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ABSTRACT 

Understanding the factors influencing math achievement may serve to guide future 

instruction and intervention techniques, though integrating factors across neuropsychological, 

affective, and environmental domains in studies has been rare. This study examined relationships 

among math achievement and three factors shown to be related to math in the literature: 

executive functions (EF) (e.g., Fuchs et al., 2009), math anxiety (e.g., Ashcraft & Kirk, 2001), 

and parental expectations of math achievement (e.g., Davis-Kean, 2005). While these three 

factors have been shown to contribute to math achievement individually, no previous study has 

attempted to comprehensively examine all three factors’ contribution collectively. A model is 

proposed which hypothesizes that while all three factors predict math outcome, of the three 

factors, EF contributes the greatest unique variance, math anxiety’s effect on math is moderated 

by EF and parental expectations, and math anxiety’s effect on math is moderated by parental 

expectations. Results show that the proposed model accounted for strong variance in math 

outcomes (R
2 

= .42), and the main effect of EF was the largest main effect contributor as 

hypothesized. Math anxiety was only associated with math when EF was removed from the 

model, and higher parental expectations were associated with lower math anxiety. None of the 

hypothesized interactions were significant. Taken together, the results suggest that other factors 

outside of the neuropsychological domain are influential, but comparatively, EF is a much 

stronger predictor of math achievement. Therefore, future research and development of 

interventions that focus on providing strategies and scaffolding for children with low EF may 

offer the greatest payoff. 

Keywords: math difficulty, executive functions, math anxiety, parental expectations, pre-algebra  
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A Model for the Contributions of Executive Functions, Math Anxiety, and Parental Expectations 

toward Math Achievement 

 Understanding why mathematics is difficult for some children has been an increasingly 

popular focus of research (Berch and Mazzocco, 2007) as more and more careers arise that 

require science, technology, engineering, and mathematics (STEM). Integral to STEM fields is at 

least a basic, and usually in-depth, understanding of math procedures and concepts (NMAP, 

2008). Unfortunately, math proficiency in the United States is less than optimal. Sixty percent of 

fourth grade students and 65% of eighth grade students perform at less than a proficient level. 

Furthermore, 18% of fourth graders and 27% of eighth graders perform below even a basic, 

fundamental level (NAEP, 2011). Though these numbers are slightly higher than those in the 

2009 NAEP report, performance is still low compared to other countries. According to 

Hanushek, Peterson, and Woessman (2010) only six percent of eighth grade students in the 

United States are at an advanced level of math proficiency, which is significantly lower than 30 

of the 57 countries which participated in the study. Reported percentages of advanced students in 

countries like Finland, South Korea, Slovenia, Taiwan, and Germany as much as quadruple the 

percentage of advanced students in the United States. Within the United States, there was great 

variability among states’ percentage of students with advanced math achievement, ranging from 

11.4% of students in Massachusetts to 1.3% in Mississippi. 

 According to the NAEP (2011) report, the percentage of fourth grade students with 

grade-appropriate math skills was greater than that of eighth grade students, suggesting that, as 

age increases, more and more students are unable to demonstrate age-appropriate math 

proficiency. There are multiple potential explanations for this weakness. Math content in the 

typical eighth grade math class is markedly different from the math content in fourth grade math 
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classes. Further, required math strategies transition in focus from a procedural, fact-memorizing 

way of thinking to a broad, conceptual way of thinking (Mason, 1989; Sfard & Linchevski, 

1994). Because of the stark difference between the two ways of thinking, this transition can be 

difficult for students. In fact, several studies have shown that lower-level problem solving 

techniques may actually interfere with learning problem solving techniques that require more 

conceptual, higher-level understanding (Crowley & Siegler, 1999; McNeil, 2008; McNeil & 

Alibali, 2005) and that conceptual-based intervention strategies are most effective in bridging the 

gap between arithmetic and algebra (Rakes, Valentine, McGatha, and Ronau, 2010).  

Based on the above, successful transition between arithmetic and algebra appears to be 

crucial to future math success. Therefore, understanding math in children who are making this 

transition (i.e., sixth and seventh grade) is an important step in helping children succeed in higher 

levels of math. In order to appropriately understand predictors of math in sixth and seventh 

graders, it is important to consider not only basic arithmetic (old skills) or algebra concepts (new 

skills), but also recent math skills. For example, students often struggle with fraction arithmetic 

(Jordan, Hansen, Fuchs, Siegler, Gersten, & Micklos, 2013; Siegler & Pyke, 2012), an important 

skill typically introduced in third or fourth grade and still being developed in sixth or seventh 

grade (National Council of Teachers of Mathematics, 2006). Therefore, it is a skill which would 

be appropriate to evaluate when examining predictors of math in sixth or seventh graders. In 

summary, comprehensive, informative study of students in the sixth and seventh grades 

necessitates examination of math skills learned long ago (e.g., basic arithmetic), skills recently 

learned (e.g., manipulating fractions), and novel skills (e.g., pre-algebra). 

One approach toward improving math achievement comes from a better understanding of 

its correlates; addressing those factors may then serve to guide instruction and intervention 
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techniques. The present study evaluates a combination of both well-studied and understudied 

factors that are likely important for math, and in doing so, addresses their predictive power for 

different areas of mathematics. The factors studied here relevant to math achievement can be 

conceptualized among the domains of cognition, emotion, and factors in the home environment. 

Neuropsychological Explanations: Executive Functions and Math Achievement 

To better understand individual differences in math achievement, several studies have 

described its cognitive concomitants (e.g., Cirino, 2011; Fuchs et al., 2009; Geary, Hoard, & 

Hamson, 1999). Many of the types of measures implicated in this regard are referred to in the 

neuropsychological literature as measures of executive functioning (EF). Numerous models of 

EF have been proposed (e.g., Miyake, Friedman, Emerson, Witzki, & Howerter, 2000; Roberts 

& Pennington, 1996); therefore the way in which EF is operationalized in a given study must be 

carefully noted. Generally, studies define EF as a compilation of higher-level functions that 

involve the control of cognition and behavior (Carlson, Moses, & Breton, 2002; Hughes, 2002; 

Miyake et al., 2000; Roberts & Pennington, 1996; Taylor, Barker, Heavey, & McHale, 2012).  

While EF is potentially relevant for many tasks, it shares a particularly close relationship 

with math and features prominently in theories relevant to math. This is especially true for 

higher-level math processes because complex, multi-step math problems require goal-directed 

behavior, attentive appraisal of the problem schema, consideration of solution-finding strategies, 

and correct implementation of an appropriate strategy – all the while inhibiting incorrect 

strategies and task-irrelevant information and keeping in mind how each mental action or stroke 

of the pencil serves to solve the initial problem (Toll, Van der Ven, Kroesbergen, & Van Luit, 

2011).  
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Roberts and Pennington’s (1996) model of EF proposes that successful completion of 

executive tasks requires inhibition and working memory. Integral to their theory is the idea that 

executive tasks include a prepotent incorrect response that, if not inhibited, has a high probability 

of surfacing. The model suggests that inhibition and working memory are often collaborative, 

such that when working memory is appropriately maintained, inhibition of prepotent responses 

occurs by default. On the other hand, for example, the prepotent incorrect response for a math 

story problem with copious extraneous information might be to integrate the incorrect, 

extraneous information into the solution. The model also suggests individual differences in 

“prepotency” for any given task, implying agreement with other studies that, while working 

memory is highly related to inhibition, the two factors are dissociable (e.g., Espy, 1997; St Clair-

Thompson & Gathercole, 2006; Miyake et al., 2000).  

Using Roberts and Pennington’s (1996) model, proper selection of relevant information 

to arrive at the correct answer would depend on 1) the strength of the prepotent response to 

integrate extraneous information (i.e., lack of inhibition) and 2) appropriate maintenance of 

working memory. Other well-regarded models include similar elements. For example, Geary 

(2004) proposed a framework based on Baddeley’s (1986) “central executive” in which 

inhibition and attentional control are necessary for the proper use of procedural and conceptual 

math skills. 

Inhibition has been operationalized in several different ways, from the ability to prevent 

interference from extraneous sources, to suppressing non-pertinent thoughts, to suppressing 

prepotent responses (Aichert et al., 2012; Harnishfeger & Pope, 1996; Logan, 1994; Nigg, 2000; 

Roberts & Pennington, 1996). Studies suggest that inhibition of irrelevant information, irrelevant 

thought processes, and incorrect strategies is important in math problem solving in order to have 
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enough mental resources to attend to relevant information, use correct strategies, and properly 

carry out math procedures (Toll et al., 2011). Numerous studies empirically demonstrate a clear 

positive relationship between inhibition and math outcomes in typically-developing students of 

varying ages (Blair & Razza, 2007; Bull, Espy, & Wiebe, 2008; Mazzocco & Kover, 2007; 

Osmon, Smerz, Braun, & Plambeck, 2006; Passolunghi, Vercelloni, & Schadee, 2007; Toll et al., 

2011), as well as in non-typically-developing individuals (e.g., Passolunghi, Marzocchi, & 

Fiorillo, 2005). For example, attention-deficit/hyperactivity disorder (ADHD), a disorder highly 

associated with lack of inhibitory control (Barkley, 1997; 2006) is also highly comorbid with 

deficits in math (Todd et al., 2002). Blair and Razza (2007) showed that inhibition was related to 

not only procedural math (e.g., addition and subtraction), but also quantitative concepts and 

numeracy, and the findings of Mazzocco and Kover (2007) showed longitudinally that inhibitory 

control at a young age (6 and 7 years) is predictive of arithmetic in later elementary school years. 

Osmon et al. (2006) showed that the relationship extends to adults as well, demonstrating a 

significant correlation between inhibitory impairment and mathematics disability in college 

adults.  

Common to measures used in inhibition studies is the task of completing a certain action, 

but inhibiting that action whenever a certain condition is met. Tasks like the Stroop (1935) task, 

one variation of which requires the individual to name the color of a word written in a different 

color, and stop-signal tasks (Logan, 1994), which require subjects to respond to a visual stimulus 

except when an auditory stimulus is present, are well-established and commonly-used measures 

of inhibition. While Stroop-like tasks have been shown to be related to math in some studies 

(e.g., Heine et al., 2010; Navarro, Aguilar, Alcalde, & Ruiz, 2011), other studies have not found 

a relationship (e.g., Mazzocco & Kover, 2007; Mayes, Calhoun, Bixler, & Zimmerman, 2009; 
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Van der Ven, Kroesbergen, Boom, & Leseman, 2012). Stop-signal tasks also have shown robust 

relations with math achievement (e.g., St Clair-Thompson & Gathercole, 2006). 

Working memory is the ability to hold information in an accessible state and manipulate 

it in order to complete cognitive tasks (Cowan, 2010) and often involves the strategic allocation 

of attention and dual tasking (Raghubar, Barnes, & Hecht, 2010). Solving a math problem 

requires several skills relevant to working memory, including the ability to: 1) take in relevant 

information (e.g., What information am I given to solve the problem, and what is left out?); 2) 

access relevant long-term memory (What types of procedures are usually used to solve a problem 

like this?); and 3) manipulate this information appropriately in order to achieve a desired solution 

(Baddeley & Logie, 1999; Swanson & Beebe-Frankenberger, 2004).  

