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Abstract 

 

 Math anxiety can influence career choices, result in difficulties in everyday situations 

involving numbers (e.g., financial decision making) and has been linked with performance 

deficits on a variety of mathematical tasks. The roles of the classroom environment, societal 

stereotypes and negative math attitudes have all been associated with math anxiety. Current 

research suggests that children are developing math-related anxiety at a very young age, 

leading some researchers to propose that foundational number skills may be related to the 

development of anxiety about math. The goal of the present study was to develop a clearer, 

more integrated understanding of the cognitive influences (i.e. attentional, spatial and 

quantity skills) on math anxiety and math performance. The results showed that math anxiety 

in adults is not related to deficits in the foundational number skills.  Instead, both quantity 

skills and math anxiety uniquely contributed to variance in math performance. 
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Chapter 1: Introduction 

 Stephanie is an intelligent, well-spoken young woman currently completing a Masters 

degree in International Affairs. Ask her about math, and you’ll discover she has some very 

negative feelings about math and situations involving math.  These feelings began in grade 2 

when she started to feel math was difficult and that she “just didn’t get it”.  Stephanie’s not 

alone: Research suggests that children in grades one and two report feeling anxious about 

mathematics (Harari et al., 2013; Ramirez et al., 2013; Vukovic et al., 2013). Ashcraft et al. 

(2007) estimated
1
 that 1 in 5 adults experience math anxiety; that is “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).  Considerable research has focused on the consequences of math anxiety in 

adults (see Ashcraft & Ridley, 2005 for a discussion), such as poor performance and 

avoidance of situations involving mathematics. There is, however, a gap in understanding 

when it comes to risk factors for math anxiety.  Ashcraft and Krause (2007) suggested that 

math anxiety is caused by an accumulation and internalization of negative math experiences.  

But what types of negative experiences lead young children to develop math anxiety? Is math 

anxiety related to fundamental math deficits or to other environmental factors? This study 

aimed to address part of that question by linking the research on foundational mathematical 

processing with the math attitudes and performance observed in math anxious adults.    

                                                        
1
 This estimate is based on the assumption that high math anxious individuals score one 

standard deviation above the mean on a standard math anxiety scale.  This works out to 17% 

of the population, approximately 1 in 5. 
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Potential Risk Factors 

 Figure 1 outlines three key areas that have been suggested as potential risk factors for 

math anxiety.  These include social, genetic and cognitive influences.  I will begin my 

discussion of math anxiety by reviewing the current understanding of these risk factors and 

their possible influence on math anxiety.  I will consider the role of perceived competence 

and the effect of gender in math anxiety.  The subsequent focus of the discussion will 

highlight cognitive influences and the role they play in math anxiety and mathematical 

performance. 

 

Figure 1:  Model outlining the potential risk factors and effects of math anxiety 

 Social influences.  Jameson (2013) applied Bandura’s (1989) theory of human 

agency in social cognition to provide a framework for understanding social risk factors for 

math anxiety.   Bandura suggested that multiple factors interact to influence the development 

of a person’s beliefs and actions; these factors are categorized as environmental, personal and 

behavioral.  Math anxiety research has shown relationships between anxiety and each of 

these factors. Following Jameson’s approach, I will use these categories to organize the 

current research on social influences on math anxiety and math performance.  

 Environmental. A key factor in social development is the home environment.  

Parental attitudes and support can help children develop positive math attitudes.  Parental 
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involvement has been positively linked with learning early math concepts (LeFevre et al., 

2009; Skwarchuk, Sowinski, & LeFevre, 2014) that predict later academic achievement 

(Duncan et al., 2007). Parental involvement can also influence a child’s attitudes and 

behavior (Taylor, Clayton, & Rowley, 2004), self-efficacy, and motivation (Ahmed et al., 

2010; Hoover-Dempsey & Sander, 1995). Positive encouragement from parents has even 

been linked to the pursuit of math-related careers (Bandura et al., 2001). In one of the few 

studies on parental involvement and early math anxiety, Vukovic et al. (2013) demonstrated 

that home learning environments that foster high expectations for children’s success in math 

can reduce the negative effects of math anxiety. Older students who have internalized these 

high expectations for success also report lower levels of math anxiety (Arnold, Fisher, 

Doctoroff, & Dobbs, 2002; Meece, Wigfield, & Eccles, 1990). Similarly, Jameson (2013) 

identified a positive relation between access to home resources and affect for grade 2 

children. These studies suggest that supportive home environments can positively influence 

children's feelings about mathematics.  In contrast, negative parental attitudes, behaviors and 

expectations towards math may be risk factors for math anxiety (Geist, 2010; Scarpello, 

2007). 

 Behavioral. The role of teachers and school in math anxiety are considered 

behavioral factors.  One of the ways that children learn is through observing adults and then 

internalizing and modeling those behaviors and attitudes (see Grusec, 1994). This process is 

observed when children adopt the attitudes of their teachers or parents.  For example, after 

one year of being taught by a math anxious, female teacher, young girls’ gender-related 

beliefs about whether girls are good at math shifted and their math performance declined 

(Beilock et al., 2010). This finding suggests that math anxious teachers may adversely affect 
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some students’ math beliefs and learning. This relation between math attitudes of teachers 

and their students is particularly worrisome because pre-service elementary school teachers 

report higher levels of math anxiety than any other college major group (Hembree, 1990).  

 As well as relaying negative attitudes, math-anxious teachers have less math content 

knowledge, a situation that may influence the quality of their teaching (Rayner et al., 2009). 

Turner (2002) showed that distant, unsupportive teachers and poor classroom practices such 

as demanding correctness lead students to avoid math and perform poorly.  Ashcraft and 

Ridley (2005) link this avoidance to math anxiety. This connection between anxiety and 

avoidance is a concern because avoidance may undermine performance (Turner et al., 2002), 

decrease student motivation (Elliot & McGregor, 1999) and lead to “stress in future 

situations involving math” (Beilock & Ramirez, 2011).  In summary, math-anxious, distant, 

and unsupportive teachers are potential risk factors for math anxiety. 

 Personal. Personal factors include motivation, self-efficacy, perceived competence 

and the role of gender.  These personal factors are closely linked with both the social and 

behavioral factors.  For example, beliefs and behaviours of parents and teachers, for example, 

whether these adults are supportive of children's learning, can potentially exacerbate or 

interact with these personal factors, thus influencing subsequent academic performance (for a 

discussion see Ahmed et al., 2010).  Zakaria and Nordin (2007) examined the relation 

between math anxiety, motivation and performance in 88 senior Malaysian high school 

students and found a strong (r=-.72) negative correlation between motivation and math 

anxiety. We cannot draw any causal conclusions from this work but it is an indication that 

low motivation and math anxiety are related.  
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 Self-efficacy refers to students' beliefs in their ability to organize and implement the 

actions required to effectively reach their goals (Pajares & Schunk, 2001). Math self-efficacy 

is a significant predictor of math anxiety (Pajares & Miller, 1994; Hackett, 1985). Bandura 

(1997) offered an explanation for this relation.  He hypothesized that self-efficacy beliefs are 

informed by emotional and physiological states such as anxiety.  For example, a math 

anxious student will have a physiological reaction (such as increased heart rate) when their 

anxiety is aroused, as in writing a math test.  The student may then associate this 

physiological response with situations where they performed poorly in the past thereby 

interpreting the reaction as an indicator of their competence. Thus high anxiety may 

undermine self-efficacy and perceived abilities.  Self-efficacy also plays a critical role in 

influencing student motivation and shaping children’s career trajectories  (Bandura, 1993; 

Bandura, Barbaranelli, Caprara, & Pastorelli, 2001; Pajares, 1996).  It seems reasonable these 

three personal influences, motivation, self-efficacy, and perceived abilities are closely linked. 

 Perceived academic competence. Perceived competence (also referred to as perceived 

ability) is a motivational belief strongly related to self-efficacy.  Eccles et al. (1998) argued 

that it is the most critical element in self-efficacy beliefs. Perceived competence is also 

strongly related to math anxiety (Meece, Wigfield, & Eccles, 1990) but there is a lack of 

agreement on whether perceived competence is a distinct construct from math anxiety. 

Wigfield and Meece (1988) suggested that it is. Bong and Skaalvik (2003) agreed, arguing 

that perceived competence targets a cognitive dimension of self whereas anxiety targets an 

affective dimension of self, thus defining the two as distinct constructs. Others (e.g. Pajares 

& Kranzler, 1995) suggest these constructs are difficult to distinguish when assessed within 

one domain such as mathematics and used to predict math performance (for a discussion see 
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Lee, 2009).. Randhawa et al. (1993) found math self-efficacy mediated the effect of math 

attitudes on performance. There is however a lack of published research directly analyzing 

the influence and interaction of perceived math competence in relation to math anxiety and 

math performance.  

 Elliot (1999) argued that a student with a high degree of perceived competence will 

reframe an anxiety-inducing situation as a challenge whereas a student with low perceived 

competence may interpret the same situation as a threat. This “reframing” of their anxiety as 

a function of perceived competence would encourage the highly competent student to tackle 

the math but encourage the low competence student to avoid the math, with obvious 

consequences for subsequent learning and performance. Consider the anxiety reaction as a 

balancing act with approach on one side, and avoidance on the other.  High perceived 

competence can tilt the balance in favor of an approach reaction. 

 This theory provides a rationale describing how perceived competence can influence 

the math anxiety and math performance relationship.  This hypothesis was tested in the 

current study by assessing if perceived math competence mediated the anxiety and 

performance relationship.  Based on the similarities between self-efficacy and perceived 

competence, I hypothesized that perceived math competence would mediate the effects of 

math anxiety on performance much like the mediation effect of math self-efficacy on math 

attitudes and performance observed by Randhawa et al. (1993). A lack of mediation will 

suggest that math anxiety and perceived competence are overlapping constructs, too similar 

to differentiate their individual effects on math performance. 

 Gender. Data varies when it comes to comparing math anxiety levels between men 

and women.  In a meta-analysis involving 151 studies, Hembree (1990) found that women 



7 

 

reported significantly higher rates of math anxiety than men.  More recently, other 

researchers have observed a similar difference  (Devine, Fawcett, Szűcs, & Dowker, 2012; 

Maloney, Waechter, Risko, & Fugelsang, 2012). The interpretation of the source of these 

differences is controversial, however.  For example, Ashcraft et al. (2002) suggested that 

gender differences occur because women are simply more likely to report math anxiety than 

men.  In contrast, Beilock and colleagues attributed gender differences to the effect of social 

stereotyping on women’s math attitudes (Beilock et al., 2007).  Maloney et al. (2012) 

claimed gender differences in math anxiety were related to gender differences in spatial 

skills. Other researchers do not report significant gender differences (e.g. Jameson, 2013; 

Jansen et al., 2013; Ma, 1999). These variable findings suggest that it is important to explore 

individual differences other than gender that may influence math anxiety. 

 Goetz et al. (2013) have provided a plausible explanation for the discrepancy across 

studies in terms of gender differences.  In two different studies involving students from 

grades 5 through 11, they compared students’ math trait (i.e., anticipatory) anxiety with their 

math state (i.e., in the moment) anxiety.  Anxiety was measured in a test environment (Study 

1) and classroom-learning environment (Study 2). In both scenarios, girls reported 

significantly higher math trait anxiety than men prior to engaging in the math activity.  When 

anxiety was assessed during the math activity however (state anxiety), there were no 

significant gender effects. These results suggest that women report greater anxiety than men 

anticipating math (consistent with Ashcraft et al., 2002), but during test taking and classroom 

learning men and women report similar levels of anxiety. Many of the published math 

anxiety studies assess participants' math anxiety prior to the research, often preselecting 

participants for high and low math anxiety (e.g., Maloney et al., 2010; 2011; 2012). This 
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assessment method is therefore more likely to reflect math trait anxiety and, based on 

Goetz’s hypothesis, may be more likely to elicit a gender effect.  

 I tested Goetz's hypothesis about the relation between gender and anxiety by 

manipulating when participants complete the anxiety assessment.  One group completed the 

AMAS math survey before doing the math measures and another group completed the 

AMAS after the math measures.  Using this design, the same set of questions was used in 

both conditions thus providing a consistent comparison tool. Math anxiety levels by gender 

both pre (anticipatory or trait) and immediately post (state) the math assessments were 

compared.  I predicted women will report higher trait but comparable state anxiety as the 

men. 

 Genetic influences.  Math anxiety is a multi-component construct that is moderately 

related to state (r=. 42) and trait (r=.38) anxiety (reported in Ashcraft, Krause, & Hopko, 

2007).  In Hembree’s (1990) meta-analysis, a somewhat stronger link was observed, in that 

approximately one third of the variance in math anxiety was shared with test anxiety. These 

findings suggest that math anxiety will be more prevalent in individuals predisposed to 

anxiety.  Consistent with this view, Wang et al. (2014) found that genetic influences related 

to general anxiety are moderate risk factors for math anxiety based on the results for 257 twin 

pairs. Clearly, however, these moderate relations between general and math-specific anxiety 

suggest that there are other important factors that need to be identified, either genetic or 

environmental, that may predispose children to develop math-specific anxiety. 

 Cognitive influences. Extensive research into the cognitive foundations of 

mathematical learning led to the development of the Pathways model of mathematical 

cognition  (LeFevre et al., 2010). The Pathways model describes three cognitive skill sets 
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that contribute to early mathematical learning: linguistic, spatial/attentional and quantitative. 

Early linguistic and spatial skills predict foundational understanding of the symbolic number 

system and the spatial and quantitative skills predict foundational understanding of numerical 

magnitude. These foundations form the building blocks for subsequent mathematical learning 

in school.  To examine the role of these cognitive influences on math anxiety, first I discuss 

the broader research on relations between math performance and math anxiety.  Then I 

address the specific cognitive predictors of math performance identified in the Pathways 

model, and their relations to both mathematical outcomes and math anxiety.  

 The relations between these cognitive building blocks and early math performance 

are well established, however, there is some controversy on whether these cognitive building 

blocks also influence the development of math anxiety. Maloney and colleagues (2010; 2011; 

2012) suggested that deficits in early quantitative and spatial skills predispose a child to math 

anxiety.  Their rationale is that foundational deficits in these quantitative and spatial skills 

can lead to poor math achievement on even very basic mathematical measures, which in turn 

leads to negative math experiences that are a risk factor for math anxiety.  This argument 

proposes that poor math achievement on very basic mathematical tasks is a risk factor for 

subsequent development of math anxiety. 

 Currently, there is some debate on whether it is more likely that poor achievement 

causes math anxiety or math anxiety causes poor achievement. According to Hembree 

(1990), math anxiety causes poor performance. He concluded this based on two observations. 

First, math anxiety is not significantly related to IQ (r = -.06) when math questions are 

excluded from the IQ test. This minimal relation suggests that IQ levels of math-anxious 
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adults are comparable to those of non-math-anxious adults when math anxiety is not aroused. 

Hopko, Crittendon, Grant and Wilson (2005) also noted that performance deficits in  

IQ testing are predicted by test anxiety.  That is, the mere act of taking the IQ test arouses 

anxiety and thus performance is impaired.  Accordingly, IQ scores are a reflection of both 

test anxiety and of the cognitive and genetic factors that are related to intelligence. Second, 

math-anxious adults treated with behavior intervention therapy and no additional math 

training demonstrated comparable math performance to non-math-anxious adults (Hembree, 

1990), supporting the view that anxiety interfered with performance, thus masking 

competence.  Park, Ramirez and Beilock (2014) noted a similar improvement in math 

performance after adults participated in an expressive writing intervention that is designed to 

reduce negative cognitions. In this writing exercise, participants wrote about their thoughts 

and feelings related to a test they were about to complete. Sheffield and Hunt (2006) 

observed reduced anxiety and improved performance in children after training on relaxation 

breathing techniques and Field et al. (1996) measured anxiety reductions and improved speed 

and accuracy on math computations in math anxious adults following massage therapy. In all 

these experiments, treating the anxiety appeared to improve the performance.  

