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Abstract

Sex differences in the strength of the relations between mathematics anxiety, mathematics attitudes
and mathematics achievement were assessed concurrently in sixth grade (= 1,091, 545 boys) and
longitudinally from sixth- to seventh-grade (7= 190, 97 boys). Mathematics anxiety was
composed of two facets, one associated with evaluations and the other for learning more generally.
Girls had higher mathematics anxiety for evaluations than did boys (a5 = —.30 to —.52), but not for
mathematics learning. In sixth grade, the negative correlation between mathematical competence
and mathematics anxiety for evaluations was stronger in girls than in boys. Longitudinally, higher
mathematical competence in sixth grade was associated with lower mathematics anxiety for
evaluations and better mathematics attitudes in seventh grade for girls but not for boys. The key
finding is that adolescent girls’ mathematics anxiety and their attitudes toward mathematics are
more reflective of their actual mathematical competence than they are for boys. One implication is
that relative to boys with low mathematics achievement, girls with low achievement are at higher
risk of developing mathematics anxiety and poor attitudes toward mathematics.

Keywords

sex differences; mathematics achievement; mathematics anxiety; mathematics attitudes

Correspondence: David C. Geary, Department of Psychological Sciences, Interdisciplinary Neuroscience, University of Missouri,
Columbia, MO 65211-2500, Phone: 573-882-6268, Fax: 573-882-7710, GearyD@Muissouri.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Geary et al.

Page 2

Sex differences in mathematical development and the sources of these differences are long-
term and contentious issues, as these are thought to contribute to the underrepresentation of
women in some science, technology, engineering, and mathematics (STEM) fields (Ceci &
Williams, 2010; Geary, 1996; Halpern et al., 2007). Mean sex differences in mathematics
achievement are generally small (Hyde, Fennema, & Lamon, 1990), although there are more
males at the high end of performance (Wai, Hodges, & Makel, 2018). Independent of overall
mathematical competence, several non-cognitive factors influence investment in
mathematical learning and potentially contribute to the sex difference in math-intensive
career choices (Eccles, Adler, & Meece, 1984; Else-Quest, Hyde, & Linn, 2010; Ceci &
Williams, 2010; Richardson, Abraham, & Bond, 2012). We focused on two such factors —
mathematics anxiety and attitudes (e.g., self-efficacy) — that have been shown to influence
various aspects of mathematical development, such as course enrollment, and that often
show sex differences (e.g., Eccles & Wigfield, 2002; Eccles et al., 1989; Hembree, 1990).

As we review below, there are many studies of sex differences in mathematics anxiety and
mathematics attitudes as these relate to achievement, but the simultaneous and potentially
independent contributions of sex differences in anxiety and attitudes to later mathematics
achievement are not as well understood (Gunderson, Park, Maloney, Beilock, & Levine,
2018). In a sixth- to seventh-grade longitudinal study, we assessed the cross-lagged and
potentially reciprocal relations between these factors and mathematics achievement, and
assessed whether any such effects differed for girls and boys. We also conducted a large-
scale (n=1,091) assessment of sex differences in different facets of mathematics anxiety
(associated with evaluations versus learning) and attitudes and assessed whether the strength
of their relation to concurrent mathematical competence differed for girls and boys in sixth
grade.

Sex Differences in Mathematics Anxiety

Mathematics anxiety manifests as apprehension or fear associated with thoughts about or
actual engagement in mathematical activities (Ashcraft, 2002; Dowker, Sarkar, & Looi,
2016). This anxiety is associated with increased activity in the brain regions that are engaged
during threat detection and with the expression of learned fears, and it is associated with
atypical activity of brain regions that support the representation and learning of some forms
of mathematics (Lyons & Beilock, 2012; Young, Wu, & Menon, 2012). The latter is
consistent with disruptions in functional working memory capacity that in turn undermines
mathematical performance (Ashcraft & Kirk, 2001; Maloney & Beilock, 2012), and the
engagement of brain regions associated with threat detection and learned fears is consistent
with the avoidance and discounting of the importance of mathematics (Hembree, 1990;
Meece, Wigfield, & Eccles, 1990). Higher mathematics anxiety is associated with lower
mathematical performance in boys and men as well as in girls and women (Ma, 1999), but
girls and women generally have higher mean levels of mathematics anxiety and thus may
suffer potentially larger consequences relative to boys and men (Hyde, Fennema, Ryan,
Frost, & Hopp, 1990; Stoet, Bailey, Moore, & Geary, 2016).

