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General introductionChapter 1

Missing factors in math anxiety: 
The role of emotional components, math behaviour, 
and cognitive biases in adolescents’ math anxiety

What is the first thing that comes to your mind when you think of math? Asking 

this question to several people, the responses would be diverse. Some people will 

start smiling; some may call out “Mister Visser” or “Miss Bakker”, their (previous) 

math teacher. Also, many people will say ‘it is difficult’ or ‘I really cannot do that’. 

Some people might even bounce backwards, eyes wide open. When they think of 

math, they seem to experience anxiety or fear. Some people are indeed terrified of 

math. In the Dutch media math anxiety attracts a significant amount of attention, 

and also these messages diverge. Examples of article headings are “Anxiety for math 
is unnecessary” (de Volkskrant, 2018), “Math really difficult? It’s really not that bad” 

(NRC: Schenk, 2019), “Math anxiety hurts” (Gezondheidsnet: Niemantsverdriet, 

2012), and “Math anxiety impairs the brain” (Psychologie Magazine: Oden, 2012).1 

These responses are all examples of associations with math and they emphasize 

the intensity of emotions that go with it.

To me, personally, math was my favourite subject in secondary school. My 

strategy was to put a lot of effort into understanding every step to solve a math 

problem, and I managed to get good grades. Around me, I saw students using other 

strategies: some told themselves they were not good at math, and others avoided 

practicing math. Some managed to obtain grades that were good enough to pass, 

but others failed. Did these students experience math anxiety?

But then, what is math anxiety? How does it manifest in our thoughts, 

feelings, and behaviours? And what is the impact of math anxiety? We need math 

to calculate our earnings and whether we can afford our favourite products given 

our budgets. We use math to chart the progress in our sports, to find our routes 

using a map, and we rely on mathematical knowledge to interpret the statistics 

in newspapers and on TV in order to decide whether the information might be 

fake news. Also, math is a compulsory subject in primary and secondary school 

1	 The Dutch headings are “Angst voor wiskunde is niet nodig” (de Volkskrant, 2018), “Wiskunde 
ontzettend lastig? Dat valt best wel mee” (NRC: Schenk, 2019), “Angst voor wiskunde doet pijn” 
(Gezondheidsnet: Niemantsverdriet, 2012), and “Rekenangst verlamt brein” (Psychologie Mag-
azine: Oden, 2012).

in the Netherlands (Rijksoverheid, 2020a, 2020c, 2020b), and important in later 

careers. For those who suffer from math anxiety, these activities are likely to be 

very unpleasant, and it might impair their functioning. But what are the underlying 

mechanisms of math anxiety?

The general aim of this dissertation is to improve our understanding of math 

anxiety in adolescents by investigating three missing factors in math anxiety. The 

first missing factor concerns an elaborate conceptualization of math anxiety in 

terms of several components (i.e., affect, physiological sensations, thoughts, and 

behaviours) and how math anxiety is conceptualized across groups. The second 

missing factor is that of math behaviour. Math anxiety might affect different 

types of math behaviour and disentangling math behaviour might improve our 

understanding of how math performance comes about. The third missing factor 

concerns the possible role of cognitive biases in math anxiety, as they have shown 

to be a mechanism in other types of anxiety. In this chapter, an overview of the 

theoretical background of math anxiety will be provided. The chapter starts with 

a broad definition of math anxiety and its impact, followed by a description of 

the development and importance of math anxiety in adolescents. Next, the three 

missing factors in math anxiety will be introduced and the chapter will end with 

an outline of this dissertation.

Math anxiety: What is it, what is its impact, and what it is not
Many people ask: what is math anxiety, and does it really exist? Already in 1954, 

Gough described various manifestations of the phenomenon of mathemaphobia, a 

“disease” that could possibly explain failures in math. The descriptions included 

experiences of intense fears, thoughts of failure, and students begging to drop 

math topics. Gough (1954) mentioned possible causes such as negative experiences 

with math, and the fact that learning math is built on successive stages of skills 

in which proficiency in prior steps is required for the next step. Gough also 

suggested possible treatments. Most research on math anxiety started from 1972. 

By then, math anxiety was defined as involving “feelings of tension and anxiety 

that interfere with the manipulation of numbers and the solving of mathematical 

problems in a wide variety of ordinary life and academic situations” (Richardson 

& Suinn, 1972, p. 551). After this, many definitions of math anxiety have been 

proposed, all of which entail dealing with numbers or math-related situations 
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evoking an emotional response that disrupts performance (review: Suárez-

Pellicioni, Núñez-Peña, & Colomé, 2016).

Math anxiety is not just an unpleasant feeling. It has also been related to 

many negative outcomes. The most prominent, by definition, is that individuals 

who suffer from math anxiety underperform on a wide range of mathematical 

tasks. At least from secondary school on, math-anxious individuals consistently 

tend to get lower math grades, and perform worse on standard math achievement 

tests (Ashcraft & Krause, 2007; Cipora, Szczygiel, Willmes, & Nuerk, 2015; 

Devine, Fawcett, Szűcs, & Dowker, 2012; Hembree, 1990; Hill et al., 2016; Hopko, 

Mahadevan, Bare, & Hunt, 2003). On top of this, math-anxious individuals have 

more negative attitudes towards math and science, get more easily discouraged 

when doing math, experience less enjoyment of math, and they tend to avoid 

additional math courses and careers that require math more often than individuals 

who are not math-anxious (Cipora et al., 2015; Hembree, 1990; Primi, Busdraghi, 

Tomasetto, Morsanyi, & Chiesi, 2014). Math anxiety also has a negative impact on 

the knowledge and perception of oneself in mathematical situations (i.e., math 

self-concept), which is influenced by attributions of success and failure, and social 

comparison (Bong & Skaalvik, 2003; Lee, 2009). That is, stronger math anxiety 

is reciprocally related to lower math self-concept, and both are associated with 

math performance (Ahmed, Minnaert, Kuyper, & van der Werf, 2012; Lee, 2009; 

van der Beek, van der Ven, Kroesbergen, & Leseman, 2017). Given that attitudes 

towards school and achievement in school are associated with life satisfaction and 

psychological problems (Gilman & Huebner, 2006), it is not surprising that math 

anxiety can have a great impact on individuals.

A commonly asked question is whether math anxiety is an isolated type of 

anxiety, or part of a broader anxiety for academic failure. Indeed, individuals 

with math anxiety are often more likely to also experience other types of anxiety, 

such as trait anxiety, test anxiety, or academic anxiety (Caviola, Primi, Chiesi, 

& Mammarella, 2017; Cipora et al., 2015; Devine et al., 2012; Hembree, 1990; 

Hopko et al., 2003; Primi et al., 2014). However, there is no one-on-one relation 

between these types of anxiety (Carey, Hill, Devine, & Szücs, 2017; Hill et al., 2016; 

Kazelskis et al., 2000). Also, math anxiety specifically negatively affects attitudes 

and performance in the math domain, was related to more positive attitudes 

towards other school subjects and unrelated to performance in these subjects 

(e.g., humanities or reading; Cipora et al., 2015; Hill et al., 2016; Primi et al., 2014). 

Math anxiety is therefore considered a unique type of anxiety.

In sum, math anxiety is a unique type of anxiety that involves unpleasant 

emotional responses in math-related situations. It plays a central role in attitudes 

towards math and math performance outcomes and has a negative impact on 

choices in daily life, emphasizing the importance to investigate math anxiety.

Development of math anxiety and its importance in adolescence
Math anxiety starts in childhood. Already in primary school, approximately 

26% of the children reported experiences of math anxiety, and this was associated 

with lower math achievement (also in later years) and less positive attitudes 

towards math (Harari, Vukovic, & Bailey, 2013; Ramirez, Chang, Maloney, Levine, 

& Beilock, 2016; Vukovic, Kieffer, Bailey, & Harari, 2013).

It is likely that math anxiety originates from and is maintained by a complex 

interplay of several factors. Among those factors are a genetic vulnerability 

towards anxiety and cognitive difficulties in math problem solving (Wang et 

al., 2014), prior experiences of failure or other negative experiences with math, 

stereotypes in society (i.e., that math is not for females), and parental and teacher 

influences. More specific, parental math anxiety can be transferred to children 

(Maloney, Ramirez, Gunderson, Levine, & Beilock, 2015; Soni & Kumari, 2017), 

but parental home support and expectations can reduce math anxiety (Vukovic, 

Roberts, & Green Wright, 2013), and math interaction between parent and child 

can improve math performance (Berkowitz et al., 2015). Math anxiety of teachers 

has also been linked to lower math achievement of students, possibly because 

some teachers transmit beliefs that not everyone can be good at math (Beilock, 

Gunderson, Ramirez, & Levine, 2010; Ramirez, Hooper, Kersting, Ferguson, 

& Yeager, 2018). Together these findings demonstrate that math anxiety can 

originate from several factors, starting from an early age.

Given these factors and the increasing importance of math in school, it is not 

surprising that math anxiety and negative attitudes towards math increase from 

childhood and reach a peak during adolescence (Hembree, 1990). A large scale 

international investigation of attitudes and performance in reading, mathematics 

and science among 15-years old students (OECD, 2012) showed that among Dutch 

adolescents 15% reported to get very nervous and feel helpless when doing math, 
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33% worried about getting poor grades, and 28% worried that a math test would 

be difficult. At the other side of the spectrum, 18% reported to look forward to 

math, 28% to enjoy math, and 55% reported that they could succeed in math with 

enough effort. Although Dutch students experience relatively little math anxiety 

and are more confident in math compared to students in most other countries 

(OECD, 2012), still a considerable amount of adolescents is negatively affected by 

math anxiety emphasizing the importance of investigating math anxiety among 

Dutch adolescents.

Negative consequences of math anxiety may even be most prominent in 

adolescence, because during adolescence math courses are fundamental and 

obligatory at school, and experiences in these courses form the basis for later 

attitudes towards math. Also, adolescents face choices regarding school subjects, 

further education and careers, which will affect later opportunities in life. Hence, 

adolescence is the essential period to tackle math anxiety or to prevent math 

anxiety to become a problem. Therefore, the research projects in this dissertation 

were mainly focussed on understanding math anxiety in adolescents in the first 

years of secondary school. These are the years before Dutch students select their 

school subjects and determine the direction of further study.

Missing factor 1: Conceptualization of math anxiety
Although several definitions of math anxiety are in use, most define math 

anxiety in relatively broad terms such as a negative emotional response, or feelings 

of anxiety, tension, or apprehension (Ashcraft & Faust, 1994; Richardson & Suinn, 

1972; Suárez-Pellicioni et al., 2016). Theoretical models on emotions, however, 

define emotions along more specific components such as physiological reactivity, 

cognition, motor responses, and behaviour (Barlow, 2002; Scherer, 2009). 

Conceptualizations in terms of separate components have also been proposed 

for performance-based anxieties, which is a class of anxieties (including social 

and math anxiety) that is characterized by anxious responding in the immediate 

context or in anticipation of performance settings (Hopko, McNeil, Zvolensky, & 

Eifert, 2001). Like emotions, performance-based anxieties are characterized by 

physiological hyperarousal, negative cognitions, and escape and/or avoidance 

behaviours. Deficits in performance are inevitable when escape and avoidance are 

not possible (Hopko et al., 2001). In this dissertation, it is proposed that different 

components can indeed be detected in math anxiety, and that different components 

would be related to different kinds of math processes and behaviours. For example, 

as explained in more detail later, math-related worry might occupy working 

memory and reduce the efficiency of performance (e.g., increase response times; 

Eysenck, Derakshan, Santos, & Calvo, 2007), whereas the behaviour component 

could involve avoidance of difficult math problems, tests or lessons. To study these 

relations, it was proposed that these different components should all be measured 

within one questionnaire.

So far, a great amount of math anxiety questionnaires has already been 

developed (e.g., Bai, 2011; Chiu & Henry, 1990; Fennema & Sherman, 1976; Harari 

et al., 2013; Jameson, 2013; Ko & Yi, 2011; Lim & Chapman, 2013; Pekrun, Goetz, 

Frenzel, Barchfeld, & Perry, 2011). From the original 98-item Math Anxiety Rating 

Scale (MARS; Richardson & Suinn, 1972), several abbreviated versions for adults 

(e.g., Hopko et al., 2003; Plake & Parker, 1982; Suinn & Winston, 2003), as well 

as adapted versions for younger age-groups (e.g., adolescents; Suinn & Edwards, 

1982) were developed. These questionnaires are commonly used, but they only 

differentiate between situations that evoke math anxiety. In these questionnaires, 

math anxiety is defined by factors such as learning math anxiety (i.e., concerns 

about learning for math tests and homework), numerical anxiety (i.e., anxiety 

associated with manipulation of numbers, basic arithmetic skills, and monetary 

decisions in everyday situations), or evaluation math anxiety (i.e., anxiety about 

math tests and exams; Hopko et al., 2003; see Pletzer, Wood, Scherndl, Kerschbaum, 

& Nuerk, 2016 for an overview). Despite differentiating between situations, these 

questionnaires lack a differentiation between emotional components.

In contrast, other math-anxiety instruments do differentiate between 

an emotional and a cognitive component. The emotional component concerns 

nervous feelings and unpleasant physiological reactions, whereas the cognitive 

component concerns worries, negative thoughts, and negative expectations 

about one’s performance (Ho et al., 2000; Wigfield & Meece, 1988). However, 

these questionnaires lack the full scope of emotional components including also 

a behaviour component. Given that avoidance behaviour is central to math anxiety 

(e.g., Ashcraft & Faust, 1994; Gyuris, Everingham, & Sexton, 2012; Hembree, 1990), 

there was a need for a complete instrument that assesses the behaviour component 

along with affective, physiological, and cognitive components of math anxiety in 
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adolescents. The instrument that was developed in this dissertation fills this gap 

and solves the limitations of existing instruments at the start of this project as they 

were dated and include situations that were not applicable to Dutch adolescents.

Another question regarding the conceptualization of math anxiety, is 

whether math anxiety is comparable across different groups of individuals. 

For example, it is commonly known that females report stronger math anxiety 

than males, and this difference already appears in children in primary and 

secondary school (e.g., Carey, Hill, et al., 2017; Devine et al., 2012; Hembree, 

1990; Hill et al., 2016; Primi et al., 2014). Although this sex difference in math 

anxiety might seem evident, it does not logically follow from findings that 

females actually perform similarly to males (e.g., Devine et al., 2012; Hill et al., 

2016). It raises the question whether females actually experience more math 

anxiety than males, or whether they are only more likely to report it? Research 

to improve our understanding of math anxiety might be problematic if the 

applied instruments are biased towards specific subgroups, and as such provide 

a misrepresentation of math anxiety. Therefore, it is necessary to test whether a 

single math anxiety instrument assesses math anxiety in a similar way in both 

females and males. In this dissertation, measurement invariance (i.e., equivalence 

of measurement variables) across sex is tested for a widely used math anxiety 

questionnaire. In addition, measurement invariance was tested across different 

age-groups, because it seems plausible that math anxiety develops over time and 

that experiences of math anxiety differ in secondary school from later in life. 

Missing factor 2: A differentiation between math performance 
and behaviours

Math anxiety is linked to poor math performance across a wide range of tasks 

(Ashcraft & Krause, 2007; Cipora et al., 2015; Hembree, 1990; Hopko et al., 2003). 

However, math performance involves more processes and behaviours than what 

is represented in a single score or a grade. In this dissertation, it is proposed that 

different types of math behaviour show suboptimal patterns in math anxiety, and 

that disentangling these aspects of behaviour improves our understanding of how 

math anxiety affects math behaviours and how math performance comes about.

Although math anxiety is associated with poor performance, high math-

anxious individuals are not necessarily unskilled in math or incapable of doing 

math. Rather, skills (i.e., proficiency, or ability) and performance on a behavioural 

assessment cannot be considered the same, but they are difficult to disentangle 

(Hopko et al., 2001). Skills are required for performance, but performance is 

not always successful when skills are present. This is where anxiety comes into 

play. Ashcraft and Moore (2009) have argued that math anxiety causes a drop 

in performance under timed, high-stakes conditions. This so called affective 

drop, caused by math anxiety, is independent of the individual’s competence in 

math (Ashcraft & Moore, 2009). Thus, performance is a function of both skills 

and anxiety levels (Hopko et al., 2001), and high math-anxious individuals do not 

necessarily perform worse because they lack skills, but because anxiety interferes 

with the ability to solve math problems (Ashcraft & Moore, 2009; Hopko et al., 

2001). So, the question arises how math anxiety interferes with math problem 

solving and performance?

Working memory might play a role in this process. Working memory is a 

limited capacity system that temporarily stores information and manipulates this 

information to perform cognitive tasks (Baddeley, 2000, 2006). The Attentional 

Control Theory (ACT; Eysenck et al., 2007) states that anxiety leads to impaired 

performance, via occupying working memory. That is, anxiety impairs the ability 

to control attention, which results in processing of information that is not relevant 

for the math task. Because the working memory system is limited, its capacity is 

now occupied by irrelevant information processing, which leaves less capacity 

to solve the math problems (Eysenck et al., 2007). Moreover, the ACT states that 

under circumstances of moderate levels of anxiety, a large amount of effort can be 

executed to control the irrelevant processing in order to end up with the correct 

solution, but this process is rather inefficient and takes much more time (Eysenck 

et al., 2007).

Another route from math anxiety to poor math performance is through 

avoidance of math (referred to as ‘math avoidance behaviour’). As with other types 

of anxiety, avoidance behaviour is a central feature of math anxiety, and it can have 

various forms (Ashcraft & Faust, 1994). More global avoidance of math shows in 

the lower tendency of high math-anxious individuals to choose math courses, math 

or physics disciplines of study, and technical jobs and careers (Gyuris et al., 2012; 

Hembree, 1990; Hopko et al., 2003). More local avoidance involves avoidance of 

investing effort on math tasks. Whereas typically individuals prolong response 
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times to compensate for interference of moderate levels of math anxiety, high 

math-anxious individuals responded rather fast on a math task, while making 

many mistakes (Ashcraft & Faust, 1994). These findings suggest that high math-

anxious individuals sometimes rush through the task without trying to perform 

well, indicating that they avoided to get involved in the math task. In between 

these global and local levels are many more ways in which math can be avoided, 

such as by choosing easy math problems, going to the toilet during lessons, and 

calling sick for tests and math lessons, all of which have not been investigated yet.

Concluding, math anxiety might have a negative influence on math 

performance because it interferes with efficient problem solving and via various 

forms of avoiding math. In this dissertation, it is proposed that disentangling 

the different processes would improve our understanding of how math anxiety 

influences math performance, but an appropriate instrument that directly assesses 

performance and on-task behaviours was missing. Therefore, across studies, a 

math task was developed that integrated assessment of several aspects of math 

behaviour: it allowed for comparing math performance under high and low levels 

of anxiety as an indication of affective drop, and choices of difficulty levels and 

response times were assessed as indications of math avoidance behaviour and the 

efficiency of performance. In addition, various forms of avoidance were included 

in the items assessing the behaviour component in the questionnaire, as described 

in the previous section.

Missing factor 3: The role of cognitive biases in math anxiety
The mechanisms in math anxiety might be comparable to other types of 

anxiety and investigating these mechanisms might improve our understanding 

of math anxiety. Potential mechanisms come from cognitive-emotional models of 

anxiety, that propose that biases in information processing (i.e., cognitive biases) 

play an important role in the aetiology and maintenance of anxiety (Beck & Clark, 

1997; Ouimet, Gawronski, & Dozois, 2009). These models assume that cognitive 

information processing is based on schemata. Schemata are cognitive structures 

that represent the knowledge of the elements in the world around us and the 

associations between these elements. Anxious individuals have strong threat 

schemata that are easily activated and this biases the processing of information 

(Beck & Clark, 1997).

An integrative multi-process model (Ouimet et al., 2009) provides a 

framework on how individual differences in two kinds of information processes 

are responsible for cognitive biases in anxiety. A distinction is made between 

associative and rule-based cognitive processes. Associative processes are 

characterized by a rapid and relatively automatic activation of elements that are 

associated with each other. Stronger threat-related associative processes are 

assumed to be responsible for stronger cognitive biases in anxiety. That is, when 

encountering a stimulus, (1) stronger associations between a stimulus and threat-

related concepts (i.e., threat-related associations) will more easily activate the 

threat schemata, (2) processing of threat-related stimuli will be intensified by 

enhancing the attention that is directed towards the stimulus (i.e., attentional bias; 

Ouimet et al., 2009), and (3) stronger activation of threat schemata will enhance 

action tendencies to avoid the stimulus (i.e., avoidance bias; Frijda, 1986, 1988). 

Stronger cognitive biases towards threat evoke stronger anxiety and anxious 

behaviours, and in turn, stronger anxiety strengthens threat-related processing 

(Ouimet et al., 2009).

Parallel to associative processes, rule-based or cognitive control processes 

are executed by the working memory system. Rule-based processes involve more 

rational analyses of factual relations between elements and execution of control 

over information processing. These processes are more time-consuming. Rule-

based processes can overrule threat-related associative processes and reduce 

cognitive biases. However, when the working memory capacity is low, the impact 

of rule-based or cognitive control processes to overcome associative processes is 

reduced, and cognitive biases are assumed to show more strongly (Eysenck et al., 

2007; Ouimet et al., 2009).

In sum, these theories assume that cognitive biases play a central role in 

the development, and maintenance of anxiety. Anxiety is assumed to be related 

to stronger threat-related associations, enhanced attention towards threat, and 

stronger avoidance action tendencies away from threat, which can be moderated 

by rule-based processes that can overcome these cognitive biases.

 Although research on cognitive biases in math anxiety is scarce, support 

for cognitive biases was found for other types of anxiety. First, threat-related 

associations have shown to be involved in a wide range of anxiety disorders 

(review: Roefs et al., 2011). For example, stronger associations between the self and 
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anxiety were related to stronger trait anxiety, and stronger associations between 

social situations and anxiety to stronger social anxiety (Egloff & Schmukle, 2002; 

Gamer, Schmukle, Luka-Krausgrill, & Egloff, 2008; Westberg, Lundh, & Jönsson, 

2007; Wong, Morrison, Heimberg, Goldin, & Gross, 2014). In addition, self-anxiety 

associations were involved in the persistence of anxiety disorders (Glashouwer, de 

Jong, & Penninx, 2012). Even more reason to expect that associations could play a 

role in math anxiety, is that associations have shown to be relevant for attitudes 

towards math as well as for math performance in adults and children (e.g., Cvencek, 

Meltzoff, & Greenwald, 2011; Nosek, Banaji, & Greenwald, 2002a, 2002b). Together 

these findings suggest that associations are relevant to anxiety and to math. 

Second, a meta-analysis concluded that high-anxious individuals (adults as well 

as children) showed a robust pattern of different allocation of attention to threat-

related stimuli, compared to non-anxious individuals (Bar-Haim, Lamy, Pergamin, 

Bakermans-Kranenburg, & van IJzendoorn, 2007), supporting threat-related 

attentional biases in anxiety. More specifically, one study showed indications of 

attentional bias towards exam-related threat in high test-anxious individuals 

(Putwain, Langdale, Woods, & Nicholson, 2011), and another study showed that 

high math-anxious individuals suffered from greater interference from math 

stimuli (Hopko, McNeil, Gleason, & Rabalais, 2002). These findings suggest that 

attentional biases might play a role in math anxiety and anxiety for school. Third, 

high-anxious individuals with different types of anxiety have shown stronger 

avoidance tendencies away from different types of threat. For example, stronger 

avoidance bias from spiders in spider-fearful individuals (e.g., Rinck & Becker, 

2007), and from social stimuli in socially anxious individuals (Heuer, Rinck, & 

Becker, 2007). The results supported the relevance of an avoidance bias for anxiety 

symptoms and behaviours. Lastly, the theoretical model assumes that cognitive 

biases are stronger when rule-based processes or cognitive control are weaker 

(Ouimet et al., 2009). In line with this idea, reduced cognitive control in high trait-

anxious individuals has been related to stronger threat-related cognitive biases 

(Derryberry & Reed, 2002).

In sum, it has been shown that threat-related cognitive biases are relevant for 

anxiety symptoms, persistence of anxiety disorders, as well as behaviours that are 

related to anxiety, supporting the role of cognitive biases in the development and 

maintenance of anxiety. At the start of this research project, research on cognitive 

biases in math anxiety was scarce. If, however, cognitive biases would play a role in 

math anxiety, this would increase our understanding of the mechanisms in math 

anxiety. Support for these biases would mean that not only explicit thoughts and 

feelings, but also more automatically activated processes that happen quickly play 

a role in the manifestation of math anxiety.

Aims and outline of this dissertation
Given the importance of math in everyday life, in school and careers, anxiety 

for math has a great impact on individuals who suffer from it. Especially in 

adolescence, math is essential in education and attitudes towards math are formed. 

Low math performance and negative experiences with math can intensify anxiety 

and negative attitudes towards math, resulting in a vicious circle of increasing 

anxiety and avoidance of math in various forms. Therefore, adolescence is the 

time to tackle the problem. Unfortunately, the underlying mechanisms of math 

anxiety are largely unknown. The general aim of this dissertation is to improve our 

understanding of math anxiety in adolescents. As described above, it is proposed 

that our understanding of math anxiety can be improved by investigating three 

missing factors: (1) an elaborate conceptualization of math anxiety, (2) math 

behaviour, and (3) cognitive biases. These missing factors are investigated across 

the studies in the empirical Chapters 2 to 6 of this dissertation, by means of three 

types of measures: questionnaires (missing factor 1), a math problem solving task 

(missing factor 2), and cognitive bias tasks (missing factor 3).

In Chapter 2, we report on a series of studies that aimed to investigate whether 

math anxiety could be operationalized along emotional components (missing 

factor 1). A new questionnaire, the Components of Math Anxiety Questionnaire 

(COMAQ), was developed and validated in two consecutive large-sample studies of 

secondary school students. Next to math grades, which could provide an ecological 

valid indication of math achievement in everyday life, it was proposed that the 

respective components would be differentially related to corresponding aspects 

of math behaviour (missing factor 2). Therefore, a math task was developed to 

directly assess performance drop, math avoidance behaviour, and the efficiency 

of math problem solving using accuracy, choices for difficulty levels, and response 

times. It also integrated assessment of state math anxiety during math problem 

solving. The first task was the Math Anxiety Problem Solving Task (MAPST). Based 
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on findings on the MAPST, the second and improved task, the Amsterdam Math 

Anxiety Task (AMAT), was developed.

So far, it is uncertain whether math anxiety can be operationalized in 

similar ways across sexes and age-groups (missing factor 1). An evaluation of the 

equivalence of measurement variables (i.e., a test of measurement invariance; 

Brown, 2015) is needed to interpret group differences. In Chapter 3, it was 

investigated whether a commonly used math anxiety questionnaire (Abbreviated 

Math Anxiety Scale; AMAS) measured math anxiety in a comparable way across 

different groups. We report on a test of measurement invariance of the AMAS 

across groups defined by sex and age (secondary school vs. undergraduate 

students) following state-of-the-art guidelines. After establishing measurement 

invariance, group differences were examined, and reliability and construct validity 

of the AMAS were evaluated.

The studies in Chapters 4 to 6 concerned improving our understanding of 

math anxiety by investigating the role of cognitive biases (missing factor 3) in 

math anxiety and math behaviour (missing factor 2). Three consecutive studies 

were performed to investigate the role of threat-related associations, attentional 

biases and avoidance biases in math anxiety.

In Chapter 4, we report on a first study in which implicitly measured anxiety 

associations and self-reported anxiety were assessed in three domains (i.e., math, 

English, and trait anxiety) in secondary school students. The study was set up to 

investigate whether math-anxiety associations were related to self-reported math 

anxiety and math behaviour (i.e., grades and MAPST measures), and whether the 

relations were specific within the domains.

In the study described in Chapter 5, we investigated the relation between 

three types of cognitive biases (i.e., math-failure associations, attentional biases 

and avoidance action tendency bias) and self-reported math anxiety, and math 

behaviour (i.e., grades and AMAT measures: accuracy, performance drop, choices 

for difficulty levels, and response time). This study was conducted in a large 

sample of unselected secondary school students.

As previous studies were conducted in unselected samples, in Chapter 

6, we report on a final study in which a low and high math-anxiety group of 

undergraduate students were selected. In this study, we investigated whether 

high math-anxious individuals showed stronger cognitive biases than low math-

anxious individuals. In addition, we investigated the role of cognitive control as 

a moderator of the relation between math anxiety and the strength of cognitive 

biases.

This dissertation is concluded with a general discussion in Chapter 7. Here, 

the main findings for the three missing factors will be integrated into a tentative, 

integrated model of math anxiety. Next, the strengths and limitations of the 

empirical studies will be discussed, followed by implications and directions for 

future research in math anxiety, and a general conclusion.
1
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Abstract

Math anxiety is theoretically conceptualized as consisting of multiple 

emotional components, but an instrument assessing these components is lacking. 

The Components of Math Anxiety Questionnaire (COMAQ) was designed to fill 

this gap. The COMAQ was developed for use in secondary school students. It was 

validated across two consecutive studies with large, independent secondary school 

samples. A four-factor structure was found in Study 1 (N=998), and replicated in 

Study 2 (N=529). The final 31-item COMAQ consists of four internally consistent 

scales: Affect & Physiology, Worry, Avoidance, and Effort. These scales were 

differentially associated to math achievement, state math anxiety, math choice 

behaviour, math self-concept, and math interest. Affect & Physiology was uniquely 

associated with state math anxiety. Worry showed to be a central component, as 

it was uniquely related to most criteria (except for state math anxiety). Avoidance 

was uniquely associated with math choice behaviour. Effort was associated 

with both positive and negative outcomes, suggesting that effort behaviour can 

result from avoidance of failure as well as interest in math. The COMAQ adds to 

the existing literature by differentiating between two behaviour components 

(Avoidance and Effort) and because it contains highly recognizable math situations 

for secondary school students.

Introduction

Math anxiety plays a critical role in math achievement and education. 

It has been associated with worse math performance and was found to affect 

the mental processing of arithmetic problems (Ashcraft & Krause, 2007; Faust, 

Ashcraft, & Fleck, 1996; Hembree, 1990). The common thread among definitions 

of math anxiety is that math-related situations, in both ordinary life and 

diverse academic settings, evoke a negative emotional response that disrupts 

performance (see Suárez-Pellicioni et al., 2016). This negative emotional response 

is generally operationalized as a unidimensional construct (i.e., feelings of tension, 

apprehension, or anxiety). However, theoretical models propose that emotions 

consist of multiple components (Barlow, 2002; Frijda, 1986; Marks, 1987; Scherer, 

2000). In addition to the subjective experience of emotion (‘affect’), emotions 

are considered to consist of a physiological, a cognitive as well as a behavioural 

(action tendency) component. The specific behavioural response of anxiety is a 

tendency to avoid threat (Barlow, 2002; Frijda, 1986; Marks, 1987; Scherer, 2000). 

In achievement situations, two types of overt behaviour to avoid the threat of 

failure might be identified. Although the avoidance of failure by not getting 

involved into the situation (i.e., avoidance) might be most prominent, an increment 

in on-task effort in anticipation of future failure (i.e., effort; Ashcraft & Kirk, 2001; 

Eysenck & Calvo, 1992; Pekrun, 2006) is also plausible. The different components 

are considered to be loosely coupled and each component contributes uniquely to 

the experience of the emotion (Mauss, Wilhelm, & Gross, 2004). Although various 

instruments have been developed to assess different components of math anxiety 

(e.g., Henschel & Roick, 2017; Pletzer et al., 2016), currently no instrument exists 

that systematically assesses the affect, physiology, cognition, and two behavioural 

(i.e., avoidance and effort) components of math anxiety.

Empirical evidence supports the existence of each component. First, subjective 

feelings of general nervousness or anxiety (i.e., affect) have often been reported in 

math situations (see Dowker, Sarkar, & Looi, 2016). Second, increased physiological 

reactivity (i.e., heart rate change) was found in highly math-anxious individuals 

(Faust, 1992), and increased cortisol concentrations were related to worse 

math performance in individuals with high levels of math anxiety and working 

memory capacity (Mattarella-Micke, Mateo, Kozak, Foster, & Beilock, 2011). Third, 
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worrisome thoughts (cognition) have been reported in math anxiety (Beilock & 

Ramirez, 2011), and a negative relation between math worry and math problem 

solving was found (Trezise & Reeve, 2016). Finally, evidence has supported the 

two behavioural components. On the one hand, math anxiety has been associated 

with avoidance behaviour, that is the avoidance of math courses and careers as 

well as avoidance of cognitive involvement in math tasks (Ashcraft & Faust, 1994; 

Hembree, 1990; Trezise & Reeve, 2014a). On the other hand, increment in effort 

shows from the relationship between stronger concerns about doing well in math 

and a higher amount of effort that students put into math (Wigfield & Meece, 1988), 

and from the relationship between math anxiety and increased reaction times 

during math problem solving (Ashcraft & Faust, 1994). Consistent with theoretical 

models (Eysenck et al., 2007), the latter findings suggest that math anxiety is 

associated with an increase in effort to improve performance.

Despite the empirical evidence for affect, physiology, cognition, avoidance, 

and effort components in math anxiety, a comprehensive questionnaire assessing 

all of these components is lacking. Although math anxiety is often assessed as 

unidimensional construct, several factors have been found using different versions 

of the Math Anxiety Rating Scale (MARS). Among them are math test or evaluation 

anxiety, learning math anxiety, and numerical anxiety (see e.g., Pletzer et al., 2016 

for an overview). However, these factors seem to represent different contexts, but 

not emotional components. Others have assessed multiple aspects of anxiety such 

as nervousness and bodily symptoms, but did not differentiate between emotional 

components on a scale level (e.g., Fennema & Sherman, 1976; Pekrun, Goetz, & 

Frenzel, 2005; Pekrun et al., 2011). Interestingly, instruments have been developed 

to assess affective (i.e., emotionality), and cognitive (i.e., worry) components of 

math anxiety (Henschel & Roick, 2017; Ho et al., 2000), but none of the measures 

of math anxiety assessed all five components.

The first aim of the current series of studies was to overcome this gap in 

the literature and to develop a questionnaire that assesses the five emotional 

components of math anxiety: affect, physiology, cognition, avoidance, and effort. 

The Components of Math Anxiety Questionnaire (COMAQ) was developed for use 

in adolescents, because math anxiety reaches a peak during adolescence and this 

is a crucial period in which the first career choices are made, which are likely to be 

negatively affected by math anxiety (Ashcraft & Ridley, 2005; Beilock & Ramirez, 

2011; Hembree, 1990; Suárez-Pellicioni et al., 2016). As adolescents can experience 

math anxiety in a range of math-related situations such as homework, testing, 

and classroom settings, the COMAQ was developed to assess the five components 

across these situations. It was expected that math anxiety would be better 

represented by a five-component structure than by a unidimensional construct.

Most likely, separate components of math anxiety are differentially associated 

with various math-related outcomes. Evidence has shown that math anxiety is 

generally negatively associated with math performance (e.g., Hembree, 1990). 

Especially in high-stakes tasks, accuracy is lower for high compared to low 

math-anxious students (Faust et al., 1996). This drop in performance might be 

independent of an individual’s competence in math (Ashcraft & Moore, 2009). The 

cognitive component of math anxiety was found to be more strongly related to 

math performance than the affective component (Henschel & Roick, 2017; but see 

Ho et al., 2000). This suggests a central role of the cognitive component in math 

performance, which is in line with theoretical models proposing that achievement 

anxiety would be induced by appraisals of uncertainty and expectancy of failure 

(Pekrun, 2006). In contrast, the affective and physiological components might be 

more strongly associated with subjective feelings during a math task. Finally, the 

behavioural components might be most strongly related to on-task behaviour. 

It has been suggested that highly math-anxious individuals rush through tasks, 

indicating avoidance of cognitive involvement in math (Ashcraft & Faust, 1994; 

Hembree, 1990; Trezise & Reeve, 2014a). Avoidance might be related to suboptimal 

performance and quick responses, however, no direct behavioural measure of 

avoidance exists so far. On the other hand, increment of effort has been shown in 

anxious individuals increasing response times and using compensatory strategies 

to achieve comparable results (Eysenck et al., 2007; see also Ashcraft & Faust, 

1994). Next to on-task effort, other strategies might be: repeatedly checking math 

work, taking extra homework assignments, and investing more time in math. As 

a result, stronger effort in highly math-anxious might be related to increased 

response times, but not to performance on math tasks.

In addition, evidence suggests that math anxiety is also associated with other 

math-related constructs. Math self-concept, which is the knowledge and perception 

of oneself in math situations, was found to be negatively associated with math 

anxiety (Ahmed et al., 2012; Bong & Skaalvik, 2003; Lee, 2009; van der Beek et 
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al., 2017). Possibly, lower math self-concept increases expectancies of failure 

and is therefore strongly related to worry about outcomes. In contrast, research 

has shown that control beliefs (i.e., self-concepts of ability) were the strongest 

predictor of an affective component (Henschel & Roick, 2017). Exploratory, two 

other constructs were investigated as well. That is, interest in math has found 

to be associated with better performance (Köller, Baumert, & Schnabel, 2001), 

and it might also be associated with lower math anxiety. Also, math anxiety has 

been associated with behaviours of math teachers (e.g., Beilock et al., 2010), and 

classroom environments have been related to math self-efficacy and in turn with 

performance (Fast et al., 2010). Possibly, less experienced support from the math 

teacher is related to stronger math anxiety.

The second aim of the current series of studies was to investigate the validity 

of the COMAQ and to test whether components of the COMAQ were differentially 

associated with various math-related outcomes. First, the COMAQ scales were 

related to math achievement in daily life (i.e., math grades). It was expected that 

higher levels of math anxiety on all COMAQ scales would be related to lower math 

achievement, and that the cognitive component would be the strongest predictor of 

math grade (Henschel & Roick, 2017). Second, the Amsterdam Math Anxiety Task 

(AMAT) was developed to investigate whether components of the COMAQ were 

differentially associated with state math anxiety, performance drop, and accuracy 

and response times in high-stakes situations, as well as with avoidance behaviour 

during a math task. In the AMAT, a low anxiety and a high anxiety condition for 

math performance were created. Anxiety provoking factors, such as time pressure, 

high-stakes conditions, social evaluation pressure, and a sense of loss of control 

were manipulated (Ashcraft & Moore, 2009; Beilock & Carr, 2005; Kellogg, Hopko, 

& Ashcraft, 1999; Onwuegbuzie & Seaman, 1995; Pekrun, 2006). Anxiety during 

performance (state math anxiety), accuracy, response time, as well as choices of 

difficulty level, were assessed. Choosing a lower difficulty level of equations to 

solve was assumed to be an indication of avoidance of involvement in the task. A 

performance drop as a result of anxiety would be indicated by lower accuracy in 

the high compared to the low anxiety condition. It was expected that higher levels 

of math anxiety on all COMAQ scales would be related to higher state math anxiety, 

lower accuracy, a stronger performance drop, slower response times, and choosing 

a lower difficulty level of math problems. However, the avoidance component was 

expected to be related to quicker response times. Also, the strongest relations 

were expected between the affective and physiological components and state math 

anxiety, between the cognitive component and math performance, between the 

avoidance component and choice behaviour and response times, and between the 

effort component and response times. Lastly, the COMAQ scales were related to 

math self-concept, interest and experience of teacher support. It was expected 

that higher levels of math anxiety on all COMAQ scales would be related to lower 

math self-concept, math interest, and experienced teacher support, and that the 

cognitive component was most strongly related to math self-concept.

In sum, in the current series of studies, the COMAQ was developed to provide 

a measure to assess five components (i.e., affect, physiology, cognition, avoidance, 

and effort) across situations that are relevant for secondary school students. The 

first aim was to test whether the underlying structure of math anxiety would 

correspond to these five components. The second aim was to investigate the 

validity of the COMAQ and to examine whether the components were differentially 

associated with math-related outcomes. In Study 1, first, the underlying structure 

of the COMAQ was tested using cross-validation in a large secondary school 

sample. Secondly, the validity was tested by relating the COMAQ scales to another 

commonly used math anxiety questionnaire (i.e., Abbreviated Math Anxiety 

Scale, AMAS; Hopko et al., 2003), and by testing the unique contribution of each 

component for predicting math grades. In Study 2, first, it was tested whether the 

underlying structure of math anxiety, using the final version of the COMAQ, could 

be replicated in an independent sample. Secondly, to further investigate the unique 

contribution of each component of math anxiety, the COMAQ scales were related to 

a broad range of math-related outcomes (i.e., math grades, AMAT outcomes, math 

self-concept, interest in math and experienced support from the math teacher).
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Study 1

The present study
The first aim of Study 1 was to test the underlying structure of the COMAQ 

using a cross-validation approach. The sample was randomly divided into two 

independent subsamples (Brown, 2015; Byrne, Shavelson, & Muthén, 1989), 

and it was investigated whether the final model of the first subsample could be 

replicated in the second subsample. Using Structural Equation Modelling, it was 

tested whether a structure with multiple components of math anxiety would fit 

the data better than a single-factor structure. It was expected that the components 

would be unique, though moderately to strongly correlated to each other, as all 

are considered to belong to math anxiety.

The second aim of Study 1 was to investigate the validity and unique 

contributions of the component scales. First, it was investigated whether all COMAQ 

scales related to another math anxiety measure: AMAS. Next, the relevance and 

specificity of math anxiety components for math achievement were investigated 

by examining the relations between math anxiety components and math grades 

as well as grades in a different subject (i.e., English, a foreign language). It was 

expected that math grade, but not English grade, would be negatively related 

to the components of math anxiety. Also, it was tested whether components 

were differentially associated with math grade and whether the COMAQ would 

predict math performance on top of the AMAS. It was expected that the cognitive 

component was the strongest predictor of math grade (Henschel & Roick, 2017).

Methods
Participants

A total of 998 secondary school students from four schools in the Netherlands 

participated in Study 1. Parents received an information letter and could exempt 

their child from participating. Participants did not receive a reward. Two 

participants did not complete the COMAQ, because of lack of time, and their data 

were excluded from the analyses. The ethical review board of the Faculty of Social 

and Behavioural Sciences of the University of Amsterdam approved Study 1 (2016-

COP-6494).

The final sample consisted of 996 participants (455 boys, 541 girls; Mage = 13.92 

years, SD = 1.02). For 76.2% of the participants both parents were born in the 

Netherlands, and for 21.7% one or neither parent was born in the Netherlands 

(and 2% unknown). Participants attended junior classes (48% first, 27% second, 

24% third year) of all educational levels in the Netherlands. To cross-validate, 

participants were randomly divided into two subsamples (Subsample 1: n = 698; 

Subsample 2: n = 298) that did not differ regarding age, AMAS score, math grade 

and English grade, nor in distributions of gender, educational level, or school year 

(all ps > .156).

Materials
Components of Math Anxiety Questionnaire (COMAQ). The COMAQ was 

developed to measure math anxiety based on a five components (i.e., affect, 

physiology, cognition, avoidance, and effort) across four situations (i.e., homework, 

test, classroom, and performing math problems in general) design, resulting in 20 a 

priori scales. The COMAQ was based on a pilot study (N = 105 first-year university 

students). See Appendix 1.1 for a full description of the pilot study.

The COMAQ in Study 1 consisted of 68 items in total. Scales belonging to the 

affect, physiology, and cognition components consisted of 3 items per situation 

each, and scales belonging to the avoidance and effort components consisted of 4 

items per situation each. Items from the affect scale concerned general feelings 

of nervousness and anxiety, items from the physiology scale concerned physical 

responses (i.e., heart rate, headache), and items from the cognition scale concerned 

negative thoughts and worry. The avoidance scale consisted of items involving 

avoidance of math both on a more global level, such as avoidance of classes by 

calling sick, and on a more local level, such as avoidance of cognitive involvement 

in a math task by copying answers from others (Ashcraft & Faust, 1994; Hembree, 

1990). The effort scale contained items that represented an increment in effort 

in a wide range of math behaviours, for example, repeatedly checking math 

work, taking extra homework assignments, and investing more time in math. 

Participants had to rate how much each statement applied to them on a 5-point 

Likert scale, ranging from 1 (does not apply to me at all) to 5 ( fully applies to me). 

Two items required reverse coding of the scores. Higher scores indicated stronger 

math anxiety.
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Abbreviated Math Anxiety Scale (AMAS). The Dutch version of the 

Abbreviated Math Anxiety Scale (AMAS; Hopko et al., 2003; Schmitz, Jansen, Wiers, 

& Salemink, 2019a, Chapter 4) was used to measure math anxiety. Participants 

had to rate how anxious they would feel in each of 9 math situations on a 5-point 

Likert scale, ranging from 1 ([almost] not anxious) to 5 (very anxious). The subscale 

Learning Math Anxiety (LMA; 5 items) concerned anxiety about learning math, and 

the subscale Math Evaluation Anxiety (MEA; 4 items) concerned anxiety about high-

stakes and test math situations (Hopko et al., 2003). Sum scores were calculated 

for the total AMAS, and per subscale (α = .88, .81, .81 for Total, LMA, and MEA, 

respectively).

Grades in math and English. As an indication of math performance, math 

grades of students’ most recent school report were requested using self-report. 

As an indication of performance in a different subject, English grades (a foreign 

language for Dutch adolescents) of their most recent report were requested as well. 

Grades of the Dutch educational system range from 1.0 to 10.0 with higher grades 

representing better performance and 5.5 is considered a pass.

Procedure
The assessment took place in computer rooms at schools and started with 

classroom instruction. Thereafter, participants completed the assessment 

individually, starting with questions on demographics and grades. Next, the 

COMAQ, AMAS, and Math Anxiety Problem Solving Task (MAPST) were presented 

in random order. The MAPST assesses various math-related outcomes, and the 

relationship with the COMAQ was investigated. However, due to limitations of this 

task (see also Schmitz, Jansen, et al., 2019a, Chapter 4), results are only reported in 

Appendix 1.2. Finally, a short written debriefing followed. The assessment lasted 

approximately 40 minutes.