 On the other side of the debate are Ma and Xu (2004). Their results come the closest 

to addressing causality in relation to the development of math anxiety. In a longitudinal 

cross-lagged study involving American junior and senior high school students, they 

compared math anxiety with math achievement.  Ma and Xu found that prior low math 

achievement related to later math anxiety but prior high math anxiety did not relate to later 

math achievement. This analysis supports a causal link between low achievement and math 

anxiety and positions low achievement as a potential risk factor for math anxiety. Further, 
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deficits in foundational processes relate to low achievement (Butterworth, 2008; Rubinstein 

& Tannock, 2010) thus Maloney’s hypothesis extends this finding suggesting foundational 

deficits are a risk factor for poor performance and hence a risk factor for math anxiety. 

 To frame the argument that early foundational processes may influence math anxiety, 

I will discuss the cognitive pathways that contribute to mathematical learning and 

performance outcomes as identified in the Pathways model (LeFevre et al., 2010; Sowinski et 

al., 2015).  These are linguistic/symbolic, spatial/attentional, and quantitative.  I will focus 

my discussion first on the domain-general spatial/attentional precursors and then consider the 

domain-specific quantitative precursors.  In each section, the role of these processes in 

mathematical performance and math anxiety will be reviewed. 

 Attentional factors. Attention, and more specifically working memory, is an 

important factor in mathematical performance (see reviews by DeStefano & LeFevre, 2004; 

Raghubar et al., 2010, and LeFevre, DeStefano, Coleman & Shanahan, 2005). Clearly, 

working memory is implicated in mathematics because the latter is a complex cognitive task, 

however, it may also be involved in the relations among math anxiety and performance 

because math anxiety has been shown to consume working memory capacity, thus depriving 

cognitive processes of this resource (Ashcraft & Krause, 2007; Ashcraft & Moore, 2009; 

Beilock, 2008; Beilock & DeCaro, 2007; Lyons & Beilock; 2012). Further, attentional shifts 

and other processes related to executive function (e.g. executing goal-directed behavior, 

inhibiting irrelevant information) have been identified as important in mathematical 

performance (LeFevre et al., 2013) and implicated in math anxiety (Hopko et al., 1998; 

Hopko et al., 2002; Pletzer et al., 2015). 
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 Accordingly, working memory is disrupted in math anxious students when their 

anxiety is aroused whereas non-anxious individuals are not affected. Ashcraft and Kirk 

(2001) demonstrated this pattern in a dual-task study.  Participants completed 2-column 

addition problems while maintaining a memory load of up to six letters.  High math-anxious 

participants performed worse than less math-anxious participants on the math task as the 

letter load increased (Ashcraft & Kirk, 2001). In a related study, Beilock et al. (2004) placed 

participants in two groups: a low-pressure control group and an anxiety-inducing test group 

(e.g., they were told their performance was being videotaped, there were monetary 

incentives, and they were responsible for a partner’s winning or losing). Performance was 

worse on tasks with high WM demands in the anxiety-inducing test group, further supporting 

the view that anxiety compromises working memory leaving fewer resources available for 

task performance.   

 Hopko et al. (1998) attribute this working memory consumption to difficulties 

inhibiting the negative thoughts and emotions associated with anxiety.  Hopko et al. (2002) 

demonstrated this inhibitory effect with a numerical Stroop task. Participants were presented 

with cards that contained between 1 to 9 numbers.  For example, the card might have six 

number “2”s, four number “3”s, five number “4”s etc. High math-anxious individuals were 

slower and less accurate identifying the quantity of digits than low math-anxious individuals. 

No differences between groups were detected in the standard color-naming Stroop paradigm. 

This pattern suggests that inhibitory control is impaired in math-anxious individuals when 

they are working with numbers.  Neurological support for impaired inhibition in math- 

anxious individuals comes in a recent fMRI study by Pletzer et al. (2015). Pletzer and 

colleagues found when participants compared numerical magnitudes, low-math anxious 
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individuals deactivated (or inhibited) brain areas associated with introspection and emotion 

processing. High-math anxious individuals however, did not demonstrate inhibition in these 

areas. Hence, working memory needs to be considered when evaluating the relationship 

between math anxiety and math performance.  

 In the expanded Pathways model (Sowinski et al., 2015), three working memory 

measures were assessed and reduced to capture the spatial/attentional pathway: forward digit 

span, backward digit span, and spatial span.  This expanded pathway was renamed the 

working memory pathway. Consistent with Baddeley and Hitch’s model of working memory 

(described in Baddeley et al., 2009), forward digit span tapped the phonological loop, 

backward digit span tapped the phonological loop and the central executive, and spatial span 

tapped the visual-spatial sketchpad. Given the findings supporting a relationship between 

working memory, math performance and math anxiety, and the application of these three 

working memory measures in the Pathways model, these measures were used in the current 

study. 

 Spatial factors.  Spatial abilities are related to early math learning, later math 

achievement (Mix & Cheng, 2012), and to participation and success in science- and 

engineering-related fields (Wai et al., 2009). The correlation between spatial and 

mathematical skills among children is well established (e.g. Gunderson, Ramirez, Beilock, & 

Levine, 2012; Rotzer et al., 2009).  For example, in a study of 157 children in grades two and 

three, LeFevre et al. (2013) found positive correlations between spatial span measures, 

arithmetic skills, and number system knowledge. The Pathways model (LeFevre et al., 2010) 

further supports the role of spatial processing as a cognitive foundation of math learning.   

Because of this strong relation between spatial processing and math performance, spatial 
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processing should be considered a potential influence on the relations between math anxiety 

and math performance. 

 Spatial abilities are not clearly delineated in the literature. Wai et al. (2009) have 

identified them as, “reasoning with figures and shapes”.  This definition however, covers a 

broad range of skills.  Classifying the distinct factors or subcomponents related to spatial 

abilities has been the approach of most researchers (Mix & Cheng, 2012; Uttal et al., 2012). 

Uttal (2012) distinguishes between intrinsic and extrinsic spatial information.  Intrinsic 

information specifies the “parts and relations between the parts that define a particular 

object.”  Extrinsic information refers to “the relation among objects in a group, relative to 

one another or to an overall framework.” These distinctions correspond to Hegarty’s (2006) 

categorization of spatial abilities as small- and large-scale skills, where small scale refers to 

single objects that require a mental transformation such as a mental rotation or shape 

manipulation (intrinsic) and large scale refers to relations among objects and navigation 

through space such as map reading or perspective taking (extrinsic).  I discuss the current 

research on the relations among spatial processing, math performance, and math anxiety 

using Hegarty’s categorization as a framework. 

  Small-scale spatial processing skills linked to math development and performance 

includes a) spatial visualization, b) mental rotation, and c) disembedding  (Mix & Cheng, 

2012). Spatial visualization involves mental transformations of 2-dimensional and 3-

dimensional objects and disembedding refers to finding figures in distracting backgrounds. 

Large-scale spatial skills such as map reading and perspective taking have not been linked to 

math performance but have been assessed in terms of math anxiety so are discussed. 
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 a) Small-scale processing: Spatial visualization. Miller and Bichsel (2004) were the 

first to examine a link between spatial visualization and math anxiety. In their study, 

participants looked at an image of a piece of paper on a computer screen.  The paper had 

been folded either 1, 2, or 3 times and then punched with a hole-punch.  Participants had to 

determine how the paper would look unfolded.  This task correlated with performance on 

basic (r=33) and applied (r= .27) math and was a significant predictor of both mathematical 

measures, independent of verbal working memory and math anxiety. Math-anxious adults 

also performed significantly worse on this spatial visualization task than non-anxious adults 

whereas they showed no significant performance differences on a verbal working memory 

measure. Miller and Bichsel concluded that math anxiety was primarily linked to spatial 

working memory resources
 2

 (indexed by the paper-folding task), compared to verbal 

working memory resources.  

 Maloney et al. (2012) also considered the relation between spatial imagery and math 

anxiety. In two experiments, Maloney et al. surveyed approximately 370 adults on their math 

anxiety levels and self-reported spatial imagery skills and interests.  Math anxiety was 

negatively related to self-reported spatial imagery skills and interests (Experiment 1,   (118) 

= -.45; Experiment 2,   (249) = -.38). Further, self-reported spatial skills mediated the 

relation between gender and math anxiety. Based on these findings, they posited that spatial 

processing was a potential risk factor for math anxiety and that poor spatial skills accounted, 

in part, for gender differences in math anxiety because women generally have poorer spatial 

skills than men (Uttal et al., 2012; Voyer et al., 1995).  Maloney et al. also hypothesized that 

                                                        
2
 Miller and Bichsel (2004) identified this task as a visual spatial working memory task.  

Subsequent research into categorizing spatial abilities defined the paper folding task as a 

spatial visualization task (Mix & Cheng, 2012)  
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math performance in adults would mediate the relation between gender and math anxiety, 

although this hypothesis was not tested. I would not anticipate mediation in this direction 

because a considerable body of research finds that gender and math performance are 

unrelated (Hembree, 1990).  Thus, although women are more likely to be math anxious than 

men (at least under some conditions), math performance is typically not related to gender and 

so it could not function as a mediator.   

  b) Small scale spatial processing: Mental rotation. Ferguson, Maloney, Fugelsang, 

and Risko (2015) conducted four different experiments in which they assessed relations 

between spatial processing and math anxiety. Mental rotation skills (a spatial skill related to 

math performance) were measured using the Visualization of Rotations Section of the Revised 

Purdue Spatial Visualization Test.  In this computerized task, participants are shown two 

images of a 3-dimensional object: the second image is a rotated version of the first image 

(e.g., a 90
o
 rotation). 

 
The task is to mentally rotate a different 3-dimensional object to the 

same degree (e.g., 90
o
) and choose the image that corresponds to the rotation of this different 

object. 
 
Participants were given 5 rotated images to choose from. Mental rotation correlated 

weakly but significantly with math anxiety in Experiment 3 (r=-.22) and Experiment 4 (r=-

.18). Mental rotation mediated the relation between the effects of large-scale spatial 

predictors in Experiment 4 (e.g., self-reported sense of direction and the money test of 

directional sense) and math anxiety. This pattern supports Maloney’s hypothesis that there is 

a relation between math anxiety and spatial processing.   

 Maloney et al. (2012) found that self-reported spatial skills fully mediated the gender 

and math anxiety relationship.  In two experiments trying to replicate this work using a 

mental rotation task as opposed to self-reports as the measure of spatial abilities, gender was 
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not consistently correlated with math anxiety (supporting the inconsistent gender effect 

referred to earlier) thus limiting the possibility for mediation. Ferguson et al. therefore 

combined results of these two experiments (thus obtaining a significant correlation between 

gender and mental rotation) and reported a partial mediation of mental rotation of the gender 

and math anxiety relationship. Interestingly, full mediation occurred when self-reported 

spatial anxiety was entered into the model.  This pattern suggests that it is self-reporting of 

spatial skills and spatial anxiety that is most strongly linked with the gender and math anxiety 

relationship, not actual spatial abilities. These inconsistencies support the use of multiple 

behavioral measures of small-scale spatial processing to cover a broader range of the 

spatial/math anxiety relationship.  

 c) Small-scale spatial processing: Disembedding.  A moderate correlation between 

performance on disembedding tasks such as the hidden figures task, and math scores has 

been observed in children in kindergarten and grade two (Mazzocco & Myers, 2003; Vaidya 

& Chansky, 1980) and children in grades 5 and 6 (Guay & McDaniel, 1977).  There is 

currently no published work, to my knowledge, on disembedding and math anxiety.  In the 

current study, the hidden figures task was included as a measure of disembedding to broaden 

the range of small-scale processing measures. 

 Large scale spatial processing: Map reading and sense of direction.  Ferguson et al. 

(2014) examined the relation between large-scale spatial processing and math anxiety using 

two large-scale spatial processing measures, a sense-of direction survey and the money test. 

The money test is an online task (adapted by Ferguson et al.) where participants were shown 

a street map with paths labeled either L for left, or R for right.  Some turns were labeled 

incorrectly. The participants imagine they are walking the path and note if the turn is labeled 
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correctly or incorrectly. Although Ferguson et al. reported weak correlations between math 

anxiety and self-reported sense-of-direction (i.e., Experiment 1, r (2057) = -.21, Experiment 

2, r (251) =  - .17, and Experiment 4, r (255) =-.17), self-reported sense of direction was not 

predictive of math anxiety when gender and general anxiety were control variables.  

Similarly, the money test weakly correlated with math anxiety (Experiment 3, r=-.13; 

Experiment 4, r=-.19) but was not predictive of math anxiety when gender and general 

anxiety were control variables. If spatial processing is related to math anxiety, it is expected 

that the spatial skills that relate to math performance, such as small-scale spatial processes 

(e.g. mental rotation task, disembedding), would be the spatial skills related to math anxiety.  

Because Mix and Cheng (2012) noted a lack of relation between map reading and 

mathematics, I would not anticipate a relation between Ferguson et al.’s map reading related 

tasks and math anxiety and thus did not assess large-scale spatial skills in the present 

research.   

 There are a number of limitations in the existing research that links spatial processing 

and math anxiety.  First, in Maloney et al. (2012), spatial processing was not measured 

directly -- only self-reported spatial abilities were assessed. This limitation was addressed in 

Ferguson et al. (2015). Second, in Ferguson et al., results were not consistent across the four 

experiments. Third, math performance was not measured in either Maloney et al. or Ferguson 

et al. and so any hypothesis about relations to math performance were untested. Accordingly, 

to better understand the role of spatial processing in math anxiety, we must consider the 

aspects of spatial processing related to math performance. 

 Quantitative factors. Foundational quantity knowledge includes an understanding of 

absolute and relative magnitude. Quantity can be represented either concretely, that is, non-
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symbolically (e.g. dots, shapes, objects) or symbolically (Arabic digits). Quantitative 

processing of non-symbolic numbers starts early: Five-month-old infants can differentiate 

non-symbolic quantities such as two and three items (Starkey & Cooper, 1980). Infants can 

also recognize when small quantities do not add up.  For example, if the infant is shown two 

items and then one more is added, they are surprised if the total number of items is not three 

(Wynn, 1992). This early recognition of non-symbolic quantity is thought to scaffold the 

understanding of digits and the quantity they represent. (e.g., 3 mapped to ***) (for 

discussion see Ansari, 2008).  Although the non-symbolic quantity may initially be mapped 

to symbolic number knowledge and thus show mutual facilitation, beyond kindergarten, 

research has shown that it is children's knowledge and performance in symbolic processing 

tasks that accounts for the majority of variance in their arithmetic abilities (Holloway & 

Ansari, 2009; Lyons et al., 2014).  I will therefore focus my analysis on symbolic quantity 

processing.  

 The quantitative precursors in the Pathways Model (LeFevre et al., 2010; Sowinski et 

al., 2015) included measures of subitizing, counting, and symbolic magnitude comparison. 

All three of these quantitative precursors have been assessed in current math anxiety research 

and correlations between math anxiety and both counting and symbolic magnitude 

comparison have been found (Maloney et al., 2010; 2011). In the current research, measures 

involving counting and symbolic magnitude comparison were included. I will now review 

Geary’s view of the structure of quantity knowledge to organize additional quantitative 

precursor skills.  I will then use this organization to review the literature on these symbolic 

quantity measures and their relation to math performance and then discuss how these 

measures have been used in math anxiety research. 
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 Geary (2013) identifies four aspects of quantity knowledge that relate to early 

learning: (a) a sense of magnitude, (b) an understanding of the logical relation among 

quantities, (c) fluent mapping of quantities and digits and (d) the ability to operate on 

symbols. Although these aspects are not totally distinct, to differentiate widely used symbolic 

quantity measures, I have organized them based on Geary’s four classifications. 