Hyde et al.”’s (1990) meta-analysis yielded a small overall sex difference in mathematics
anxiety (d=.15), and Stoet et al.’s (2016) analysis of several large-scale data sets (total 7=
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761,655) yielded somewhat larger differences (a5 = .23 to .28). Stoet et al.’s findings are
consistent with Hembree’s (1990) early meta-analysis (a5 = .19 to .31). Stoet et al. also
examined sex differences in mathematics anxiety after controlling for mathematics
achievement. Girls showed higher ‘excess’ mathematics anxiety than did boys (&5 = .21 to .
25), indicating sex differences in mathematics anxiety above and beyond the small overall
sex difference in mathematics achievement (a6 = .09 to .11). Other studies indicate that the
sex difference in mathematics anxiety cannot be fully explained by girls’ and women’s
higher levels of trait anxiety (Dowker et al., 2016). A recent study revealed the relation
between mathematics anxiety and mathematics performance was stronger in adolescent girls
(r=-.35) than in boys (r=-.18, p=.033 for difference; Devine, Fawcett, Sz{ics, & Dowker,
2012). Even with control of test anxiety, mathematics anxiety was related to mathematics
performance in girls but not in boys.

The finding of ‘excess’ mathematics anxiety in adolescent girls and a stronger relation
between anxiety and performance in girls than in boys indicate that anxiety could potentially
undermine girls’ mathematics performance more so than that of boys. However, the Stoet et
al. (2016) and Devine et al. (2012) studies and in fact most other studies in this literature are
correlational and thus the direction of the relations is unclear (Dowker et al., 2016). It is
possible that girls’ higher mathematics anxiety contributes to the small sex difference in
mathematics achievement, that lower performing girls develop higher levels of mathematics
anxiety than lower performing boys, or there are reciprocal relations between these factors
over time. Indeed, Gunderson et al. (2018) found that higher achieving first- and second-
graders had lower mathematics anxiety six months later (5= —.20), and students with lower
mathematics anxiety had higher mathematics achievement six months later (8 = —.06). These
reciprocal relations were similar for girls and boys, but have not been assessed in any other
studies to our knowledge. We conducted a similar analysis with older children and assessed
whether the relations between mathematics anxiety and mathematics performance were
reciprocal, as found by Gunderson et al., or directional over time, and whether this relation
differed across girls and boys.

Moreover, there might be different facets of mathematics anxiety that could manifest
differently in boys and girls (Baloglu & Kocgak, 2006; Kazelskis, 1998), but that are not
always evaluated in developmental studies (Dowker et al., 2016). Wigfield and Meece
(1988) found affective (e.g., at ease or not) and cognitive (e.g., worry) components to
adolescents’ mathematics anxiety and a sex difference only for the affective component.
Even for the affective component, there can be differences across mathematical activities.
Baloglu and Kocak (2006) found that college women reported significantly higher anxiety
associated with taking mathematics tests (d/s = .30 to .41), men reported higher anxiety with
numerical activities (ds= .14 to .25; e.g., doing multiplication), and there was no significant
sex difference associated with mathematics coursework. Global assessments of mathematics
anxiety might then obscure more subtle sex differences, and thus we explored the factor
structure of our mathematics anxiety measure (all affective items) and identified two facets,
only one of which showed sex differences.
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Sex Differences in Mathematics Efficacy and Utility Beliefs

For both sexes, engagement in mathematics learning and enrollment in mathematics courses
in high school and college are related to confidence or efficacy about one’s mathematical
abilities, as well as to beliefs about the long-term usefulness or utility of mathematics
(Crombie et al., 2005; Eccles et al., 1984; Eccles & Wang, 2016; Wigfield & Eccles, 2000).
Our analyses (Methods) suggested that efficacy and utility beliefs were part of a single
attitudes toward mathematics domain, but we review them independently because most prior
studies have separately assessed these concepts.

Earlier studies suggested that boys had stronger mathematics utility (or value) beliefs than
did girls (Eccles et al., 1984), but more recent studies are mixed, with some showing no sex
difference (Crombie et al., 2005; Lauermann, Tsai, & Eccles, 2017; Petersen & Hyde, 2017;
Watt, 2004) and others finding stronger utility beliefs in boys (Steinmayr & Spinath, 2008).
Gaspard et al.’s (2015) study of different facets of utility may explain some of the
discrepancies. Ninth-grade German boys reported higher mathematics utility as related to
their future life and job (a6 ~ .3) and that competence in mathematics was personally
important (¢=.3), whereas girls reported higher utility as related to later achievement in
school (d=.15). Whatever the source of these differences, they have the potential to
contribute to the sex difference in participation in math-intensive STEM coursework and
fields.

Sex differences in academic self-efficacy are small (Hedge’s g = .08), but overall boys and
men have higher mathematics efficacy (Hedge’s g =.18) and girls and women higher
efficacy in the language arts (Hedge’s g = .16; Huang, 2013; see also Eccles & Wang, 2016;
Lauermann et al., 2017; Marsh & Yeung, 1998; Watt, 2004). A meta-analysis of longitudinal
studies indicated a small but reliable relation between students’ academic efficacy and their
later grades or achievement, especially when the efficacy beliefs and achievement domains
matched (e.g., mathematics efficacy and later mathematics achievement, = .11; Valentine,
DuBois, & Cooper, 2004). However, prior efficacy and achievement levels were not
controlled in most of the studies included in the analysis and thus the direction of the
relation is unclear. A recent meta-analysis of cross-lagged panel studies of academic efficacy
and academic performance (across content areas, but including mathematics) found evidence
for reciprocal effects in adults (Talsma, Schiiz, Schwarzer, & Norris, 2018). Earlier levels of
efficacy were related to later achievement (8 = .085) controlling earlier achievement, and
earlier achievement was related to later levels of efficacy (8= .227) controlling earlier
efficacy levels. For children and adolescents (combined), earlier levels of academic
achievement were related to later levels of efficacy (8= .133), but earlier levels of efficacy
were unrelated to later achievement.