The relationship between working memory and math outcome has been studied 

extensively, especially in the context of low mathematics achievement. Several studies show that 

low working memory is associated with math disability (Adams & Hitch, 1997; Geary, Hoard, 

Byrd-Craven, & DeSoto, 2004; Hitch & McAuley, 1991; Holmes & Adams, 2006; Siegel & 

Ryan, 1989; Swanson & Sachse-Lee, 2001). Other studies show that working memory correlates 

with both elementary and higher-level math outcomes (Alloway & Passolunghi, 2011; Campos, 

Almeida, Ferreira, Martinez, & Ramalho, 2013; Lee, Ng, & Ng, 2009; Swanson, 2011; Tolar, 

Lederberg, & Fletcher, 2009; Zheng, Swanson & Marcoulides, 2011). For example, Campos et 

al. (2013) found a relationship between working memory and both procedural and conceptual 

arithmetic skills, Lee et al. (2009) showed a correlation with algebra skills, and Swanson and 

Beebe-Frankenberger (2004) demonstrated a significant relationship between working memory 

and problem solving accuracy in elementary age students. In addition, working memory was 

shown to be related to basic math skills such as numeracy and magnitude estimation in 
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elementary age children (Cowan et al., 2011). Digit span tasks, which require subjects to hold a 

list of numbers in memory and repeat them backward, (Wechsler, 1945) and Corsi blocks tasks, 

which are visuospatial analogs to digit span tasks (Corsi, n.d.; Kessels, van den Berg, Ruis, & 

Brands, 2008) are commonly used and have been found to be related to math achievement (e.g., 

Cowan et al., 2011; Bull, Espy, & Wiebe, 2008). However, some studies relating digit span tasks 

to math achievement have found no association (e.g., Geary, Hamson, & Hoard, 2000; Temple & 

Sherwood, 2002). 

Attitudes and Emotions: Anxiety and Math Achievement 

While there is a strong research base to support the role of EF in math achievement, other 

factors have been shown to predict math achievement as well. Beyond cognitive ability, the 

literature has shown that emotions—specifically “academic emotions”—influence behavior 

(Ahmed, van der Werf, Kuyper, & Minnaert, 2013). In other words, a student’s disposition can 

affect his/her performance in math. Further, a student’s disposition toward math, whether 

positive or negative, can influence achievement (Ashcraft & Kirk, 2001; Hembree, 1990). 

Anxiety, whether generalized or stimulus-specific (e.g., math anxiety), affects 

concentration and uses mental resources (5
th

 ed.; The Diagnostic and Statistical Manual of 

Mental Disorders; American Psychiatric Association, 2013; Ashcraft & Krause, 2007). In the 

context of doing math, lack of concentration could lead to difficulty in compiling relevant 

information and deciding how to solve a problem, making careless errors due to lack of focus, 

and “freezing up” when the perceived number of mental resources required for a task exceeds the 

perceived number of mental resources available (Eysenck & Calvo, 1992). In addition, a 

hallmark of anxiety toward a specific stimulus (i.e., math) is avoidance behavior, which leads to 

increased fear of the stimulus and increased avoidance (DSM-5; American Psychiatric 
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Association, 2013). Therefore, when the feared stimulus is math, avoidance of math would be 

expected, which would result in systematically less exposure to and internalization of math 

concepts and procedures, and, in a cyclical fashion, lead to greater fear of math. 

Studies generally agree that there is not a significant relationship between general anxiety 

and math. Results from Wu, Wilcutt, Escovar, and Menon (2013) showed no relationship 

between general anxiety and math in second and third graders. Patten (1983) also demonstrated 

the lack of a relationship between anxiety and math achievement in learning-disabled 

kindergarten to sixth grade students, and Sepie and Keeling (1978) found similar results in 

typically developing, 11 and 12 year-old children. Feldhusen and Klausmeier (1962) showed that 

fifth grade students with anxiety were susceptible to low arithmetic achievement, but only in the 

context of low IQ, making a unique relationship with general anxiety ambiguous. Apart from Wu 

et al. (2013), presumably because of early studies that demonstrated null effects, there are few 

recent studies that explore math outcome in the context of general anxiety. Therefore, 

confirmation of such effects, particularly for more demanding aspects of mathematics that are 

more difficult and potentially “pull” for such emotional factors, would be informative. 

Math anxiety has been distinguished as a subset of general anxiety particular to 

mathematics performance. While math anxiety is significantly correlated with general anxiety 

(Hembree, 1990), the two are dissociable (Ashcraft & Moore, 2009). Though general anxiety is 

often not shown as a significant predictor of math achievement (e.g., Llabre & Suarez, 1985; Wu 

et al., 2013), studies consistently agree that high math anxiety is linked to poorer math 

achievement (Ashcraft & Kirk, 2001; Hopko et al., 2003; Wu et al., 2013). Most studies finding 

robust relationships between math anxiety and math achievement used variations of Richardson 

& Suinn’s (1972) Math Anxiety Rating Scale (MARS). However, this scale is not ideal for 
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children and pre-adolescents, as items are phrased in a complex way and pertain to math in 

contexts that are not yet relevant for children (Krinzinger, Kaufmann, & Willmes, 2009). 

Another math anxiety scale designed specifically to be applicable to elementary and intermediate 

students, the Math Anxiety Questionnaire (MAQ) developed by Wigfield and Meece (1988), is 

also robust in its relationship to math (Meece, Wigfield, & Eccles, 1990; Wigfield & Meece, 

1988). Math anxiety has been shown to correlate significantly with both elementary and 

advanced math in both children and adults (Ashcraft & Kirk, 2001; DeCaro, Rotar, Kendra, & 

Beilock, 2010; Hembree, 1990; Wu et al., 2013). Females tend to rate themselves as more math 

anxious than males rate themselves, though this does not necessarily translate to lower 

performance for females (e.g., Hembree, 1990; Meece, Wigfield, Eccles, 1990). 

The literature concerning the individual contributions of EF to math achievement and (to 

a slightly lesser degree) math anxiety to math achievement is expansive. However, given the 

known relevance to math of these factors individually, more studies that combine these factors 

are warranted. Ashcraft and colleagues and Beilock and colleagues have contributed the bulk of 

the research in this combinatory regard. For example, Hopko, Ashcraft, Gute, Ruggiero, and 

Lewis (1998) determined that math anxiety was related to the inability to inhibit attention to 

distracting stimuli, expanding on Eysenck and Calvo’s (1992) theory in suggesting that math 

anxiety diverts necessary working memory resources. Ashcraft and Kirk (2001) tested a three-

way interaction of working memory, anxiety, and problem difficulty. College students were 

asked to do two-column addition while holding strings of either two or six letters in memory. 

The dependent variable was the percentage of trials in which an error occurred in either the 

mental addition or the recall of letters. The study showed that highly math anxious individuals 

performed more poorly than those with low math anxiety on the task which required high 
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working memory (holding six letters in memory), but both groups performed similarly on the 

math task with low working memory burden (holding two letters in memory).  

In comparing Ashcraft & Kirk (2001) to studies with similar goals, the nature of the math 

tasks (mental addition), the way the math outcome was operationalized (percentage of trials with 

either math or non-math errors), and the method of designating working memory (categorical 

high/medium/low load designations) differed. For example, Ramirez, Gunderson, Levine, and 

Beilock (2013) documented the same three-way interaction but in a different way. In a study 

with first graders, they showed that math achievement was highest for those with high working 

memory, though performance was negatively affected by math anxiety in individuals with high, 

but not low, working memory. Working memory and math anxiety were continuous variables. 

When split into easy versus difficult items in a post-hoc analysis, the interaction effect only 

occurred when the math outcome was isolated to difficult problems, which the authors suggested 

naturally carried a higher working memory load. In contrast, Vukovic, Kieffer, Bailey, and 

Harari (2013a), which was analogous in design to Ramirez et al. (2013) but in second and third 

graders, did not find a working memory by math anxiety interaction effect no matter the math 

outcome used. Vukovic et al., (2013a) did not address the three-way interaction, as math 

outcomes were not categorized as easier or harder as in Ramirez et al. (2013). In a longitudinal 

analysis, Vukovic and colleagues did find an interaction of math anxiety measured in second 

grade with future math achievement measured a year later, which they attributed to high-working 

memory and high-math anxious children adopting disruptive avoidant strategies which have 

lingering effects. Some other studies have examined working memory and math anxiety in the 

context of arousal, suggesting that for those high in working memory, whether physiological 

arousal improves or decreases math performance depends on math anxiety level (Mattarella-
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Micke, Mateo, Kozak, Foster, & Beilock, 2011), though this relationship was not observed in all 

studies (Miller & Bichsel, 2004). 

While the existing literature does provide some insight as to how cognitive and affective 

components interact in predicting math achievement, more research is needed in this regard. 

Given math’s relationship with both working memory and inhibition, and given that both are 

components of EF, we expect that a variable combining these will behave in the same way as 

working memory alone. Therefore, we predicted math anxiety to moderate the effect of EF in the 

same way as Ramirez et al. (2013), such that high EF corresponds with high math achievement 

and that math anxiety negatively affects performance, though more so for individuals with high 

EF than low EF.  

Environmental Explanations: Parental Expectations and Math Achievement 

While there is strong evidence that underlying cognitive abilities are significantly related 

to math and that less math anxiety is associated with better math outcomes, studies also show 

that a third variable -- parental expectations of their children’s achievement -- correlates 

significantly with math outcomes (e.g., Englund, Luckner, Whaley, & Egeland, 2004; Yan & 

Lin, 2005; Zhan, 2006). This relationship has been explored from various points of view: e.g., 

that parental expectations drive student motivation (e.g., Ablard & Parker, 1997; Chen & 

Stevenson, 1995) or that parents’ beliefs about their child’s abilities influence their child’s 

perceptions of their own math ability (Gunderson, Ramirez, Levin, & Beilock, 2012). Some 

older studies regarding parental expectations have examined parental differences with regard to 

gender, concluding that parents tend to view math as more important for boys and view male 

children as more naturally capable of doing math, which correspondingly affects children’s 

perceptions of their own math abilities (Jacobs, 1991; Yee & Eccles, 1988).  



Running head: CONTRIBUTIONS OF EF, MATH ANXIETY, AND PARENTAL EXPECTATIONS 12 
 

 
 

Much of the research on parental expectations has scrutinized differences among cultures. 

For example, Asian parents of children grades 4 through 6 have been shown to have higher 

expectations of their children’s math achievement than non-Asian parents and to view academic 

outcome as a result of effort rather than something internally immutable (e.g., natural ability) or 

something external (e.g., school environment) (Hess, Chang, & McDevitt, 1987; Whang & 

Hancock, 1994). Statistics show that students in Asian countries like Taiwan and South Korea 

have more high-achievers in math than students in the United States (Hanushek, Peterson, and 

Woessman, 2010), which corroborates the idea that academic outcome may be in part due to the 

motivational effects of high parental expectations. Instructional approaches which emphasize 

external evaluation more strongly than in the U.S. (Gao, Kao, & Ting-Toomey, 1998) as well as 

differences in length of school day and length of school year (Fuligni & Stevenson, 1995) may 

also be involved in this result.  