Symbolic quantity measures and math performance. 

 a) Magnitude comparison tasks require individuals to discern which quantity is larger 

(e.g., 6 or 9). In symbolic magnitude comparison tasks, participants are typically rated on 

their speed and accuracy of response (e.g., DeSmedt et al., 2009; Sasanguie et al., 2011). 

Symbolic magnitude comparison tasks predict later math performance in young children 

(e.g., DeSmedt et al., 2009; Lyons et al., 2014) and correlate with current math performance 

in children and adults (Fazio et al., 2014; Holloway & Ansari, 2009; Nosworthy et al., 2013; 

Vanbinst et al., 2012).  These tasks target knowledge of magnitude through comparison.   

 b) The ability to order relative magnitudes indicates an understanding of the relation 

among quantities (Geary, 2013).  Order judgment tasks involve looking at a sequence of 

numbers and quickly and accurately judging if the sequence is ordered (e.g. 4 5 7 or 7 5 4) or 

unordered (e.g. 4 7 5 or 7 4 5). In a pivotal paper outlining the relative contribution of 

various quantitative tasks in predicting arithmetic performance, Lyons et al. (2014) found 

that as children get older, ordinal tasks become a stronger predictor of performance than 

magnitude comparison tasks. This ability to quickly judge whether a set of digits is ordered is 

thought to be an important precursor or building block for complex arithmetic (Lyons & 

Beilock, 2011). These tasks are a measure of quantity knowledge that relies on participants' 

order judgments.    
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 c) and d) The number sets task was designed to capture both mapping skills and the 

ability to operate with digits thus including competencies in counting and simple arithmetic 

(Geary, 2007).  This task was developed as a potential screening tool for identifying children 

at risk for mathematical learning disability. It has not, until now, been used as a measure in 

math anxiety research.  It may however be a useful tool as competencies in simple arithmetic 

and counting have been correlated with math anxiety.  For example, Faust, Ashcraft and 

Fleck (1996) found differences in judging simple addition problems between high- and low- 

math-anxious participants, and Maloney et al. (2010) found high-math-anxious adults were 

slower enumerating quantities than low-math-anxious adults. 

 Symbolic quantity measures and math anxiety.  Faust et al. (1996) were the first to 

propose a link between symbolic quantity processing and math anxiety. In a study on 

addition and math anxiety, young adults were asked to verify the solution of simple (e.g., 

7+9=15) and complex addition problems (e.g., 35+26). High math anxious participants were 

slower at reporting false responses and became less accurate in their judgments as the 

solutions became less plausible (e.g., 7+9=39).  Faust et al. suggested this reflected a deficit 

in basic quantity representation.  

 Maloney et al. (2010; 2011) extended this research by looking specifically at 

performance on counting and magnitude comparison tasks in math-anxious adults. 

In Maloney et al. (2010), participants were shown a computer screen with anywhere from 1 

to 9 boxes. They responded by stating the number of boxes displayed. High math anxious 

adults were slower enumerating increasing quantities in the counting range (5–9) than low 

math anxious adults whereas there was no difference in the subitizing range (1-4). According 

to Maloney, this slower response time in the counting range indicates math anxiety is related 
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to a low level deficit in counting, an index of quantity processing. The small effect size 

(ɲ
2
=0.10) however suggests that additional factors account for the majority of the variance in 

counting performance. 

 In magnitude comparison tasks, high math-anxious participants demonstrated a larger 

numerical distance effect than low math-anxious participants (Maloney et al., 2011).  The 

numerical distance effect is that people are slower to make magnitude judgments when 

numbers are close (e.g., 4 vs. 5, or 4 vs. 6) than when they are farther apart (e.g., 4 vs. 7 or 4 

vs. 8; Dehaene et al., 1990; Holloway & Ansari, 2009). The distance effect has been 

attributed to overlapping representations of closer quantities.  For example, 3 and 4 have a 

more similar mental representation than 3 and 9 (Holloway & Ansari, 2009).  An increased 

distance effect for math-anxious participants was observed under two experimental 

conditions; identifying if a target number was greater or less than five (Experiment 1) and 

comparing two digits and identifying the larger digit (Experiment 2). Maloney et al. 

concluded that math anxious participants have a less precise numerical representation as 

evidenced by performance differences in magnitude comparison tasks. Nunez-Pena and 

Suarez-Pellicioni (2014) replicated this result, finding a marginally larger distance effect in 

high- versus low-math-anxious participants but again, the effect size was small (ɲp
2
=.07).  

 Maloney and colleagues interpreted these studies as evidence that deficits in quantity 

processing may be a risk factor in math anxiety. There are however some limitations that 

temper this conclusion. First, in the counting study (Maloney et al., 2010), the high math 

anxious group also performed worse on a verbal working memory task than the low anxious 

group.  When working memory was controlled, there was no effect of math anxiety on 

enumeration of sets.  This pattern supports the hypothesis that working memory capacity 
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mediates the relation between math anxiety and enumeration. However, because working 

memory was not assessed in the magnitude comparison studies (Maloney et al., 2011; 2012),  

the hypothesis that the relations between quantity processing and math anxiety are mediated 

by working memory was not tested. More generally, results of each study are based on only 

one quantity measure, either counting or magnitude comparison.  Multiple measures of 

quantity would better index quantity processing.  These limitations were addressed in the 

current research.  

 Limitations in the research on cognitive foundations and math anxiety. To integrate 

the research on foundational factors related to math anxiety, limitations in the existing 

research must be addressed. One of the biggest limitations is that the foundational predictors 

(spatial processing and quantity processing) have been studied independently with respect to 

math anxiety. The Pathways model (LeFevre et al., 2010; Sowinski et al., 2015) supports a 

shared influence between spatial/attentional and quantity processing and math performance 

As these processes are likely related, they should be considered together so any relation 

between the two processes can be examined. To address this limitation, attentional factors, 

spatial factors, and quantity factors were assessed in the current research.   

 Another limitation was the use of single measures to capture processing skills.  For 

example, spatial skills were measured with either a survey or mental rotation task and 

quantitative skills were measured either by counting or symbolic magnitude comparisons. 

This assumes that spatial processes and quantitative processes can be captured by a single 

task. The current research uses multiple measures to index each of attentional, spatial, and 

quantity processing. Two measures were also used to assess math anxiety.  
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 A final aspect to consider is the interpretation of results.  To test the hypothesis that 

deficits in foundational processes relate to poor performance, and as such, are a risk factor 

for math anxiety, longitudinal research is necessary.  However, in the absence of longitudinal 

data, research that measures all of the factors that have been proposed as potential mediators 

of the relations between math anxiety and performance, that is, foundational factors, spatial 

abilities, math anxiety and math performance will provide additional information on the 

relationship between these predictors and outcomes.  The current research included multiple 

measures of math performance. 

The Current Study 

 The goal of the present study was to develop a clearer understanding of the risk 

factors associated with math anxiety by linking the research on foundational mathematical 

processing with the math attitudes and performance observed in math-anxious adults. Target 

risk factors included perceived competence, gender, attentional factors, spatial processing 

and symbolic quantity processing. Gaps in the existing research and untested hypotheses 

were identified and assessed. The primary aims were to address the questions of whether 

math anxiety was related to basic quantitative deficits in foundational math processing and 

the extent to which the relation between foundational skills and performance is mediated by 

math anxiety.   

 Before specifically addressing these gaps and untested hypotheses, I will briefly 

summarize the test measures that have been included in the present study.  Math attitudes 

were assessed with two math anxiety surveys and a survey on perceived math competence.  

The primary math anxiety survey used in the data analysis was the abbreviated math anxiety 

survey (AMAS) developed by Hopko et al. (2003). The AMAS has been used extensively in 
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math anxiety research and was the measure used by Maloney et al. (2010; 2011; 2012) thus it 

allowed me to captured the same elements of math anxiety as in these previous studies. 

 Foundational mathematical processing included attentional factors, and spatial and 

symbolic quantity processing.  Multiple measures were used in each of these areas; working 

memory/attention was assessed using the forward digit span, backward digit span, and spatial 

span.  Spatial processing was measured with a mental rotation task and the hidden figures 

task.  Symbolic quantity processing included magnitude comparison, number-ordering 

judgments, and the number sets task.  Math performance was tested with three measures, 

simple fluency (e.g., 3+6), complex fluency (e.g., 37-18) and procedural arithmetic (e.g., 8¼ 

- 5⅔). These measures are discussed in greater depth in the methods section however the 

measurement of anxiety is discussed below. 

 The historical approach to analyzing math anxiety typically categorizes the 

participants in groups based on their degree of math anxiety.  Categorization is variable, 

however.  For example, participants have been divided into four groups (Faust et al., 1996), 

three groups (Hopko et al., 1998; Kellogg et al., 1999; Sheffield & Hunt, 2006, Ashcraft & 

Kirk, 2001), and two groups (Hopko et al., 2003; Maloney et al., 2010; 2011; 2012).  In each 

of these studies, participants were pre-selected based on their scores on survey measures of 

math anxiety.  Categorizations were typically related to the range of math anxiety scores 

within each sample.   For example, in the studies using two groups, the low-math anxious 

groups scored one or more standard deviations below the mean and the high-math anxious 

group scored one or more standard deviations above the mean. The practice of dichotomizing 

or grouping continuous data is generally not recommended (e.g., Cohen, 1983; Deyi et al. 

1998) and in fact, the journal Medical Decision Making has strict limitations with regards to 
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publishing articles that partition continuous variables (Dawson & Weiss, 2012).  Partitioning 

or dichotomizing data results in a “loss of information about individual differences” 

(MacCallum, Zhang, Preacher, & Rucker, 2002).  Effect size and power are generally 

reduced however a higher correlation may be observed if there are sampling errors, a small 

sample size, or a small sample correlation (Cohen, 1983; MacCallum et al., 2002). To avoid 

these potential misrepresentations, math anxiety was analyzed as a continuous variable in the 

present study.   

 Hypothesis 1: Perceived math competence will mediate the relation between 

math anxiety and mathematical performance.  Elliot (1999) hypothesized that domain-

general perceived competence moderates the effect of anxiety on performance.  A domain-

specific mediation model was tested with math self-efficacy (Randhawa et al., 1993) but 

there is a gap in the research with respect to domain-specific perceived math competence.  

The present study addressed this gap by testing the relationship between math anxiety, 

perceived math competence and math performance. Figure 2 illustrates the hypothesized 

mediation model. 

 

Figure 2: Hypothesized model capturing the relationships between math anxiety, perceived 

math competence and math performance 

 Hypothesis 2: Women and men will differ in their levels of math trait anxiety but 

no gender differences will be observed in levels of math state anxiety. The inconsistency 

Perceived math 
competence

Math anxiety Math 
performance
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of gender differences and reported math anxiety was addressed using Goetz’s (2013) 

hypothesis.  Goetz et al. initially tested this hypothesis using a limited and inconsistent 

measure to compare math trait and math state anxiety.  For example, state anxiety was 

measured with a one-question survey. The current study addressed this limitation by 

employing the Abbreviated Math Anxiety Survey (AMAS), a reliable and consistent measure 

of math anxiety. The AMAS was administered such that half of the participants completed 

the survey prior to any testing (thus capturing trait anxiety) and the other half completed the 

survey immediately following a challenging math assessment (capturing state anxiety). I 

predicted an interaction between gender and test timing anticipating women would report 

more anxiety than men in the trait (early) anxiety condition and comparable math anxiety in 

the state (later) anxiety condition. 

 Model Testing Part 1:  Math anxiety is predicted by deficits in the foundational 

building blocks (i.e., spatial and quantitative) of math cognition.  

 

 

 

Figure 3 Model suggested by the literature illustrating the relationship between cognitive 

math foundations, math anxiety and math performance 
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 Maloney and colleagues (2010; 2011; 2012) developed the hypothesis that math 

anxiety is related to deficits in the foundational building blocks of math cognition, that is, 

spatial and quantitative processing, by looking at each predictor independently and with a 

limited number of cognitive measures.  The present study aimed to address this limitation by 

regressing multiple measures of cognitive processing on math anxiety.  Attentional factors 

and gender were used as control variables and the unique and shared variance of spatial and 

quantitative factors was calculated. As illustrated in Part 1 of Figure 3, I tested Maloney et 

al.’s hypothesis that both spatial and quantity processing would uniquely predict math 

anxiety. Control variables included attentional factors and gender. 

 Model testing part 2: Math anxiety will partially mediate the effect of quantity 

and spatial processing abilities on math performance.  Based on Maloney et al. (2010; 

2011; 2012) and Ferguson et al. (2015), math anxiety should mediate the relation between 

foundational skills and performance, however, this assumption has not been tested. The 

current study aimed to determine if mediation is a valid assumption and if so, the extent to 

which mediation occurred. Figure 3 illustrates the complete model outlining the predictor 

pathways of math performance.  If part 1 of the model captures the relationship between 

math anxiety and cognitive foundations, the full model can be tested.  This full model reflects 

the view, expressed by Maloney and colleagues that, "math anxiety could result from a basic 

low level deficit in numerical processing that compromises the development of higher level 

mathematical problem solving” (Maloney et al., 2010, p. 296).  If part 1 of the model does 

not capture the relationship between math anxiety and cognitive foundations this will provide 

an opportunity to present a new model to better capture the complexity of relationships 

between math foundations, math anxiety and math performance. 
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 Chapter 2: Method 

 

Participants 

 A total of 74 young adults were recruited from Carleton University and the 

surrounding area (Mean age = 20.0, Median age = 20.0 years; range from 16 to 32; 66% 

female).  Participants received either $15 (n = 41) or course credit for participating in the 

study. All participants spoke fluent English.  For 70% of the participants, English was their 

first language.  The most frequent alternatives were Chinese (15%), Arabic (4%) and French 

(3%).  Approximately half of the population (n=33) were pursuing degrees in the sciences.  

 The majority of participants were undergraduate students (83%). Grade 12 students 

(16%) and graduate students (1%) made up the remainder of the population. Of the total, 

most students were in first (34%) and second (22%) year of university. The primary areas of 

study included science (36%), arts (12%), and education (12%). 

Materials and Procedures 

 Participants were tested in a quiet space either individually or in pairs. Table 2 

outlines the duration and order of the test methods used.  Total testing took approximately 

one hour. Ordering of the tests was designed to provide a mix of short and simple tasks with 

the more complex and time-demanding tasks.  All participants completed the math 

background and interests questionnaire first, followed by the perceived competence measure. 

Subsequently, half of the participants completed the adult version of the child’s math affect 

survey (CMAS-A) at the start of the testing and the abbreviated math anxiety questionnaire 

(AMAS) at the end of the testing.  The other half completed the AMAS first and the CMAS-
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A last.  The intervening tasks were all administered in the same order, as indicated in Table 

1, between the two math anxiety measures. 

Table 1:  Testing Order and Estimated Test Duration 

 

Testing 

order 

Test Description Estimated Max. 

Time (min) 

Affective Measures 

1 Math Behavior and Interests Questionnaire  3 

2 Perceived math competence (PALS) 3 

3 / 14 Abbreviated Math Anxiety Scale (AMAS) 3 

14 / 3 Math Affect Survey (CMAS-A) 3 

Cognitive Measures 

 Working Memory 

4 Forward and backward digit span 2 

5 Spatial span 4 

 Quantitative 

6 Magnitude comparison 2 

8 Numerical ordering 3 

9 Number sets task 4 

 Spatial 

7 Mental rotation 7 

10 Hidden figures  8 

Performance Measures 

11 Simple fluency 1 

12 Complex fluency (CFT) 4 

13 Procedural arithmetic (BMA-3) 5 

 

Measures: Mathematical Affect 

 The math background and interest questionnaire (MBIQ) is a brief survey 

of math background and interests made available through Survey Monkey (see 
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Appendix 2). The survey was completed on the iPad using participant codes.  No 

names are associated with the data.  

