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Abstract

The relationship between anxiety and mathematics has often been investigated in the
literature. Different forms of anxiety have been evaluated, with math anxiety (MA) and
test anxiety (TA) consistently being associated with various aspects of mathematics. In
this meta-analysis, we have evaluated the impact of these forms of anxiety, distinguishing
between different types of mathematical tasks. In investigating this relationship, we have
also included potential moderators, such as age, gender, working memory, type of task,
and type of material. One hundred seventy-seven studies met the inclusion criteria,
providing an overall sample of 906,311 participants. Results showed that both MA and
TA had a significant impact on mathematics. Sociodemographic factors had modest
moderating effects. Working memory (WM) also mediated the relationship between
MA and TA with mathematics; however, this indirect effect was weak. Theoretical and
educational implications, as well as future directions for research in this field, are
discussed.

Keywords Mathematics performance - Math anxiety - Test anxiety - Working memory - Meta-
analysis

Introduction

During school years, many students experience feelings of apprehension and fear brought on
by testing situations or by facing a particularly challenging subject, such as math (Aiken, 1970;
Cassady, 2010; Foley et al., 2017). These negative emotional reactions can ultimately decrease
academic performance and can even impact individual aspirations and choices later in life
(Hembree, 1990). In the last century, extensive research in both the educational and
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psychological fields has been devoted to providing a better understanding and classification of
these negative reactions, which are generally referred to as “academic anxieties”. Within a
school setting, the two most studied forms of academic anxiety are math anxiety and test
anxiety (Cassady, 2010). These two forms of anxiety are multidimensional and involve
cognitive, bodily, affective, and behavioural responses associated with concerns about possible
negative consequences of failure (Mammarella et al., 2019; Zeidner, 2007).

Math anxiety (hereafter MA) refers to negative feelings of tension and apprehension
experienced when thinking about and performing mathematical problems or number-related
tasks in both academic situations and ordinary life (Ashcraft, 2002), and is often associated
with disengagement and low achievement (see Moore et al. (2015), and Mammarella et al.
(2019) for a comprehensive review). MA is a widespread phenomenon that impacts mathe-
matical learning across the globe; 65 countries participated in the Program for International
Student Assessment (PISA), in which 33% of students reported that they experience a feeling
of helplessness when solving mathematical problems. Furthermore, an examination of OECD
countries revealed that 14% of the variation in math performance was explained by variations
in MA, and that even on controlling for the effects of gender and socioeconomic status, the
association between MA and math performance was robust (OECD, 2013, 2016).

The other form of academic anxiety linked to a school context is test anxiety (TA). TA can
be considered a form of anxiety in educational settings, encompassing affective, cognitive, and
physiological reactions that are usually experienced during exams or similar evaluative
situations (Sieber et al., 1977; Zeidner, 2007). TA can be defined by negative cognitions or
worries (e.g. unwanted, uncontrollable, and negative thoughts), as well as by an autonomic
arousal or emotionality (i.e. physiological responses such as muscular tension, elevated heart
rate, sweating, feeling sick, and shaking) (Liebert & Morris, 1967). The negative influence of
TA is concerning for educators, given the high prevalence (among students within typical
academic settings; Gerwing et al., 2015) of anxiety at levels that hinder performance. Re-
searchers have suggested that the increase in school testing to meet rising standards has likely
led to the perception of tests as threatening, thus increasing the experience of TA (Von Der
Embse et al.,, 2013). More recently, Putwain and Daly (2014) estimated that “16.4% of
participants reported themselves as being in the high range of test anxiety scores” (p. 564),
whereas debilitating levels of TA were reported by approximately 15% of students within
assessment contexts, based on a sample of more than 2400 UK secondary school students (age
14-16). These indicative numbers show that TA is an important issue; however, the specific
incidence can vary greatly between published studies, as there is little agreement as to what
constitutes “high” or “clinically significant” levels of TA. As noted by Ross and colleagues
(Roos et al., 2020), a certain level of uncertainty comes also from self-report assessments
typically used to measure TA (as well as MA), which can be biased by aspects such as social
desirability or subjective beliefs (Goetz et al., 2013; Pekrun & Biihner, 2014), thus not exactly
reflecting the actual level of TA. Furthermore, other uncontrolled factors such as different
ethnic backgrounds may influence TA intensity (Putwain, 2007).

Despite the uniqueness of MA and TA as specialized forms of anxiety, both share common
features, including a perceived risk of failure and resultant disapproval by significant others
who are evaluating the performance in comparison to a standard of achievement (Zeidner,
2014). Furthermore, both MA and TA share similar cognitive and physiological components
of anxiety, such as sweating and increased heart rate (Liebert & Morris, 1967; Ma, 1999;
Wigfield & Meece, 1988). Although it is generally stated that MA is, in fact, a separate
construct from TA (Hembree, 1990), in the present meta-analysis, we estimated MA or TA
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relationship with math performance and analyzed the effect of several potential variables (such
as gender, age, types of math, and working memory tasks) that could moderate the relationship
between MA or TA and math performance.

Academic Anxiety and Math Performance: Type of Math Tasks and Demographic
Variables

As previously mentioned, both forms of academic anxiety (MA and TA) are far-reaching and tend
to have a detrimental impact on academic performance (Hembree, 1990; Ma, 1999; Putwain,
2008; Segool et al., 2013). In the present meta-analysis, we have specifically focused on
mathematic performance; however, it is also important to consider that mathematics is not a
unitary domain (Dowker, 2015). Rather, mathematical skills can be grouped into different spheres
(e.g. arithmetic, geometry), each including different sub-components (e.g. magnitude representa-
tions, counting, retrieving arithmetic facts, understanding shapes, and handling data) (Dowker,
2005, 2015). Previous studies assessed mathematics achievement using various tests, each
drawing on a different repertoire of mathematical sub-components with different degrees of
complexity. Importantly, some of these tests rely heavily on basic numerical skills, such as
magnitude comparison tasks (Schneider et al., 2017), while others focused on specific algorithms
(Caviola et al., 2018). Lastly, some tests are widely-used curriculum-based standardized batteries,
aimed at assessing overall math achievement according to a targeted level of education (i.e. the
Woodcock-Johnson IV Tests of Achievement as described by Schrank et al., 2014). Thus, it is
important to elucidate how MA and TA affect mathematics performance by considering different
mathematical sub-domains as well as any variables that may influence this relationship.

Math Anxiety

MA, by its own definition, has a specific negative impact on an individual’s math achievement
(Ashcraft & Moore, 2009; Miller & Bichsel, 2004; Nuiiez-Peia et al., 2013). As a result, high
levels of MA can be characterized as an avoidance reaction: individuals with high MA are
fearful when performing math tasks and, consequently, they often avoid mathematically
oriented university majors and career paths (Ashcraft & Krause, 2007; Ashcraft & Moore,
2009; Ashcraft & Rudig, 2012).