Data analyses
To test the underlying structure of the COMAQ, a series of Confirmatory Factor 

Analysis (CFA) was performed using the Lavaan package (Rosseel, 2012, 2015, 

version 0.6-5 in R 3.5.3) in R (https://cran.r-project.org). The robust Mean-adjusted 

Maximum Likelihood (MLM) procedure was used, which provides parameter 

estimates with adjusted standard errors and the Satorra-Bentler scaled χ2 (SB χ2) 

statistic for non-normal data (Brown, 2015). Variances of the factors were fixed 

to 1.0. Evaluation of overall model fit was based on practical model fit indices. 

A significant SB χ2 test (p <.05) indicates poor model fit, but is very sensitive to 

deviations from the model, especially for large sample sizes. For the comparative 

indices CFI and TLI, values ≥ .95 indicate good and values ≥ .90 indicate acceptable 

model fit. For non-comparative indices, Root Mean Square Error of Approximation 

(RMSEA) values ≤ .08 indicate acceptable and values close to or below .06 indicate 

good model fit. Standardized Root Mean Square Residual (SRMR) values close to 

or below .08 indicate acceptable fit (Brown, 2015). For CFI, TLI, RMSEA, and SRMR 

robust fit indices (see Brosseau-Liard & Savalei, 2014; Brosseau-Liard, Savalei, & 

Li, 2012; Rosseel, 2012) were reported.

All other analyses were conducted in SPSS version 25. A principal component 

analysis (PCA) with oblique rotation was conducted as a data-driven approach to 

extract the number of factors of the COMAQ. Cronbach’s alphas (α) were computed 

to evaluate the reliability of the COMAQ scales. Bivariate Pearson’s correlation 

coefficients were computed to investigate the relations between COMAQ scales 

as well as between COMAQ scales and AMAS scores and grades. Given the high 

numbers of correlations and the large sample size, only correlations with p ≤ .01 

were considered meaningful. Hierarchical regression analyses were performed to 

evaluate the unique contribution of the final component scales, and the predictive 

validity of the COMAQ scales on top of the AMAS. Math grade was the dependent 

variable, and sex (step 1), AMAS (step 2), and the four COMAQ scales (step 3) were 

entered as predictors.

Results
Structure of COMAQ

The underlying structure of the COMAQ was first examined in Subsample 

1. Therefore, a series of CFAs was performed. One item was removed from 

analyses because of a very low (r =  .03) corrected item-total correlation. First, 

Model 1 specified the structure of the design of the COMAQ containing nine 

factors corresponding to the five components (i.e., affect, physiology, cognition, 

avoidance, and effort) and four situations (i.e., homework, test, classroom, and 

math problems). Each item was constrained to load on one component factor and 

one situational factor. Results of Model 1 showed that the covariance matrix of 
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the latent variables was not positive definite and contained negative covariances 

between factors, indicating that this model did not fit the data. Second, Model 2 

specified a single factor on which all indicators loaded. Results indicated a poor 

fit of Model 2 (Table 2.1), suggesting that math anxiety consisted of multiple 

factors. Third, a five-component model (Model 3) was tested, which specified the 

hypothesized affect, physiology, cognition, avoidance, and effort components. Like 

Model 1, the results of Model 3 showed that the covariance matrix was not positive 

definite. Next, as covariance matrices of Model 1 and 3 indicated high covariances 

between the component factors, especially between affect and physiology, the 

items for these components were constrained to load on one factor. Model 4 

specified the four factors affect & physiology, cognition, avoidance, and effort. 

Although RMSEA and SRMR for Model 4 indicated acceptable fit, CFI and TLI 

indicated poor fit; therefore, the model was rejected.

Table 2.1. Model fit indices of the series of CFA models for COMAQ in Study 1’ Subsamples 
1 and 2, and for Study 2.   

Model df SB χ2 CFI TLI RMSEA
90% CI 
RMSEA

SRMR

Study 1: Subsample 1

2. 67item_Single factor 2144 6490.2*** .743 .735 .065 .064-.067 .068
4. 67item_Four factors by 
design

2138 5509.5*** .800 .793 .058 .056-.060 .071

5. 67item_Four factors by PCA 2115 4714.6*** .847 .840 .051 .049-.053 .059

6. 31item_Four factors 428 1023.5*** .915 .908 .055 .050-.059 .051

7. 31item_Final four factors 428 997.0*** .919 .912 .053 .049-.058 .050

Study 1: Subsample 2

7. 31item_Final four factors 428 794.7*** .865 .853 .069 .062-.077 .081

Study 2

7. 31item_Final four factors 428 1233.8*** .866 .854 .069 .065-.073 .061

Note. Final four factors were Affect & Physiology, Worry, Avoidance, and Effort. SB χ2 = 
Satorra-Bentler χ2. CFI = robust comparative fit index. TLI = robust Tucker-Lewis index. 
RMSEA = robust root mean square error of approximation. CI = Confidence Interval. SRMR = 
standardized root mean square residual. Model fit indices are based on MLM procedures. 
*** p < .001.

Given that the theory-based models did not fit the data, a data-driven approach 

was taken as a next step. Based on a PCA, four factors were identified. To calculate 

fit measures for this model, we transformed the results of this model into a CFA 

model (Model 5): indicator items for each factor were the items that loaded above 

.30 on the factor in the pattern matrix of a PCA with four fixed factors. Two items 

did not load above .30; these items were set to load on all four factors. A single item 

was allowed to load on multiple factors. This model, however, also did not result 

in an acceptable model for CFI and TLI (Table 2.1).

Given the poor model fit and the large number of items, a selection of items 

was made for each of the four factors in Model 5. The 31 selected items (1) loaded 

on one factor only, (2) showed higher z-values of the estimated factor loadings, 

(3) had content that fitted the contents of the factor and did not overlap with 

other items, and (4) showed good internal consistency within the scale. This four-

factor model (Model 6) was tested using CFA. The model fit indices indicated an 

acceptable fit for this model (Table 2.1), but modification indices suggested that 

some items should load on a different factor. For four items, modifications were 

comprehensible, and the items were modelled to load on the suggested factor. 

The final four-factor model (Model 7) resulted in improved and acceptable fit on 

all measures (Table 2.1), and no additional modifications were acceptable based 

on the content of the items. The final model (Model 7) consisted of the Affect & 
Physiology scale (9 items), which concerned general anxious or nervous feelings, 

affective experiences, and physiological hyperarousal; the Worry scale (8 items), 

which concerned negative cognitions and expectations; the Avoidance scale (8 

items), which concerned avoidance of math situations and cognitive involvement 

in math; and the Effort scale (6 items), which concerned increment in effort. See 

Appendix 1.3 for the final 31 items of the COMAQ. Reliability was acceptable to 

excellent (αs > .74) for the final scales. Pearson correlations between the final 

scales of the COMAQ were strong and positive between the Affect & Physiology, 

Worry, and Avoidance scales (.66 ≤ r ≤ .83, all ps <.001), whereas the Effort 

scale was only (very) weakly positively correlated to the other scales (Affect & 

Physiology: r = .36; Worry: r = .34; Avoidance: r = .11; all ps < .005). Because the 

correlations between factors were strong, a hierarchical model with two first-

order factors was tested as well. However, model fit indices revealed worse fit 
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(CFI = .915; TLI = .909; RMSEA = .055; and SRMR = .054) than for Model 7, and the 

hierarchical model was rejected.

To cross-validate Model 7, it was tested in Subsample 2 using CFA. RMSEA and 

SRMR indices indicated an acceptable model fit, and CFI and TLI were close to the 

minimally acceptable fit (Table 2.1). Internal consistencies of the final scales (αs 

> .70) and correlations between the final scales in Subsample 2 were similar to 

these in Subsample 1. Correlations between the Affect & Physiology, Worry, and 

Avoidance scales were strong (.70 ≤ r ≤ .87; all ps <.001), and the Effort scale was 

only weakly correlated to the other scales (Affect & Physiology: r = .41; Worry: 

r = .39; Avoidance: r = .23; all ps <.001).

Correlations between COMAQ scales and math-related outcomes
The relations between the final four scales and another math anxiety 

questionnaire (i.e., AMAS) and math performance were evaluated for the full 

sample. Correlations (Table 2.2) revealed that the COMAQ scales correlated 

significantly and positively with AMAS total and subscale scores, confirming that 

all COMAQ scales assess math anxiety.

Regarding achievement, results revealed that, as expected, higher scores 

on Affect & Physiology, Worry, and Avoidance scales of the COMAQ (and similar 

for AMAS) were associated with lower math grades. Note that for COMAQ scales 

the correlations were stronger than for AMAS. The correlation for Effort was 

not meaningful. English grade was not significantly or very weakly correlated 

with the COMAQ scales (and also not with AMAS), indicating a specific relation 

between the math anxiety measures and math achievement in comparison to 

English achievement.

Table 2.2. Pearson correlations between the COMAQ scales and AMAS scales and grades 
for full sample of Study 1, and means (SD) and ranges for AMAS and grades.

AMAS Grade

Scale Total LMA MEA Math English

Affect & Physiology .65*** .59*** .61*** -.28*** .04

Worry .70*** .61*** .67*** -.40*** .07*

Avoidance .44*** .45*** .36*** -.39*** -.03

Effort .27*** .22*** .28*** -.07* .08**

COMAQ Total .67*** .61*** .63*** -.36*** .05

AMAS Total -.27*** .09**

AMAS LMA .71*** -.24*** .07*

AMAS MEA -.27*** .10**

Descriptives

M 15.76 7.49 8.27 6.66 7.09

SD 6.58 3.30 3.81 1.31 1.26

Range 9.0 - 44.0 5.0 - 24.0 4.0 - 20.0

Note. LMA = Learning Math Anxiety. MEA = Math Evaluation Anxiety. 
* p < .05. ** p < .01. *** p < .001. 

Differential relations for COMAQ scales predicting math grade
Next, the unique contribution of the final component scales for math grade 

and the predictive validity of the COMAQ scales on top of the AMAS-measured 

math anxiety were evaluated. Results of step 3 revealed that entering the COMAQ 

scales in the model significantly improved the prediction of math grade on top of 

AMAS (p < .001), and AMAS was not a significant predictor of math grade (p = .111; 

Table 2.3). The estimates showed that higher scores on Worry and Avoidance 

significantly predicted lower math grades, and that Worry was the strongest 

predictor of math grade. Effort did not uniquely predict math grade. Despite the 

negative correlation, higher scores on Affect & Physiology predicted higher math 

grades when accounting for other scales.
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Table 2.3. Step 3 of hierarchical regression model of the COMAQ scales and AMAS 
predicting math grade in Study 1.

Math grade

Predictor B SE (B) β

Sex a 0.32 0.08 .12***

AMAS -0.01 0.01 -.06

Affect & Physiology 0.44 0.09 .27***

Worry -0.64 0.09 -.42***

Avoidance -0.55 0.09 -.25***

Effort 0.04 0.05 .02

Note. Step 1: R2 = .007; Step 2: ΔR2 = .083, p < .001; Step 3: ΔR2 = .127, p < .001. 
Sex (Step 1), AMAS total (Step 2), and Affect & Physiology, Worry, Avoidance, and Effort (Step 
3) were entered as predictors. 
a Boys = 0, girls = 1. 
*** p < .001. 

Discussion
The evaluation of the COMAQ in a large sample of secondary school students 

revealed a four-component structure. The COMAQ was reduced to 31 items 

representing four internally consistent scales: Affect & Physiology, Worry, 

Avoidance, and Effort. As expected, a worry (or cognitive) component, as well 

as two behavioural components, were differentiated. However, affective and 

physiological experiences were represented in one component. Although it was 

not exactly what was proposed, combining affect and physiology into one scale is 

consistent with previous descriptions of an affective (or emotionality) component 

that includes feelings of nervousness, tension, and unpleasant physiological 

reactions (Henschel & Roick, 2017; Ho et al., 2000).

The COMAQ scales showed to be valid as they related to another commonly 

used math anxiety measure (i.e., AMAS) as well as math grade, but not to English 

grade. In line with previous research, relations between most components and 

math grade were negative and around the expected range of -.30 (Hembree, 

1990). Further, Affect & Physiology, Worry, and Avoidance uniquely predicted 

math grade. Consistent with previous results (Henschel & Roick, 2017), the Worry 

(cognitive) component was the strongest predictor of math grade. These findings 

indicated that separate components of math anxiety differentially contribute 

to the prediction of achievement in daily life. Although the Effort component 

related to a math anxiety measure, it was not associated with math achievement. 

In line with previous literature (see Eysenck et al., 2007), this suggests that 

processing effectiveness is maintained in math-anxious individuals. However, the 

interpretation of this factor needs further investigation. Also, replication of the 

four-component structure in an independent sample is required.

Study 2

The present study
The first aim of Study 2 was to test whether the four-component structure 

of math anxiety could be replicated in a large, independent sample using the final 

31-items version of the COMAQ. The second aim was to investigate whether the 

components of math anxiety were differentially associated with math-related 

outcomes. Like in Study 1, the relevance and specificity of the COMAQ scales for 

math achievement were investigated using grades in math and English. In addition, 

the COMAQ scales were related to and used as predictors for outcomes of the 

AMAT and math-related constructs (i.e., math self-concept, math interest, and 

teacher support).

Methods
Participants

A total of 529 secondary school students from three schools in the Netherlands 

participated in Study 2. Parents received an online information letter and could 

exempt their child from participating. Participants received no reward. Two 

participants had missing or incomplete data on both the COMAQ and AMAT, and 

their data were excluded from analyses. In addition, data from two participants 

were excluded from analyses because they completed the full project in less than 

20 minutes and observations supported that they did not perform the assessment 

conscientiously. The ethical review board of the Faculty of Social and Behavioural 

Sciences of the University of Amsterdam approved Study 2 (2017-COP-7601).

The final sample consisted of 525 participants (264 boys, 261 girls; Mage = 14.00 

years, SD = 0.98). For 51.2% of the participants both parents were born in the 

Netherlands, and for 47.5% one or neither parent was born in the Netherlands 
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(and 1.3% unknown). Participants attended junior classes (34% first, 39% second, 

27% third year) of all educational levels in the Netherlands. In the final sample, 33 

participants did not complete one or multiple tasks. The COMAQ was completed 

by 510 and the AMAT by 522 in total.

Materials
COMAQ. The final version of the COMAQ consisted of 31 items intended to 

measure four math anxiety components: Affect & Physiology, Worry, Avoidance, 

and Effort. See Appendix 1.3 for the 31 items and scales.2 Administration was as 

described in Study 1. Mean scores, ranging from 1 to 5, per scale were computed, 

with higher scores indicating stronger math anxiety.

Amsterdam Math Anxiety Task (AMAT). The Amsterdam Math Anxiety 

Task (AMAT; see Figure 2.1) was designed to assess math-related behaviour, 

subjective feelings, and performance under influence of math anxiety. Participants 

had to solve algebraic equations in a low and a high anxiety condition. In the low 

anxiety condition, each trial started with a choice of difficulty level (Figure 2.1a). 

Participants had to click on the number of stars that represented the difficulty 

level that they wanted to solve. Next, an equation of the chosen level was presented 

(Figure 2.1b) and the participant had to select the right answer. To further increase 

a sense of control, participants could change their response before pressing a 

continue button, and a progress bar was presented. There was no form of external 

pressure. In the high anxiety condition, anxiety was induced by introducing time 

pressure and social pressure. For example, participants were instructed to solve 

the equations as accurate and as fast as possible, and they were told that this part 

was important, that their results would be compared to that of other students, that 

we would examine whether their results were at the expected level, and that we 

would check both their speed and accuracy. Each trial started with a fixation dot 

(500 - 1000ms), followed by an equation and a digital clock running up in tenths 

of seconds (Figure 2.1c). Once the participant clicked on the answer, the next trial 

started straightaway. Participants could not choose the level nor correct their 

responses. Also, no progress bar was shown. To maintain pressure, three pop-up 

2	 See Appendix 1.4 for the final Dutch version of the COMAQ.

messages during this condition emphasized the importance of quick, accurate, and 

overall performance (e.g., “make sure you reach the expected standard”).

In total, each condition consisted of 12 equations in multiple-choice format. 

For each trial in the low anxiety condition, participants chose the difficulty level 

out of two options, represented by one, two, or three stars. All combinations of 

two levels (1 and 2, 1 and 3, or 2 and 3) were presented four times. Therefore, the 

number of equations solved per level ranged from zero to eight in the low anxiety 

condition. In the high anxiety condition, four fixed equations per difficulty level 

were presented. Level 1 consisted of equations of the form x + b = y and x - b = y, 

with b, x and y ranging from 11 to 99. Level 2 and 3 consisted of equations of the 

form ax + b = y and ax - b = y, with 1 ≤ x ≤ 9 and b and y ranging from 11 to 99 (Level 

2: 2 ≤ a ≤ 5; Level 3: 6 ≤ a ≤ 9). All equations on Level 1 and 3, but none on Level 2, 

required a carry procedure. Equations did not concern decimal values, negative 

values, or multiples of ten.

Figure 2.1. Screenshots of the low and high anxiety conditions and mood assessment of the 
AMAT.
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The AMAT provided five types of outcome measures. First, state anxiety and 

state enjoyment were measured at the start, middle, and end of each condition. 

Each time, participants had to click on two separate Visual Analogue Scales 

(VAS; see Abend, Dan, Maoz, Raz, & Bar-Haim, 2014; van Duinen, Rickelt, & Griez, 

2008)) to report the current mood. For state anxiety (Figure 2.1d), participants 

reported their level of tension, and for state enjoyment, how much they enjoyed 

the task. Scores expressed the relative location on the line ranging from 0 to 1. 

Higher scores indicated higher state anxiety and enjoyment. Mean scores per 

condition were calculated by averaging the middle and end assessment scores (low 

anxiety condition: αanxiety = .91; αenjoyment = .95; high anxiety condition: αanxiety = .91; 

αenjoyment = .94). Second, the mean accuracy score, ranging from 0 to 1, was calculated 

for all equations in the high anxiety condition (α  =  .73). Also, mean accuracy 

scores were calculated per difficulty level for both conditions. In the low anxiety 

condition, accuracy scores were only calculated when a minimum of two equations 

was solved. Third, the mean performance drop score was calculated by averaging 

the performance drop scores (mean accuracy scores in the high anxiety condition 

subtracted from those in the low anxiety condition) for each level. Higher scores 

indicated a higher drop in performance in the high anxiety condition. Fourth, the 

mean response time to select an answer was calculated for all equations in the high 

anxiety condition. Fifth, the chosen difficulty level score was calculated by adding 

the difficulty level for the chosen equations in the low anxiety condition. Each 

equation of level 1 counted as 1, of level 2 as 2, and of level 3 as 3, ranging from 16 

to 32. Higher scores indicated a stronger preference for difficult items.

Grades in math and English. As described in Study 1.

Math self-concept, math interest, and teacher support. The Dutch version 

of the PISA 2012 Math self-concept, Math interest, and Teacher support scales (Cito, 

2012; OECD, 2014) were used to measure students’ math self-concept (5 items), 

interest in math (4 items), and experienced support from the current math teacher 

(5 items), respectively. For math self-concept (e.g., “I learn mathematics quickly”) 

and math interest (e.g., “I do mathematics, because I enjoy it”), participants had 

to rate how much they agreed with a statement on a 4-point Likert scale, ranging 

from 1 (strongly agree) to 4 (strongly disagree). For teacher support (e.g., “The 

teacher helps students with their learning”), participants had to rate how often a 

given event happened during their math classes on a 4-point Likert scale, ranging 

from 1 (every lesson) to 4 (never or hardly ever). Higher scores indicated higher self-

concept, higher interest in math, and more experienced teacher support (α = .88, 

.86, and .85, respectively).

Procedure
The assessment took place on computers or laptops at schools and started 

with classroom instruction. Thereafter, participants completed the assessment 

individually, starting with questions on demographics and grades, followed by 

the AMAT. The AMAT started with example equations, one for each level. Next, 

the low and high anxiety condition were presented in random order. The order of 

choice of level combinations, equations, VAS scales, and the location of the correct 

answer were random. Next, three questionnaires were presented in random order. 

Questionnaires were alternately presented with implicit tasks and additional 

equations, which are beyond the scope of this manuscript. The questionnaires 

consisted of (1) Math interest scale and Math self-concept scale in random order, 

(2) COMAQ, and (3) Teacher support scale. The total assessment ended with 

rating of stimuli, also not part of this manuscript, and a written debriefing. The 

assessment lasted approximately 35 minutes.

Data analyses
CFAs were conducted to test whether the final model of the COMAQ in Study 

1 could be replicated. Model specifications and evaluations were like in Study 

1. Similar to Study 1, Cronbach’s alphas (α) for COMAQ scales were computed, 

and Bivariate Pearson’s correlation coefficients were computed to investigate 

the relations between COMAQ scales as well as between COMAQ scales and 

math-related outcomes (i.e., grades, AMAT outcomes, math self-concept, math 

interest, and experienced teacher support). Only correlations with p ≤ .01 were 

considered meaningful. In addition, paired sample t-tests were performed to check 

manipulations of the AMAT. First, it was tested whether state math anxiety and 

state math enjoyment significantly differed between the low and high anxiety 

condition. Second, to test whether performance dropped, the difference in accuracy 

for each difficulty level between the low and high anxiety condition was tested. 

As participants could choose the difficulty level in the low anxiety condition, only 
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participants who solved a minimum of two equations for that level (Level 1 and 3: 

n = 247 and 410, respectively) were included in these analyses.

Six separate hierarchical regression analyses were performed to evaluate the 

unique contribution of the COMAQ scales to predicting math-related outcomes. The 

dependent variables of these separate analyses were math grade, AMAT outcomes 

(i.e., state math anxiety, response time, and chosen difficulty level), and math self-

concept and interest. In each analysis, sex was entered as a predictor in step 1, and 

the four COMAQ scales were entered in the last step (step 2 or 3). In addition, to 

control for background variables that were expected to influence the outcomes, 

for response time, dummy variables for educational level (step 2) were entered; for 

chosen difficulty level, math grade and dummy variables for educational level (step 

2) were entered; and for math self-concept and math interest, math grade (step 

2) was entered. Educational level consisted of five levels, therefore, four dummy 

variables were used with the lowest level (VMBO) being the reference category to 

which other levels were compared (Education level 2 = VMBO/HAVO; Education 

level 3 = HAVO; Education level 4 = HAVO/VWO; Education level 5 = VWO).

Results
Structure of COMAQ

To test whether the four-component structure of the COMAQ, representing 

Affect & Physiology, Worry, Avoidance, and Effort (Model 7 in Study 1), could be 

replicated, a CFA was performed testing Model 7 in the current sample. Results 

showed that RMSEA and SRMR indicated acceptable fit of the model, and CFI and 

TLI were close to the minimal acceptable fit (Table 2.1). All factor loadings were 

significant. As modification indices suggested only adaptations that were not 

comprehensible, it was concluded that the four-factor structure was replicated 

and represented the most optimal mfodel.

Reliability analyses showed acceptable to excellent Cronbach’s alphas for the 

final COMAQ scales (Table 2.4). Pearson correlations between the final COMAQ 

scales revealed moderately to strongly positive correlations, but the Effort scale 

was only weakly to moderately positively correlated with the other scales (Table 

2.4).

Table 2.4. Means (SD), Cronbach’s alphas (α), and Pearson correlations between the final 
four COMAQ scales and Total COMAQ scale for Study 2.

Scale
Affect & 

Physiology
Worry Avoidance Effort Total

Mean (SD) 1.94 (0.85) 2.31 (0.86) 1.76 (0.65) 2.53 (0.76) 2.10 (0.65)

α .92 .88 .81 .74 .94

Affect & Physiology .84*** .69*** .40*** .94***

Worry .70*** .38*** .93***

Avoidance .15** .79***

Effort .54***

Note. Range of scores: 1 - 5. 
** p < .01. *** p < .001.

Correlations between COMAQ scales and math-related outcomes
The validity of the final COMAQ scales was evaluated by examining the 

correlations between the scales and math-related outcomes (Table 2.5). First, 

regarding achievement, as expected, higher scores on COMAQ scales were 

associated with lower math grades, and Worry was most strongly associated with 

math grade. Further, English grade was only weakly positively related to Worry, 

but not to the other COMAQ scales, replicating the specific relation between math 

anxiety and math achievement in comparison to English achievement in Study 1.

Second, manipulation checks for AMAT confirmed that state math anxiety 

was higher, enjoyment was lower, and performance dropped significantly for 

each difficulty level in the high compared to the low anxiety condition (Table 

2.6). Correlations between COMAQ scales and AMAT outcomes revealed that, as 

expected, higher state math anxiety was (weakly) associated with higher math 

anxiety scores on all four COMAQ scales. Unexpectedly, accuracy in the high 

anxiety condition and performance drop were not significantly related to any 

COMAQ scale. Accuracy was also not related to math grade (r =  .09, p =  .050). 

Exploratory, no significant correlations were found between state math anxiety 

and performance drop (r = -.01, p = .831) nor accuracy (r = -.04, p = .422), indicating 

that state anxiety during the AMAT was not associated with performance on this 

task. Response times during the high anxiety condition were significantly and 

positively correlated with the Affect & Physiology and Worry scales, indicating that 

stronger reports of affective and physiological anxiety and worries was associated 
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with slower responses. Unexpectedly, response time was not (meaningful) 

correlated with the Avoidance and Effort scales. As expected, stronger math 

anxiety on COMAQ scales, except Effort, was moderately to weakly associated with 

choosing a lower difficulty level. These findings suggested that COMAQ scores were 

associated with the report of anxiety and behaviour during math performance, 

however, not with math performance on the AMAT.

Table 2.5. Pearson correlations between the four COMAQ scales and grades, AMAT outcome 
measures, and math-related scales, and means (SD) for outcome measures for Study 2.

Affect & 
Physiology

Worry Avoidance Effort Total Mean (SD)

Grade Math -.38*** -.47*** -.27*** -.25*** -.44*** 6.56 (1.22)

English .09 .16*** .03 .04 .10* 7.32 (1.18)

AMAT State math anxiety .29*** .28*** .15** .15** .28*** 0.46 (0.25)a

Accuracy -.03 -.08 -.11* .05 -.06 0.77 (0.21)a

Performance drop -.05 -.03 -.10* -.08 -.07 0.11 (0.17)a

Response time .14** .18*** .04 .09* .14** 13142.3 (5767.71)a

Chosen difficulty level -.28*** -.33*** -.32*** -.04 -.31*** 26.32 (5.63)a

Scales Math self-concept -.52*** -.64*** -.41*** -.29*** -.59*** 2.51 (0.72)b

Math interest -.22*** -.32*** -.32*** .16** -.24*** 2.04 (0.69)b

Teacher support -.09 -.16*** -.20*** .13** -.11* 2.59 (0.80)b

Note. AMAT = Amsterdam Math Anxiety Task. State math anxiety, accuracy, and response 
time are from the high anxiety condition of the AMAT.  
a Range of scores for AMAT: 0-1 for accuracy and mood scores; -1 to 1 for performance drop; 
778 – 41702 ms for response time; 16-32 for chosen difficulty level. b Range of scores 1-4.  
* p < .05. ** p < .01. *** p < .001.

Table 2.6. Means (M), standard deviation (SD), and paired sample t-test of accuracy and 
mood per AMAT condition, for manipulation check in Study 2.

Condition

Low anxiety High anxiety t-test

Measure M SD M SD t df     p
State anxiety 0.31 0.22 0.46 0.25 -16.20 521 < .001

State enjoyment 0.39 0.23 0.34 0.22 8.33 521 < .001

Accuracy level 1 0.79a 0.24 0.74a [0.80] 0.24 2.77 246 .006

Accuracy level 2 0.90 0.22 0.77 0.27 12.66 521 < .001

Accuracy level 3 0.90b 0.18 0.78b [0.74] 0.27 9.87 409 < .001

Note. Accuracy per level and paired sample t-tests are based on a selected sample that solved 
a minimum of two equations for that level. Between square brackets the accuracy for the full 
sample (n = 522) is provided. Accuracy and mood scores range from 0-1. 
a n = 247. b n = 410. 

Third, correlations between COMAQ scales and math self-concept, math 

interest, and experienced teacher support (Table 2.5) indicated that higher 

scores on the COMAQ Affect & Physiology, Worry, and Avoidance scales were 

moderately to strongly associated with lower self-concept and less interest in 

math. Furthermore, higher scores on Worry and Avoidance (but not Affect & 

Physiology) were associated with less experienced teacher support. For Effort, 

correlations indicated that reports of more effort in maths were only moderately 

associated with lower math self-concept, but, reverse to other scales, more effort 

was associated with higher math interest and experienced teacher support. The 

results suggested that Affect & Physiology, Worry, and Avoidance were related 

to more negative outcomes, whereas Effort seems to be related to more positive 

outcomes as well.

Differential relations for COMAQ scales with math-related outcomes
Next, the unique contribution of the COMAQ scales to predicting math grade, 

AMAT outcomes, and math self-concept and interest, was tested. No analyses were 

performed for accuracy and performance drop, as there were no relations with 

math anxiety. Results revealed that, while controlling for background variables, 

the prediction of all outcome measures significantly improved by entering the 

four COMAQ scales into the models (all ps < .001). In addition, the results showed 
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that, while taking into account all four COMAQ scales, different COMAQ scales 

significantly predicted specific outcome measures only. As expected, the Affect & 

Physiology COMAQ scale was the only significant predictor of state math anxiety, 

indicating that individuals who reported higher affective and physiological 

experiences reported higher state math anxiety (Table 2.7). Unexpectedly, 

although a negative correlation was found between the Affect & Physiology scale 

and math interest, the regression showed a positive association. The Worry COMAQ 

scale was a unique and the strongest predictor of math grade, math self-concept, 

and math interest (Table 2.7), as well as response time and chosen difficulty level 

(Table 2.8). As expected, stronger worry was associated with lower math grades, 

lower self-concept, lower interest in math, slower response times, and choosing 

lower difficulty levels. As expected, higher scores on the Avoidance scale uniquely 

predicted choosing lower difficulty levels and faster response times (Table 2.8), 

and, in addition, lower interest in math (Table 2.7). Controlling for other scales, 

Avoidance was not a significant predictor of math grade or math self-concept. For 

the Effort scale, the pattern was more mixed. Stronger effort was uniquely, though 

weakly, associated with lower math grades, but also with higher interest in math 

(Table 2.7). In addition, results revealed that girls reported higher math grades, 

higher state math anxiety, and lower math self-concept, and that they responded 

slower and chose lower difficulty levels than boys, but sex was not a significant 

predictor of math interest. Higher educational level was associated with quicker 

response times and choosing higher difficulty levels, and higher math grades were 

associated with choosing higher difficulty levels, higher math self-concept, and 

higher math interest.
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Table 2.8. Final steps of hierarchical regression analyses of four COMAQ scales predicting 
response time and chosen difficulty level in Study 2.

Response time a Chosen difficulty level b

Predictor    B         SE (B) β B SE (B) c β

Sex d 989.17 492.00 .09* -1.30 0.47 -.12**

Education level 2 -3052.50 1381.41 -.11* 2.18 1.31 .08

Education level 3 -2957.31 855.65 -.26** 4.45 0.77 .39**

Education level 4 -865.57 1002.07 -.05 4.02 0.94 .25**

Education level 5 -3736.18 900.24 -.30*** 5.70 0.78 .46**

Math grade 0.49 0.21 .11*

Affect & Physiology 385.35 552.91 .06 -0.21 0.49 -.03

Worry 1703.72 546.90 .27** -1.19 0.50 -.18*

Avoidance -1645.75 543.88 -.19** -1.12 0.54 -.13*

Effort -22.62 355.52 -.00 0.64 0.34 .09

Note. Response time: R2 = .02 in step 1 (p = .002); ΔR2 = .04 in step 2 (p < .001); ΔR2 = .05 in 
step 3 (p < .001). Chosen difficulty level: R2 = .02 in step 1 (p = .004); ΔR2 = .13 in step 2 (p < 
.001); ΔR2 = .08 in step 3 (p < .001). 
a The model included sex (step 1), educational level (dummy variables; step 2), and Affect & 
Physiology, Worry, Avoidance, and Effort (step 3) as predictors. b The model included sex (step 
1), educational level (dummy variables) and math grade (step 2), and Affect & Physiology, 
Worry, Avoidance, and Effort (step 3) as predictors. c Standard errors (and p-values) are 
based on 1000 bootstrap samples. d Boys = 0, girls = 1. 
*p < .05. **p < .01. ***p < .001. 

Discussion
Study 2 replicated the four-component structure of the COMAQ, that was 

found in Study 1, in an independent secondary school sample using the final version 

of the COMAQ. Further, results showed that COMAQ scales were related to math-

related outcomes, and in addition, differential relations between COMAQ scales 

and outcomes were found. Results and implications are further discussed in the 

general discussion.

 For the AMAT, a performance drop as well as differences in state anxiety 

and enjoyment between conditions were found, suggesting that the anxiety 

manipulation between conditions had been effective. Also, state math anxiety, 

response time, and chosen difficulty level from the AMAT were related to COMAQ 

scales, emphasizing the relevance of these AMAT outcomes. Unexpectedly, 

performance drop and accuracy were not related to any math anxiety measure. 

One explanation could be that everyone’s performance was equally influenced by 

the manipulation (Kellogg et al., 1999; but see Onwuegbuzie & Seaman, 1995). That 

is, the time pressure manipulation might have induced a change in speed-accuracy 

trade-off that resulted in a performance drop independent of math anxiety. Note 

that performance drop was only tested for individuals who solved a minimum of 

two equations in the low anxiety condition. As can be seen, accuracy in the high 

anxiety condition for individuals based on this selection was lower for level 1 and 

higher for level 3 in comparison to the accuracy of the full sample. This suggests 

that individuals who choose lower levels perform worse on all levels. As stronger 

math anxiety was associated with choosing lower difficulty levels, it is likely that 

choices are motivated by anxiety. It could be suggested that anxiety concerns 

a realistic risk of failure, and that these choices are based on self-knowledge of 

ability, which seems adaptive. Contradicting to this is the finding that math anxiety 

was not related to accuracy in the high anxiety condition, where all participants 

performed the same equations. Together, it seems that although math-anxious 

individuals are similarly capable of solving the equations, they tend to choose lower 

difficulty levels. Further investigation on this complex relationship is necessary.

A second explanation for the absence of a relation between COMAQ scales and 

accuracy and performance drop might be that performance on the AMAT is not 

fully representative of results in math situations that secondary school students 

experience in daily life. Indeed, accuracy was high and not related to math grade, 

suggesting that equations were relatively easy. In addition, the pressure might 

have been lower than in daily school situations where the value of the outcome is 

higher (Pekrun, 2006), as indicated by relatively low to medium state math anxiety 

levels. Combined with increasing response times with stronger math anxiety, 

these findings suggest that the negative effects of moderate anxiety levels could 

be more easily compensated to maintain performance (Eysenck et al., 2007), which 

might not be possible in high-stakes school situations. In conclusion, despite the 

limitations of the AMAT in measuring accuracy and performance drop as a result 

of math anxiety corresponding to daily school situations, the task demonstrated 

to be relevant in assessing math behaviour and state math anxiety. The AMAT is 

a promising instrument to further investigate the relation between math anxiety 

and math behaviour and achievement, but adaptation appears necessary.
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General discussion

The aim of the current series of studies was to develop a math anxiety 

questionnaire that covers multiple math anxiety components across math-related 

situations that are relevant to secondary school students. In two consecutive 

studies the Components of Math Anxiety Questionnaire (COMAQ) was developed 

and validated. Exploratory and confirmatory factor analyses resulted in four 

internally consistent scales: Affect & Physiology, Worry, Avoidance, and Effort. 

Validity was supported, as the scales correlated with other trait as well as state 

math anxiety measures (i.e., AMAS in Study 1, and state math anxiety during 

performance in Study 2). Furthermore, they were correlated with math grade, 

math behaviour (i.e., response time and chosen difficulty level), and self-reports 

of math self-concept, math interest, and teacher support (Study 2). Also, unique 

and differential associations were found between COMAQ scales and math-

related outcome measures. In addition, given that the COMAQ scales consistently 

correlated to math achievement in daily life, but were not related to foreign 

language performance, the questionnaire showed indications of divergent validity 

as well.

A four-component structure was found in Study 1 and replicated in Study 2. 

In line with theoretical frameworks (e.g., Barlow, 2002; Hopko et al., 2001) and 

previous findings (Henschel & Roick, 2017; Ho et al., 2000; Wigfield & Meece, 

1988), an affective (or emotionality) and a cognitive component of anxiety were 

differentiated: the Affect & Physiology scale and the Worry scale. Although 

avoidance behaviour is defined as a central feature of (math) anxiety, this 

study is the first to identify and operationalize two different types of behaviour 

components in a math anxiety questionnaire, that is Avoidance and Effort.

Although theoretical frameworks differentiate between physiological 

changes and subjective experiences of emotions, a combined Affect & Physiology 

scale was found. This result, however, is in line with previous descriptions of 

an emotionality component that includes feelings of nervousness, tension, and 

unpleasant physiological reactions (Henschel & Roick, 2017; Ho et al., 2000). 

Possibly, affective and physiological experiences are difficult to separate using 

self-report as they often occur together (Barlow, 2002; Marks, 1987; Scherer, 2000). 

Self-report on physiological items could have reflected subjective experiences of 

anxiety, and thus have resembled affective items (Mauss et al., 2004). The Affect 

& Physiology scale was consistently correlated with other math anxiety measures 

(i.e., state math anxiety and AMAS) and math grade as well as with math choice 

behaviour, math self-concept, and interest in math. These results were in line 

with previous studies showing that an affective component related negatively 

to math performance as well as math self-concept (Henschel & Roick, 2017; Ho 

et al., 2000; Wigfield & Meece, 1988). The unique association between the Affect 

& Physiology scale and state math anxiety, but not the other outcomes, indicates 

that this component specifically captures the subjective experience of anxiety in 

math situations that corresponds to the on-task experience. Surprisingly, in Study 

1, but not in Study 2, when accounting for other COMAQ components, stronger 

Affect & Physiology predicted higher math grades. Possibly, when accounting for 

negative effects of anxiety via other components, stronger reports of experiences 

of affect and physiological responses could reflect more adaptive regulation of 

tension just by noticing, and, therefore, result in better performance. However, this 

was not replicated in Study 2. Together, the results demonstrate that the Affect 

& Physiology scale covers a subjective and general experience of math anxiety.

The Worry (cognitive) scale demonstrated to be a central component as higher 

worry showed the strongest associations with lower math grades (in Study 1 and 

2), slower response times, lower math self-concept, lower interest in math, as 

well as choosing lower difficulty levels. The results point to a strong interrelation 

between cognition, self-beliefs, math behaviour, and math achievement, which 

is in line with previous studies showing reciprocal relationships between math 

anxiety, math self-concept as well as math achievement (e.g., Ahmed et al., 

2012; Arens et al., 2017; van der Beek et al., 2017). Also, the observed negative 

association between worry and math achievement is consistent with theorizing 

that high worriers have less residual working memory capacity, harming (math) 

performance (Henschel & Roick, 2017; Wigfield & Meece, 1988, but see Hayes, 

Hirsch, & Mathews, 2008; Ho et al., 2000). The finding that stronger worry is 

associated with prolonged response time supports evidence that worry impairs 

the processing efficiency (Eysenck et al., 2007). The current results also provide 

hypotheses for future studies. The control-value theory proposed that control and 

value appraisals of achievement are antecedents of emotions and that emotions 

influence motivational processes mediating performance (Pekrun, 2006). 
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According to this theory, anxiety is induced by a moderate level of uncertainty 

about achievement with a focus on failure, which is based on integrated knowledge 

on ability (e.g., math self-concept; Pekrun, 2006). The finding that the Worry scale 

is most strongly related to behaviour, performance as well as self-concept suggests 

that the cognitive component is the central component of anxiety that integrates 

appraisal and influences motivation and behaviour. Although not directly tested 

in the current study, low self-concept might lead to higher worry about failure, 

which in turn leads to preventively choosing lower difficulty, but also lower math 

grades. Concluding, Worry captures a central component in math anxiety that is 

relevant in explaining impairments in performance.

The Avoidance component consisted of avoidance of cognitive involvement 

in math as well as avoidance of math situations in adolescents’ daily school life 

(e.g., homework, tests, and math lessons; Pekrun et al., 2011). It, therefore, proves 

to be a new and direct measure of global and local avoidance that is suitable for 

secondary school students. The current study was the first to relate an Avoidance 

scale to direct measures of math behaviour. The results showed that higher scores 

on the Avoidance component were uniquely associated with choosing lower levels 

and faster responses on a math task, which is in line with findings that highly 

math-anxious individuals avoid involvement in math tasks by rushing through 

the task (Ashcraft & Faust, 1994). The current findings add to this by showing 

that avoidance is also crucial in math-related choice behaviour. In addition, the 

Avoidance component was uniquely associated with math grade (only Study 1) as 

well as interest in math, suggesting that math-related behaviour is also relevant 

for math achievement. Replication and further investigation of the Avoidance 

component in relation to math anxiety, math behaviour, and math performance 

outcomes is needed (e.g. actual avoidance behaviour of math classes or careers).

The results regarding the Effort factor were more mixed. On the one hand, 

high effort was associated with negative experiences and outcomes, that is higher 

math anxiety on other measures (i.e., other COMAQ scales, AMAS, and state math 

anxiety), lower math grades (but not significant in Study 1), and lower math self-

concept. This is in line with previous research suggesting that the negative effects 

of anxiety outweigh benefits such as investing effort to avoid failure (Owens, 

Stevenson, Hadwin, & Norgate, 2014; Pekrun, 2006). Most likely, an increment 

in effort is motivated by attempts to prevent failure. On the other hand, unlike 

other scales, stronger effort was associated with positive experiences and 

motivation, that is, higher math interest and more experienced teacher support. 

These finding suggest that similar overt behaviours, as assessed by the Effort 

scale, can be motivated by either interest in math or avoidance of failure in math 

in different individuals (Pekrun, 2006). The question remains when increment 

in effort is functional and when it becomes dysfunctional. Overall stronger effort 

was uniquely associated with lower math grades, suggesting that more extreme 

effort (i.e., checking math work and taking more time) might have negative 

consequences for achievement. However, it is also possible that low achievement 

motivates individuals to invest in math, for example, by taking extra homework 

assignments, and this seems to be adaptive. The unexpected finding that Effort 

was not significantly correlated with chosen difficulty level and response time, 

suggests that behaviours assessed by this scale are not associated with on-task 

effort or compensatory strategies. Concluding, the Effort component proved to 

be a unique scale in the context of math (anxiety). The current samples included 

motivated and interested as well as math-anxious students, however, further 

research using more extreme groups of math anxiety is needed to investigate 

differential relation between effort and anxiety and performance.

Limitations
The aim of Study 2 was to further investigate as well as replicate the findings 

in Study 1. Study 2 compared the COMAQ to a broad range of math-related 

outcomes. However, AMAS was not included in Study 1, omitting the possibility 

to replicate related results.

Although the COMAQ was cross-validated and replicated using large samples, 

the fit indices of the final models were just acceptable. The components correlated 

moderately to strongly to each other, suggesting that a hierarchical model with 

math anxiety as a first-order and components as a second-order factor might fit 

the data better. However, a hierarchical model was tested and did not result in 

better fit. Another explanation might be that the limited number of highly math-

anxious students in our sample contributed to the low fits. That is, the COMAQ was 

developed to measure math anxiety, but mean scores were low. Further research 

is needed including a sample containing highly math-anxious individuals.
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The COMAQ was compared to math-related avoidance behaviour and 

performance outcomes (drop) in the AMAT. Results indicated that the AMAT is a 

promising measure, but it might not have been fully representative of daily math 

school situations and, therefore, to math performance (see Discussion Study 2). 

Further development of the task appears needed to overcome this limitation, for 

example, by using more representative math problems as well as increasing the 

importance of results and values to similar levels as a math test.

Conclusion
In conclusion, in two consecutive studies the COMAQ was developed and 

validated. The COMAQ measures four components of math anxiety in secondary 

school students: Affect & Physiology, Worry, Avoidance, and Effort. The COMAQ is a 

reliable questionnaire. In addition, the observed relations with math achievement 

and math behaviour outcomes support its validity. The COMAQ adds to the existing 

literature by including two behaviour components in a math anxiety questionnaire 

and because of its suitability for secondary school students. The COMAQ is a crucial 

and promising tool for investigating the relation between math anxiety and math 

behaviour and performance.
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Abstract

The Abbreviated Math Anxiety Scale (AMAS) is commonly used to assess 

math anxiety and to compare groups. Such comparisons should be preceded by a 

demonstration of measurement invariance, but currently support for measurement 

invariance including also scalar invariance is lacking. This study tested for 

measurement invariance of the AMAS across sexes and age-groups in a large Dutch 

sample, while following state-of-the-art standards. Also, reliability and construct 

validity were investigated. Data were collected for 1504 secondary school and 629 

university students. The results of a multi-group Confirmatory Factor Analysis 

supported partial metric and scalar invariance of the AMAS. Therefore, it was 

concluded that measurement invariance is largely tenable, and the minimal 

conditions to meaningfully compare group means on AMAS are met. Consistent 

with previous findings, the results indicated that, for female university students 

only, the LMA subscale should also include item 5. Acceptable to good reliability 

was found and results supported convergent and discriminant validity. Group 

mean comparisons showed that female university students reported higher levels 

of math anxiety than all other groups, indicating that this is a unique group with 

regard to math anxiety. In the secondary school sample, females reported slightly 

stronger math anxiety than males, supporting often reported sex differences in 

math anxiety. Further, percentile scores for AMAS were provided for each of the 

subgroups, which can be used as reference groups when interpreting AMAS scores 

of other studies.