 The perceived math competence scale (Kaplan & Midgley, 1997) was 

adapted from the Patterns of Adaptive Learning Survey (Midgley, Maehr, & Urdan, 

1993).  In this iPad-based questionnaire, participants rate how closely a given math-

related statement describes them (see Table 2).  A 5-point Likert scale ranging from 1 

representing “not at all true of me” to 5 indicating, “very true of me” is used. Scoring 

ranges from 7-35 with negatively focused items reverse-scored. A higher score 

indicates a higher level of perceived math competence. Measured internal consistency 

of the scale with this test population was high (α = .90).  

 The child’s math affect survey – adult version (CMAS-A) is a 14-question 

abbreviated and modified version of the Scale for Early Mathematics Anxiety 

(SEMA) survey (Wu et al., 2013) developed by the author. In this pencil and paper 

survey, participants rated their anxiety on a pictorial scale ranging from high 

confidence (1) to high anxiety (5). Questions related to situations involving both math 

and language learning and performance.  This survey is discussed in detail in 

Appendix 1.   

 The abbreviated math anxiety scale (AMAS) is a nine-question survey used 

extensively to measure math anxiety in adults. Hopko et al. report excellent test-retest 

reliability (r =. 85; 2003) and internal consistency was high with this test population 

(α = .93).  In this survey, participants are asked to rate their anxiety during a specified 

task such as, “Listening to a lecture in math class.” The response scale ranges from 1 

for low anxiety to 5 representing high anxiety with total scoring ranges from 9-45.  
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This survey was completed on the iPad. As this measure is used extensively in math 

anxiety research, it will be the primary math anxiety measure used in subsequent 

analyses. 

Cognitive Measures 

 Participants completed a number of working memory/attentional, quantitative, 

and spatial measures. 

 Working memory/attentional Two verbal memory assessments were 

administered; forward digit span and backward digit span. The forward span is 

primarily a measure of short-term auditory memory and the backward span taps into 

verbal and central executive working memory capacity.  

 Forward span. In the forward span, the tester reads a sequence of numbers.  

The “span” refers to the number of digits in the sequence. The tester begins with a 

sequence of three digits. The participant repeats that sequence in order.  There are two 

trials for each digit span (e.g. for the 3-digit span; 3-8-6 and 6-1-2).  If one of the two 

trials is recalled correctly, the tester will increase the span size by one digit. Testing 

continues until the participant is unable to recall both trials for a given span size.  

Scoring is the maximum sequence length with just one trial correct. 

 Backward span. In the backward span, the experimenter recites a list of 

numbers (e.g. 2-7-4). The participant then repeats the numbers in reverse order, 

starting from the last number and ending with the first number recited (e.g. 4-7-2). 

The task begins with two trials of 2 digits.  The same procedure as the forward digit 

span was used to determine when the test was terminated and test scoring. Reliability 

measures of .70 to .90 are based on Conway et al. (2005).  
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Spatial span. This task is an index of spatial working memory capacity 

(LeFevre et al., 2010). In this iPad version, PathSpan, there is pseudo-random array 

of nine green circles on the screen as shown in Figure 4.  For each trial, these circles 

light up in a sequence or pattern.  The participant watches and then copies the forward 

pattern by touching the circles in the order in which they flashed.  Following task 

instructions, the participant completes a practice trial with a sequence length of 2.  

There are three trials for each span and testing ends when all three trials are recalled 

incorrectly.  The participant was scored on the maximum sequence length with one 

correct trial.  This task takes approximately 4 min. to administer.  Split-half reliability 

for a similar version of this task was calculated as 0.79 by LeFevre et al. (2010).  In 

the test population, internal consistency comparing maximum sequence length with 

one, two or three correct was .78.  

 

Figure 4. Screen shot of iPad app PathSpan  

Symbolic quantity measures 

Symbolic magnitude comparison. Quantitative knowledge refers to the ability 

to discern, estimate and compare magnitudes. The symbolic magnitude comparison 
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assesses understanding of quantity involving Arabic digits.  In this timed paper and 

pencil task, participants compare single digit pairs where digits range from 1 to 9.  

Participants cross out the larger of the two digits and are timed as they complete the 

task. To ensure understanding, the tester demonstrates a practice trial with three 

sample items.  The participant then independently completes nine practice items.  The 

test consists of 2 pages (forms a and b), each with 15 items.  The participant is 

instructed to complete the page as quickly and accurately as possible. Each page is 

completed separately.  Scoring was based on the number of correct items completed 

per second and averaged between the 2 pages.   Placement of the larger digit is 

counterbalanced in this version.  The measure is based on the design by Nosworthy 

and colleagues (2013) and adapted by Sowinski.  See Appendix 3 for a copy of the 

task. Reliability comparing forms A and B was very high (α = .96). 

Numerical ordering. Numerical order refers to whether a series of numbers 

are increasing (e.g., 1  2  3), decreasing (e.g., 8  5  4) or if they are non-ordered (e.g., 

5  3  7).  This timed paper and pencil task was created by the author, based on work 

by Lyons and Beilock (2009, 2011) and Bourassa (2014).  Sequences were selected 

from four different categories, as shown in Table 5. Two pages (form A and form B) 

with 32 sequences per page were created.  There were eight examples of four 

different types of sequences per page. Table 5 illustrates the types of sequences and 

how these sequences differed between the pages.  Counting sequences are 

consecutive numbers (i.e., differences of one between each pair) whereas non-

counting sequences have no obvious numerical relations in the numbers (i.e., 

differences are unequal between pairs and there are no arithmetic relations such as 1 3 
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4). Half of the ordered sequences were ascending and half were descending. The 

number stimuli were the same for both pages but the ordering was alternated. For 

example, an ascending sequence became a descending sequence and an unordered 

sequence where the first two digits increased, became an un-ordered sequence where 

the first two digits decreased and vice versa. Reliability comparing Forms A and B 

was very high (α=. 95). 

Table 2:  Numerical Ordering Sequences - Descriptions and Sample Stimuli  

Sequence description Sample sequence 

 Form A Form B 

Ordered counting  2 3 4 4 3 2 

Unordered counting 9 7 8 8 9 7 

Ordered non-counting 7 6 3 3 6 7 

Un-ordered non-counting 1 7 4 4 1 7 

 

Participants were instructed that they would see sequences of three digits that 

ranged from 1 to 9.  If the digits are ordered they should place a check mark beside 

the sequence. If the digits are non-ordered, they should place an X beside the 

sequence. The researcher demonstrated the task with three practice sequences.  The 

participant then completed a practice trial of 6 sequences.  The researcher reviewed 

the results to ensure understanding of the task. The participant is instructed to 

complete the task as quickly and accurately as possible. Scoring followed the same 

procedure as the magnitude comparison task, number correct per second. 
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Number sets. Participants competed the number sets task developed by Geary 

et al. (2009).  In this timed pencil and paper task, participants map digits onto picture 

representations and perform simple addition with these mappings.  They look at sets 

of digits, objects (e.g. dots, diamonds or stars), or a combination of the two and 

determine if their combined magnitude matches a target number.  The set stimuli are 

presented as either 2 or 3-squared dominoes with a digit, a set of shapes or a blank in 

the domino squares.  Participants looked at the set stimuli and circled the 

combinations that added up to the target number.  Figure 5 shows sample stimuli for 

the target number 5. 

 

Figure 5.  Sample stimuli from the number sets task.  Target number is 5. 

The participant completed a practice trial for the target number of 3.  The 

participant then completed two pages with a target number of 5 and two pages with a 

target number of 9.  Each page had 18 test items and is completed separately and 

timed. The participant is instructed to complete the page as quickly and accurately as 

possible.  Scoring is based on a sensitivity measure (d’) - the number of correct 

responses minus the false alarms where false alarms are circled number sets that do 

not add up to the target number. This measure is then divided by the time required to 

complete the page. Reliability comparing the four pages was very high (α=. 91). 
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Spatial Processing 

Mental rotation. Shepard and Metzler first used the mental rotation task in 

1971. I administered the redrawn version created by Peters (1995). In this task, 

participants view four test figures and one target figure and are expected to mentally 

rotate the four test figures and choose two out of the four that match the target figure 

on the left.  Figure 6 shows a practice item from the task.  The researcher guided the 

participants through four practice items.  Participants were then given seven minutes 

to complete as many questions as they could. There are a total of 24 questions. 

Participants were scored correctly only if the two matched test figures were correctly 

identified. This test has both strong internal consistency (KR-20 = .88) and test-retest 

reliability (r = .83) as reported in Peters (1995). 

 

Figure 6.  Mental rotation task practice item from Peters (1995). 

 Hidden figures.  In the Hidden Figures test (Eckstrom et al., 1976) participants are 

asked to identify which of five simple geometric figures is embedded within a complex 

figure (see Figure 7).  Test-retest reliability is high (.78 to.92; Kepner & Neimark, 1984) in a 

group-administered version of the task. Participants were guided through 2 practice 

questions.  They were then given eight minutes to complete the 16 questions.  Participants 

were scored on the number of questions attempted and the number correct.  
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Figure 7.  Practice task from the hidden figures test.  Hidden figures have been 

outlined. 

Mathematical Performance Measures 

 Simple arithmetic fluency. Fluency of single-digit addition with sums less 

than or equal to nine was measured using an iPad app (MadMinute) developed for the 

Math Lab at Carleton.  In this task, participants completed a practice trial consisting 

of two questions prior to completing the 1-minute timed task. Scoring was based on 

the number of correct sums completed per minute.  Similar paper and pencil fluency 

assessments, such as the Woodcock and Johnson III, report reliabilities of .80 to .90 

(Woodcock et al., 2001).  See Appendix 4 for a screen shot of this app. 

 Complex arithmetic fluency.  Fluency of multi-digit arithmetic was 

measured using the Calculation Fluency Test (CFT) developed by the Math Lab at 

Carleton (Sowinski et al., 2014). This pencil and paper test consists of one page each 

of double-digit addition (e.g. 28 + 13), double-digit subtraction (e.g. 89 - 60) and 

multiplication (e.g. 16 x 8).  Participants first complete two practice questions for 

each operation and may ask the experimenter for help. Following this, they are given 

one minute per page to quickly and accurately complete as many questions as they 
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can.  Scoring is based on the total number correct. Cronbach’s alpha was .90 

comparing results on the three operations. 

 Procedural arithmetic. The Brief Math Assessment 3 was developed by 

Steiner and Ashcraft (2012) based on the Wide Range Achievement Test: Third 

Edition (WRAT3). In this un-timed paper and pencil test, participants complete ten 

progressively more difficult questions ranging from whole number addition and 

subtraction to fractions, decimals and algebra. The test takes approximately six 

minutes to administer.  Scoring is based on the total number correct.  Steiner and 

Ashcraft report a Cronbach’s alpha of .69 based on 11-point scoring of the 9 items. 

See Appendix 5 for the complete test. 
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Chapter 3 – Results 

 I begin the analysis by examining performance on the individual measures, that is, 

presenting the descriptive statistics, addressing any discrepancies in the data, and reporting 

on data reduction. Subsequently, the hypotheses and models outlined in the introduction were 

tested to examine the relations among foundational spatial and quantitative processes, math 

anxiety, and performance.  

Descriptives: Affective Measures   

 The Abbreviated Math Anxiety Scale (AMAS).  The AMAS was used as the main 

math anxiety measure as it has been used extensively in other math anxiety studies.  To 

evaluate the test population, I compared their performance on the AMAS to performance 

reported in the literature. Questions and average ratings to the questions on the survey are 

shown in Table 3.  The overall mean score for the AMAS (M=23.0, SD = 8.5) and range of 

mean scores (9 – 45) correspond closely to results reported by Hopko et al. (2003; M= 21.1, 

SD = 7.0) for a large group of undergraduate students (N= 1,239).  The distribution of scores 

for the test population had a slight positive skew (0.64, p<05) with no outliers.  
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Table 3: Abbreviated Math Anxiety Scale, Questions and Responses (N = 74) 

Question M  SD 

Having to use tables in the back of a math book. 

 

1.96 1.04 

Thinking about an upcoming math test one day before. 

 

3.08 1.26 

Watching a teacher work an algebraic equation on the blackboard. 

 

2.05 1.15 

Taking an examination in a math course. 

 

3.49 1.20 

Being given a homework assignment of many difficult problems, 

which is due the next class meeting. 

 

3.18 1.21 

Listening to a lecture in math class. 

 

1.85 1.16 

Listening to another student explain a math formula. 

 

2.14 1.31 

Being given a "pop" quiz in math class. 

 

3.26 1.24 

Starting a new chapter in a math book. 

 

1.96 1.15 

TOTAL AMAS score 22.96 8.52 

 

The AMAS has a 2-component structure, which Hopko et al. (2003) have labeled 

“learning math anxiety” and “math evaluation anxiety”.  To examine the specific responses 

in our sample population, the AMAS questions were entered into a principal component 

analysis and, as in Hopko’s analysis, two factors were extracted.  Table 4 shows the factor 

loadings based on our sample. The only difference between our observed factor loadings and 

Hopko’s findings are that question 5, related to homework, loaded on both factors in our 

population whereas in Hopko’s analysis, this question only loaded on the math evaluation 

factor.   

In summary, the results of the present analysis suggest that both the total score and 

individual factor loadings we obtained are similar to Hopko and colleague’s results, 
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suggesting that reported math anxiety of our sample is similar to the larger sample used in 

development and testing of the abbreviated math anxiety scale. 

 

Table 4: Principal Component Analysis and Factor Loadings for the AMAS 

 

Item Factor Loadings 

 Factor 1 

Learning 

Math 

Factor 2 

Math 

evaluation 

Learning Math   

7. Listening to a student explain a math formula. .85 .21 

6. Listening to a lecture in math class. .81 .36 

1. Using tables in the back of a math book. .80 .21 

9. Starting a new chapter in a math book. .81 .27 

3. Watching a teacher work on an equation at the blackboard. .77 .41 

5. Being given a difficult homework assignment. .62 .56 

Math Evaluation   

4. Taking an exam in a math course. .15 .90 

2. Thinking about an upcoming math test one day before. .36 .85 

8. Being given a pop quiz in math class. .37 .76 

% of variance 63.6 12.3 

  .92 .88 

  



43 

 

Perceived competence. The perceived competence scale (Kaplan & Midgley, 

1997) from the Patterns of Adaptive Learning Survey (PALS: Midgley, Maehr, & Urdan, 

1993) was included as an exploratory measure to evaluate the relation between perceived 

math competence and math anxiety.  Questions and responses to this survey are outlined 

in Table 5.  Means reported are similar to the item mean reported for the math-related 

perceived competence scale in Kaplan and Midgley (M=3.65, SD=.84, 1997). 

Table 5: Perceived Math Competence Scale, Questions and Responses (N = 74) 

Question  M 

 
SD 

Some of the work we did in math class was too difficult for me. * 

 

3.38 1.09 

I was certain I could master the skills taught in math class. 

 

3.50 1.14 

No matter how hard I tried, there was some work in math class I’ll 

never understand. * 

 

3.53 1.34 

I could do almost all the work in math if I didn’t give up. 

 

4.01 1.03 

I was certain I could do a good job on assignments and tests in math 

class. 

 

3.62 1.11 

If I had enough time, I could do most of the work in math class. 

 

3.96 1.09 

I was certain I could do even the most difficult work in math. 

 

3.14 1.22 

TOTAL score 25.14 6.36 

* Reverse-scored items 

 The Children’s Math Affect Survey, adult version (CMAS-A). A secondary 

goal of this research was to examine the Children’s Math Affect Survey–Adult by 

comparing it to the Scale for Early Mathematics Anxiety (SEMA) and the Abbreviated 

Math Anxiety Scale (AMAS).  As this analysis was not related to the primary focus of the 

research, the results and discussion pertaining to this survey were included in Appendix 1 

and not discussed in the main analysis.  
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Descriptives: Cognitive Processing 

 Descriptive statistics for the cognitive measures are shown in Table 6 and 

discussed under their respective headings. 

