden of mental disorders and other disorders of the brain in Europe 2010. European

Neuropsychopharmacology, 21(9), 655—679. https://doi.org/10.1016/j.euroneuro.2011.07.018

Wu, S. S., Barth, M., Amin, H., Malcarne, V., & Menon, V. (2012). Math anxiety in second and third
graders and its relation to mathematics achievement. Frontiers in psychology, 3, 162.

https://doi.org/10.3389/fpsye.2012.00162

Xiao, C. X., Lin, Y. J., Lin, R. Q., Liu, A. N., Zhong, G. Q., & Lan, C.-F. (2020). Effects of
progressive muscle relaxation training on negative emotions and sleep quality in COVID-19
patients: A clinical observational study. Medicine (Baltimore), 99(47), E23185-e23185.

https://doi.org/10.1097/MD.0000000000023185

Xie, F., Xin, Z., Chen, X., & Zhang, L. (2019). Gender Difference of Chinese High School Students’
Math Anxiety: The Effects of Self-Esteem, Test Anxiety and General Anxiety. Sex Roles, 81(3—

4), 235-244. https://doi.org/10.1007/s11199-018-0982-9

Yan Ping Xin, Jitendra, A. K., & Deatline-Buchman, A. (2005). Effects of Mathematical Word
Problem—Solving Instruction on Middle School Students with Learning Problems. The Journal

of Special Education, 39(3), 181-192. https://doi.org/10.1177/00224669050390030501

Young, C. B., Wu, S. S., & Menon, V. (2012). The Neurodevelopmental Basis of Math Anxiety.

Psychological Science, 23(5), 492—501. https://doi.org/10.1177/0956797611429134



https://doi.org/10.5127/jep.008110
https://doi.org/10.1016/j.euroneuro.2011.07.018
https://doi.org/10.3389/fpsyg.2012.00162
https://doi.org/10.1097/MD.0000000000023185
https://doi.org/10.1007/s11199-018-0982-9
https://doi.org/10.1177/00224669050390030501
https://doi.org/10.1177/0956797611429134

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 142

Zaccoletti, S., Raccanello, D., Burro, R., & Mason, L. (2023). Reading with induced worry: The role
of physiological self-regulation and working memory updating in text comprehension. British

Journal of Educational Psychology, 93(S1), 26—47. https://doi.org/10.1111/bjep.12491

Zhang, J., Zhao, N., & Kong, Q. P. (2019). The Relationship Between Math Anxiety and Math
Performance: A Meta-Analytic Investigation. Frontiers in Psychology, 10, 1613—-1613.

https://doi.org/10.3389/fpsye.2019.01613

Zirk-Sadowski, J., Lamptey, C., Devine, A., Haggard, M., & Szucs, D. (2014). Young-age gender
differences in mathematics mediated by independent control or uncontrollability. Developmental

Science, 17(3), 366-375. https://doi.org/10.1111/desc.12126



https://doi.org/10.1111/bjep.12491
https://doi.org/10.3389/fpsyg.2019.01613
https://doi.org/10.1111/desc.12126

THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 143

Appendix A: Math Test

Section 1: Data management and probability

Instructions: For this section you will be asked to answer 10 math questions on data management
and probability. You need a PAPER and PENCIL for this section. Once you choose an answer
you will automatically be directed to the next questions. Therefore, make sure to click on the
answer of your choice as you will be unable to change it once selected. Work as fast and
accurately as possible. Once again, make sure that you have a paper with you before clicking
next.

Here are some basic formulas that may be of use to you (write them down on your paper if you
do not know them):

Mean: M = average/number

Area of arectangle:  Arectangle = wl

Perimeter of a rectangle:  Prectangle= 2(1+w)

Area of a triangle:  Atriangle=hb/2

Volume of a rectangular prism: ~ V=hwl

1- Mrs. Smyte records the number of people in the school auditorium every hour during a
school day. The data she collects show a maximum of 325 people in the auditorium. Which
of the following is an appropriate scale for the vertical axis of the line graph for this data?

a. 7 increments with each increment representing 40 people

b. 15 increments with each increment representing 20 people

c. 10 increments with each increment representing 35 people

d. 20 increments with each increment representing 12 people

2- Kyla is a member of the starting lineup of the school's basketball team. The heights of
the other starting players are shown below.