Introduction

Math anxiety is a negative affective reaction to math-related situations that 

disrupts performance (see Suárez-Pellicioni et al., 2016). Numerous instruments 

have been developed to assess math anxiety in different age-groups (e.g., Jameson, 

2013; Ko & Yi, 2011). Among them, the Abbreviated Math Anxiety Scale (AMAS; 

Hopko et al., 2003) is popular, according to the various translations (Cipora 

et al., 2015; Primi et al., 2014; Schillinger, Vogel, Diedrich, & Grabner, 2018; 

Vahedi & Farrokhi, 2011) and adaptations (e.g., Carey, Hill, et al., 2017; Caviola 

et al., 2017). The AMAS is the 9-item variant of the Math Anxiety Rating Scale 

(MARS; Richardson & Suinn, 1972) for which adequate to excellent reliability 

has been reported (e.g., Hopko et al., 2003; Primi et al., 2014; Schillinger et al., 

2018). Although differences between subgroups (sexes and age-groups) have 

been frequently reported (Hill et al., 2016; Primi et al., 2014), it should be noted 

that comparisons between subgroups should be preceded by a demonstration 

of measurement invariance across groups. To the best of our knowledge, such a 

demonstration, following state-of-the-art standards, is lacking. The current study 

aims to fill this gap by testing for measurement invariance in a large sample of male 

and female secondary school students and university students in the Netherlands, 

using the Dutch translation of the AMAS (Schmitz, Jansen, et al., 2019a, Chapter 4)3.

Originally, the structure of the AMAS was found to consist of two moderately 

correlated factors: Learning Math Anxiety (LMA; referring to anxiety about the 

process of learning math), and Math Evaluation Anxiety (MEA; referring to anxiety 

in math testing situations; Hopko et al., 2003). This two-factor structure has been 

replicated in several samples, but note that for university samples specifically an 

additional cross-loading for the item on homework (i.e., item 5) resulted in more 

optimal model fit indices (e.g., Carey, Hill, et al., 2017; Primi et al., 2014; university 

samples: Cipora et al., 2015; Schillinger et al., 2018). Despite replications of the 

two-factor structure, questions remain concerning measurement invariance of 

math anxiety across sexes and age-groups. Most studies have reported adequate 

to excellent fit for both sexes and different age-groups, but tested the two-factor 

structure for separate groups only (e.g., Cipora et al., 2015; Schillinger et al., 2018). 

3	 Data was included in the current study.
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However, investigating measurement invariance requires sequentially testing of 

models with increasing equality restrictions across groups, comprising tests of 

metric (i.e., equal factor loadings), scalar (i.e., equal indicator intercepts), and 

residuals invariance. Both metric and scalar invariance are a prerequisite for 

comparison of latent means, because it implies that the measurement scales have 

the same operational definition across groups (Brown, 2015; van de Schoot, Lugtig, 

& Hox, 2012).

For the AMAS, invariance across sexes as well as across college and high 

school students has been reported (Primi et al., 2014; Vahedi & Farrokhi, 2011), 

but these invariance tests have been performed without testing for equality of 

intercepts (scalar invariance). Strong factorial invariance only holds if and only if 

the intercepts are invariant across groups (e.g., Meredith, 1993). If intercepts are 

unequal across groups, mean differences are biased and cannot be interpreted in 

terms of the underlying latent variables (see Putnick & Bornstein, 2016; Wicherts 

& Dolan, 2010). Thus, although measurement invariance for AMAS has been 

reported, it is still unclear whether strong factorial invariance (i.e., including 

scalar invariance) holds. Therefore, the first aim of the current study was to test 

for measurement invariance, including scalar invariance, of the AMAS across sexes 

and two age-groups (i.e., secondary school and university students).

The second aim of the current study was to assess the reliabilities and to 

provide norms for the AMAS scales, and to investigate group differences in math 

anxiety. Although math anxiety has often been reported to be higher in females 

than in males (Hill et al., 2016; Suárez-Pellicioni et al., 2016), also when using 

the AMAS (e.g., Cipora et al., 2015; Hopko et al., 2003; but see Vahedi & Farrokhi, 

2011), and to be lower in college than high school students (Primi et al., 2014), 

these group differences could be biased because instruments were used for which 

measurement invariance has not been established.

The third aim was to investigate the construct (i.e., convergent and 

discriminant) validity of the AMAS. In line with the general literature (for a review 

see Suárez-Pellicioni et al., 2016), AMAS scores have found to be moderately related 

to lower math performance, strongly to other math anxiety measures, but only 

moderately to other types of anxiety such as trait and test anxiety (e.g., Carey, Hill, 

et al., 2017; Hopko et al., 2003; Primi et al., 2014), supporting the hypothesis that 

math anxiety is a related though distinct type of anxiety. Also, AMAS scores were 

related to study choices, attitudes, and self-reported math skills (e.g., Cipora et al., 

2015). The current study builds on these results by relating the AMAS to different 

math-related constructs (i.e., math self-concept, math self-efficacy, and math 

interest) that have been found to be negatively related to math anxiety (e.g., Lee, 

2009; Schmitz, Jansen, Wiers, & Salemink, 2019b, Chapter 5; Schmitz, Salemink, 

Wiers, & Jansen, 2019b, Chapter 2). For convergent validity, it was expected that 

higher AMAS scores were moderately related to lower math grades, stronger 

trait anxiety, and lower math self-concept, math self-efficacy, and math interest. 

For discriminant validity, no relations were expected between AMAS scores and 

anxiety for and performance in a foreign language (i.e., English anxiety and grade). 

On an exploratory basis, AMAS was also related to other emotions during math 

(i.e., boredom, enjoyment, and anger), and the experienced contact with the math 

and English teacher.

Method

Participants
Secondary school sample

A total of 1549 Dutch secondary school students participated in three studies 

(Study 1: n = 998; Schmitz, Salemink, et al., 2019b, Chapter 2; Study 2: n = 189; 

Schmitz, Jansen, et al., 2019a, Chapter 4; Study 3: n = 362; Sachisthal, Jansen, & 

Raijmakers, 2019).4 These three studies included the AMAS as a measure of math 

anxiety, but were designed for other research questions. However, combining the 

data of these studies created a large dataset for the current test of measurement 

invariance of the AMAS in Dutch secondary school students.

Participants were recruited via schools and received no reward. Parents 

received an information letter and could exempt their child from participating. 

All studies were approved by the ethical review board of the Faculty of Social and 

Behavioral Sciences, University of Amsterdam. Data were excluded for participants 

for which sex (n = 8) or AMAS (n = 30) was missing, and for participants for which 

high error percentage and missing data on other tasks in the project indicated that 

4	 See Appendix 2.1 for detailed information on data cleaning and descriptives per study.
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the total assessment was performed not seriously (n = 7; see Schmitz, Jansen, et 

al., 2019a, Chapter 4).

The final sample consisted of 1504 secondary school students (Mage = 13.4 

years, SD = 1.02; 699 males; 805 females), who attended junior classes (41.8% first, 

32.0% second, 26.3% third year) of all educational levels in the Netherlands (38.4% 

lower; 21.3% middle; 40.2% higher), except special education. For 57.6% of the 

participants both parents were born in the Netherlands, for 9.2% one parent was 

born in the Netherlands, and for 8.4% neither parent was born in the Netherlands 

(24.7% not assessed/reported). The average math grade differed significantly, 

but not meaningful, between sexes (males: M = 6.6, SD = 1.27; females: M = 6.8, 

SD = 1.28; t(1495) = -2.73, p = .006).

University sample
A total of 637 first-year Psychology students participated in three semi-

mandatory annual assessments for course credits (2015: n = 105; 2017: n = 362; 

2019: n = 170). Informed consent was obtained and procedures were approved 

by the ethical review board of the Faculty of Social and Behavioral Sciences, 

University of Amsterdam. Data for participants were excluded, because sex was 

missing (n = 4) or reported as ‘other’ (n = 3), or because of reported lack of math 

experience (n = 1).

The final sample consisted of 629 university students (Mage = 20.0 years, 

SD = 2.73; 176 males; 453 females). A total of 84.7% were Dutch native, 12.6% 

bilingual, and 2.7% non-Dutch native speakers. Most participants had finished 

Dutch pre-university compulsory math education, whereas a minority finished 

a different math program (13.2%). The average math grade did not significantly 

differ between sexes (males: M  =  6.7, SD  =  1.03; females: M  =  6.8, SD  =  1.02; 

t(598) = -1.21, p = .229).

Materials
Abbreviated Math Anxiety Scale

The Dutch version of the Abbreviated Math Anxiety Scale (Schmitz, Jansen, 

et al., 2019a, Chapter 4; see Appendix 2.2) was obtained using back-and-forward 

translation of the original AMAS (Hopko et al., 2003). Participants had to rate 

how anxious they would feel in a given math situation (9 items), ranging from 

1 (almost not anxious) to 5 (very anxious). The subscale Learning Math Anxiety 

(LMA) concerned learning math, and the subscale Math Evaluation Anxiety (MEA) 

concerned high-stakes math situations.

Self-reported math grades
As an indicator of math performance, participants reported their math grades 

in secondary school. Grades of the Dutch educational system range from 1.0 to 10.0 

with higher grades representing better performance (5.5 is minimum to pass). 

Secondary school students reported the average math grade on their most recent 

school report (Study 1 and 2) or current average math grade (Study 3). University 

students reported on the final math grade and the type of maths at secondary 

school or pre-university level. Data for math grades were deleted if participants 

reported international education (n = 6), or a math type that is not preparatory 

for university (n = 7).

Self-reported English grades
As an indicator of performance in a different subject, participants reported 

their English (a foreign language) grades in the same way as math grades.

State-Trait-Anxiety Inventory for Children
The trait scale of the Dutch version of the State-Trait-Anxiety Inventory for 

Children (STAI-C; Spielberger, Edwards, Lushene, Montuori, & Platzek, 1973; Dutch 

translation Zelf-Beoordelings-Vragenlijst voor Kinderen [ZBV-K]; Bakker, van 

Wieringen, van der Ploeg, & Spielberger, 1989) was used to measure trait anxiety 

(20 items). Higher scores indicated higher trait anxiety (α = .89).

Foreign Language Classroom Anxiety Scale
The adapted Dutch version of the Foreign Language Classroom Anxiety Scale 

(FLCAS; Horwitz, Horwitz, & Cope, 1986; see Schmitz, Jansen, et al., 2019a, Chapter 

4) was used to measure anxiety for learning English, a foreign language (33 items). 

Higher mean scores indicated higher English anxiety (α = .94).
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Math self-concept, math self-efficacy, and math interest.
The Dutch version of the PISA 2012 Math self-concept, Math self-efficacy, and 

Math interest scales (5, 8, and 4 items, respectively; Cito, 2012; OECD, 2014) were 

used to measure students’ math self-concept, math self-efficacy, and interest in 

math, respectively. Higher mean scores indicated higher math self-concept, higher 

math self-efficacy, and higher interest in math (α = .87, .79, and .86, respectively).

Achievement Emotions Questionnaire – Mathematics
Items of the Achievement Emotions Questionnaire – Mathematics (AEQ-M; 

Pekrun et al., 2005; Dutch translation by Sachisthal et al., 2019) were used to 

measure enjoyment (4 items; one item was excluded), boredom (5 items), and anger 

(4 items) during academic math situations. Higher mean scores indicated stronger 

experience of enjoyment, boredom, and anger during math activities (α = .71, .82, 

and .80, respectively).

Contact math and English teachers.
Participants indicated the experienced quality of their contact with the 

teachers on a scale from 1.0 (very bad) to 10.0 (excellent).

Procedure
Secondary school sample

The assessment took place in computer rooms at schools. After classroom 

instruction, participants completed the assessment individually. The data for the 

current study were collected as part of three studies. See Table 3.1 for the measures 

that were included in the current study.5 Studies 1 and 2 started and Study 3 ended 

with questions on demographics, grades and contact with teachers (the latter was 

not included in Study 3). The order of the remaining tasks was (semi-) random. The 

assessment ended with a short debriefing and lasted approximately 40 minutes.

5	 For additional measures that were beyond the scope of this manuscript, see Study 1: Schmitz, 
Salemink, et al. (2019b, Chapter 2), Study 2: Schmitz, Jansen, et al. (2019a, Chapter 4), and Study 
3: Sachisthal et al. (2019).

University sample
The assessments were computer-based and started with demographic 

questions, followed by AMAS. The questionnaires were introduced as focusing 

on secondary school math, and, as the assessment took place in the first semester 

of the university year, for most students experiences in secondary school were 

quite recently. Participants were asked how they would describe themselves in 

general. Finally, participants reported their math grade.

Table 3.1. Overview of variables per study next to AMAS.

Sample Final n Performance Measure Questionnaires

Secondary school
   Study 1 996 Math grade; English grade Teachers a

   Study 2 154 Math grade; English grade STAI-C; FLCAS; Teachers a

   Study 3 354 Math grade Math self-concept, self-efficacy, and 
interest; AEQ-M;

University 629 Math grade

a Teachers = Contact with math and English teachers. STAI-C = State-Trait-Anxiety Inventory 
for Children. FLCAS = Foreign Language Classroom Anxiety Scale. AEQ-M = Achievement 
Emotions Questionnaire – Mathematics.

Data analyses
To test for measurement invariance across the four subgroups (i.e., males 

and females in both secondary school and university students), a multi-group 

Confirmatory Factor Analysis (CFA; following Brown, 2015) was performed using 

Mplus Version 7.31. A sequence of models with increasing equality constraints 

across groups was tested, and invariance would be supported by non-significant 

difference tests of model fit between the more and less restricted models. First, 

as prerequisite, it was tested whether the two-factor model (Model_0) showed 

acceptable fit and significant factor loadings in all groups, separately. Second, 

an identical two-factor structure across groups (i.e., configural invariance) was 

tested using an equal form model (i.e., same number of factors and same pattern of 

indicator-factor loadings) with all groups simultaneously (Model_1). Third, metric 
invariance was tested by constraining the factor loadings to be equal across groups 

(Model_2). Fourth, scalar invariance was tested by additionally constraining the 

indicator intercepts to be equal across groups (Model_3). Lastly, strict factorial 
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invariance was tested by constraining the indicator residual variances to be 

equal across groups (Model_4). Any subsequent restriction was only applied if 

the previous restriction was allowed.

The robust Mean-adjusted Maximum Likelihood (MLM) procedure was used, 

which provides the Satorra-Bentler scaled χ2 (SB χ2) statistic for non-normal data 

(Brown, 2015). A significant SB χ2 test (p < .05) indicates poor model fit, but is very 

sensitive to deviations from the model in large samples. Therefore, evaluation 

of overall model fit was based on CFI (values ≥ .95 indicate good model fit) and 

RMSEA (values ≤ .06 and ≤ .08 indicate good and acceptable model fit, respectively; 

Brown, 2015).

Significant chi-square difference tests, using the corrected value of SB χ2 

(Satorra & Bentler, 2010) of the less and more restricted models, indicated 

that the stricter invariance should be rejected. Because the chi-square test is 

overly sensitive to small deviations in the model in large samples, it has been 

recommended to also use differences in alternative fit indices (Chen, 2007; Cheung 

& Rensvold, 2002). For large samples, values ≥ -.010 for the robust statistic ΔCFI, 

supplemented by values ≥ .015 for ΔRMSEA, indicated that the stricter invariance 

should be rejected (Chen, 2007; Cheung & Rensvold, 2002).

Results

Four-group test of measurement invariance
The original two-factor model (Model_x.0) resulted in unacceptable fit 

values for all groups (Table 3.2). The modification indexes suggested allowing for 

correlated residuals for two pairs of items within one factor (between items 2 and 

4, and between items 6 and 7), which is justified and often necessary to obtain well-

fitting models (Byrne et al., 1989), and these modifications were comprehensible 

given the content of the items. Allowing these correlated residuals resulted in 

an acceptable to good fit for all groups (Model_a.0; see Table 3.2), and all factor 

loadings were significant. Therefore, this model was used to test for configural 

invariance. The equal form model (Model_a.1), with all four groups simultaneously, 

resulted in acceptable fit values, and all factor loadings were significant for all 

groups, indicating that a similar factor structure could be applied for the four 

groups. However, for female university students, the modification indexes 

additionally suggested including a factor loading of item 5 (i.e., homework) on the 

LMA factor, in accordance with the findings of Cipora et al. (2015) and Schillinger 

et al. (2018). An equal form model (Model_b.1), that allowed for the estimation of 

a cross-loading for item 5 on LMA (next to a loading on MEA) for female university 

students only, resulted in improved fit compared to Model_a.1 (Table 3.2). Also, all 

factor loadings in Model_b.1 were significant, and there was no obvious source of 

misfit according to the modification indices. Therefore, Model_b.1 was accepted 

and used to test the next steps of measurement invariance.

Next, equal factor loadings were constrained for all four groups except for the 

factor loadings of item 5 for female university students (Model_b.2). Compared to 

Model_b.1, Model_b.2 did not result in significantly worse fit (Table 3.2). Therefore, 

Model_b.2 was accepted, and it was concluded that metric invariance across the 

groups was acceptable, although factor loadings of item 5 on both factors were 

included for females university students only and these were not constrained to 

be equal to the other groups.

 Next, Model_b.2 was used to evaluate scalar invariance, by additionally 

constraining the indicator intercepts for the four subgroups (Model_b.3.a). 

Compared to Model_b.2, Model_b.3.a resulted in significantly worse fit, indicating 

that constraining all intercepts to be equal across subgroups was not tenable. As 

recommended, we continued testing of partial invariance of intercepts by freeing 

estimation of intercepts for one item at the time (Byrne et al., 1989; Cheung & 

Rensvold, 2002). Freeing the intercept of item 3 in Model_b.3.b (slightly) worsened 

the model fit compared to Model_b.2, but freeing the intercepts of both items 3 

and 8 in Model_b.3.c did not significantly worsen model fit compared to Model_b.2. 

Hence, Model_b.3.c was accepted, and it was concluded that scalar invariance 

across the four groups is largely tenable.

Finally, Model_b.3.c was used to test for equivalence of residual variance, 

by additionally constraining residuals for each item to be equal across the four 

groups. Compared to Model_b.3.c, all models with equal residuals resulted in 

significantly worse fit based on chi-square and CFI difference and just acceptable 

worsened fit based on RMSEA difference (Model_b.4.a: all residuals constrained to 

be equal; Model_b.4.b, Model_b.4.c: part of the residuals constrained). Therefore, 

models with equal residuals were rejected, and Model_b.3.c was the final model.
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Concluding, the multi-group CFA performed for the two-factor structure 

resulted in a final model with equal factor loadings (except for item 5 for female 

university students) and 7 out of 9 equal intercepts (i.e., intercepts of items 3 and 

8 differed across groups), supporting partial metric and scalar invariance across 

groups. Equivalence of residual variances was rejected, but this is commonly not 

supported and not strictly necessary for comparing group means (Brown, 2015). 

Therefore, it was concluded that measurement invariance of the AMAS was largely 

tenable and that the minimal conditions to meaningfully compare group means on 

AMAS were met (Byrne et al., 1989; Cheung & Rensvold, 2002). However, for female 

university students, the mean scores of the LMA subscale should also include item 5. 

Reliability, norms, and group comparison for AMAS
The second aim was to assess the reliabilities and to provide norms for the 

AMAS scales, and to investigate group differences in math anxiety. With regard to 

the reliabilities, the Cronbach’s alphas for the total AMAS (α = .88), LMA (α = .80 

excluding female university students, and α = .86 for female university students), 

and MEA (α = .82), indicated good internal consistency of the AMAS scales. With 

regard to the norms, the mean scores for the total sample were 1.89 (SD = 0.76) 

for Total AMAS, 1.59 (SD = 0.70) for LMA, and 2.30 (SD = 1.00) for MEA subscales. 

In addition, the means, standard deviations, percentile scores, and internal 

consistencies for the total and subscales of the AMAS were also calculated per 

subgroup, and these are reported in Appendix 2.3.

To test for group differences on AMAS, a 2 Sex (females vs. males) x 2 Age-

group (secondary school students vs. university students) ANOVA was performed 

for the total AMAS score, and a 2 Sex x 2 Age-group MANOVA for the LMA and 

MEA subscales simultaneously. Results revealed significant main effects of sex 

for Total AMAS, F(1, 2129) = 90.59, p < .001, and subscales, F(2, 2128) = 56.99, 
p < .001, indicating that males reported lower math anxiety than females. Also, 

significant main effects of age-group for Total AMAS, F(1, 2129) = 60.27, p < .001, 

and subscales, F(2, 2128) = 51.79, p < .001, indicated that secondary school students 

reported significantly lower math anxiety than university students. The main 

effects were qualified by significant interaction effects between sex and age-group 

for Total AMAS, F(1, 2129) = 14.53, p < .001, and subscales, F(2, 2128) = 16.53, p 

< .001. Post-hoc tests with Bonferroni correction (p-value = .003) revealed that 

female university students reported stronger math anxiety on Total AMAS, as 

well as on both subscales (with medium to large effect sizes; Cohen’s d = 0.56 - 

1.05), than all other groups, see Figure 3.1.6 Also, although the effect sizes were 

small, female secondary students reported significantly stronger math anxiety 

than male secondary students on Total AMAS (d = 0.30) and on MEA (d = 0.38), 

and male secondary students reported lower math anxiety on MEA than male 

university students (d = 0.36), see Figure 3.1. In sum, the overall pattern suggested 

that female university students reported the highest level of math anxiety of all 

groups, and that, in the sample of secondary school students, females reported 

slightly stronger math anxiety than males.

Figure 3.1. Mean scores for Total AMAS, and LMA and MEA subscales per subgroup.
Note. Error bars show +/- 1 standard error of the group means. (*) indicates a significant 
group difference for p < .001. (◊) indicates that female university students differed 
significantly from all other groups (p < .001). Effect sizes are reported in Table A2.3.2 in 
Appendix 2.3.

6	 See Table A2.3.2 in Appendix 2.3 for exact p-values and effect sizes (Cohen’s d).
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Construct validity of AMAS
The Pearson correlation between LMA and MEA subscales was moderately 

strong (r = .72, p < .001). Next, to examine the construct validity of AMAS, Pearson 

correlations were calculated for the total sample between AMAS total and subscale 

scores, and outcome measures (Table 3.3). To correct for the large sample size, only 

correlations with p < .01 were considered meaningful. Convergent validity was 

supported, as AMAS scores correlated moderately negatively with math grade, 

math self-concept, math self-efficacy, and math interest. Also, more positive contact 

with the math teacher correlated weakly with lower AMAS scores, indicating an 

influence of math classroom experiences. Further, AMAS scores were moderately 

positively correlated with trait anxiety, boredom, and anger, and negatively with 

enjoyment, suggesting that math anxiety is related, although distinct, from trait 

anxiety and other emotions during math. In contrast, weak and non-significant 

correlations between AMAS scores and grade, anxiety and contact with the teacher 

in a different domain (i.e., English), supported discriminant validity. Lastly, the 

pattern of correlations was similar for the LMA and MEA subscales, justifying the 

use of total AMAS scores.

Discussion

The current study investigated measurement invariance across groups 

defined by sex and age as well as construct validity of the AMAS in large samples 

of Dutch secondary school and university students. State-of-the-art guidelines 

for testing measurement invariance using multi-group CFA were followed. This 

study replicated the well-established two-factor structure (i.e., LMA and MEA; e.g., 

Hopko et al., 2003; Schillinger et al., 2018), and the results supported partial metric 

and scalar invariance of the AMAS. Therefore, it was concluded that measurement 

invariance is largely tenable, and the minimal conditions to meaningfully 

compare group means on AMAS are met (Byrne et al., 1989; Cheung & Rensvold, 

2002). In line with previous studies, the AMAS total and subscales showed good 

reliabilities (e.g., Hopko et al., 2003; Primi et al., 2014; Schillinger et al., 2018). 

Group comparisons showed that female university students reported higher levels 

of math anxiety than all other groups (medium to large effects). In the secondary 
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school sample, female students reported slightly stronger math anxiety than males 

(small effects), supporting previous sex differences in secondary school samples 

(Hill et al., 2016; Primi et al., 2014). Further, the results supported convergent and 

discriminant validity of the AMAS. A moderately strong correlation between LMA 

and MEA, and slightly different associations with outcome measures, suggested 

that these scales assess different aspects of the same construct, justifying the use 

of total AMAS scores.

Table 3.3. Pearson correlations between AMAS Total and LMA and MEA subscales, and 
outcomes measures.7

AMAS

Total LMA MEA N
Math Grade a -.29*** -.24*** -.28*** 2097

Trait Anxiety .34*** b .24** .38*** 153

Math Self-Concept -.61*** -.48*** -.61*** 354

Math Self-Efficacy -.48*** -.43*** -.44*** 354

Math Interest -.28*** -.28*** -.23*** 354

Boredom .23*** .28*** .15** 354

Enjoyment -.28*** -.24*** -.28*** 354

Anger .42*** .42*** .34*** 354

Math Teacher -.12*** -.13*** -.10** 1146

English Grade .11*** .09** .12*** 1147

English Anxiety .09b .04 .12 148

English Teacher -.03 -.05 -.01 1150

a For the university sample only math grades were assessed and, therefore, only the 
correlations with math grade included data of university students as well. b These 

correlations were also reported in Schmitz, Jansen, et al. (2019a, Chapter 4). 
**p <.01. ***p <.001. 

In contrast to previous investigations of invariance (Caviola et al., 2017; 

Primi et al., 2014), the current approach included tests of scalar invariance (i.e., 

equivalence of indicator intercepts), which is a prerequisite for establishing 

strong measurement invariance (Brown, 2015; Cheung & Rensvold, 2002; Putnick 

& Bornstein, 2016). Support for metric and scalar invariance implies that the 

7	 See Table A2.1.3 in Appendix 2.1 for descriptives.

underlying factor has the same unit of measurement (factor loading) and same 

origin (intercept), respectively, and thus, that the measurement scales have the 

same operational definition across groups (Chen, 2007; Cheung & Rensvold, 2002). 

The results supported metric invariance (i.e., equal factor loadings) and partial 

scalar invariance for secondary school as well as university samples using state-of-

the-art guidelines, which strengthen previous support for measurement invariance 

of the AMAS (Caviola et al., 2017; Primi et al., 2014).

The current study demonstrated that female university students differed 

from the other three groups in two ways. That is, for female university students, 

a slight adaptation to the model (i.e., item 5 loading on both subscales) resulted in 

a more satisfying fit, and female university students reported significantly higher 

levels of math anxiety than all other groups. Given that the adaptation for item 

5 was consistent with previous findings in university (mainly female) samples 

(Cipora et al., 2015; Schillinger et al., 2018), this deviation suggests that female 

university students attach a different meaning to this item (Cheung & Rensvold, 

2002). Item 5 represents the situation of “.. being given a homework assignment of 
many difficult problems which is due the next class meeting” (Hopko et al., 2003), 

and thus, the findings suggested that female university students interpret math 

homework as both learning and an evaluation in math. Therefore, this item should 

be treated differently for female university students, or alternatively, it could be 

eliminated from the scale. In addition, the finding that female university students 

reported stronger math anxiety than all other groups could result from the fact 

that especially these females experience more uncertainty, but also high value of 

math (Pekrun, 2006). This might relate to the fact that female Psychology students 

represent a selected group with relatively strong feelings of responsibility and 

with low levels of interest and confidence in math. Together the findings suggested 

that female university students are a unique group with regard to math anxiety, 

and further research is needed to clarify the nature of this difference.
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Limitations
In the current study, data of outcome measures (except for math grade) 

were available only for secondary school students, limiting the investigation of 

construct validity. Also, sample sizes of the four groups were unequal, specifically 

male university students were underrepresented, which could have resulted in 

smaller differences in fit indices and, consequently, the test could have failed to 

reject invariance (Chen, 2007). However, given good overall model fit and the low 

modification indices, there is no reason to assume such a failure. In addition, the 

current norms are specifically for Psychology university students, and further 

research is needed to investigate samples from a broader area of studies. Lastly, 

in the current study, group means were compared, which is acceptable after 

establishing measurement invariance. However, a recommended next step is to 

test for invariance of between-group differences on latent means (Brown, 2015; 

Cheung & Rensvold, 2002), and this should be examined in future research.

Conclusion
The current study replicated the two-factor structure consisting of LMA 

and MEA for the AMAS in secondary school and university students and tested 

measurement invariance using state-of-the-art standards. The results supported 

partial metric and scalar invariance across the groups. However, for female 

university students, the structure deviated slightly from the other groups. These 

findings strengthen support for measurement invariance and group comparisons 

using AMAS. The current study demonstrated that female university students 

reported the highest level of math anxiety of all groups, indicating that this is 

a unique group with regard to math anxiety. In the secondary school sample, 

females reported slightly stronger math anxiety than males, supporting commonly 

reported sex differences in math anxiety. Further, percentile scores for AMAS were 

provided for each of the subgroups, which can be used as reference groups when 

interpreting AMAS scores of other studies.
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Abstract

The current study examined the role of implicitly measured associations 

(henceforth referred to as associations) between math and anxiety in adolescents’ 

math anxiety. Previous research has shown that associations predicted behavior 

independent of explicit measures. In this study, it was investigated whether math-

anxiety associations would be related to math anxiety and whether they predicted 

math behavior as well as state math anxiety independent of explicitly measured 

math anxiety. In addition, the domain specificity of math-anxiety associations 

for predicting math behavior was investigated. Adolescents’ anxiety associations 

and selfreported anxiety were assessed for three domains: math anxiety, foreign 

language (English) anxiety, and trait anxiety. A sample of 189 secondary school 

students performed three single-target implicit association tests, performed a 

math problem solving task, and filled out questionnaires. Overall, adolescents 

showed stronger math-anxiety associations in comparison with math-calmness 

associations. In contrast to our hypotheses, math-anxiety associations were not 

related and did not uniquely or specifically predict math behavior and state math 

anxiety. Explicit anxiety measures demonstrated specificity in predicting math 

and English grades as well as state math anxiety. The innovative aspect of this 

study are the investigation of implicitly measured math-anxiety associations 

and the relation to math anxiety and math behavior. Further research is needed 

to develop tasks that are better able to capture the most relevant math-threat 

associations and to investigate which math behavior might be most strongly 

influenced by these associations.

Introduction

Math anxiety can be defined as a negative emotional response that is evoked 

by (the prospect of) math situations in ordinary life and diverse academic settings 

(Richardson & Suinn, 1972; Suárez-Pellicioni, Núñez-Peña, & Colomé, 2016). Math 

anxiety has consistently shown to be negatively related to math achievement 

such as math school grades (see Ashcraft & Krause, 2007; Ma, 1999). It has been 

proposed that math anxiety causes a drop in performance, which is independent 

of an individual’s competence in math (Ashcraft & Moore, 2009). Math anxiety 

has also been related to avoidance behavior such as avoidance of math courses 

and careers as well as avoidance of cognitive involvement in math tasks (Ashcraft 

& Faust, 1994; Trezise & Reeve, 2014a). Finally, math anxiety develops from 

childhood (Vukovic, Kieffer, Bailey, & Harari, 2013) and might become especially 

harmful during adolescence because this is a crucial period for math performance 

at school as well as for making first career choices (Beilock & Ramirez, 2011; 

Hembree, 1990).

Models on cognitive vulnerability to anxiety stress the importance of 

schema-based biased information processing (Beck & Clark, 1997; Mathews 

& MacLeod, 2005). An integrative multiprocess model proposed a distinction 

between associative and rule-based information processing systems (Ouimet, 

Gawronski, & Dozois, 2009). Associative processing is characterized by rapid 

activation of associated concepts via spreading activation, whereas rule-based 

processing involves rational analysis of factual relations between concepts. 

Behavior is proposed to be jointly influenced by these systems. The model assumes 

that encountering a given stimulus would activate corresponding concepts and 

associated threat-related concepts in the associative system. Differences in the 

strength of associations between a stimulus and threat-related concepts would 

explain individual differences in anxiety and behavior (Ouimet et al., 2009). Math 

anxiety, however, is often measured with self-report questionnaires (Hopko, 

Mahadevan, Bare, & Hunt, 2003; Richardson & Suinn, 1972), which are limited 

in capturing these rapidly activated associations (Egloff & Schmukle, 2002; 

Mathews & MacLeod, 2005). We hypothesized that math behavior, like other 

types of anxiety behavior, is the result of a combination of both associative and 

rule-based processing. Therefore, to fully understand math anxiety, indirect or 
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implicit measures are crucial to capture associative processing and to predict 

math behavior next to explicit measures.

The strength of associations has most often been assessed with varieties 

of the Implicit Association Test (IAT; Greenwald, McGhee, & Schwartz, 1998); 

implicitly measured associations using variants of IAT (henceforth referred to 

associations). The IAT is easy to administer, produces large and robust effects, and 

has been shown to provide reliable and valid implicit measures of cognitions and 

attitudes in a wide range of topics (e.g., Greenwald, Poehlman, Uhlmann, & Banaji, 

2009; Nosek, Greenwald, & Banaji, 2005). The IAT measures the relative strengths 

of associations between target categories (e.g., “self” or “other”) and evaluative 

attributes (e.g., “anxiety” or “calmness”). Participants classify stimuli (often 

words) in separate blocks, where a target is subsequently paired with two different 

evaluative attributes (e.g., anxiety vs. calmness). The underlying logic is that it 

should be easier to classify stimuli when two concepts that are strongly associated 

for the individual (e.g., anxiety and self) require the same response than when they 

require a different response. For example, stronger trait anxiety is indicated by 

faster responses in the anxiety + self (vs. calmness + other) combination block than 

in the calmness + self (vs. anxiety + other) combination block (Egloff & Schmukle, 

2002). Previous research has shown that the strength of anxiety associations is 

sensitive to differences in state and trait anxiety, supporting the relevance of these 

associations (Gamer, Schmukle, Luka-Krausgrill, & Egloff, 2008; Glashouwer, de 

Jong, & Penninx, 2012; Westberg, Lundh, & Jönsson, 2007).

Theoretical models (Ouimet et al., 2009) postulate that implicit and explicit 

measures of anxiety capture different processes and that they independently 

contribute to the explanation of behavior. Indeed, previous studies have shown 

that implicit and explicit measures of anxiety were low or not significantly 

correlated (Egloff & Schmukle, 2002; Salemink, Friese, Drake, Mackintosh, & 

Hoppitt, 2013). A systematic review indicated that for some anxiety disorders 

associations showed results that were consistent with explicit reports, whereas 

for other anxiety disorders results were mixed or inconsistent (Roefs et al., 2011). 

More important, it has been shown that anxiety associations predicted changes 

in anxious expressions and behavior, as well as changes in performance, above 

and beyond self-reported anxiety (Egloff & Schmukle, 2002). These findings 

suggest that anxiety associations are involved in anxiety behavior independent 

of explicitly reported anxiety and that they contribute to our understanding of 

anxiety behavior.

In the current study, it was expected that math-anxiety associations would 

be related to math behavior (e.g., performance) independent of explicit math 

anxiety. Previously, associations between math (as well as related subjects) and 

various concepts such as valence, identity/self, gender, and difficulty have been 

investigated—however, not the association between math and anxiety (Kessels, 

Rau, & Hannover, 2006; Nosek, Banaji, & Greenwald, 2002a, 2002b). Research 

has supported the relevance of implicitly measured associations with math. In 

general, IAT results showed that math was more strongly associated with negative 

evaluations (unpleasant or bad) than language or arts, women showed stronger 

negativity toward math than men, and math was more strongly associated 

with male gender than female gender (Nosek et al., 2002b, 2002a). Similarly, 

in elementary school-aged children, stronger associations between boys and 

math (vs. girls and reading) were found, and boys showed a stronger association 

between self and math, in comparison with reading, than girls (Cvencek, Meltzoff, 

& Greenwald, 2011). More important, even though implicit and explicit measures 

were related, support was found for the unique and independent predictive value 

of implicit and explicit measures of math attitudes, as well as stereotypes, when 

predicting performance (Nosek et al., 2002b). These results demonstrate that math 

associations are involved in math behavior and develop from a young age. It can 

be expected that math-anxiety associations play a key role in math anxiety and 

math behavior as well. Surprisingly, research on math associations in relation to 

math anxiety is lacking.

Further research has pointed to the domain specificity of anxiety and 

associations. That is, explicitly reported anxiety for different school domains was 

found to be weakly correlated (Goetz, Frenzel, Pekrun, & Hall, 2006; Goetz, Frenzel, 

Pekrun, Hall, & Lüdtke, 2007). In addition, anxiety behavior has shown to be best 

predicted by implicit and explicit measures corresponding to that specific type of 

anxiety, in contrast to anxiety in a different or broader domain (i.e., trait anxiety; 

Gschwendner, Hofmann, & Schmitt, 2008). Together, these findings suggest that 

anxiety associations might be specific for different school domains; however, 

research is lacking.

4
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In sum, previous research has shown that math and anxiety associations 

explained variance in (math) behavior and performance and predicted additional 

variance that was not accounted for by explicit measures. This suggests that 

specifically math-anxiety associations may be relevant in math anxiety and 

math behavior. Therefore, the aims of the current study were to investigate, first, 

whether implicit measures of math-anxiety associations were related to explicit 

measures of math anxiety; second, whether math-anxiety associations predicted 

unique variance in math behavior as well as state math anxiety; and third, whether 

anxiety associations specifically predicted behavior for the same domain only. 

Because math anxiety peaks during adolescence, the current study was performed 

with adolescents.

The current study
In the current study, adolescents’ anxiety associations and explicitly self-

reported anxiety for three domains—math anxiety, foreign language (English) 

anxiety, and trait anxiety—were assessed and related to math behavior as well as 

state math anxiety. Associations were assessed using three versions of the Single-

Target Implicit Association Test (ST-IAT; Wigboldus, Holland, & van Knippenberg, 

2004; see also Karpinski & Steinman, 2006), one for each domain. The ST-IAT has 

properties similar to the IAT but assesses the associations between only one target 

category and the evaluative attributes. This allows for a direct and independent 

comparison of anxiety associations between different targets (Karpinski & 

Steinman, 2006; Wigboldus et al., 2004).

First, it was predicted that, in general, adolescents would show a stronger 

association between math and anxiety (a negative evaluation; Nosek et al., 2002b, 

2002a) than between math and calmness. Second, it was predicted that math-

anxiety associations would be positively correlated with explicit math anxiety 

(Greenwald et al., 2009; Hofmann, Gawronski, Gschwendner, Le, & Schmitt, 2005). 

Third, it was expected that math-anxiety associations would be related to and 

uniquely predict math behavior as well as state math anxiety when accounting 

for explicit math anxiety (Egloff & Schmukle, 2002; Nosek et al., 2002b). Math 

behavior was broken down into math grade, drop in math performance, and 

chosen difficulty level of math problems (an indication of avoidance behavior). 

More specifically, it was expected that stronger math-anxiety associations would 

be related to and uniquely predict lower math grades, higher drops in performance, 

lower chosen difficulty levels, and higher state math anxiety above and beyond 

explicit math anxiety. Lastly, it was expected that ST-IAT measures of anxiety 

associations for one domain (e.g., math) would be specifically related to both 

explicit anxiety and behavior for that domain. Relations between implicit and 

explicit as well as behavior measures in different domains were expected to be 

nonsignificant (Gschwendner et al., 2008).

Method

Participants
A total of 189 third-year (Grade 9; 13-16 years of age) secondary school 

students in the Netherlands participated in the study. Participants were recruited 

through one regular secondary school. Passive informed consent from parents 

was obtained, where parents received an information letter and were given the 

opportunity to exempt their children from participating. Participants received 

no reward for their participation. This study was approved by the ethical review 

board of the Faculty of Social and Behavioral Sciences, University of Amsterdam. 

Data from 7 participants were excluded from analyses after data preparation (see 

“Data preparation” section in Results).

The final sample consisted of 182 participants (84 boys and 98 girls; Mage = 14.7 

years, SD = 0.50). For 72.0% of the participants both parents were born in the 

Netherlands, for 14.8% one parent was born in the Netherlands, and for 11.5% 

neither parent was born in the Netherlands (1.6% unknown). All educational levels 

were represented (lower: 36.8%; middle: 27.5%; higher: 35.7%). A total of 24 

participants (13.2%) attended bilingual education; that is, they followed part of the 

school subjects in a foreign language (English). In addition, 22 participants (12.1%) 

self-reported as being diagnosed with dyslexia. No significant gender differences 

were found with regard to distribution of educational level, χ2(2) = 1.08, p = .582, 

V = .08.
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Materials
Single-Target Implicit Association Test

The Single-Target Implicit Association Test (Wigboldus et al., 2004; see 

also Karpinski & Steinman, 2006) was used as the implicit measure of anxiety 

associations. There were three separate ST-IATs, one for each of the three domains: 

math anxiety ST-IAT, English anxiety ST-IAT, and trait anxiety ST-IAT. Each ST-IAT 

assessed the relative strength of associations between a target category and the 

evaluative attributes. The target category differed for the three ST-IATs (i.e., math, 

foreign language, and trait/self, respectively), whereas the evaluative attributes 

were the same for all domains (i.e., anxious vs. calm). Each ST-IAT consisted of 

three blocks: a practice block and two combination blocks. Participants were 

instructed to classify word stimuli as fast and accurately as possible, and their 

reaction times were recorded. See Figure 4.1 for a schematic overview of example 

trials in each block of the math anxiety ST-IAT.

In Block 1 (practice block), participants learned the response keys related 

to the evaluative attributes. The left and right response keys were the E and I 

keys, respectively. The labels of the evaluative attributes (anxious and calm) were 

presented on the top left and top right of the screen (see Example trial Block 1 

in Figure 4.1). After an inter-trial interval (ITI) of 500 ms, a word stimulus was 

presented in the center of the screen (see Stimulus presentation in Figure 4.1). 

The word stimulus represented one of the evaluative attributes (e.g., “nervous” 

for anxious, “relaxed” for calmness), and participants needed to classify the word 

by pressing the response key that corresponded to the location of the label. In 

the example in Figure 4.1, the word stimulus “nervous” required pressing the left 

response key (i.e., E as indicated by the gray arrow) because the anxious attribute 

was presented on the left side. For each evaluative attribute, five word stimuli were 

used, and each was presented once in Block 1 (10 trials in total).

In the combination blocks, the target category was combined with one of 

the evaluative attributes to assess the association between target and evaluative 

attributes. In Block 2 (combination block: anxious + target), the label of the target 

category (math, English, or I) was presented on the same side of the screen as the 

anxious attribute (see Example trial Block 2 in Figure 4.1). In this block, word 

stimuli representing the target category (e.g., “formula” for math) and anxious 

attribute required the same response (i.e., pressing the E key in Figure 4.1).  

4
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Word stimuli representing the calm attribute required the other response (i.e., 

pressing the I key in Figure 4.1). In Block 3 (combination block: calm + target), the 

label of the target category was presented on the same side of the screen as the 

calm attribute (see Example trial Block 3 in Figure 4.1). Word stimuli representing 

the target category or calm attribute required the same response (i.e., pressing 

the I key in Figure 4.1). Word stimuli representing the anxious attribute required 

the other response (i.e., pressing the E key in Figure 4.1). Each combination block 

consisted of 60 trials. Each of five target stimuli was presented five times, all 

stimuli of the evaluative attribute sharing the response with the target were 

presented two times, and all stimuli of the other evaluative attribute were 

presented five times. This resulted in the assignment of 7:5 (or 5:7) responses to 

the left key versus the right key. The word stimuli were based on previous studies 

(Glashouwer et al., 2012; Nosek et al., 2002b) and matched on mean number of 

syllables per concept (see Appendix 3.1).

Stronger associations between the target and the anxiety attribute (vs. 

the target and calmness attribute) are indicated by faster responses in Block 2 

(anxious + target) than in Block 3 (calm + target). For each ST-IAT, built-in error 

penalty D scores were calculated following the algorithm of Greenwald, Nosek, 

and Banaji (2003). Corrected mean reaction times of Block 2 were subtracted 

from corrected mean reaction times of Block 3. Higher D scores represented faster 

responses to Block 2 than to Block 3 and, thus, indicated stronger target-anxiety 

associations relative to target-calmness associations.

Stimuli were presented in black against a white background. Instructions 

were presented before each ST-IAT and each block. Stimuli remained on the screen 

until a response was given. When an error was made, a red cross was presented 

in the center of the lower half of the screen until the participant pressed the 

correct response. Feedback in order to raise participants’ pace (i.e., “Too slow! 

Try to respond faster!”) was presented for 500 ms on correct but slow responses 

(>3000 ms). Assignment of attributes to response keys (i.e., anxious assigned to 

left or right) was random across participants but remained constant across ST-

IATs within participants. Stimuli of the practice blocks were presented in random 

order. For all combination blocks, the order of stimuli presentation was fixed to 

prevent multiple successive responses to one concept or on the same response key.

Abbreviated Math Anxiety Scale
The Dutch version of the Abbreviated Math Anxiety Scale (AMAS; Hopko 

et al., 2003) was used to measure explicit math anxiety. Participants needed to 

rate how anxious they would feel in a given math situation (9 items) on a 5-point 

Likert scale ranging from 1 (almost not anxious) to 5 (very anxious). Participants 

entered the number representing their score (1-5). Higher mean scores indicated 

stronger math anxiety. The Dutch version of the AMAS was obtained using back-

and-forward translation and showed good internal consistency in the current 

sample (α = .84, n = 154).

Foreign Language Classroom Anxiety Scale
An adapted and translated (Dutch) version of the Foreign Language Classroom 

Anxiety Scale (FLCAS; Horwitz, Horwitz, & Cope, 1986) was used to measure 

explicit anxiety for learning English, a foreign language. The original FLCAS, a 

widely used scale for assessing general foreign language anxiety, was translated 

into Dutch using back-and-forward translation and was adapted to focus on English 

specifically. That is, foreign language was replaced by English (see Pichette, 2009). 

Participants needed to rate how much, in general, they agreed with a statement 

(33 items; e.g., “In English class, I can get so nervous I forget things I know”) 

on a 5-point Likert scale ranging from 1 (strongly agree) to 5 (strongly disagree). 

Participants entered the number representing their score (1-5). After recoding 

scores on several items, higher mean scores indicated higher anxiety for learning 

English. Internal consistency in the current sample was good (α = .93, n = 89).