An important factor to consider when looking at the relationship between MA and
academic performance is the influence of gender and developmental changes. In terms of
gender differences, some studies have reported the negative relationship between MA and
math to be stronger in girls than in boys (Devine et al., 2012; Dowker et al., 2016; Else-Quest
et al., 2010). In some studies, females have been reported to have higher levels of math anxiety
than males on average (Hembree, 1990; Karimi & Venkatesan, 2009), and this gender
difference seems to increase with student age (Hill et al., 2016). However, the literature on
this topic remains unclear; although several cross-sectional studies found no gender differences
in MA levels (Ahmed, 2018; Birgin et al., 2010; Chiu & Henry, 1990; Newstead, 1998), a
meta-analysis showed that girls reported higher MA than boys despite negligible gender
differences in math performance (Else-Quest et al., 2010). It is worth noting though that not
all studies considered objective measures of mathematics performance (Ahmed, 2018). An
attempt to clarify these inconsistent findings has been provided by the very recent meta-
analysis of Barroso and colleagues, in which the authors found that the correlations for both
gender were similar in strength and magnitude (Barroso et al., 2021).
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Looking at MA from a developmental perspective, the negative relationship between
MA and math performance may increase across years of schooling (Dowker, 2005;
Hembree, 1990; Hill et al., 2016; Wu et al., 2012). Recent results suggest that this negative
relationship seems to emerge later in the educational timeline (Hill et al., 2016). Indeed, it is
conceivable that MA could be more strongly associated with academic problems in sec-
ondary education (Morsanyi et al., 2014; Wu et al., 2012), when the math curriculum
becomes more cognitively demanding. However, there is again variability in the published
results. In some studies, MA has been reported in students attending second grade, which is
one of'the earlier primary school grades (Jameson, 2014; Ma & Kishor, 1997; Ramirez et al.,
2013; Vukovic, Kieffer, et al., 2013a). While most studies show increased anxiety with age,
others found that children in second grade showed greater MA than children in later primary
school grades (Sorvo et al., 2017). As Hembree’s (1990) meta-analysis reported, MA
correlates (» = — .27) with math achievement scores in pre-college students, and (» = —.31)
in college students. Similarly, in their recent meta-analysis, Namkung et al. (2019) found
this negative relationship getting stronger with age (» =—.27 for primary grades and »=—.36
for secondary grades). As the authors mentioned, the extent of this correlation could vary
according to the specific questions included in the MA questionnaires, as well as according
to the type of mathematical task involved. A less clear pattern emerged from Barroso’s
results (Barroso et al., 2021) as they coded studies based on grade levels rather than ages,
without considering the inconsistency across countries and educational systems. Nonethe-
less, the authors found a significant relation between MA and math achievement across
grades, since as early as grade 1, but this relation does not follow a linear trend throughout
development.

Test Anxiety

TA is characterized to be (a) context specific (e.g. evaluative situations in educational settings)
and (b) found in a variety of academic subjects (Hembree, 1990), including English, science,
mathematics, and social sciences (McDonald, 2001; Zeidner, 2007), and (c) is usually assessed
without any connection to a specific academic domain but rather to general academic
performance (e.g. Bandalos et al., 1995; Cassady & Johnson, 2002; Elliot & McGregor,
1999; Gierl & Rogers, 1996). Two meta-analyses have reported a small but reliable effect
between TA and academic performance, where a higher degree of self-reported anxiety is
associated with a lower assessment performance in aggregated measures of academic achieve-
ment (Hembree, 1988; Seipp, 1991). Similarly, a recent meta-analysis by von der Embse et al.
(2018) confirmed a consistent pattern of relationships where higher levels of test anxiety
correlated with lower levels of academic performance across various testing formats (effect
size range —.13 < r < —.40).

To date, only a few studies have looked specifically into the relationship between TA and
math performance. In his meta-analysis, Hembree (1988) highlighted a significant negative
correlation between TA and mathematics performance from grade 4 to post-secondary levels (»
=—.22). Similarly, Putwain (2008) found a relationship between TA and math score (r = —.21),
when investigating the relationship between TA and a national standardized assessment taken
at the end of secondary school in England, Wales, and Northern Ireland (the General
Certificate of Secondary Education, GCSE).

The literature identifies gender and age as important sociodemographic moderating vari-
ables in the relationship between TA and performance (Hembree, 1988; Zeidner, 1990).
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Gender differences in TA were reported as a robust finding, with female students experiencing
higher levels of test anxiety than male students (» = .21; von der Embse et al., 2018). This
disparity between genders occurs at all grade levels and is a gap that seems to increase during
primary and secondary school years, and then slightly decrease in post-secondary education
(von der Embse et al., 2018). Although several studies suggested that gender differences are
predominantly (or solely) attributable to increased emotionality in females (e.g. Zeidner, 1990;
Zeidner & Schleyer, 1999), recent findings suggest that female students present with higher
TA in the affective component of this type of anxiety (Putwain, 2008; Putwain & Daly, 2014).
Gender differences may be also influenced by ethnic background, as highlighted by Seipp’s
meta-analysis (1991). In this work, Seipp showed that gender seemed to moderate the
relationship between anxiety and performance to a substantial degree in studies conducted in
the USA, while in Germany and “other” countries, males and females seem to be equally
inhibited by anxiety. These cultural differences fit well with the hypothesis that the origin of
TA lies in the academic expectations that parents and teachers place on their children, with
children fearing the consequences if they do not meet these expectations (Mueller & Dweck,
1998; Sarason & Sarason, 1990).

As for developmental changes, as children move through the educational system, they tend
to be tested more frequently, both for pragmatic reasons (e.g. increasing subject number
complexity) but also for more legislative reasons (e.g. the use of test-based accountability
policies) (Duckworth et al., 2012). As testing became prominent, schools, teachers, parents,
and students are under growing pressure to meet rising standards. Performance on a high-
stakes test may indeed determine important outcomes for students and parents (e.g. graduation
and scholarships), for teachers (e.g. tenure and merit pay), and schools (e.g. funding, and
annual performance goals). From a developmental perspective, studies have indeed suggested
that more frequent testing may have led to the increased prevalence of TA over time (e.g. Hill
& Sarason, 1966; Putwain, 2007; Putwain, Woods, & Symes, 2010b). It is notable, however,
that none of these studies used a longitudinal design, which is normally required to assess
change over time.

Academic Anxiety and Working Memory
Math Anxiety

Although the relationship between MA and math performance is well documented, the
cognitive mechanisms underlining this relationship are not well understood. Some researchers
argued that MA has a negative effect on math performance by impairing working memory
(WM; Ashcraft & Kirk, 2001; Mammarella et al., 2015; Ramirez et al., 2013). Working
memory is a limited capacity system for the temporary maintenance and manipulation of
stimuli (Baddeley, 1986), and several WM models have been proposed. The classical tripartite
model (Baddeley & Hitch, 1974) is the most common, and is distinguished by two slave
systems (verbal and visuospatial), together with a central executive component. Alternative
WM models have also been proposed but will not be discussed here (see Cornoldi and Gioftre
(2014) for a review). It has been suggested that cognitive control is an important factor when
considering WM capacity, with a distinction between tasks requiring a lower level of cognitive
control (i.e. short-term memory (STM) or simple span tasks), which can be distinguished from
tasks requiring higher levels of cognitive control (i.e. WM or complex span tasks) (Cowan,
2016; Engle & Kane, 2004).
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It has been proposed that individuals with high MA suffer from intrusive thoughts of failure
when attempting to solve mathematical problems, and that this occurs more often than in
individuals with low levels of MA. This indicates that cognitive factors, such as attention
control and WM, could play a central role in explaining the anxiety-performance link (Eysenck
& Calvo, 1992; Eysenck et al., 2007). It is suspected that these worrying thoughts (i.e. the
cognitive component of MA) overtax individuals’ WM systems, thus making it harder for
them to solve math-related problems (Ashcraft & Krause, 2007). Since most arithmetic
processes such as simple counting and estimation, long division, problem-solving, and algebra
rely heavily on the WM system (Ayres, 2001; Siegler & Booth, 2005), Ashcraft and colleagues
(Ashcraft & Kirk, 2001; Ashcraft & Krause, 2007; Ashcraft & Rudig, 2012) argued that MA
affects math performance by compromising cognitive processing. In support of this, Eysenck’s
processing efficiency theory provided a theoretical rational for exactly such an explanation
(Eysenck & Calvo, 1992). Another theoretical explanation for the negative impact of anxiety
on performance is provided by the attentional control theory (Derakshan & Eysenck, 2009;
Eysenck et al., 2007). According to this theoretical approach, the key assumption that anxiety
increases the allocation of attention to threat-related stimuli means that anxiety typically
reduces attentional focus on the current task unless it involves threatening stimuli. In other
words, anxiety affects the efficient functioning of the goal-directed attentional system by
worsening the efficiency of executive functions, which are important to update and monitor
the information currently within WM (Derakshan & Eysenck, 2011).