160 cm, 156 cm, 148 cm, 147 cm
The mean height of the starting lineup is 152.4 cm. What is Kyla's height?

a. 153 cm
b. 151 cm
c. 191 cm
d. 160 cm

3- The heights of the S starting players on a basketball team are shown in the table below.
Starting Players’ Heights
164 cm
168 cm
178 cm
180 cm
180 cm

What is the mean height of the five starting players?

a. 138 cm
b. 174 cm
c. 178 cm

d. 180 cm



THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS 144

4- The two graphs below show the same data about the mean price of a loaf of bread for
each year during the last S years.

Bread Prices 1 Bread Prices 2
2.50
220
2.00 210
— & 200
Q_ -—
= 1. S 19
§ 1.50 3 !
= s 80
£ & 160
0.50 1.50
140
!
0
0 L)
2001 2002 2003 2004 2005 ‘#@@'y&,
Year Year

Graph 1 appears to show that the price of a loaf of

bread has not increased much during the 5 years. Graph 2 appears to show that the price of a loaf
of bread has increased by a large amout during the 5 years.

Which parts of the graphs are most important in making the graphs appear to show two different
things?

a. the x axis (years)
b. the types of graphs
c. the titles

d. the scales

5- To pick teams, the gym teacher puts the names of 8 boys and 6 girls in a bag, as shown
below. The table shows the names.

Boys Girls
Robert Jessica
Ivan Sarah
Hasan Preija

Mohamed | Minon
Salvatore | Sunetra
Kieran Ling
Paul

Manuel
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The first 3 names picked at random from the bag were Paul, Jessica and Sarah. The names are
not put back in. What is the probability that the next name picked at random will be a boy?

a. %
b. 7/11
c. 1/7
d. 8/14
6- A student collects apples over a 5 days period.
Day Apples
1 S
2 6
3 4
4 3
S 7

What is the mean number of apples that the student collected?

a. 25
b. 6
c. 4
d 5
7- A student collects stickers over a 7-day period.
Day Stickers
1 9
2 8
3 10
4 13
5 S
6 10
7 8

What is the mean number of stickers that the student collected?

9
10
8
63

aoc o
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8- To pick teams, the gym teacher puts the names of 8 boys and 6 girls in a bag, as shown
below. The table shows the names.

Boys | Girls
Robert Jessica
Ivan Sarah
Hasan Preija

Mohamed | Minon
Salvatore | Sunetra
Kieran Ling
Paul

Manuel

What is the probability that a boy's name will be picked?

a. 4/7
b. 1/8
c. 3/7
d. 6/8

9- The graph below shows the mean daytime temperature for Windsor.

Mean Daytime Temperature for Windsor

18
16
i /f\\
~12
o 7Y
. i \
2 8
2 6 _/‘/ &
S 4 B ¥
g 2 S \
= 0 / e
-2
-4
REEEiiErgEE &
Which month had a mean daytime that is twice February's?
a. April
b. March
c. October

d. September
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10- Maddie and Lisa's score on 5 math quizzes are shown in the table below.
Math Scores out of 30

Maddie’'s scores | 20 | 23 | 28 | 21 | 23
Lisa’s scores 21 22 | 26 | 25 | 26

According to the data in the table, Maddie's median score is
a. higher than Lisa's median score.
b. the same as Lisa's median score.
c. lower than Lisa's mean score.
d. the same as Lisa's mean score.
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Section 2: Measurements

Instructions: For this section you will be asked to answer 10 math questions on measurement.
You need a PAPER and PENCIL for this section. Once you choose an answer you will
automatically be directed to the next questions. Therefore, make sure to click on the answer of
your choice as you will be unable to change it once selected. Work as fast and accurately as
possible. Once again, make sure that you have a paper with you before clicking next.

Here are some basic formulas that may be of use to you (write them down on your paper if you
do not know them):

Mean: M = average/number

Area of arectangle:  rectangle = wl

Perimeter of a rectangle:  rectangle= 2(1+w)

Area of a triangle:  triangle=hb/2

Volume of a rectangular prism: ~ V=hwl

1- Ms. Vanstone asks her students to draw a rectangle and a square with the areas and
perimeters given below.

Rectangle Square
Area 12 e’ 25 cm
Perimeter 16cm 20cm

Which shows two correct drawings?

4 em
6 cm
2cm 4cm
a.
4.5 cm
S5cm
3cm 45cm
. 5 cn
4 cm
3cm Scm
C.
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2- Sometimes measurement can be estimated, and at other times it must be very accurate.
A list of locations where running times might be measured is shown below.