These relations were not moderated by sex, but the measure was the proportion of males in
the sample and not separate cross-lagged assessments for males and females and thus was
not a sensitive assessment of potential sex differences (Talsma et al., 2018). Lauermann et al.
(2017) found reciprocal relations between mathematics efficacy and utility beliefs and math-
intensive career plans through the high school years. For both sexes, career plans at the end
of high school predicted employment in a STEM profession 15 years later, but men were
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still overrepresented in these fields. In other words, there are factors above and beyond
mathematics efficacy, utility beliefs, and mathematics ability that contribute to the sex
difference in STEM fields. One possibility is the sex difference in interest in people and
living beings more generally as contrasted with mechanical things. The sex difference in
these interests is robust (¢'=.93; Su, Rounds. & Armstrong, 2009) and contributes to the sex
difference in occupational choices (Wang, Eccles, & Kenny, 2013). The sex difference in
mathematics anxiety might be another contributing factor, but this is a feasible mechanism
only if it contributes to mathematical outcomes above and beyond the influence of
mathematics efficacy and utility beliefs, or mathematics attitudes more generally. We
assessed this possibility.

Current Study

Method

Participants

In all, we addressed two basic and currently unresolved issues. The first is whether
mathematics anxiety and mathematics achievement are more strongly related in girls than
boys, as a follow up on Devine et al.’s (2012) findings. If this is the case, then anxiety may
be more disruptive to girls’ than to boys’ long-term mathematical development. The second
concerns whether the longitudinal relations between mathematics achievement and
mathematics anxiety and attitudes are directional or reciprocal and whether any such
relations differ for anxiety and attitudes. The most relevant study suggested reciprocal
relations (Gunderson et al., 2018), but the literature more generally suggests that
achievement is more strongly related to later attitudes than the other way around, at least in
children and adolescents (Talsma et al., 2018). The direction of these relations has
implications for understanding the sources of mathematics anxiety and attitudes, including
potential sex differences in these sources.

In addition to the potential importance of anxiety and attitudes, the development of
mathematical competence is influenced by cognitive factors, including intelligence, working
memory, and prior domain-specific knowledge (Bull & Lee, 2014; Deary, Strand, Smith, &
Fernandes, 2007; Geary, Nicholas, Li, & Sun, 2017; Lee & Bull, 2016), but these are not
likely to be contributors to the underrepresentation of women in STEM, given there are no
substantive sex differences for these traits (Geary, 2010; Welsh, Pennington, & Groisser,
1991). The one exception is the male advantage in visuospatial abilities (Casey, Nuttall,
Pezaris, & Benbow, 1995; Sokolowski, Hawes, & Lyons, 2019), but these are only modestly
related to the mathematical competencies assessed in this study (Li & Geary, 2017).
Nevertheless, to rule out this potential confound, we controlled for spatial abilities in the
longitudinal analyses.

The original sample included 1,157 students as part of an on-going longitudinal study
conducted in collaboration with the Columbia Public Schools in Columbia MO and focused
on predicting success in high school algebra. Twenty students did not complete one or more
tests and were dropped. The basic psychometric analyses were conducted with the remaining
1,137 students. Of these, information on sex was not available for 46 students, leaving 1,091
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(545 boys) students for the primary sex differences analysis. All sixth graders were invited
to continue in a three-year longitudinal study through the end of high school algebra, and
190 (97 boys) of them agreed and completed all seventh-grade assessments. The longitudinal
subsample was followed through the end of seventh grade and provided an assessment of
longitudinal change in anxiety and attitudes (these students are currently in eighth grade).

A composite mathematics competence score was developed based on the mathematics tests
administered in sixth grade (below) and indicated the students in the longitudinal component
(M =104, SD = 15) were moderately more competent (&= .33) than the students in the
sixth-grade sample who did not participate in the longitudinal component (M= 99, SD =
15), (1089) = -4.50, p < .0001. There were, however, no significant differences on the
English and mathematics attitudes or mathematics anxiety measures (below, gs > .13).

Information on age was not available for the larger sample but was for the longitudinal
sample. At the time of the sixth-grade testing the mean age was 12 years, 3 months (SD=5
months) and 13 years, 0 months (SD = 5 months) at the time the standardized mathematics
achievement test was administered in seventh grade. The original sample included
approximately 86% of all sixth-grade students enrolled in the district. The remaining 14% of
students were absent the day of the assessment or unable to participate due to other school
obligations that day. For the district, sixth-graders were 61% white, 20% black, 5% Asian,
7% Hispanic, and 6% multiracial, and 43% qualified for free or reduced lunch. For the
longitudinal sample, 59% of the students were white, 12% black, 4% Asian, 4% Hispanic,
8% multiracial, and 16% were native American or did not report their race.