State-Trait-Anxiety Inventory for Children
The trait scale of the Dutch version of the State-Trait Anxiety Inventory for 

Children (STAI-C; Spielberger, Edwards, Lushene, Montuori, & Platzek, 1973; 

Dutch translation Zelf-Beoordelings-Vragenlijst voor Kinderen [ZBV-K]; Bakker, 

van Wieringen, van der Ploeg, & Spielberger, 1989) was used to measure explicit 

trait anxiety. Participants needed to indicate how often each of the 20 statements 

applied to them on a 3-point Likert scale ranging from 1 (almost never) to 3 (often). 

Participants entered the number representing their score (1-3). Higher scores 

indicated higher trait anxiety. Internal consistency in the current sample was good 

(α = .88, n = 135).
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Grades in math and English
As indicators of math performance and English performance, participants 

were asked to report the math and English grades of their school report at the 

end of the previous school year. Grades of the Dutch educational system range 

from 1.0 to 10.0, with higher grades representing better performance and 5.5 is 

considered minimum to pass.

Math Anxiety Problem Solving Task
The Math Anxiety Problem Solving Task (MAPST) is a computer task 

developed to measure math behavior (drop in math performance and chosen 

difficulty level) and state anxiety during math performance (state math anxiety). 

Participants needed to solve algebraic equations in low-anxiety and high-anxiety 

conditions. In the low-anxiety condition, no external pressure was provided 

and participants were free to choose 4 of 12 equations presented per screen. 

The equations were presented by level of difficulty in three separate columns. 

In the high-anxiety condition, participants were presented with 4 equations per 

screen. Anxiety was induced by introducing time pressure and social pressure. 

Participants were instructed to solve the equations as quickly as possible, and a 

running digital clock was shown on the screen. Furthermore, at the start of this 

condition, a general instruction stated that participants’ performance would be 

compared with that of their classmates. The social comparison was not, however, 

performed in reality, which was only revealed in the debriefing. No feedback was 

provided. In addition, control of participants was reduced given that they needed to 

solve all 4 equations presented on the screen and no choice was allowed. To ensure 

comparability of difficulty of equations between conditions within participants, 

equations presented in the high-anxiety condition were one-on-one matched to 

equations chosen in the low-anxiety condition. In both conditions, six screens 

were presented, totaling 24 equations per condition. Equations were presented 

in multiple-choice format, and participants needed to figure out the value of x. 

Example equations are x + 4 = 8 (Level 1), x – 21 = 67 (Level 2), and 3x + 18 = 36 

(Level 3).

The MAPST provided three outcome measures. First, the performance drop 

score was calculated by subtracting the proportion correct in the high-anxiety 

condition from the proportion correct in the low-anxiety condition. Higher 

scores indicated a stronger drop in performance in the high-anxiety condition in 

comparison with the low-anxiety condition. Note that difficulty level is comparable 

between conditions within individuals but varies between individuals. Second, 

the chosen difficulty level score was calculated by adding the difficulty level for the 

chosen equations in the low-anxiety condition. Each equation of Level 1 counted 

as 1, of Level 2 counted as 2, and of Level 3 counted as 3. Higher scores indicated 

choosing more difficult items. Third, state math anxiety was measured using the 

Faces Anxiety Scale (FAS; adapted from McKinley, Coote, & Stein-Parbury, 2003; 

see also Trezise & Reeve, 2014a, 2014b), which consisted of a row of five faces with 

increasing expressions of anxiety. Participants needed to slide the bar toward the 

face that most represented their current anxiety level. The FAS was presented 

at the start (baseline) and three times within each condition. State math anxiety 

scores per condition, ranging from 1 to 5, were average scores of these three 

occasions, excluding the baseline assessment. Higher scores indicated higher state 

math anxiety.

Procedure
The assessment took place in computer rooms at school. After classroom 

instruction, participants completed the assessment individually on a computer, 

starting with questions on demographics and school grades. Next, the three 

questionnaires were alternated with three ST-IATs (i.e., three times a questionnaire 

was followed by an ST-IAT). The order of the three questionnaires and the order of 

the three ST-IATs were random and independent of each other. Previous research 

suggested that the order of implicit and explicit measures does not have a strong 

influence on implicit or explicit effect magnitudes, implicit-explicit correlations, 

or internal consistencies (Nosek et al., 2005). Demographics questions, ST-IATs, 

and questionnaires were programmed and administered using E-Prime 2.0. 

Participants were instructed to inform the test leader after finishing the last ST-

IAT, and the test leader then started the MAPST using online software (Qualtrics). 

The conditions of the MAPST were presented in a fixed order, starting with the 

low-anxiety condition. An example equation of Level 1 was explained first. The 

assessment lasted approximately 45 min. Participants were debriefed and thanked 

for their participation.
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Results

Data preparation
Following Greenwald et al. (2003), ST-IAT data were deleted for participants 

with ≥10% fast responses (<300 ms), that is, 6.4%, 3.7%, and 6.9% of participants 

for math anxiety, English anxiety, and trait anxiety ST-IATs, respectively. In 

addition, incomplete task data for the math anxiety ST-IAT (n = 1) were deleted. For 

the questionnaires, incorrect responses with double numbers were corrected (e.g., 

11 into 1), and others (e.g., 23, 511) were handled as missing. Data of participants 

with >10% missing responses were deleted (AMAS: 17.5%; FLCAS: 5.9%; STAI-C: 

2.1%). During the MAPST, a programming error allowed participants to respond 

on more than 4 equations per screen, which happened mostly on the first screen. 

Data of the first screen in both conditions were excluded from analyses for all 

participants. In addition, MAPST data for participants with >4 responses on a later 

screen (1.6%) were deleted. After data cleaning on the separate tasks, data from 

7 participants were excluded from analyses because of missing data on three or 

more of the tasks. The final sample consisted of 182 participants.

Next, ST-IAT effects were calculated with the built-in error penalty D-scoring 

algorithm, excluding fast (<300 ms) and slow (>10,000 ms) responses (Greenwald 

et al., 2003). Higher D scores corresponded to faster responses when the target 

was paired with anxiety than when it was paired with calmness and, thus, 

indicated stronger target-anxiety associations. The overall error percentages were 

9.3%, 9.8%, and 9.8% for math, English, and trait anxiety ST-IATs, respectively, 

which are relatively low in comparison with other studies using the ST-IAT in 

adolescents (11.7%: de Hullu, de Jong, Sportel, & Nauta, 2011; 17.7%: Thush & 

Wiers, 2007). Reliabilities, as indexed by the average Spearman-Brown corrected 

intercorrelations between split-half D scores for 10 random sets of trials (de 

Hullu et al., 2011; Karpinski & Steinman, 2006), indicated acceptable internal 

consistency (α = .70, α =.73, and α =.72 for math, English, and trait anxiety ST-IATs, 

respectively), in line with previous studies (α = .76: de Hullu et al., 2011; αs = .43-

.52: Thush & Wiers, 2007).

Preliminary analyses
Randomization checks revealed no significant effects of key response 

assignment on ST-IAT scores (all ps ≥ .503). A significant effect of ST-IAT 

administration order was found for the math anxiety ST-IAT, F(5, 166) = 2.657, 

p =  .024, η² =  .07; however, post hoc comparisons with Bonferroni correction 

showed no significant differences (all ps ≥ .052). No significant administration 

order effects were found for other ST-IATs (all ps ≥ .103) or for the questionnaires 

(all ps ≥ .172).

Descriptive statistics on all measures for the total sample, and for girls and 

boys separately, are reported in Table 4.1. Manipulation checks for the MAPST 

revealed that, as intended, state math anxiety was significantly higher in the high-

anxiety condition in comparison with the low-anxiety condition, t(176) = -2.81, 

p = .005, d = 0.21 (see Table 4.1). Unexpectedly, accuracy did not differ significantly 

between the two conditions (low: M = 0.93, SD = 0.10; high: M = 0.92, SD = 0.13), 

t(176) = 1.02, p = .307, d = 0.08, indicating that there was no significant performance 

drop between conditions. Examination of gender differences (Table 4.1) revealed 

a significant gender difference for the math anxiety ST-IAT, indicating that girls 

showed a stronger math-anxiety association than boys. In addition, on all explicit 

anxiety measures, girls reported significantly higher anxiety than boys. All further 

analyses were performed for the total sample as well as by gender or gender was 

taken into account; gender effects were reported only if they deviated from the 

overall pattern.

Math-anxiety associations and the relation with explicit math 
anxiety

To test the first hypothesis that, in general, adolescents would show a stronger 

association between math and anxiety than between math and calmness, a one-

sample t test was performed. As expected, the D score deviated significantly from 

zero, indicating that overall participants showed a relatively stronger math-anxiety 

association than math-calmness association, t(174) = 4.23, p < .001, d = 0.32. 

This result was found for girls, t(95) = 4.78, p < .001, d = 0.49; however, boys did 

not show a stronger math-anxiety association than math-calmness association, 

t(78) = 1.22, p = .226, d = 0.14.
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The Pearson correlation between math anxiety ST-IAT and explicit math 

anxiety (AMAS) revealed that, in contrast to our second expectation, math-anxiety 

associations were not significantly related to self-reported math anxiety (see Table 4.2). 

Math-anxiety associations in relation to math behavior and state 
math anxiety

Pearson correlations among math anxiety ST-IAT, explicit math anxiety, 

and math behavior as well as state math anxiety were calculated (see Table 4.2). 

Results revealed that math-anxiety associations were not significantly related to 

any measure. Note that explicit math anxiety did show significant correlations 

with math behavior except for performance drop.

Table 4.2. Pearson correlations between implicit and explicit anxiety measures, grades, 
and MAPST outcomes for the total sample.

1 2 3 4 5 6

1. Math anxiety ST-IAT

2. English anxiety ST-IAT .12

3. Trait anxiety ST-IAT .04 .26**

4. Explicit math anxiety .15 -.16* .03

5. Explicit English anxiety -.03 .11 .05 .09

6. Explicit trait anxiety .10 .00 -.02 .34*** .44***

7. Math grade -.11 .10 .02 -.28** .29*** .10

8. English grade .08 -.14 -.02 .30*** -.40*** .08

9. Performance drop .06 .03 .10 .04 .10 -.10

10. Chosen difficulty level -.07 -.00 .01 -.17* -.02 .09

11. State math anxiety - low .07 .05 .03 .44*** .17* .40***

12. State math anxiety - high .06 .07 .06 .42*** .17* .42***

Note. MAPST, Math Anxiety Problem Solving Task. ST-IAT, Single-Target Implicit Association 
Test. State math anxiety – low / high, state math anxiety in low/high-anxiety condition of 
MAPST. N differs per correlation (range = 148-178). 
* p < .05. ** p < .01. *** p < .001.

To evaluate whether math-anxiety associations uniquely predicted math 

behavior and state math anxiety when accounting for explicitly, self-reported math 

anxiety (AMAS), we performed two separate hierarchical regression analyses with 

math grade and state math anxiety in the high-anxiety condition as dependent 
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variables. Chosen difficulty level and performance drop were not considered 

because of the weak or nonsignificant correlations with the anxiety measures. 

Explicit math anxiety (Step 1) and math-anxiety associations (math anxiety ST-IAT) 

(Step 2) were entered as predictors (Model 1). Results revealed that only explicit 

math anxiety significantly predicted math grade and state math anxiety (8% and 

18% explained variance, respectively) (see Table 4.3). Note that the results were 

similar when gender was included in the model and gender was not a significant 

predictor in any analysis (all ps > .272).

In addition, Bayesian analyses were performed to examine the probability 

of a null effect for math-anxiety associations predicting math grade and state 

math anxiety. Two separate Bayesian linear regression analyses were performed 

using JASP 0.9.2.0 (JASP Team, 2018; van Doorn et al., 2019), predicting math 

grade and state math anxiety by explicit math anxiety and math anxiety ST-IAT. 

The reported Bayes factor (BF01) compared the best model including explicit 

math anxiety only (H0) with the alternative model including both explicit math 

anxiety and math anxiety ST-IAT (H1) as predictors. For math grade, the Bayes 

factor (BF01 = 2.20) indicated weak evidence in favor of the H0 model including 

only explicit math anxiety. For state math anxiety, the Bayes factor (BF01 = 4.46) 

indicated moderate evidence in favor of the H0 model including only explicit math 

anxiety. The posterior probabilities for inclusion of math anxiety ST-IAT in the 

model, P(incl|data), were .47 and .31 for the model predicting math grade and state 

math anxiety, respectively. These posterior probabilities decreased from the prior 

probability of .50. In sum, the evidence against including math anxiety ST-IAT into 

the models was interpreted as weak for math grade and weak to moderate for state 

math anxiety (van Doorn et al., 2019; Wagenmakers, 2007).

Domain specificity of anxiety associations and explicit anxiety 
measures

One-sample t tests revealed that English anxiety ST-IAT and trait anxiety 

ST-IAT D scores differed significantly from zero. Results indicated that, in 

general, participants associated English relatively stronger with anxiety than 

with calmness, t(179) = 5.31, p < .001, d = 0.40, whereas participants associated 

themselves relatively stronger with calm than with anxious, t(174) = -14.33, p < 

.001, d = 1.08. 

Table 4.3. Hierarchical regression analyses predicting math grade and state math anxiety 
in the high-anxiety condition of MAPST by implicit and explicit math anxiety measures.

Math grade State math anxiety – high a

B SE (B) β p B (95% BCa CI) SE (B) β p
Model 1 Step 1 b

Explicit math anxiety -0.49 0.14 -.28 .001 0.46 (0.25 to 0.69) 0.11 .42 .001

Model 1 Step 2 b

Explicit math anxiety -0.46 0.14 -.26 .001 0.46 (0.26 to 0.72) 0.11 .43 .001

Math anxiety ST-IAT -0.37 0.29 -.10 .210 -0.12 (-0.36 to 0.12) 0.13 -.05 .390

Note. MAPST, Math Anxiety Problem Solving Task. ST-IAT, Single-Target Implicit Association 
Test. State math anxiety – high, state math anxiety in the high-anxiety condition of MAPST. 
Math grade Model 1: R2 = .076 in Step 1 (p = .001); ΔR2 = .010 in Step 2 (p = .210); N = 149. 
State math anxiety - high Model 1: R2 = .177 in Step 1 (p < .001); ΔR2 = .003 in Step 2 (p = .491); 
N = 146. 
a Standard errors (and p values) are based on 1000 bootstrap samples. 95% BCa CI, 95% 
bias-corrected and accelerated bootstrap confidence interval. b Model 1: Explicit math anxiety 
(Step 1), math anxiety ST-IAT (Step 2) were entered. 

To examine domain specificity of anxiety associations, Pearson correlations 

between the ST-IAT and explicit measures for the three domains as well as math 

behavior, state math anxiety, and English grades were calculated (see Table 

4.2). In contrast to our hypothesis, no significant correlations between anxiety 

associations and explicit anxiety measures within the same domain were found.

Unexpectedly, results revealed that English-anxiety associations were negatively, 

but weakly, correlated to explicit math anxiety, but this was found only for girls 

(girls: r = -.31, p = .005; boys: r = .06, p = .628). Also unexpectedly, no significant 

correlations were found for anxiety associations and behavior within the same 

domain. Further analyses for explicit anxiety measures revealed indications of 

domain specificity given that only explicit math anxiety related significantly, 

although weakly, to chosen difficulty level. Stronger math anxiety was associated 

with chosen lower difficulty level, however this was found only for girls (girls: 

r = -.23, p = .035; boys: r = -.07, p = .589). In addition, analyses revealed that explicit 

anxiety measures were significantly correlated with behavior within the same 

domain—however, unexpectedly, also across different domains. That is, explicit 

math anxiety was significantly associated with lower math grade and higher 

English grade, whereas this pattern was reversed for English anxiety. Note that 
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only girls showed a significant correlation between explicit math anxiety and 

English grade (girls: r = .36, p = .001; boys: r = .22, p = .069). All explicit anxiety 

measures were significantly, positively correlated with state math anxiety in 

both conditions of the MAPST; however, explicit math anxiety and trait anxiety 

were correlated moderately and English anxiety was correlated only weakly. 

In addition, significant correlations between ST-IATs of different domains and 

between explicit measures of different domains were found. Note that only boys 

did show significant correlations between explicit math anxiety and trait anxiety 

(boys: r = .51, p < .001; girls: r = .21, p = .059) and between explicit math anxiety 

and English anxiety (boys: r = .25, p = .040; girls: r = -.07, p = .519).

To evaluate whether only math-anxiety associations and explicit math anxiety 

specifically predicted math behavior and state math anxiety, we performed two 

separate hierarchical regression analyses for math grade and state math anxiety in 

the high-anxiety condition. Explicit anxiety variables (explicit math anxiety, explicit 
English anxiety, and explicit trait anxiety) (Step 1) and anxiety association variables 

(math anxiety ST-IAT, English anxiety ST-IAT, and trait anxiety ST-IAT) (Step 2) were 

entered as predictors (Model 2). Results revealed that the model including explicit 

anxiety measures significantly predicted math grade (Step 1: R2 = .223, p < .001) and 

state math anxiety (Step 1: R2 = .285, p < .001) (see Table 4.4). However, including 

anxiety association variables in the model did not significantly improve the model 

for math grade (Step 2: ΔR2 =  .016, p =  .427) and only marginally significantly 

improved it for state math anxiety (Step 2: ΔR2 = .042, p = .050). Results of Step 

1 indicated that lower explicit math anxiety and higher explicit English anxiety 

were significantly and independently related to higher math grade (13% and 6% 

unique explained variance, respectively). Higher explicit math anxiety and higher 

explicit trait anxiety were significantly and independently related to higher state 

math anxiety (10% and 7%, respectively). In addition, and unexpectedly, results of 

Step 2 indicated that stronger English-anxiety associations were related to higher 

state math anxiety (3%). Note that when gender was included in the model, it was 

not a significant predictor in any analysis (all ps > .231) and results remained the 

same, although entering anxiety association variables in the model was no longer 

significant for state math anxiety (ΔR2 =  .038, p =  .066). See Appendix 3.2 for 

additional Bayesian analyses.

Table 4.4. Hierarchical regression analyses predicting math grade and state math anxiety 
in the high-anxiety condition of MAPST by implicit and explicit math, English, and trait 
anxiety measures.

Math grade State math anxiety – high a

B SE (B) β p B (95% BCa CI) SE (B) β p

Model 2 Step 1 b

Explicit math anxiety -0.68 0.15 -.38 <.001 0.39 (0.19 to 0.61) 0.11 .35 .002

Explicit English anxiety 0.52 0.16 .29 .001 -0.06 (-0.24 to 0.12) 0.09 -.05 .523

Explicit trait anxiety 0.40 0.28 .13 .156 0.61 (0.20 to 0.99) 0.20 .32 .008

Model 2 Step 2 b

Explicit math anxiety -0.69 0.15 -.39 <.001 0.44 (0.22 to 0.67) 0.11 .39 .002

Explicit English anxiety 0.51 0.16 .28 .002 -0.12 (-0.32 to 0.07) 0.10 -.11 .191

Explicit trait anxiety 0.45 0.28 .15 .117 0.65 (0.25 to 1.02) 0.20 .34 .004

Math anxiety ST-IAT -0.31 0.29 -.08 .293 -0.21 (-0.47 to 0.05) 0.14 -.09 .144

English anxiety ST-IAT -0.25 0.29 -.07 .402 0.41 (0.04 to 0.79) 0.18 .19 .031

Trait anxiety ST-IAT 0.31 0.28 .09 .275 0.11 (-0.18 to 0.41) 0.16 .05 .481

Note. MAPST, Math Anxiety Problem Solving Task. ST-IAT, Single-Target Implicit Association 
Test. State math anxiety – high, state math anxiety in the high-anxiety condition of MAPST. 
Math grade Model 2: R2 = .223 in Step 1 (p < .001); ΔR2 = .016 in Step 2 (p = .427); N = 139; 
State math anxiety in high-anxiety condition (state math anxiety –high) Model 2: R2 = .285 in 
Step 1 (p < .001); ΔR2 = .042 in Step 2 (p = .050); N = 137. 
a Standard errors (and p values) are based on 1000 bootstrap samples. 95% BCa CI, 95% 
bias-corrected and accelerated bootstrap confidence interval. b Model 2: Explicit math anxiety, 
explicit English anxiety, and explicit trait anxiety (Step 1), and math anxiety ST-IAT, English 
anxiety ST-IAT, and trait anxiety ST-IAT (Step 2) were entered. 
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Discussion

 This study investigated the role of adolescents’ implicitly measured 

associations between math and anxiety in relation to explicitly measured math 

anxiety. It was investigated whether these associations predicted math behavior 

as well as state math anxiety independent of explicit math anxiety. In addition, the 

domain specificity of anxiety associations for predicting behavior was investigated. 

Therefore, anxiety associations (using the ST-IAT) and self-reported anxiety were 

assessed for three domains: math anxiety, foreign language (English) anxiety, and 

trait anxiety. As expected, results revealed that, in general, adolescents showed 

relatively stronger math-anxiety associations in comparison with math-calmness 

associations. In addition, we found that overall adolescents showed stronger self-

calmness associations (relative to self-anxiety associations) and stronger English-

anxiety associations (relative to English-calmness associations). These findings 

are in line with previous research showing that math is generally more strongly 

associated with negative evaluations and self is more strongly associated with 

calmness and positive evaluations (de Jong, 2002; Gamer et al., 2008; Nosek et al., 

2002b, 2002a). In addition, in line with previous research, girls reported stronger 

negative associations with math (e.g., math + anxiety) than boys (Nosek et al., 

2002b; see also Kessels et al., 2006), girls reported higher anxiety on all explicit 

anxiety measures (Devine, Fawcett, Szücs, & Dowker, 2012; Frenzel, Pekrun, & 

Goetz, 2007; McLean, Asnaani, Litz, & Hofmann, 2011), and no gender differences 

were found for state math anxiety (Goetz, Bieg, Lüdtke, Pekrun, & Hall, 2013). 

Evidence of the gender difference on implicitly measured associations matches 

commonly replicated gender differences on explicit measures and suggests that 

girls might actually be more anxious than boys and do not just report on it in a 

more extreme way.

The innovative aspects of this pioneering study are the implicit assessment 

of math- anxiety associations using an ST-IAT and that these associations were 

related to an explicit self-report questionnaire of math anxiety as well as math 

behavior. Theoretical models conceptualize associative processing in anxiety 

as distinct from rule-based processing and propose that both processes jointly 

influence behavior (Ouimet et al., 2009). Based on this, it was expected that math-

anxiety associations would relate to and explain unique variance in math behavior 

and state math anxiety. In contrast to our hypotheses, math-anxiety associations 

were not related to explicit math anxiety. Furthermore, math-anxiety associations 

did not relate to or uniquely predict math behavior and state math anxiety.

It should be noted that although relations between the ST-IAT and explicit 

anxiety and between the ST-IAT and grades were not significant, they were in the 

expected direction. But Bayesian analyses indicated weak to moderate evidence 

against math-anxiety associations as a predictor of math grade and state math 

anxiety. Regarding the relation between the IAT and explicit measures as well 

as predictive validity of the IAT, previous findings have also been mixed. Meta-

analyses have reported overall mean effect sizes between the IAT and explicit 

measures of .21 (± 95% confidence interval =  .04 and ranging from .09 to .54 

for separate domains; Greenwald et al., 2009) and .24 (with 90% credibility 

interval between .01 and .47; Hofmann et al., 2005). For IAT measures predicting 

behavior, a meta-analysis reported an average effect size of r = .27 (range = .17-

.48; Greenwald et al., 2009). However, there is variation across domains and types 

of anxiety (e.g., Roefs et al., 2011). Weak or no correlations between the IAT and 

explicit measures have found to be more likely when a topic is more sensitive to 

motivational processes (de Jong, 2002; Gawronski, Hofmann, & Wilbur, 2006) and 

when, like in the current study, questionnaires are used (Hofmann et al., 2005). 

More important, because associative and rule-based processes might operate 

independently, the relation between implicit and explicit measures could be absent 

and still both measures could predict behavior independently (Egloff & Schmukle, 

2002; Greenwald et al., 2009; Nosek et al., 2002b). However, our findings did not 

support this.

The current findings add to previous mixed results on the relevance of 

implicitly measured processes in relation to math anxiety. For example, some 

studies have found preliminary evidence for affective priming effects in children 

with developmental dyscalculia (Rubinsten & Tannock, 2010) and attentional 

bias in math-anxious individuals (Rubinsten, Eidlin, Wohl, & Akibli, 2015; Suárez-

Pellicioni, Núñez-Peña, & Colomé, 2015; see also Hopko, McNeil, Gleason, & Rabalais, 

2002). However, others were not able to replicate such affective priming effects 

(Kucian et al., 2018). In addition, other findings have suggested that math anxiety 

might negatively predict performance only in interaction with other factors such 

as working memory capacity and cortisol responses (Mattarella-Micke, Mateo, 
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Kozak, Foster, & Beilock, 2011; Pletzer, Wood, Moeller, Nuerk, & Kerschbaum, 

2010). These results might question the additive value of implicit measures in math 

anxiety, and it could be that a theoretical model with a clear distinction between 

two information processing systems (i.e., dual process model) does not accurately 

describe math anxiety (see e.g., Hommel & Wiers, 2017, for an alternative model to 

dual-routes models; see also Wiers, Gladwin, Hofmann, Salemink, & Ridderinkhof, 

2013). However, this conclusion might be too premature given the line of evidence 

for threat-associative processing in schema-based information processing 

in other domains of anxiety (Ouimet et al., 2009; see also Beck & Clark, 1997; 

Mathews & MacLeod, 2005). In addition, although math anxiety concerns learned 

anxiety without direct evolutionary benefits, it does share cognitive, affective, 

and behavioral components as well as general anxiety vulnerability with other 

domains of anxiety (see Dowker, Sarkar, & Looi, 2016; Hopko, McNeil, Zvolensky, 

& Eifert, 2001). Moreover, positive results have also been found, and several other 

explanations for the current lack of findings are also possible.

First, it is uncertain whether the IAT is sensitive to capture underlying 

associations between concepts and threat (see Mathews & MacLeod, 2005; see 

also de Houwer, 2006; de Houwer, Teige-Mocigemba, Spruyt, & Moors, 2009). The 

math anxiety ST-IAT did not significantly correlate to any measure, suggesting 

that the current ST-IAT might not adequately capture the associations involved in 

math anxiety and math behavior. One possibility is that the use of a single-target 

version of the IAT (ST-IAT), which intentionally precludes a relative comparison 

of math with another subject, has affected the strength of the associations 

being measured. For academic subjects, using a contrasting category may be of 

practical importance because academic choices rarely occur without alternatives 

(Cvencek et al., 2011; Nosek et al., 2002b). On the other hand, the ST-IAT has been 

successfully applied to a broader range of topics (e.g., Bongers, Jansen, Houben, & 

Roefs, 2013; de Hullu et al., 2011; Houben & Wiers, 2008; Karpinski & Steinman, 

2006; Thush & Wiers, 2007). Furthermore, reliabilities of the current ST-IATs 

were adequate and comparable to previous studies with adolescents, as were the 

error percentages (de Hullu et al., 2011; Thush & Wiers, 2007). A possibility is 

that the current attribute (anxiety) is not optimal. Theoretically, anxiety results 

from the activation of a threat concept that is associated with the concept of the 

encountered stimulus (e.g., math; Ouimet et al., 2009). It is possible that math is 

not so strongly associated with anxiety as with the expectancy of failure, which is 

considered threatening and causes anxiety (Pekrun, 2006). Accordingly, it might 

be more likely that an association between math and failure (as alternative threat 

concept) is underlying math anxiety. Future studies could adapt the evaluative 

attributes of the current ST-IAT into failure versus success (instead of anxiety vs. 

calmness) to investigate whether math-failure associations might relate to explicit 

math anxiety and predict math behavior.

Another possibility is that associations might not predict the type of behavior 

used in the current study. Whereas previous literature suggested that implicit 

anxiety measures specifically predicted spontaneous or nonverbal behaviors 

(Egloff & Schmukle, 2002; Gschwendner et al., 2008; Nosek et al., 2002b), our 

measures might have assessed behavior that is more strongly influenced by 

rule-based processing as well as other factors. Chosen difficulty level, which was 

intended to be an indicator of spontaneous math behavior, may instead represent 

a deliberate, rule-based process, integrating one’s self-efficacy and the difficulty of 

the represented problems. A weak correlation between chosen difficulty level and 

explicit math anxiety supports this idea. Future studies could focus on assessing 

more spontaneous math behavior. Self-reported math grade was also used as 

a behavior outcome, and it is likely that many factors have had an impact on it 

(e.g., motivation, learning strategies). However, it is a relevant outcome measure, 

also for future studies, given that this reflects daily life achievement. Regarding 

performance, previous research suggested that implicit measures predicted 

change scores and relative scores (i.e., a difference between math and verbal 

scores; Egloff & Schmukle, 2002; Nosek et al., 2002b). The lack of findings on our 

performance drop measure, however, might be due to limitations of the MAPST. 

A performance drop typically occurs when anxiety is moderate to high (Ashcraft 

& Moore, 2009), but low state math anxiety in the high-anxiety condition (1.3 on 

a scale of 1-5) and high accuracy in both conditions (>90%) suggested that the 

anxiety manipulation was not effective. Therefore, adaptations of the MAPST are 

needed to induce higher anxiety levels, for example, by using stronger anxiety 

manipulations, more difficult equations, and randomization of condition order to 

prevent practice and familiarization effects. Furthermore, in line with previous 

research (Egloff & Schmukle, 2002), only explicit anxiety predicted self-rated state 

math anxiety, potentially suggesting that self-report state anxiety assessments 
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capture more rule-based, explicit processing. It is possible that implicit measures 

are more relevant in predicting experimenter-rated changes in state anxiety or 

physiological changes (Egloff & Schmukle, 2002). However, more variation in 

state math anxiety is necessary to investigate this further. In sum, the current 

findings suggest that further research is needed to disentangle to what extent 

math behavior is influenced by implicitly measured anxiety associations and to 

investigate which types of behaviors or indicators are specifically predicted by 

these associations. Therefore, future studies should focus on ways to improve 

the measurement of task performance and spontaneous or nonverbal behaviors 

in math anxiety.

The current study investigated anxiety in an unselected sample of secondary 

school students. Overall, anxiety ratings were relatively low, and it is possible 

that the number of individuals with strong math-threat associations was low in 

the current sample. This could also have resulted in a lack of relations between 

associations and other variables. Therefore, future studies should focus on 

individuals high in math anxiety.

Domain specificity of math-anxiety association
Lastly, we expected that anxiety associations would be specifically related 

to measures for the same domain. Results revealed that implicit measures were 

not specifically related to explicit anxiety within the same domain or to grade or 

other outcomes. Surprisingly, English-anxiety associations correlated negatively 

with explicit math anxiety. This was true only for girls, possibly affected by more 

extreme scores in math anxiety. Note that although the correlation between math-

anxiety associations and explicit math anxiety was not significant, it was positive 

and almost similar in magnitude. Although, as discussed above, overall our results 

suggest that ST-IAT measures need improvement, these results may point to the 

relevance of associations for anxiety as well as domain specificity of associations 

for school subjects.

Results of explicit anxiety measures did show indications of domain 

specificity. State math anxiety was uniquely predicted by explicit math anxiety 

and trait anxiety but not English anxiety. In addition, chosen difficulty level was 

correlated only to math anxiety. Furthermore, in line with previous research, 

math anxiety was related to trait anxiety as well as state anxiety but could be 

differentiated because only math anxiety predicted math grade (Caviola, Primi, 

Chiesi, & Mammarella, 2017; Hembree, 1990; Hopko et al., 2003; Wang et al., 2014; 

see also Carey, Devine, Hill, & Szücs, 2017).

For domain specificity of explicit math and English anxiety and grades, the 

pattern of results was more mixed. Previous studies have, however, also reported 

inconsistent findings. Some studies have reported weak or negligible relations 

between anxiety for math and English as well as for relations between anxiety and 

achievement across the two domains (Goetz, Cronjaeger, Frenzel, Lüdtke, & Hall, 

2010; Goetz et al., 2006, 2007; Hill et al., 2016). However, other studies showed 

strong cross-domain relations between anxiety in math and anxiety in English 

(Green, Martin, & Marsh, 2007), and worse math and reading performance for 

academic, but not general, anxious individuals (Carey, Devine, et al., 2017). In the 

current study, it was found that both explicit math anxiety and English anxiety 

uniquely predicted math grade and related to English grade, but the pattern was 

reverse. Furthermore, math anxiety and English anxiety were not correlated to 

each other (except for boys). These findings suggest that math anxiety and English 

anxiety can be differentiated from each other, supporting previous findings of 

domain-specific anxiety in academics (Goetz et al., 2010, 2006, 2007). However, 

in contrast to some previous literature, cross-domain relations between anxiety 

and grades were found. It is unlikely that these cross-domain relations can be 

explained by a general anxiety factor, as previously suggested (Hill et al., 2016), 

because trait anxiety was accounted for in the current study. However, different 

anxiety profiles (Carey, Devine, et al., 2017) might be possible, which may be the 

focus of future studies. In addition, other explanations are possible.

First, self-reported grades were used, which might not accurately represent 

the actual achievement, and the validity has been questioned. On the other hand, 

self-reported grades have been used frequently in secondary school students’ 

samples, and strong correlations (>.80) between self-reported grades and 

actual grades have supported validity of these reports (Chatard, Guimond, & 

Selimbegovic, 2007; Goetz et al., 2006; Kuncel, Credé, & Thomas, 2005; Steffens 

& Jelenec, 2011). Even when self-reported grades might correspond to the actual 

grades, using grades as a measure of achievement might be a limitation. As stated, 

grades might be influenced by many other factors besides achievement per se such 

as motivation, learning strategies, classroom environment, and class performance. 

4



106 107

Do implicitly measured math–anxiety associations play a role in math behaviour?Chapter 4

Standardized tests might be less affected by these factors. Therefore, including 

standardized tests of achievement in future studies might facilitate a less biased 

clarification of the relationships between anxiety and achievement.

Second, the cross-domain relations might resemble the influence of a third 

factor that is influencing both anxiety and grade. According to the internal/

external frame of reference model (Marsh, 1986; Marsh & Craven, 2006; Möller, 

Pohlmann, Köller, & Marsh, 2009), students evaluate their achievement in a given 

subject with that of other students (external frame of reference) as well as with 

their own achievement in other subjects (internal frame of reference). As a result 

of an internal comparison, students think of themselves as either a math person or 

a language person. It might be possible that someone who is good in either math or 

language, but not the other, might not report anxiety for this subject but does so 

for the other subject. In addition, it could be that other psychological factors such 

as competence beliefs, values, and stereotypes affect both the experience and self-

report of anxiety and achievement. These factors can also have differential effects 

for boys and girls, possibly explaining inconsistent findings for gender (Frenzel et 

al., 2007; Galdi, Cadinu, & Tomasetto, 2014; Pekrun, 2006).

Conclusion
This pioneering study investigated adolescents’ implicitly measured 

associations between math and anxiety in relation to self-reported math anxiety 

and math behavior. We demonstrated that math was more strongly associated with 

anxiety in comparison with calmness and that this association was stronger for 

girls than for boys, suggesting potential relevance of math-anxiety associations. 

However, math-anxiety associations were not related to explicit math anxiety, 

and only explicit math anxiety predicted math behavior. Furthermore, we 

demonstrated that explicit math anxiety could be differentiated from explicit 

anxiety for learning a foreign language. The current lack of relations between 

math-anxiety associations and explicit math anxiety and math behavior adds to 

previous inconsistent findings on implicit measures of math anxiety. Given that 

research on math-anxiety associations is still in its infancy, and given the current 

limitations that warrant alternative explanations, it is worthwhile to develop 

tasks that capture the most relevant math-threat associations and to investigate 

which math behavior might be most strongly influenced by these associations. The 

lessons learned from the current thorough study invite such research, which is 

necessary before drawing a final conclusion on the relevance of implicit measures 

above explicit measures of math anxiety.
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Abstract

Math anxiety in adolescence negatively affects learning math and careers. 

The current study investigated whether three cognitive biases, i.e. math-failure 

associations, attentional biases, and avoidance bias for math, were related to trait 

and state math anxiety as well as math behavior. Also, the relations with math 

self-concept, interest in math, and students’ experiences of support from the 

math teacher were examined. A 529 secondary school students performed three 

cognitive bias tasks, questionnaires and a math performance task, and reported 

their grades. Only math-failure associations were associated with trait math 

anxiety and predicted math behavior. However, math-failure associations did not 

show additive value predicting math behavior on top of trait math anxiety. Math 

self-concept fully mediated the relation between math-failure associations and 

math behavior. Although the correlational design of the current study does not 

permit any causal inferences, the findings suggest that math-failure associations 

might form a link underlying math self-concept, math anxiety, and math behavior. 

No evidence was found for attentional and avoidance biases in math anxiety and 

math behavior. Replication is necessary, and suggestions for future research 

involve improvement of assessment methods.

Introduction

Math anxiety can be defined as a negative emotional response that is evoked 

in math-related situations (see Suárez-Pellicioni et al., 2016). Math anxiety has 

been negatively related to math performance, and this effect might be independent 

of math competence (Ashcraft & Moore, 2009; Hembree, 1990). Math anxiety 

has been characterized by negative cognitions and avoidance behavior (i.e., 

avoidance of math courses and careers, and rushing through difficult items; see 

Ashcraft & Faust, 1994; Hembree, 1990). Given these negative outcomes, a better 

understanding of the underlying mechanisms of math anxiety is crucial. Cognitive 

biases might be such an underlying mechanism. Cognitive models have proposed 

that cognitive biases in processing of threat-relevant stimuli account for individual 

differences in vulnerability to anxiety (Ouimet et al., 2009). Given the robust 

evidence for the role of cognitive information processing biases in the development 

and maintenance of various types of anxiety (e.g., Bar-Haim et al., 2007; Egloff 

& Schmukle, 2002; Roefs et al., 2011), it seems surprising that these biases have 

received only minimal attention in math anxiety and behavior (for review see 

Suárez-Pellicioni et al., 2016). The aims of the current study were to investigate 

whether individual differences in three common cognitive biases (i.e., threat-

related associations, attentional biases, and avoidance bias) would play a role in 

math anxiety and whether these biases would be associated with negative effects 

on behavior and performance outcomes. The current study focused on adolescents, 

because math anxiety has found to peak during adolescence (Hembree, 1990), a 

crucial period for learning math and choosing careers.

Associative processes might be a first mechanism involved in math anxiety. 

Theoretical models have proposed that encountering a stimulus activates 

corresponding concepts. Anxiety is assumed to result from relatively strong 

associations between a stimulus (math) and threat-related concepts (Ouimet et 

al., 2009). Research has supported the role of implicitly measured associations in 

anxiety and behavior. For example, relatively stronger self-anxiety associations 

independently predicted both a larger increase in anxiety after stress and a 

larger performance decrease due to stress (Egloff & Schmukle, 2002). In addition, 

stronger math-male associations predicted better performance for men, but worse 

performance for women (Nosek et al., 2002a, 2002b). In general, associations with 
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math are more negative compared to associations with language/arts (Nosek et al., 

2002a, 2002b). Recently, it was found that adolescents showed stronger implicitly 

measured associations between math and anxiety, compared to calmness; however, 

the strength of math-anxiety associations was not related to self-reported math 

anxiety or math behavior (Schmitz, Jansen, et al., 2019a, Chapter 4). A possible 

explanation for the lack of a relationship with math anxiety is that anxiety itself 

is not the threatening concept that is associated with math. The control-value 

theory proposes that anxiety is evoked by an expectancy of failure (Pekrun, 2006). 

Possibly, stronger associations between math and failure evoke stronger anxiety 

in math and have negative effects on math behavior. In line with this, the current 

study investigated whether math-failure associations would be associated with 

math anxiety and math behavior.

Attentional biases towards math might be a second mechanism involved 

in math anxiety. A meta-analysis focusing on other types of anxiety concluded 

that anxious adults and children showed a robust pattern of selectively attending 

towards threat with small to medium effect size (Bar-Haim et al., 2007). Both an 

engagement and a disengagement bias have been proposed. Engagement bias is a 

disproportionate tendency for attention to be captured by threatening information 

that is outside of initial attentional focus and is commonly operationalized 

as quicker orientation responses towards threats. Disengagement bias is a 

disproportionate tendency for attention to be held by threatening information 

that has initial attention focus and is operationalized as delayed responses when 

shifting from threat to another stimulus (Cisler & Koster, 2010; Grafton & MacLeod, 

2016; Ouimet et al., 2009). Research has supported both types of attentional biases 

in anxiety, however, there were inconsistencies. For example, one study found 

that social anxiety was characterized by facilitated attentional engagement only 

(Grafton & MacLeod, 2016), whereas another found that trait anxiety was only 

related to difficulty in disengagement (Salemink, van den Hout, & Kindt, 2007). 

The question is whether these biases are involved in math anxiety as well.

Recent studies have supported the role of attentional biases in the school 

context. That is, attentional biases towards school and exam-related stimuli have 

been found in highly test-anxious individuals, but not low test-anxious individuals 

(Mano, Gibler, Mano, & Beckmann, 2018; Putwain et al., 2011). Also, stronger 

school-related attentional biases in adolescents have been associated with lower 

academic functioning and more emotional and behavioral problems (Scrimin, 

Moscardino, Altoè, & Mason, 2016, 2018), emphasizing its negative outcomes. A 

few studies have investigated attentional biases in math anxiety, and it was found 

that highly math-anxious individuals were faster to identify a probe when it was 

presented in the same, compared to a different, location after a math prime. This 

was not found for a neutral prime, suggesting difficulties to disengage attention 

from math specifically (Rubinsten et al., 2015). However, because math and 

neutral primes were never presented at once, no direct comparison of attentional 

allocation between these types of primes was measured. Therefore, it is still 

uncertain whether attention would be more strongly allocated towards math only. 

Also, it is unsure whether only attentional processes have been captured because 

participants had to solve the equations, and thus responses might also have 

included calculation times. In a study with the emotional Stroop task, it was found 

that highly math-anxious, but not low math-anxious, individuals took longer to 

respond to the color of math words in comparison to neutral words, and prolonged 

reaction times were related to stronger math anxiety (Suárez-Pellicioni et al., 

2015). This was interpreted as attentional bias, although it is debated whether 

the Stroop effect reflects attentional bias (de Ruiter & Brosschot, 1994; see also 

Hopko et al., 2002; Van Bockstaele et al., 2014). In other types of anxiety, visual 

search paradigms are preferred, because they have found to be more reliable than 

other paradigms (Dandeneau, Baldwin, Baccus, Sakellaropoulo, & Pruessner, 2007; 

Dodd, Vogt, Turkileri, & Notebaert, 2017; Schmukle, 2005; Van Bockstaele et al., 

2020). So far, previous studies on math anxiety lack a clear differentiation between 

engagement and disengagement biases for math and have used tasks that might 

be suboptimal measures of attentional bias. To address these limitations, a Math 

Visual Search Task (Math VST) was developed to investigated whether engagement 

and disengagement components of attentional biases would be associated with 

math anxiety and math behavior.

Lastly, avoidance biases away from math might play a role in math anxiety and 

behavior. Anxiety, in general, has been characterized by an avoidance tendency 

(i.e., action tendency away from threat; Frijda, 1986, 1987; Frijda, Kuipers, & ter 

Schure, 1989). Using behavioral reaction time paradigms, such as the Approach 

Avoidance Task (AAT; Phaf, Mohr, Rotteveel, & Wicherts, 2014; Rinck & Becker, 

2007), biases in avoid and approach tendencies have been related to several 
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types of psychopathology among different age-groups (e.g., Lobbestael, Cousijn, 

Brugman, & Wiers, 2016; Peeters et al., 2012, 2013; Phaf et al., 2014; Rinck & 

Becker, 2007; Taylor & Amir, 2012; Wiers, Rinck, Dictus, & van den Wildenberg, 

2009). For anxious individuals, stronger avoidance tendencies away from threat 

(i.e., angry faces in highly socially anxious individuals, and spiders in spider fearful 

individuals) have been found compared to non-anxious controls (Heuer et al., 2007; 

Klein, Becker, & Rinck, 2011; Rinck & Becker, 2007). More importantly, avoidance 

tendencies away from spiders were correlated with the speed of approaching a real 

spider, even when controlling for self-reported fear (Rinck & Becker, 2007; but see 

Effting, Salemink, Verschuere, & Beckers, 2016; Klein et al., 2011). These findings 

indicate that an avoidance bias explained differences in anxiety and behavior that 

were not explained by self-report measures.

Avoidance behavior might play a key role in math anxiety. Next to avoiding 

math-related courses, it has been suggested that highly math-anxious individuals 

sometimes avoid cognitive involvement in math tasks by rushing through the 

tasks. This was inferred from high speed and low accuracy in performance 

(Ashcraft & Faust, 1994; Hembree, 1990). Despite these suggestions, research on 

approach-avoidance biases in math anxiety is scarce. One study has shown that a 

single math approach training session resulted in stronger math identification and 

more attempts in math (Kawakami, Steele, Cifa, Phills, & Dovidio, 2008), providing 

evidence for the role of math approach tendencies in math behavior. In the current 

study, it was investigated whether stronger avoidance bias for math would be 

associated with stronger math anxiety and math avoidance behavior.

The current study
The current study investigated the role of three types of cognitive biases: 

math-failure associations, attentional biases towards math (both engagement and 

disengagement), and math avoidance bias, in math anxiety and math behavior. 

The first aim was to test whether stronger cognitive biases would be associated 

with stronger self-reported trait math anxiety and state math anxiety during a 

math performance task. To investigate the specificity, the relationships between 

cognitive math biases and state math enjoyment were examined as well. The 

second aim was to test whether the cognitive biases would predict math behavior, 

which was assessed using self-reported math grades and a math performance 

task. It was expected that stronger cognitive biases would be related to lower 

math grades, and stronger math avoidance behavior (i.e., choosing lower difficulty 

levels of math problems, and rushing through a math task as indicated by lower 

accuracy and quicker response times).