Test Anxiety

Regarding TA, only few studies investigated the role of WM in the relationship between TA and
arithmetic task performance in children (Korhonen et al., 2018; Ng & Lee, 2010, 2015). Taken
together, these studies support cognitive theories which attribute the anxiety-performance link to
various cognitive factors, such as attention control and WM. Some studies examined the role of
WM from an experimental (e.g. Ng & Lee, 2010, 2015) or a differential perspective (i.e.
individual differences in WM and executive functioning mediated the negative relation between
trait anxiety and academic performance; Owens et al., 2012; Owens et al., 2008). However,
Korhonen et al. (2018) suggested that both perspectives should be considered simultaneously to
better understand the interplay between TA and WM on academic achievement.

It seems clear that the role of WM on the relationship between MA, TA, and math
performance depends on a variety of factors. Some of these factors include the type of tasks
being used to assess both math ability and WM, as well as the age and skill level of the
participants (Raghubar et al., 2010). Adults with high MA and a high WM capacity may
perform better than individuals with high MA but low WM capacity based on the Processing
Efficiency Theory (Miller & Bichsel, 2004). However, it has also been suggested that
individuals with a high WM capacity could be more susceptible than individuals with a low
WM capacity to a decline in math achievement when under pressure, due to what is
colloquially referred to as “choking” (Beilock & Carr, 2005).

The Current Meta-analysis
Given the potential impact of academic anxiety on math achievement, we decided to conduct a
systematic meta-analytic review across the last 30 years of existing literature. Due to the recent

publications of three meta-analyses separately targeting MA and TA (Barroso et al., 2021;
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Namkung et al., 2019; and von der Embse et al., 2018, respectively), in the present work, we
wanted to specifically consider the impact of both MA and TA on math attainment. In addition,
we also included the analyses of several other factors, at both the cognitive and the emotional
level. Thus, this is the first attempt to take into account the relative contribution of different factors
in a systematic, up-to-date, and comprehensive meta-analysis. This approach allowed us to
address some of the limitations that emerged from the past literature. Specifically, we analyzed
the effect of many potential variables that could moderate the relationship between MA, TA, and
math performance, such as gender, age, type of mathematical task, and WM tasks. Moreover, we
specifically targeted also the mediating role of WM, as a more general construct. A small number
of published studies have considered MA and TA in the same analysis, while statistically
controlling for general anxiety (Carey et al., 2017, Mammarella et al., 2018). From a statistical
perspective, however, this is important, because if two factors are highly correlated but not
controlled for, the effect of one variable might be fully accounted for by the shared variance
between these factors. This regards also general anxiety, which is related with both MA and TA to
some extent, thus potentially playing a role in the relationship between anxiety dimensions and
math performance, as it shares some risk factors. It is worth noting that general anxiety has a
moderate and consistent relationship with both MA and TA (but is less related to the former than
to the latter; Hembree, 1990), and it might play a role in the relationship with math performance
(Hill et al., 2016). This is consistent with the idea that the relationship between different forms of
anxiety can be related to shared risk factors. Thus, TA and MA are likely to have more similar risk
factors between each other (e.g. those with a root in school experiences and achievement) than
general anxiety has with MA or with TA. In support of this, Carey et al. (2017) tested differences
and developmental changes between anxiety forms (MA, TA, and general anxiety) in a large
cohort of primary and secondary school students (N = 1700; grades 4, 7, and 8); they found that
the three forms of anxiety are less differentiated in primary school (i.e. they equally correlate with
math performance) but become more differentiated in secondary school (i.e. separate into
generally anxious vs academically anxious profiles). Mammarella et al. (2018) replicated and
extended these results by testing children along a continuum, from grades 3 to 6. They identified
an intermediate stage of anxiety development, where general anxiety seems to act as a risk factor
for the onset of other forms of academic anxiety (such as MA and TA).

No previous meta-analyses have assessed the specific role of both MA and TA on math
performance, while also considering these different variables. In contrast with the meta-
analysis of Namkung et al. (2019), but similarly to Barroso et al. (2021), we also included
college age (adult) students, to understand the development of MA over time. We also
considered gender differences and classified both math performance (i.e. arithmetic, basic
numerical competences, grade scores, and math-applied performances) and WM tasks (i.e.
verbal, visuospatial components, short-term and WM tasks) into four complexity levels.
Furthermore, in contrast to von der Embse et al. (2018), who investigated the influence of
TA on a range of educational outcomes, we only included studies that directly tested the
specific relationship between TA and math performance. Lastly, we also extended the level of
analysis by looking at the mediating role of WM to shed further light on its specific weight
within the MA-math achievement relationship.

Overall, the main objectives of the present meta-analysis were (i) estimating the impact of
MA and TA on math performance; (ii) measuring the impact of potential moderators on the
MA/TA and math relationship, by taking into account gender, age, type of math tasks, and
type of WM tasks; and (iii) assessing the mediating role of WM when considering MA and
math achievement relationship.
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Method
Literature Search and Inclusion Criteria

Primary research papers, in English, with quantitative data were reviewed. Only papers published
from 1990 to 2018, in peer-reviewed journals, were included. Papers reviewed varied in their
methodologies and studies were included if they directly measured math achievement or perfor-
mance, WM, MA, and TA in typical developing individuals. The preferred reporting items for
systematic reviews and meta-analyses (PRISMA) 2009 checklist were followed when writing this
review. When assessing the risk of bias, the protocol described by Sirriyeh et al. (2012) was used.

We conducted an electronic survey of five online databases: Web of Science, Scopus,
PubMed, Medline via Ovid (1996—present), and PsycINFO via Ovid (1996—present). When
possible, a full text search was conducted, and in cases in which the full text search was not
available, a search of the keyword (PsycINFO) or topic (Web of science) was conducted. The
search terms used included “math* anxiety”, “test anxiety”, “performance”, “achievement”,
and “working memory”. The wildcard * was used where variations like “math”/“maths”/
“mathematics”/“mathematic”/“mathematical” might occur. Math* AND Anxiety AND
(Achievement OR performance OR “working memory”). All search terms were combined in
the same way on all databases, but some databases had different ways of inputting this. In
order to include grey literature, we performed the same survey (using exactly the same
procedure, same years, search terms, and Boolean operators) on ProQuest platform. We
focused in particular on dissertations, theses, and conference proceedings.