Mathematics Tests

The tests and detailed instructions, as well as raw data for the key analyses are available at
the Open Science Framework (https://osf.io/z7dju/). The assessment with the original sixth-
grade sample included an Exponents and Radical Rules Test that is not reported here
because of a high rate of nonresponse. The latter test appeared to be too difficult for many
students. The remaining tests assess basic mathematics knowledge and skills that would be
expected for a sixth grader and are used here to develop an overall mathematical competence
score.

Arithmetic fluency.—The test included 24 vertically placed whole-number addition (e.g.,
87 + 5), 24 subtraction (e.g., 35 — 8), and 24 multiplication (e.g., 48 x 2) problems. Students
were allowed a total of 2 min to solve as many problems as possible. A composite arithmetic
fluency score was based on the number correct (M= 19.29, SD = 6.57) across the three
operations (a =.60).

Equality problems.—Students who do not have a mature understanding of mathematical
equality have difficulties with problems presented in non-standard formats, suchas 8= __

+ 2 -3 (McNeil & Alibali, 2005; McNeil, Fyfe, Petersen, Dunwiddie, & Brletic-Shipley,
2011). Thus, we created a 10-item test in multiple choice format (4 options) to assess
competence at solving such problems. The first item was standard format and the next two
were close to standard format (e.g., 7 =2 + _), to ensure student engagement with the test.
Students did not answer 3.7% of the items and these were scored as incorrect. The data were
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submitted to an exploratory principle components analysis with promax rotation (Gorsuch,
1983) run in SAS (2014), as well as to Parallel and minimum average parcel (MAP)
analyses (R Core Team, 2017). The principle components and Parallel analyses indicated
two factors and the MAP one factor but with some evidence for a second factor. Thus, we
chose two factors. The first factor explained 42% of the covariance among the items and was
defined (standardized loadings > .49) by the seven more difficult problems (e.g.,3+1-2=
__+1). The second factor explained 12% of the covariance and was defined (standardized
loadings > .54) by the three less difficult problems. Performance on the latter problems (M >
93% correct) was close to ceiling and thus these were dropped. An equality composite was
based on the seven (M= 53% to 79% correct; overall 71% correct) remaining problems (a
=.87).

Fractions arithmetic.—The items included sets of twelve fractions addition (e.g., 1/3

+ 1/6), twelve fractions multiplication (e.g., 1/4 x 1/8), and 10 fractions division (e.g., 2 +~
1/4) problems. Students had 1 min for each operation to solve as many problems as possible.
The score was the sum of the number of addition (M= 6.0, SD = 3.76), multiplication (M=
2.99, SD = 3.04) and division (M= 1.52, SD = 2.4) problems that were solved correctly (a
=.58).

Fractions comparison.—The 48 items were an expansion of a shorter version of the
fractions comparison test (Geary, Hoard, Nugent, & Bailey, 2013). For each of the 48 pairs,
the student circled the larger of the two fractions and was given 90 sec to complete the test.
The four item types were developed based on common problem-solving errors and strategies
(Hecht, 1998; Hecht, Close, & Santisi, 2003). In the first type the numerator is constant but
the denominator differs (e.g., 2/4 2/5), which assesses students’ understanding of the inverse
relation between the value of the denominator and the quantity represented by the fraction.
In the second type numerators have a ratio of 1.5 and denominators a ratio between 1.1 and
1.25 (e.g., 3/10 2/12), making identification of the larger magnitude easier using numerators
(larger value is correct) than denominators (larger value is incorrect). The ratios were
determined based on the Weber fraction for ease of magnitude discrimination for adolescents
(Halberda & Feigenson, 2008). Numerators and denominators in the third type are reversed
(e.g., 5/6 6/5), which requires students to choose the fraction with the larger numerator and
smaller denominator. The final type involves skill at using 1/2 as an anchor for estimating
fraction values (e.g., 20/40 8/9). The foils are always close to one but contain smaller
numerals than the 1/2 fraction. A composite was based on performance (correct — incorrect;
M=17.55, SD = 16.29) across the four item types (a =.87).

Fractions number line.—Following Siegler, Thompson, and Schneider (2011) students
were asked to place (one at a time) 10 fractions on the 0 to 5 number line; 10/3, 1/19, 7/5,
9/2, 13/9, 4/7, 8/3, 7/2, 17/4, 11/4. Target fractions were in large font and centered above the
line. Students were given 4 min to complete the 10 items, and 94.4% of the lines were
completed. The data for the remaining 5.6% of lines were estimated using the average of
five estimates derived from the multiple imputations procedure in SAS (2014). Following
Siegler et al. and procedures used in studies of whole-number lines (Geary, 2011; Siegler &
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Booth, 2004), the score for each item was the absolute deviation between the placement and
the correct location. The overall score was the mean of the ten items (a = .85).