The third aim was to explore the relationships between cognitive biases 

and factors that would potentially influence the development and maintenance 

of math anxiety. First, math self-concept has found to be reciprocally, negatively 

related to math anxiety, and also positively to math performance (Ahmed et al., 

2012; Lee, 2009; van der Beek et al., 2017). Possibly, lower math self-concept 

increases threatening math-related expectancies and therefore affects associative 

and attentional processes, increasing the vulnerability to math anxiety. Second, 

interest in math has theoretically been proposed to be impaired by anxiety 

(Pekrun, 2006), and math interest and performance have found to be positively 

associated (Köller et al., 2001). Stronger math interest might reflect an absence of 

threat expectancies, preventing cognitive biases and math anxiety. Last, previous 

studies have pointed to the role that math teachers might play in the development 

of math anxiety (e.g., Beilock et al., 2010). Students’ experience of teacher support 

from the math teacher might be associated with weaker biases. The current study 

included an initial exploration of the relationships between cognitive biases and 

math self-concept, interest in math, and experience of teacher support from the 

math teacher.

Methods

Participants
A total of 529 Dutch secondary school students recruited through three schools 

participated in the study. Passive informed consent from parents was obtained, and 

participants gave active online informed consent before they started the assessment. 

Participants received no reward. This study was approved by the ethical review 

board of the Faculty of Social and Behavioral Sciences, University of Amsterdam. 

Data from 29 participants were excluded from analyses (see Data Cleaning). 

        The final sample consisted of 500 participants (Mage = 14.01 years, SD = 0.97; 

244 boys). Participants attended Year 1, 2, or 3 of secondary school (32.8%; 40.8%; 

26.4%, respectively) of all educational levels in the Netherlands (except special 
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education). Educational level was recoded into low (13.2% preparatory vocational 

education), middle (58.6% senior general education), and high (28.2% university 

preparation education). Five percent of the participants attended a bilingual program 

(all at the highest educational level). For 51.2% of the participants both parents 

were born in the Netherlands, for 17.4% one parent was born in the Netherlands, 

and for 30.8% neither parent was born in the Netherlands (0.6% unknown). 

Materials
Cognitive bias tasks

Math-failure ST-IAT. The Single-Target Implicit Association Test (ST-IAT; 

Wigboldus, Holland, & van Knippenberg, 2004; cf., Karpinski & Steinman, 2006) 

was used to assess the strength of associations between math and failure, in 

comparison to math and success. In the ST-IAT participants had to classify word 

stimuli as fast and accurate as possible and their reaction times were recorded. 

The underlying logic is that the stronger math is associated with failure the easier 

(and thus quicker) it should be to classify math and failure words using the same 

response, in comparison to classifying math and success words using the same 

response (see Greenwald et al., 1998; Wigboldus et al., 2004).

The math-failure ST-IAT consisted of one practice block and two combination 

blocks; see Figure 5.1 for example trials per block. In the practice block, participants 

learned the response keys related to the categories failure and success, for which 

labels were presented on the upper left and right corners of the screen (Figure 

5.1a). The locations of the labels were randomized between participants. After 

an inter-trial interval (500-1000 ms), a word stimulus representing either failure 

(e.g., ‘bad’) or success (e.g., ‘proud’) was presented in the center of the screen. 

Participants were instructed to classify the word by pressing the response key 

that corresponded to the location of the label (i.e., the left or right arrow key). The 

practice block consisted of 10 trials (i.e., all five word stimuli per category once).

Next, two combination blocks were presented in counterbalanced order. In the 

Math + Failure combination block, the labels math and failure were combined on 

one side of the screen, and success was presented on the other side (Figure 5.1b). 

Math and failure words required the same response, and success words required 

the other response. In the Math + Success combination block (Figure 5.1c), the 

labels math and success were combined, requiring the same response, and failure 

was presented on the other side, requiring the other response. Each combination 

block consisted of 60 trials. In both blocks, all 5 math words were presented 5 

times. In the Math + Failure combination block, all 5 failure and success words 

were presented 2 and 5 times, respectively. In the Math + Success combination 

block, this was 5 and 2 times, respectively. The word stimuli (see Appendix 4.1) 

were matched on mean number of syllables per category.

Instructions were presented before each block. Stimuli remained on the screen 

until a response was given. When an error was made, a red cross was presented until 

the participant pressed the correct response. A time-out message and repetition of 

the instructions were presented after 10000 ms, and the trial was repeated. Stimuli 

were presented in random order (restriction: max. 2 per category successively). 

Figure 5.1. Example trials of math-failure ST-IAT per block.
Note. Correct responses are indicated by the grey arrow key.

Following the algorithm of Greenwald, Nosek, and Banaji (2003), Math-
failure association D-scores with built-in error penalty were calculated. RTs were 

recorded until responses were correct. Trials with fast (≤ 300 ms) and slow (≥ 

10000 ms) responses were discarded. Higher D-scores (i.e., corrected mean 

RT of Math + Success combination block - corrected mean RT of Math + Failure 

combination block) represented faster responses in the Math + Failure than in the 

Math + Success combination block, indicating stronger math-failure associations 

(compared to math-success).8 The reliability of the D-score in the final sample, as 

8	 Randomisation checks for the ST-IAT revealed a significant effect of the order of blocks (Block 
order), indicating that stronger math-failure associations were found when the Math + Failure 
combination block was presented first, t(304) = -14.26, p < .001. Block order was included in 
subsequent analyses.
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indexed by the average Spearman-Brown corrected intercorrelations between 

split-half D-scores for 10 random sets of trials (de Hullu et al., 2011; Karpinski & 

Steinman, 2006), indicated good reliability (α = .85). The average error percentage 

was 6.6%.

Math VST. The Math Visual Search Task (Math VST; based on Dandeneau et al., 

2007; De Voogd, Wiers, Prins, & Salemink, 2014; Dodd et al., 2017) was developed 

to measure two components of attentional bias for math (i.e., engagement and 

disengagement bias). Each trial started with an inter-trial interval (500-1000 ms), 

after which a white fixation dot was presented in the center of a black screen 

(500-1000 ms). Next, 8 white stimuli were presented in a circle, and participants 

were instructed to confirm whether a target stimulus was present. The ‘yes’ and 

‘no’ response were randomly allocated between participants on the left and right 

arrow keys. When an error was made a red cross was presented in the center of 

the screen (1000 ms), and the trial was repeated. The Math VST consisted of three 

blocks presented in counterbalanced order: Engagement block, Disengagement 

Formula block, Disengagement String block (see Figure 5.2 for example trials 

per block). In the Engagement block (64 trials), participants needed to confirm 

whether a formula target was present amongst 7 non-word distractors (32 trials 

contained a formula; 32 trials a neutral string target; Figures 5.2a, 5.2b). In the 

Disengagement Formula block (32 trials) and Disengagement String block (32 

trials), participants needed to confirm whether a word target (16 trials a word 

and 16 trials a non-word) was present amongst either 7 formula or 7 neutral string 

distractors, respectively (Figures 5.2c, 5.2d).

The Math VST started with an explanation, and verification questions, of the 

four types of stimuli: (1) formula (i.e., math equations; e.g., 3 y + 8 = 3 5), (2) strings 

(i.e., non-mathematical symbols and letters; e.g., & : [ ? # { \), (3) words (i.e., Dutch 

words and punctuation marks; e.g., ( f r u i t “ ), and (4) non-words (i.e., random 

order of letters and punctuation marks; e.g., l o q ) m v “). See Appendix 4.1 for 

more examples. Each block was preceded by 4 practice trials, including feedback, 

that were repeated until ≥ 2 correct responses were made. Different stimuli sets 

were used for the practice and test blocks. Trials were presented in random order 

(restrictions: max. 3 consecutive trials of same target type; max. 2 of same target 

position). To accentuate significance, participants were told that they would have 

to perform a task with the presented stimuli later.

Figure 5.2. Example trials of Math Visual Search Task per block.
Note. Correct responses are indicated by the grey arrow key. 

For calculation of scores, incorrect responses and trials with fast (< 200 ms) 

and slow (> individual’s mean + 2 SD of correct trials of trial type) responses were 

discarded. The engagement bias score was calculated by subtracting the corrected 

mean RT of trials with a formula target from the corrected mean RT of trials with a 

string target in the Engagement block. Higher scores represented faster responses 

to finding a formula relative to string stimuli amongst neutral stimuli, indicating 

stronger engagement towards math. The disengagement bias score was calculated 
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by subtracting the corrected mean RT of all trials in the Disengagement String 

Block from the corrected mean RT of all trials in the Disengagement Formula 

Block. Higher scores indicated slower responses when neutral stimuli were 

surrounded by formula than by string, indicating stronger difficulty to disengage 

from math. The reliability of bias scores in the final sample, as indexed by the 

average Spearman-Brown corrected intercorrelation between split-half scores for 

10 random sets of trials, indicated acceptable reliability (engagement bias: α = .78; 

disengagement bias: α = .64). The average error percentage was 6.7%.

Math AAT. The Math Approach Avoidance Task (Math AAT; based on Peeters 

et al., 2013, 2012; Rinck & Becker, 2007) was used to measure math avoidance 

bias. Each trial started with an inter-trial interval (500-1000 ms), after which a 

white fixation dot was presented in the center of a black screen (500-1000 ms). 

Next, a tilted stimulus was presented in the center of the screen and participants 

were instructed to completely zoom the stimulus out (i.e., avoidance response) 

or in (i.e., approach response), based on the direction in which it was tilted, until 

it disappeared.

The Math AAT consisted of three blocks: a practice block and two critical 

blocks. In the practice block (10 trials), participants learned the keys corresponding 

to zooming in (i.e., downward arrow) and out (i.e., upward arrow). In the two 

critical blocks (40 trials each, divided by a small break), 10 math and 10 neutral 

stimuli were used, which were all presented once tilted to the left and once tilted 

to the right per block. The total of 80 critical trials consisted of 20 avoidance and 

20 approach responses for math and neutral stimuli each. Trials were presented 

in random order (restrictions: max. 3 consecutive trials of same type/category; 

max. 2 consecutive trials of same stimuli). Participants were randomly allocated 

to zoom the picture in when tilted to the left or to the right. RTs were logged at 

the first press. When an error was made, instructions were presented, and the 

trial was repeated.

The math avoidance bias and neutral avoidance bias scores were calculated 

following the algorithm of standardized D-scores, which has shown to do better 

than original AAT scoring algorithms (Eberl et al., 2013; Greenwald et al., 2003; 

Wiers, Eberl, Rinck, Becker, & Lindenmeyer, 2011). Trials with invalid, fast (< 

200 ms), slow (> 2000 ms) and time-out (> 4000 ms) responses were discarded. 

Reaction times of incorrect responses were replaced by an individual’s mean RT 

+ 2 SD for correct responses. Next, math avoidance bias and neutral avoidance 
bias D-scores were calculated (i.e., corrected mean RT for approach responses 

- corrected mean RT for avoidance responses divided by an inclusive SD per 

category). Higher avoidance bias D-scores indicated faster avoidance responses 

relative to approach responses, thus stronger avoidance bias9. The reliability of 

avoidance bias D-scores in the final sample, as indexed by the average Spearman-

Brown corrected intercorrelation between split-half scores for 10 random sets of 

trials, indicated low reliability (math avoidance bias: α = .37; neutral avoidance 

bias: α = .48). The average error percentage was 8.2%.

Math stimuli (i.e., pictures of math problems or graphs) were selected, based 

on a pilot study (n = 725 secondary school students), which showed high familiarity 

and recognition for math, and stronger positive correlations between anxiety 

rating of stimuli and self-reported math anxiety (following Pronk, van Deursen, 

Beraha, Larsen, & Wiers, 2015). Neutral stimuli (i.e., schematic pictures of neutral 

objects) were developed to visually resemble each math stimulus. Valence of the 

current 20 stimuli was assessed by participants indicating how they felt when 

they saw the picture, using a slider on a line, where 0 corresponded to strongest 

‘positive’ valence on the left extreme and 100 to strongest ‘negative’ valence 

on the right extreme. Neutral stimuli (M = 36.11, SD = 14.86) were rated more 

positively than math stimuli (M = 56.91, SD = 19.48), t(483) = 19.54, p < .001. 

Further, stronger negative valence of math stimuli was significantly related to 

higher trait math anxiety (r = .40, p < .001), and to stronger math avoidance bias 

(r = .13, p = .028), but not to neutral avoidance bias (r = .09, p = .103), indicating 

that emotional experience of math stimuli were associated with anxiety and action 

tendency responses for math specifically.

Math behavior
Self-reported math and English grades. As an indication of math 

performance, and to compare relationships between cognitive biases and 

performance in a different subject, participants were asked to self-report the 

9	 Randomisation checks for the Math AAT revealed a significant effect of allocation of response 
keys for the Neutral Avoidance bias D-score, t(303)= - 6.95, p <.001, indicating lower scores when 
participants were instructed to give avoidance responses to pictures tilted to the left in compar-
ison to the right.
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math and English (a foreign language) grades of their latest report, respectively. 

Grades of the Dutch educational system range from 1.0 to 10.0, with higher grades 

representing better performance. A minimum of 5.5 is necessary to pass.

 AMAT. The Amsterdam Math Anxiety Task (AMAT; Schmitz, Salemink, et 

al., 2019b, Chapter 2) was designed to assess math behavior under influence of 

math anxiety. Participants had to solve algebraic equations in a low and a high 
anxiety condition. In total, each condition consisted of 12 equations of three levels 

in multiple choice format and participants had to figure out the value of x. Example 

equations are x + 37 = 71 (Level 1), 4x –13 = 19 (Level 2), and 6x + 33 = 51 (Level 

3). In the low anxiety condition, sense of control was promoted by absence of 

external pressure, by possibilities to choose the difficulty level and to change 

their answer, and by showing a progress bar (Figures 5.3a-c). In the high anxiety 

condition, anxiety was induced by instructions as well as three pop-up messages 

that emphasized the importance of quick and accurate performance as well as 

social comparison. In addition, a digital clock, running up in tenths of seconds, 

was visible (Figure 5.3d).

The AMAT provided four types of outcome measures. First, chosen difficulty 
level in the low anxiety condition was assessed as indicator of math avoidance 

behavior. At the start of each trial in this condition, participants had to choose the 

level of the equation out of two options represented by the number of stars (Figure 

5.3a.). All combinations of two levels were presented four times. The chosen 

difficulty level score was calculated by adding the selected difficulty levels (i.e., 

level 1 = 1; level 2 = 2; level 3 = 3), and ranged from 12 to 36, with higher scores 

indicating stronger preference for difficult items. The other three measures were 

calculated for the high anxiety condition only, as all participants performed the 

same four equations per difficulty level in this condition. Second, state math anxiety 
and state math enjoyment were measured at the start, middle and end of both 

conditions using two visual analogue scales (see Abend, Dan, Maoz, Raz, & Bar-

Haim, 2014; van Duinen, Rickelt, & Griez, 2008) on which participants reported 

their level of tension (state math anxiety; Figure 5.3e), and how much they liked 

the task at that moment (state math enjoyment). Mean scores, ranging from 0 to 1, 

were calculated by averaging the middle and end assessment scores, with higher 

scores indicating higher state anxiety and enjoyment. Third, mean accuracy score 

was calculated, ranging from 0 to 1. Fourth, mean Response time (ms) at clicking 

the answer was calculated.

Figure 5.3. Screenshots from the low and high anxiety condition and state anxiety assessment 
of the AMAT.

Questionnaires
COMAQ. The Components of Mathematics Anxiety Questionnaire (COMAQ; 

Schmitz, Salemink, et al., 2019b, Chapter 2) was used to assess self-reported trait 
math anxiety. The COMAQ consisted of 31 items (e.g., “I worry about math tests”, “I 

would rather not check my answers for math”) on which participants had to rate 

how much each statement applied to them on a 5-point Likert scale, ranging from 

1 (not apply at all) to 5 ( fully applies). Mean total scores were computed, ranging 

from 1 to 5, with higher scores indicating higher trait math anxiety (α = .94).
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Math self-concept, math interest, and teacher support. The Dutch version 

of the PISA 2012 Math self-concept, Math interest, and Teacher support scales (Cito, 

2012; OECD, 2014) were used to measure students’ math self-concept (5 items), 

interest in math (4 items), and experienced support from the current math teacher 

(5 items), respectively. For math self-concept (e.g., “I learn mathematics quickly”) 

and math interest (e.g., “I do mathematics because I enjoy it”) items, participants 

had to rate how much they agreed with a statement on a 4-point Likert scale, 

ranging from 1 (strongly agree) to 4 (strongly disagree). For teacher support (e.g., 

“The teacher helps students with their learning”) items, participants had to rate 

how often an event happened during their math classes on a 4-point Likert scale, 

ranging from 1 (every lesson) to 4 (never or hardly ever). After recoding, mean 

scores were calculated, ranging from 1 to 4. Higher scores indicated higher math 

self-concept, higher math interest, and more experienced teacher support (α = .88; 

α = .86; α = .84, respectively).

Procedure
The study was conducted at schools during regular school hours. After 

instruction and informed consent, individual assessment on computers/laptops 

started with questions on demographics and grades, followed by the AMAT. 

The AMAT started with examples, one for each level, after which the low and 

high anxiety conditions were presented in random order. The order of level 

combinations, equations, VAS scales, and the location of the correct answer were 

random. Next, participants performed two cognitive bias tasks (CBT) in random 

order. Two tasks were randomly selected out of the three (i.e., Math-failure ST-IAT, 

Math VST, and Math AAT).10 The CBTs were alternated with three blocks of two 

equations and three questionnaires (QN) blocks, in the following order: equations 

- CBT - QN - equations - CBT - QN - equations - QN. Equations were presented 

right before CBTs to actuate mood in a math situation. QN blocks were presented 

in random order and consisted of (1) Math interest and Math self-concept scales 

in random order, (2) COMAQ, and (3) Teacher support scale. In the final task, 

participants rated the valence of the AAT stimuli in random order. Thereafter, 

10	 Due to time constraints for 68 participants one task was randomly selected.

participants were thanked, and received a written debriefing. The total assessment 

lasted approximately 35 minutes.

Results

Data cleaning
Data were excluded for one participant who withdrew from participation, 

and for two participants who completed the assessment within 20 minutes and 

for which observations confirmed lack of motivation. Next, data on separate tasks 

were deleted if (1) data were incomplete (n = 9), (2) COMAQ was filled out within 

60 seconds (n = 3), and (3) stimuli in the ST-IAT were presented in incorrect 

proportion (n = 5). In addition, following Greenwald et al. (2003), data for the 

ST-IAT were deleted if participants had ≥ 10% fast (< 300 ms) responses (n = 3). For 

Math VST and AAT, data were deleted for participants with excessive percentages 

of errors (Math VST: ≥ 20%, n = 12; AAT: ≥ 25%, n = 19) or slow responses (AAT: ≥ 

25% > 2000 ms, n = 1). After data cleaning on separate tasks, data of participants 

with missing data on all 3 CBTs (n = 14) or COMAQ (n = 12) were deleted. The final 

sample consisted of 500 participants, of which 81.2% (n = 406) had complete data 

for two CBTs. Means and standard deviations for cognitive bias scores are shown 

in Table 5.1. As significant sex differences were found, sex was taken into account 

in subsequent analyses.

Cognitive biases predicting math anxiety
The first aim was to test whether stronger cognitive biases for math were 

associated with stronger trait as well as state math anxiety, and lower state math 

enjoyment. Partial correlations, controlling for sex and block order of ST-IAT 

(only for math-failure associations), were calculated (Table 5.1). With respect to 

math-failure associations, partial correlations revealed that stronger math-failure 

associations were significantly, but weakly, related to higher trait math anxiety. 

Unexpectedly, math-failure associations were not related to state math anxiety 

or enjoyment. With respect to attentional biases, partial correlations revealed 

that neither of the attentional biases (i.e., engagement bias and disengagement 

bias) were significantly related to trait or state math anxiety. With respect to 

avoidance biases, partial correlations revealed that math avoidance bias was 
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not significantly related to trait or state math anxiety. Exploratory, it was tested 

whether attentional and avoidance biases differed between a subgroup of highly 

math-anxious individuals (i.e., 9.0% of participants with highest score on trait 

math anxiety) and the rest of the sample. However, no significant differences were 

found (ps > .235).

Concluding, stronger math-failure associations were associated with stronger 

trait math anxiety. However, math-failure associations were not related with state 

math anxiety and enjoyment, and neither attentional bias, nor math avoidance bias 

was related to trait or state math anxiety or enjoyment.

Cognitive biases predicting math behavior
The second aim was to investigate whether cognitive biases for math predicted 

math behavior. First, partial correlations, controlling for sex and block order of 

ST-IAT (only for math-failure associations), were calculated between the main 

variables (Table 5.2). Results revealed that stronger math-failure associations were 

significantly related to lower math grade, but not to English grades, indicating a 

specific relation of math-failure association with math performance. Also, stronger 

math-failure associations were associated with choosing lower difficulty levels. 

Unexpectedly, no significant correlations between math-failure associations and 

accuracy and response time were found. Accuracy was also not related to trait 

math anxiety, suggesting that this performance measure was not associated 

with math anxiety or biases. Unexpectedly, no significant correlations between 

attentional biases and math behavior were found. Also, unexpectedly, stronger 

avoidance bias away from math was significantly correlated with choosing higher 

difficulty levels. As expected, avoidance bias away from neutral stimuli was not 

related to math behavior.
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Next, it was tested whether math-failure associations predicted math grade 

and chosen difficulty level, controlling for sex, educational level, and trait math 

anxiety. Two hierarchical regression analyses were performed, predicting math 

grade and chosen difficulty level separately. Sex, dummy variables of educational 

level (step 1), math-failure associations (step 2), and trait math anxiety (step 

3) were included as predictors (Model 2). For predicting both math grade and 

chosen difficulty level, including math-failure associations in step 2 and trait 

math anxiety in step 3 significantly improved the model (Table 5.3). Results 

indicated that stronger math-failure associations significantly predicted lower 

math grades and choosing lower difficulty levels (step 2; Table 5.3). However, when 

trait math anxiety was included, math-failure associations no longer significantly 

predicted math behavior, but trait math anxiety did (step 3; Table 5.3). Sex was a 

significant predictor of math grade and chosen difficulty level, indicating that girls 

reported higher math grades and chose lower difficulty levels when controlling 

for math-failure associations and trait math anxiety. Further hierarchical 

regression analyses for attentional biases and avoidance bias predicting math 

behavior showed that including attentional bias as well as avoidance bias did not 

significantly improve the models.11

In sum, stronger math-failure associations predicted lower math grades and 

lower chosen difficulty level, however, not on top of trait math anxiety. In addition, 

math avoidance bias was found to correlate to chosen difficulty level, however, this 

did not hold in a regression. No further relations were found between cognitive 

biases and math behavior.

Cognitive biases in relation to math self-concept, math inter-
est, and teacher support

The third aim was to explore the relationships between cognitive biases and 

math self-concept, interest in math, and experienced support from the math teacher. 

Partial correlations, controlling for sex, revealed that math-failure associations 

were significantly and negatively related to math self-concept, math interest, and 

experienced teacher support (Table 5.2). Furthermore, stronger engagement bias 

11	 Results can be requested from the first author.

was significantly related to lower math interest, and stronger math avoidance bias 

was significantly related to lower experienced teacher support.

Exploratory mediation analyses
The finding that the relationship between math-failure associations and math 

behavior (i.e., math grade and chosen difficulty level) was not significant anymore 

when controlling for trait math anxiety, suggested a mediation effect of trait math 

anxiety in this relationship. This is in line with current theories (Pekrun, 2006), 

and this effect was therefore further explored. Hence, two additional exploratory 

mediation analyses were performed using PROCESS macro V3.2 in SPSS (Hayes, 

2018). Math-failure associations (independent), trait math anxiety (mediator), as 

well as sex and dummy variables for educational level (covariates) were entered 

in the models predicting math grade (Model 1) and chosen difficulty level (Model 

2). Results revealed a significant full mediation effect of trait math anxiety in 

the relation between math-failure associations and math grade (Figure 5.4). Also 

for chosen difficulty level, a significant full mediation effect was found (indirect 

effect: b = -0.83; 95% bootstrap CI [-1.42, -0.35]; direct effect: b = -1.12, p = .109; 

a = 0.34, p < .001; b = -2.40, p < .001; c = -1.95, p = .007; c̀  = -1.12, p = .109). Stronger 

math-failure associations predicted stronger trait math anxiety and in turn lower 

math grades and choosing lower difficulty levels.

 
Figure 5.4. Full mediation effect of trait math anxiety in the relation between math-failure 
associations and math grade (Model 1).
Note. Model 1: indirect effect: b = -0.28; 95% bootstrap CI [-0.46, -0.10]; direct effect: 
b = -0.10, p = .458; Covariates: sex: b = 0.42, p < .001; 0 = boys, 1 = girls; dummy variable 
educational level middle: b = -0.57, p = .003, and educational level high: b = -0.32, p = .119. 
* p < .05. ** p < .01. *** p < .001.
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Next, as math self-concept was significantly related to math grade (r = .66, p < 

.001), chosen difficulty level (r = .38, p < .001), and trait math anxiety (Table 5.2), 

two additional mediation analyses (Model 3 and 4) were performed including math 

anxiety as well as math self-concept as parallel mediators in the relation between 

math-failure associations and math behavior. Results revealed significant indirect 

effects for math self-concept, but not for trait math anxiety, predicting math grade 

(math self-concept: b = -0.32; 95% bootstrap CI [-0.55, -0.12]; trait math anxiety: 

b = -0.04; 95% bootstrap CI [-0.12, 0.01]) and chosen difficulty level (math self-

concept: b = -0.62; 95% bootstrap CI [-1.14, -0.21]; trait math anxiety: b = -0.37; 

95% bootstrap CI [-0.88, 0.01]). These results indicated that math self-concept 

might be a stronger mediator than trait math anxiety of the relation between math-

failure associations and both math grade and chosen difficulty level. Stronger 

math-failure associations predicted lower math self-concept, and in turn lower 

math grades and choosing lower difficulty level.

Discussion

The current study investigated the role of three types of cognitive biases: math-

failure associations, attentional biases (both engagement and disengagement), and 

avoidance bias, in trait math anxiety, state math anxiety, and math behavior. Also, 

the relationships between cognitive biases and math self-concept, interest in math, 

and experienced support from the math teacher were explored. Findings for each 

cognitive bias will be discussed.

Math-failure associations
This study demonstrated that implicitly measured math-failure associations 

predict trait math anxiety as well as math grade and chosen difficulty level of 

math equations. This is in line with the general anxiety-literature, showing 

that implicitly measured associations predicted anxiety and behavior (Egloff & 

Schmukle, 2002). The finding that math-failure associations were not related to 

English grade showed that these associations were specific for the math domain. 

The current findings contribute to the literature in two ways. First, consistent 

with theoretical models (Ouimet et al., 2009; Pekrun, 2006), the current findings 

pointed to a crucial association between math and failure (and not between math 

and anxiety; see Schmitz, Jansen, et al., 2019a, Chapter 4), and suggested that the 

expectancy of failure might be key in evoking math anxiety and harming math 

behavior. Remarkably, the relationship between math-failure associations and 

math behavior was fully mediated by math self-concept, with stronger math-

failure associations predicting lower math self-concept, and in turn lower math 

grades and lower chosen difficulty level. These findings point to the importance 

of math-failure associations and math self-concept and add to previous research 

on the relations between expectancies of failure, math self-concept, math anxiety, 

and math performance (Ahmed et al., 2012; Lee, 2009; van der Beek et al., 2017) 

by providing hypotheses for further investigation. Previous studies have already 

demonstrated that math self-concept mediates the relation between math 

achievement and math anxiety (Ahmed et al., 2012; Bong & Skaalvik, 2003; van 

der Beek et al., 2017). Although the correlational design of the current study does 

not permit any causal inferences, the current findings support the hypothesis 

that math-failure associations form a link within a continually updating process. 

Possibly, stronger math-failure associations are an underlying factor of lower math 

self-concept, and lower math self-concept may predict stronger math anxiety, which 

in turn may negatively influence math behavior. In addition, experiences of failure 

might increase the strength of math-failure associations. Further investigation 

using an experimental approach is required to test these causal relationships. In 

addition, stronger math-failure associations were associated with lower interest 

in math and lower experienced teacher support. Replication is necessary to further 

disentangle these relationships.

Second, it should be noted that the effects were only very small and that math-

failure associations did not significantly predict math behavior when accounting 

for trait math anxiety. The results point to a lack of additive value of implicitly 

measured associations on top of self-reported math anxiety in explaining math 

behavior. Although meta-analyses have reported small effect sizes for predictive 

validity of implicit association tasks, in other domains these tasks have shown to 

independently predict behavioral outcomes on top of self-report (Greenwald et 

al., 2009). The current lack of such a relationship in the domain of math anxiety is 

consistent with previous findings (Schmitz, Jansen, et al., 2019a, Chapter 4) and 

suggests that for predicting math outcomes the use of self-report measures on 

math anxiety and math self-concept is sufficient.
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Math-failure associations were not significantly related to state math anxiety 

and enjoyment, which is consistent with a lack of significant relations between 

self-reported state anxiety and implicitly measured anxiety associations (Egloff & 

Schmukle, 2002; see also Schmitz, Jansen, et al., 2019a, Chapter 4). The difference 

between trait and state anxiety in the relation with math-failure associations may 

be due to the relative stability of the associations, unaffected by variations in 

emotional states. As state and trait math anxiety were only weakly related to 

each other, the question can be raised which corresponds best to the actual level 

of math anxiety. However, future research is necessary to replicate these findings.

Math attentional bias
In contrast to previous studies (Rubinsten et al., 2015; Suárez-Pellicioni et 

al., 2015), no evidence was found for relationships between attentional biases 

(both engagement and disengagement) and math anxiety and math behavior. 

Interestingly, stronger engagement bias was related to lower math interest. 

Previous findings regarding attentional bias in general, as well as differentiation 

between engagement and disengagement biases have been mixed (Bar-Haim et al., 

2007; Grafton & MacLeod, 2016; Salemink et al., 2007). Several explanations for 

the current lack of relations are possible. First, the current sample consisted of a 

regular secondary school population, wherein most students might have low levels 

of math anxiety. Previously, attentional biases were reliably observed in anxious, 

but not in non-anxious individuals (Bar-Haim et al., 2007). For unselected samples, 

results have been mixed: some studies have found evidence for attentional biases, 

but not for relations between attentional biases and anxiety (de Voogd et al., 

2016, 2014), whereas others found that unselected adolescents with relatively 

high levels of anxiety displayed stronger attentional biases than adolescents 

with low levels of anxiety (Klein, de Voogd, Wiers, & Salemink, 2018). Although it 

would be interesting to investigate whether attentional biases do relate to math 

anxiety in a sample of highly math-anxious adolescents, it should be noted that the 

adolescents with the highest math anxiety scores in the current sample did not 

differ on attentional biases from the rest of the sample even though support was 

found for another cognitive bias (i.e., math-failure associations) in this sample.

Second, one might question whether attentional biases for math would be 

expected at all, as math anxiety might be different from other types of anxiety 

in that math is not innately threatening. Although attention allocation patterns 

can develop over time, as they are affected by previous learning and memory 

(Pergamin-Hight, Naim, Bakermans-Kranenburg, van IJzendoorn, & Bar-Haim, 

2015), the question is whether merely perceiving math stimuli is considered 

threatening and captures selective attention. Following the control-value theory 

(Pekrun, 2006), and supported by the results on the math-failure associations, 

threat for math might not be evoked by seeing math stimuli, but rather by 

expectancies of failure when problems needed to be solved.

Third, although reliabilities of the attentional bias scores were acceptable 

in the current study, validity of visual search paradigms to measure threat-

related attentional processes has been questioned (de Voogd et al., 2016, 2014; 

Van Bockstaele et al., 2020). In addition, in the Math VST specifically, the use 

of a confirmation response (i.e., formula was present ‘yes’ or ‘no’) might have 

confounded factors in assessment of engagement bias. Engagement bias for math 

would be indicated by finding formulas quicker relative to strings, but participants 

were in general quicker confirming that a target was present than when no target 

was present. This confound might have enabled possibilities to find smaller effects 

resulting from engagement attentional bias specifically. Subsequently, the relation 

between engagement bias and math interest should be interpreted with caution. 

Further research should focus on developing valid methods for assessment of 

components of attentional bias for math. The Math VST could be adapted, for 

example, so that participants search for both target categories (i.e., formula and 

string) among neutral distractors.

Math avoidance bias
This study investigated whether math avoidance bias would be associated 

with math anxiety and math behavior. Unexpectedly, no relations were found 

between math avoidance bias and math anxiety and math grade. Stronger math 

avoidance bias was related to choosing higher difficulty level, but this relationship 

did not remain significant in a multiple hierarchical regression analysis. In 

addition, stronger math avoidance bias was found to be related to lower levels of 

experienced teacher support. A lack of relations for math avoidance bias might 

be explained by the current unselected, low math-anxious sample, but also for 

avoidance bias no differences were found between a subsample of highly math-
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anxious adolescents and the rest of the sample. The lack of relationships may, 

however, also be due to specific task features and limitations of the AAT. The 

reliabilities of the avoidance bias scores were low, suggesting that the response 

patterns were inconsistent. One explanation might be that an indirect version 

of the AAT task (i.e., participants responded to picture-tilt, unrelated to picture 

content) was used, whereas a meta-analysis only found effects using more direct 

versions in which participants respond to the contents of stimuli (e.g., math or 

neutral; Phaf et al., 2014). However, others have found effects using an indirect 

AAT in anxiety (Rinck & Becker, 2007). Another explanation might be that the 

math stimuli were not threatening enough to trigger avoidance tendencies. Indeed, 

although stronger negative valence of the current math stimuli was found to be 

related to stronger math anxiety and avoidance bias, the average rating was nearly 

neutral.

Limitations
Although previous literature has suggested that math anxiety is negatively 

associated with performance (e.g., Hembree, 1990), in the current study trait math 

anxiety was not related with accuracy, which might be due to limitations of the 

AMAT (see also Schmitz, Salemink, et al., 2019b, Chapter 2). The high accuracy 

and relatively low state math anxiety in the high anxiety condition of the AMAT, 

indicated that equations might have been too easy, and that anxiety levels might 

have been too low to affect performance (Ashcraft & Moore, 2009). On the other 

hand, stronger trait math anxiety was associated with prolonged response times, 

which is in line with theories proposing that anxiety impairs the processing 

efficiency but not the performance effectiveness (Eysenck & Calvo, 1992; Eysenck 

et al., 2007). Although the AMAT demonstrated to assess relevant math-related 

outcomes, the task might be improved to evoke stronger anxiety responses and 

to increase its difficulty (e.g., by changing the format or increase the levels of 

equations).

Conclusions
The current study investigated the role of three types of cognitive biases 

for math: math-failure associations, attentional biases (both engagement and 

disengagement), and avoidance bias, in math anxiety and math behavior. Math-

failure associations were related to trait math anxiety, math self-concept, and math 

behavior. However, no support was found for the additive value of math-failure 

associations on top of self-reported trait math anxiety in predicting behavior. More 

work is needed to investigate the link between math-failure associations, math 

self-concept, math anxiety, and math behavior. The current study did not find 

support for attentional and avoidance biases in math anxiety and math behavior, 

however, further investigation using improved assessment methods is warranted.

5



Cognitive biases and the role of 
cognitive control in low and high 

math-anxious students

6
This chapter is based on:

Schmitz, E. A., Jansen, B. R. J., Wiers, R. W., & Salemink, E. Cognitive biases and the role 

of cognitive control in low and high math-anxious students. Manuscript submitted for 

publication.

3

falenbreu
ken

breuk

rek
ene

n

parabool

geo
metr

ie

??
% x

7

3 
x +

 5
 = 

a x + b = c

y = ...
6

5
+

8

3 %

%

+
& ] ! ! @

fou
t

*

onvoldoende

. . .
*

slecht

?

# " 

?
. . .

*

fa
len

a = 9 

! !

*

5 m  = . . dam 
60,5 km  = . . mm
14,78 hm  = . . dm

3 3

3

3

3

3

3

%

formule

slecht ?

>



140 141

Cognitive biases and the role of cognitive control in low and high math-anxious studentsChapter 6

Abstract

The aims of the current study were to test whether high math-anxious 

individuals showed stronger cognitive biases than low math-anxious individuals, 

and whether cognitive control would moderate the relationship between math 

anxiety and the strength of cognitive biases. Three types of cognitive biases 

(i.e., math attentional biases, math-failure associations, and math avoidance 

bias) and cognitive control were assessed in groups of 34 high and 39 low math-

anxious individuals. Results showed that high math-anxious individuals showed 

significantly stronger associations between math and failure than low math-

anxious individuals. The disengagement attentional bias also contributed weakly 

to the multivariate difference between the groups but in the opposite direction 

from what was expected. However, no support was found for a moderating role 

of cognitive control on the relationship between math anxiety and the strength 

of cognitive biases. The results point to the importance of failure expectancies in 

the conceptualization of threat in math anxiety.

Introduction

Math anxiety has been defined as “feelings of tension and anxiety that 

interfere with the manipulation of numbers and the solving of mathematical 

problems in a wide variety of ordinary life and academic situations” (Richardson 

& Suinn, 1972, p. 551). Math anxiety has been linked to impaired performance 

and various forms of avoidance of math (Ashcraft & Faust, 1994; Hembree, 1990), 

however, the mechanisms in math anxiety are still not fully understood. Several 

mechanisms that play a role in anxiety have also been proposed as mechanisms 

in math anxiety, among them cognitive biases and cognitive control (for a review 

see Suárez-Pellicioni et al., 2016). Cognitive models of anxiety argue that anxiety 

is characterised by relatively automatically activated information processing that 

is biased towards threat (henceforth referred to as cognitive biases; Mathews & 

MacLeod, 2005; Ouimet et al., 2009). Stronger cognitive biases might be expected 

in high compared to low math-anxious individuals, however, so far, the initial 

results for the role of cognitive biases in math anxiety have been inconsistent (e.g., 

Rubinsten et al., 2015; Schmitz, Jansen, et al., 2019a, Chapter 4; 2019b, Chapter 5). 

In addition, anxiety has been related to lower levels of voluntary, goal-directed 

control processes (henceforth referred to as cognitive control), and cognitive 

control can be executed to reduce anxiety-driven cognitive biases (Eysenck et 

al., 2007; Ouimet et al., 2009; Shi, Sharpe, & Abbott, 2019; Teachman, Clerkin, 

Cunningham, Dreyer-Oren, & Werntz, 2019). Taken together, anxiety is related 

to stronger cognitive biases, and this relation might be moderated by cognitive 

control, in such a way that cognitive biases are expected to be most prominent 

in the case of a combination of high anxiety and low levels of cognitive control 

(Eysenck et al., 2007). Although some support has been found for both the 

significance of cognitive biases and cognitive control processes in math anxiety 

(for a review see Suárez-Pellicioni et al., 2016), the interaction between math 

anxiety and cognitive control processes on cognitive biases has not been examined. 

The goal of the current study was to fill this gap and to advance the understanding 

of cognitive biases in math anxiety by investigating both the role of three types of 

cognitive biases (i.e., attentional bias, threat-related associations, and avoidance 

bias), and the role of cognitive control processes.
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Several cognitive biases in math anxiety have been investigated. First, 

research in math anxiety has mostly focused on attentional bias, which involves 

an elevated direction of attention toward threatening information (Cisler & Koster, 

2010). Generally, there is robust evidence for attentional biases in anxious (but not 

in non-anxious) individuals (Bar-Haim et al., 2007; MacLeod, Grafton, & Notebaert, 

2019). More specifically, a distinction can be made between engagement bias, 

which is a facilitated attention towards threat, and disengagement bias, which is 

a difficulty to switch attention away from threat (Ouimet et al., 2009). Engagement 

and disengagement biases might represent independent processes and have 

shown to be differentially related with distinct types of anxiety (e.g., Grafton & 

MacLeod, 2016; Rudaizky, Basanovic, & MacLeod, 2014; Salemink et al., 2007). 

Although indications of attentional bias in high compared to low math-anxious 

individuals have been found (Rubinsten et al., 2015; Suárez-Pellicioni et al., 2015), 

the interpretation of these studies is limited by three limitations. First, attentional 

bias should be shown from a preferential attention for threat stimuli compared 

to other stimuli, but in the task used by Rubinsten et al. (2015) there was no 

competition for attention between math and neutral stimuli. Second, the emotional 

Stroop task that was used by Suárez-Pellicioni et al. (2015) and Hopko et al. (2002) 

has been criticized for also assessing other processes than attentional bias such 

as inhibition or avoidance (see e.g., Bar-Haim et al., 2007; Hopko et al., 2002; Van 

Bockstaele et al., 2014). Third, studies did not differentiate between engagement 

and disengagement biases (e.g., Rubinsten et al., 2015; Suárez-Pellicioni et al., 

2015). A recent study did differentiate between engagement and disengagement 

biases but failed to observe a relationship between these two types of attentional 

bias and self-reported math anxiety. A drawback of this study is that it was 

conducted in an unselected sample (Schmitz, Jansen, et al., 2019b, Chapter 5).

The second cognitive bias that was investigated in math anxiety concerned 

threat-related associations with math (Schmitz, Jansen, et al., 2019a, Chapter 4; 

2019b, Chapter 5). These studies followed experiments in which stronger relatively 

automatic threat-related associations (henceforth referred to as associations; e.g., 

the association between anxiety and self ) have been related to different types of 

anxiety (de Hullu et al., 2011; Roefs et al., 2011; Wong et al., 2014). An initial study 

did not find support for a relationship between self-reported math anxiety and 

the relative strength of the association between math and anxiety compared to 

calmness (Schmitz, Jansen, et al., 2019a, Chapter 4). However, another study found 

that, in line with the control-value theory (Pekrun, 2006), stronger associations 

between math and failure compared to success were related to stronger math 

anxiety (Schmitz, Jansen, et al., 2019b, Chapter 5).

Third, only one study so far was aimed at relating math anxiety to avoidance 

bias (Schmitz, Jansen, et al., 2019b, Chapter 5). Avoidance bias can be defined 

as a relatively stronger action tendency to avoid than to approach threat (Chen 

& Bargh, 1999), and stronger avoidance bias has been found in high compared 

to low-anxious individuals (e.g., Heuer et al., 2007; Rinck & Becker, 2007). The 

lack of studies on math avoidance bias is surprising given that avoidance appears 

to be central in math anxiety (Ashcraft & Faust, 1994; Hembree, 1990) and it 

was found that training to approach math resulted in an increased amount of 

math attempts (Kawakami et al., 2008). However, an initial study did not find a 

relationship between math avoidance bias and math anxiety (Schmitz, Jansen, et 

al., 2019b, Chapter 5).

Together these results suggest that cognitive biases (i.e., attentional biases, 

math-failure associations, and avoidance bias) might play a role in math anxiety, 

however, results have been mixed. One possible explanation is that some studies 

were conducted in unselected samples in which high math-anxious individuals 

were underrepresented (Schmitz, Jansen, et al., 2019b, Chapter 5), while cognitive 

biases might only be present in high-anxious individuals (Bar-Haim et al., 2007). 

Therefore, the current study compared cognitive biases for selected groups of high 

math-anxious and low math-anxious individuals. The first aim was to investigate 

whether high math-anxious individuals showed stronger cognitive biases than 

low math-anxious individuals.

Another explanation for inconsistent findings on cognitive biases might be 

that previous studies did not include cognitive control processes. Cognitive control 

is assumed to be exerted by the working memory (WM) system to keep focus on the 

currently active goals (Munakata et al., 2011), and there is support that diminished 

cognitive control plays a role in math anxiety (for review see Dowker et al., 2016; 

Suárez-Pellicioni et al., 2016). That is, high math-anxious individuals had lower 

WM capacity and performance compared to low math-anxious individuals, and, 

especially under heavy WM load, the dual-task performance was more strongly 

disrupted in high compared to low math-anxious individuals (e.g., Ashcraft & Kirk, 
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2001; Passolunghi, Caviola, De Agostini, Perin, & Mammarella, 2016). In addition, 

findings of greater interference effects of numerical stimuli in high compared with 

low math-anxious individuals suggest difficulties in attentional control processes 

in high math-anxious individuals (Hopko et al., 2002; Suárez-Pellicioni, Núñez-

Peña, & Colomé, 2014).

So far, research on math anxiety has focused on either cognitive biases or 

cognitive control, however, theoretical models propose that anxiety and cognitive 

control interact regarding the strength of cognitive biases. That is, stronger 

anxiety is assumed to be related to stronger cognitive biases, but cognitive 

control can be executed to reduce the influence of anxiety-driven information 

processing (Eysenck et al., 2007; Ouimet et al., 2009). It is stated that anxious 

individuals with low levels of cognitive control lack the capacity to overcome or 

reduce these anxiety-driven influences and will show greater cognitive biases 

than anxious individuals with high levels of cognitive control. In other types of 

anxiety, support has been found for such a moderating effect of cognitive control 

in the relationship between anxiety and cognitive biases. For example, within the 

group of high-anxious individuals, it was found that individuals with low levels 

of attentional control showed more difficulty to disengage attention from threat 

(thus stronger bias) compared with individuals with higher levels of control 

(Derryberry & Reed, 2002; Taylor, Cross, & Amir, 2016). Also for socially-anxious 

individuals, research showed stronger difficulty to disengage from threatening 

stimuli (i.e., stronger disengagement bias) when cognitive control resources were 

diminished by increasing WM load (Judah, Grant, Lechner, & Mills, 2013). Further, 

only in children low in attentional control, it was found that stronger anxiety was 

related to stronger attentional biases (Susa, Piticǎ, Benga, & Miclea, 2012). For 

associations, research has suggested that individuals low in cognitive control are 

not able to overcome the effects of anxiety and negative associations on anxiety-

related behaviour (Effting et al., 2016), however, the interaction between anxiety 

and cognitive control on the strength of associations and avoidance biases was 

not examined. Concluding, previous findings in other types of anxiety support 

that cognitive control interacts with anxiety-driven processes, and that cognitive 

biases are strongest in anxious individuals with low levels of cognitive control. 