After conducting systematic searches in each of the five databases, 3,223 articles were collected
in total. Data were exported from each database into an EndNote library, and 1,360 duplicates were
removed, leaving a total of 1,863 records. The remaining papers were exported into a Microsoft
Excel spreadsheet. Two independent reviewers (S.C. and J.M.R.) independently evaluated each
article and decided whether each specific paper was to be included in the meta-analysis. Disagree-
ments were resolved by a third reviewer (I.C.M). As for the grey literature, the research was
conducted through three different libraries (University of Padova, Genoa, and Leeds) resulting in
141 retrieved documents. After duplicate removal, a total of 109 abstract were screened by the two
independent reviewers. To improve our strategy search, we also emailed leading researchers in the
field requesting unpublished data, dissertations, as well as articles published on non-peer-reviewed
journals that could be fit with the aims of the present meta-analysis.

Studies were entitled to be included in the meta-analysis if they met the following inclusion
criteria. In the full-text analyses, we focused on three different study designs: (a) correlational
studies, (b) longitudinal prediction studies, and (c) experimental studies. To prevent violating the
independence of observations in longitudinal studies, data only from the first time point were
coded. Similarly, for experimental or intervention studies, only data from control groups or pre-
test period were coded. As for studies following an extreme-groups design (e.g. high vs low), only
data from the initial screening were included, when available. Moreover, we only included studies
reporting original empirical findings (i.e. not a review or re-analysis of findings that were reported
previously). The inclusion of each study and its effect sizes in the database was based on the
inclusion of at least one mathematical performance measure and one math/test anxiety assess-
ment. Studies assessing perceived math competence or individuals® self-reported beliefs about
their math skills were excluded. Thus, studies had to either report zero-order correlation coeffi-
cients or report data made the calculation of correlation coefficients possible. When these were not
reported, effect sizes were requested from authors via e-mail.
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In a second phase, title and abstract screening were conducted and reviewers excluded
1,342 records that did not measure MA/TA or math performance, leaving 521 articles to be
assessed for eligibility through full-text exploration. Similarly, for the grey literature, out of the
109 documents, only 65 were eligible for full-text screening. These documents were then
subject to close review using the above outlined inclusion/exclusion criteria. Based on the full-
text analyses, 370 peer-reviewed studies were removed, leaving a total of 151 studies. To these
are added 26 documents from the full-text screening of the grey literature, reaching a total of
177 studies included in the present meta-analysis. Details concerning the literature search,
inclusion criteria, and selected studies are shown in the flow chart below (Fig. 1).

Coding of the Studies

Extracted data included details on the study such as title, authors, year and type of publication, and
author contact details. Details about the sample were also included such as sample size, mean age,
and gender. It must be noted that each study could include more than one sample of participants
(e.g. groups of children in different grades, or males and females separately), which we treated as

Search Features:
- Electronic databases: Web of science, Scopus, PubMed, Medline and PsycINFO (via Ovid, from
1990 to December 2018)
Hand search of journal specialized in the topic
- Search in prior meta-analyses and narrative reviews
- Grey literature: ProQuest platform and emails sent to leading authors in the field

' ' '

Search

Records identified through Additional records identified Records identified through
database searching through other sources (e.g. ProQuest database searching and
(n=2742) Citation search and Google emails
Scholar) (n=141)
(n =481)
N J
v '
Records after duplicates removed Records after duplicates removed
(n =1863) (n=109)

|

|

1342 papers were excluded after title and
abstract screening
Full-text articles assessed for eligibility
(n=521)

44 records were excluded after
title and abstract screening
Full-text articles assessed for
eligibility
(n =65)

|

|

Studies included in qualitative synthesis
(meta-analysis)
(n=151)

Records included in qualitative
synthesis
(n=26)

Full-text articles excluded after full-text screening (n = 370; n = 39) for these reasons:
* Did not contain measure of math performance

* Did not report sufficient data for effect size calculation

* Group comparisons studies (e.g. high vs low MA groups, etc.)

[ Included ] [ Eligibility ] [ Screening ] [ Identiﬁcation] [

Fig. 1 Flow diagram for the search and inclusion criteria for studies in this meta-analysis. Adapted from
“Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement,” by D. Moher,
A. Liberati, J. Tetzlaff, D. G. Altman, and The PRISMA Group, 2009, PLoS Med 6(6). Copyright 2009 by the
Public Library of Science
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independent samples (further details are given below in the “Meta-Analytic Model Fitting”
section). Concerning the effect size, all correlations of interest (i.e. those involving MA, TA,
GA, math achievement, and WM) were coded, along with the combination of constructs that they
involved (e.g. “MA-Maths”, “MA-WM”). As the same study could report more than one
correlation for the same combination or sample (or for different combinations or samples), the
dataset included as many rows per study as were the effect sizes of interest that it reported. When
outcomes involved response times or error counts, the signs of the effect size were inverted.

To investigate the moderators of interest, we coded (1) where effect sizes were reported
separately for boys and girls, and (2) age group classifications (i.e. child or adult). For math
performance, we coded math measures as tapping (a) school grades, (b) basic numerical
knowledge, (c) arithmetical skills only, or (d) more advanced and complex skills. Where
WM measures were available, we also coded the type of task as WM or STM, and the type of
material as verbal or spatial.

Additional details on test characteristics were coded for each of the three main domains
considered (i.e. emotional factors, achievement, and cognitive factors). Specifically, for each
measure, we summarized test content (i.e. the skills measured by the test), complexity (i.e. for
mathematical skills, low complexity would be basic math knowledge while more advanced
arithmetic abilities would be classified as applied math), origin (i.e. standardized battery,
national survey, or experimental task), and reliability of the measure(s) where available.

Analytic Strategy
Risk of Bias Across Studies

The presence of possible publication biases in the meta-analysis was tested and quantified
using the “trim-and-fill” method (Duval, 2005). This method estimates the number of studies
missing because of the publication bias (i.e. due to the fact that studies reporting non-
significant effects are less likely to be published).

Unlike other methods aimed at assessing the publication bias, the trim-and-fill method aims
at directly quantifying the potential bias (Borenstein et al., 2009). This method provides an
estimate of the adjusted effect when the hypothesized missing studies are included. This
estimate should not necessarily be regarded as a more valid than the non-adjusted effect,
however. Rather, it can be interpreted as a publication bias—adjusted estimate under the
assumption that the asymmetry observed in the distribution of the effects is due to publication
bias (as explained by Borenstein et al., 2009, p. 291). However, other reasons of publication
bias may exist, e.g. studies with smaller samples may have performed better quality control on
data collection than larger studies. In the current study, we decided to use a one-side
hypothesis testing as suggested by Borenstein et al. (2009), and due to the fact that the trim-
and-fill correction was used to control for possible publication biases. This approach was used
to deflate, never to inflate, the magnitude of the effect sizes.

Meta-Analytic Model Fitting
The analytic strategy adopted in this meta-analysis followed the guidelines proposed by
Borenstein et al. (2009), as well as Schwarzer et al. (2015). R was used in all the analyses

(R Core Team, 2019) and meta-analyses were performed using the random effects models
function implemented in the “metafor” (Viechtbauer, 2010) package. We decided to use
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random effects models because this analytic strategy allows us to better account for the
heterogeneity among studies (i.e. it avoids overestimating the precision of the final meta-
analytic values). This analytic approach assumes that different studies can be sampled from a
normally distributed population of underlying effect sizes, rather than reflecting an identical
effect (Borenstein et al., 2009).