Equal sign.—Based on students’ poor understanding of mathematical equality (McNeil et
al., 2011), two items focusing explicitly on the ‘=* were administered. The first asked
students to identify the meaning of the symbol ‘=*in 3 + 4 =7 (i.e., ‘add the numbers’,
‘solve the problem’, ‘same as’, ‘the answer’). The second asked students to identify the
symbol that indicated that five pennies were the same as one nickel; the options were ‘5
cents’, ‘=*, “+’, and ‘don’t know.” Performance on the first item was close to ceiling and thus
dropped (M = 88% correct). The second item (M= 29% correct) was retained.

Mathematics competence.—The scores for the arithmetic fluency, equality problems,
fractions arithmetic, fractions comparison, fractions number line, and equal sign were
submitted to a principle components analysis (SAS, 2014). The analysis yielded one factor
with an eigenvalue greater than one, and explained 48% of the covariance among the
measures. All of the standardized loadings were > .45. Next, each individual variable was
standardized (M= 0, SD = 1) and a composite was created based on their mean (a =.79). To
make the scores comparable to the standardized measures (below), the composite was then
standardized (M= 100, SD = 15).

Academic Attitudes and Anxiety

The grade-appropriate mathematics and English attitudes measures were from the Michigan
Study of Adolescent and Adult Transitions (http://garp.education.uci.edu/msalt.html) and, as
noted, are designed to assess students’ self-evaluated efficacy and their beliefs about the
long-term utility of competence in these areas (Eccles & Wigfield, 2002; Meece et al.,
1990). The mathematics attitudes measure included seven items on a 1-to-7 Likert scale;
e.g., “How much do you like doing math?” rated from 1 (“a little”) to 7 (“a lot”), and the six
English items were similar. Given the importance of these measures to our study, we used
three approaches to determine their factor structure. These included an exploratory principle
components analysis (PCA) with promax rotation (SAS, 2014) and the number factors based
on eigenvalues greater than one, as well as parallel and MAP analyses (R Core Team, 2017).
As noted below, the analyses suggested that the utility and efficacy items defined single
factors and thus we created overall mathematics and English attitudes measures.

Mathematics attitudes.—The eigenvalues from the PCA suggested two factors, but the
parallel and MAP procedures indicated a single factor, and thus we opted for a single
mathematics attitudes measure. The score was the mean of the 7 items (a. = .84).

English attitudes.—All of the procedures indicated a single factor. The score was the
mean of the 6 items (a. = .84).

Mathematics anxiety.—The 10 items were adapted from Hopko, Mahadevan, Bare, and
Hunt (2003). Each item (e.g., “Taking an examination in a math course”) was rated on a 1

(low anxiety) to 5 (high anxiety) scale. The MAP analysis suggested a single factor but the
eigenvalues from the CPA and the parallel analysis indicated two factors and thus we opted
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for two mathematics anxiety variables. The first factor explained 43% of the covariance
among items and was defined (standardized loadings > .55) by five items that involved
learning mathematics (e.g., “Having to use the tables in the back of a math book”; items 1, 3,
6, 7, 9). The second factor explained 13% of the covariance among items and was defined
(standardized loadings > .57) by four items that involved some type of evaluation (e.g.,
“Taking an examination in a math course”; items 2, 4, 5, 8). The final item (i.e., item 10; “In
general, how anxious are you about math?”) loaded (> .52) on both factors but slightly better
on the evaluation than learning factor and thus was included in the former. Composite scores
were based on the mean of the five learning anxiety items (a =.76) and of the five
evaluation anxiety items (a = .81). The factors were moderately correlated (r= .47), and
consistent with the mathematics tests and mathematics coursework factors identified by
Baloglu and Kocak (2006). Our measure, however, did not include items with specific
numerical activities (e.g., multiplication) and thus we could not assess whether such a facet
exists in adolescents.

Standardized and Cognitive Tests

Intelligence.—Students in the longitudinal cohort were administered the Vocabulary and
Matrix Reasoning subtests of the Wechsler Abbreviated Scale of Intelligence (WASI;
Wechsler, 1999). Based on standard procedures, scores from these subscales were used to
generate an estimated full scale 1Q. The intelligence of the longitudinal sample was average
(M=105, SD=13).

Achievement.—For the longitudinal cohort, mathematics and reading achievement were
assessed with the Numerical Operations and Word Reading subtests from the Wechsler
Individual Achievement Test—Third Edition (Wechsler, 2009), respectively. The easier
Numerical Operations items for students of this age included basic arithmetic and continued
through fractions, algebra, geometry and calculus. The Word Reading assessment involved a
measure of single word reading. Words begin with simple, 1-syllable items and progress to
more complex vowel, consonant, and morphology types. The mathematics (M= 100, SD =
19) and reading (M= 104, SD = 13) achievement of the students in the longitudinal sample
was average.