Thus, to fully understand cognitive biases in math anxiety, the moderating role of 

cognitive control should be taken into account.

The current study
The aims of the current study were to test whether high math-anxious 

individuals showed stronger cognitive biases than low math-anxious 

individuals, and whether cognitive control would moderate the relationship 

between math anxiety and the strength of cognitive biases. Three types of 

cognitive biases were investigated, and attentional control was assessed 

as an indication of cognitive control. First, it was expected that high math-

anxious individuals would show (1) stronger engagement bias for math (i.e., 

facilitated attention allocation towards formula), (2) stronger disengagement 

bias from math (i.e., difficulty to switch attention away from formula), (3) 

stronger math-failure associations, and (4) stronger avoidance bias away from 

math (but not neutral) stimuli than low math-anxious individuals. Second, it 

was hypothesized that attentional control would moderate the relationship 

between math anxiety and the strength of cognitive biases. It was expected 

that (5) cognitive biases would be stronger for high math-anxious individuals 

with low levels of attentional control than for high math-anxious individuals 

with high levels of attentional control, and that (6) cognitive biases would be 

weak and independent of attentional control for low math-anxious individuals. 

Method

Participants
Participants were recruited based on their screening score on the Abbreviated 

Math Anxiety Scale (AMAS; Hopko et al., 2003), which was administered during an 

annual assessment for course credits. A total of 362 first-year Psychology students 

completed the screening. Participants with the 33% highest scores (AMAS ≥ 22; 

103 females; 21 males), and the 33% lowest scores (AMAS ≤ 14; 69 females; 55 

males; 1 other) were invited to participate in the current study.

A total of 74 Dutch first-year Psychology students participated in this 

study, and participants received course credits or a monetary reward for their 

participation. Data for one participant were excluded from the analyses, because 

this participant did not take part in the screening. Participants gave written 

informed consent for their participation and for retrieving the screening data 
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anonymously. This study was approved by the ethical review board of the Faculty 

of Social and Behavioural Sciences (2017-DP-8482).

The final sample consisted of 73 participants (Mage = 20.8 years, SD = 2.8; 

62 females; 11 males). Most participants (93.2%) had finished the pre-university 

level of secondary school in the Netherlands, and five participants had other 

prior educational backgrounds. All participants had Dutch nationality, and one 

participant reported a second nationality as well.

Participants were assigned to the low math-anxiety or high math-anxiety 

groups based on their AMAS screening score. The low math-anxiety group 

consisted of 39 participants (29 females; 10 males), and the high math-anxiety 

group of 34 participants (33 females; 1 male). The groups did not differ significantly 

in age, t(71) = -1.13, p = .262, or distribution of education, χ2(3) = 4.92, p = .178, 

but the distribution of sexes differed significantly between groups, χ2(1) = 7.31, 

p = .007, with females being overrepresented in the high math-anxiety group.12 

The AMAS was again administered during the lab assessment, and the high math-

anxiety group reported significantly stronger math anxiety than the low math-

anxiety group on this assessment as well (Table 6.1). In addition, the high math-

anxiety group reported lower math grades than the low math-anxiety group, but 

the groups did not differ significantly on grade in a different subject (English; Table 

6.1), indicating specific differences between groups in the math domain. Lastly, 

the groups did not differ significantly on attentional control (Table 6.1).

12	 All analyses were also performed for females only and the pattern of results was highly similar.

Table 6.1. Descriptives for the low and high math-anxiety groups, and group differences.

Low 
math-anxiety

High 
math-anxiety

Group differences

M (SD) M (SD) t (df )   p
Math anxiety a 14.15 (3.65) 27.32 (7.14) -9.70 (47.62) < .001

Math grade 7.14 (0.91) 6.51 (0.83) 3.06 (71) .003

English grade 7.21 (0.86) 7.29 (0.95) -0.42 (71) .677

Attention control Total 48.13 (7.75) 45.94 (6.73) 1.28 (71) .205

Focusing 20.46 (4.13) 18.59 (4.12) 1.93 (71) .057

Shifting 27.67 (4.65) 27.35 (4.10) 0.30 (71) .762

Note. Grades in the Dutch educational system range from 1 to 10, with higher grades 
represent better achievement (5.5 = pass). 
a Math anxiety as administered using AMAS in the lab assessment. 

Materials
Abbreviated Math Anxiety Scale

The Dutch version of the Abbreviated Math Anxiety Scale (AMAS; Hopko et 

al., 2003; Schmitz, Salemink, Wiers, & Jansen, 2019a, Chapter 3) was used to assess 

math anxiety, both as a screening and during the lab assessment. For each of 9 

given math situations, participants needed to rate how anxious they would feel 

in that situation. A 5-point Likert scale was used, ranging from 1 ([almost] not 
anxious) to 5 (very anxious). The total sum scores were calculated, with higher 

scores representing stronger math anxiety (screening: α = .92; lab assessment: 

α = .93). The correlation between screening and lab assessment indicated good 

test-retest reliability for the total sample (r = .84, p < .001).

Attention Control Scale
The Dutch version of the Attention Control Scale (ACS; Derryberry & Reed, 

2002; Verwoerd, de Jong, & Wessel, 2006) was used to assess attentional control, 

indicating cognitive control. On each of 20 statements, participants needed to rate 

how often the situation applied to them, using a 4-point Likert scale ranging from 

1 (almost never) to 4 (always). The ACS consists of two factors: Attentional focusing 

(9 items) and attentional shifting (11 items; Ólafsson et al., 2011). Consistent with 

Ólafsson et al. (2011), item 9 showed a very low corrected item-total correlation 

(r  =  -.00), and was therefore excluded. Sum scores were calculated for total 
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attentional control, and the focusing and shifting subscales separately, with higher 

scores indicating better attentional control, focusing, and shifting (α = .83; α = .82; 
α = .73, respectively).

Math Visual Search Task
The Math Visual Search Task (Math VST; Schmitz, Jansen, et al., 2019b, Chapter 

5) was used to measure two types of attentional bias for math (i.e., engagement 

and disengagement bias). In the Math VST, participants needed to search as fast 

as possible for targets that were surrounded by distractor stimuli. To measure 

engagement bias (i.e., facilitated responses towards threat), participants needed 

to search for a formula target (i.e., math equations; e.g., 4 5 = 8 a – 3) in the context 

of neutral non-word distractors (i.e., random order of letters and punctuation 

marks; e.g., “ p e ) w f c), and this was compared with responses on trials with a 

neutral string target (i.e., non-mathematical symbols and letters; e.g., © ! : ! & ; 
~). To measure disengagement bias (i.e., difficulty to switch attention away from 

threatening distractors to neutral targets), participants needed to search for a 

neutral word target (i.e., Dutch words and punctuation marks; e.g., “ n o t e n “ ), 

that was surrounded by formula compared with string distractors.

The Math VST started with an explanation of the four types of stimuli. 

Next, three blocks (i.e., Engagement block, Disengagement Formula block, and 

Disengagement String block) were presented in counterbalanced order, and each 

block started with instructions and 4 practice trials. After an inter-trial interval 

(500-1000 ms), each trial started with a white fixation dot in the centre of a 

black screen (500-1000 ms). Next, 8 white stimuli were presented in a circle, and 

participants needed to indicate whether a target was present using the left and 

right arrow keys that corresponded to yes and no responses (randomly allocated 

between participants). Latency between stimuli onset and first responding was 

recorded. A red cross was presented for 1000 ms after an incorrect response, and 

then the trial was repeated.

The Engagement block consisted of 64 trials, on which participants were 

instructed to confirm whether there was a formula target amongst 7 non-word 

distractors. A formula target was presented on half of the trials (i.e., 32 formula; 

32 string targets). The Disengagement Formula block and Disengagement String 

block consisted of 32 trials each, on which participants were instructed to confirm 

whether there was a word target amongst either 7 formula or 7 neutral string 

distractors, respectively. In both blocks, on 16 trials a word target and on 16 trials 

a non-word target was presented.

Math-failure Single-Target Implicit Association Test
The math-failure variant of the Single-Target Implicit Association Test (Math-

failure ST-IAT; Schmitz, Jansen, et al., 2019b, Chapter 5; see also Wigboldus, Holland, 

& van Knippenberg, 2004; cf., Karpinski & Steinman, 2006) was used to assess the 

relative strength of the association between math and failure, in comparison to 

math and success (i.e., math-failure association). In the Math-failure ST-IAT, word 

stimuli were presented in the centre of the screen, and participants needed to 

classify these stimuli as fast and accurate as possible based on category labels 

that were presented on the left and right side of the screen. The underlying idea 

is that it should be easier to use the same (left or right) response to classify math 

and failure (compared to success) stimuli if math is more strongly associated with 

failure than with success (see Greenwald, McGhee, & Schwartz, 1998; Wigboldus 

et al., 2004).

The Math-failure ST-IAT started with a practice block, followed by two 

combination blocks. Each block started with instructions. The practice block (10 

trials) intended to familiarize participants with the response keys (i.e., the left 

or right arrow key) that corresponded to the classification of failure and success 

words. Category labels were presented on the upper left and right corners of the 

screen, and these locations were randomized between participants. Each trial 

started with an inter-trial interval (500-1000 ms), after which a word stimulus 

was presented. To classify the stimulus that represented either failure (e.g., 

wrong) or success (e.g., passed), participants needed to press the response key 

that corresponded to the location of the category label. In the practice block, all 

five word stimuli per category were presented once.

Next, a Math + Failure combination and a Math + Success combination block 

(60 trials each) were presented in counterbalanced order. In these combination 

blocks, math word stimuli (e.g., graph) had to be classified using the same response 

as either failure or success stimuli, respectively. To indicate this, in the Math + 

Failure combination block, the labels math and failure were presented on the same 

side, and the label success was presented on the other side of the screen. In the 
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Math + Success combination block, the labels math and success were presented on 

the same side, and the label failure was presented on the other side of the screen. 

Each category consisted of five word stimuli. In both combination blocks, each 

math word was presented five times, and each word for the failure and the success 

category was presented either two or five times, so that the proportion of left and 

right key responses corresponded to 7:5 or 5:7.

The latency between stimulus onset and a correct response was recorded. 

After an incorrect response, a red cross was presented, and the stimulus remained 

on the screen until the correct response was given. When no response was given 

after 10000 ms, a time-out message and repetition of the instructions were shown, 

and then the trial was repeated.

Math Approach Avoidance Task
The Math Approach Avoidance Task (Math AAT; Schmitz, Jansen, et al., 2019b, 

Chapter 5) was used to measure an avoidance tendency away from math. In the 

Math AAT, pictures were presented in the centre of the screen, and participants 

were instructed to zoom the picture in (i.e., simulating an approach response) 

or zoom the picture out (i.e., simulating an avoidance response). Pictures were 

presented tilted to the left or right, and participants needed to zoom the picture 

in or out based on the direction in which the picture was tilted. The content of the 

pictures was irrelevant and could be ignored. Response times between stimulus 

onset and first responding were recorded. The underlying logic is that, if avoidance 

tendencies for math pictures were stronger, participants would give a faster 

response to zoom math pictures out than to zoom these pictures in.

The Math AAT started with a practice block (10 trials) in which participants 

were familiarized with the response keys to zooming in (i.e., downward arrow) 

and out (i.e., upward arrow). After an inter-trial interval (500-1000 ms a black 

screen), each trial started with a white fixation dot (500-1000 ms). Next, a tilted 

grey square picture was presented in the centre of the screen and participants 

were instructed to zoom the stimulus out or in until it disappeared. Allocations 

to zoom the picture in when tilted to the left or to the right were random between 

participants. Next, two critical blocks (40 trials each) followed in which each of 

10 math pictures (i.e., math problems or graphs) and 10 neutral pictures (i.e., 

schematic pictures of neutral objects) were all presented once tilted to the left and 

once tilted to the right per block. In total, participants made 20 avoidance and 20 

approach responses for both math and neutral pictures (80 trials in total). After an 

incorrect first press on a trial, instructions were shown, and the trial was repeated.

The stimuli were similar to those used by Schmitz, Jansen, et al. (2019b, 

Chapter 5). To test the validity of the math and neutral pictures in the current 

sample, participants were asked to rate the valence of each of the 20 stimuli (in 

random order). Participants needed to indicate how they felt when seeing the 

picture, by moving a slider on a line from positive (score = 0 on the left extreme) 

to negative (score = 100 on the right extreme), and the middle point represented 

neutral (score = 50). Participants rated the math stimuli (M = 55.86, SD = 15.76) 

significantly more negatively than the neutral stimuli (M = 40.76, SD = 10.13), 
t(72)  =  5.90, p < .001. As expected, the high math-anxiety group (M  =  64.29, 

SD = 15.71) rated the math stimuli significantly more negatively than the low 

math-anxiety group (M = 48.51, SD = 11.72), t(60.42) = -4.81, p < .001, whereas 

both groups did not differ on their rating of neutral stimuli, t(71) = 1.46, p = .150. 

Unexpectedly, the ratings of stimuli were not significantly related to avoidance 

bias scores (math stimuli rating with math avoidance bias, r = -.06, p = .697; neutral 

stimuli rating with neutral avoidance bias, r = .14, p = .238).

Procedure
Participants were recruited based on their screening scores on the AMAS in 

an annual assessment. For invitation in the current study, participants received 

an email via an independent coordinator and could sign up for participation online 

or via email. Individual assessment was conducted in the lab at the university and 

started with an introduction of the study and the informed consent procedure. The 

assessment on the computer started with questions on demographics and on grades 

on the secondary school diploma for math and English (a foreign language), and 

then participants performed a math solving task (Amsterdam Math Anxiety Task; 

AMAT; see Schmitz, Salemink, et al., 2019b, Chapter 2), which was beyond the scope 

of this manuscript. Next, participants performed three cognitive bias tasks (i.e., 

Math VST, Math-failure ST-IAT, and Math AAT), and three blocks of questionnaires. 

The cognitive biases tasks were alternated with the questionnaire blocks, and 

each cognitive bias task was preceded by two math equations to simulate a math 

context. The order of cognitive bias tasks and the order of questionnaire blocks 
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was random between participants. One questionnaire block consisted of the ACS; 

another contained the AMAS. Math interest and Math self-concept scales, and 

Components of Math Anxiety Questionnaire (COMAQ) were also administered, 

but these are beyond the scope of this manuscript. The assessment ended with a 

task in which participants rated the valence of the pictures that were used in the 

Math AAT. Lastly, participants were debriefed and thanked for their participation. 

The total procedure took approximately 35 minutes.

Results

Data reduction and preliminary analyses
For the Math VST, data for two participants were deleted because of an error 

percentage ≥ 20%. Also, practice trials and trials with incorrect, slow (> 2 SD above 

individual’s mean of correct trials per trial type), and fast (< 200 ms) responses 

were discarded (de Voogd et al., 2014; Dodd et al., 2017; Schmitz, Jansen, et al., 

2019b, Chapter 5). Next, two attentional bias scores were calculated using mean 

RTs for the remaining trials (Schmitz, Jansen, et al., 2019b, Chapter 5). For the 

engagement bias score, mean RTs of trials in the Engagement block were subtracted 

(i.e., trials with string target – trials with formula target), so that higher scores 

reflected faster responses to a formula than to a string target in a neutral context. 

Higher engagement bias indicated facilitated engagement towards math. For the 

disengagement bias score, mean RTs of trials in the two Disengagement blocks were 

subtracted (i.e., Disengagement Formula Block – Disengagement String Block), so 

that higher scores reflected slower responses to neutral stimuli in the context 

of formula than in the context of string distractors. Higher disengagement bias 

indicated stronger difficulty to switch attention away from formula.

For the Math-failure ST-IAT, the algorithm with built-in error penalty was 

used to calculate a D-score for the relative strength of the math-failure association 

(Greenwald, Nosek, & Banaji, 2003). Trials for the practice block and trials with 

slow (≥ 10000 ms), and fast (≤ 300 ms) responses were discarded. D-scores were 

calculated by subtracting the mean latency of the Math + Failure combination 

block from the mean latency of the Math + Success combination block, and 

correcting for SD of RTs and number of trials (Schmitz, Jansen, et al., 2019b, 

Chapter 5). Positive D-scores reflect faster responses in the Math + Failure than 

in the Math + Success combination block, indicating relatively stronger math-

failure associations. Negative D-score reflected relatively stronger math-success 

associations. Randomisation check for block order of the Math-failure ST-IAT 

revealed a significant weaker math-failure association when the Math + Success 

combination block was presented first, t(71) = 2.00, p = .049.

For the Math AAT, the algorithm of standardized D-scores (following Eberl et 

al., 2013; Wiers et al., 2011) was used to calculate two avoidance bias scores (i.e., 

for math and neutral stimuli; Schmitz, Jansen, et al., 2019b, Chapter 5). Practice 

trials and trials with slow (> 2000 ms), fast (< 200 ms), and invalid responses were 

discarded. RTs of trials with incorrect responses were replaced by the mean RT + 

2 SD for the individual’s correct responses per trial type. The math avoidance bias 

and neutral avoidance bias D-scores were calculated by subtracting the corrected 

mean RTs of avoidance from approach responses and dividing this by the SD of RTs 

for that category (i.e., math vs. neutral, respectively; Schmitz, Jansen, et al., 2019b, 

Chapter 5). Positive math and neutral avoidance bias D-scores reflect a stronger 

avoidance than approach tendency, whereas negative scores reflect a stronger 

approach than avoidance tendency for math and neutral stimuli, respectively.

Means and standard deviations for the low and high math-anxiety groups for 

each cognitive bias score are shown in Table 6.2. For each cognitive bias score, the 

reliability was calculated. First, the split-half scores for 10 random splits of trials 

per score were calculated. Next, the average of the Spearman-Brown corrected 

intercorrelation between the split-half scores was calculated as an index for the 

reliability of each score (de Hullu et al., 2011; Karpinski & Steinman, 2006; Schmitz, 

Jansen, et al., 2019b, Chapter 5). The reliability was good for engagement bias and 

math-failure associations, acceptable for disengagement bias, and low for both 

avoidance biases (Table 6.2). The overall average error percentages were 6.8%, 

5.9%, and 5.2% for Math VST, Math-failure ST-IAT, and Math AAT, respectively.
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Table 6.2. Reliability for cognitive bias scores, and descriptives for cognitive bias scores 
for the low and high math-anxiety groups.

Low math-anxiety High math-anxiety

α M SD M SD
Engagement bias .78 566.39 307.82 630.40 382.13

Disengagement bias .57 193. 24 255.33 113.85 211.89

Math-failure association .82 -0.24 0.33 0.13 0.36

Math avoidance bias .37 0.05 0.37 0.06 0.45

Neutral avoidance bias .49 -0.00 0.42 -0.00 0.47

Note. Math-failure association and avoidance biases were D-scores. Alpha (α) = Cronbach’s 
alpha. 

The interaction between math anxiety and attentional control 
regarding the strength of cognitive biases

The combined hypotheses (1-4) that the high math-anxiety group would show 

stronger cognitive biases than the low math-anxiety group, and the hypotheses 

(5-6) that attentional control would moderate the relationship between math 

anxiety and the strength of cognitive biases, were tested at once in a MANOVA. 

In order to investigate the effect of attentional control, participants were divided 

into a low (n = 40) and a high (n = 33) attentional control group based on a median 

split on the ACS total scores (Median = 47). A Pearson chi-square test showed 

that low and high math-anxious participants were not significantly differently 

distributed over the low and high attentional control groups, χ2(1) = 2.52, p = .112, 

indicating that the math-anxiety and attentional control groups were (sufficiently) 

independent.

Next, a MANOVA with math-anxiety group (low vs. high) and attentional 

control group (low vs. high) as fixed-factors, and four cognitive bias scores 

(i.e., engagement bias, disengagement bias, math-failure associations, and math 

avoidance bias) as dependent variables was performed.13 The neutral avoidance 

bias was not included in the MANOVA, because math-anxiety groups were not 

expected to differ on this variable, and this hypothesis was supported by a t-test 

for the math-anxiety groups, t(71) = 0.02, p = .986. Using Pillai’s Trace, results of 

13	 When the block order of Math-failure ST-IAT was entered as covariate in the MANOVA, its mul-
tivariate effect was not significant (p = .711).

the MANOVA revealed a significant main effect of math-anxiety group, V = 0.269, 

F(4,64) = 5.88, p < .001, ηp
2 = .269, indicating a multivariate difference between 

the low and the high math-anxiety groups for cognitive biases. However, the main 

effect of attentional control group, V = 0.094, F(4,64) = 1.66, p = .171, ηp
2 = .094, and 

also, the interaction effect between math-anxiety and attentional control groups, 

V = 0.026, F(4,64) = 0.42, p = .790, ηp
2 = .026, were not significant. In contrast to 

the hypotheses 5 and 6, these results indicated that attentional control did not 

moderate the relationship between math anxiety and the strength of cognitive 

biases, and that there was no multivariate difference between the low and the 

high attentional control groups for cognitive biases.14

To further examine the multivariate difference between the math-anxiety 

groups for cognitive biases, the MANOVA was followed up with discriminant 

analyses (Huberty & Morris, 1989; Huberty & Petoskey, 2000). Results revealed 

one discriminant function with an eigen value of 0.41, and canonical R2 = .289. The 

standardized canonical discriminant function coefficients, and the correlations 

between cognitive bias scores and the discriminant function (i.e., structure 

coefficients in Table 6.3), indicated that math-failure associations had the strongest 

contribution in differentiating between the low and high math-anxiety groups (.97 

and .90, respectively), and that disengagement bias (-.42 and -.27, respectively) 

also contributed weakly, but in the opposite direction. As expected, the estimated 

group centroids (low math-anxiety = -0.59; high math-anxiety = 0.67) showed that 

the high math-anxiety group scored higher on math-failure associations than the 

low math-anxiety group, but in contrast to the hypothesis, the high math-anxiety 

group scored lower on disengagement bias than the low math-anxiety group.15

14	 Previously the two components of ACS were differentially related to types of attentional biases 
(Taylor et al., 2016). However, in the current study, the multivariate main and interaction effects 
on cognitive biases were also not significant when median split of groups were based on ACS 
focusing (main: p = .935; interaction: p = .562) or shifting (main: p = .168; interaction: p = .768) 
subscales.

15	 The results are in line with univariate test showing a significant group differences for math-fail-
ure associations (t(71) = - 4.70, p < .001), but not for other biases (engagement bias: t(69) = -0.78, 
p = .437; disengagement bias: t(69) = 1.41, p = .162; math avoidance bias: t(71) = -0.18, p = .856).
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Table 6.3. Discriminant function coefficients for cognitive biases for discriminating 
between math-anxiety groups.

Raw Standardized Structure

Engagement bias 0.00 .10 .15

Disengagement bias -0.00 -.42 -.27

Math-failure association 2.85 .97 .90

Math avoidance bias -0.39 -.16 .01

Note. Raw = unstandardized coefficients. Standardized = standardized coefficients. 
Structure = structure coefficients. The structure coefficients represent the correlations 
between cognitive bias scores and the discriminant function. 

Math-failure associations for the low and the high math- 
anxiety groups

Further analyses were performed for math-failure associations to interpret 

the differences between the low and high math-anxiety groups. To test whether 

the associations between math and failure were stronger than the associations 

between math and success in both groups, a one-sample t-test was performed 

for each group. Results revealed that the mean scores of both groups deviated 

significantly from zero. The negative mean score of the low math-anxiety group 

indicated that the association between math and success was stronger than the 

association between math and failure, t(38) = -4.65, p < .001. In contrast, the 

positive mean score of the high math-anxiety group, indicated a relatively stronger 

association between math and failure than between math and success, t(33) = 2.16, 

p < .001.

Discussion

The current study investigated whether high math-anxious individuals would 

show stronger cognitive biases than low math-anxious individuals, and whether 

cognitive control would moderate the relationship between math anxiety and 

the strength of these biases. Three types of cognitive biases were investigated 

(i.e., math attentional biases, math-failure associations, and math avoidance 

bias), and attentional control was assessed as an index of cognitive control. In 

line with previous findings (Schmitz, Jansen, et al., 2019b, Chapter 5), high math-

anxious individuals showed stronger associations between math and failure than 

low math-anxious individuals. More specifically, high math-anxious individuals 

showed stronger associations between math and failure compared to success, 

whereas low math-anxious individuals showed stronger associations between 

math and success compared to failure. Unexpectedly, no differences between the 

low and high math-anxiety groups were found for engagement and math avoidance 

biases, and the difference in disengagement bias was small and in the opposite 

direction from what was expected. In contrast to our hypotheses, no interaction 

between cognitive control and math anxiety was found regarding the strength of 

cognitive biases.

Cognitive biases in high math-anxious individuals
The current findings replicate a previous finding showing that stronger 

math-failure associations are related to trait math anxiety (Schmitz, Jansen, et 

al., 2019b, Chapter 5). In line with theoretical models (Ouimet et al., 2009), the 

current findings strengthen the hypothesis that when high math-anxious (but not 

low math-anxious) individuals are confronted with math, the concept of failure 

is easily activated. This is in line with the proposal that expectancies of failure 

are threatening and evoke anxiety (Pekrun, 2006). New perspectives emphasize 

inferences, instead of associations, that also contain information on the predicted 

direction of the relation between concepts (Van Dessel, Hughes, & De Houwer, 

2019). This perspective is relevant given that doing math, especially in a test 

situation, might predict expectancies of failure. Future studies could examine this 

potential directional link from math to expectancies of failure, and also the impact 

of math-failure associations (or expectations) on behaviour and performance, and 

how math-failure associations are related to how good individuals think they are in 

math (i.e., math self-concept; Schmitz, Jansen, et al., 2019b, Chapter 5). Concluding, 

the current findings demonstrated that high math-anxious individuals associate 

math with failure, pointing to the expectancy of failure as a central threat in math 

anxiety.

Unexpectedly, engagement attentional bias and math avoidance bias did not 

contribute to differentiating between the high and low math-anxiety groups in 

contrast to previous studies on attentional biases in math anxiety (Rubinsten 

et al., 2015; Suárez-Pellicioni et al., 2015). This result is, however, in line with a 
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previous study that did not find a relation between these biases and self-reported 

math anxiety (Schmitz, Jansen, et al., 2019b, Chapter 5). There are several possible 

explanations for these mixed findings. First, given that failure might be a central 

threat in math anxiety, cognitive biases might only be found if a performance 

element, and potential threat of failure, is integrated in the task. The current study 

and that by Schmitz, Jansen, et al. (2019b, Chapter 5) used the same task in which 

participants needed to search for formula or to watch pictures of math and there 

was no need to solve the math problems, whereas the task used by Rubinsten et al. 

(2015) included the verification of a solution. Possibly, a lack of threat of failure in 

the current tasks has prevented anxiety-driven cognitive biases to show. Second, 

limitations of the tasks, including low reliability, could have precluded to capture 

math attentional and avoidance biases (see Schmitz, Jansen, et al., 2019b, Chapter 

5, for further discussion of the limitations). These limitations point to the need 

for a clear conceptualization of what is threatening in math anxiety and tasks that 

reliably assess the biases towards this threat.

The unexpected finding that the disengagement bias score contributed to 

the differentiation between math-anxiety groups in the opposite direction from 

what was expected could point to an attentional avoidance process in high math-

anxious individuals (Cisler & Koster, 2010; Ouimet et al., 2009). It was found that 

the high math-anxiety group showed faster responses to neutral stimuli in the 

context of math than the low math-anxiety group, suggesting that high math-

anxious individuals are faster, instead of slower, to disengage (or avoid) attention 

from math stimuli than low math-anxious individuals. However, results were 

only weak, and although the Math VST was developed to assess engagement and 

disengagement components of attentional bias, it was not capable of verifying 

the focus of attention. To test whether high math-anxious individuals engage to, 

disengage from, or avoid math stimuli, attentional bias tasks should be improved 

in such a way that the location of attentional focus can be tracked (see e.g., Grafton 

& MacLeod, 2016; Rudaizky et al., 2014).

Lastly, no support was found for action tendencies to avoid (i.e., avoidance 

bias) in math anxiety, and further examination showed that avoidance bias was 

also not related to the self-rated valence of the stimuli that were used in the Math 

AAT (similar to Schmitz, Jansen, et al., 2019b, Chapter 5). Given that the high math-

anxiety group rated the math, but not neutral, stimuli as more negative than the 

low math-anxiety group, such a relationship would be expected. Possibly, self-

report of math anxiety and valence of math stimuli reflect different processes than 

assessed in the Math AAT, that is more explicit or controlled processes versus more 

automatically-activated processes, respectively (see e.g., Greenwald et al., 2009; 

Hofmann, Gawronski, Gschwendner, Le, & Schmitt, 2005; Ouimet et al., 2009). 

However, it could also be that the current version of the Math AAT was not capable 

of capturing math-related action tendencies because the task used keyboard-based 

responding (compared to joystick versions) and participants could ignore that the 

pictures represented math (see e.g., Phaf et al., 2014; Schmitz, Jansen, et al., 2019b, 

Chapter 5). Thus, a lack of support for avoidance bias in math anxiety might be due 

to limitations of the Math AAT, which need to be addressed in future research in 

order to infer conclusions on the role of this bias in math anxiety.

The role of cognitive control
The current study did not show an interaction between math anxiety and 

cognitive control on cognitive biases, which contrasts with theoretical models 

and findings in other types of anxieties (Derryberry & Reed, 2002; Eysenck et al., 

2007). Also, there was no support for a relation between cognitive control and 

the strength of cognitive biases. Although an absence of support for attentional 

(i.e., engagement) and avoidance biases, as described above, could explain not 

finding any relation between cognitive control and these biases, there are several 

additional explanations. First, the current study included attentional control as an 

index of cognitive control. Attentional control has shown to be relevant for biases 

in attentional processes (Derryberry & Reed, 2002), but might not be related to 

other types of cognitive biases. It is plausible that other types of cognitive control 

such as inhibitory processes or more general WM processes are involved to 

overcome automatically activated threat-related associations or action tendencies 

(see e.g., Hofmann, Gschwendner, Friese, Wiers, & Schmitt, 2008; Munakata et al., 

2011). Second, attentional control was assessed using self-report, which has shown 

to differ from performance-based assessment of attentional control (Tortella-

Feliu et al., 2014). Therefore, more objective, behavioural task are preferred for 

assessment of cognitive control. Alternatively, cognitive control might be reflected 

in physiological measures (Núñez-Peña & Suárez-Pellicioni, 2015; Suárez-Pellicioni 

et al., 2014). Lastly, it is surprising that the low and high math-anxious groups did 
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not differ in attentional control, given that a meta-analysis found that anxiety is 

related to deficits in attentional control even when non-emotional stimuli are used 

(Shi et al., 2019). Possibly, math anxiety is such a specific type of anxiety (high 

math-anxious individuals might not be anxious in other ways), that general anxiety-

related deficits in attentional control are not seen in high math-anxious individuals. 

Limitations
This study was not without limitations. First, the sample consisted of 

undergraduate students, who are relatively highly educated and typically have 

relatively strong cognitive control abilities in comparison with the general 

population (as cognitive control and working memory are strongly correlated 

with intelligence, for which students have been selected). Therefore, the variance 

in cognitive control might have been limited, precluding a relationship between 

cognitive control and the strength of cognitive biases. Note that some of the 

previous positive studies were also conducted in undergraduate student samples 

(Derryberry & Reed, 2002; Taylor et al., 2016), thus rendering the explanation of 

a restricted sample less likely. Nevertheless, future studies should also investigate 

other samples. Second, the high math-anxiety group consisted mostly of females, 

even though some males also had high math anxiety scores in the screening. 

Although it is commonly found that females report higher levels of math anxiety 

than males (e.g., Devine et al., 2012), and might therefore be overrepresented in 

high math-anxiety groups, it seems that high math-anxious females were also more 

likely to participate in this study than high math-anxious males. Third, the current 

study focused only on the interaction between anxiety and cognitive control in 

relation to cognitive biases and did not include any measure of math behavioural 

outcomes, such as math performance or avoidance. Some theoretical models (see 

e.g., Ouimet et al., 2009; Teachman et al., 2019) propose that more automatic and 

more controlled processes interactively determine behaviour, which could be 

investigated in future research.

Conclusion
The current study demonstrated that high math-anxious individuals 

showed stronger associations between math and failure than low math-anxious 

individuals. However, no support was found for math-anxiety related attentional 

biases, math avoidance bias, or a moderating role of cognitive control on the 

relationship between math anxiety and the strength of these cognitive biases. 

Given that the current findings suggested that the expectancy of failure should 

be included in the conceptualization of threat in math anxiety, a lack of a failure 

component in the cognitive bias tasks could also explain a lack of support for 

these biases. Further research is necessary to determine whether attentional and 

avoidance biases play a role in math anxiety, and whether failure might play a 

role in these biases as well. In addition, further research is needed to investigate 

the role of cognitive control in relation to the strength of cognitive biases and to 

investigate how cognitive biases are expressed in behaviour.
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General aim of this dissertation

Math anxiety has a great impact on everyday life and career opportunities of 

individuals who suffer from it. Given the importance of math during school careers 

in adolescence (and the resulting impact on later careers), this is a crucial period 

to investigate the factors that are involved in math anxiety. The general aim of this 

dissertation was to improve the understanding of math anxiety in adolescents 

by investigating three missing factors in math anxiety. The first missing factor 

concerned an elaborate conceptualization of math anxiety in terms of several 

emotional components (i.e., affect, physiological sensations, thoughts, and 

behaviours) and how math anxiety is conceptualized across groups. The second 

missing factor concerned disentangling different types of math behaviour, which 

could possibly improve our understanding of how math performance comes about. 

The third missing factor concerned the role of cognitive biases in math anxiety.

This chapter starts with a summary and integration of what we have learned 

about math anxiety by investigating these missing factors. Next, strengths and 

limitations, as well as implications of the findings and directions for future 

research will be discussed, followed by a conclusion.

Summary and integration of main findings: 
What have we learned about math anxiety?

The role of the three missing factors in math anxiety was investigated in 

the empirical studies described in Chapters 2 to 6 of this dissertation. First, the 

main findings regarding these missing factors will be discussed, and next, the 

discussion will be broadened to incorporate other psychological concepts of 

relevance (i.e., math self-concept and math interest) and questions concerning 

the domain specificity of math anxiety.

Missing factor 1: Conceptualization of math anxiety
Although math anxiety has been widely studied, the various conceptualizations 

so far did not incorporate the full range of components of emotional responses, 

consisting of affective, physiological, cognitive, and behaviour components 

(Barlow, 2002; Hopko et al., 2001; Scherer, 2000). Chapter 2 describes a series 

of studies in which the Components of Math Anxiety Questionnaire (COMAQ) 

was developed and validated across two large independent samples of secondary 

school students. Math anxiety was found to consist of four components: Affect & 

Physiology, Worry, Avoidance, and Effort. Affect & Physiology concerned subjective 

and general feelings of anxiety and nervousness and physiological hyperarousal. 

Worry concerned negative cognitions and expectations. Avoidance concerned 

avoidance of cognitive involvement in math as well as avoidance of math situations 

in adolescents’ daily school life (e.g., homework, tests, and math lessons). Effort 

concerned increasing effort, for example, by checking math work and taking extra 

math assignments to get more practice. These findings support the existence of the 

affective and cognitive components that were already reported on in the literature, 

but also of two behavioural components (i.e., Avoidance and Effort) that were not 

included in earlier questionnaires (Henschel & Roick, 2017; Ho et al., 2000; Pletzer 

et al., 2016; Wigfield & Meece, 1988). Also, the COMAQ contributed to the literature 

as it contained situations that were specifically recognizable to secondary school 

students. Thus, regarding missing factor 1, we demonstrated that math anxiety 

in adolescents can be conceptualized and assessed as consisting of four emotional 

components: Affect & Physiology, Worry, Avoidance, and Effort, as shown in 

the centre of Figure 7.1. Figure 7.1 shows a tentative, integrated model of math 

anxiety that is supported by the main findings of this dissertation. This model 

provides a framework for discussion of the findings and remaining questions.  
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Second, given that females commonly report stronger math anxiety than 

males (e.g., Carey, Hill, et al., 2017; Devine et al., 2012; Hembree, 1990; Hill et al., 

2016; Primi et al., 2014) and that experiences of math anxiety might also differ 

across age-groups, another question was whether math anxiety could be assessed 

validly with the same instrument across subgroups defined by age and sex. The 

Abbreviated Math Anxiety Scale (AMAS) is a commonly used questionnaire to 

assess math anxiety, which has shown good reliability and validity. However, if 

the AMAS is biased towards specific subgroups, group differences in scores do 

not reflect group differences in math anxiety (Brown, 2015). A demonstration 

of measurement invariance across groups following state-of-the-art guidelines 

was necessary but lacking in the literature (but see Caviola et al., 2017; Primi et 

al., 2014). In Chapter 3, measurement invariance of the AMAS was tested across 

sexes and age-groups in large samples of secondary school students and first-

year university students. In a multi-group Confirmatory Factor Analysis (CFA) 

support was found for partial metric and scalar measurement invariance. It was 

concluded that measurement invariance of the AMAS was largely tenable and that 

the minimal conditions to meaningfully compare group means on AMAS were 

met. Group comparisons showed that female secondary school students reported 

slightly stronger math anxiety than male secondary school students. Further, the 

findings suggested that female university students are a unique group with regard 

to math anxiety, as the structural model for this group deviated slightly from that 

of the other groups (similar to Cipora et al., 2015; Schillinger et al., 2018), and 

because female university students reported the highest level of math anxiety 

of all groups. Together the findings demonstrated that math anxiety could be 

conceptualized and assessed in a similar way across groups. However, the question 

remained whether females actually experience more anxiety, or whether it is more 

acceptable for them to report their anxiety compared to males.
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Missing factor 2: Math behaviour
Math anxiety is often related to poor math performance (Hembree, 1990; 

Suárez-Pellicioni et al., 2016). In line with this, stronger math anxiety turned out 

to be related to lower math grades in all empirical studies in this dissertation (as 

shown on the right in Figure 7.1). Although poor math achievement is an important 

negative consequence of math anxiety, high math-anxious individuals are not 

necessarily unskilled in math. Rather, math anxiety is assumed to interfere with 

the ability to solve math problems via several processes, such as hindering efficient 

problem solving and via various forms of avoidance behaviours (Ashcraft & Moore, 

2009; Eysenck et al., 2007; Hopko et al., 2001). In this dissertation, it was proposed 

that these processes (i.e., math behaviour) were the second missing factor in our 

understanding of math anxiety and that disentangling these processes would 

improve our understanding of how math anxiety is related to math performance.

In the studies in Chapters 2, 4, and 5, it was investigated whether several 

aspects of math behaviour were related to math anxiety. Therefore, math tasks 

(Chapters 2 and 4: Math Anxiety Problem Solving Task, MAPST; Chapters 2 and 5: 

Amsterdam Math Anxiety Task, AMAT) were developed that allowed for comparing 

math performance under high and low levels of anxiety as an indication of an 

affectively induced drop in performance, and choices of difficulty levels and 

response times were assessed as indications of math avoidance behaviour and 

the efficiency of performance. Unexpectedly, the results showed that although 

overall performance dropped in the high compared to the low anxiety condition, 

math anxiety was not related to accuracy or performance drop. However, stronger 

math anxiety was related to choosing lower levels of difficulty and slower response 

times. Given that overall the accuracy was high, it could be that math anxiety 

interfered with the efficiency of math problem solving, and that math-anxious 

individuals were able to maintain performance by slowing their responses (cf., 

Eysenck et al., 2007). It also indicated that secondary school students were 

generally able to solve the presented math problems, also under timed conditions. 

Together these findings demonstrate that math behaviour is more complex than 

the score on a math test can reveal, and these processes provide more information 

on how math anxiety interferes with math performance.

Disentangling the components of both math anxiety (missing factor 1) and 

math behaviour (missing factor 2) created a more differentiated view on the 

relationship between math anxiety and math performance since the components 

were independently related to the various types of behaviour (see Figure 7.1). The 

results in Chapter 2 showed that the Affect & Physiology component was uniquely 

associated with state math anxiety during a math task. The Worry component 

demonstrated to be a central component as stronger worry stood out as a predictor 

of lower math grades, slower response times, choosing lower difficulty levels, as 

well as lower math interest and lower math self-concept. Higher scores on the 

Avoidance component were uniquely associated with choosing lower levels of 

difficulty, faster response times, and lower math interest. The Effort component 

was associated with other math anxiety components and lower math grades, 

demonstrating that increasing effort can be motivated by a fear of failing in 

math. Given that the Effort component was also associated with higher interest 

in math, it is plausible that other individuals spend extra time and effort on doing 

math because they are intrinsically motivated to do math. Remarkably, both the 

Worry and Avoidance component were related to response times, but Worry was 

related to prolonged response times, whereas Avoidance was related to fastened 

responding. This supports the idea that worry reduces the efficiency of processing 

(Eysenck et al., 2007), whereas fastened responding is an indication of avoidance 

of involvement in the task (Ashcraft & Faust, 1994). Thus, math anxiety is related 

to math performance (i.e., math grades), however, math behaviour involves several 

processes that seem to be driven by different components of math anxiety.

Lastly, the results in this dissertation generally support the theory that 

avoidance of math is a central aspect of behaviour in math anxiety. Previously, 

avoidance of courses and careers (global avoidance) and avoidance of involvement 

in a task (local avoidance) had already been linked to math anxiety (e.g., Ashcraft 

& Faust, 1994; Hembree, 1990). However, the results in this dissertation show that 

math avoidance behaviour can be seen in many more forms in a broader range 

of situations. That is, the COMAQ included math avoidance behaviours in class, 

homework, and test situations such as visiting the toilet during lessons, postponing 

homework, and calling in sick for a math test. Also, stronger avoidance was 

shown in choosing lower levels of difficulty and fastened responding, which were 

directly assessed using the AMAT. Note, however, that avoidance bias for math 

was also assessed, but no support was found (see below). Together the findings 
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demonstrated the importance of avoidance in math anxiety, as it is reflected in 

behaviour a wide range of situations.

Missing factor 3: The role of cognitive biases
Cognitive models of anxiety propose that threat-related cognitive biases play 

an important role in the aetiology and maintenance of anxiety (Beck & Clark, 1997; 

Ouimet et al., 2009). Although previous research has supported the role of cognitive 

biases in other types of anxiety (see e.g., Bar-Haim et al., 2007; Rinck & Becker, 

2007; Roefs et al., 2011), research on cognitive biases in math anxiety was scarce. 

Therefore, it was proposed that cognitive biases could constitute the third missing 

factor in our understanding of math anxiety. Three studies were performed to 

investigate whether three types of cognitive biases play a role in math anxiety, that 

is (1) stronger threat-related associations, (2) enhanced attention towards threat 

(i.e., attentional bias; Ouimet et al., 2009), and (3) enhanced action tendencies to 

avoid threat (i.e., avoidance bias; Frijda, 1986, 1987; Phaf et al., 2014).

In the first study, described in Chapter 4, the role of implicitly measured math-

anxiety associations was examined. In a sample of 189 secondary school students, 

it was shown that adolescents showed stronger associations between math and 

anxiety compared to associations between math and calmness. However, the 

strength of the math–anxiety associations was not related to self-reported math 

anxiety, or math behaviour and state math anxiety on the MAPST.

Given that expectancies of failure might play a role in evoking math anxiety 

(Pekrun, 2006), the null findings in Chapter 4 might be explained by the fact 

that anxiety associations with math were investigated, while for math-anxious 

individuals, math might be associated with failure and not so much with anxiety 

itself. Therefore, in the next study, associations between math and failure 

(compared to success) were studied. In Chapter 5, the role of three types of 

cognitive biases (i.e., math-failure associations, attentional biases, and avoidance 

bias for math) in math anxiety and math behaviour were investigated. In a sample 

of 529 secondary school students, it was shown that math-failure associations 

were associated with trait math anxiety and that these associations predicted 

math behaviour (i.e., grades and chosen difficulty level on the AMAT). However, 

math-failure associations did not show additive value in predicting math behaviour 

on top of trait math anxiety. Math-failure associations were also related to lower 

math self-concept, math interest, and experienced support from the math teacher. 

No support was found for the role of attentional and avoidance biases in math 

anxiety and math behaviour.

There are two possible explanations for the results of the study in Chapter 5 

that were further examined in the study in Chapter 6. First, given that cognitive 

biases have been found in high-anxious but not in low-anxious individuals (e.g., 

Bar-Haim et al., 2007), the unselected sample in Chapter 5, in which high math-

anxious individuals were underrepresented, might have preclude support for 

attentional and avoidance biases. Second, the role of cognitive control processes 

was not investigated. Cognitive models, however, propose that anxiety and 

cognitive control interact in the relation with cognitive biases (Derryberry & Reed, 

2002; Eysenck et al., 2007). That is, stronger anxiety is assumed to be related 

to stronger cognitive biases, but cognitive control can be executed to reduce 

the influence of anxiety on cognitive biases. In Chapter 6 it was shown that, in a 

sample of 74 selected first-year university students, high math-anxious individuals 

showed stronger math-failure associations than low math-anxious individuals, 

however, attentional and avoidance biases did not (or only weakly) differ between 

the groups. These findings replicated the findings in Chapter 5 in an independent 

sample. In addition, it was expected that cognitive control would moderate the 

relationship between math anxiety and the strength of cognitive biases, so that 

cognitive biases were stronger for individuals with relatively low cognitive control, 

but this hypothesis was not supported by the results. As described in Chapter 6, 

the null findings could be due to limitations in the measures of the cognitive biases 

and a mismatch between the type of cognitive control and cognitive bias. Taken 

together, as shown in Figure 7.1, the findings support the role of math-failure 

associations in math anxiety and math behaviour, but no support was found for 

the role of attentional and avoidance biases or for the role of cognitive control in 

the strength of cognitive biases.