The effect of parental expectations on students’ achievement has been shown among 

other ethnic and racial groups as well. In a study of more than 800 8 to 12-year-olds, Davis-Kean 

(2005) showed that for both European American and African American students, variations in 

parents’ educational expectations (measured as the highest grade they expected their children to 

complete) were predictive of reading and math achievement (r = .44 for both). A different study 

by Pong, Hao, and Gardner (2005) examined 17,996 students in grades 7 to 12 of European 

American, Hispanic, and Asian backgrounds and found that parental expectations of educational 

attainment (measured as parents’ disappointment associated with child not graduating from 

college) was significantly correlated (r = .15) with academic achievement (measured as GPA). 

That study also showed that parental expectations were highest for first generation immigrant 

families of Asian and Hispanic descent.  
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In a study of European American and African American children from 5 to 12 years of 

age, Zhan (2006) examined the relationship of several parent characteristics with math 

achievement, including net worth, mother’s education, mother’s expectations, and parent 

involvement in school and homework. Results showed that mother’s expectations of child 

performance (as measured with the question, “How far do you think your child will go in 

school?”) were significantly related to math achievement, along with net worth and mother’s 

education. Furthermore, the relationships between net worth and math and between mother’s 

education and math were mediated by parental expectations, suggesting an even closer link 

between high expectations and strong math achievement. According to a model proposed by 

Davis-Kean (2005), parental expectations affect math outcomes indirectly. The model suggested 

that parental income and education predict parental educational expectations and that the 

relationship between parental expectations and academic performance is mediated by home 

environment variables such as warmth (e.g., praise, positive feelings) and reading in the home 

(e.g., number of books owned by child, frequency of reading).  

In their review of parental expectations and academic achievement, Yamamoto and 

Holloway (2010) considered the way in which parental expectations were operationalized in 

several previous studies. Most studies operationalize parental expectations as parents’ long-term 

expectation of educational attainment (i.e., “How far do you expect your child to go in school?”) 

(e.g., Davis-Kean, 2005; Hossler & Stage, 1992; Zhan, 2006), and a few operationalize parental 

expectations as their expectations of their students’ year-end grades (e.g., Okagaki & Frensch, 

1998; Phillipson & Phillipson, 2007). Far fewer studies (e.g., Hess et al., 1987) operationalize 

parental expectations more broadly by also considering day-to-day expectations of academic 

success, parent reaction to the child’s success or failure in math, parent perception about the 
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child’s math ability, or parental views of whom, if anyone, is most responsible for a students’ 

academic success. In addition, much of the parental expectations research has focused on 

academics in general, rather than math in particular (Yamamoto & Holloway, 2010) or on 

differences in parental expectations based on the family’s culture (e.g., Pong et al. 2005) or the 

student’s sex (e.g., Frenzel, Goetz, Pekrun, & Watt, 2010; Kaminski, Erickson, & Bradfield, 

1976). 

Hypothesized Integrated Models 

The goal of the present study is to test models that consider the relevant contributions of 

EF, math anxiety, and parental expectations to mathematics achievement. While the above 

review describes how each of these factors influences mathematics, to our knowledge, there are 

no current models that collectively consider each contributor together with math achievement. 

The relationships between EF, math anxiety, general anxiety, parental expectations, and math 

achievement were considered using SEM and multiple regression approaches (described below). 

The proposed model, depicted in Figure 1, hypothesized that EF, math anxiety, and parental 

expectations all significantly influence math achievement directly, in agreement with the 

literature. We expected that, in accordance with previous studies that show these variables 

correlate with several math types over a broad range of ages, all three types of variables would 

correlate with several different types of math outcomes, ranging from simple arithmetic to pre-

algebra, especially given some findings specific to difficult math (e.g., Ramirez et al, 2013). 

However, in the model, the expected relative strengths of these predictive factors to math were 

expected to vary, especially when contextualized in a system to influence math outcomes. In the 

model, as presented in the literature, we expected EF (e.g., Alloway & Passolunghi, 2011; Blair 

& Razza, 2007) and parental expectations (e.g., Zhan, 2006) to be positively predictive of math 
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achievement, and math anxiety to be negatively predictive of math achievement, (e.g., Wu et al., 

2013).   

(Insert Figure 1 here) 

The proposed model includes an interaction between math anxiety and working memory 

(as contextualized within EF) in the prediction of math achievement. The literature suggests that 

the negative effects of math anxiety on math achievement are most adverse in those with high 

working memory, as those with high working memory tend to rely on working memory-intensive 

strategies for solving problems (Ashcraft and Kirk, 2001; Ramirez et al., 2013), though there is 

some disagreement (Vukovic et al., 2013a). Since inhibition and working memory are related 

aspects of EF (Roberts & Pennington, 1996), we suggest that working memory and inhibition 

function in the same way, i.e., that math achievement is also more adversely affected by math 

anxiety in those with a high ability to inhibit. Therefore, grouping working memory and 

inhibition together as “EF,” the model proposed that math anxiety moderates the effect of EF on 

math achievement. We earlier noted that this interaction effect was shown in the literature when 

the math achievement measure was challenging for the students, but not when it was easy (e.g., 

Ashcraft & Kirk, 2001; Ramirez et al., 2013). In a separate analysis, Ramirez et al. (2013) also 

showed this effect when the math achievement measure included a combination of both easy and 

difficult questions.  On the other hand, Vukovic et al. (2013a) did not find this effect when the 

performance measure included easy and difficult items. The measures used in this study were 

chosen so as to tap different mathematical content relevant to students at this age range (e.g., 

broad mathematics, fractions, pre-algebra), and therefore likely capture a range of difficulty, but 

were not developed specifically across the easy-difficult continuum. Therefore, they are most 

like the mixed measures of Ramirez et al. (2013) and Vukovic et al. (2013a).  
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An interaction of parental expectations with EF was also included in the proposed model. 

As noted, in populations where high academic parental expectations are a cultural norm, children 

tend to perform better on measures of math achievement (e.g., Asian cultures; Whang & 

Hancock, 1994, Hess et al., 1987), indicating an advantage for children whose parents have high 

expectations. The relationship between parental expectations and EF in the context of math 

achievement has not been demonstrated. However, we hypothesized in the model that the 

adverse effects of low parental expectations on math achievement is greatest when EF is high; 

i.e., parental expectations moderate the effect of EF on math achievement. Mechanistically, we 

expected that those with high EF have “more to lose” than those with low EF; therefore, low 

parental expectations are expected to negatively affect the math achievement of individuals with 

high EF more than those with low EF.  

An interaction between math anxiety and parental expectations was also hypothesized. 

On one hand, high parental expectations from a warm and supportive standpoint could help 

children with low math anxiety feel like math is both important and doable. On the other hand, 

high parental expectations for children with high math anxiety may help children feel like math 

is important, but not doable. Therefore, it was hypothesized that parental expectations 

differentially affect children’s math achievement based on their level of math anxiety such that 

high parental expectations are very helpful for children with low math anxiety and make things 

worse for children with high math anxiety.  

Finally, in order to revisit a topic that has not been addressed substantially in recent 

years, the hypothesized model also considered general anxiety. As shown in other studies, in the 

hypothesized model, general anxiety was predicted to relate significantly to math anxiety 
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(Hembree, 1990), but not be a relevant predictor of math outcomes (Wu et al., 2013; Patten, 

1983).  

The inclusion of math, EF, anxiety, and parental expectations together in the same model, 

though novel, has its complications because there has not been a concrete precedent to drive the 

methodology or choice of measurement methods. For example, the research examining 

relationships between cognitive variables and math tends to measure math achievement by using 

standardized or experimental math tests given by the researcher (Raghubar, Barnes, & Hecht, 

2010), while math achievement in the math anxiety and parental expectations literature varies 

between teacher ratings of student progress (e.g., Englund et al., 2004; Stevenson & Baker, 

1987), procurement of grades or previous test scores (e.g., Betz, 1978; Meece, Wigfield, & 

Eccles, 1990; Yee & Eccles, 1988) and standardized or experimental math tests administered by 

the researcher (e.g., Davis-Kean, 2005). As discussed previously, EF, math anxiety, and parental 

expectations have all been operationalized using varying methods as well. The measures used 

here were carefully chosen and based on a comprehensive review of previous research as well as 

sample characteristics. As such, the present study represents a strong test of the hypothesized 

relationships. 

Summary 

While EF, math anxiety, and parental expectations all have been shown to contribute 

significantly to math achievement, none is independently fully predictive of math achievement. 

Therefore, it follows that these variables may better predict math achievement collectively to an 

extent greater than any of them independently. However, to our knowledge, no previous study 

has comprehensively considered all three of these factors’ relation to math. The current study 

seeks to integrate the aforementioned lines of research (cognitive, emotional, and environmental 
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explanations) into one study to gain a clearer understanding of how these different factors may 

play into a student’s mathematical prowess or deficiency.  

This study also addresses several other specific gaps in the literature. For example, 

though some research suggests mechanisms between math anxiety and working memory that 

affect math achievement (Ashcraft & Kirk, 2001; Ramirez et al., 2013; Vukovic et al., 2013a), it 

is unclear if this extends more broadly to executive functions as well. In addition, the joint effect 

of math anxiety and parental expectations on math outcome has not been explored, except to a 

certain extent in the context of gender differences (e.g., Hall, Davis, Bolen, & Chia, 1999; 

Meece, Glienke, & Burg, 2006; Spencer, Steele, & Quinn, 1999). By hypothesizing a model to 

account for relationships between predictors as well as between predictors and math outcome, 

the current study explores several relationships that have not yet been studied and provides a 

potential framework on which intervention and future study may be based.  

Finally, while most of the studies that consider the effects of EF, math anxiety, or 

parental expectations look at young children in third grade or under (e.g., Bull et al., 2008; 

Campos et al,. 2013) or at the college level (e.g., Ashcraft & Kirk, 2001; Hopko et al., 2003), the 

current study examines these factors in a less-studied age range, specifically students at the end 

of sixth grade. Accordingly, the types of math outcomes used in this study differ from other 

studies and include a range of lower-level skills (e.g., arithmetic), mid-level skills (e.g., 

fractions), and higher-level skills (e.g., algebraic concepts).  

Methods 

Participants 

 The sample consisted of 96 students who had just finished their sixth grade school year, 

divided equally across gender and divided as follows across ethnicities: Hispanic (64), Black 



Running head: CONTRIBUTIONS OF EF, MATH ANXIETY, AND PARENTAL EXPECTATIONS 19 
 

 
 

(20), White (9), and Asian (1). Because of missing data, only 93 students were used in most 

analyses. Demographics are shown in Table 1. Students were from three public intermediate 

schools in a southwest state rated as ‘acceptable’ or higher according to state standards. 

Typically-developing students in the second half of their sixth grade year and in regular 

education math/pre-algebra classes were eligible to participate. Students enrolled in summer 

school were unable to participate because summer school dates overlapped with the dates of the 

study. Procedures for recruitment, consent, and participation were approved by an institutional 

review board (IRB). 

(insert Table 1 here) 

Procedures 

Participants were recruited during the spring of 2013 for participation during the ensuing 

summer. Study coordinators visited students’ math classrooms presenting information about a 

voluntary opportunity to spend three consecutive days during the summer participating in a math 

research study. Benefits described to the students included learning math and earning a $60 gift 

card. Parents of students who returned the parental consent form were called by telephone to 

schedule which session during the summer the student was able to participate. In schools in 

which more students returned parental consents than spots were available, students’ parents were 

called in random order until all spots were filled. Parents whose students were enrolled in the 

study received parent rating forms in the mail before the start of the study.  