Spatial ability.—Following the work of Collaer, Reimers, and Manning (2007), the
Judgment of Line Angle and Position Test (JLAP; see also Benton, Varney, & Hamsher,
1978) was administered as part of a larger assessment of cognitive abilities. The test shows a
reliable sex difference (Collaer, Reimers, & Manning, 2007), and is dependent on the right
parietal cortex that is often associated with mathematical learning (Dehaene, Piazza, Pinel,
& Cohen, 2003). The task requires participants to match the angle of the single presented
line to one of 15 line options in the array at the bottom center of the screen (see Figure 1).
The task was administered on iPads using a customized program developed through Inquisit
by Millisecond. There were 20 test items presented one at a time and the participant used the
touch screen to select the matching angle. Each stimulus was presented for a maximum of
10 sec, and when a selection was made, a reaction time was recorded and the participant
moved to a “next” screen to prepare for the next stimulus. The outcome was the number
correct. Collaer and Nelson (2002) reported an adequate test-retest reliability (r=.76), and
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for the current sample boys (M= 13.90, SD = 2.88) outperformed girls (M= 12.44, SD=
3.20), 4188) = 3.30, p=.0012, d= .47.

Assessment.—For the end of sixth-grade assessment, groups of 14 to 32 students were
administered the mathematics tests and academic attitudes measures in their classroom. This
assessment took about 45 min. For the longitudinal sample, students were administered the
intelligence, achievement, anxiety, attitudes, and spatial measures one-on-one at a quiet
location in their school. The assessments were part of three longer assessments of about 45
min each. The spatial measure was administered the first semester of 7t grade, and the
intelligence, achievement, anxiety, and attitudes measures were administered in a single
session the second semester of seventh grade.

Analyses.—The sixth-grade analyses focused on mean sex differences in mathematical
competence and academic attitudes and anxiety, as well as sex differences in the correlations
among these measures. These were conducted with the overall sample (n=1,091) and
replicated in two subsamples that were created taking the first 545 (subsample 1) and the
next 546 (subsample 2) students who were assessed. Using cross-lagged panel analyses, the
longitudinal component focused on sex differences in the relations between mathematics
anxiety, attitudes, and mathematical competence and achievement across grades. We report
effect sizes for mean sex differences as Cohen’s (1988) d[d'= (Mpoys — Mgiris)/pooled SO,
with positive values indicating higher scores in boys and negative values higher scores in
girls.

The sixth-grade sample was recruited from six schools and there was a small but significant
difference in mathematical competence score across schools, /2 = .056, A5, 1085) = 12.90,
p<.0001. The mean mathematics scores ranged from 95 to 105 across schools. In order to
model the nested structure of the data in the assessment of sex differences, we used multi-
level models with Proc Mixed (SAS, 2014), using students as level 1 units and schools as
level 2 units, allowing intercepts to vary randomly for schools.

The results are presented for the overall sample and the subsamples, followed by a summary
of key findings.

Overall sample.—Mean standardized mathematical competence and mean attitudes and
anxiety scores are shown in Table 1 for boys (n = 545) and girls (n = 546). To control for
false positives, a Bonferroni corrected p value of .0024 was used for correlations and .007
for mean sex differences. The validity of the self-reports is supported by the finding that
mathematical competence was unrelated to English attitudes for either girls (r=.10, p=.
0188) or boys (r=.00, p=.9744), but statistically significantly related to mathematics
attitudes for both girls (r= .28, p<.0001) and boys (r= .26, p<.0001). As described below,
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the relation between mathematical competence and the mathematics anxiety measures
sometimes differed for girls and boys.

Using the Bonferroni corrected criterion, there were no significant sex differences in
mathematical competence (p = .009), or mathematics anxiety for learning (p = .018). Girls
had better English attitudes (o < .0001) than did boys, and boys had better mathematics
attitudes and less mathematics anxiety related to evaluations (ps < .0001) than did girls. As
shown in Table 1, the correlations among the measures are remarkably similar across girls
and boys. Of the correlations that were statistically significant, the largest sex differences
(using Fisher’s r~to-z, 2 tailed) involved mathematics anxiety for evaluations. The relation
between mathematics anxiety for evaluations and mathematical competence was stronger in
girls (r=-.19, p<.0001) than in boys (r=-.05, p=.2333), z=-2.34, p=.0198, as was the
relation between mathematics anxiety for evaluations and mathematics attitudes, z=-2.43,
p=.0151; r=-.29, p<.0001 for girls, and r=-.15, p=.0006 for boys. The relation
between mathematics anxiety for learning and mathematics attitudes was also stronger for
girls (r=-.26, p<.0001) than for boys (r=-.15, p=.0004), z= -1.89, p=.0588.