Given that stronger math-failure associations, but not math-anxiety 

associations, were related to stronger math anxiety in two independent studies, 

the current findings suggest that failure is a characteristic expected threat in math 

anxiety. Although this conclusion should be interpreted with caution, given that 

the correlation between math-failure associations and math anxiety (r = .20) in 

Chapter 5 was only slightly stronger than the correlation between math-anxiety 
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associations and math anxiety (r = .15) in Chapter 4, it is possible that a lack of 

a relevant threatening aspect of math (i.e., failure) in the current assessment of 

attentional biases and avoidance bias explains the lack of support for these bias 

(for further discussion see Limitations below).

Broader insight 1: Math self-concept and math interest are 
related to worry and math-failure associations

In addition to the findings regarding the three missing factors, the results 

of the studies in Chapters 2, 3, and 5, showed that lower math self-concept and 

lower math interest were related to stronger math anxiety, stronger math-failure 

associations, and lower math grades (see Figure 7.1). More specifically, lower 

math self-concept and lower math interest were uniquely predicted by the worry 

component of math anxiety, on top of math grades. These findings suggest that how 

good we think we are in math (i.e., our math self-concept) influences cognitions in 

math anxiety. Given the relations with math-failure associations, it is likely that 

negative cognitions in math anxiety are focussed on the expectancy of failure. In 

addition, a focus on failure might prevent interest in math.

These findings are in line with the control-value theory (Pekrun, 2006), which 

states that achievement emotions are determined by appraisals of subjective 

control and subjective values. Subjective control refers to the perceived causal 

influence over actions and outcomes (i.e., self-concept), whereas subjective values 

refer to the perceived valence of actions and outcomes (Pekrun, 2006). Anxiety 

is considered a prospective, anticipatory achievement emotion that is preceded 

by appraisals of partial lack of control and a focus on failure, and the intensity of 

anxiety increases with stronger value of the achievement. Thus, anxiety is evoked 

when students are uncertain about the outcome, they expect failure, and they do 

care about the outcome. In addition, the control-value theory states that anxiety 

can impair interest and intrinsic motivation to perform (Pekrun, 2006). In other 

words, this theory proposes that expectancies of failure evokes anxiety and that 

expectancies of failure are based on math self-concept.

Given that math-failure associations were implicitly measured, the current 

findings add to previous theories by showing that in high math-anxious individuals, 

expectancies of failure, and possibly worries, are activated rather quickly and 

relatively automatically (Gawronski & Bodenhausen, 2006; Gawronski et al., 2006). 

Although all studies in this dissertation had a correlational design, the findings 

suggest that math-failure associations might be a link in a quick, reciprocal, and 

negative loop, as shown in Figure 7.1. In this loop, previous failure experiences are 

linked to stronger math-failure associations, lower math self-concept, and stronger 

math anxiety, and in turn worse performance (Ahmed et al., 2012; Arens et al., 

2017; Bong & Skaalvik, 2003; Lee, 2009; van der Beek et al., 2017). Moreover, the 

results suggest that worry is the central component of math anxiety in this vicious 

circle and that it might also be the component of math anxiety that is most strongly 

related to math-failure associations. In addition, the current findings point to math 

behaviour as an additional link in this vicious circle. Given that worry stood out as 

a unique predictor of math behaviour and that math-failure associations predicted 

math behaviour, it might also be that much of math behaviour is driven by negative 

cognition, expectancies of failure, and math self-concept. Taken together, it can be 

concluded that there is a strong link between math-failure associations, math self-

concept, math anxiety (and the worry component in particular), math behaviour, 

and math performance. Although math anxiety is not just the idea that you are 

not able to perform math because math anxiety involves more components than 

worry, it seems that a central cognition in math anxiety is ‘I cannot do it’, and math 

anxiety can be described by ‘I am afraid because I think I cannot do it’.

Broader insight 2: Math anxiety is domain specific
The second additional insight from the current results concerned the domain 

specificity of math anxiety. Previous literature suggested that math anxiety is a 

unique type of anxiety, although math anxiety is related to other types of anxiety 

(e.g., Carey, Hill, et al., 2017; Hembree, 1990; Hill et al., 2016; Hopko et al., 2003; 

Kazelskis et al., 2000). Across studies in this dissertation, the domain specificity of 

math anxiety was investigated by examining the relations between math anxiety 

and other types of anxiety (i.e., anxiety for learning the foreign language English, 

and trait anxiety; Chapter 4) and between math anxiety and English grades 

(Chapters 2, and 3 to 6). It was shown that overall math anxiety was moderately 

related to trait anxiety and not related to anxiety for learning English, and that 

math anxiety was generally not or only weakly related to English grades (but note 

the sex differences in Chapter 4). Overall, the findings math anxiety was related to 
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math-related outcomes and not to outcomes in English provided further support 

for the domain specificity of math anxiety.

Strengths and limitations

Strengths
A first major strength of the research that was conducted in this dissertation 

is that it combined theoretical backgrounds from educational and cognitive 

psychology regarding math performance and behaviour (e.g., Ashcraft & Faust, 

1994; Ashcraft & Moore, 2009), with psychological models on emotions and 

anxiety regarding components and cognitive biases (e.g., Frijda, 1987; Ouimet 

et al., 2009). Therefore, this dissertation is the first to link components of math 

anxiety, math behaviour, and cognitive biases in math anxiety, and it provides a 

more elaborate and stronger integrated framework of the concept of math anxiety, 

as shown in Figure 7.1.

Another strength of this dissertation is that the various aspects of math 

anxiety were assessed using different types of instruments, that is self-report, 

direct assessment of behaviour, as well as implicit or indirect tasks (De Houwer, 

2006). Whereas self-report has the advantage that it is easy to address a wide 

range of topics in a short time, more implicit instruments have the advantage 

that the responses are less affected by social desirability and motivational factors 

because controlled processes are less involved (Gawronski & Bodenhausen, 2006; 

Gawronski et al., 2006). The advantage of assessment of math behaviour is its 

objectivity. The elaborate approach of combining the different types of measures 

strengthens support for the processes involved in math anxiety and emphasizes 

that it is not only a self-reported fear.

A third strength of this dissertation is that it added two promising instruments 

to the literature, the COMAQ and the AMAT. First, the COMAQ contained situations 

that were specifically recognizable to secondary school students. Although the 

results indicated that the AMAS is an acceptable questionnaire in secondary 

school samples as well, the questions that secondary school students asked 

when filling out the questionnaire (e.g., ‘what is an equation?’) showed that 

the AMAS included items that are not fully representative of secondary school 

math education. Therefore, the COMAQ is preferred above the AMAS for use in 

adolescents. Second, the AMAT is the first instrument to assess various types of 

math behaviour using a direct measure. The AMAT has great potential for use of 

testing further hypotheses, given that it has built-in features to easily manipulate 

several factors (i.e., level of difficulty, time pressure, option of choices, and state 

emotion assessment).

A last major strength of this dissertation is that most studies (except Chapter 

6) were conducted in large samples of secondary school students. In total, over 

1700 secondary school students from all educactional levels in the Netherlands 

(except for special education) took part in the data collections. As such, the samples 

provided a good representation of Dutch adolescents and enough power for the 

analyses and conclusions.

Limitations
A possible limitation of the studies in this dissertation is that the context of 

performing tasks might not be fully representative of daily math situations. For 

ethical reasons, participants were instructed that there were no consequences of 

their participation and that all responses would be fine. This may have decreased 

the value attributed to the outcomes of the tasks compared to high-takes math 

situations and, as a consequence, it may have resulted in lower math anxiety and 

weaker interference effects of math anxiety (Pekrun, 2006). Specifically, the 

experience during the math behaviour tasks may have differed from typical daily 

situations in terms of pressure and difficulty. This hypothesis is supported by 

the finding that accuracy was not related to math grade. In the cognitive bias 

tasks, low value of task and stimuli may have resulted in an absence of threat 

coming from these stimuli and, consequently, an absence of cognitive biases. Thus, 

future research should focus on bridging the gaps between research and daily 

experiences.

Another limitation of this dissertation concerns the cognitive bias tasks. In 

this dissertation, cognitive bias tasks, that were used in other types of anxiety, 

were adapted for math anxiety. Specifically the tasks assessing attentional biases 

(i.e., Math VST) and avoidance bias (i.e., Math AAT) had several limitations, which 

preclude the interpretation of these biases and which may have contributed to a 

lack of support for these biases in math anxiety. First, the stimuli may not have 

been threatening enough for cognitive biases to occur, possibly due to a lack of 
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integration of failure in the assessment of attentional and avoidance bias tasks. 

That is, cognitive models assume cognitive biases towards threat, especially for 

threatening stimuli that evoke high levels of arousal (Beck & Clark, 1997; Ouimet et 

al., 2009). Given that failure is a characteristic threat in math anxiety, a threatening 

or arousing effect of math stimuli may have failed to be triggered in a context 

where equations or pictures of math were presented on the screen only without 

a need to solve the math problems and any consequences of potential failure. 

This lack of threat of failure might explain why the results in Chapters 5 and 6 

differed from those of other studies. Indeed, in the task used by Rubinsten et al. 

(2015), a secondary task was to verify whether a given solution for the previously 

presented equation was correct. Thus, the equation had to be solved, and this 

possibly activated the threat of failure. Also, support for the role of attentional 

biases toward academic stressors was found with words or pictures of which some 

included failure (e.g., bad grade or fail; Mano et al., 2018; Putwain et al., 2011; 

Scrimin et al., 2016, 2018). However, failure might not be the only threat that 

comes from math stimuli, since other studies have found interference effects of 

math-related words that did not include failure elements in high math-anxious 

individuals compared to low math-anxious individuals and neutral words (Hopko 

et al., 2002; Suárez-Pellicioni et al., 2015).

A second limitation is that while the Math VST was developed to differentiate 

between engagement and disengagement components of attentional bias (Cisler & 

Koster, 2010; Mathews & MacLeod, 2005; Ouimet et al., 2009), it was not capable 

of verifying the focus of attention. Therefore, it is uncertain whether the response 

times reflect engagement and disengagement processes in attention. To test 

whether these components play a role in math anxiety, paradigms are necessary 

that are able to track the location of attentional focus and isolate these components 

(Grafton & MacLeod, 2014). In addition, a visual search paradigm might not be 

optimal to assess attentional biases. Although it has shown higher reliability 

indices than other attentional bias paradigms (Schmukle, 2005; Van Bockstaele 

et al., 2020; Van Bockstaele, Salemink, Bögels, & Wiers, 2017) and the reliabilities 

of the current attentional bias measures were indeed acceptable, this does not 

necessarily mean that the task validly captures anxiety-related cognitive biases. 

Recent studies did not observe a relation between attentional bias assessed with 

the visual search paradigm and anxiety (de Voogd et al., 2014; Van Bockstaele et 

al., 2020), which questions the validity of this type of paradigm.

A third limitation concerns the possible suboptimal features of the AAT, such 

as the use of an irrelevant feature version with keyboard responses for which 

support is unknown or has been questioned (e.g., Peeters et al., 2013; Phaf et al., 

2014; Rinck & Becker, 2007). Also, the reliabilities of the avoidance bias measures 

were low. Although a low reliability is not uncommon for the AAT (e.g., Field, Caren, 

Fernie, & De Houwer, 2011; Klein et al., 2011; Lobbestael et al., 2016; but see Rinck 

& Becker, 2007), it questions the appropriateness of using the task. In addition, 

also in the Math AAT, it is uncertain which processes are captured in the response 

times, for example, prolonged reaction times could also result from distraction 

instead of action tendencies activated by the stimuli content.

Taken together, the tasks that were used to assess attentional and avoidance 

biases had several limitations that restrict the conclusions that can be derived on 

whether attentional and avoidance biases play a role in math anxiety. Therefore, 

it might be too soon to conclude that attentional and avoidance biases do not play 

a role in math anxiety. For future research on cognitive biases in math anxiety, 

improved tasks are necessary that integrate a relevant threat in math anxiety (i.e., 

failure), and that can reliably track the processes (i.e., cognitive biases).

Implications of findings and future directions

From the current findings and limitations, there are, in my opinion, two 

important ways forward. One way is to pursue research on the mechanisms in 

math anxiety to further improve our understanding. Another way to go is to apply 

the current findings to the development of interventions targeting math anxiety.

Implications and future directions for investigation of mecha-
nisms in math anxiety

The comprehensive investigation of missing factors in math anxiety in this 

dissertation, improved our understanding of the conceptualization of math 

anxiety, math behaviour, and cognitive biases in math anxiety. However, due to 

the task limitations, we are currently inconclusive on the role of attentional and 

avoidance biases in math anxiety. Given that fear of failure might be a central 
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threat in math anxiety, and that an absence of the threat of failure might explain 

the lack of support for attentional and avoidance biases, future research could 

investigate the role of these biases in math anxiety while integrating a threat of 

failure in the assessment tasks (within ethically accepted boundaries). A possible 

adaptation would be to include a performance element into the cognitive bias 

tasks. However, care should be taken not to confound attentional processes with 

math problem solving processes. That is, although one previous study reported 

support for attentional bias in math anxiety, the response times were also affected 

by the complexity of the equations (Rubinsten et al., 2015). This suggests that 

the time it takes to solve the equation might also affect the attention directed 

towards the equation, which is an undesirable confound of possible attentional bias 

driven by anxiety and time to solve math equations. Thus, while including failure 

into the cognitive bias tasks, effort should be taken to disentangle anxiety-driven 

cognitive bias and attentional effects of problem-solving. In addition, it should 

be noted that reliable tasks are not a guarantee for capturing cognitive biases, 

because the presence of cognitive biases might depend on other factors such as 

state anxiety, threat intensity, and personal relevance of stimuli (MacLeod et al., 

2019). Therefore, these factors should be considered as well.

More fundamentally, to move forward in research on cognitive biases in math 

anxiety, it is important to consider the conceptualization of these cognitive biases 

(see also Mathews & MacLeod, 2005). That is, attentional bias tasks usually assess 

whether visual attention is captured by threatening stimuli, and avoidance bias 

tasks assess avoidance to visual presentation of stimuli. If failure is the central 

threatening aspect in math anxiety, the strongest interference effect in information 

processing might be that attention is directed to worries about expected failure 

in the future, rather than anxiety for or avoidance of visual stimuli itself. This 

could possibly imply that, for example, the location of attentional focus is not 

crucial in the definitions of engagement and disengagement biases. In addition, 

this might imply that other types of cognitive control are required to overcome 

these interference effects (e.g., inhibition; Munakata et al., 2011), or that the role 

of cognitive control might be more prominent in a different stage of processing. 

To investigate which types of cognitive control are most relevant in math anxiety, 

future research should examine a broader range of types of cognitive control using 

performance-based, behavioural tasks, because these might better reflect true 

functioning than self-reports of cognitive control (Tortella-Feliu et al., 2014). 

Another consideration for cognitive biases in math anxiety concerns the question 

of realism: is a disproportionate amount of information processing resources 

directed towards threat, or might the fear of failure be (partial) realistic given the 

negative relations between math anxiety and math performance (cf., Baartmans 

et al., 2019). Although stronger expectancy of failure is likely to increase anxiety 

and to impair performance, it may sometimes also be adaptive to face failure and 

improve skills to cope with anxiety and to perform better, and therefore focus 

on failure might not always be disproportionate. To conclude, the current results 

indicate that failure is a central threat in math anxiety. Therefore, further research 

on cognitive biases in math anxiety should include failure into the assessment and 

theoretical conceptualization of cognitive biases in math anxiety.

Having said this, in my opinion, there are several reasons to be critical on 

further investigation of cognitive biases in math anxiety in secondary school 

students. First, the additive value of cognitive biases in predicting behaviour 

on top of other types of measures is commonly small (Greenwald et al., 2009). 

Although for socially sensitive topics, implicitly measured attitudes might differ 

from attitudes on explicit measures (Gawronski & Bodenhausen, 2006; Gawronski 

et al., 2006; Greenwald et al., 2009), the question remains whether there is such 

a strong discrepancy between implicit and explicit measures of math anxiety. 

Second, some secondary school students were hard to motivate to perform the 

cognitive bias tasks, as they found them boring and often did not understand 

the purpose. This questions the validity and applicability of the tasks in the 

assessment and in possible follow-up steps (e.g., use in training) for this age-group 

specifically. Finally, and most importantly, given that the current results point 

to the importance of failure and math avoidance behaviour, in my opinion, it is 

more promising to focus on what triggers math-failure associations and avoidance 

of math, rather than investigating whether or not adolescents focus on failure. 

This idea fits with recent arguing of Arntz (2020) that cognitive biases are a 

natural consequence of dysfunctional mental representations (i.e., any model of 

stimuli formed by the mind), rather than a causal factor of anxiety by itself, and 

therefore these mental representations should be the focus of research. Knowledge 

on factors that trigger failure expectations might also provide starting points to 
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intervene and would, therefore, more strongly connect to the strong request from 

adolescents and teachers for ways to tackle math anxiety.

As suggested, math-failure associations might represent relatively 

automatically activated expectancies of failure in math, which evoke anxiety and 

are closely linked to attributes of control (i.e., math self-concept; Pekrun, 2006). 

Several factors may influence automatically activated math-failure associations 

as well as self-reported expectancies of failure, the most obvious one being 

previous failure experiences (Arens et al., 2017). As shown in Figure 7.1, the 

current results point to new possible factors in a vicious circle, in which previous 

failure experiences are linked to stronger math-failure associations, lower math 

self-concept, and stronger math anxiety (and math-related worries in particular), 

which in turn strengthen anxiety-related behaviour and worsen performance 

(Ahmed et al., 2012; Arens et al., 2017; Bong & Skaalvik, 2003; Lee, 2009). As such, 

this vicious circle could be the subject of future research.

In addition, the current results also point to possible sex differences in 

triggers of expectancy of failure and processes involved in math anxiety. That is, 

in line with previous literature (e.g., Carey, Hill, et al., 2017; Devine et al., 2012; 

Hembree, 1990; Hill et al., 2016; Primi et al., 2014), in all current studies there was 

a consistent pattern of females reporting stronger math anxiety than males. Also, 

compared to males, females reported lower math self-concepts, chose easier math 

problems, and demonstrated stronger associations between math and anxiety 

and between math and failure. Given that previous studies have shown that math 

attitudes and math performance of males and females are differentially affected 

by the stereotype that math is for males and not for females (Cvencek et al., 2011; 

Galdi et al., 2014; Neuville & Croizet, 2007; Nosek et al., 2009, 2002b), it is likely 

that this math-male stereotype also differentially affects males’ and females’ with 

regard to expectancies of failure and math behaviour. Moreover, the sex differences 

in expectancies of failure and math behaviour may be more prominent in countries 

in which people more strongly endorse math-male stereotypes (Nosek et al., 2009). 

Interestingly, most studies in this dissertation did not find sex differences in math 

grade, and when controlling for math anxiety in Chapter 2, females even had higher 

math grades than males. This suggests that there are different mechanisms going 

on in females and males with regard to the effects of math-failure expectations 

and anxiety on math performance. Possibly, females have different ways to cope 

and overcome their math anxiety, or it is more accepted for females than for males 

to report their anxiety. If there are different mechanisms for females and males 

underlying math anxiety, then females and males also need different approaches. 

Therefore, the origin and mechanisms underlying these sex differences need 

further investigation.

A second new possible factor in the vicious circle in Figure 7.1, is that of math 

behaviour. The current results demonstrated that math behaviour has various 

aspects. The findings also suggested a complex interplay between these aspects 

as well as between math behaviour and other factors in the vicious circle, but 

investigating these relationships was beyond the scope of this dissertation, leaving 

several questions on the processes in math behaviour open to further examination. 

For example, although fast responding was interpreted as an indication of 

avoidance, avoidance can only be concluded from a combination of fast responding 

and low accuracy (Ashcraft & Faust, 1994). Also, overall, the results showed a 

high accuracy and low state math anxiety, and trait math anxiety was found to 

be related to longer response times. However, to investigate whether state math 

anxiety interferes with problem solving, state math anxiety should be examined 

in relation to accuracy and response times (Ashcraft & Moore, 2009; Eysenck et 

al., 2007). Lastly, there might be an interplay between math anxiety, self-concept, 

choices of difficulty level, and accuracy. That is, participants seem to be capable 

of judging how well they can perform at different levels of difficulty and choose 

accordingly, which possibly prevents or reduces anxiety, while maintaining high 

performance. Thus, to further understand math behaviour, the (causal) relations 

between various aspects of math behaviour should be investigated, for example, by 

manipulating one aspect and investigating the effect on other behavioural aspects 

and anxiety.

Finally, to improve our understanding of the various links in the vicious 

circle of math anxiety, the newly introduced instruments (i.e., COMAQ and AMAT) 

in this dissertation can be further improved. For the COMAQ specifically, an 

evaluation of measurement invariance across groups defined by sex, like that for 

the AMAS, is necessary. Also, research in selected samples of high math-anxious 

secondary school students is necessary to further improve our understanding of 

the mechanisms underlying math anxiety in those individuals who suffer from 

math anxiety. So far, criteria for the selection of high math-anxious individuals 
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are lacking, but, similarly to other clinical anxiety disorders, a criterion could be 

that math anxiety impairs functioning. Thus, future research should define criteria 

for the severity of math anxiety and investigate underlying mechanisms in high 

math-anxious individuals.

Implications and further directions for interventions in math 
anxiety

So far, a few psychological interventions targeting math anxiety have shown 

some positive effects on math performance. For example, exercises of focussing 

attention on the sensation of breathing, or expressive writing (i.e., writing about 

thoughts and feelings about the upcoming math task) have been associated 

with better math performance in high math-anxious individuals in comparison 

to unfocused exercises or sitting quietly (Brunyé et al., 2013; Park, Ramirez, & 

Beilock, 2014). Also, educating about the adaptive function of stress, targeting the 

reappraisal of arousal, has been linked to improved performance by increasing 

students’ perception of their ability to cope with stressful testing situations 

(Jamieson, Peters, Greenwood, & Altose, 2016). Although these interventions seem 

to have beneficial effects on math performance, the results of this dissertation 

provide new insights and directions of targets for interventions in math anxiety.

The current findings demonstrated that math anxiety involves affective, 

physiological, cognitive, and behavioural components, and therefore, a 

multimodal intervention approach integrating all components of math anxiety 

seems recommended. Such a multimodal intervention has been shown effective 

in reducing test anxiety (Putwain, Chamberlain, Daly, & Sadreddini, 2014), and 

could possibly be adapted for math anxiety. More specifically, the current findings 

demonstrated that there might be two key targets for intervention: (1) reducing 

math-failure associations, and (2) reducing math avoidance behaviour.

The first potential future target of interventions are the associations between 

math and failure. The inhibitory learning approach (Craske, Treanor, Conway, 

Zbozinek, & Vervliet, 2014) proposes that an alternative, secondary association 

can inhibit a previous learned association, and thereby, inhibits the eliciting of 

an anxiety response (Craske et al., 2014). For math anxiety, this suggests that 

alternative, new associations should be learned that can inhibit the math-failure 

associations. One possible approach is to create situations in which previous 

associations are violated (i.e., math is not followed by failure), and this should be 

repeated in various settings to learn and strengthen the new associations (Craske 

et al., 2014). Although this might seem obvious, creating positive experiences 

might be complicated by the fact that high math-anxious individuals are more 

vulnerable to cognitive difficulties in math problem solving (Wang et al., 2014), or 

because they may lag behind due to persistent avoidance of math. One possibility 

is selecting the level of math problems in such a way that success-rates are higher 

(Jansen et al., 2013). An alternative approach to learn new associations is to train 

these alternative, more positive associations. For example, evaluative conditioning 

has been used to influence the valence of associations, and this effect was linked 

to changes in behaviour (Baccus, Baldwin, & Packer, 2004; Clerkin & Teachman, 

2010). Future research could investigate whether evaluative conditioning would 

boost alternative, more positive associations, and increase expectancies of success.

A second future target of interventions is reducing math avoidance behaviour. 

Positive experiences with math are not possible without actually doing math, 

however, reducing math avoidance behaviour could also be a starting point for 

intervention by itself. Although doing math does not necessarily directly reduce 

math anxiety or improve performance, it has been shown that more exercise 

improves math performance (Jansen et al., 2013). This might have reinforcing 

effects to continue doing math and may reduce math anxiety in the longer term. 

As it has also been suggested that high-anxious individuals have an intolerance 

to approach stimuli (Kuckertz, Strege, & Amir, 2017; Taylor & Amir, 2012), these 

behavioural changes could possibly also be encouraged by a training promoting an 

automatic response to approach math, and indeed, this training has been shown 

to be effective to increase the attempt in math (Kawakami et al., 2008; but see Van 

Dessel, De Houwer, Roets, & Gast, 2016). It is important to note that, interventions 

in adolescents are more effective if they motivate internalized, positive behaviour 

change, and therefore, adolescents need to feel respected and be accorded status to 

them (Yeager, Dahl, & Dweck, 2018). Thus, explaining to them the cycle of failure, 

anxiety, and avoidance in psychoeducation may motivate adolescents to change 

their own behaviour.

To conclude, the current findings point to two key targets of intervention, that 

is, reducing the impact of math-failure associations by strengthening alternative 

associations and reducing math avoidance behaviour. Although both factors 

7
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could be targeted separately, they could also be integrated into a multimodal 

intervention targeting different components of math anxiety simultaneously.

General conclusion

The general aim of this dissertation was to improve our understanding of math 

anxiety in adolescents by investigating missing factors (i.e., conceptualization, 

math behaviour, and cognitive biases). First, math anxiety was found to consist of 

four components, that is affect & physiology, worry, avoidance, and effort. Second, 

although females reported stronger math anxiety than males, math anxiety 

could be assessed validly with a single instrument, with a small exception for 

female university students. Third, math behaviour is more complex than just the 

score on a math test, and disentangling the components of both math anxiety 

and math behaviour created a more differentiated view on the relation between 

math anxiety and math performance since the components were differentially 

related to the various types of behaviour. In addition, avoidance of math is a central 

aspect of behaviour in math anxiety, as it was shown in various forms. Fourth, 

math-failure associations were found to play an important role in math anxiety, 

suggesting that failure is a central threat in math anxiety. However, currently, 

we found no support for the role of attentional and avoidance biases or cognitive 

control in math anxiety, possibly due to task limitations and lack of activating the 

concept of failure in the assessment. Lastly, math self-concept demonstrated to 

be related to math anxiety and math-failure associations, and the results pointed 

to a vicious circle, in which previous failure experiences are linked to stronger 

math-failure associations, lower math self-concept, and stronger math anxiety 

(and math-related worries in particular), which in turn strengthen anxiety-related 

behaviour and worsen performance.

The current findings emphasized the role of failure and avoidance behaviour 

in math anxiety. Given that this dissertation provided a first examination of these 

missing factors, replication in selected samples of high and low math-anxious 

individuals is necessary. From the current findings, there are two ways forward. 

One way is to pursue research on mechanisms underlying math anxiety. Given 

that failure is a central threat in math anxiety, the role of cognitive biases could be 

further examined while including an optimized assessment of the threat of failure. 

However, in my opinion, the most promising way forward is to investigate the 

triggers of expectancies of failure, as well as the interplay between the processes 

involved in math behaviour. A second way forward is to develop theory-based 

interventions to reduce math anxiety, that integrate reducing math-failure 

associations and math avoidance behaviour as targets for intervention.

What do the findings tell us to students and teachers in 
secondary schools?

Math anxiety seems to involve many processes that work together. Expectancy 

of failure evokes anxiety, and anxiety involves worrying and avoidance of math, 

which might contribute to poor math performance. In turn, poor performance is 

likely to reinforce the association between math and failure. Therefore, to break 

this vicious circle, it is important to start or increase practicing math, and to create 

situations of success. Possibilities to do so are to motivate adolescent (i.e., yourself 

or your students) to try to focus on the effort put in doing math, and to reward 

them for exercise in math, instead of focussing on the importance of performance 

outcomes. Probably, with more practice and effort, performance will become 

better, which ultimately rewards the effort of exercise. 7
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Appendix 1.1. 
Pilot study COMAQ

Introduction of pilot study
In this pilot study, the preliminary version of COMAQ (pre-COMAQ), consisting 

of a large number of items (N = 89), was investigated in a first-year university 

students sample. The scales corresponded to four components (affect, physiology, 

cognition, and behaviour) by four situations (test, homework, classroom, and math 

problems). The first aim was to select items and create a compact questionnaire 

for later administration in a secondary school sample. Therefore, psychometric 

properties of the scales were investigated. Next, relations between pre-COMAQ 

scales and math anxiety and math performance were investigated. Therefore, the 

scales were linked to a commonly used math anxiety questionnaire (Abbreviated 

Math Anxiety Scale; AMAS; Hopko et al., 2003), as well as to math grades.

Method of pilot study
Participants

A total of 105 first-year Psychology students of the University of Amsterdam 

participated in the study. The study was part of a semi-mandatory annual 

assessment for course credits. Informed consent was obtained and procedures 

were approved by the ethical review board of the Faculty of Social and Behavioural 

Sciences, University of Amsterdam (2016-DP-7191). Data from one participant 

were excluded, because of lacking math experience and high age. The final sample 

consisted of 104 students (32 men, 71 women, 1 unreported; Mage = 20.6 years, 

SD = 2.26). Seventy-eight percent were Dutch native speakers, 14% bilingual and 

7% non-native Dutch speakers (n = 1 unreported). Most participants had finished 

Dutch pre-university compulsory math education, whereas a minority finished 

a similar international math program (7%) or math at a lower level (5%). This 

study took place in the second month of the first semester, ensuring that for most 

participants math in secondary school was still close in time.

Materials
Pre-COMAQ. The four (Components of math anxiety: affect, physiology, 

cognition, and behaviour) by four (Situations: test, homework, classroom, and 

math problems) design resulted in 16 a priori scales. The pre-COMAQ consisted 

of 89 items, with four to seven items per scale (see upper half of Table A1.1.1). 

Participants had to rate how much each statement applied to them on a 5-point 

Likert scale, ranging from 1 (does not apply to me at all) to 5 ( fully applies to me). 

Ten items required recoding of the scores. Higher scores represented higher 

indications of math anxiety.

AMAS. At the AMAS (Hopko et al., 2003; Schmitz, Jansen, et al., 2019a, 

Chapter 4), participants had to rate how anxious they would feel in each of 9 math 

situations. Anxiety was rated on a 5-point Likert scale, ranging from 1 ([almost] 
not anxious) to 5 (very anxious). A total sum score was calculated. The average total 

score (M = 19.39, SD = 7.21) and good internal consistency (α = .89) were roughly 

comparable to previous student samples (Cipora et al., 2015; Hopko et al., 2003; 

Primi et al., 2014).

Math performance. As indicators of math performance, the final math grade 

at pre-university was requested.

Procedure
The assessment took place on a computer. It started with questions on 

demographics, followed by AMAS and then pre-COMAQ. The questionnaires were 

introduced as focusing on secondary school math. Participants were asked how 

they would describe themselves in general. To prevent for order effects due to 

fatigue or motivation, the 89 questions were randomly divided into three sets 

(29, 30, and 30 questions). The sets and questions within sets were presented 

in random order. After completion, participants were asked to report anything 

missing in the questionnaire. Finally, they were asked to report their pre-

university math grade as well as type of secondary school math program and 

to grant permission to retrieve their future grade of the first statistics course in 

Psychology. The latter grades are not used for analyses in this pilot study. The 

assessment lasted approximately eight minutes.

A
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Results of pilot study
Psychometric properties of the pre-COMAQ scales

Reliability analyses revealed that internal consistencies per scale were 

acceptable to excellent (Cronbach’s alphas = .69 - .92), except for the four scales 

concerning the behaviour component (α < .57; see upper half of Table A1.1.1). 

Given that also the contents of some of the questions of these behaviour scales 

was ambiguous and multi-interpretable, these scales will only be evaluated in the 

Discussion section in Appendix 1.1.

To select the best items for the 12 scales concerning affect, physiology, and 

cognition, all items were evaluated and compared to each other within each 

scale. Selection of items was based on three criteria. First, item scores should 

vary between participants, therefore items with low standard deviations (< 1.05) 

and/or means (< 1.82) were eliminated (n = 12). There were no items with a ceiling 

effect. Second, scales should be internally consistent. Items were eliminated when 

they indicated inconsistency within the scale (n = 7). Items that showed higher 

item-corrected scale correlations than other items in the scale were selected. 

Third, contents and wording should be suitable for a secondary school sample. 

Hence, long and complicated sentences were eliminated as well as items that were, 

retrospectively, not specific to math anxiety (e.g., items that possibly measured 

anxiety of social evaluation in the classroom; n = 4). Next, reliability analyses were 

performed with the remaining items. The final three best performing items per 

scale were selected, using the three criteria above. Reliability analyses for the final 

scales showed acceptable to good internal consistency (α = .75 to .91; see bottom 

part of Table A1.1.1).

Table A1.1.1. Number of items and Cronbach’s alpha (α) per scale for the initial pre-COMAQ 
scales and the scales with selected items in the pilot study.

Situation

Test Homework Classroom Math problems

Component #  items α #  items α #  items α #  items α

Initial pre-COMAQ

Affect 6 .92 7 .86 6 .73 4 .81

Physiology 7 .92 6 .85 5 .69 4 .78

Cognition 6 .86 7 .85 6 .79 4 .77

Behaviour 6 .49 6 .57 5 .51 4 .50

Selected items of pre-COMAQ a

Affect 3 .84 3 .82 3 .75 3 .79

Physiology 3 .91 3 .85 3 .82 3 .75

Cognition 3 .83 3 .79 3 .81 3 .79

Note. Alpha (α) = Cronbach’s alpha. 
a No items of the behaviour scales were selected, because internal consistencies of these 
scales were low.

Relations between pre-COMAQ scales, AMAS, and math performance
Pearson correlations were calculated between the final pre-COMAQ scales 

and AMAS, and math grade (Table A1.1.2). As expected, higher scores on the pre-

COMAQ scales were associated with higher AMAS scores and lower math grades. 

AMAS and math grade were significantly correlated (r = -.33, p = .001).

A
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Table A1.1.2. Pearson correlations between the final pre-COMAQ scales and AMAS and 
math grade, and means (SD) for AMAS and math grades in the pilot study.

Scale AMAS a Math grade b

Pearson Correlations

Affect

 Test .76*** -.30**

 Homework .72*** -.26**

 Classroom .55*** -.29**

 Math problems .79*** -.32**

Physiology

 Test .67*** -.22*

 Homework .60*** -.23*

 Classroom .52*** -.27**

 Math problems .55*** -.29**

Cognition

 Test .78*** -.26**

 Homework .77*** -.32**

 Classroom .78*** -.33**

 Math problems .79*** -.30**

Descriptives

Mean (SD) 19.39 (7.21) 6.80 (1.01)

Range 9 - 45 1 - 10

a n = 104 for AMAS. b n = 103 for math grade. 
* p < .05. ** p < .01. *** p < .001.

Discussion of pilot study
A preliminary version of the novel questionnaire COMAQ (pre-COMAQ) was 

developed to measure four theory-based components of math anxiety (affect, 

physiology, cognition, and behaviour) within four math-related situations (test, 

homework, classroom, and math problems). In this pilot study, the 89-items pre-

COMAQ was abbreviated and optimized regarding reliability and suitability for 

assessing math anxiety in secondary school students. For the components affect, 

physiology, and cognition, scales with acceptable to good internal consistency 

were obtained. The relations between these pre-COMAQ scale scores and AMAS 

and math grade were in the expected direction and range, suggesting valid scales 

(Hembree, 1990).

Scales concerning the behavioural component were not sufficiently reliable. 

Further inspection showed two possible explanations. First, some items could have 

been interpreted in multiple ways. Other items might have been nonspecific for 

math anxiety, but possibly assessing other motivations (e.g., not being interested, 

or no time). Secondly, items suggested that seemingly contradictory behaviours 

might both originate from math anxiety. For example, although repeatedly 

checking math work is contrary to avoiding math, it can indicate math anxiety 

because anxiety can be associated with an increment in on-task effort to improve 

performance and anticipate future threat (Ashcraft & Kirk, 2001; Eysenck & 

Calvo, 1992; Pekrun, 2006). Increasing effort might become dysfunctional, when 

the effort does not contribute to performance (e.g., when checking your answers 

takes more time than provided on a test). Theoretically, both avoidance of math 

and increased effort could characterise math anxiety. Math anxiety behaviour 

might therefore better be conceptualized as two separate components, that is 

avoidance and effort. The lack of this differentiation in pre-COMAQ might explain 

the low internal consistency of the behaviour scales. Concluding, based on the 

results from this pilot study, the pre-COMAQ scales concerning affect, physiology, 

and cognition were optimised, and the scales concerning behaviour should be 

improved by distinguishing between avoidance and effort.
A
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Appendix 1.2. 
Results of MAPST

This supporting information contains the results for relations between 

COMAQ scales and the Math Anxiety Problem Solving Task (MAPST) in Study 1 in 

Chapter 2. Due to limitations of the MAPST, results were only presented here. See 

Schmitz, Jansen, et al. (2019a, Chapter 4) for further description and discussion 

of the MAPST.

Results for MAPST in Study 1
Data preparation

Of the total sample of 996, two participants did not complete the MAPST. Also, 

due to a programming error, data from 38 participants, as well as data from the first 

screens in both conditions of the MAPST, were discarded from further analyses, 

resulting in 956 participants (96% of the total sample) in the MAPST analyses. 

Relations between COMAQ scales and math-related outcomes in Study 1
The relations between the final four scales and math performance were 

evaluated by examining the relations between the scores on these scales and 

MAPST outcomes. Preliminary analyses revealed that state math anxiety was 

significantly higher in the high (M  =  1.57, SD  =  0.86) than in the low anxiety 

condition (M = 1.35, SD = 0.69), t(955) = -11.09, p <.001. Unexpectedly, no significant 

difference in accuracy between the conditions was found (low anxiety: M = 0.84, 

SD = 0.22; high anxiety: M = 0.84, SD = 0.22; t(955) = 0.21, p =.831), indicating a 

lack of performance drop.

Pearson correlations between the four COMAQ scales and state math anxiety 

in the high anxiety condition, performance drop, and chosen difficulty level were 

calculated. Correlations with AMAS were calculated as well (Table A1.2). Given the 

high numbers of correlations and large sample size, only correlations with p ≤ .01 

were considered meaningful. Results revealed that, as expected, higher reported 

math anxiety on both COMAQ and AMAS was associated with higher reported 

state math anxiety in the high anxiety condition. In addition, chosen difficulty 

level was negatively, but weakly, correlated with the Worry, and the Avoidance 

scale as well as with AMAS, however, not with any other scale. Stronger worry, 

stronger avoidance, and higher AMAS-assessed math anxiety were associated with 

choosing easier math problems. Unexpectedly, performance drop was not related 

to any math anxiety measure.

Table A1.2. Pearson correlations between the final four COMAQ scales and MAPST outcome 
measures in Study 1.

Scale State math anxiety Performance drop Chosen difficulty level

Affect & Physiology .39*** -.05 -.05

Worry .39*** -.05 -.10**

Effort .17*** -.03 .02

Avoidance .23*** -.03 -.09**

COMAQ total .38*** -.05 -.07*

AMAS total .45*** -.02 -.14***

AMAS LMA .41*** -.00 -.16***

AMAS MEA .43*** -.03 -.10**

Math grade -.11** .01 .21***

English grade .05 -.04 -.01

Note. State math anxiety is from the high anxiety condition 
* p < .05. ** p < .01. *** p < .001.

Discussion of MAPST in Study 1
In line with previous findings using the MAPST (Schmitz, Jansen, et al., 

2019a, Chapter 4), we did not find a performance drop between the low and 

high anxiety condition. Also, accuracies were high and reported anxiety levels 

were low in both conditions. These findings seem to indicate that anxiety was 

too low to affect performance, as theoretically, a performance drop only occurs 

when anxiety is moderate to high (Ashcraft & Moore, 2009). Two limitations 

of the MAPST might explain this low level of anxiety. First, anxiety induced by 

uncertainty and expectancy of failure might have been absent due to too easy 

math problems (Pekrun, 2006). Second, the set-up of the MAPST, starting with 

the low anxiety condition, might have caused a practice effect and possibly even 

a relaxation in the high anxiety condition. In addition, participants might have 

been very good at choosing the difficulty level they were able to make, reducing 

anxiety and increasing performance even more. Concluding, the math performance 

and behaviour measures obtained in the MAPST were not optimal and required 

improvement (see Schmitz, Jansen, et al., 2019, Chapter 4).
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Appendix 1.3.
The final Components of Math Anxiety Questionnaire (COMAQ)

Table A1.3. The final items and scales of the Components of Math Anxiety Questionnaire 
(COMAQ).

Scale Items

AP 1 I feel nervous when I need to solve a difficult maths problem.

W 2 I worry about maths tests.

AV 3 During maths classes, I visit the toilet more often than in other classes.

EF 4 I always start with my maths homework because I need a long time to do it.

AP 5 When I have to study maths, I get a strange feeling in my stomach.

AV 6 I would rather not check my answers for maths.

W 7 Before I start my maths homework, I think that I won’t be able to do it.

EF 8 I ask my maths teacher for help outside of class.

AP 9 When I know that I have a maths test coming up, my heart starts pounding.

W 10 When I get a long maths problem, I often think that I will fail.

AV 11 I call in sick more often for a maths tests than when I have tests for other 
subjects.

AV 12 During maths classes, I pretend to work very hard so I won’t be asked a 
question.

AP 13 I get headaches or stomach aches when I take maths tests.

EF 14 I do extra maths assignments to get more practice.

AV 15 I always leave my maths homework until last because it makes me tense.

AP 16 I feel restless when I think about maths outside school.

W 17 I think I will not understand maths instructions anyway.

EF 18 I check every step that I took to solve a problem before I continue.

AP 19 When I know that I have a maths test the next day, I find it hard to sleep.

W 20 During maths tests, I think about what will happen if I do not do well on 
the test.

AV 21 During maths tests I just write something down so there is at least an 
answer.

W 22 I have so many negative thoughts during maths lessons that I get confused.

W 23 I am afraid to ask my maths teacher a question.

EF 24 I pay attention to working extra neatly when doing maths, so that I don’t 
make any mistakes.

W 25 During maths tests, I think about one question for so long that I run out of 
time.

AP 26 When I have to solve a difficult maths problem, I suddenly start trembling.

Table A1.3. Continued

Scale Items

AV 27 During maths tests I try to cheat so I don’t have to solve the questions 
myself.

EF 28 During maths classes I write down the instructions completely so I can 
re-read them later.

AP 29 When I take maths tests, I feel panicky.

AV 30 I copy my maths homework from a classmate because I am afraid I can’t do 
it myself.

AP 31 I feel panicky when I start my maths homework.

Note. AP = Affect & Physiology. W = Worry. AV = Avoidance. EF = Effort.
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Appendix 1.4.
The COMAQ – Dutch version

The Components of Math Anxiety Questionnaire –  
Dutch version

Instructie:

Nu volgen een aantal vragen over wiskunde.

Er zijn geen goede of foute antwoorden. Iedereen is anders.

Het gaat erom dat je aangeeft wat jij vindt.

Geef bij iedere stelling aan in hoeverre deze bij jou past.
Je kunt kiezen uit de antwoordopties:

- past helemaal niet bij mij

- past niet bij mij

- past enigszins bij mij

- past bij mij

- past helemaal bij mij

In hoeverre passen de volgende stellingen bij jou?