  Working memory. Mean digit spans were typical of those reported by other 

researchers.  For example, forward digit span is typically six or seven (Baddeley, 

Eysenck & Anderson; 2009, p. 20).  The current sample had a forward digit span of 

M=6.8.  Backward digit span is typically smaller: In a small-scale meta-analysis, 

Babcock and Salthouse (1990) reported an average backward digit span of 5.75 (based on 

14 studies with measured backward digit spans ranging from 4.6 to 7.4) for young adults.  

The mean backward span in this study (M=4.9) is within that range of measured spans. 

The spatial span performance with the PathSpan app has not previously been reported for 

adult populations, thus the mean spatial span length of 7.7 (based on the maximum span 

with one correct trial) may provide a baseline for further analysis using this test with 

adult populations.  The range of performance on the spatial span (4-10) included two 

participants with spans of 4 whereas no participants had spans of 5. These individuals 

were included in the analyses. In summary, performance on working memory measures 

for this sample appears similar to those in other studies with undergraduates. 

 Quantitative processing.  Three quantitative measures were administered; 

magnitude comparison, numerical ordering, and the number sets task.  In all tasks, there 

was a wide range in performance levels. Scores for the magnitude comparison and 

numerical ordering tasks were based on the average number of correct responses per 

second. The average score for magnitude comparison ranged from .84 to 2.5 correctly 
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identified items per second, for numerical ordering the range was from .25 to 1.04 items 

per second.  For the number sets task, the score was based on the number of correct 

responses less false alarms (i.e. circled dominoes that did not add up to the target 

number).  This score was then divided by the time taken to complete the task thus 

providing a score per second. The range of scores per second  (1.04 - 2.81) was also 

relatively wide. In all cases, scores were normally distributed.  There were two outliers 

with scores more than three standard deviations above the mean, one who outperformed 

in the magnitude comparison task, and one in the number sets task.  Both outliers were 

included in the subsequent analysis as their scores did not adversely influence the 

reported means. 

 Spatial processing. Mean number correct and standard deviations on the mental 

rotation task (M=9.8, SD=4.6) was similar to reported results by Peters et al. (1995; 

M=10.8, SD=5.0) for the same version of the task used in the present study.  

Scores on the hidden figures task ranged from 0-13.  The distribution was 

positively skewed (.76, p<.01) with one outlier at the upper end.  This task was 

challenging for many participants and three participants scored zero.  The mean of 4.3 

(SD = 2.9) is similar to those reported by Miyake et al., (range of means = 4-5, 2001) in   

multiple tests involving the hidden figures task. Performance on both spatial tasks 

appears reasonable for the population tested. 

Descriptive Analyses – Math Performance 

 Performance on the simple fluency and procedural arithmetic tests (brief math 

assessment-3) was normally distributed.  The calculation fluency task however, had a 

wide range of performance (11-88) and was positively skewed (.86, p<01).   
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Table 6: Descriptive Statistics and Correlations Among Affective, Cognitive and Outcome Tasks (M and SD) 

 Affect Working Memory Quantitative Spatial Mathematical Outcomes 

 AMAS PALS Digit 

span - f 

Digit 

span -b 

Spatial 

span 

Mag. 

comp. 

Order # sets MRT HFT Simple 

fluency 

CFT BMA3 

gender .17 .23 .15 .05 .19 -.11 -.08 -.19 -.19 -.24* -.04 .04 .20 

Affect Measures 

AMAS  .60** -.25* -.14 -.04 -.22 -.20 -.25* -.20 -.28* -.31** -.32** -.45** 

PALS   -.30**  -.12  .06 -.25 * -.34** -.34** -.30** -.29* -.23 -.24* -.39** 

 

Cognitive Measures 

Working Memory 

digit span-f   .47** .12 -.01 .13 .04 .14 .26* .18 .03 .20 

digit span-b    .20  .20 .32** .34** .19 .31** .43** .18 .28* 

spatial span     .36** .31** .34** .22 .07 .33** .27* .25* 

Quantitative 

MagComp      .67** .77** .18 .29* .65** .64** .41** 

ordering        .80** .23 .35* .71** .67** .53** 

# sets         .42** .30** .74** .66** .53** 

Spatial 

MRT          .39** .20 .05 .34** 

HFT           .22 .27* .29* 

 

Mathematical Outcomes 

simple fluency           .62** .48** 

complex fluency (CFT)           .62** 

              

N 74 74 73 73 73 74 74 73 74 74 73 74 74 

M 23.0 25.1 6.8 4.9 7.7 1.5 .5 1.6 9.8 4.3 41.4 33.5 7.1 

SD 8.5 6.4 1.2 1.4 1.3 .3 .2 .4 4.6 2.9 8.2 16.8 2.3 

              

* p < .05; ** p < .01 
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Data Reduction: Cognitive Processing 

 Working memory. My initial plan was to calculate a composite memory score.  

The span tasks (digits forward, digits backward and spatial span) were entered into a 

principal component analysis (PCA).  One factor emerged that accounted for 52% of the 

variance.  The factor loadings were .80 (digits forward), .84 (digits backward) and .47 for 

the spatial span.  The low factor loading on the spatial span along with the low common 

variance led me to rethink this memory variable.   In spite of the fact that the two digit 

spans loaded similarly on the PCA, they appear to be measuring different aspects of 

working memory as shown by the correlational data between these two span tasks and 

our other measures (see Table 6).  The forward digit span, a measure of verbal short term 

memory, did not correlate with any of our mathematical performance tasks or our 

quantitative tasks whereas the backwards span (a measure of verbal working memory) 

significantly correlated with the ordering task, number sets task, simple fluency and 

procedural arithmetic.  Thus I considered these two measures independently.  Spatial 

span, a spatial working memory task (LeFevre et al., 2010) correlated with all quantity 

measures but did not correlate with the backwards span thus it is capturing a different, 

presumably spatial, aspect of the quantity processing.  It was also considered 

independently. 

 Quantity processing. To provide a single measure of symbolic quantitative 

processing, I conducted a principle components analysis on the three quantitative tests 

(magnitude comparison, numerical ordering and the number sets task).  The analysis 

supported a one-factor structure that accounted for 83% of the variance.  Factor loadings 

were .89, .90 and .94 respectively. The high factor loadings and large degree of variance 
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suggested that there was a robust common element in all three measures.  This factor was 

named quantitative processing and was used in further analyses. 

 Spatial processing. Hegarty and colleagues (2006) divide spatial processing into 

two categories, large and small-scale spatial skills; categories that Uttal et al. (2012) 

defines as extrinsic and intrinsic. Large-scale or extrinsic spatial skills are related to the 

external environment and involve tasks such as learning and remembering layouts and 

navigating. Small-scale spatial skills as defined by Hegarty (p. 151) represent the ability 

to “inspect, imagine or mentally transform small shapes or manipulable objects.” Small-

scale spatial skills are typically measured with paper and pencil tasks such as mental 

rotation (MRT), and hidden figures (HFT). In this study, I measured small-scale spatial 

processing using the MRT and the HFT. The two small-scale spatial measures (mental 

rotation and hidden figures) were significantly correlated (r = .39, p =.00).   

 To extract the common element, small-scale spatial processing, the hidden figures 

and mental rotation scores were entered into a principal component analysis (PCA).  One 

factor emerged that accounted for 70% of the variance; factor loadings were .83 for both 

independent measures. This factor score from the PCA was labeled spatial processing and 

used in further analysis. 

Correlational Analyses of Affect, Cognition, and Performance 

 Affect was assessed using the AMAS and the perceived competence scale of the 

PALS survey. The perceived competence scale of the PALS survey was used specifically 

to explore the relationship between anxiety and perceived competence. As shown in 

Table 6, the correlations among the affect measures are fairly strong and the moderate 

correlations between the affect and cognitive and performance measures show similar 
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patterns and are typical of math anxiety and math performance correlations reported in 

Hembree’s meta-analysis (r=-.31 to -.36, 1990).   

I looked further at the math anxiety and math performance correlations by 

considering the individual factors in the math anxiety scale and their relation to 

mathematical performance.  As shown in Table 7, the math learning math factor in the 

AMAS was not correlated with math performance in adults. In Hopko’s validation of the 

AMAS measure, math performance was not reported for the individual survey 

components.  As well, a literature search on the AMAS did not reveal any studies that 

reported on these component correlations.  Thus I could not conclude if this result was 

typical or if it was an anomaly.  

Table 7: Correlations between mathematical performance measures and the individual 

factors of the AMAS  

 Mathematical Performance Measures 

 Simple Fluency Complex 

Fluency 

Procedural 

Arithmetic 

AMAS Measures    

AMAS (total) -.31** -.32** -.45** 

Math learning factor -.13 .00 -.22 

Math evaluation factor -.33** -.50** -.43** 
* p < .05; ** p < .01 

 As expected, math anxiety did not correlate with the working memory measures.  

It did however correlate moderately with both the quantitative and spatial factors as 

shown in Table 8. Of interest, math anxiety was not significantly correlated with gender 

and the effect size was quite small.  This is further elaborated on in the section on gender 

and math anxiety (see p. 54) 
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Table 8: Correlations Among Math Anxiety, Working Memory, Cognitive Processing 

Factors and Math Performance 

  Working memory  Mathematical Outcomes 

 AMAS Digit 

span - f 

Digit 

span -b 

Spatial 

span 

QTY. 

factor 

SPAT. 

factor 

Simple 

fluency 

CFT BMA3 

gender .17 .15 .05 .19 -.14 -.26* -.04 .04 .20 

AMAS  -.25* -.14 -.04 -.26* -.28* -.31** -.32** -.45** 

Cognitive Factors          

Working Memory          

digit span-f   .47** .12 .07 .24* .18 .03 .20 

digit span-b    .20 .32** .30* .43** .18 .28* 

spatial span     .37** .17 .33** .27* .25* 

Quantity Processing          

QTY. factor      .40** .77** .73** .54** 

Spatial Processing          

SPATIAL factor       .25* .19 .38** 

Math Performance          

simple fluency        .62** .48** 

Complex fluency 

(CFT) 

        .62** 

 

The quantitative processing factor correlated significantly with all math 

performance measures, and with spatial measures, backward digit span, and math anxiety 

as shown in Table 8.  Spatial processing was significantly correlated with gender, math 

anxiety, the verbal memory measures, quantitative processing, and two of the 

performance measures (i.e., simple fluency and procedural arithmetic).  The relations 

among these factors, math anxiety, and math performance is detailed further in the 

section pertaining to model testing (p. 60) 

 Having established a relationship among math anxiety, perceived competence and 

math performance, I tested the first hypothesis. 

 Hypothesis 1: Perceived math competence will mediate the relationship 

between math anxiety and mathematical performance. 

 The PALS and the AMAS were strongly correlated (r=-.60, p=.00).  As shown in 

Figure 8, when perceived competence decreases, math anxiety increases. The 
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relationships between the PALS measure and the various cognitive and performance 

measures also paralleled those of the AMAS suggesting the two are measuring, in part, a 

similar construct. 

 

Figure 8: Scatter plot showing the relation between perceived mathematical competence 

as measured by PALS and math anxiety as measured by AMAS  

To examine how perceived competence and math anxiety are related to math 

performance, I compared the effect of math anxiety on performance both directly and 

indirectly through perceived competence using Andrew Hayes’s PROCESS tool for SPSS 

(Field, 2013). For mediation to occur the potential mediator (perceived competence) and 

predictor (math anxiety) must be significantly correlated with the outcome (math 

performance) and the predictor (math anxiety) must significantly predict the mediator 

(perceived competence). If mediation occurs, the indirect effect of math anxiety on 

performance through perceived competence will be significant and the direct effect of the
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math anxiety on the math performance will be reduced. Using the PROCESS tool, the 

significance of the indirect effect (i.e. whether math anxiety affects math performance 

through perceived competence) was assessed using confidence intervals estimated with 

bootstrapping methods. Significance was also assessed using the Sobel test, however 

according to Field (2013) for smaller samples computing confidence intervals is 

preferable. All three of these variables were correlated so mediation analysis was 

conducted for each math performance measure (see Figure 9).   

 Mediation did not occur in any of the performance models.  The confidence 

intervals all included zero and significance levels using the Sobel test were all greater 

than .05 (i.e., simple fluency p=.70 , complex fluency p=.59 , procedural arithmetic 

p=.16). This lack of mediation may be related to the overlap between math anxiety and 

perceived competence in predicting math anxiety.  Although there is not a 

multicollinearity problem with these variables when predicting math performance, (VIF = 

1.6) they are nevertheless highly correlated. Because of this high correlation the 

relationship between perceived competence and mathematical performance is not 

uniquely significant when math anxiety is included in the model.  This finding suggests, 

as stated earlier, that math anxiety and perceived competence as measured by the PALS 

survey are very similar.  This pattern also supports the argument outlined by Lee et al. 

(2009) that it is difficult to distinguish performance effects comparing domain-specific 

affect (such as perceived math competence and math anxiety) to domain-specific 

performance (such as math performance) because affect measures overlap and thus are 

difficult to differentiate. 
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Figure 9: Models of math anxiety as a predictor of mathematical performance, mediated 

by perceived competence.  Dotted lines represent non-significant predictor pathways; b’ 

is the coefficient of the indirect effect of math anxiety on performance. The confidence 

interval for the indirect effect is a BCa bootstrapped CI based on 1000 samples.  

Analyses of Gender and Math Anxiety  

 Hypothesis 2: Women and men will differ in their levels of math trait anxiety 

but no gender differences will be observed in levels of math state anxiety. Note that 

in this sample, no gender effect was observed with the AMAS measure of math anxiety 

(r=.17, p=.14). The time of administration of the AMAS measure was counterbalanced 

across participants, such that Group 1 completed the AMAS at the start of the testing 

session and Group 2 completed the AMAS at the end of the session.  I assumed that early 

administration was more likely to assess trait anxiety whereas later administration would 

also assess state anxiety.  Accordingly, I analyzed the effects of test timing and gender on 

math anxiety using a 2(session: early, later) X 2(gender: male, female) ANOVA.  There 

was no effect of gender, F(1,70) = 3.3, p = .07, but there was an effect of test timing, 

Math 
Anxiety

Perceived 
Competence

Simple Fluency

(R2 = 10.0%)
b =-.26, p =.06

b' =-.03 [-.23,.12]

b=.35, p=.00 b=-.09, p=.69

Math 
Anxiety

Perceived 
Competence

Complex 
Fluency

(R2 = 10.6%)
b =-.54, p =.06

b' =-.09 [-.43,.21]

b=.35, p=.00 b=-.27, p=.59

Math 
Anxiety

Perceived 
Competence

Procedural 
Arithmetic

(R2 = 22.4%)
b =-.08, p =.01

b' =-.03 [-.08,.01]

b=.35, p=.00 b=-.09, p=.15
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F(1,70) = 9.3, p = .00, as shown in Figure 10.  The group of participants who completed 

the AMAS at the end of the session rated their math anxiety higher (M=25.5) than the 

group who completed the AMAS measure at the beginning of the session (M=20.3). As 

well, there was a wider distribution of AMAS scores in the group who completed the 

AMAS later. 

 
 

Figure 10: The distribution and comparison of standardized AMAS scores based on test 

timing 

 The interaction of gender and test timing was not significant, F(1,70) = 1.26,  p = 

.27.  However, the trend was as predicted: Women appeared more anxious than men 

when they rated their anxiety at the beginning of the session, whereas the groups did not 

differ in anxiety levels at the end of the session (specifically, those men who completed 

the AMAS at the end of the session showed higher anxiety than those who completed it at 

the beginning of the session). These patterns imply that the AMAS questions provoke 

different responses after participants have experienced math tests. A larger sample size, 
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with an equal balance of men and women would better capture any effect of test timing 

and gender. 

            

Figure 11: A comparison of mean math anxiety scores based on gender and test timing.  

Error bars represent standard error on the mean.  