Parent rating forms were retrieved from students on the first and second days of the 

study. Tests of numeracy and quantitative concepts, all cognitive tests, all student rating 

questionnaires, and an algebra pre-algebra test were administered in the morning on the first day 

of the study, over approximately 2.5 hours. The afternoon on the first day and the second and 
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third days were reserved primarily for implementation of a separate experimental algebra 

intervention, the details of which are reported elsewhere (Tolar, Cirino, Fuchs, et al., in 

preparation). 

Measures 

 Math Achievement. Each of the following math achievement measures was considered 

as either an indicator of a latent math achievement factor or a constituent of a math achievement 

composite. To assess algebra skills, an experimental pre-algebra test was used. The pre-algebra 

test includes computational questions (e.g., “y = 2x + 3. If x = 6, what does y = ?”) as well as 

story problems (e.g., Selena puts $3 from her allowance into the college fund each week. How 

many weeks will it take Selena to save $15 for college?”). Time allotted for the pre-algebra test 

is 30 minutes. The test features twenty-four multiple-choice problems in a test booklet, and 

students write answers on a separate answer sheet. For each test, participants receive one point 

per correct answer. Total score was used for analyses. Internal consistency was measured using 

Cronbach’s alpha (α = .75). 

The Blue form of the Math Computation subtest of the Wide Range Achievement Test-4 

(WRAT-4) is a 40-item paper-and-pencil math test ranging from single digit addition to fraction 

manipulation and long division. Items are scored 1 if the answer written is correct and 0 if it is 

incorrect. Internal consistency reliability ranges from .93 to .94 for ages 17-34, and alternate-

form delayed-retest reliability is .88 for all adults (Wilkinson & Robertson, 2006). The measure 

utilized in analyses is the standard score. Relative to age, mean math performance in the sample 

was clinically in the average range (SS M = 106.7, SD = 11.7) 

The Brown/Quinn Fractions test is a 25-item, free-response test taken from Brown and 

Quinn (2006) that assesses the ability to manipulate fractions. Time allotted is 10 minutes. 
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Students are given 1 point for correct answers and 0 points for incorrect answers. In a study of 

138 elementary algebra students, correlation was r = .58 with the algebra course final exam 

(Brown & Quinn, 2007). Total score was used for analyses. The distribution was skewed right 

and leptokurtotic. The data was transformed using a natural log transformation, which resolved 

the skewness and kurtosis. However, transforming the data did not appreciably affect the results 

of the analyses, so the non-transformed data was used to ease interpretability. Internal 

consistency was measured using Cronbach’s alpha (α = .67). 

The State of Texas Assessment of Academic Readiness (STAAR) for sixth grade math is a 

52-item, multiple choice test that is taken in the spring semester by most sixth graders in public 

schools in the state of Texas. Twenty-two items correct is the state’s minimum passing score. 

Time allotted is 4 hours. Internal consistency for this test is .93 (TEA Technical Digest 2012-

2013). 

All math variables were combined either as indicators of a math achievement latent 

variable in the SEM analysis or standardized and averaged into a math achievement composite in 

the regression analysis.  

EF. Each of the following EF measures was considered as an indicator of a latent EF 

factor. The Color-Word Interference Test subtest of the Delis-Kaplan Executive Function System 

(D-KEFS, 2001) assesses cognitive flexibility and inhibition. The task includes 4 parts: 1) 

Naming rectangular color swatches, 2) Reading color words (e.g., Yellow, Blue) printed in black 

ink, 3) Inhibition: naming the color ink of non-corresponding color words (e.g., “Blue” printed in 

green), 4) Flexibility and Inhibition: the participant is asked to again name the ink color, except 

that when the word is surrounded by a box, the participant is asked to read the word. Time, 

uncorrected errors, and corrected errors are recorded for each task. Total time to completion of 
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the third condition was used for analysis (e.g., Lippa & Davis, 2010). Test-retest reliability for 

condition 3 in 8 to 19 year olds is .90 (D-KEFS, 2001). The original distribution was 

leptokurtotic. However, one outlier was more than 4 standard deviations greater than the mean 

and was separated from the rest of the distribution. Therefore, this value was trimmed to one 

greater than the value of the next highest value to preserve its rank ordering, which resolved the 

kurtosis. The data used in analyses included this modification. 

In the computerized Stop Signal task which assesses inhibition, participants are asked 

during each trial to push keyboard buttons to indicate whether or not an arrow that briefly 

appears on the screen points to the left or right, but when the arrow is followed by a beep, 

participants are instructed not to respond. The program is adaptive, meaning that participants 

who make several mistakes at first are given easier subsequent items (i.e., the beep is presented 

more immediately after the arrow stimulus), participants who make few mistakes, including 

those who spend a great deal of time waiting for the beep before responding, are given harder 

subsequent items (i.e., the beep is presented later after the arrow stimulus). Speed of response 

and number of errors are noted. The score considered for use in analyses was the mean Stop 

Signal reaction time (SSRT), which is an estimate of the time it takes to internally suppress a 

response, (e.g., Alderson, Rapport, & Kofler, 2007). Because the program is adaptive, it aims to 

elicit a 50% correct inhibition response rate. SSRT was not computed for twenty-one individuals 

because correct inhibition response rate was significantly lower than 50%, indicating that these 

individuals were likely not completing the task as designed. Congdon, Mumford, Cohen, Galvan, 

Canli, & Podrack (2012), found that split-half reliability of SSRT on an adaptive Stop Signal 

task varied between .32 and .86, depending on approach to calculating SSRT (i.e., differing 

exclusion criteria). In our study, Cronbach’s alpha was .88.  
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In the Digits Backward subtest of the Test of Memory and Language-2 (TOMAL-2), 

which assesses working memory, participants are verbally given strings of numbers varying from 

2 to 9 numbers in length. Numbers range from 1 to 10. After hearing each string of numbers, 

participants are asked to repeat the string in backward order. The first string is 2 numbers in 

length, and strings become progressively longer. The experimenter discontinues testing when, 

after the first 4 items are given, participants correctly answer 3 or fewer numbers correctly on 

two consecutive items. The total number of points was used in analyses as in other studies (e.g., 

Helland & Asbjørnsen, 2004). Test-retest reliability has been shown to be .87 (Reynolds & 

Voress, 2007). The distribution was mildly leptokurtotic, which was addressed using a square 

root transformation. However, transforming the data did not appreciably affect the results of the 

analyses, so the non-transformed data was used to ease interpretability. 

The computerized Corsi Block-Tapping Task uses the Inquisit platform (“Corsi Block 

Tapping Task,” n.d.) and assesses visuospatial short-term and working memory. In the Forward 

part of the task, participants are shown sequences of block positions on the screen and asked to 

indicate the positions in order. In the Backward part of the task, participants are shown block 

sequences and instructed to indicate the positions in backward order. For both the forward and 

backward tasks, sequence length increases from 2 to 9. Scores are based on number of items with 

fully correct responses, i.e., the whole string must be correct to receive points, and a wholly or 

partially incorrect string receives zero points. Items were weighted so that longer strings earned 

more points. The total number of points was used in analyses as in the literature (e.g., 

Passolunghi & Lanfranchi, 2012). Reliability information for the backwards task has not been 

carefully assessed in the literature (Berch, Krikorian, & Huha, 1998), though in our sample, 

internal consistency using Cronbach’s alpha was α = .57.  
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All EF variables except the Stop Signal task were combined either as indicators of an EF 

latent variable in the SEM analysis or standardized and averaged into an EF composite in the 

regression analysis. Though its inclusion did not substantively alter overall results, Stop Signal 

was not used because a large portion of participants were excluded due to nonadherence to task 

guidelines (see above). Furthermore, it loaded very poorly onto the EF factor in SEM, and its 

correlations with other EF variables were weak, relative to the intercorrelations between the 

remaining three EF variables. Intercorrelations between remaining EF variables were significant 

(p < .05) or approached significance (p = .06, p = .07). 

 Math Anxiety. The math anxiety questionnaire is an 11-item experimental questionnaire 

completed by the student. Students are instructed to respond to statements about their feelings 

and attitudes toward math. Items are on a 5-point Likert scale. Items used are adapted from 

Wigfield & Meece (1988) and presented in the Appendix. The total score was used in analyses. 

Internal consistency was measured using Cronbach’s alpha (α = .76). 

General Anxiety. Each of the following general anxiety measures was considered as an 

indicator of a latent general anxiety factor. The State-Trait Anxiety Inventory for Children 

(STAIC) consists of two 20-item scales filled out by the child. The first scale assesses the child’s 

current anxiety state (“how you feel right now, at this very moment”) and the second scale 

assesses the child’s level of trait anxiety (“how you usually feel”). Each item is rated on a 3-point 

Likert scale. Items from each scale are summed, and separate scores are created for each scale. A 

composite score of the two scales was used in analysis. Reliability is .91 (Muris, Merckelbach, 

Ollendick, King, & Bogie, 2002). Level of state and trait anxiety was within normal limits, State 

Anxiety total M = 29.52, SD = 3.92, Z = -.11; Trait Anxiety total M = 33.55, SD = 7.08, Z = .05 

(LeGrand, McCue, & Iacano, 1999). 
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General anxiety was also assessed using an experimental anxiety questionnaire completed 

by parents before the start of the experiment. On the questionnaire, parents respond to statements 

about their child’s level of anxiety on a 5-point Likert scale from “Definitely Disagree” to 

“Definitely Agree.” Items are presented in the Appendix. Items are scored from 1 to 5, with 1 

corresponding to “Definitely Disagree.” The sum of the item scores was used in the analysis. 

Internal consistency was measured using Cronbach’s alpha (α=.88). 

 Parental Expectations. The Parental Expectations questionnaire is a 16-item 

experimental questionnaire created for this study and completed by parents before the start of the 

study. On the questionnaire, parents respond to statements about their attitude toward their 

child’s math achievement on a 5-point Likert scale from “Definitely Disagree” to “Definitely 

Agree.” Categories of items include statements regarding parent reaction to the child’s success or 

failure in math (3 items), parent perception about the child and math (3 items), parent 

expectation of child math achievement (4 items), and perception about causes of low math in 

general (6 items), though these were not designed as subtests, given little empirical work in this 

regard. Items used are presented in the Appendix. Items are scored from 1 to 5, with 1 

corresponding to “Definitely Disagree.” The total score was used in analyses. Internal 

consistency was gauged using Cronbach’s alpha. Internal consistency was measured using 

Cronbach’s alpha (α = .68).  

Preliminary Results and Analyses Description 

Descriptive statistics for the predictor and outcome variables are shown in Table 2. 