Correlational values were reported as Pearson’s » in the majority of cases (94%), or by
Spearman’s tho (4%) and model beta coefficients (2%; when needed, that is when they were
reported as raw estimates, we standardized the beta coefficients by using the reported SDs of
the covarying variables). All estimates were transformed into the Fisher’s Z scale before
computing the meta-analysis (see Borenstein et al. (2009) for more details).

All eligible effect sizes were considered, and when multiple effects were reported for the
same outcome combination in the same sample of individuals (e.g. a certain construct was
measured by means of different indicators on the same group of participants), effects were
combined using the formulas for non-independent outcomes reported by Borenstein et al.
(2009, pp. 227-228). To compute the combined variance for an effect, a conservative
estimation of the between-effect correlation was made with » = .80. Sensitivity analysis
showed that the results were robust, as the effect sizes varied by no more than .01 for any »
between .50 and .95. Studies that reported data on a single overall sample were 75%, whereas
25% of studies included effects on multiple samples. Independent samples included in the
same study were considered as independent information and were thus included separately in
the meta-analyses (Borenstein et al., 2009, p. 218).

Heterogeneity and Test of Robustness

Heterogeneity across independent samples was quantified using T2, which is a measure of
estimated variance, and by using the 2 index, which can be interpreted as the percentage of
total variance of the estimated effect that is attributable to the variance across studies (Higgins
et al., 2003). Lower values of 2 (i.e. 2 < 50%) suggest limited heterogeneity across studies,
indicating that the estimated effect sizes are generalizable. Higher values of 2 (i.e. 2 > 75%)
suggest that there are large differences across studies (e.g. investigation of different constructs,
or sampling from populations in which the true effects are very different; see Higgins et al.
(2003) for more details).

To test the robustness of the results, all meta-analyses that included at least three indepen-
dent effects (which implies at least three independent samples, as effects were aggregated by
sample) were tested using the “leave-one-out” method (Viechtbauer, 2010). This method
computes a series of meta-analyses excluding one single effect at a time. The range of variation
of the estimated meta-analytic effect was then reported for each meta-analysis.

Analysis of Moderators

Moderating analyses were conducted using multilevel models, with each sample entered as a
random effect. Multilevel modelling seemed the best choice in this case, as most studies
reported effects simultaneously on different levels of the same moderating factor. For example,
concerning the type of WM task, several samples of participants were tested both on verbal
and on spatial tasks, meaning that the studies investigated correlated effects across different
levels of the same moderating factor. Thus, multilevel modelling was the best way to account
for the structure of dependencies among the effects. For consistency with the analyses
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described above, we combined the effects by independent sample using the formula suggested
by Borenstein et al. (2009, pp. 227-228), but did so separately for each level of the moderators
of interest. For gender, study was entered as a random effect instead of individual samples,
because males and females are naturally grouped as different samples.

Estimated coefficients were obtained using the “restricted maximum likelihood” method,
which is set by default in the “metafor” package. Nonetheless, model comparisons, conducted
by mean of likelihood ratio tests for nested models, were conducted on models fitted using
“maximum likelihood”. This is due to the fact that models are not comparable when fitted with
the “restricted” method; all of these specifications are set by default by the “metafor” package.

It should be noted that significant and non-significant effects of moderating factors were the
same, even without multilevel models and without random effects of samples (or studies), even
though the coefficient slightly changed when random effects are not included. This suggests
that the moderating analyses were robust, with only minor variations in the estimated
coefficients, which occur independently of the specific analytical choices.

Mediation Analysis

An additional analysis of mediation was conducted to examine the role of WM as a mediator
between MA and math achievement, and between TA and math achievement. To do so,
multivariate regression models (or “meta-path analysis”, as shown in Fig. 3) were used. The
models were fitted—and their direct and indirect effects were estimated—using the “lavaan”
(Rosseel, 2012) package in R.

We conducted this analysis using two different alternative strategies. First, we sought to
take into account the random effects of samples on direct and indirect effects of interest.
Therefore, we restricted this analysis to studies that reported complete correlation matrices for
anxiety, WM, and math achievement. For each of these “complete” studies, we fitted a
separate mediation model. Subsequently, we meta-analyzed all direct and indirect effects of
interest using random effects models.

For the second strategy, we incorporated the maximum information available, at the cost of no
longer considering random effects (see Yu et al. (2016) for a discussion of the problems with not
considering effect size heterogeneity in meta-analytic structural equation modelling). To do this,
we computed the mediation model from a correlation matrix (including anxiety, WM, and math
achievement), which was composed using the meta-analytic correlations independently estimated
by different meta-analyses, each of which included as many studies as possible. We performed
this analysis to obtain additional estimates of the direct and indirect effects, for possible conver-
gent evidence with estimates from the first strategy. To quantify uncertainty in model estimates,
we adopted a Monte Carlo simulation approach based on the meta-analyzed correlations among
MA (or TA), WM, and math achievement. As the present meta-analysis was not focused on the
relationship between WM and math achievement, this specific correlation (and its standard error)
was taken from the meta-analysis by Peng et al. (2016), while the other correlations were taken
from the present meta-analytic study (Table 1). At every 10,000 iterations in our Monte Carlo
simulation, we sampled all three correlations of interest (sampling distributions were normal
distributions with the mean corresponding to the estimated meta-analyzed correlations in Fisher’s
z, and SD corresponding to their standard errors), and we fitted a mediation model using “lavaan”
(see Fig. 3) to estimate all direct and indirect effects of interest. As final estimates, we reported the
median values of the distributions, together with the 95% CI as the range of values between the
2.5 and the 97.5 percentiles, as a measure of uncertainty.

@ Springer



Educational Psychology Review (2022) 34:363-399 375

Results
Overview

A total of 177 studies and 250 distinct independent samples (for a total of 906,311 participants) were
included in the analyses presented below. Table 1 summarizes all meta-analyzed effects, including
parameter estimates computed according to the analytic strategies. Forest plots for the main meta-analyses
are reported in the Supplementary Material (Figures S1-S8), and funnel plots are reported in Fig. 2.
Moderation analyses were conducted for all combinations of outcomes, for which we
examined subsamples of effects, as summarized in Table 2. Wherever possible, we examined
the results separately by gender, age group (children and adults), type of math task (arithmetic,
basic knowledge, grade, and applied math), WM type of material (verbal and spatial), and WM
type of task (simple short-term memory and active WM tasks). All these variables were tested
as possible mediators in the meta-analyses. Due to the limited number of possible combina-
tions across levels of different moderators, we chose not to investigate possible interactions.

Math Anxiety and Math Achievement

The overall correlation between math anxiety and math performance, calculated on 169
independent samples within 121 different studies, was » = — .30 [- .32, —. 28; p < .001]. The
heterogeneity across the samples was high, 2 = 98%, with a 7= 0.15, suggesting the existence
of important moderating variables. This extreme estimate for heterogeneity can be explained by
the fact that two of the samples involved had more than 250,000 participants each, thus leading
to virtually null sampling errors for at least two of the effects. The trim-and-fill method did not
indicate any asymmetry distribution and did not correct for possible publication bias.