Past
helemaal

niet
bij mij

Past
niet

bij mij

Past
enigszins

bij mij

Past
bij mij

Past
helemaal

bij mij

1 Als ik een moeilijke wiskundeopgave moet 
maken, voel ik me zenuwachtig.

ο ο ο ο ο

2 Ik maak me zorgen over wiskundetoetsen. ο ο ο ο ο

3 Tijdens de wiskundeles ga ik vaker naar de 
wc dan tijdens andere lessen.

ο ο ο ο ο

4 Ik doe mijn wiskundehuiswerk altijd als 
eerste, omdat ik hier lang de tijd voor nodig 
heb.

ο ο ο ο ο

5 Als ik moet leren voor wiskunde, heb ik een 
raar gevoel in mijn buik.

ο ο ο ο ο

6 Ik controleer mijn antwoorden bij wiskunde 
liever niet.

ο ο ο ο ο

Past
helemaal

niet
bij mij

Past
niet

bij mij

Past
enigszins

bij mij

Past
bij mij

Past
helemaal

bij mij

7 Voor ik begin met mijn wiskundehuiswerk 
denk ik dat het niet zal gaan lukken.

ο ο ο ο ο

8 Ik vraag buiten de lessen om hulp aan mijn 
wiskundedocent.

ο ο ο ο ο

9 Mijn hart gaat bonzen, als ik weet dat ik een 
proefwerk wiskunde krijg.

ο ο ο ο ο

10 Ik denk vaak dat ik het zal verpesten, als ik 
een lange som krijg.

ο ο ο ο ο

11 Ik meld mij vaker ziek wanneer ik een 
wiskundetoets heb, dan wanneer ik een 
toets heb voor andere vakken.

ο ο ο ο ο

12 Tijdens de wiskundeles doe ik of ik heel 
hard aan het werk ben, zodat mij geen 
vraag gesteld wordt.

ο ο ο ο ο

13 Ik krijg hoofd- of buikpijn, als ik een 
wiskundetoets heb.

ο ο ο ο ο

14 Voor wiskunde maak ik extra opgaven om 
nog meer te kunnen oefenen.

ο ο ο ο ο

15 Ik bewaar mijn wiskundehuiswerk altijd 
tot het laatst, omdat ik er gespannen door 
raak.

ο ο ο ο ο

16 Ik voel me onrustig, als ik buiten schooltijd 
aan wiskunde denk.

ο ο ο ο ο

17 Ik denk dat ik de uitleg bij wiskunde toch 
niet zal snappen.

ο ο ο ο ο

18 Ik controleer iedere stap van een opgave 
die ik maak voordat ik verder ga.

ο ο ο ο ο

19 Ik lig ‘s avonds wakker, als ik weet dat ik de 
volgende dag een wiskundetoets heb.

ο ο ο ο ο

20 Tijdens een wiskundetoets denk ik aan wat 
er zal gebeuren als ik de toets niet goed 
maak.

ο ο ο ο ο

21 Tijdens een wiskundeproefwerk schrijf ik 
maar wat op, zodat er in ieder geval een 
antwoord staat.

ο ο ο ο ο
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Past
helemaal

niet
bij mij

Past
niet

bij mij

Past
enigszins

bij mij

Past
bij mij

Past
helemaal

bij mij

22 Ik heb zoveel negatieve gedachten tijdens 
de wiskunde uitleg dat ik in de war raak.

ο ο ο ο ο

23 Ik ben bang om een vraag te stellen aan 
mijn wiskundedocent.

ο ο ο ο ο

24 Ik let erop dat ik bij wiskunde extra netjes 
werk, zodat ik geen fouten maak.

ο ο ο ο ο

25 Tijdens een wiskundetoets denk ik zo lang 
over een vraag na, dat ik in tijdnood kom.

ο ο ο ο ο

26 Ik begin plotseling te trillen, wanneer ik 
een moeilijk wiskundig probleem moet 
oplossen.

ο ο ο ο ο

27 Tijdens een wiskundetoets probeer ik af 
te kijken, zodat ik het niet zelf hoef op te 
lossen.

ο ο ο ο ο

28 Tijdens de wiskundeles schrijf ik de uitleg 
helemaal over, zodat ik het nog na kan 
kijken.

ο ο ο ο ο

29 Als ik een wiskundetoets heb, voel ik me 
paniekerig.

ο ο ο ο ο

30 Ik schrijf het wiskundehuiswerk van een 
klasgenoot over, omdat ik bang ben dat ik 
het zelf niet kan.

ο ο ο ο ο

31 Ik voel me paniekerig, als ik aan mijn 
huiswerk voor wiskunde ga beginnen.

ο ο ο ο ο
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Appendix 2.1.
Data cleaning and descriptives per study and sex

Data cleaning per study
In Study 1 (see Schmitz, Salemink, et al., 2019b, Chapter 2), a total of 998 Dutch 

secondary school students participated. Data of two participants was excluded 

due to missing AMAS. The final sample of Study 1 consisted of 996 participants 

(455 males and 541 females; Mage = 13.5 years, SD = 1.08; range 11–16 years of age).

In Study 2 (see Schmitz, Jansen, et al., 2019a, Chapter 4), a total of 189 

secondary school students participated. Data was deleted for 28 participants 

due to missing AMAS, and for 7 participants who performed the assessment not 

seriously, which could be seen from observation and very short total assessment 

time. The final sample of Study 2 consisted of 154 participants (72 males and 82 

females; Mage = 14.3 years, SD = 0.57; range 13–16 years of age).

In Study 3 (see Sachisthal et al., 2019), a total of 362 secondary school students 

participated. Data was deleted for 8 participants for which information on sex was 

missing. The final sample of Study 3 consisted of 362 participants (172 males and 

182 females; Mage = 12.9 years, SD = 0.70; range 11–15 years of age).

Tables A2.1.1 and A2.1.2 show the demographic characteristics of the 

subsamples, for males and females, and for the secondary school sample per study. 

Table A2.1.3 shows the descriptive statistics of the outcome measures for the total 

sample.

Ta
bl

e 
A

2.
1.

1.
 D

es
cr

ip
ti

ve
s 

of
 s

ec
on

da
ry

 s
ch

oo
l s

am
pl

e 
pe

r 
st

ud
y 

an
d 

fo
r 

to
ta

l s
am

pl
e,

 a
nd

 fo
r 

to
ta

l u
ni

ve
rs

it
y 

sa
m

pl
e.

Se
co

nd
ar

y 
sc

ho
ol

U
ni

ve
rs

it
y 

sa
m

pl
e

St
ud

y 
1

St
ud

y 
2

St
ud

y 
3

To
ta

l
To

ta
l

To
ta

l N
99

6
15

4
35

4
15

04
62

9
N

 M
al

es
 (%

)
45

5 
(4

5.
7)

72
 (4

6.
8)

17
2 

(4
8.

6)
69

9 
(4

6.
5)

17
6 

(2
8.

0)
N

 F
em

al
es

 (%
)

54
1 

(5
4.

3)
82

 (5
3.

2)
18

2 
(5

1.
4)

80
5 

(5
3.

5)
45

3 
(7

2.
0)

A
ge

 r
an

ge
 (i

n 
ye

ar
s)

11
–1

6
13

–1
6

11
–1

5
11

–1
6

17
 –

 5
2

A
ge

 in
 y

ea
rs

 (S
D)

13
.5

 (1
.0

8)
14

.3
 (0

.5
7)

12
.9

 (0
.7

0)
13

.4
 (1

.0
2)

20
.0

 (2
.7

3)
Sc

ho
ol

ye
ar

 (%
)

Ye
ar

 1
48

.7
40

.4
41

.8
Ye

ar
 2

27
.1

59
.6

32
.0

Ye
ar

 3
24

.2
10

0.
0

26
.3

Sc
ho

ol
le

ve
l (

%
)

Lo
w

52
.7

34
.4

38
.4

M
id

dl
e

14
.3

27
.9

38
.4

21
.3

H
ig

h
33

.0
37

.7
61

.6
40

.2
N

L 
pa

re
nt

 (%
)

0
10

.7
13

.0
8.

4
0.

5
1

11
.7

14
.3

9.
2

1.
4

2
76

.1
70

.8
57

.6
5.

7
m

is
si

ng
1.

4
1.

9
10

0.
0

24
.7

92
.4

N
L 

na
ti

ve
 (%

)
N

at
iv

e
84

.7
B

ili
ng

ua
l

12
.6

O
th

er
2.

7
M

at
h 

gr
ad

e
M

(S
D)

6.
66

 (1
.3

1)
6.

56
 (1

.0
9)

6.
92

 (1
.2

3)
6.

71
 (1

.2
8)

6.
80

 (1
.0

2)
ra

ng
e

2.
0 

– 
9.

5
3.

0 
– 

9.
0

3.
1 

– 
10

.0
2.

0 
– 

10
.0

4.
0 

– 
9.

0
En

gl
is

h 
gr

ad
e

M
(S

D)
7.

09
 (1

.2
6)

6.
96

 (0
.9

6)
7.

07
 (1

.2
2)

ra
ng

e
3.

0 
– 

10
.0

4.
0 

– 
9.

0
3.

0 
– 

10
.0

N
ot

e.
 S

ch
oo

lle
ve

l =
 le

ve
l o

f e
du

ca
ti

on
 in

 th
e 

D
ut

ch
 s

ec
on

da
ry

 s
ch

oo
l. 

N
L 

pa
re

nt
 =

 n
um

be
r 

of
 p

ar
en

ts
 b

or
n 

in
 th

e 
N

et
he

rl
an

ds
. N

L 
na

ti
ve

 =
 D

ut
ch

 a
s 

na
ti

ve
 la

ng
ua

ge
. B

ili
ng

ua
l =

 D
ut

ch
 a

nd
 a

 s
ec

on
d 

la
ng

ua
ge

 a
s 

na
ti

ve
 la

ng
ua

ge
s.

 O
th

er
 =

 D
ut

ch
 is

 n
ot

 a
 n

at
iv

e 
la

ng
ua

ge
, o

r 
un

kn
ow

n 
na

ti
ve

 la
ng

ua
ge

.

A



208 209

Supplemental material of Chapter 3Appendix 2

Table A2.1.2. Descriptives of secondary school and university students samples per sex, 
and test of sex differences.

Males Females Sex differences

N (%) Secondary 699 (46.5) 805 (53.5)

University 176 (28.0) 453 (72.0)

Age in years (SD) Secondary 13.4 (1.04) 13.4 (1.01) t(1492) = 0.02, p = .998

University 20.8 (3.68) 19.7 (2.19) t(221.95) = 3.74, p < .001

Age range (in years) Secondary 12 – 16 11 – 16

University 17 – 52 17 – 40

Schoolyear (%) a Year 1 43.2 40.5 χ2(2) = 1.42, p = .491

Year 2 30.6 33.2

Year 3 26.2 26.3

Schoollevel (%) a Low 37.6 39.1 χ2(2) = 3.53, p = .171

Middle 23.5 19.5

High 38.9 41.4

NL parent (%) Secondary 0 7.4 9.3 χ2(2) = 1.96, p = .375

1 8.6 9.8

2 58.1 57.3

missing 25.9 23.6

University 0 0.7 χ2(2) = 1.35, p = .511

1 1.7 1.3

2 6.3 5.5

missing 92.0 92.5

NL native (%)b Native 86.9 83.9 χ2(2) = 0.91, p = .634

Bilingual 10.8 13.2

Other 2.3 2.9

Math grade (SD) Secondary 6.61 (1.27) 6.79 (1.28) t(1495) = -2.73, p = .006

University 6.72 (1.03) 6.83 (1.02) t(598) = -1.21, p = .229

English grade (SD) 6.96 (1.23) 7.16 (1.21) t(1145) = -2.73, p = .006

Note. Schoollevel = level of education in the Dutch secondary school. NL parent = number of 
parents born in the Netherlands. NL native = Dutch as native language. Bilingual = Dutch and 
a second language as native languages. Other = Dutch is not a native language, or unknown 
native language. 
a Secondary school sample only. b University sample only.

Table A2.1.3. Descriptives of outcome measures for total sample.

Range α N M SD
Math grade – Secondary 2 –10 1497 6.71 1.28

                        – University 4 – 9 600 6.80 1.02

Trait anxiety (STAI-C) 1 – 3 .89 153 1.51 0.36

Math self-concept 1 – 4 .87 354 2.58 0.73

Math self-efficacy 1 – 4 .79 354 2.97 0.55

Math interest 1 – 4 .86 354 2.08 0.69

Boredom (AEQ-M) 1 – 5 .82 354 2.43 0.93

Enjoyment (AEQ-M) 1 – 5 .71 354 2.19 0.87

Anger (AEQ-M) 1 – 5 .80 354 2.06 0.95

Math teacher 0 – 10 1146 6.81 1.87

English grade 3 – 10 1147 7.07 1.22

English anxiety (FLCAS) 1 – 5 .94 148 2.35 0.60

English teacher 1 – 10 1150 7.15 1.57

Note. Alphas (α) = Cronbach’s alphas. STAI-C = State-Trait-Anxiety Inventory for Children. 
AEQ-M = Achievement Emotions Questionnaire – Mathematics. FLCAS = Foreign Language 
Classroom Anxiety Scale. Math Teacher = experienced quality of the contact with the math 
teacher. English Teacher = experienced quality of the contact with the English teacher.
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Appendix 2.2.
The original and Dutch translated items of AMAS

Table A2.2. Original (EN) and Dutch (NL) translated item of AMAS.

Item Statement Subscale a

1 EN Having to use the tables in the back of a math book. LMA

NL ..je tabellen in de achterkant van een wiskundeboek moet 
gebruiken.

2 EN Thinking about an upcoming math test one day before. MEA

NL ..je een dag van te voren denkt aan een opgegeven toets voor 
wiskunde.

3 EN Watching a teacher work an algebraic equation on the 
blackboard.

LMA

NL ..je kijkt naar een docent die een algebraïsche vergelijking 
uitwerkt op het bord.

4 EN Taking an examination in a math course. MEA

NL ..je een toets voor wiskunde moet maken.

5 EN Being given a homework assignment of many difficult problems 
which is due the next class meeting.

MEA

NL ..je huiswerk met veel moeilijke opgaven krijgt die de volgende 
les af moeten zijn.

6 EN Listening to a lecture in math class. LMA

NL ..je luistert naar uitleg in de wiskundeles.

7 EN Listening to another student explain a math formula. LMA

NL ..je luistert naar andere leerlingen die wiskundige formules 
uitleggen.

8 EN Being given a “pop” quiz in a math class. MEA

NL ..er een onverwachte quiz is tijdens de wiskundeles.

9 EN Starting a new chapter in a math book. LMA

NL ..je begint met een nieuw hoofdstuk in een wiskundeboek.

Note. Dutch translation of the introduction of the AMAS: “Geef bij iedere vraag aan hoe angstig 
je je zou voelen wanneer de gegeven situatie zich voordoet. Hoe angstig voel jij je wanneer….”. 
Answer options: 1 = (Bijna) niet angstig, 2 = een beetje angstig, 3 = middelmatig angstig, 
4 = best wel angstig, 5 = erg angstig. 
aSubscales following original model from Hopko et al. (2003).

Appendix 2.3.
Descriptive statistics per subgroup, and group comparison for 
AMAS

Table A2.3.1. Percentile scores, means, standard deviations, and internal consistencies 
per subgroup for Total AMAS, and LMA and MEA subscales of AMAS.

Percentile Descriptives

Scale Group 50 75 90 95 Mean SD α

Total Secondary males 1.44 2.00 2.67 3.11 1.66 0.70 .88

Secondary females 1.67 2.22 2.89 3.33 1.87 0.71 .86

University males 1.67 2.22 2.78 3.11 1.80 0.70 .89

University females 2.22 2.89 3.44 3.70 2.30 0.80 .88

LMA Secondary males 1.20 1.60 2.40 3.00 1.44 0.65 .82

Secondary females 1.40 1.80 2.40 3.00 1.54 0.64 .77

University males 1.20 1.60 2.40 3.00 1.44 0.64 .86

University femalesa 1.67 2.50 3.17 3.50 1.94 0.79 .86

MEA Secondary males 1.75 2.50 3.25 3.75 1.93 0.88 .80

Secondary females 2.25 2.75 3.75 4.00 2.28 0.95 .79

University males 2.25 3.00 3.58 4.00 2.26 0.94 .84

University females 3.00 3.75 4.25 4.50 2.92 0.99 .82

Note. LMA includes items 1, 3, 6, 7, and 9; MEA includes items 2, 4, 5, and 8. 
a LMA included item 5 as well but for female university students only.
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Table A2.3.2. The p-values and effect sizes of the post-hoc comparisons of the mean scores 
between subgroups for AMAS Total, and LMA and MEA subscales of AMAS.

Scale Group Secondary 
males

Secondary 
females

University 
males

p d p d p d
Total Secondary males

Secondary females < .001 0.30

University males .097 0.21 > .100 0.09

University females < .001 0.86 < .001 0.57 < .001 0.66

LMA Secondary males

Secondary females .014 0.17

University males > .100 0.01 .440 0.16

University femalesa < .001 0.70 < .001 0.56 < .001 0.70

MEA Secondary males

Secondary females < .001 0.38

University males < .001 0.36 > .100 0.02

University females < .001 1.05 < .001 0.66 < .001 0.69

Note. p = p-value of the post-hoc test for group differences in mean scores. d = Cohen’s d. 
a LMA included item 5 as well but for female university students only.
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Appendix 3.1.
The word stimuli of the ST-IAT

The word stimuli for each of the target categories and evaluative attributes 

that were used in the three ST-IATs are shown here. The target category for each of 

the ST-IATs differed and were ‘math’, ‘English’, and ‘I’ for the math-anxiety, English-

anxiety, and trait-anxiety ST-IAT, respectively. The evaluative attributes in the 

three ST-IATs were always ‘anxious’ and ‘calm’.

Stimuli per target category1

Math: formula (“formule”); rectangle (“rechthoek”); equation (“vergelijking”); 

number (“getal”); math (“wiskunde”).

English: textbook (“textbook”); grammar (“grammar”); reading (“reading”); 

listening (“listening”); English (“Engels”).

I: self ( “zelf”); myself (“mezelf”); mine (“mijn”); own (“eigen”); I (“ik”).

Stimuli for the evaluative attributes1

Anxious: anxious (“bang”); insecure (“onzeker”); nervous (“nerveus”); worried 

(“ongerust”); afraid (“angstig”).

Calm: stable (“stabiel”); restful (“rustig”); relaxed (“ontspannen”); secure 

(“zeker”); calm (“kalm”).
1Note. Stimuli were matched on mean number of syllables per concept (anxiety: 

2.2; calm: 2.0; math: 2.8; English: 2.2; and I: 1.4).

Appendix 3.2.
Bayesian analyses for domain specificity of anxiety associa-
tions and explicit anxiety measures

Additional Bayesian analyses were performed to examine the probability of a 

null effect for math-anxiety associations, as shown in Table 4.4 in Chapter 4. Two 

separate Bayesian linear regression analyses were performed using JASP 0.9.2.0. 

(JASP Team, 2018; van Doorn et al., 2019) predicting math grade and state math 

anxiety. For predicting math grade, the best model (H0) included explicit math 

anxiety and explicit English anxiety as predictors. In comparison to this best model 

the Bayes factor (BF01) for the alternative model adding math-anxiety ST-IAT was 

2.89, indicating weak evidence against including this variable into the model. The 

posterior probability for inclusion of the predictors in the model given the data, 

P(incl|data), indicated (very) strong evidence to include explicit math and English 

anxiety (P(incl|data) = 1.00 and 0.99, respectively), and weak evidence to include 

explicit trait anxiety (P(incl|data) = 0.53), and weak evidence to exclude the three 

ST-IATs (P(incl|data) = 0.43, 0.39, and 0.41 for math-, English- and trait-anxiety 

ST-IAT, respectively).

For state math anxiety, the best model (H0) included explicit math and trait 

anxiety and English-anxiety ST-IAT as predictors. In comparison to this best model 

the Bayes factor (BF01) for the alternative model adding math-anxiety ST-IAT was 

2.81, indicating weak evidence against including this variable into the model. 

The posterior probabilities indicated (very) strong evidence to include explicit 

math and trait anxiety (P(incl|data) = 1.00 and 0.99, respectively), and positive 

evidence to include English-anxiety ST-IAT (P(incl|data) = 0.80), and weak evidence 

to exclude math-anxiety ST-IAT, trait-anxiety ST-IAT and explicit English anxiety 

(P(incl|data) = 0.47, 0.43, and 0.48, respectively).
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Appendix 4.1.
Example stimuli of math-failure ST-IAT and Math VST

Word stimuli of the math-failure ST-IAT per category a

Math: formula (“formule”); triangle ruler (“geodriehoek”); calculating (“rekenen”); 

number (“getal”); graph (“grafiek”).

Failure: fail (“onvoldoende”); unsuccessful (“mislukt”); wrong (“fout”); 

disappointed (“teleurgesteld”); poor (“slecht”).

Success: passed (“geslaagd”); excellent (“uitstekend”); happy (“gelukkig”); 

contented (“tevreden”); proud (“trots”).
a Stimuli were matched on mean number of syllables per concept.

Examples of each four type of stimuli in Math VST
Formula	 String		  Words b		  Non-words

3 y + 8 = 3 5	 : | ^ ? # ~ #	 ( s t e e n )	 l ( f t j ( n

5 - 0 + a = 9	 & : [ ? # { \	  f r u i t “		 l o q ) m v “

 4 < 9 y - 3 2	 ~ ~ | ] ? : ^	 ( v i n g e r	 k d ( j g l o

2 8 > 4 + 6 b	 # “ & ] ! ! @	 t - s h i r t	 s p w l “ h u
b English translation: steen = stone; fruit = fruit; vinger = finger; t-shirt = t-shirt.
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SummarySummary

Missing factors in math anxiety:
The role of emotional components, math behaviour, 

and cognitive biases in adolescents’ math anxiety

Summary
Math anxiety can be defined as a negative emotional response in math-related 

situations in ordinary life and school situations that disrupts performance. Math 

anxiety is associated with negative attitudes towards math and avoidance of 

math in various ways. Also, it has a negative impact on the perception of oneself 

in math (i.e., math self-concept). Math anxiety develops from childhood. Given 

the increasing importance of math in school, the negative consequences might 

be most prominent in adolescents. That is, math anxiety might negatively affect 

experiences in school as well as choices regarding school subjects and further 

education and careers. Unfortunately, the underlying mechanisms of math anxiety 

are largely unknown. Therefore, the general aim of this dissertation is to improve 

our understanding of math anxiety in adolescents.

In this dissertation, it is proposed that there are three missing factors 

in our understanding of math anxiety. The first missing factor concerns the 

conceptualization of math anxiety. Models on emotions propose different emotional 

components (i.e., affect, physiological sensations, thoughts, and behaviours). To 

study the relations between different components and other processes in math 

anxiety, it was proposed that these components should all be measured separately 

within one questionnaire. Another question with regard to the conceptualization 

of math anxiety is whether math anxiety is comparable for groups of individuals 

defined by sex and age. The second missing factor is that of math behaviour. 

Math performance involves more behaviours than what is represented in a single 

score or a grade, rather math anxiety might have a negative influence on math 

performance because it interferes with efficient problem solving and via various 

forms of avoiding math. In this dissertation, it was proposed that disentangling 

different aspects of math behaviour would improve our understanding of how 

math anxiety influences math performance. The third missing factor concerns the 

possible role of cognitive biases in math anxiety, given that cognitive-emotional 

models of anxiety propose that biases in information processing (i.e., cognitive 

biases) play an important role in the aetiology and maintenance of anxiety, and that 

in other types of anxiety support has been found for these cognitive biases. These 

missing factors were investigated across the studies in the empirical Chapters 2 

to 6 of this dissertation.

In Chapter 2, it was investigated whether math anxiety could be defined 

as consisting of affective, physiological, cognitive, and behaviour components 

(missing factor 1). Therefore, a new questionnaire, the Components of Math 

Anxiety Questionnaire (COMAQ), was developed and validated in two consecutive 

large-sample studies of secondary school students. Math anxiety was found to 

consist of four components: Affect & Physiology, Worry, Avoidance, and Effort, 

and these components were differentially related to aspects of math behaviour 

(missing factor 2). Among others, the findings indicated a central role of worry 

in math behaviour, performance, as well as math self-concept, and the role of 

avoidance behaviour was supported in various forms.

In Chapter 3, it was investigated whether a commonly used math anxiety 

questionnaire (i.e., Abbreviated Math Anxiety Scale; AMAS) measured math 

anxiety in a comparable way across groups defined by sex and age (secondary 

school vs. undergraduate students). The results showed support for partial 

measurement invariance of the AMAS across these groups, indicating that math 

anxiety could be conceptualized in a similar way across groups. In addition, 

the results showed that female university students are a unique group, as they 

reported the highest level of math anxiety of all groups and because a slight 

adaptation of the factor structure was found for this group.

The studies in Chapters 4 to 6 investigated the role of three types of cognitive 

biases (i.e., threat-related associations, attentional biases towards math, and 

avoidance action tendency bias away from math; missing factor 3) in math anxiety 

and math behaviour (missing factor 2). In a first study (Chapter 4), in a sample 

of 189 secondary school students, it was found that the strength of associations 

between math and anxiety (compared to calmness) was not related to math anxiety 

or math behaviour. In the next study (Chapter 5), in a sample of 529 secondary 

school students, it was found that the strength of associations between math and 

failure (compared to success) was related to math anxiety, and that it predicted 

math behaviour (i.e., math grades and the difficulty level that was chosen on a 

math task). Also, math-failure associations were related to lower math self-concept 

and math interest. However, no support was found for the role of attentional and 
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avoidance biases in math anxiety and math behaviour. Replicating the findings in 

Chapter 5, in a final study (Chapter 6), it was shown that in a sample of 74 selected 

first-year university students, high math-anxious individuals showed stronger 

math-failure associations than low math-anxious individuals, but attentional and 

avoidance biases did not (or only weakly) differ between the groups. In addition, 

no support was found for the role of cognitive control in the relation between math 

anxiety and these cognitive biases.

The findings demonstrated that failure is a central threat in math anxiety 

and suggested that expectancies of failure are activated quickly and automatically 

in high math-anxious individuals. Also, the current results suggested two new 

factors (i.e., math-failure associations and math behaviour) in a vicious circle 

in the maintenance of math anxiety. In this circle previous failure experiences 

might be linked to stronger math-failure associations, lower math self-concept 

and stronger math anxiety (and math-related worries in particular), which in turn 

strengthen anxiety-related behaviour and worsen performance. A lack of support 

for attentional and avoidance biases might be due to limitations of the tasks. Given 

that failure is a central threat, one limitation is that failure was not included in the 

assessment of these biases.

From the current findings, there are two ways forward. First, one way is 

to pursue research on mechanisms in math anxiety to further improve our 

understanding. The current task limitations could be addressed, among others, 

by including a performance aspect in the cognitive bias tasks. However, given the 

importance of expectancies of failure in math anxiety, in my opinion, it would 

be more promising to investigate the triggers of these expectations. In addition, 

the interplay between several aspects of math behaviour and the role of math 

behaviour in the vicious circle of math anxiety needs further investigation. 

Second, another way to go is to apply the current findings to the development of 

interventions targeting math anxiety. The current findings point to two potential 

targets for intervention in math anxiety: (1) reducing the impact of math-failure 

associations, and (2) reducing math avoidance behaviour. Both could be targeted 

separately, or implemented into a multimodal intervention targeting different 

components of math anxiety simultaneously. Future research should investigate 

the effectiveness of these interventions for reducing math anxiety.
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Ontbrekende factoren bij wiskundeangst: 
De rol van emotionele componenten, wiskundegedrag 

en cognitieve biases bij wiskundeangst bij adolescenten

Achtergrond en doel van het onderzoek
Wat is het eerste dat in u opkomt, wanneer u aan wiskunde denkt? Wanneer 

we dit aan verschillende mensen zouden vragen, zouden de antwoorden 

uiteenlopend zijn. Sommige mensen zullen gaan glimlachen, terwijl andere mensen 

juist zullen terugdeinzen. Wanneer zij aan wiskunde denken, lijken zij een heftige 

negatieve emotie te ervaren: angst. Over deze wiskundeangst gaat dit proefschrift. 

Wiskundeangst kan gedefinieerd worden als gevoelens van spanning en angst 

wanneer een individu geconfronteerd wordt met wiskunde. Deze gevoelens 

interfereren met het oplossen van wiskundige problemen in veel verschillende 

situaties in het dagelijks leven en op school.

Wiskundeangst wordt geassocieerd met een negatieve manier van denken 

over wiskunde en individuen die wiskundeangst ervaren zullen wiskunde op 

verschillende manieren vermijden. Tevens wordt wiskundeangst geassocieerd 

met een lager zelfbeeld op het gebied van wiskunde. Reken- en wiskundeangst 

ontwikkelt zich vanaf de kindertijd en neemt toe in de adolescentie. Omdat de 

adolescentie een cruciale periode is voor het leren van wiskunde en het maken 

van de eerste keuzes voor profielen en vervolgopleidingen, kunnen de negatieve 

gevolgen van wiskundeangst in de adolescentie groot zijn. Wanneer leerlingen 

technische vakken vermijden en zij beroepsrichtingen kiezen waarin wiskunde 

minder voorkomt, kan er veel potentieel verloren gaan. Hoewel wiskundeangst 

dus potentieel veel invloed kan hebben op de dagelijkse schoolervaringen 

en de toekomst van adolescenten, zijn de onderliggende mechanismen bij 

wiskundeangst nog veelal onbekend. Daarom is het hoofddoel van dit proefschrift 

om wiskundeangst bij adolescenten beter te begrijpen.

In dit proefschrift is voorgesteld dat er drie factoren ontbreken in het 

begrijpen van wiskundeangst. De eerste ontbrekende factor betreft de 

conceptualisatie van wiskundeangst. Theorieën over emotie stellen dat emoties 

bestaan uit verschillende componenten, dat wil zeggen affectieve, fysiologische, 

cognitieve en gedragscomponenten. Om de relatie tussen deze componenten 

en andere processen bij wiskundeangst te onderzoeken, is het noodzakelijk dat 

deze componenten apart gemeten worden binnen één instrument. Een andere 

vraag betreffende de conceptualisatie van wiskundeangst is, of wiskundeangst 

vergelijkbaar is voor verschillende groepen. Is wiskundeangst vergelijkbaar voor 

mannen en vrouwen? En voor verschillende leeftijdsgroepen?

De tweede ontbrekende factor is wiskundegedrag. Vaak wordt 

wiskundeprestatie aangegeven door een cijfer, maar in dit proefschrift is voorgesteld 

dat er meer processen en gedragingen een rol spelen die niet zichtbaar zijn in dit 

cijfer. Wiskundeangst kan een negatieve invloed hebben op de wiskundeprestatie, 

omdat deze angst het efficiënt oplossen van wiskundeproblemen verhindert en 

omdat het gepaard gaat met verschillende vormen van vermijding, zoals huiswerk 

uitstellen of gehaast werken aan opgaven. In dit proefschrift is voorgesteld dat 

door verschillende aspecten van wiskundegedrag te onderscheiden, zoals keuze 

van moeilijkheidsniveau, snelheid, en accuratesse, we beter kunnen begrijpen hoe 

wiskundeangst de wiskundeprestatie beïnvloedt.

De derde ontbrekende factor is de mogelijke rol van zogenoemde ‘cognitieve 
biases’. Cognitieve bias wil zeggen dat angstige individuen informatie anders 

verwerken dan niet-angstige individuen. Wanneer angstige individuen 

geconfronteerd worden met informatie komen er snelle, automatische 

verwerkingsprocessen op gang die sterk gericht zijn op bedreiging. Er kan 

onderscheid gemaakt worden tussen drie typen cognitieve biases: (1) bedreiging-

gerelateerde associatie, dat wil zeggen dat de informatie sterker automatisch 

wordt geassocieerd met bedreiging; (2) aandachtsbias, dat wil zeggen dat de 

aandacht sneller wordt gericht op bedreiging en moeilijker los te koppelen is van 

bedreiging; (3) vermijdingsbias, dat wil zeggen dat er een sterkere neiging wordt 

geactiveerd om in actie te komen om de bedreigende informatie te vermijden. 

Cognitief-emotionele theorieën stellen dat deze focus op bedreiging een rol speelt 

in het ontstaan en in stand houden van angst en eerder onderzoek heeft laten zien 

dat cognitieve biases een rol spelen bij andere vormen van angst.

Om wiskundeangst bij adolescenten beter te begrijpen, werd de rol van deze 

drie ontbrekende factoren onderzocht in de hoofdstukken 2 tot 6 van dit proefschrift. 
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Resultaten
In hoofdstuk 2 werd onderzocht of wiskundeangst gedefinieerd kon worden 

aan de hand van affectieve, fysiologische, cognitieve en gedragscomponenten 

(ontbrekende factor 1). Om dit te onderzoeken werd een nieuwe vragenlijst, de 

Components of Math Anxiety Questionnaire (COMAQ), ontwikkeld en gevalideerd 

in twee grote, onafhankelijke groepen van middelbare scholieren (N  =  998 

en 529). De resultaten lieten zien dat bij wiskundeangst vier componenten 

onderscheiden kunnen worden: Affect & Fysiologie (Affect & Physiology; oftewel 

algemene gevoelens van spanning en lichamelijke sensaties), Bezorgdheid (Worry; 
oftewel negatieve gedachten en verwachtingen), Vermijding (Avoidance; oftewel 

vermijding van wiskundesituaties en betrokkenheid bij wiskunde), en Inspanning 

(Effort; oftewel toename van moeite doen voor en oefenen bij wiskunde). Om te 

onderzoeken of de verschillende componenten gerelateerd waren aan verschillende 

aspecten van wiskundegedrag (ontbrekende factor 2) werd een wiskundetaak 

ontwikkeld om deze gedragingen te meten: de Amsterdam Math Anxiety Task 

(AMAT; zie Tabel S1 voor een beschrijving van de AMAT). De resultaten lieten 

zien dat de afzonderlijke componenten gerelateerd waren aan verschillende 

aspecten van wiskundegedrag. De resultaten wezen onder andere op een centrale 

rol voor negatieve gedachten en verwachtingen (Bezorgdheid component) bij 

wiskundegedrag, wiskundeprestatie en ook het wiskundezelfbeeld. Daarnaast 

bleek uit de resultaten dat wiskundeangst gerelateerd was aan verschillende 

vormen van vermijding.

In hoofdstuk 3 werd onderzocht of een vaak gebruikte wiskundeangst-

vragenlijst, de Abbreviated Math Anxiety Scale (AMAS), wiskundeangst op een 

vergelijkbare manier meet voor groepen van een verschillend geslacht en leeftijd 

(in dit geval middelbare scholieren versus eerstejaars universiteitsstudenten). 

De resultaten lieten zien dat wiskundeangst op een vergelijkbare manier 

geconceptualiseerd en gemeten kon worden in de verschillende groepen. Tevens 

lieten de resultaten zien dat vrouwelijke universiteitsstudenten een unieke groep 

vormen voor wiskundeangst, omdat zij de hoogste mate van wiskundeangst 

rapporteerden van alle groepen en het statistisch model voor deze groep in lichte 

mate afweek van dat van de andere groepen.

Tabel S1. Beschrijving van de taken in dit proefschrift.

Beschrijving Uitkomstmaten

Wiskundetaak

Amsterdam Math 
Anxiety Task
(AMAT;
Figuur 2.1 en 5.3)

In deze taak maken proefpersonen 
wiskundevergelijkingen in een lage 
en een hoge angstconditie. In de lage 
angstconditie kiest de proefpersoon 
het niveau (1, 2, of 3) van iedere 
opgave en zijn er geen angstverhogende 
elementen. De hoge angstconditie 
start met angstverhogende instructies 
die wijzen op het belang van goede 
en snelle prestaties en het feit dat 
prestaties met die van leeftijdsgenoten 
worden vergeleken. Ver volgens 
verschijnen de vergelijkingen in beeld 
met een lopende, digitale klok en is 
er geen mogelijkheid om te pauzeren. 
Gedurende beide condities wordt op 
drie momenten gemeten hoe gespannen 
de proefpersoon zich voelt en hoe leuk 
deze de taak vindt.

1. Keuze van niveau  =  het niveau 
van moeilijkheid dat wordt gekozen 
in de lage angstconditie; een lager 
niveau is een indicatie van sterker 
vermijdingsgedrag.
2. Accuratesse = het percentage goed 
beantwoorde vergelijkingen; een 
indicatie van prestatie.
3. Prestatiedaling (drop) = het verschil 
in prestatie tussen de lage en hoge 
angstconditie; een sterkere drop is een 
indicatie van sterkere hinder van angst.
4. Reactietijd  =  de benodigde tijd 
om de vergelijking op te lossen; een 
hogere reactietijd kan een indicatie 
zijn van het minder efficiënt oplossen 
van opgaven.
5. Toestandsangst en plezier 
(state) = de mate van angst en plezier 
tijdens de taak.

Cognitieve bias taken

Single-Target 
Implicit 
Association Task 
(ST-IAT; Figuur 
4.1 en 5.1)

In deze taak, die werd afgenomen in 
twee versies, verschijnen woorden 
in beeld die de proefpersoon moet 
categoriseren. In de wiskunde-falen 
ST-IAT zijn de categorieën wiskunde, 
falen en succes. In de wiskunde-
angst ST-IAT zijn de categorieën 
wiskunde, angst en kalm. Het idee is 
dat het gemakkelijker is om woorden 
op dezelfde manier te categoriseren 
wanneer de associatie tussen de 
categorieën sterker is; dan reageert 
de proefpersoon dus sneller. In de 
ST-IAT wordt de reactietijd vergeleken 
wanneer wiskunde en falen (of angst) 
samen moeten worden ingedeeld 
versus wanneer wiskunde en succes (of 
kalm) samen moeten worden ingedeeld.

Wiskunde-falen associatie  =  een 
snellere reactietijd wanneer wiskunde 
en falen samen worden ingedeeld dan 
wanneer wiskunde en succes samen 
worden ingedeeld is een indicatie van 
een sterkere wiskunde-falen associatie.

Wiskunde-angst associatie  =  een 
snellere reactietijd wanneer wiskunde 
en angst samen worden ingedeeld dan 
wanneer wiskunde en kalm samen 
worden ingedeeld is een indicatie 
van een sterkere wiskunde-angst 
associatie.
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Tabel S1. Vervolg

Beschrijving Uitkomstmaten

Math Visual 
Search Task (Math 
VST; Figuur 5.2)

In deze taak verschijnen 8 stimuli in 
beeld, dit kunnen formules, woorden, 
non-woorden (dat w il zeggen 
willekeurige letterreeksen) of een 
reeks met tekens zijn. De proefpersoon 
moet zo snel mogelijk aangeven of een 
bepaald type stimulus aanwezig is, ja 
of nee. De reactietijd wordt gemeten. Er 
zijn drie blokken:
1. Engagement blok: zie je een formule? 
Er verschijnen 7 non-woorden en in de 
helft van de trials een formule en in de 
andere helft een reeks met tekens.
2. Disengagement formule blok: zie je 
een woord? Er verschijnen 7 formules 
en in de helft van de trials een woord en 
in de andere helft een non-woord.
3. Disengagement reeks blok: zie je een 
woord? Er verschijnen 7 reeksen met 
tekens en in de helft van de trials een 
woord en in de andere helft een non-
woord.

Engagement aandachtsbias  =  een 
snellere reactietijd bij een formule dan 
bij een reeks met tekens is een indicatie 
dat de aandacht sneller wordt gericht 
op wiskunde (formules) dan andere 
tekens, dus een aandachtsbias naar 
wiskunde.

Disengagement aandachtsbias = een 
langzamere reactietijd bij woorden 
en non-woorden in de context van 
formules dan in de context van reeksen 
met tekens is een indicatie dat de 
aandacht moeilijker van wiskunde 
wordt losgekoppeld dan van reeksen 
met tekens, dus een aandachtsbias voor 
wiskunde.

Math Approach 
Avoidance Task 
(Math AAT)

In deze taak verschijnen plaatjes 
in beeld van wiskundeopgaven of 
neutrale objecten. De plaatjes zijn 
gekanteld naar links of naar rechts. 
De proefpersoon moet het plaatje 
inzoomen (of tewel benaderen: 
approach) of uitzoomen (oftewel 
vermijden: avoidance), afhankelijk van 
de kant waarnaar het plaatje gekanteld 
is. Wat er op het plaatje staat is dus niet 
belangrijk. De reactietijd van het eerste 
moment van in- of uitzoomen wordt 
gemeten.

Wiskunde Vermijdingsbias  =  een 
s n e l l e r e  r e a c t i e t i j d  o m 
wiskundeplaatjes uit te zoomen dan om 
wiskundeplaatjes in te zoomen is een 
indicatie voor een sterkere neiging om 
wiskunde te vermijden.

Neutrale Vermijdingsbias  =  een 
snellere reactietijd om neutrale 
plaatjes uit te zoomen dan om neutrale 
plaatjes in te zoomen is een indicatie 
voor een sterkere neiging om neutrale 
objecten te vermijden.

De hoofdstukken 4 tot 6 beschrijven onderzoek naar de rol van drie 

typen cognitieve biases (dat wil zeggen bedreiging-gerelateerde associaties, 

aandachtsbias, en vermijdingsbias; ontbrekende factor 3; zie Tabel S1 voor een 

beschrijving van de cognitieve bias taken) bij wiskundeangst en wiskundegedrag 

(ontbrekende factor 2). In een eerste studie (hoofdstuk 4), uitgevoerd bij 

189 middelbare scholieren, werd de rol van wiskunde-angst associaties bij 

wiskundeangst en wiskundegedrag onderzocht. Een sterke wiskunde-angst 

associatie wil zeggen dat wiskunde (automatisch) sterker wordt geassocieerd 

met angst dan met kalmte. De sterkte van deze wiskunde-angst associatie 

bleek niet gerelateerd aan wiskundeangst en wiskundegedrag. In een volgende 

studie (hoofdstuk 5), uitgevoerd bij 529 middelbare scholieren, werd de rol van 

wiskunde-falen associaties bij wiskundeangst en wiskundegedrag onderzocht. Een 

sterke wiskunde-falen associatie wil zeggen dat wiskunde (automatisch) sterker 

wordt geassocieerd met falen dan met succes. Ook werd de rol van aandachtsbias 

en vermijdingsbias bij wiskundeangst en wiskundegedrag onderzocht. In deze 

studie bleek dat een sterkere wiskunde-falen associatie was gerelateerd aan 

sterkere wiskundeangst. Ook voorspelde een sterkere wiskunde-falen associatie 

wiskundegedrag, namelijk de keuze voor een lager moeilijkheidsniveau op de AMAT 

en een lager wiskundecijfer. Tevens was een sterkere wiskunde-falen associatie 

gerelateerd aan een lager wiskundezelfbeeld en een lagere mate van interesse in 

wiskunde. Voor de rol van aandachtsbias en vermijdingsbias bij wiskundeangst 

en wiskundegedrag werd geen ondersteuning gevonden. In een laatste studie 

(hoofdstuk 6) werden de bevindingen van hoofdstuk 5 gerepliceerd in een groep 

van 74 eerstejaars universiteitsstudenten die waren geselecteerd op een hoge dan 

wel een lage mate van wiskundeangst. Hoog-wiskundeangstige studenten lieten 

een sterkere wiskunde-falen associatie zien dan laag-wiskundeangstige studenten, 

maar de groepen verschilden niet in de mate van aandachtsbias en vermijdingsbias. 

Aanvullend werd er geen ondersteuning gevonden voor de hypothese dat meer 

rationele, gecontroleerde informatie-verwerkingsprocessen een rol spelen in de 

relatie tussen wiskundeangst en cognitieve biases.
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Conclusies en implicaties
De resultaten laten zien dat falen een centrale vorm van bedreiging is bij 

wiskundeangst en de resultaten suggereren dat verwachtingen van falen snel en 

automatisch geactiveerd worden wanneer hoog-wiskundeangstige individuen 

in aanraking komen met wiskunde. Ook ondersteunen de resultaten de rol van 

vermijdingsgedrag bij wiskundeangst. Deze bevindingen suggereren dat er twee 

nieuwe factoren, oftewel wiskunde-falen associaties en wiskundegedrag, zijn in 

een mogelijke vicieuze cirkel die wiskundeangst in stand houd (zie ook Figuur 

7.1). In deze vicieuze cirkel zouden vroegere faalervaringen bij wiskunde kunnen 

leiden tot sterkere associaties tussen wiskunde en falen, lager wiskundezelfbeeld 

en hogere mate van wiskundeangst. Dit zou vervolgens angst-gerelateerd 

wiskundegedrag (onder andere vermijdingsgedrag) kunnen versterken en de 

wiskundeprestatie verslechteren, waarmee een nieuwe faalervaring ontstaat.

In de huidige studies werd geen ondersteuning gevonden voor de rol van 

aandachtsbias en vermijdingsbias bij wiskundeangst en wiskundegedrag. Echter, 

de taken die werden gebruikt om deze typen cognitieve biases te meten hadden 

verschillende beperkingen. Bij cognitieve biases is de informatieverwerking 

gericht op bedreiging en gegeven dat falen waarschijnlijk een centrale bedreiging 

is bij wiskundeangst, is een mogelijke beperking van de aandachtsbias- en 

vermijdingsbiastaken het ontbreken van een dreiging van falen in de taken. Gezien 

deze beperking is het op dit moment te vroeg om te concluderen dat aandachtsbias 

en vermijdingsbias geen rol spelen bij wiskundeangst.

Er zijn twee mogelijke wegen om de bevindingen in dit proefschrift een vervolg 

te geven in onderzoek. Een eerste weg is om de mechanismen van wiskundeangst 

verder te onderzoeken om wiskundeangst beter te begrijpen. Hiervoor zouden 

de huidige beperkingen van de taken kunnen worden aangepakt, bijvoorbeeld 

door het toevoegen van een prestatie-element in de cognitieve bias taken om 

de dreiging van falen aan te wakkeren. Echter, gegeven dat de verwachting 

van falen zo belangrijk blijkt bij wiskundeangst, is het in mijn ogen wenselijker 

om te onderzoeken wat de oorzaak is van deze verwachtingen. Daarnaast kan 

verder onderzocht worden hoe de verschillende aspecten van wiskundegedrag 

samenhangen en wat de rol is van deze aspecten in de bovengenoemde vicieuze 

cirkel van wiskundeangst.

Een tweede weg voor vervolgonderzoek zou kunnen zijn om de huidige 

bevindingen toe te passen bij het ontwikkelen van interventies om wiskundeangst 

te verminderen. De bevindingen wijzen op twee mogelijke aanknopingspunten 

voor deze interventies: (1) het verminderen van de impact van wiskunde-falen 

associaties, en (2) het verminderen van wiskunde-vermijdingsgedrag. Deze 

aanknopingspunten kunnen elk apart de focus worden van een interventie, of zij 

kunnen worden geïntegreerd in een multimodale interventie die zich richt op het 

aanpakken van verschillende componenten van wiskundeangst. Vervolgonderzoek 

is nodig om de effectiviteit van zulke interventies voor het verminderen van 

wiskundeangst te onderzoeken.

Wat vertellen de bevindingen ons voor leerlingen en docenten op de mid-
delbare school?

Bij wiskundeangst lijken verschillende processen een rol te spelen die 

elkaar onderling beïnvloeden. De verwachting van falen wekt angst op en angst 

gaat gepaard met negatieve gedachten (piekeren) en vermijding van wiskunde, 

wat leidt tot verslechterde wiskundeprestaties. Het is aannemelijk dat deze 

slechte wiskundeprestaties vervolgens de associatie tussen wiskunde en falen 

zullen versterken. Om deze vicieuze cirkel te doorbreken is het van belang 

om te starten met het oefenen van wiskunde of het oefenen te intensiveren en 

om succeservaringen te creëren. Wat hierbij zou kunnen helpen is om zowel 

leerlingen als docenten zich meer te laten focussen op de inzet die leerlingen 

leveren als zij oefenen voor wiskunde in plaats van te focussen op de uiteindelijke 

wiskundeprestatie. Daarnaast is het heel belangrijk om deze inzet te belonen. Het 

is goed denkbaar dat met meer oefening en inspanning, de prestatie verbetert en 

dit zal een intrinsiek belonend effect met zich meebrengen.
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