Performance on a nationally normed math measure was in the average range (WRAT-4 Math 

standard score M = 106.7, SD = 11.7). The data was analyzed in two ways (observed variables 

and those derived from a latent context), described below. In both analyses, because of the 

potential for math achievement to vary as a function of variables such as sex, age, ethnicity, 



Running head: CONTRIBUTIONS OF EF, MATH ANXIETY, AND PARENTAL EXPECTATIONS 26 
 

 
 

socioeconomic status (SES, as defined by free lunch status), gifted status, or special education 

status, these were considered as covariates to the extent that they were related to the outcome 

measures and unrelated to other covariates and the hypothesized predictive variables (Pedhazur, 

1997). Of the potential covariates, only age was related (negatively) to math outcomes (see Table 

3); therefore, it was the only covariate used and was used in all analyses. There was little 

variability in some binary measures such as SES, English proficiency, gifted status, and special 

education status, as most participants were categorized uniformly, as low SES, proficient in 

English, non-gifted, and not in special education, respectively.  

(Insert Tables 2 and 3 here) 

SEM analysis: Assumptions for SEM include multivariate normality, completely random 

missing data, sufficiently large sample size given the number of estimated parameters, and 

correct model specification (Kaplan, 2009). Normality was assessed by examining distributional 

properties. In addition, key variable distributions were examined for their distributional 

properties (e.g., skew, kurtosis) and outliers, via statistical and visuo/graphic means; where 

needed, these were addressed with procedures described in Fidell and Tabachnik (2003), and as 

described above. There were a few participants with missing data on some measures, although 

full information maximum likelihood (FIML) was used for primary analysis in the Mplus 

software (Muthén & Muthén, 2012), which does not require listwise deletion. Generally accepted 

recommendations for minimum sample size is at least 5 cases per parameter, but 10 to 20 is 

considered optimal (Kline, 2005). Our model has a maximum of 39 parameters, which is high 

given the sample size of 96. However, analyses were evaluated in multiple ways to ensure 

consistency, and a study by Wolf, Harrington, Clark, and Miller (2013) suggests that, particularly 

with large effects, smaller sample sizes may suffice.  
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Latent variables were created for those constructs for which we had more than one 

measure (e.g., math achievement, EF, and general anxiety). For the proposed SEM analysis, 

depicted in Figure 1, arithmetic (WRAT-4 Math Computation), fractions (Brown/Quinn 

Fractions), algebra concepts (Pre-algebra test), and STAAR math were used as indicators of a 

math achievement latent variable. Unlike some previous studies (Geary et al., 2000; Temple & 

Sherwood, 2002) but consistent with others (Cowan et al., 2011; Bull et al., 2008), the TOMAL-

2 Digits Backward, Corsi Block-Tapping Backward, and DKEFS: Color-Word Interference 

Inhibition tasks were predictive of math outcome. Therefore, these three measures were used as 

indicators of an EF latent variable. The Stop Signal task was not included because of excluded 

data, very poor loading onto the EF latent variable (β = .017), and differential relation to the 

other EF measures. Because we collected both child and parent ratings of general anxiety, a 

General Anxiety latent variable was created from these two measures. Parental Expectations and 

Math Anxiety were singular measures, and therefore utilized as observed (rather than latent) 

variables.   

Regression analysis: We also tested our model in multiple regression using composites of 

the z-scored measures in place of the latent factors in the SEM analysis. We used both types of 

analyses given the relatively small sample size, comparability with prior research, and allowing 

for a comparison of results across latent versus observed contexts (see below for further 

rationale).   

Assumptions for regression include linearity, homoscedasticity, and normality (Osborne 

& Waters, 2002). Linearity was assessed by examining the regression diagnostics, and 

homoscedasticity was assessed using White’s (1980) test for heteroscedasticity and by plotting 

residuals to make sure that variance of errors were consistent across both levels of the 
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independent variable. Both linearity and homoscedasticity were acceptable. Variance inflation 

and tolerance were also assessed to evaluate multicollinearity, though these values were 

acceptable. 

Results 

Hypotheses were that EF, math anxiety, and parental expectations along with three 

interaction terms, math anxiety × EF, parental expectations × EF, and parental expectations × 

math anxiety, would predict math achievement and that general anxiety would relate to math 

anxiety, but not to math achievement. Zero-order correlations between all the individual 

variables of interest and their composites are shown below the diagonal in Table 4. There were 

significant zero-order correlations of the math composite with the EF composite, math anxiety, 

and general anxiety composite. The correlation of math with parental expectations was not 

significant. Parental expectations and math anxiety were negatively and significantly related, as 

were EF and math anxiety. 

(Insert Table 4 here) 

SEM analysis: As noted earlier, Figure 1 shows a diagram of the proposed model. The 

hypothesized relationships could not be tested simultaneously in one model as planned because 

the estimated covariance matrix was not positive definite. As difficulties using latent interactions 

have been well-documented (e.g., Moosbrugger, Schermelleh-Engel, & Kline, 1997; Tomarken 

& Waller, 2005) and efforts to resolve the issue were unsuccessful, we evaluated closely-related 

alternative models that evaluated only a single latent interaction, or at most, one non-latent 

interaction and one latent interaction at a time, which allowed us to address our key hypotheses. 

We also analyzed these combinations of interactions with math anxiety and general anxiety 

covarying (as proposed in the original model: curved arrow in figure) and without. Fit indices 
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and p-values from these analyses are shown in Table 5. In all cases, any latent interactions were 

far from significant (p ≥ .772) and the only significant predictor of math was EF (all p <.05); 

therefore, the interaction terms were trimmed.  

(Insert Figure 2 here) 

Trimmed models with and without math anxiety and general anxiety covarying, and with 

and without general anxiety as a predictor were evaluated. Evaluation of the trimmed model with 

and without general anxiety as a predictor was included because part of the original hypothesis 

was that math anxiety, though not general anxiety, would significantly predict math 

achievement. Indeed, general anxiety did not predict math achievement (p > .05). Table 6 shows 

fit indices and p-values from these analyses. The final trimmed model is the third model in Table 

6 (includes math anxiety and general anxiety covarying, but does not include general anxiety as a 

predictor) and appears as Figure 2. This model was chosen because it most closely resembled the 

original proposed model (minus the interactions) and because model fit was strong; e.g., RMSEA 

= .000 (90% confidence interval, .000 to .043); X
2
(df 49) = 40.034, p = .970. All standardized 

individual parameter loadings, which are the correlations of the indicators with their latent 

variables, were acceptable (range r = .367 to .873, all p < .001). Estimated correlations between 

predictor variables from the third model are shown above the diagonal in Table 4. Despite a 

significant zero-order correlation between math anxiety and the latent math achievement 

variable, in the context of the model, only EF explained a significant unique portion of the 

variance in math, β = .604, t = 3.383, p < .01, which is similar to results in the original 

untrimmed model that included the latent interactions. Paths from math anxiety, β = -.014, t = -

.093, p =.926, and parental expectations, β = .069, t = .103, p =.504, to math were not significant. 
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General anxiety co-varied significantly with math anxiety, β = .785, t = 10.086, p < .001. The 

model strongly accounted for math achievement, R
2 

= .42, p < .05.  

Regression Analysis: Composites were created by averaging the z-scored measures for 

EF (TOMAL-2 Digits Backward, Corsi Block-Tapping Backward, and DKEFS Color-Word 

Interference) and math (Pre-algebra test, WRAT-4 Math, Brown-Quinn Fractions, and STAAR 

Math). The correlation of these composites was sizable and significant (r = .39, p < .0001). In 

contrast, SEM analysis of the final trimmed model yielded an unusually high estimated 

correlation between the EF latent variable and the math achievement latent variable, r = .61 

(range of .55 > r > .64 for all 4 models), and when factor scores from the SEM analysis of the 

final trimmed model were used, the correlation was even higher (r = .79). The inconsistency 

suggested a substantial difference between the latent variables, factor scores, and the composites, 

even though, for example, the EF factor score and the EF composite were highly correlated (r = 

.85), as were the factor score and composite for math achievement (r = .99). Furthermore, the EF 

manifest variables had relatively low loadings (.367 to .558) on the EF latent variable, suggesting 

that a composite of the EF measures might more closely reflect the manifest measures 

themselves (including their error) than the latent variable. For these reasons, we found it 

appropriate to run a multiple regression analysis using composite scores in addition to the SEM 

analysis.  

In the regression analysis, though math and general anxiety were more strongly related 

than in the literature (r = .61 versus .35), when both math and general anxiety were included in 

the model, regression diagnostics suggested no multicollinearity (VIF = 1.72 and 1.64, 

respectively). Nevertheless, given their strong relation, and given that general anxiety was not 

originally proposed as a direct predictor, general anxiety was not included, though results with 
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and without its inclusion did not substantively differ. In the regression analysis, as in the SEM 

analysis, none of the three interaction terms were predictive of math achievement in the 

regression model, all p ≥ .941. Therefore, the interaction terms were, again, not used in the 

analysis. The regression model was similar in pattern but reduced in strength relative to the SEM 

model. It accounted for 23% of the variance in math achievement. There was a significant main 

effect of EF, β = .417, t= 3.58, p < .001, but not math anxiety, β = -.138, t = -1.71, p = .091 or 

parental expectations β = .048, t = .61, p = .541. 

Follow-Up Analyses: Given the significant zero-order correlation between math anxiety 

and math, we tested in multiple regression whether math anxiety would be a significant predictor 

if EF was removed from the model. When EF and the math anxiety × EF and parental 

expectations × EF interactions were removed from the model, the path from math anxiety to 

math achievement was significant in both SEM and multiple regression (p < .01), suggesting that 

its value as a predictor was overshadowed by the EF factor. However, the total variance 

explained in the model (12% in SEM; 13% in multiple regression) was much lower than when 

the full model was used (42% in SEM, 23% in multiple regression). 

 In order to more closely replicate previous studies which examined the working memory 

× math anxiety moderator relationship (Ashcraft & Kirk, 2001; Ramirez et al., 2013; Vukovic et 

al., 2013a), in a different analysis, only the EF composite score, math anxiety, and math anxiety 

× EF were included as predictors of the math achievement composite score in both the SEM and 

multiple regression analyses (age was still a covariate). The interaction remained not significant 

(p > .05). When either working memory measure, TOMAL-2 Digits Backward or Corsi Block-

Tapping Backward, or a composite of the two was used in place of the EF composite, the 

interaction remained not significant (p > .05). Since previous studies used single measures for 



Running head: CONTRIBUTIONS OF EF, MATH ANXIETY, AND PARENTAL EXPECTATIONS 32 
 

 
 

math (rather than composites) and found differential results when using different math outcomes, 

further exploratory analyses substituted single measures for the math achievement composite in 

the model. There was no math measure used in either SEM or regression that produced a 

significant math anxiety × EF or working memory × math anxiety interaction. 

 Additional exploratory analyses indicated that when the full analysis (without 

interactions) was run with TOMAL-2 Digits Backward in place of the EF composite and STAAR 

Math in place of the math composite, the math anxiety main effect was significant (p < .05). 

However, in all other combinations of single math and EF measures, neither math anxiety nor 

parental expectations was significant. 

Though math achievement (t = .17, p > .05) and parental expectations (t = .40, p > .05) 

were uniform among sexes, math anxiety was higher in females than males (t = 2.15, p < .05). 

 Finally, though the full parental expectations measure was not significantly related to 

math achievement, because previous studies have used only one item to measure parental 

expectations, we looked at correlations between each item and math. Only items 4, 5, and 6 on 

the questionnaire (see Appendix) were significantly related to math achievement (p < .05). 