1. Olympics

2. on the playground

3. school track meet

Which list shows the locations in order from the greatest to the least need for accuracy?
3,2,1

a
b. 3,1,2
c. 1,2,3
d. 1,3,2

-

13cm | T~_13cm
— I5ecm T~
- o ~.
24 cm
a. 60cm”2
b. 65cm”2
c. 120 cm”™2
d. 156 cm”™2
4- Which is the equivalent to 1m*2?
a. 10 cm™2
b. 100 cm™2
c. 1000 cm™2

d. 10000 cm"2

5- Chris has a square garden with an area of 38.4 m”2, as shown in this diagram.

|
1

|
1
He decreases the length of each side by 1.7 m to make it a smaller garden.
Which is closest to the perimeter of the smaller garden?

a. 37m
b. 32m
c. 25m

d 18m



THE EXPERIENCE OF MATH RELATED INTRUSIVE THOUGHTS

150

6- Which is the most appropriate unit of measurement to describe the area of the floor of a

gym?

7- How many grams are in 1.5 kg?
a.
b.
C.
d.

8- Martha can run 900 metres in 10 minutes. At this rate, approximately how many
kilometers can she run in 60 minutes?

a.
b.
C.
d.

9- What is the total area of the shaded region in this diagram?

8cm

oo oo

o0 oo

km”"2
cm”™3
m”2
m™3

1500 g
150 g
I5¢g
15¢g

4
5
6
7

6cm

12 cm™2
24 cm”2
26 cm”2
48 cm”2
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10- This rectangular prism has a volume of 192 cm”3.

|

Height

l

Z

e

|
l
I
I
|

- 8cm ———»

What was its height?

a.

b
C.
d

2 cm

. 4cm

6 cm

. 8cm

/

-

.

6cm
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Section 3: Number sense and numeration
Instructions: For this section you will be asked to answer 10 math questions number sense and
numeration. You will need a PAPER and PENCIL for this section. Once you choose an answer
you will automatically be directed to the next questions. Therefore, make sure to click on the
answer of your choice as you will be unable to change it once selected. Work as fast and
accurately as possible. Once again, make sure that you have a paper with you before clicking
next.
1- How many minutes in 5 hours?

a. 65 minutes

b. 120 minutes

C. 300 minutes

d. 240 minutes

2- A store sells 1 orange for 3.008, what is the cost of 8 oranges?

a. 48.00%
b. 16.00$
C. 96.00%
d. 24.00%
3- What is the value of 7.3 - 1.5?
a. 8.8
b. 5.8
c. 63
d. 6.2
4- Which of these expressions have a value of 500?
a. 5x10
b. 50x 10
c. 5x1000
d. 50x 1000

5- How many minutes are in a day?
a. 1440 minutes
b. 84 minutes
c. 170 minutes
d. 3600 minutes

6- A store sells 2 oranges for 6.00$. What is the cost of 8 oranges?

a. 48.00%
b. 16.00$
c. 96.00%

d. 24.00%
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7- What is the value of 0.73 - 0.15?
a. 0.88
b. 0.58
c. 0.63
d. 0.62

8- Which of these expressions has a value of 0.555?
a. 55.5/100
b. 55.5/1000
c. 5.55x100
d. 5.55x1000

9- How many minutes are in 365 days?
a. 8 700 minutes
b. 21 900 minutes
c. 262 800 minutes
d. 525 600 minutes

10- Look at the numbers below.
3/2, 5/8, 9/4, 17/8

Which list shows these numbers ordered from smallest to largest?
a. 5/8,3/2,1(7/8),9/4
b. 5/8,3/2,9/4,1 (7/8)
c. 3/2,5/8,1(7/8),9/4
d. 3/2,9/4,5/8,1(7/8)
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Section 4. Algebra

Instructions: For this section you will be asked to answer 10 math questions on algebra. You
need a PAPER and PECNIL for this section. Once you choose an answer you will automatically
be directed to the next questions. Therefore, make sure to click on the answer of your choice as
you will be unable to change it once selected. Work as fast and accurately as possible. Once
again, make sure that you have a calculator and paper with you before clicking next.