Table 2 shows that math type is a significant moderator of the relationship between math
performance and math anxiety. Regarding the type of math task, 78 studies assessed applied math
(i.e. more advanced math complex skills), 43 studies assessed arithmetic, 38 assessed math grade,
and just 10 studies assessed basic knowledge. The latter showed the smallest relationship with
math anxiety, r=— .22 [ .34, —.09; p <.001], while all other correlations with math anxiety were
moderate and ranged from — .25 [ .28, — .22; p < .001] to — .31 [ .34, — .28; p < .001].

As shown in Table 2, gender was not found to be a significant moderator of the relationship
between math performance and math anxiety, as the relationship between math performance
and math anxiety was only slightly stronger in females than in males, B = .09, p = .075. This
data should be interpreted with caution, however, as only a relatively small number of studies
provided information divided by gender (16 studies in total, giving an overall 21 independent
samples of males, and 21 for females).

Finally, age group emerged as a significant moderator of the relationship between math
performance and math anxiety (Table 2). The estimated relationship differs to a very limited
extent between children, » = — .31 [~ .33, — .28; p < .001], and adults, » =— .25 [- .29, — 21; p
<.001], but it should be noted that the latter estimate further dropped to —.22 [ .26, —.19; p <
.001] after trim-and-fill adjustment.

Math Anxiety and Working Memory

WM measures were coded according the type of content and degree of cognitive control involved.
Regarding the former, most studies used verbal working memory tasks (20 studies totaling 21 independent
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Fig. 2 Funnel plots for the main meta-analyses summarized in 8 panels (A—H)

samples) rather than spatial working memory tasks (7 studies totaling 7 independent samples). However,
type of material had virtually no impact on the correlation of interest (Table 2). The correlation between
verbal working memory and math anxiety was » = — .19 [— .25, — .12; p < .001], while the correlation
between spatial working memory and math anxiety was »=—.16 [— .24, — .09; p < .001].
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Table 2 Summary of the moderation analyses

Combination Moderator ~ Comparison x2 P Beta SE p
MA - MATHS  Math Type 3642  <.001
basic know vs arithmetic 0.07 0.03  .005
grade vs arithmetic 0.02 0.02 443
math apply vs arithmetic -0.05 0.02 .004
grade vs basic know -0.06 0.03 .062
math apply vs basic know -0.12 0.03 <.001
math apply vs grade -0.07 001 <.001
Gender 3.20 074
males vs females 0.09 0.05 .075
Age group 3.95 .047
Dev_Group vs Adult -0.06 0.03 .047
MA - WM WM type of material 0.37 542
verbal vs spatial 0.03 0.04 472
WM type of task 0.10 756
WM vs STM -0.02 0.05 .644
TA-MATHS  Math Type 6.16 .104
basic_know vs arithmetic 0.00 0.09  .756
grade vs arithmetic -0.10 0.05 .072
math_apply vs arithmetic -0.12  0.05 .016
grade vs basic_know -0.09 0.10 317
math_apply vs basic_know -0.12  0.09 202
math_apply vs grade -0.03 003 294
Gender 223 136
males vs females 0.08 0.05  .130
Age group 0.84 .360
Dev_Group vs Adult 0.04 0.05 353
TA - WM WM type of material 11.21 .001
verbal vs spatial 0.30 0.09  .001
WM type of task 0.52 471
WM vs STM 0.06 0.08 429

Note GA general anxiety, MA math anxiety, MATHS math achievement, STM short-term memory, TA test
anxiety, WM working memory

Similarly, involvement of cognitive control (short-term memory vs working memory) did
not have a significant effect either on the relationships of interest (Table 2), albeit from a
qualitative point of view, the connection appeared slightly weaker for short-term memory, r =
—.14 [~ .21, — .07; p < .001], than for working memory, » = — .19 [— .25, — .12; p < .001],
although the latter dropped to » = — .15 [ .22, —.08; p < .001], after trim-and-fill adjustment.
Importantly, short-term memory was used in only 8 independent samples within our meta-
analysis; therefore, the estimate is associated with a high level of uncertainty.

Finally, a negative relationship emerged between MA and overall WM measures, although
this link was relatively weak, » = — .18 [— .24, — .13; p < .001]. Level of heterogeneity was
medium, 2 = 61%, with 7= 0.10, suggesting that there might be moderating factors.

Test Anxiety and Math Achievement
The overall correlation between test anxiety and math achievement was notably weaker than
the correlation between math anxiety and math achievement, » = — .23 [-.26, —.19; p <.001].

The level of heterogeneity was high (2 = 88%), with T = 0.13, pointing to potential moderating
factors behind the relationship between text anxiety and math achievement. Nonetheless,
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moderation analysis (Table 2) failed to show that any of the moderators considered (i.e. math
type, gender, or age group) emerged as significant. With regard to gender, its potential
moderating role pointed in the same direction as that found for the relationship between MA
and math achievement (i.e. a stronger correlation in females than in males, B = .08 [-.02, .19; p
= .13]). Once again, however, gender did not reach statistical significance as a moderator,
likely due to the limited amount of available evidence (only 4 studies reported data on this).

Test Anxiety and Working Memory

The overall correlation between test anxiety and working memory was » = — .18 [ .27, — .08;
p < .001], i.e. a weak correlation. Nonetheless, caution must be used when interpreting this
data as only 8 studies were able to be included, for a total of 9 independent samples.
Moderation analysis suggested that material type may also play a role, with a much stronger
correlation for spatial than for verbal material, B = .30, p =.001. Again, caution should be used
when interpreting this difference, as evidence for spatial working memory material was
available in just one study.

The Mediating Role of Working Memory between Anxiety and Math Achievement

As explained above in the “Analytic Strategy” section, we examined the mediating role of
WM using two alternative strategies. With the first, which was limited to studies reporting all
variables of interest, we considered random effects. With the second, which was based on a
Monte Carlo simulation approach, we sought to incorporate as much information as possible.

For the first strategy, our meta-analytic dataset had 15 independent samples reporting
complete information for the mediation MA = WM => Math, and 6 independent samples
reporting complete information for the mediation TA = WM =>» Math. The meta-analytic
estimates, together with their 95% Cls, are reported in Fig. 3, panel A. The main interest
concerned the mediating role of WM, i.e. the indirect effect of MA on math achievement via
WM. As can be seen, these indirect effects were all non-significant and negligible in terms of
magnitude (B < .05 for all samples) for both MA and TA.

Regarding the second strategy, the estimates are reported in Fig. 3, panel B. As can be seen,
the final estimates for indirect effects can now be considered significant (as their Cls clearly
exclude zero, which was expected as all original meta-analytic correlations were statistically
significant; Table 1). However, these final estimates remain negligible in terms of their
magnitude.