These patterns suggest that girls’ mathematics anxiety for evaluations is more strongly
related to their actual mathematical competence and mathematics attitudes than it is for
boys. To further assess this, in a mixed model with schools as a level-2 random effect, we
predicted the sex difference in mathematics anxiety for evaluations controlling for
mathematical competence and estimating the interaction between sex and mathematical
competence. The sex difference in mathematics anxiety for evaluations remained statistically
significant, controlling for mathematical competence, A1,1082) = 10.9, p=.001 1,7 = .01 .
The statistically significant interaction, A1,1082) = 6.57, p=.0105, qu: .01, indicated that
the relation between mathematics anxiety for evaluations and mathematical competence was
stronger in girls than in boys, with the control of overall mathematical competence.
Similarly, controlling for mathematical competence, better mathematics attitudes were
associated with lower mathematics anxiety for evaluations, A1,1081) = 43.46, p < .0001,
n,7= .04, and the statistically significant interaction, A1081) = 6.71, p=.0097, ;7= .01,
revealed a stronger relation between these measures for girls (8 =-.28) than for boys (8=
-.12), t=-2.59, p=.0097.

Subsamples.—To assess the robustness of these effects, we reran the analyses for each of
the two subsamples. Both subsamples were average on the mathematical competence
measure (M =101, SD=14, M=99, SD= 15, d= .12, p=.0495). As shown in Table 2, for
the first subsample (7= 545; 249 boys) and using the corrected p value (.007), there was no
sex difference in mathematical competence (p =.0128). Girls had better English attitudes (p
=.0001) than did boys, and boys had better mathematics attitudes (v =.0003) than did girls.
Girls reported higher mathematics anxiety for evaluations (p < .0001) than did boys, but
there was no sex difference for mathematics anxiety for learning (p = .0585). The pattern is
identical to that found in the whole sample. As with the whole sample, the correlation
between mathematics anxiety for evaluations and mathematical competence was stronger for
girls (r=-.24, p <.0001) than for boys (r=-.10, p=.1278), but there was only a trend for
the difference between these correlations, z = —1.67, p=.0949. The relation between
mathematics anxiety for evaluations and mathematics attitudes was also stronger for girls (r
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=-.29, p<.0001) than for boys (r=-.23, p<.0002), but the difference was not statistically
significant, z = -0.74, p=.4593. There was also a stronger correlation between mathematics
anxiety for learning and mathematics attitudes for girls (r=-.25, p< .0001) than for boys (-
=-.14, p=.0224), but the difference was not statistically significant, z= -1.32, p=.1868.

As shown in Table 2, the mean differences found in the first subsample were largely
replicated in the second (/7= 546; 296 bays). There were no significant sex differences for
mathematical competence (p = .1934), mathematics attitudes (p=.0197) or mathematics
anxiety for learning (p =.1307). Girls had better English attitudes (o < .0001) and higher
mathematics anxiety for evaluations (o = .0004) than did boys. There was again a stronger
correlation between mathematics anxiety for evaluations and mathematics attitudes for girls
(r=-.28, p<.0001) than for boys (r=-.08, p=.1552), z= -2.4, p=.0164. The sex
difference in the correlations between mathematics anxiety for learning and mathematics
attitudes was not statistically significant (p =.1802).

Summary.—We found no substantive sex difference in mathematical competence (&5 = .12
to .16) but consistent differences in academic attitudes and anxiety. Girls had consistently
better English attitudes (& = —.32 to —.45), as well as higher mathematics anxiety for
evaluations (a6 = —.30 to —.34) than did boys, whereas boys had consistently better
mathematics attitudes (&= .20 to .28) than did girls. There were no substantive sex
differences for mathematics anxiety for learning (&5 = —.14). Correlational patterns
suggested a stronger link between mathematical competence and mathematics anxiety for
evaluations in girls than in boys.

Longitudinal

Mean scores and correlations among the key variables are shown in Table 3 for the
longitudinal sample. The validity of the sixth-grade mathematical competence variable is
supported by a stronger correlation with Numerical Operations (r= .76, p<.0001) than
Word Reading (r= .46, p< .0001) scores, z=4.578, p< .0001.

Basic sex differences.—For sixth grade, the same pattern of mean sex differences was
found for the overall and longitudinal samples. Due to the smaller longitudinal sample, only
girls’ better English attitudes (p < .0001) met the Bonferroni corrected criterion. Girls’
higher mathematics anxiety for evaluations met conventional significance levels (p=.0124),
but no other effects did (ps > .12). In seventh grade, the only statistically significant mean
difference, after the Bonferroni correction, was for mathematics anxiety for evaluations (p
=.0003).

We assessed across-grade changes in English attitudes and mathematical anxiety for
evaluations in a mixed model with schools as a level-2 random effect. The same results
emerged when the data were analyzed with a 2 (grade) by 2 (sex) repeated measures analysis
of variance. For English attitudes, there was a statistically significant main effect for sex,
A1,371) = 13.16, p=.0003, 5,7 = .03, and a sex by grade, A1,371) = 6.6, p=.0106, n,° =
02, interaction. The main effect for grade was not statistically significant (o= .6052). The
interaction emerged because girls’ attitudes about English declined from sixth- to seventh-
grade, which eliminated the sex difference (Table 3). For mathematics anxiety for
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evaluations, there were statistically significant main effects for grade, A1,371) =5.65, p=.
0179, n,° = .02, and sex A1,371) = 18.91, p< .0001, n,? = .05, but the interaction was not
statistically significant (o = .5075). Mathematics anxiety for evaluations decreased for both
sexes across grades, but overall boys had lower mathematics anxiety for evaluations than did
girls.