Discussion 

The goal of this study was to test a model that considers the relevant contributions of EF, 

general anxiety, math anxiety, and parent expectations to mathematics achievement. Prior work 

has demonstrated that strong EF and high parental expectations are supportive of math, whereas 

math anxiety is a negative factor, and the role of general anxiety is mixed. Many such studies are 

univariate, exploring only a single factor at a time. Prior work does however suggest that high 

math anxiety in the context of high working memory (Ashcraft & Kirk, 2001; Ramirez et al., 

2013) is particularly detrimental. However, there are no current models that collectively consider 
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all three of these variables in their relation to math, and few that consider more than one in the 

same model. Furthermore, there are few studies that focus on predictors of math achievement in 

6
th

 or 7
th

 grades in particular, important years for U.S. students in terms of transitioning into 

algebra. An understanding of how EF, anxiety, and parent expectations contribute to math in this 

age group is useful in developing strategies for maximizing success. Though the SEM and 

regression analyses differed slightly with respect to strengths of relationships and model fit, 

conclusions made from the two analyses were identical. Therefore, the following discussion is 

representative of both analyses. 

EF 

The proposed model fit the data well, and predicted math achievement, though not all the 

predictors were significant. EF, above and beyond anxiety or parental expectations, was a robust 

predictor of math. That EF is a strong predictor of math is not new information (e.g., Bull et al., 

2008; Lee et al. 2009), but its presence in the model as a predictor was so strong and its shared 

variance with math anxiety, general anxiety, and parental expectations was such that the amount 

of variance explained by other variables in the model became insignificant, regardless of whether 

the other variables’ zero-order correlations with math were significant. The strength of the 

relationship between EF and math (r = .39) is similar to other studies that include at least one 

measure of EF and math (e.g., Blair & Razza, 2007; Martin et al., 2012; Mazzocco & Kover, 

2007). Additionally, the individual EF measures including the color word interference task, digit 

span backward task, and Corsi backward task were each significantly associated with math 

achievement (See Table 3).   

Math Anxiety 
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In terms of its zero order correlation, math anxiety was a significant predictor of math 

outcome as in other studies (e.g., Ashcraft & Kirk, 2001; Hopko et al., 2003; Wu et al., 2013).  

The value of the correlation of math anxiety with the math composite (r = -.29) and individual 

math measures (-.26 ≤ r ≤ -.22) was similar to but perhaps slightly smaller than that of other 

studies (e.g., Ashcraft & Kirk, 2001, r = -.29; Hopko et al., 2003, r = -.34; Wu et al., 2013, r = -

.38). As mentioned previously, in the context of the entire model, math anxiety did not 

significantly contribute. However, when EF was removed from the model, math anxiety was a 

significant predictor. This, along with the zero-order correlation between EF and math anxiety (r 

= -.28) might suggest evidence of multicollinearity or shared variance with other variables in the 

model, though regression diagnostics suggested otherwise.  

In similar studies, when working memory and a working memory × math anxiety 

interaction were controlled for, Ramirez et al. (2013) also found no main effect of math anxiety 

on math achievement, and Vukovic et al. (2013a) found it when some math achievement 

outcome measures were used (calculation, math applications) but not others (geometry). In 

examining all combinations of individual EF and math measures in the model (in place of their 

corresponding composites), when TOMAL-2 Digits Backward along with STAAR Math were in 

the model, the math anxiety main effect was significant, but no other combination of EF and 

math measures produced this result.  Therefore, our results add to the varied results in the 

literature, providing additional evidence that math anxiety is a significant predictor of math, 

though it may not be a significant predictor when EF is controlled for in the model. 

Parental Expectations 

Contrary to what we expected, our parental expectations measure did not correlate 

significantly with math, nor was it a significant predictor of math in the model. It is noteworthy 
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that the zero-order correlations of parental expectations with the math achievement composite, r 

= .11, and with the WRAT-4 Math Computation Subtest, r = .18, are similar to the effect size 

found in some other studies; for example, Pong et al. (2005) found an effect size of r = .15. 

However, our sample size was much smaller (N=96 versus N= 17,996), and thus the effect size 

was not great enough to ascribe significance. It is also important to note that exploration of the 

relationship between math and parental expectations, as defined by this study, is relatively 

unprecedented. Whereas other studies defined parental expectations as how far parents expected 

their children to go in school (e.g., Davis-Kean, 2005) or what they expected their students’ year 

end grades to be (e.g., Okagaki & Frensh, 1998), we assessed a wider variety of parental 

expectations specific to sixth graders’ math achievement, including issues more immediately 

relevant to a typical sixth grade student, such as parents’ reactions if their child succeeds or fails. 

Because the literature examining parental expectations in relation to math is sparse, we used an 

experimental questionnaire.   

We did not assess parental expectations using a single question pertaining to expectation 

of how far the child will go in school or a question about expectation of the child’s year-end 

grades, as done in other studies. However, the item in our measure that was most similar to the 

latter (“I expect my child to get good grades in math”) was still not significantly related to math 

outcomes. Some wording choices may have influenced the results (e.g., referring to “children” in 

general rather than “my child”) or created constrained variance in responses because of social 

desirability (e.g., “I will be disappointed with my child if s/he does not do well in math”). One 

item alluding to self-efficacy, “My child has ultimate control over how well he/she does in 

math,” seemed to be strongly related to math achievement (r = .43), suggesting that students of 

parents whose support facilitates intrinsic motivation and independent achievement in math may 



Running head: CONTRIBUTIONS OF EF, MATH ANXIETY, AND PARENTAL EXPECTATIONS 36 
 

 
 

achieve superior results (Lepper, Corpus, & Iyengar, 2005, Steinberg, Lamborn, Dornbusch, 

Darling, 1992). The other two items significantly related to math achievement (“My child is 

good at math” and “My child likes math”) also referred to parents’ belief in their child’s self-

efficacy with regard to math. These post-hoc findings are interesting but would need to be 

examined directly in future studies. 

Interestingly, there was a significant negative correlation between parental expectations 

and math anxiety, indicating that higher parental expectations in math may be associated with 

low math anxiety. This relationship was not the focus of this study but may be an interesting 

avenue for future research, particularly the mechanism by which this occurs (e.g., which factor, 

if either, serves as the precursor?). 

Math Anxiety × EF 

Unlike we predicted, math anxiety did not moderate the effect of EF on math. The same 

result was found when EF was isolated to working memory tasks only or inhibition tasks only. 

Recall that Vukovic et al. (2013a) did not find a significant math anxiety × EF interaction 

(except in a longitudinal context) while Ashcraft and Kirk (2001) and Ramirez et al. (2013) both 

did. The literature has varied in its finding of this interaction as well as the demands of the tasks 

and the methods used which produced or did not produce the interaction. 

The present study included problems of all difficulties and did not, by design, categorize 

math outcomes as having high or low working memory loads. Vukovic et al. (2013a), which also 

did not make this categorization, found the same null result with regard to the math anxiety × EF 

interaction. In both Ashcraft and Kirk (2001) and Ramirez et al. (2013) the interaction was 

present when the math problems were difficult (presumably carrying higher working memory 

load) but not when they were easy. In the present study, though items may have varied in 
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difficulty, parsing items into easy versus difficult was impractical because students were 

allocated a reasonable, though limited, time limit, and therefore not all students attempted each 

item. As such, a robust comparison of math achievement under categorically different working 

memory conditions was not feasible. Therefore, the idea that math anxiety moderates the role of 

working memory, or perhaps more broadly EF, in difficult math may or may not be relevant in 

our population, as this is difficult to demonstrate given the constraints of our study. However, if 

the math measures themselves were to be categorized as “easy” or “hard,” the pre-algebra test 

would be presumably the most difficult (and novel) test for the students, as it included material 

the students had not previously encountered in school. However, the effect is not seen when 

using the pre-algebra test or any of the math measures.  

Differences in design compared to existing studies may have contributed to not finding 

the math anxiety × EF interaction. While the methodology in Ashcraft & Kirk (2001) was not 

comparable to ours, for reasons described previously, the methodologies in Vukovic et al. 

(2013a) and Ramirez et al. (2013) were. Despite the similarities of the three studies, Ramirez et 

al. (2013) found an interaction while Vukovic et al. (2013a) and the present study did not. Both 

of the existing studies used standardized math and working memory tasks, adapted previously-

developed math anxiety scales (e.g., Mathematics Anxiety Rating Scale for Elementary Children; 

see Suinn, Taylor, & Edwards, 1988) to fit their population, and tested children at an early 

elementary level. As such, similar results should be expected. Ramirez et al., (2013) 

demonstrated the effect using a measure of applied math, but Vukovic et al. (2013a) did not find 

this effect using measures of applied math, math computation, or geometry. In our analysis, we 

did not find the effect using either math computation (WRAT-4 Math) or three different 

measures which included both computation and applied math (pre-algebra test, Brown-Quinn 
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Fractions, STAAR Math). Because of these multiple parallel analyses which found null results 

(both in ours and the other studies), the interaction effect found in Ramirez et al. (2013) should 

be examined and replicated. 

In sum, when the math outcome variable was not differentiated by difficulty, the current 

study and Vukovic et al. (2013a) found no interaction effect, but Ramirez et al. (2013) did find 

this effect. When the math outcome variable was differentiated by difficulty, both Ashcraft and 

Kirk (2001) and Ramirez et al. (2013) found an interaction. It is possible that we did not find an 

interaction because our study did not differentiate math outcomes by difficulty, or that it did not 

examine an on-line math anxiety reaction (as in Ashcraft and Kirk, 2001), though it remains an 

open question because of the differences in study design. Still, not finding an interaction between 

EF and math anxiety in predicting math is telling information, as our findings, along with the 

literature as a whole, suggest that the math anxiety × EF interaction may not generalize to all 

cases or populations. Our study shows that EF uniformly predicts math achievement regardless 

of level of math anxiety, at least for the given population and with the methods and math 

outcomes used.  

Parental Expectations × EF  

 We found no interaction between EF and parental expectations. The hypothesis was that 

low parental expectations negatively affect the math achievement of individuals with high EF 

more than the math achievement of those with low EF because those with high EF have “more to 

lose” from the effect of low parental expectations. Unlike the math anxiety × EF interaction, 

which has been examined in the literature, the hypothesis that we would see a parental 

expectations × EF interaction was novel to this study. It is unclear if the interaction would 

manifest if we had been able to examine only performance on difficult problems, under the 
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assumptions that difficult problems require more EF and that performance of high- and low-EF 

individuals would be more differentiable on such problems. Though we did not find an 

interaction, even for our highest-level math outcome (pre-algebra test), future studies would need 

to test this prediction directly.  

Parental Expectations × Math Anxiety 

Our data indicate no interaction between math anxiety and parental expectations as 

hypothesized. Our hypothesis was that high parental expectations differentially affect children’s 

math achievement based on their level of math anxiety such that high parental expectations are 

helpful for children with low math anxiety and make things worse for children with high math 

anxiety. Like the parental expectations × EF interaction, the hypothesis for a parental 

expectations × math anxiety interaction was novel to this study. However, the data suggest no 

evidence of this effect and suggest that math anxiety predicts math achievement consistently 

across levels of parental expectations. Given that our measure of parental expectations is 

experimental, the extent to which the lack of relationships is measurement- versus construct-

driven is not answerable with our data but is another area of future evaluation.  