Additional Analysis

As reported above, the relationship between MA and math achievement appeared stronger
than the relationship between TA and math achievement, even though both correlations were
of medium strength. To formally test whether one correlation was stronger than the other, we
conducted an additional meta-regression in which the correlations (involving MA or TA on
one side, and math achievement on the other side) were examined in the same model. As in all
previous cases, the correlations were combined by independent sample using the formula
suggested by Borenstein et al. (2009), and the moderating analysis was conducted using
multilevel models. Type of anxiety (math anxiety vs test anxiety) was then tested as the
moderator of the relationship between anxiety and math achievement. The moderating role of
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A) Via meta-analytic multivariate regression

15 independent samples 6 independent samples
=17 WM .29 -.18 WM 27
95% CI (-.33, -.01) %}: Cl (.13, .44) 95% Cl (-.40, .05) Yﬁl Cl (.06, .49)
.23 -.28
MA 95% Cl (-.38, -.08) Maths TA 95% Cl (-.50, -.07) Maths

indirect effect MA->Maths: B = -.04, 95% Cl (.12, .05)  indirect effect TA-»Maths: B = -.04, 95% CI (-.16, .09)

B) Via Monte Carlo simulation of multivariate regression

10,000 iterations 10,000 iterations
-18 WM 28 -18 WM 30
95% Cl (-.24, -.13) Yafcu (.24, .33) 95% Cl (-.28, -.08 %ﬁ\u (.25, .35)
-.26 -.18
MA 95% Cl (-.29, -.23) Maths TA 95% Cl (-.23, -.13) Maths

indirect effect MA-*Maths: B = -.05, 95% Cl (-.07, -.04) indirect effect TA=»Maths: B = -.05, 95% Cl (-.08, -.03)

Fig. 3 Mediation analysis on the relationship between math anxiety (MA), working memory (WM), and
mathematical achievement (Maths), and on the relationship between test anxiety (TA), WM, and Maths. Panel
(A) shows the estimates obtained via meta-analytic multivariate regression based on samples with complete
correlations. Panel (B) shows the estimates obtained via Monte Carlo simulation of multivariate regression based
on meta-analyzed correlations. All estimates are standardized regression coefficients

the type of anxiety was significant, x2(1) = 14.09, p <.001, and indicated that math anxiety has
a stronger correlation with math achievement than test anxiety has with math achievement,
although the difference was very small in terms of magnitude, B = .07 [.03, .10; p < .001].

Discussion

The present meta-analysis examined the relationship between different forms of academic
anxiety (MA and TA) and math performance, taking into account the impact of potential
moderators, such as gender, age, and type of math and WM tasks.

We confirmed a moderate, negative relationship between MA and math performance (r = —
.30). This is in line with previous meta-analytic studies in which the correlation between MA
and mathematic achievement ranged from — .27 < r < —.34 (Hembree, 1990; Ma, 1999;
Namkung et al., 2019). We also found that this link was significantly affected by the nature of
the math tasks as well as by gender. In contrast, age did not moderate MA. Similarly to
Namkung et al. (2019), we found that advanced math domains requiring multistep processes
showed a stronger negative correlation with MA (—.31) compared to foundational mathematics
domains, such as early numeracy, which do not require multistep processes (—.22). In line with
the recent meta-analysis of Barroso and co-authors, our meta-analysis confirmed that there is
no difference between girls and boys MA experience (Barroso et al., 2021). It is worth noting
that all the included studies reported an objective measure of math performance, thus over-
coming the limitation recently raised by Ahmed (2018) when attempting to explain the
heterogeneity of the results reported in previous studies. Contrary to Namkung et al. (2019),
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our results showed a significant (albeit weak) negative correlation between WM and MA,
regardless of the type of material or the degree of cognitive control involved in the WM tasks.

In line with the previous literature (Devine et al., 2012; Hembree, 1988; Mammarella et al.,
2015; Putwain, 2008), we measured a modest correlation (» = —.23) between TA and math
performance. The pattern of relationship between TA and math performance in different types
of math task was the same as previously observed for MA, and perhaps even more accentu-
ated. Nonetheless, type of math task failed to emerge as a significant moderator of the
relationship between TA and math performance, likely due to the much smaller number of
studies included in this analysis and the high heterogeneity. No demographic differences
emerged according to gender and age, although higher correlations were found for girls and
older students.

These results highlight how MA and TA share some risk factors (e.g. they both displayed
effects trending in the same direction and were both negatively associated with academic
success). At the same time, the results showed some specificity, as confidence intervals
showed no overlap whatsoever, allowing us to make inferences about the stronger effect of
MA on math performance. Similarly, Donolato et al. (2020) found that MA explained a larger
portion of the unique variance in mathematics performance compared to TA, through a
variance decomposition analysis. In other words, although MA and TA overlap to some
extent, MA is more strongly associated with mathematics performance. Thus, it may be that
GA (i.e. being generally anxious) and TA (i.e. being more specifically worried about academic
performance and academic difficulties) are risk factors that may contribute to the development
of a more specific form of anxiety—MA—and therefore be indirectly related to mathematical
performance (Carey et al., 2017; Mammarella et al., 2018).

Academic Anxiety and Math Performance: Type of Math Tasks and Demographic
Variables

In contrast to TA, where the impact of this type of anxiety has been investigated mainly in
relation to general academic examinations (see Putwin 2008), a large body of research has
demonstrated that MA negatively impacts math performance specifically. For example,
individuals with high MA perform worse than their less math-anxious peers on basic numer-
ical abilities, such as counting and comparing numbers (Maloney et al., 2010; Maloney et al.,
2011), and perform worse on more advanced arithmetic problems, including complex mental
calculations (Ashcraft & Faust, 1994). A small number of studies have focused on this
relationship while paying attention to specific aspects of math, confirming that the strength
of the math-MA relationship tends to differ as a function of the complexity of math tasks
(Ching, 2017; Vukovic et al., 2013a, b). MA seems to be more related to school mathematics
performance (i.e. math tests, grades and/or specific contents, such as calculation skills and their
mathematical applications), than using numbers in everyday contexts (Evans, 2000). Follow-
ing this rationale and extending the dichotomous classification proposed by Namkung et al.
(2019), we confirmed the effects of varying levels of math tasks on both forms of anxiety, in
agreement with previous studies. However, future research is needed to further explore the
domain specificity in the relationship between MA and mathematics performance.

The effect of demographic variables, such as gender and age, have been more extensively
considered as important source of variance in both forms of academic anxiety. In general, girls
consistently reported significantly more anxiety than boys in terms of both MA (Ferguson
et al., 2015; Hembree, 1990; Maloney et al., 2012) and TA (e.g. Putwain, 2007; Putwain &
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Daly, 2014; Zeidner & Schleyer, 1999). This finding remains stable even when controlling for
other kinds of anxiety, such as trait or state anxiety (Devine et al., 2012; Zeidner, 2014). In
terms of gender differences, a few explanations have been proposed. Considering both forms
of anxiety, it is plausible to hypothesize that a greater level of anxiety in girls may relate to
several factors, including a lower level of self-perception and lower confidence (Cvencek et al.,
2014; Fredricks & Eccles, 2002; Marsh & Yeung, 1998; Pajares, 2005), the fact that boys are
less likely to openly state their negative feelings (Ashcraft & Ridley, 2005), the fact that boys’
answers are more affected by a recall bias as well as social desirability biases (Dowker et al.,
2016), as well as the presence of gender stereotypes about math (Appel et al., 2011; Flore &
Wicherts, 2015). Although the average levels of anxiety may differ in girls vs boys, however,
this does not imply that the relationship between anxiety and math performance should vary by
gender. In fact, our results did not show that the relationship between either MA or TA and
math performance was significantly moderated by gender, although the estimates was slightly
larger for females than for males.

Further research is needed in order to clarify why female students frequently report higher
level of anxiety compared to their male counterparts. Moreover, it is worth noting that in the
present meta-analysis, we had a limited number of reviewed studies (k = 4) on the relationship
between TA and math performance stratified for gender. The lack of studies could have
influenced our results; thus, further studies are needed to investigate this relationship. In terms
of MA, only 16 studies provided information divided by gender, out of the 138 studies
included in the current analysis. Thus, given that previous studies have emphasized the
importance of gender differences on both MA and TA, future studies should consider inserting
gender information more explicitly.