1- Solve this equation: 1=10-W

a. W=-9

b. W=-11

c. W=9

d w=11

2_3

2- Solve this equation: 5

a. a=15

b. a=3/5

C. a=5/3

d. a=-2
3- Solve this equation: 11+9=9+m

a. m=29

b. m=20

c. m=-9

d m=11

8+4-9

4- Solve in the correct order: 2

a. 18

b. 22

c. 54

d. 26

20
=+3-6

5- Solve in the correct order:

a. 28
b. 18
c. 78
d. 38
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(6—-3)9
. 1
6- Solve in the correct order:
a. -33
b. 27
c. 12
d -21

(10-3-2)-5
7- Solve in the correct order:
a. 70
b. -20
c. -70
d. 20

5a +5—5a

8- Simplify the expression:
a. Sa
b. 0
c. 5
d. 10a-5

4 -8v+11lv+ 7+ 2v

9- Simplify the expression:
a. 16v
b. 12v+11
c. Svt+il
d 16v+i]

20a + 48

10- Factor the expression:
2(10a+24)
10(2a+48)
4(5a+12)
4(5a+24)

o

oo o
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Section 5: Geometry and spatial sense

Instructions: For this section you will be asked to answer 10 math questions on geometry and
spatial sense. You need a PAPER and PECNIL for this section. Once you choose an answer you
will automatically be directed to the next questions. Therefore, make sure to click on the answer
of your choice as you will be unable to change it once selected. Work as fast and accurately as
possible. Once again, make sure that you have a paper with you before clicking next.

Here are some basic formulas that may be of use to you:
Mean: M = average/number

Area of arectangle:  Arectangle = wl

Perimeter of a rectangle:  Arectangle= 2(1+w)

Area of a triangle:  Atriangle=hb/2

Volume of a rectangular prism: ~ V=hwl

1- The shape on the grid below goes through the following 4 transformations in order:

1- translation 5 units right

2- translation 3 units down

3- reflection across the mirror line T
4- translation 5 units left

Which shaded shape is the result? 1 2|3 4
a. Shape 1 _ |

b. Shape 2
c. Shape 3
d. Shape 4

Mirror line
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2- Point P and Q are points of a square.
.\‘
4

- N WA OO N ®O©O
L
*O

> X
0 1 23 456 7 8 910

Which set of ordered pairs could represent the other two points needed to form this square?
a. (3,8)and (8, 8)
b. (3,9)and (8, 9)
c. (8,3)and (9, 8)
d. (7,4)and (4,9)

3- Brenda draws most of an addition symbol on the Cartesian plane below.
\"

A

N W S O O

0 1 2 3 4 5 %%

Which two ordered pairs represent the location on the grid of the two pints that should be
connected to complete the addition symbol?

a. (3,4)and (4,4)

b. (4,3)and (3, 3)

c. (3,4)and (4,3)

d. (4,4)and (4,3)
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4- Which of the figures pictured below is a square-based pyramid?
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5- Which of these shapes shows a 90° rotation counter-clockwise about S point of the shape
below?

TS
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6- The shapes below are ordered from smallest to largest of which geometric properties?

N \Q) (/] O
Q’(b'((\ (bog 'b(\Q o'bs ,bQo
) N x( O +
> x$ O < @
N & ) k‘(\
Q o &
o° Q
) Q‘

Number of angles

Number of lines of symmetry
Number of pairs of equal sides
Number of obtuse angle

aoc o

7- Which point would complete the rectangle below?

.‘."
3

—
o -

/

AN

</

A\

- NDNWHsHOO N

A\

123456789101

(6,10)
. (10,6)
(7,11)
. (11,7)

o

oo o
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8- Which grid shows the top of the figure below?

Top
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9- The following structure is built with 6 identical cubes.

AN

What is the top view of this figure?
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10- Triangle ABC is graphed on the grid below.

- b b
© O =N
L ' s L
L] L] T L

4 4 4 4 4 + 4 + 4 4
- + + + + + + + + + . .
- + + + . + ‘ 4 + +

- DWW s N @
s

L L L L L L L ' L 1 L - -
L) L) L)

0 12345678 9101112

Triangle ABC is translated 8 units to the left, 2 units down. What is the coordinates of Point B?

4,5)
. (2,5)
3,7
. (9, 3)

oo o
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Appendix B: Abbreviated Math Anxiety Scale (AMAS)

Abbreviated Math Anxiety Scale (AMAS)

Please rate each item in terms of how anxious you would feel during the event specified.
Use the following scale and record your answer in the space to the left of the item:

Scale:
1 =Low Anxiety
2 = Some Anxiety
3 =Moderate Anxiety
4 = Quite a bit of Anxiety
5 = High Anxiety
1. Having to use the tables in the back of a math book.
2. Thinking about an upcoming math test one day before.
3. Watching a teacher work an algebraic equation on the blackboard.