 Trait and state anxiety. Goetz (2013) attributed gender differences in reported 

math anxiety to the differences in self-reporting of habitual or trait anxiety versus 

momentary or state anxiety. Goetz found that women reported higher math trait anxiety 

than men whereas there was no gender difference in reporting of math state anxiety. One 

interpretation of my results is that they support Goetz’s findings: The timing of the 

AMAS testing may have reflected the difference in trait versus state anxiety between 

males and females.  People who completed their survey prior to any math testing were 

presumably responding to the survey based on trait anxiety (i.e., anticipatory).  In 

contrast, people who completed their survey immediately after three increasingly difficult 

tests of math performance may have been influenced by more state anxiety (i.e., 

momentary). Consistent with Goetz, the men in the present sample reported similar state 

anxiety as the women when they completed the AMAS later.  Accordingly, gender effects 
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in analyses of math anxiety need to be interpreted in relation to the timing of the anxiety 

measure.   

  In light of the group differences in the math anxiety/performance relationship, I 

looked at the predictors of mathematical performance taking into consideration the math 

anxiety and test timing interaction.  Table 98 shows the results of the regression analyses. 

Table 9:  Linear Models of Predictors of Mathematical Performance Including the Math 

anxiety*test timing Effect 

 Simple Fluency Complex Fluency Procedural Arithmetic 

 R
2 

(%)
 

  p R
2 

(%) 
  p R

2 

(%) 
  p 

Model 1     65.9   59.1   44.9   

Gender       .02 .82  .16 .06  .18 .07 

Digit-Backward   .22* .01  -.07 .42  .05 .66 

Spatial span  .01 .88  -.02 .84  .02 .87 

Spatial proc.   -.09 .28  -.10 .27  .18 .11 

Quantity proc.  .69** .00  .77** .00  .38** .00 

AMAS  -.16* .05  -.19* .02  -.33** .00 

          

Model 2 67.4   60.3   46.4   

Gender       .00 .97  .19* .04  .20 .06 

Digit Backward   .22* .01  -.07 .40  .04 .67 

Spatial span  .03 .70  -.03 .78  .02 .88 

Spatial proc.   -.06 .47   -.11 .26  .19 .10 

Quantity proc.       .67** .00  .79** .00  .39** .00 

AMAS  -.13 .13  -.25* .01  -.38** .00 

Timing  .05 .52  .11 .22  .14 .18 

AMAS*timing  -.12 .15  .07 .44  .01 .95 

* p < .05; ** p < .01 

 When the math anxiety/timing interaction was added to the model, the 

relationship between math anxiety and simple fluency performance was reduced. The 

effect sizes however (-.16 and -.13) were fairly similar so this minor fluctuation could 

simply be related to the sample size.  Again, a larger sample size is recommended.  
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  For complex fluency, when the anxiety*timing interaction was added in Model 2, 

gender became a significant predictor suggesting that the timing of the survey suppressed 

the effect of gender on complex fluency performance. The gender effect sizes however, 

were very similar in both models (.16 and .19) so again the small sample size must be 

considered as a limitation. The complex fluency performance of men who completed the 

AMAS early (M = 39, S=27, n=11) was not significantly different than those who 

completed it later (M = 27, S=12, n=14), F(1,23) = 2.15, p=.16, however there were high 

scoring participants in the early group and thus the range and standard deviation on these 

scores was quite large (see Figure 12). This difference between groups may have 

accounted in part for the gender effect observed when the interaction of math anxiety and 

test timing was considered in complex fluency performance.  However, again because the 

sample size in these groups was small, caution is recommended in drawing any 

conclusion.   
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Figure 12: The box plot distribution of men’s scores on the complex fluency task based 

on AMAS test timing 

 In both complex fluency and procedural arithmetic, the math anxiety/ math 

performance relation was stronger when the timing*anxiety interaction was entered into 

the model. The lack of a significant interaction of timing*AMAS on fluency 

performance, however, suggests that despite the timing effect, the relation between math 

anxiety and performance was the same. The explanation for these opposing analyses 

could lie in an interaction effect between gender*timing*AMAS which, because of the 

small sample size may be too small to detect. This is an interesting area that requires 

further research.  

 The key result found when examining gender was the trend that women reported 

higher levels of math anxiety than men when assessed prior to completing math tasks and 

women showed a similar level of math anxiety when assessed after completing the math 

tasks.  Men, in contrast, trended t higher levels of anxiety when they completed the 

AMAS after the math tasks.  The  only significant gender effect on performance directly, 

was observed with complex fluency and this finding may be attributed to some high 
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scoring individual participants.  In this sample, gender and anxiety are not strongly 

related to each other and gender is, in general, not related to math performance.   

 Spatial processing and gender.  Maloney et al. (2012) and Ferguson et al. (2015) 

suggested that spatial skills mediate the relationship between gender and math anxiety.  

To test this theory gender (predictor) and math anxiety (outcome) must be correlated.  

This was not the case in our test population. I therefore compared the correlations 

between the groups of participants who completed their AMAS survey at the start of 

testing with those who completed their AMAS survey at the end of testing.  As shown in 

Table 10, there was no scenario where the predictor, outcome and mediator (small-scale 

spatial processing) were all significantly correlated.  In this sample, small-scale spatial 

processing skills do not affect the relation between gender and math anxiety.  This is the 

case with both the trait-like (group 1) and state-like (group 2) math anxiety measures.   

Table 10- The correlations between math anxiety, spatial processing and gender based 

on AMAS math anxiety test timing 

 Total (N=74) Group 1 (N=36) Group 2 (N=38) 

 SP Gender SP Gender SP Gender 

Math anxiety (MA) -.28* .17 -.47** .40* -.11 .07 

Spatial Processing (SP)  -.26*  -.22  -.32* 

 

Regression Analyses of Cognitive Processing, Math Anxiety and Math Performance. 

 Model Testing – Part 1: Math anxiety is predicted by deficits in the 

foundational building blocks (i.e., spatial, quantitative) of math cognition.  Next, I 

tested the first part of the math anxiety/math performance model, that is, Maloney and 
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colleague’s hypothesis that deficits in quantitative processing (Maloney et al., 2010; 

2011) and spatial processing skills (Ferguson et al., 2015; Maloney et al., 2011b) predict 

math anxiety.  Recall that there were two key limitations in those papers.  First, Maloney 

and colleagues indexed quantitative processing using a single measure in each study, 

counting (Maloney et al., 2010) or magnitude comparison (Maloney et al., 2011).  

Accordingly, in the present research, three measures of quantitative processing were 

used.  Second, in Maloney and colleagues' analyses, the relations between spatial and 

quantitative processing and math anxiety were tested without considering relations 

between spatial and quantitative processing or controlling for related cognitive skills, 

specifically working memory. To address this second limitation, I included working 

memory, quantitative, and spatial predictions simultaneously when analyzing the 

relations between these measures and math anxiety.  

 Math anxiety regression analysis. In the model predicting math anxiety, it was 

hypothesized that spatial and quantitative processes would predict variance in math 

anxiety. As shown in Table 10, in a hierarchical regression, I controlled for gender, 

verbal, and spatial working memory in the first block.  In the second block, I included 

spatial and quantitative processing.  As shown in Table 11, this model was not a good fit 

and explained only 11% of the variance in math anxiety.   Spatial and cognitive 

processing combined accounted for only 6% of the unique variance in math anxiety and 

this was not significant, even though the simple correlations between these composite 

measures and math anxiety were significant (see Table 8).  Thus, contrary to Maloney’s 

hypothesis, deficits in the mathematical building blocks (as indexed by quantitative and 

small-scale spatial processing) were not highly related to math anxiety.   
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Table 11: Linear Model of Predictors for Math Anxiety 

 R
2
(%) R

2   p 

Model 1 4.9 4.9   

Gender   .17 .17 

Digits Backwards   -.14 .25 

Spatial Span   -.05 .67 

Model 2 10.8 5.9   

Gender   .08 .51 

Digit Backwards   -.05 .70 

Spatial Span   .04 .76 

Spatial processing    -.17 .22 

Quantity processing   -.18 .21 

     

 

 As an additional analysis, to better understand the correlation between math 

anxiety and quantity processing, I looked at the shared variance between math anxiety, 

quantity processing and working memory. The relation between math anxiety and 

quantity processing was partially accounted for by working memory as shown in Table 

12.  As math anxiety was not directly related to working memory capacity, this suggests 

that on-line working memory (that is the working memory available during task 

performance) may account for some of the relation between math anxiety and quantity 

processing.  This corresponds to theories that anxiety reactions can lead to reductions in 

on-line working memory capacity (Ashcraft & Krause, 2007; Ashcraft & Moore, 2009; 

Beilock, 2008; Beilock & DeCaro, 2007; Hopko et al., 2002; Lyons & Beilock; 2012). 
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Table 12: Linear model predicting quantity processing with math anxiety as a predictor 

 R
2 

R
2
   p 

     

Model 1 6.7* 6.7*   

AMAS    .32 ** .01 

Model 2      24.1** 17.4**   

AMAS     -.21 .06 

digit backward     .23* .04 

spatial span   .31** .01 

*p < .05; ** p < .01 

Analyses of Math Anxiety, Cognitive Processing and Mathematical Performance 

 Ultimately, I was interested in how the relationship between cognitive processing 

and math anxiety relates to mathematical performance. As the first part of the model 

shown in Figure 1 was not supported, regression analyses were conducted to develop and 

test a new model that would account for the complex relations between math 

performance, math anxiety and foundational cognitive processing (i.e. working memory, 

spatial and quantitative processing). 

 To develop a new model, I first examined the relations between the cognitive 

predictors by regressing quantity processing on the spatial and working memory 

variables.  

Quantitative processing regression analysis. I entered backward digit span followed by 

spatial span and then spatial processing into the regression model.  As shown in Table 11, 

these three predictors accounted for 28% of the variance in quantitative processing.  

Backward span was mediated by spatial processing and accounted for only 2.7% unique 

variance and was not a significant predictor whereas both spatial working memory and 

small-scale spatial processing uniquely predicted quantitative processing. This 

relationship is illustrated in Figure 13. 
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Table 13: Linear Models of Predictors for Quantitative Processing 

 R
2 

R
2
   p 

     

Model 1 10.3** 10.3**   

Digit Backward    .32 ** .01 

Model 2      19.8** 9.5**   

Digit Backward    .26* .02 

Spatial span    .31** .01 

Model 3 27.9** 8.1**   

Digit Backward    .17 .13 

Spatial span   .27* .01 

Spatial processing   .30** .01  

*p < .05; ** p < .01 

 

Figure 13:  Path model predicting quantitative processing controlling for backward digit 

span. 

 Based on the path model predicting quantitative processing, I hypothesized that 

the math performance relations between spatial working memory and spatial processing 

would be partially accounted for by their relation with quantity processing.  As well, 

based on my finding that math anxiety was not uniquely or independently related to the 

foundations of math cognition, I further predicted that math anxiety and quantity 

processing would uniquely and independently predict math anxiety in the regression 

model. Thus I  regressed the math performance measures on math anxiety, the working 

memory measures and the spatial and quantitative predictors. 
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Table 14 – Linear Models Predicting Mathematical Performance 

Block Simple Fluency Complex Fluency Procedural Arithmetic 

 R
2
(%) R

2
(%)   p R

2
(%) R

2
(%)   p R

2
(%) R

2
(%)   p 

Model 1       0.5 0.5   0.2 0.2   0.2 0.2   

Gender   -.07 .58   .04 .73   .04 .72 

Model 2 19.9** 19.4**   3.3 3.1   8.0 7.8*   

Gender   -.09 .41   .03 .79   .03 .80 

Digit span backward   .44** .00   .18 .14   .28* .02 

Model 3      26.1** 6.2*   8.9 5.6*   11.7* 3.8   

Gender    -.13 .22   -.01 .93   -.01 .96 

Digit span backward   .38** .00   .13 .28   .24* .05 

Spatial span   .26** .02   .25* .05   .20 .10 

Model 4 27.1** 1.0   10.4 1.5   21.4** 9.7**   

Gender        -.10 .36   .03 .83   .09 .44 

Digit span backward   .35** .00   .09 .47   .14 .22 

Spatial span   .24* .04   .22 .08   .14 .24 

Spatial processing    .11 .34   .14 .29   .35** .01 

Model 5 63.7** 36.5**   55.8** 45.4**   34.9** 13.5**   

Gender        .00 .96   .15 .10   .16 .15 

Digit span backward   .23* .01   -.06 .51   .06 .58 

Spatial span   .00 .10   -.03 .78   .00 .98 

Spatial processing    -.07 .46   -.07 .46   .23* .05 

Quantity processing       .73** .00   .80** .00   .44** .00 

Model 6      65.9** 2.2*   59.1** 3.3*   44.9** 9.9**   

Gender        .02 .82   .16 .06   .18 .07 

Digit span backward   .22* .01   -.07 .42   .05 .66 

Spatial span   .01 .88   -.02 .84   .02 .87 

Spatial processing    -.09 .28   -.10 .27   .18 .11 

Quantity processing        .69** .00   .77** .00   .38** .00 

AMAS   -.16* .05   -.19* .02   -.33** .00 

* p < .05; ** p < .01 
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 As shown in Table 14, in the first block of the hierarchical regression, I controlled for 

gender. Digit span backward was entered into the second block.  In this block (Model 2) the 

backward digit span was significantly related to both the simple fluency and procedural 

arithmetic measures.  This was expected as discussed previously, these measures are 

correlated. In the third block, spatial span was entered and it was significantly related to both 

the simple and complex fluency measures. In block four, the spatial processing factor was 

entered. The relation between spatial span and all performance measures was marginally 

reduced when spatial processing was entered into the regression.  This suggests spatial 

processing and spatial span share some overlap when predicting variance in math 

performance.  In block four spatial processing was significantly related to performance in 

procedural arithmetic.  As well, the relation between backward digit span and procedural 

arithmetic was no longer significant.  Thus spatial processing is accounting for some of the 

relation between the backward digit span and procedural arithmetic. This result is not 

surprising as spatial processing also mediated the relation between backward digit span and 

quantity processing as shown in Table 11. 

In the fifth block, quantity processing was entered into the regression.  Quantity 

processing was a significant predictor of performance for all math outcomes.  As well, the 

strength of relations for all previously entered predictors (i.e. digit span backwards, spatial 

span and spatial processing) and math performance was reduced. This was evidenced by the 

reduction in effect size as indicated by the decrease in beta values and the increase in p 

values. Again, this result was expected as spatial span and spatial processing are uniquely 

and independently related to quantity processing as shown in Table 11. 
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Math anxiety was entered in the final block.  In the final block, quantitative 

processing was the single largest predictor of variability in mathematical performance for all 

three outcomes. Notably, the strength of that relationship was reduced only marginally when 

math anxiety was added into the regression model suggesting that the relation between math 

performance and quantitative processing is distinct from the relation between math 

performance and math anxiety. 

 Spatial WM and spatial processing were not unique predictors of mathematical 

performance in this final block because their relations with the outcome variables were 

mediated by quantity processing and by their overlap with one another. These patterns were 

evidenced by the change in significance and effect size of the spatial WM and math 

performance relationship once spatial processing was added into the regression model. 

Quantitative processing mediated much of this effect. Once math anxiety was added into the 

model, there was little change in the spatial processing effect size suggesting that the portion 

of spatial processing that was predicting math performance was independent of its 

relationship with math anxiety. The change in significance for procedural arithmetic however 

suggests that math anxiety may be mediating a small portion of the effect of spatial working 

memory and spatial processing on procedural arithmetic performance. 

 Math anxiety was a significant predictor of all performance outcomes (i.e., simple 

fluency, complex fluency and procedural arithmetic), uniquely predicting 2%, 3%, and 10% 

of these outcomes respectively.  
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 The models depicting the relations between these predictors and each individual 

mathematical outcome are illustrated in Figures 14, 15 and 16. 

 

*p < .05; ** p < .01, control variable is gender 

 Figure 14: Linear model predicting performance on simple fluency  

As shown in Figure 14, simple fluency was predicted uniquely by the backward digit 

span, quantitative processing and math anxiety.  The correlation between simple fluency and 

spatial span was fully mediated by quantity processing and relation with spatial processing 

was accounted for by overlap with spatial span and quantity processing.  