A study examining a similar relationship was published after hypotheses for this study 

were already formed. Rather than an interaction, Vukovic, Roberts, and Green Wright (2013b) 

demonstrated an indirect relationship between “Home Support and Expectations” and word 

problems and pre-algebraic reasoning in second graders, mediated by math anxiety. The effect 

was not found when arithmetic was the outcome. “Home Support and Expectations” included 

two items very similar to items on our measure (e.g., “I expect my child to get good grades in 

math”), and 3 items related to parental support, but not expectations (e.g., “I never do math 

activities with my child”). The study’s rationale for the finding was that maintenance of high 
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parental expectations in math translates to lower math anxiety, which in turn means high 

performance on higher order mathematics tasks. It is notable that “Home Support and 

Expectations” was a factor created using principal components analysis from a larger “Parental 

Involvement” questionnaire, and that four other factors were considered for the same analysis but 

not used because of either their poor internal consistency or lack of relation to the outcome. The 

authors identified this as a study limitation. We checked for this indirect effect in our sample, 

and none was found. Neither the path from parental expectations to math anxiety nor the path 

from math anxiety to math achievement was significant. However, because our measure was 

dissimilar to the one used in the study, a robust comparison is difficult to make, though future 

investigation in this area may be worthwhile. 

The Role of General Anxiety 

We found that our general anxiety composite correlated with math achievement, 

discordant with previous studies that have shown no significant relationship between general 

anxiety and math (Hembree, 1990; Patten, 1983; Sepie & Keeling, 1978; Wu et al., 2013). We 

also found that general anxiety was associated with math anxiety more strongly (r = .61) than in 

a meta-analysis of the literature (r = .35) (Hembree, 1990). Other research shows general anxiety 

and math anxiety to be related but distinct (Dreger & Aiken, 1957; Hembree, 1990), so the 

relatively high correlation we found is surprising given the distinction posited in the literature. 

The difference in the current study’s results (significant general anxiety-math correlation and 

relatively higher general anxiety-math anxiety correlation) may simply be due to differences in 

choice of measures or be sample specific. For example, since students were being tested as part 

of a larger three-day math-related study, some students may have rated their general anxiety in 

accordance with how they were feeling about math. If that were the case, the reported anxiety 
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would partly reflect their math anxiety, not purely general anxiety, and would help explain the 

high correlation. However, instructions to complete the general anxiety measures in no way 

mentioned mathematics. To rule out that the state anxiety scale of the STAIC (e.g., how I feel 

right now), more so than the trait scale (e.g., how I usually feel), may actually reflect the 

students’ present state of math anxiety rather than their general anxiety, analyses were run with 

and without the inclusion of the state anxiety scale in the general anxiety composite, but no 

substantial difference in correlation with math anxiety or math achievement was found.  

We also found that general anxiety and parental expectations were negatively related, 

though the correlation was not statistically significant (p > .05). Recall that math anxiety and 

parental expectations were also significantly correlated. Based on these results, we may predict 

that higher parental expectations of math achievement are associated with lower levels of anxiety 

in children, a result that may not be intuitive. The mechanism that produces this result warrants 

further investigation, though we suggest that homes with high academic parental expectations 

may tend to provide more parental involvement in general and, thus, contribute to the security 

and lack of overall anxiety in children. 

Study Limitations 

In our study, and in any study in which the study’s constraints necessitate self-selection, 

there is potential for selection bias. The context under which students volunteered and parents 

gave consent for our study, including concurrent participation in a separate math intervention 

study, the study’s time commitment (three days), and/or the monetary reward ($60 gift card) may 

have influenced parents with high academic expectations, families with low income, and/or any 

combination of high- or low-achieving children. In addition, children who were required by their 

school to attend summer school were not able to participate, even if they had volunteered. 
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However, because of the many competing factors which may have been involved in selection, no 

definitive overarching bias can be identified. Furthermore, our sample was average in terms of 

math achievement (WRAT-4 Math SS M = 106.7, SD = 11.7) and level of anxiety (z=.05), which 

points to the representativeness of the sample.  Furthermore, our sample was primarily Hispanic 

and low-SES, which expands on similar studies with primarily Caucasian samples (e.g., Blair & 

Razza, 2007; Bull et al., 2008; Hopko et al., 2003). 

Until this study, parental expectations had not been examined comprehensively, 

especially with regard to expectations of math achievement. This study used an experimental 16-

item measure which examined parental expectations from several different angles (e.g., 

expectations of the child’s grades, work ethic, independence, and taking responsibility for 

performance). Though the measure did not predict math achievement significantly, some items, 

as mentioned above, correlated with math outcome. While it is likely that many of the items 

simply are not predictive of math achievement, there are limitations of the measure. For 

example, some wording choices may have influenced the results (e.g., referring to “children” in 

general rather than “my child”) or created constrained variance in responses because of social 

desirability (e.g., “I will be disappointed with my child if s/he does not do well in math”). 

Therefore, future studies which assessed parental expectations may address these wording issues 

to minimize bias. In addition, though we did check for differences in parental expectations 

between male and female students, we did not control for the sex of the parent/guardian filling 

out the forms. In our study, the majority of forms were filled out by mothers, but perhaps there 

are differences in mothers’ versus fathers’ expectations, which may be an interesting dimension 

to investigate.  
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Unlike in Ashcraft and Kirk (2001), we did not have a math performance measure that 

could easily be parsed into high working memory load versus low working memory load. When 

this distinction was made in their study, the level of math anxiety interacted with the working 

memory load of the task. This concept of an “on-line” math anxiety effect is one that, to our 

knowledge, has not been replicated by other researchers. While our results seem to refute the 

math anxiety × working memory interaction found in Ramirez et al. (2013), in which working 

memory and math achievement were measured separately, our study is not able to address the 

on-line effect found in Ashcraft and Kirk (2001). Future studies which examine working memory 

and/or EF would benefit from using a math measure that can be parsed into varying working 

memory loads, akin to the measure used in Ashcraft and Kirk (2001). 

Conclusions and Implications 

The results provide evidence for EF as a strong predictor of math achievement, over and 

above the effects of math anxiety and parental expectations. Math anxiety also predicted math 

achievement, but not when EF was also included in the model. Parental expectations may 

influence math achievement depending on the way parental expectations is defined, though our 

measure as a whole was not predictive of math achievement. Results of this study indicate no 

evidence of interaction between these factors in predicting math. The results contribute to the 

math anxiety × EF discussion and provide strong evidence that the interaction is, at best, weak in 

its prediction of math. The study adds new findings in areas which are essentially unexplored 

(parental expectations × EF and parental expectations × math anxiety).  

Future studies which assess parental expectations ought to consider factors which 

explicitly refer to parents’ day-to-day academic expectations rather than simply year-end grades 

or expected schooling. Though our measure as a whole was not predictive of math, there was 
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considerable variation in the items’ relation to math. Of the three items that were predictive of 

math achievement, the common theme was parents’ belief in their child’s self-efficacy with 

regard to math. Therefore, special attention in future studies may be given to this theme. 

Development of interventions that target math might consider EF and math anxiety, 

though interventions that focus on providing strategies and scaffolding for children with low EF 

may offer the greatest payoff. Such interventions are different from working memory training 

programs, which the literature shows yield only short term effects and do not generalize (Melby-

Lervåg & Hulme, 2013). Instead of attempting to improve working memory and executive 

control, interventions should likely focus on strategies to minimize the EF load specifically on 

math problems. Cognitive strategy instruction (CSI) is a method which has already proven to be 

effective in this regard (Impecoven-Lind & Foegen, 2010). This intervention emphasizes making 

the use of strategies habitual, flexible, and automatic. For example, strategies for math problem 

solving might include re-reading and paraphrasing the problem, visualizing the problem, and 

forming a plan before computing (Krawec, Huang, Montague, Kressler, & de Alba, 2013). The 

intervention has been shown to be effective for children with math learning disabilities (e.g., 

Montague, Krawec, Enders, & Dietz, 2014; Swanson, 2015), including children with comorbid 

ADHD (Iseman & Naglieri, 2011). 

Given the significant negative relation between math anxiety and math achievement, 

interventions that target math anxiety may also be useful. Ways of reducing math anxiety have 

been addressed in the literature, primarily in the context of prevention via best practices for 

mathematical instruction (see Furner & Berman, 2003). Because parental expectations was 

negatively correlated with math anxiety, encouraging parents to maintain high standards while 

remaining supportive may also help improve math anxiety. However, studies do not clearly 
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demonstrate that successfully reducing or preventing math anxiety significantly impacts math 

achievement. Finally, there is no compelling evidence from our study to advocate addressing 

general anxiety or parental expectations, specifically, in planning math interventions, but future 

research that clarifies these factors’ roles may be useful. 
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Tables and Figures 

Table 1. Demographics (N=96) 

Variable Mean (SD) / % 

Age (Years) 12.47 (.52) 

Sex (% Female) 50.0% 

Ethnicity (%)  

    African American 21.3% 

    Hispanic 68.1% 

    Caucasian 9.6% 

    Asian 1.1% 

Lunch Status (% Free/Reduced) 90.4% 

Gifted (%) 2.1% 

English Not Primary Language (%) 43.2% 

Special Education (%) 5.3% 

Parent Education (%)  

    HS or Lower 65.6% 

    Above HS Without 4 Year Degree 24.7% 

    4 Year Degree or higher 9.7% 

 

Note: Data for Age, Sex, Ethnicity, Lunch Status, Gifted, and Special Education was missing for 2 children; for English Not Primary 

Language, 1 child; for Parent Education, 3 children. 
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Table 2. Descriptive statistics for predictor and outcome variables 

 

 

N = number of participants; SD = standard deviation; Note: Composites were created for variables with more than one measure by 

standardizing the measures to a common metric (using z-scores) and averaging the standardized measures. 