4. Taking an examination in a math course.

5. Being given a homework assignment of many difficult problems which is due the
next class meeting.

6. Listening to a lecture in math class.
7. Listening to another student explain a math formula.
8. Being given a “pop” quiz in a math class.

9. Starting a new chapter in a math book.
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Appendix C: STAI-Trait
STAI

Sub#

165

A number of statements which people have used to describe themselves are given below. Read
each statement and then circle the appropriate value to the right of the statement to indicate how
you generally feel. There are no right or wrong answers. Do not spend too much time on any

one statement but give the answer which seems to describe how you generally feel.

e
e
®)
<&
'L %
B
Z, 2,
< (P

P P
{7 < b L ) e R o € ORRORIR I 5 ST R e SR 1 2
I:fe€l nervous;and reStless, it il S R ET b s S e o o 1 2
Iifee] satishied - With MYSEIRE ¢ st e i st ia v b s be ssbspnsns spimmbavnsmesys 1 2
I wish I could be as happy as others seemtobe.............cooeiiiiinnn. 1 2
Tefeelslikelatfailure s st s et o S e B U S sl o 1 2
[efeelirestedaainin s ate Ll R R e e e 1 2
Fam*calmrcooli:and:colleeted s« osma. . Sastiime Tl sl 1 2
I feel that difficulties are piling up so that I cannot overcome them...... 1 2
I worry too much over something that doesn’t really matter............... 1 2
Tam happySRos s . ndans S Bl s S s s 1 2
Fhaye disrbingthouEhiS = 5 it i iie . o L i e s ok 5 o sieshn montopy 1 2
Rlackiselfzconfideneesc it o n i ioh Sisan L o e T X 1 2
U Te TS S OTie 2 1 s i i R SRR SN S CLet R R S g 1 2
L ake e S IONE CASIIY IS 2.7 o Ll S S s s e AT S el e s 1 9
LfeelinAdeaUATe: . . 5 5 b s s ot s STk vy s 55 S s SRS PAS 1 2
Ramicontentisd o s sl e S e e e D 1 2
Some unimportant thought runs through my mind and bothers me........ 1 2
I take disappointments so keenly that I can’t put them out of my mind .. 1 2
IEnim.a SteadVnerSON e, o et T SR aE L i o S S s et s u s 1 2
[ get in a state of tension or turmoil as I think over my recent concerns
AN AN CTES S e, e e e e S s L e i 1 2

%
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3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
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Appendix D: Sociodemographic questions

1. How old are you?

2. What is your gender?

a)
b)
c)

Male
Female
You don’t have an option that applied to me. I identify as (please specify)

3. In which faculty does your program belong?

a)
b)
c)
d)
e)
f)
g)
h)
i)
j)

Faculty of Arts

Faculty of Education

Faculty of Engineering
Faculty of Health Sciences
Faculty of Law

Faculty of Medicine

Faculty of Science

Faculty of Social Sciences
Telfer School of Management
Other (please specify)

4. What is your first language?

5. Which of the following categories best describes your family’s annual gross income?

a)
b)
c)
d)
¢)
f)

Less than $15 000
$15 000 to $34 999
$35 000 to $49 999
$50 000 to $74 999
$75 000 to $99 999
$100 000 or more

166
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Appendix E: Cognitive Intrusive Questionnaire for Maths
The following questions relate to unpleasant or worrisome thoughts you may have experienced during the

maths task. Please answer them as truthfully as possible.

1. During the maths task that you have just completed, did you experience thoughts about :
making mistakes
time pressure
method of problem solving
what people would think
panicking
previous maths experiences

Physical changes (sweating, heart beat, etc)

2. Please note down any further thoughts that worried or troubled you during the maths task. If you would like
to expand on those ticked above, please do so.

3. Referring to the most worrisome or troubling thoughts you ticked or mentioned, please rate (by
circling) the following :

3.1 How often did the thoughts enter your mind?
1 2 3 4 5

Rarely A few times Often Very often Continuously

3.2 How unhappy did these thoughts make you feel?
1 2 3 4 5

Not at all Slightly Moderately Very Extremely

3.3  How worried did these thoughts make you feel?
1 2 3 4 5

Not at all Slightly Moderately Very Extremely
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3.4  How difficult was it to remove these thoughts from your mind?