 Performance on complex fluency (see Figure 15) showed a similar pattern with math 

anxiety and quantity processing however, the backward digit span was neither a significant 

predictor of performance, nor was it correlated with math performance. With complex 

fluency, spatial processing was not significantly correlated with performance.  However, like 

the other performance measures, effect size and significance were reduced for both spatial 

span and spatial processing when quantity processing was added into the regression model.  

Thus the trend is similar. 
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 *p < .05; ** p < .01, control variable is gender 

 

Figure 15: Linear model predicting performance on complex fluency. 

 In Figure 16, the model predicting procedural arithmetic again showed a similar 

pattern to the other math performance models with math anxiety and quantity processing 

uniquely and independently predicting math performance. The correlations between math 

performance and spatial span and spatial processing were accounted for by overlap between 

themselves and quantitative processing.  The correlation between the backward digit span 

and performance was accounted for by overlap with the other cognitive measures (i.e. spatial 

and quantity processing).  
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*p < .05; ** p < .01, control variable is gender 

Figure 16: Linear model  predicting performance on procedural arithmetic  

 The regression analysis shows that the processing/performance relationships were not 

changed when math anxiety was added into the regression model suggesting that the effects 

of spatial and quantitative processing on performance were unrelated to effects of math 

anxiety on performance.  Accordingly, cognitive processing skills are not strongly predictive 

of math anxiety nor is the cognitive processing/math performance relationship indirectly 

affected by math anxiety. Thus, Maloney’s hypothesis that deficits in quantitative and spatial 

processing predict math anxiety was not supported.  Instead, both quantitative processing and 

math anxiety uniquely contributed to variance in mathematical outcomes. 

 In summary, math anxiety was a unique predictor of mathematical performance in the 

three math performance models. The foundational building blocks of math (small-scale 

spatial processing and quantitative processing) influenced this relationship to a small degree. 
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This suggests that math anxiety is an acquired or learned condition related to experiences in 

learning mathematics, not a condition attributed to low-level cognitive deficits in 

mathematical processing. 
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Chapter 4:  Discussion 

 In the present study, I focused on developing a clearer understanding of the risk 

factors associated with math anxiety by linking the research on foundational mathematical 

processing with the math attitudes and performance observed in math- anxious adults. The 

goal was to address gaps in the existing research and evaluate untested hypotheses. Personal 

and cognitive influences included math competence, gender, attentional processes, spatial 

skills, and symbolic quantity processing. I will address the two hypotheses and the model 

proposed in the introduction, discuss the limitations of this work, and propose future research 

to extend our understanding of math anxiety. 

 The first research question related to perceived math competence. Elliot (1999) 

hypothesized that perceived competence would influence the relation between anxiety and 

performance.  In the current study, this relationship was extended to include math-specific 

anxiety and performance. My results showed that perceived math competence did not 

mediate the relationship between math anxiety and performance. This result suggests that 

math anxiety was too strongly related to perceived math competence to distinguish any 

independent effects on mathematical performance.  

 The second research question related to math anxiety levels by gender. Some 

researchers report that women have higher levels of math anxiety than men whereas other 

researchers do not find a difference. In the current study, I examined two potential 

explanations for this inconsistency: first, reporting differences in state versus trait anxiety 

(Goetz, 2013) and second, poor spatial skills in women (Maloney et al., 2012; Ferguson et 

al., 2015). 
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 Goetz observed that girls reported higher levels of math trait anxiety than boys but 

levels of math state anxiety were comparable for both genders.  I observed a similar trend in 

adults with women reporting higher anticipatory math (trait) anxiety than men prior to any 

testing.  Immediately after testing, however, math (state) anxiety measures were the same for 

both men and women. This result supported Goetz’s hypothesis however, my result was not 

statistically significant thus further testing is suggested.   

 Maloney et al. concluded that self-reported spatial skills fully accounted for the 

differences in reported math anxiety levels between men and women.  Ferguson et al. 

extended this research to include a behavioral measure, mental rotation. They found mental 

rotation partially mediated the gender and math anxiety relation. This finding was not 

replicated in the current research. As in Ferguson et al.'s study (i.e., Experiment 4), math 

anxiety levels did not differ significantly between men and women in this sample and thus 

there was no opportunity for spatial skills to mediate the (non) relation. The inconsistent 

results with gender and math anxiety are problematic when drawing conclusions about 

gender effects.  Presumably if a gender effect is observed, it will be a small effect. Thus it 

may be more easily detected in a larger sample. For example, Ferguson et al. detected a 

gender effect when combining data from two experiments (one with a large gender effect, 

and one with a small non-significant gender effect), thus doubling their sample size to 497. 

The current research did not support Maloney’s explanation that gender differences in math 

anxiety are accounted for by differences in spatial processing abilities. 

 The first part of the model predicting the relations between math anxiety, cognitive 

processing and math performance, tested Maloney et al.’s (2010; 2011; 2012) hypothesis that 

low-level deficits in the foundational building blocks of math cognition are risk factors for 
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math anxiety.   Consistent with the findings of Maloney and colleagues, I found correlations 

between math anxiety and both spatial and symbolic quantity processing.  However, these 

foundational processes were also related to each other.  Further, my results indicated that 

working memory (backward digit span, spatial span) and spatial processing accounted for 

substantial variance in quantitative processing (R
2
=27.9%). In contrast to the correlational 

support, when math anxiety was regressed on gender, working memory and both spatial and 

quantitative processing, spatial and quantity processing accounted for a non-significant 6% of 

the variance in math anxiety.  Thus, although spatial and quantity processing correlated 

moderately with math anxiety (r=-.28 and r=-.26 respectively), they did not contribute 

significantly to the variance in math anxiety when considered either independently or 

together.  

 A plausible explanation for this discrepancy lies in the relations of both quantitative 

and spatial processes with working memory. In this study, symbolic quantity processing was 

indexed with timed tasks that consume working memory resources (i.e. counting and 

sequencing).  Presumably, the tasks themselves could provoke an anxiety response, thus 

depleting working memory resources and compromising performance.  Did I truly measure 

foundational quantity knowledge or did I measure the effect of anxiety on foundational 

quantity knowledge?  To answer this question, I regressed math anxiety and working 

memory on symbolic quantity processing.  Because math anxiety did not correlate with 

working memory, if there was an effect of working memory on the relation between math 

anxiety and quantity processing, one explanation is an on-line reduction in working memory 

related to math anxiety. Regressing math anxiety and working memory on symbolic quantity 

processing, the relation between math anxiety and quantity processing was no longer 
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significant when working memory was controlled. Thus, contrary to Maloney’s prediction 

that math anxiety is related to low-level deficits in foundational spatial and quantity 

processing, my results support the explanation that for math-anxious adults, deficits in 

foundational spatial and quantity processing are related to an on-line reduction in working 

memory, not to skill deficits. Hence, my results were not consistent with the theory that math 

anxiety mediates the relation between foundational skills and performance.  Presumably, 

other untested variables (e.g., parental influences, school influences, previous math 

performance, test anxiety) play a more significant role in predicting math anxiety. 

 In the current study, quantitative processing was the single largest predictor of 

mathematical performance compared with measures of working memory, spatial processing, 

and math anxiety. The strength of the relation between quantity processing and math 

performance was reduced only marginally when math anxiety was added into the regression 

model.  This finding suggests that the relation between math performance and quantitative 

processing is distinct from the relation between math performance and math anxiety. This 

pattern was found with simple fluency, complex fluency and procedural arithmetic.  

 Spatial span and spatial processing were not unique predictors of mathematical 

performance because their relation with mathematical performance was mediated by quantity 

processing and by their overlap with one another.  Math anxiety did not mediate this relation 

suggesting that effects of spatial processing on performance were also unrelated to effects of 

math anxiety on performance.   

 Accordingly, cognitive processing skills did not strongly predict math anxiety in 

adults.  Nor is the cognitive processing and math performance relationship indirectly affected 

by math anxiety. Thus, Maloney’s hypothesis that deficits in quantity and spatial processing 
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are risk factors for math anxiety was not supported.  Instead, both quantitative and anxiety 

predictors uniquely contributed to variance in mathematical outcomes.   

Limitations 

 Several limitations of the current study should be noted.  The first limitation relates to 

the sample population.  The sample population consisted of young adults, mostly 

undergraduate students.  Although this is typical in math anxiety research, a sample from a 

more diverse population may yield different results.  For example, previous research suggests 

that math anxious students take fewer math classes and avoid career choices that involve 

math prerequisites (Ashcraft, 2002).  Based on this finding, I would expect to see a larger 

effect of math anxiety on math performance in those who avoid higher level math courses. 

Over 85% of our test population took either grade 12 or grade 13 math.  In the wider 

population, I would expect this proportion would be lower thus I would expect a larger effect 

of math anxiety on performance.  I do not however anticipate differences in the patterns of 

relationships.  In measuring gender effects, the sample was not evenly split between men and 

women; only one third of the sample was men.  This is typical in math anxiety research 

because most samples come from populations of university students, however; it limits the 

ability to adequately assess gender effects.  Borderline effects would be more easily detected 

in a larger, gender-balanced sample allowing us for example, to detect potential gender 

differences in anxiety based on test timing.   

 Second, the PALS survey used to assess perceived math competence did not 

effectively differentiate this construct from math anxiety.  Exploring math anxiety with 

domain-general personal measures such as perseverance, self-efficacy, or motivation may 

have provided more meaningful information for analysis. 
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 Third, the hypotheses linking cognitive foundations, math anxiety, and math 

performance suggested that early foundational math abilities relate to later anxiety and later 

performance.  However, we cannot assume that performance results obtained for adults 

signify low-level performance deficits in children.  To adequately test whether early 

foundational math processes influence the development of math anxiety, longitudinal studies 

involving children are necessary.  Longitudinal research would help researchers understand if 

and when these foundational skills influence math anxiety.  It is reasonable to assume that 

there may be an effect of foundational processes on math anxiety in the early grades as 

children are learning basic math skills and beginning to experience some math-related 

anxiety (Harari et al., 2013; Jameson, 2013; Ramirez et al., 2013; Vukovic et al., 2012; Wu et 

al., 2012). However, performance in these foundational processes does improve as children 

develop (e.g. Lyons et al., 2014) thus it is difficult to extrapolate back from findings in adults 

to suggest a relation in children. 

 Finally, math anxiety is related to other types of anxiety such as test anxiety and 

general anxiety (Hembree, 1990, Ma, 1999). Yet there is support for the view that math 

anxiety is a unique construct. For example, Ashcraft and Moore (2009) noted the moderate 

correlations between math anxiety and general, trait, and state anxiety, suggesting that it is 

related to more general forms of anxiety but also separable from these constructs.  In 

contrast, the high correlation with test anxiety suggests the two constructs are more closely 

linked. Other researchers (e.g. Faust, 1992; Ashcraft, 1995) found that participants showed 

physiological reactions when they were performing difficult math tasks as compared to when 

they performed difficult verbal tasks, further supporting that math anxiety is a construct 

uniquely related to math performance. As well, using fMRI analysis, Young et al. (2012) 
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reported that anxiety reactions related to math problem solving were related to math anxiety 

levels but not to trait and state anxiety levels.  Finally, in the current research, math anxiety 

was shown to be distinct from language-related anxiety (see CMAS-A summary Appendix 

1).  So, although math anxiety is indeed a unique domain-specific construct, including some 

measure of test anxiety would help clarify and quantify the unique relation between math 

anxiety and math performance.  

 It would be interesting to look back at Stephanie in grade 2.  Her report cards do not 

indicate poor math performance and yet, she developed math anxiety. Our predictors of math 

anxiety (gender, working memory, spatial processing and quantity processing) did not 

adequately model individual differences in math anxiety.  In fact, they only accounted for a 

small portion of the variance in math anxiety.  This is a further limitation of the study.  

Including additional social and genetic influences would help create a model that better 

captures relationships of key influences on math anxiety.  For example, considering the role 

of the classroom environment: teaching practices, timed testing, teacher attitudes, student 

engagement, attitudes of peers; the role of the home environment: parent engagement, parent 

and sibling attitudes, access to resources; the role of personal factors: perseverance, self-

efficacy; and considering genetic factors such as predisposition to anxiety. These may better 

address what risk factors, or groups of risk factors played a role in Stephanie’s math anxiety. 

Future research 

 The results of the present study suggested there might be a relation between gender 

and reported levels of anxiety when timing of the math anxiety survey is varied (i.e., 

comparing anticipatory math anxiety levels with anxiety levels reported after a challenging 

math test). Due to the small number of men in the current study however, no conclusions 



78 

 

could be drawn.  Further research using a larger gender-balanced sample is recommended to 

clarify if indeed gender differences in math anxiety are related to test timing.  As well, 

including physiological measures of anxiety such as cortisol levels and skin conductance 

could provide additional information to better characterize gender-related differences in math 

anxiety. 

 Elliot’s (1999) hypothesis that perceived competence influences the relationship 

between anxiety and performance was theoretically based on distinctions between approach 

and avoidance motivation. This is an area of opportunity. Future research with personal 

factors more easily distinguished from math anxiety (e.g. perseverance, self-efficacy) may 

help extend our understanding of social risk factors and their influence on math anxiety.  

Further, methodologies that consider behavioral approaches to anxiety such as measuring 

avoidance behaviors may extend our theoretical understanding of the mechanisms through 

which these social factors impact behaviors in math anxious adults. 

 In examining the math anxiety and math performance relationship, the finding that 

the math evaluation factor correlated with math performance and the math learning factor did 

not was an unanticipated result and one that should be examined further.  As I was unable to 

find previous literature exploring the component relations of the math anxiety scale, further 

testing with a larger sample may provide insights.  Alternatively, approaching other 

researchers and breaking down and analyzing their results in a meta-analysis may yield 

useful results.  For example, if the math evaluation factor is accounting for most of the 

performance relation, strategies targeted at reducing test-related anxiety may prove fruitful. 

 Past research found correlations between math anxiety and spatial processes 

(Maloney et al., 2012; Miller & Bischel, 2004; Ferguson et al., 2015) and quantity processes 
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(Maloney et al., 2010, 2011; Nunez-Pena & Suarez-Pellicioni, 2014).  However, the 

correlational data did not tell the whole story. As shown in this study, these predictors did not 

significantly predict math anxiety in regression models that included standard control 

measures.  To effectively model math anxiety, a more complete battery of potential risk 

factors should be tested.  Including predictors such as trait anxiety, test anxiety, self-efficacy 

and other environmental factors would better capture the relative contributions of these 

predictors for a more useful model of math anxiety.  This in fact, is one of the difficulties in 

math anxiety research.  Typically, predictors are analyzed in isolation.  Understanding which 

are the “key” players could help researchers develop more targeted interventions to alleviate 

math anxiety. 

 In the current study, math anxiety and foundational quantity processes were 

independent predictors of math performance in young adults. Thus the possibility of a link 

between early foundational math processing and math anxiety in children, as suggested by 

Maloney and colleagues, was not directly addressed. Future research should focus on the 

changing relations between risk factors, math anxiety and math performance. Longitudinal 

studies with young children could help researchers map a developmental trajectory for math 

anxiety.   

Implications 

 Understanding the risk factors associated with math anxiety and how they contribute 

to math performance is an important step in developing interventions to alleviate the effects 

of math anxiety on performance. The results from the present study indicate that deficits in 

early foundational skills are not strongly related to math anxiety in adults nor do they 

influence the relations between math anxiety and performance, thus remediation that focuses 
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on math skills should be secondary and emphasize gaps in understanding that may be related 

to avoidance behaviors such as missed classes, unfinished homework or insufficient practice 

for example. These results suggest that the primary focus in remediation should be on 

strategies to manage the anxiety. Developing strategies that are focused on inhibiting 

anxiety-related thoughts and ruminations may prove beneficial for math-anxious students.   