 

 

Variable  Category/Scale N Mean  SD Kurtosis Skewness 

Math Achievement Composite      96 0.00 0.82 -0.14 0.24 

    Pre-algebra test 0-24 96 10.50 4.19 -0.63 0.24 

    WRAT Math Raw  Total Correct 96 40.04 4.88 -0.54 -0.02 

    WRAT Math SS  Standard Score 96 106.68 11.75 -0.49 -0.02 

    Brown Quinn Fractions 0-25 96 5.09 2.62 4.66 1.54 

    STAAR Math 0-52 94 36.38 9.49 -0.58 -0.59 

EF Composite  95 0.00 0.54 -.06 0.43 

     DKEFS Color-Word Interference Raw  Total Time 95 66.17 14.50 1.23 0.84 

     DKEFS Color-Word Interference Scaled  Scaled Score 93 10.58 2.43 2.22 -1.18 

     Stop Signal Task  Reaction Time 74 283.65 81.56 4.78 1.63 

     TOMAL-2 Digits Backward Raw Total Correct 95 21.81 9.61 1.45 1.28 

     TOMAL-2 Digits Backward Scaled Scaled Score 95 9.76 2.54 1.43 1.17 

     Corsi Blocks Backward Total Correct 95 27.93 9.92 -0.21 0.11 

Math Anxiety Item: 1-5, Tot: 11-55  96 27.46 8.31 -0.64 0.35 

General Anxiety Composite  96 0.00 0.77 0.39 0.53 

    STAIC state Item: 1-3, Tot: 20-60 96 29.52 3.92 1.02 0.42 

    STAIC trait Item: 1-3, Tot: 20-60 96 33.55 7.08 -0.37 0.51 

    Parent Ratings of Child Anxiety Item: 1-5, Tot: 12-60 96 26.92 8.23 1.52 0.84 

Parental Expectations Item: 1-5, Tot: 16-80 96 52.90 7.33 -0.49 -0.13 
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Table 3. Correlations between potential covariates and math outcomes  

 

 

 

Note: N = 95, pairwise n = 93-95, depending on missing value combinations. Sex: males=0 and females=1. Ethnicity: non-

Hispanic=0, Hispanic=1. Correlations of approximately r ≥ |.20| are significant at p < .05, of r ≥ |.27| at p < .01, and of r ≥ |.40| at p < 

.0001. 
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1. Age -.22 -.19 -.15 -.17 -.23 

2. Sex .02 .02 .10 -.06 .00 

3. Ethnicity .02 .03 .03 -.13 .12 

4. Free Lunch Status -.08 -.06 .00 -.11 -.07 
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Table 4. Correlations between variables  

 

Note: Values below the diagonal are correlations between manifest variables and composites. Values above the diagonal are estimated 

correlations between latent variables taken from SEM analysis of the third model in Table 6. N = 96, pairwise n = 93-96, depending 

on missing value combinations. Correlations of approximately r ≥ |.20| are significant at p < .05; of r ≥ |.27| at p < .01; and of r ≥ |.40| 

at p < .0001. See Table 2 and text for variable descriptions.   

 

 

 

 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1. Math --     .61     -.27 -.28    .09 

2. Pre-algebra test .84 --               

3. WRAT-4 Math  .88 .67 --              

4. Brown-Quinn Fractions .75 .48 .54 --             

5. STAAR Math .82 .59 .67 .43 --            

6. EF .39 .31 .33 .35 .30 --     -.43 -.45    .00 

7. D-KEFS CWI .23 .21 .16 .17 .23 .68 --          

8. Stop Signal  .01 .11 -.07 .06 -.06 .03 .16 --         

9. TOMAL-2 DB .22 .17 .22 .22 .12 .68 .18 -.15 --        

10. Corsi Blocks Backward .35 .25 .29 .33 .26 .68 . 21 .07 .19 --       

11. Math Anxiety -.28 -.21 -.24 -.23 -.26 -.28 -.21 .04 -.13 -.24 -- .81    .00 

12. Gen. Anxiety -.24 -.13 -.18 -.34 -.15 -.26 -.15 .09 -.14 -.24 .61 --    .00 

13. STAIC State -.09 .02 -.08 -.22 -.02 -.19 -.14 .04 -.04 -.21 .40 .55 --    

14. STAIC Trait -.22 -.13 -.17 -.28 -.12 -.23 -.17 .03 -.13 -.17 .65 .75 .28 --   

15. Parent Ratings of Gen. Anx. -.22 -.14 -.15 -.28 -.17 -.18 -.08 .04 -.13 -.17 .41 .89 .20 .52 --  

16. Parent Expectations .11 .00 .18 .04 .13 .00 -.06 -.05 -.01 .07 -.22 -.14 -.04 -.18 -.10 -- 
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Table 5. SEM analyses with interactions: fit indices /  p-values 

 Model AIC BIC EF MA PE EF×MA EF×PE MA×PE 

1 EF×MA only,  

with GA-MA covariance 

2407.22 2501.33 .021 .942 .470 .942 - - 

2 EF×PE only, 

with GA-MA covariance 

2407.23 2501.33 .022 .917 .473 - .992 - 

3 MA×PE only, 

with GA-MA covariance 

2407.22 2501.33 .021 .913 .480 - - .914 

4 EF×MA and MA×PE,  

with GA-MA covariance 

2409.22 2505.86 .021 .903 .504 .938 - .910 

5 EF×PE and MA×PE, 

with GA-MA covariance 

2409.22 2505.87 .022 .912 .484 - .956 .907 

6 EF×MA only,  

without GA-MA covariance 

2191.91 2275.84 .013 .306 .491 .772 - - 

7 EF×PE only, 

without GA-MA covariance 

2192.00 2275.93 .011 .310 .474 - .980 - 

8 MA×PE only, 

without GA-MA covariance 

2192.00 2275.92 .011 .312 .488 - - .947 

9 EF×MA and MA×PE, 

without GA-MA covariance 

2193.91 2280.38 .013 .309 .522 .773 - .936 

10 EF×PE and MA×PE, 

without GA-MA covariance 

2193.99 2280.47 .011 .312 .489 - .954 .935 

 

Note: MA = math anxiety, PE = parental expectations, GA = general anxiety, AIC = Akaike information criterion, BIC = Bayesian 

information criterion. All values listed under predictors are p-values. 
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Table 6. SEM analyses without interactions: fit indices /  p-values 

 Model df χ2 AIC BIC RMSEA EF MA PE GA 

1 No interactions,  

with GA-MA covariance, 

GA as a predictor 

48 39.21 2406.40 2500.51 .000  .002 .481 .501 .409 

2 No interactions,  

without GA-MA covariance, 

GA as a predictor 

48 93.80 2190.65 2274.58 .101 .004 .186 .502 .269 

3 No interactions,  

with GA-MA covariance,  

GA not a predictor 

49 40.03 2405.23 2496.79 .000 .001 .926 .504 - 

4 No interactions,  

without GA-MA covariance,  

GA not a predictor 

49 95.15 2190.00 2271.38 .100 .000 .405 .515 - 

 

Note: MA = math anxiety, PE = parental expectations, GA = general anxiety, AIC = Akaike information criterion, BIC = Bayesian 

information criterion, RMSEA = root mean square error of approximation. All values listed under predictors are p-values. 
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Figure 1: Schematic of hypothesized factor model 
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Note: See Table 2 and text for variable descriptions.   
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Figure 2: Schematic of trimmed factor model 
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Note: N = 96, pairwise n = 93-96, depending on missing value combinations. RMSEA = .000 (90% confidence interval, .000 to .062); 

X
2
(df 51) = 49.133, p = .548. All factor loadings are significant (p<.01). Math anxiety and general anxiety co-vary significantly. The 

only significant structural coefficient is for the path from EF to math achievement. See text for further description. See Table 2 and 

text for variable descriptions.   
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Appendix 

Parent Expectations Questionnaire 

Instructions:  Please make a mark for each question, for how much you agree with each 

statement. Answer each question based on how you generally feel. Mark only one box per item. 

Some questions refer to perceptions about yourself, some refer to perceptions about your child, 

some refer to behaviors surrounding your child’s math achievement, and some questions refer 

to expectations for your child regarding math. 
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1. I will be disappointed with my child if s/he does not do well in math. □ □ □ □ □ 
2. I reward my child for good grades in math. □ □ □ □ □ 
3. There are consequences for my child if s/he has poor grades in math. □ □ □ □ □ 
4. My child is good at math. □ □ □ □ □ 
5. My child likes math. □ □ □ □ □ 
6. My child has ultimate control over how well he/she does in math. □ □ □ □ □ 
7. I want my child to be near the top of his/her class in math. □ □ □ □ □ 
8. I expect that one day my child will get a job related to science, 

technology, engineering, or math. □ □ □ □ □ 

9. I expect my child to get good grades in math. □ □ □ □ □ 
10. If my child does not understand math as well as his/her classmates, 

that is okay with me. □ □ □ □ □ 

11. Children are born either good at math or not good at math. □ □ □ □ □ 
12. If a child is doing poorly in math, it is the classroom teacher’s fault. □ □ □ □ □ 
13. Children who work very hard in math are able to do well in math. □ □ □ □ □ 
14. If a child is doing poorly in math, it is the parent’s fault. □ □ □ □ □ 
15. If a child is doing poorly in math, it is because math is difficult. □ □ □ □ □ 
16. If a child is doing poorly in math, it is the child’s fault.  □ □ □ □ □ 
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Parent Ratings of Child Anxiety 

 

Instructions:  The questions below ask about your child’s worries. Please make a mark 

for each question, for how much you agree with each statement. Answer each question 

based on how you generally feel. Mark only one box per item.  
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1. My child worries about things more often than other kids his/her age. 
 □ □ □ □ □ 

2. My child is scared when he/she has to take a test. 
 □ □ □ □ □ 

3. My child worries that he/she will do badly at school. 
 □ □ □ □ □ 

4. When my child has a problem, he/she complains of his/her heart 
beating really fast or a funny feeling in his/her stomach. 
 

□ □ □ □ □ 

5. My child worries that something bad will happen to him/her. 
 □ □ □ □ □ 

6. My child worries that he/she will get a scared feeling when there is 
nothing to be afraid of. 
 

□ □ □ □ □ 

7. My child gets bothered by disturbing or silly thoughts or pictures in 
his/her head. 
 

□ □ □ □ □ 

8. My child has trouble going to school because he/she feels nervous or 
afraid. 
 

□ □ □ □ □ 

9. My child worries what other people think of him/her. 
 □ □ □ □ □ 

10. My child is scared of the dark, animals, water, heights, or the doctor. 
 □ □ □ □ □ 

11. My child feels like he/she has to do certain things in a certain way to 
keep bad things from happening. 
 

□ □ □ □ □ 

12. My child gets scared of things more often than other kids his/her age. 
 □ □ □ □ □ 
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Child Math Anxiety 
 

1. When the teacher says he/she is going to ask you some 
questions to find out how much you know about math, 
how much do you worry that you will do poorly?  

□         □          □         □         □ 
Not                            Some                       Very 
at all                                                          much 

2. When the teacher is showing the class how to do a 
problem, how much do you worry that other students 
might understand the problem better than you?  

□         □          □         □        □ 
Not                            Some                        Very 
at all                                                       much 

3. When I am in math, I usually feel…  
 

□         □          □         □        □ 
Not                       Somewhat                  Very 
at all                       relaxed                   much 

relaxed                                                  relaxed 

4. When I am taking math tests, I usually feel…  
 

□         □          □         □        □ 
Not                        Somewhat                  Very 
at all                       nervous                 much 

nervous                                                nervous 

5. Taking math tests scares me.  
 

□         □          □         □        □ 
Not                           Some                      Very 
at all                                                       much 

6. I dread having to do math.  
 

□         □          □         □        □ 
Not                            Some                       Very 
at all                                                       much 

7. It scares me to think that I will eventually have to take 
advanced high school math. 

 

□         □          □         □        □ 
Not                            Some                       Very 
at all                                                       much 

8. In general, how much do you worry about how well you 
are doing in school?  

 

□         □          □         □        □ 
Not                            Some                       Very 
at all                                                       much 

9. If you are absent from school and you miss a math 
assignment, how much do you worry that you will be 
behind the other students when you come back to 
school?  

□         □          □         □        □ 
Not                            Some                       Very 
at all                                                       much 

10. In general, how much do you worry about how well you 
are doing in math?  
 

□         □          □         □        □ 
Not                            Some                       Very 
at all                                                       much 

11. Compared to other subjects, how much do you worry 
about how well you are doing in math?  
 

□         □          □         □        □ 
Much                       Same                      Very 

less                               as                         much     
than                            other                     more 
other                        subjects                  than 
subjects                                                 other 

                                                              subjects 

 