1 2 3 4 5

Not at all Slightly Moderately Very Extremely

3.5 What did you do when the thoughts came into your mind? (please answer every question)

a) Ididn’t do anything, they went of their own accord.

Not at all Slightly Moderately Very Extremely

b) Ireassured myself by saying they aren’t important

Not at all Slightly Moderately Very Extremely

c) Idid or thought something to reduce the effects of the thoughts

Not at all Slightly Moderately Very Extremely
d) Itried to reason about the thoughts
1 2 3 4 5
Not at all Slightly Moderately Very Extremely
e) [Itried to replace the thoughts with other thoughts.
1 2 3 4 5

Not at all Slightly Moderately Very Extremely
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f) Idistracted myself with things around me.

Not at all Slightly Moderately Very Extremely
g) I focused more on the question.
1 2 3 4 5

Not at all Slightly Moderately Very Extremely

3.6  How much effort did it take to stop/reduce the thoughts?

1 2 3 4 5
None at all Slight amount | Moderate amount,  Much Very much

3.7  How effective were any strategies you used to stop or reduce the thoughts?

Not at all Slightly Moderately Very Extremely

3.8  To what extent did the thoughts stop you being able to calculate during the task?

Not at all Slightly Moderately Very Extremely
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3.9 During the maths task that you have just completed, did you experience thoughts about :

Relationship problems
Family problems

Health problems

Work problems

Financial problems

Problems with car/house, etc.

Other personal problems
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Appendix F: Modular arithmetic

Trial
#5=2 (mod 3)
#5=2 (mod?2)
# 62 =14 (mod 3)
# 62 =14 (mod 9)
#3=1 (mod?2)
#3 =1 (mod 3)
# 83 =35 (mod 4)
# 83 =35 (mod 5)

Lower Working Memory Load
#8=5 (mod 3)
#8=5 (mod2)
#7=3 (mod 4)
#7=3(mod 3)
#6=1(mod>5)
#6=1 (mod 3)
#9=6(mod 3)
#9=6(mod 4)
#8=1 (mod 7)
#8=1 (mod 3)
#7=5(mod?2)
#7=5 (mod 3)
#9=4 (mod>5)
#9=4 (mod 3)
#7=4 (mod 3)
#7=4(mod4)
#9 =3 (mod 6)
#9=3(mod>5)
#6=2(mod4)
#6=2 (mod 3)
#9=1 (mod?2)
#9=1 (mod 3)
#9=7(mod 2)
#9=7(mod 3)
#8=6(mod 2)
# 8 =6 (mod 3)
#9=2 (mod7)
#9 =2 (mod 6)
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#3=2(mod 1)
#3=2(mod?2)
#5=1(mod4)
#5=1 (mod 3)
# 6 =3 (mod 3)
#6=3(mod?2)
#7=2(mod>5)
#7=2(mod4)
# 8 =2 (mod 6)
#8=2(mod5)
#4=1 (mod 3)
#4=1 (mod?2)

Higher Working Memory Load

#42 =27 (mod 3)
#42 =27 (mod 4)
# 83 =27 (mod 8)
# 83 =27 (mod9)
# 32 =14 (mod 6)
#32=14 (mod 7)
#36=27 (mod 3)
#36=27 (mod 4)
#45 =29 (mod 8)
#45=29 (mod 9)
#43 =27 (mod 8)
#43 =27 (mod 7)
#53 =26 (mod 3)
#53=26 (mod 4)
# 54 =36 (mod 6)
#54=36 (mod 7)
# 73 =37 (mod 6)
# 73 =37 (mod 7)
#54=26 (mod 7)
#54 =26 (mod 6)
#52=17 (mod 7)
#52=17 (mod 4)
#41 =27 (mod 7)
#41 =27 (mod 6)
# 82 =55 (mod 9)
# 82 =55 (mod 8)
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# 56 =38 (mod 3)
# 56 =38 (mod 4)
#41 =23 (mod 3)
#41 =23 (mod 4)
#43 =18 (mod 5)
#43 =18 (mod 3)
#54=27 (mod9)
# 54 =27 (mod 8)
# 63 =48 (mod 3)
# 63 =48 (mod 4)
#67=18 (mod 7)
# 67 =18 (mod 6)
#75=59 (mod 4)
#75=59 (mod 5)
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