 Because research suggests that math anxiety is present in young children, 

incorporating anxiety-management strategies (e.g., relaxation, breathing techniques, 

expressive writing) within the school environment may be a first step in reducing math 

anxiety and thus lessening its impact on math performance and math avoidance. 

 Unrelated to math anxiety, the current study also demonstrated that foundational 

quantity processes are strongly linked to math performance in adults, suggesting that 

emphasis on fundamental math skills in early learning may lead to better math performance 

in adulthood.    

Conclusion 

 The purpose of the present study was to explore personal and cognitive influences on 

math anxiety and math performance.  Young adults completed measures of math anxiety, 

perceived competence, working memory, quantitative and spatial processing and three 

different assessments of math performance.  Results did not show gender-based differences 

in math anxiety; however, results did suggest women may report higher anticipatory math 

anxiety than men. The results also showed that deficits in foundational math processes, 

although moderately related to math anxiety, did not significantly predict math anxiety.  As 

well, math anxiety and quantity processing were both unique predictors of math performance.  

These results indicate that the effect of math anxiety on math performance is not related to 
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deficits in foundational quantitative or spatial processes. I therefore conclude that it is the 

anxiety, not the math that triggers performance deficits in math-anxious adults.   
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Appendix 1  

Analysis and Discussion of the Children’s Math Affect Survey – Adult Version 

 

The Child’s Math Affect Survey (CMAS) is a 14-question abbreviated and 

modified version of the Scale for Early Mathematics Anxiety (SEMA) survey (Wu et al., 

2013). The CMAS was developed by the author to test math anxiety in children.  In the 

CMAS, three questions related to language learning were added (e.g., You are asked to read 

aloud in class) as well as a practice problem to ensure participants understood the instructions 

and the response scale. In the original SEMA survey, the response scale ranged from “not 

nervous at all” to “very, very nervous”. The response scale in this survey has been changed to 

include confidence levels.  In this survey, the participant is asked to record their confidence 

and anxiety about situations involving both math and language.  For example, “You are in 

math class and your teacher is about to teach something new.” Responses range from very 

confident (1) to very anxious (5).  Faces are used in the 5-point response scale and 

participants mark their responses with a colorful stamp. This new response scale was 

successfully piloted with a small group of grades 1 and 2 students (n = 5).  

The Child’s Math Affect Survey – Adult version (CMAS-A) In the current study, 

slight modifications were made to the CMAS so it could be tested with an adult population.  

This new version is referred to as the CMAS-A.  In developing the CMAS-A, 10 of the 14 

CMAS questions that were taken from the 20-question Scale for Early Mathematics Anxiety 

(i.e., the SEMA; Wu et al., 2013) were modified to better reflect the age of the participants.  

For example, question 1 on the CMAS-A, “ You are asked is this right?  225+17=232,” was a 

modification of the SEMA (and CMAS) question, “Is this right? 9+7=18.”  Another age-
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appropriate modification led to the language learning question  “You are asked to write an 

essay.”  The response scale with the faces was used. The SEMA has reported strong internal 

consistency (α = .87).  This modified adult version also has relatively strong internal 

consistency (α =. 75).  Questions and associated responses are shown in Table 15.   
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Table 15: CMAS–A, Questions and Responses (N=74) 

 

Question 

 

M SD 

1.  You are asked, is this right:  225 + 17 = 232? 

 

2.32 1.40 

2.  You are given this problem: Daisy is taller than Ernie. 

Ernie is taller than Francesca.  Who is the tallest? 

 

1.74 1.02 

3.  You are asked, how much money Annie has if she has 

3 quarters, 2 dimes, 5 nickels and 7 pennies. 

 

2.11 1.17 

4.  You are asked, is this right:  15 – 7 = 8? 

 

1.53 .85 

5.  You are asked, is this spelled right?  

C-O-N-S-C-I-E-N-T-I-O-U-S 

 

2.47 1.21 

6.  You are in math class and your teacher is about to 

teach something new. 

 

2.32 1.14 

7.  Your professor or teacher asks you to read aloud. 

 

2.91 1.35 

8.  You are in class doing a math problem on the board 

 

3.41 1.25 

9.  You are in math class and you don’t understand 

something. 

 

3.65 .97 

10.  You ask your professor or TA to explain a math 

problem. 

 

2.54 1.24 

11. You are writing an essay. 

 

2.93 1.31 

12.  You are preparing a budget for school. 

 

3.12 1.23 

13.  You are assigned a page of algebra problems to work 

on. 

 

2.66 1.23 

14.  You are given this problem, the blue team scored 

points.  The red team scored 8 points. How many more 

points did the blue team score? 

 

1.42 .70 
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The CMAS-A was modified, so that it would be as similar as possible to the CMAS, 

but appropriate for adults.  If the CMAS-A and AMAS provide comparable responses, the 

CMAS and CMAS-A may be useful tools to compare and contrast adult and child math 

anxiety and potentially provide researchers with one tool for testing and following a range of 

age groups over time. 

 To compare the structure of the CMAS-A to the SEMA, I conducted an exploratory 

factor analysis on the 14 CMAS-A items. All questions were entered into a principal factor 

analysis and a varimax rotation extracted 4 factors after 6 rotations (see Table16).  These 4 

factors explained 60.2% of the variance. 
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Table 16:  Principal Component Analysis of the Child’s Math Affect Survey - Adult 

 Factor loadings 

Items Factor 1 

Situational 

anxiety 

Factor 2 

Numerical 

processing 

Factor 3 

Language  

anxiety 

Factor 4 

 

Situational and Performance Anxiety 

6. Learning something new  .84 .06 .16 .03 

13. Algebra worksheet .74 .14 .08 .36 

10. Asking for math help .73 .09 .06 -.21 

8. Problem solving on the board .58 .51 -.10 .03 

9. You don’t understand math .53 .02 -.03 -.01 

12. Preparing a budget .52 -.22 .21 .10 

Numerical Processing     

1. Is this right 225 + 17 = 232 .09 .70 .04 -.05 

2. Who is taller … -.02 .70 -.09 .30 

3. How much money is… .04 .59 .37 .34 

Language Anxiety     

11. Writing an essay .05 -.20 .81 -.08 

7. Reading aloud .06 .26 .77 -.02 

5. Spelling .12 .02 .68 .27 

Factor 4     

14. How many more points… .04 .03 .10 .89 

4. Is this right 15 – 7 = 8 .02 .46 .01 .71 

% of variance 25.0 15.6 13.2 7.7 

  .76 .60 .67 .70 
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 The first two factors align with the factor structure of the SEMA identified and 

labeled by Wu et al. (2013) as situational and performance anxiety, and numerical 

processing, respectively.  This close correspondence between the SEMA and CMAS-A was 

expected, because these questions are all based on the SEMA questions with slight 

modifications to better reflect the age of the participants. The third factor was labeled 

language anxiety. Questions 4 and 14 (both related to subtraction) were the only two 

questions clustering on factor 4.  

 Despite the overall similarity between the two surveys, there were also some 

differences.  The main difference between the CMAS-A and the SEMA was the inclusion of 

language-based questions and hence the language anxiety factor. The rationale for adding 

language questions to the CMAS was to determine whether young children who felt anxious 

about math also felt anxious about other school subjects.  These questions were not expected 

to align with the SEMA structure but they did form a separate factor, supporting the widely-

held assumption that math anxiety is specific to math activities.  Thus, this factor serves as a 

validity check for the math-specificity of the CMAS-A items. 

 Another difference between the surveys occurred for Question 13 “You are assigned a 

page of algebra problems to work on” which was a modified version of the SEMA question, 

“Your teacher gives you a bunch of subtraction/addition problems to work on”. The CMAS-

A version loaded on the situational/performance anxiety factor whereas the similarly worded 

SEMA question loaded on the numerical processing factor.  The algebra focus in this 

question represents more challenging math for older participants than basic numerical 

processing in the SEMA version, thus participants may perceive the question differently. 
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 The third question that did not fit the SEMA structure was question 14, “The blue 

team scored 15 points.  The red team scored 8 points.  How many more points did the blue 

team score?”  This novel question was added to provide a subtraction-based word problem to 

complement the addition-based items.  It was expected to load on the numerical processing 

factor. This question however, loaded uniquely on factor 4.  The questions loading on the 

numerical processing factor were all related to simple addition.  Our participants may relate 

to subtraction differently than addition explaining why this question loaded differently.  This 

theory is supported by the fact that the question, “Is this right, 15 – 8 = 7?” also loaded 

strongly on factor 4.  Without the new questions (language anxiety and the subtraction word 

problem) the factor structure of the CMAS was comparable to the factor structure of the 

SEMA, that is, showing two math anxiety factors.  

Next, I will compare the CMAS-A to the AMAS.  I will look at the individual factors 

in each survey, how they related to each other and how they related to mathematical 

performance.  

 There are three key differences between the CMAS-A and AMAS.  First, the CMAS-

A did not include questions related to math evaluation because it was initially developed for 

grade 1 and 2 students.  These students typically do not have math tests. Thus, in comparing 

the responses of the two surveys, I looked at the total score of the whole survey (all math 

items from the CMAS-A) as well as the individual factors in relation to CMAS-A scores.  As 

shown in Table 17, the AMAS and CMAS-A total scores were highly correlated. The 

situational and performance anxiety factor for the CMAS-A was most strongly related to the 

AMAS factors, correlating significantly with the total AMAS and the two extracted factors of 
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the AMAS. Factor 4 in the CMAS-A had a moderate but significant relation to the math 

evaluation factor of the AMAS but was not significantly related to the total AMAS score.  

 Interestingly, the numerical processing factor of the CMAS-A was not correlated with 

math performance in these adults.  This finding with adults is contrary to Wu et al.’s (2013) 

finding with children that both factors (performance/situational and numerical processing 

anxiety) were significantly correlated with composite math performance scores, suggesting 

that the numerical processing factor of the CMAS-A may be capturing a math anxiety 

element specific to children.  As the CMAS-A numerical processing questions are related to 

simple addition-based mathematical problems reworking them to include more complex math 

such as fractions or algebra may better capture a numerical processing anxiety in adults.  

The other surprising result was that the learning math factor in the AMAS was not 

correlated with math performance in adults. In Hopko’s validation of the AMAS measure, 

math performance was not reported for the individual survey components thus we couldn’t 

draw the conclusion that this result is an anomaly.  Additional testing examining the 

individual AMAS factors and math performance is suggested. 
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Table 17: Correlational Data Comparing the Extracted Factors in the Children’s Math Affect-A and the Abbreviated Math Anxiety 

Survey with Perceived Competence (PALS) and Mathematical Performance 

 CMAS  AMAS  PALS 

 Total Total Factors Total Factors  

  Math  SA NP LangA F4  ML ME  

CMAS measures           

Total  .93** .66** .47** .49** .31** .57** .34** .47** .51** 

Total math   .74** .54** .14 .34** .58** .33** .51** .54** 

Situational anxiety (SA)    .00 .00 .00 .67** .41** .55** .73** 

Numerical processing (NP)    .00 .00 .10 .09 .05 .02 

Language anxiety (LangA)     .00 .12 .11 .07 .07 

Factor 4 (F4)       .10 -.07 .23* .02 

AMAS measures           

Total          .77** .64** .60** 

Math learning (ML)         .00 .50** 

Math evaluation (ME)          .34** 

           

Performance measures           

Simple fluency -.37** -.37** -.18 -.19 -.10 -.41** -.31** -.13 -.33** -.23 

Complex fluency -.20 -.27* -.20 -.13 .14 -.30** -.32** .00 -.50** -.24* 

Procedural arithmetic -.27* -.36** -.33** -.17  .20 -.27* -.45** -.22 -.43** -.39** 

* p < .05; ** p < .01 
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To determine if math anxiety measured by the CMAS-A and AMAS captured a different 

relationship with math performance,  I regressed the two surveys on math performance.  

Controlling for gender, working memory, spatial and quantity processing, the variance in 

performance accounted for by the AMAS survey was shared with the variance in 

performance accounted for in the CMAS-A math component of the survey, specifically, 

the CMAS-A did not account for unique variance in math performance. The AMAS 

however, did account for unique variance in math performance for procedural arithmetic 

as shown in Model 3B of Table 18. Thus the two surveys both capture a similar element 

of the math anxiety and math performance relationship however, the AMAS captures 

additional variance in performance on procedural arithmetic. 



 

 

108 

Table 18:  Linear Models of Predictors of Mathematical Performance Including AMAS 

and CMAS-A Measures of Math Anxiety 

 Simple Fluency Complex Fluency Procedural 

Arithmetic 

 R
2
(%)

 
∆ R

2 
R

2
(%) ∆ R

2 
R

2
(%) ∆ R

2 

 

Model 1 

control variables 

63.7** 63.7** 55.8** 55.8** 34.9** 34.9** 

Model 2A 

control variables 

AMAS 

65.9** 2.2* 59.1** 3.3* 44.9** 9.9** 

Model 3A 

control variables, 

AMAS,  

CMAS-A (math) 

67.7** 1.5 59.6** .5 46.2** 1.4 

Model 2B 

control variables 

CMAS-A (math) 

67.0** 3.3* 58.3** 2.5 42.2** 7.2** 

Model 3B 

control variables 

CMAS-A (math) 

AMAS 

67.7** 0.4 59.6** 1.3 46.2** 4.1* 

* p < .05; ** p < .01 

control variables: gender, digit span backwards, spatial span, spatial processing, quantity 

processing 

 

The language anxiety measures were included in the CMAS to evaluate whether 

math anxiety in young children is related to a broader anxiety about school and learning.  

In our adult population, the language anxiety factor in the CMAS-A did not significantly 

correlate with any of the factors in the AMAS or PALS nor did it correlate significantly 

with any of the math performance measures suggesting this index of language anxiety is 

not related to math anxiety in this population.  

The third difference between the CMAS and both the SEMA and AMAS was the 

scale of measurement.  The CMAS scale ranged from high confidence to high anxiety 

whereas the scales used in the other surveys ranged from low anxiety to high anxiety.  
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This full-spectrum alternative scale was used to provide an opportunity for participants to 

express math confidence. There was a strong correlation between the two math anxiety 

measures as shown in Table 3 suggesting that participants were able to differentiate their 

anxiety/confidence levels using this alternative scale and were likely using the scale 

similarly to the AMAS scale.  As well, the scores were similarly distributed as shown in 

Figure 9. One advantage of using an anxiety/confidence scale is that avoiding negatively-

loaded language (anxiety only) may help children more fully express their math affect 

and provide a clearer distinction between positive (high confidence) and negative (high 

anxiety) valence responses. This untested hypothesis but may be of interest for further 

research.  

In summary, the CMAS-A could be used as an alternative to the AMAS for 

following participants over time.  The two surveys correlate similarly with math 

performance and both account for the same variance in math performance.  Some 

refinements are suggested to better characterize the changes in numerical processing 

anxiety from children through adults. The advantage in using the CMAS-A however, will 

depend on how well the CMAS captures math anxiety in children. Testing of the CMAS 

with children is suggested to determine if the new scale does provide advantages in 

measuring mathematical affect.  
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Appendix 2 – The Math Behaviours and Interest Questionairre 
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Appendix 2 

Symbolic Magnitude Comparison Task – Form A  

 
 

 

 

 

 

 

 

 

 

    ID Number:___________________ 
!

8 6  2 7  4 9  9 5  1 8 
              

6 5  3 8   8 7   4 1   9 2 
              

1 6  3 5  3 1  4 8  6 4 
              

4 5   8 5   4 7   9 1   8 9 
              

5 2  1 5  6 7  4 6  6 8 
              

7 1   7 5   3 7   2 1   9 7 
!
!

Form!A!
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Appendix 3 

MadMinute iPad arithmetic fluency app – screen shot 
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Appendix 4 

 

Brief Math Assessment – 3 (Steiner & Ashcraft, 2012) 

 

 