In general, it can be stated that almost all students are challenged with some form of
academic anxiety during their school years, and age may affect the experience and expression
of this anxiety (Mammarella et al., 2019; Nyroos et al., 2015; Wren & Benson, 2004).
According to previous research, younger children face more physical symptoms (i.e. stomach
pain or pounding heart) rather than cognitive (i.e. worry) symptoms compared to older
students, while these older students more frequently experience intrusive thoughts (Whitaker
Sena et al., 2007). When looking specifically at MA, most of the research has been carried out
on secondary school children and adults. Studies including younger children typically indicate
that primary school children tend to have more positive attitudes to math, and anxiety is mainly
related to self-rating. These studies also mention that these attitudes tend to deteriorate with
time and development (Hill et al., 2016; Krinzinger et al., 2009; Ma & Kishor, 1997).

The influence of age on TA is less consistent across studies. Hembree’s (1988) meta-
analysis reported that TA increased during early elementary school grades and remained
constant throughout high school. Alternatively, von der Embse et al. (2018) showed that
middle school graders (i.e. ages 11-14) exhibited a larger negative relationship between TA
and performance compared to high school students. Nonetheless, it is essential to consider the
effect of age when examining students’ academic anxiety (Zeidner, 2007). Our meta-analysis
indicates that the relationship between MA and math performance is significantly stronger in
children than in adults, although to a very limited extent (—.31 vs —.25), while the difference
was negligible for TA.

Inconsistencies across studies are likely mirrored by cultural or educational aspects. When
considering school performance, we should also take into the account the intrinsic variability
of educational paths, especially in secondary education, where the frequency of math courses/
lessons (or other STEM subjects, in general) can vary considerably. Another source of
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inconsistency could be represented by use of different tests/self-reporting in different popula-
tions. For example, self-reporting measures specifically developed for assessing primary
school children could emphasize the emotionality (affective) dimension of anxiety (Lowe
et al., 2011; von der Embse & Putwain, 2015; Vukovic et al., 2013b; Wu et al., 2012). At the
same time, instruments developed for older students are often more focused on the cognitive
(“worry”) aspect of performance (Cassady & Johnson, 2002), together with other elements (i.e.
the affective dimension, physiological effects, and motivational components) (Dowker et al.,
2016; Pekrun et al., 2004).

Another core theme is related to the causal pattern between math performance and academic
anxiety. As children gain more experience of mathematical success and failure (or testing situations
in general), academic anxiety may increase in those students whose poor performance results in
repeated experiences of failure, but not to the same extent in pupils who experience greater success
in mathematics (Carey et al., 2017). A recent study reported a large dissociation between cognitive
and emotional math problems in primary and secondary school children (Devine et al., 2018). These
findings led the question of whether MA is an overall unique proxy for these emotional problems, or
whether other emotional difficulties may explain the difficulties linked to poor mathematics
performance. Thus, future longitudinal studies should further evaluate the role of age in this dynamic
relationship over time. Our results also call for more studies specifically targeting younger students.
In the present meta-analysis, 61 studies specifically targeted primary students, out of the 111 total
studies that targeted primary and secondary school students. Given the short history of research on
the relationship between MA/TA and mathematics performance in young children, more research is
needed to elucidate the complex connections that exist in this field. Key questions remain regarding
the prevalence of academic anxiety in general, the relationship between academic anxiety and MA/
TA and math performance, as well as factors contributing to these relationships in young children.

Academic Anxiety and Working Memory

There are theoretical reasons to believe that changes in the relationships between academic
anxiety and math performance could reflect developmental changes in cognitive resources, and
in the ways in which they are used in mathematical situations. Research on WM suggests that
performance deficits caused by anxiety can be generally summarized by the extent to which
individuals are able to use their WM capacity (Darke, 1988; Eysenck, 1985). Overall, the WM
system is a finite capacity system and deals with the simultaneous transitory processing and
storage of information (Baddeley, 1986). According to the cognitive interference theory, during
the execution of a math task, highly anxious individuals could have less available WM
resources for the task solution, because anxiety (e.g. worry) is reducing the available resources
and this leads to poor performance (Ashcraft & Kirk, 2001; Eysenck, 1985; Lee, 1999). The
cognitive interference theory also suggests that general academic anxiety leads to poor math-
ematics performance. One key mechanism of this one-way relationship is that MA/TA drains
WM resources so that students do not have sufficient WM capacity for math tasks, leading to
poor performance (Ashcraft & Kirk, 2001; Eysenck & Calvo, 1992; Miller & Bichsel, 2004).

Our results revealed a weak but stable relationship (— .14 < » < —.19) between MA and WM,
an effect which remains even after the trim-and-fill correction. Moderation analyses suggested that
the relationship does not change according to WM type or degree of cognitive control required by
WM tasks. Our mediation analyses seemed to consistently suggest that the indirect effect of MA
on math achievement mediated by WM was negligible. As Namkung et al. (2019) concluded, it is
no surprise to find these weak correlations between MA/TA (measured by self-report
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questionnaires) and WM, since academic anxiety should not be induced during a WM task.
Furthermore, this finding may pose some interesting methodological questions to the cognitive
interference theory. As previously mentioned, this theory states that during the execution of
assessment tasks, anxious individuals overload their WM system with interfering worries, thus
leading to a decrease in task performance. In order to effectively test this hypothesis and assess the
contingent effect of WM on the relationship between academic anxiety and math, online
assessment forms for both anxiety level (i.e. state anxiety) and WM resources should be
implemented. This can either be achieved through experimental paradigms such as dual-task
designs (Trezise & Reeve, 2014) or even using other implicit measures such as affective priming
tasks (Rubinsten et al., 2012), together with other common measures.

This work leaves another question open, namely how differences in the levels of WM may
or may not influence the relationship between WM and MA/TA. There are indeed conflicting
results on the negative impact of MA on math performance according to individual levels of
WM resources. Some studies found that high-MA students with low working memory
capacity are more predisposed to poor math performance (Ashcraft & Kirk, 2001; Miller &
Bichsel, 2004), while others suggest instead that high-MA students with high working
memory capacity are more inclined to fail math tasks (Beilock & DeCaro, 2007; Ramirez
et al., 2013). A better understanding of the modulating influence of WM domains (i.e. verbal
vs visuospatial), or degree of cognitive control required (i.e. STM vs WM), may help shed
some light on this conundrum. Thus, future studies are needed to explore domain specificity
and MA/TA-WM interaction hypotheses, as well as how these elements can affect the
relationship between MA and mathematics performance.

Conclusion

The current meta-analysis provides an up-to-date synthesis on the relationship between MA/TA and
math performance. Our results confirm that both forms of academic anxiety (MA and TA) are
negatively related to math achievement not only in school age individuals, but also in adulthood. In
terms of MA, the strength of this connection is strongly influenced by the type of math task and by
gender differences; however, this influence is lower in TA studies. In addition, WM proved to be a
stable, albeit weak, mediator in the relationship between both academic anxiety forms and math
performance, confirming the key role of this cognitive construct. There was no substantial evidence
on whether the type of WM components or the level of cognitive control can influence the
relationship. Future studies are needed to clarify this point, as well as to map any potential
developmental changes in the relationship of academic anxiety and math performance.
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