For sixth grade, the correlations among the variables were highly similar across girls and
boys, as found for the prior analyses. As found for the overall sample, the relation between
mathematical competence and mathematics anxiety for evaluations was higher for girls (r=
-.20, p=.0512) than for boys (r= .13, p=.2188), z= -2.26, p=.0238, but neither
correlation exceeded the Bonferroni cutoff. Among the correlations that did exceed the
cutoff, the correlation between mathematics anxiety for evaluations and learning was
stronger for girls (r= .69, p <.0001) than for boys (r= .48, p<.0001), z= 2.2, p=.0278.
None of the other correlations differed across the sexes (s > .17). For seventh grade, the
correlations among the variables were again highly similar across girls and boys, and none
of the correlations involving attitudes and anxiety differed for girls and boys (s > .20).

Cross-lagged path analysis.—The analyses focused on mathematics attitudes and
mathematics anxiety for evaluations, because these showed consistent sex differences. The
correlations used for the whole-sample analysis are shown in Table 4 and separately for boys
and girls in Table 5. If these beliefs influence mathematical development, then higher levels
of anxiety and poor attitudes toward mathematics in sixth grade should be related to lower
mathematics achievement in seventh grade, controlling sixth-grade mathematical
competence. Alternatively, if mathematical competence influences mathematics anxiety for
evaluations and mathematics attitudes, then seventh-grade outcomes in these domains should
be predicted by sixth-grade mathematical competence, controlling the relation between
sixth- and seventh-grade anxiety and attitudes. Moreover, if girls are more sensitive to their
relative mathematical competence than are boys, as suggested by the pattern of correlations
in the overall sixth-grade sample, then the relation between competence and later anxiety
and attitudes should be stronger in girls than in boys. Note that we are not asking if the sex
differences in anxiety or attitudes mediate the small sex difference in mathematics
achievement, but rather whether the relation between within-sex variation in anxiety,
attitudes, and achievement is stronger in girls than in boys.

To assess these alternatives, we conducted a series of path analyses using Proc Calis (SAS,
2014). We first estimated autoregressive paths for key variables, and then paths from sixth
grade anxiety and attitudes to seventh grade mathematics achievement. We followed this
with a model that estimated paths from sixth grade mathematical competence to seventh
grade anxiety and attitudes. The best of these models was then estimated separately for girls
and boys using a simultaneous analysis, with and without control of spatial ability. We
estimated the fit of the various models using standard measures, that is, y2 (non-significant
effects indicate better model fit), root mean square error approximation (RMSEA, values < .
08 indicate good model fit), the comparative fit index (CFlI, values > .95 indicate good
model fit), and the normed fit index (NFI, values > .95 indicate good model fit; Kline, 2015).
The key measures were mathematical competence and achievement (Numerical Operations)
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in sixth- and seventh-grade, respectively, and mathematics anxiety for evaluations and
mathematics attitudes in sixth- and seventh-grade.

In the baseline model (Model 1, Table 6), we estimated across-grade autoregressive paths for
mathematics achievement, anxiety, and attitudes. As shown in Table 6, none of the fit
indexes were acceptable, indicating significant remaining covariation among the variables.
The Lagrange multiplier indicated that estimation of the correlation between the error terms
for mathematics attitudes and mathematics anxiety for evaluations in seventh grade would
substantively improve model fit (p < .0001), whereas estimating the correlations between the
error terms for these variables and the error term for seventh-grade mathematics
achievement would not improve model fit (s > .12). Estimating the former resulted in
Model 2 and a statistically significant improvement in model fit, Ay? = 31.42, p<.0001, as
well as improvements for all of the fit indexes.

Model 3 provided a test of the hypothesis that anxiety and attitudes in sixth grade
contributed to mathematics achievement in seventh grade. Relative to Model 2, fitting this
model resulted in a non-significant change in model fit, Ay? = 0.36, p = .8353, a larger
RMSEA value (indicating worse fit), and no improvement in fit based on the CFI and NFI.
Moreover, neither of the sixth- to seventh-grade paths differed from 0 (s > .66).

Model 4 provided a test of the hypothesis that mathematical competence in sixth grade
influences mathematics anxiety and attitudes in seventh-grade. Relative to Model 2, fitting
this model resulted in a statistically significant improvement in model fit, Ay~ =7.64, p=.
0219. The RMSEA, CFl, and NFI values all indicated a better fit for Model 4 than for Model
2, and an overall excellent fit for Model 4.

Finally, we added the sixth-grade anxiety and attitudes to seventh-grade mathematics
achievement paths to Model 4, creating Model 5. The latter model assesses reciprocal cross-
grade relations between the anxiety, attitudes, and achievement measures. As shown in Table
6, the specification of Model 5 did not improve model fit, y%(2) = 0.36, p = .8353, and in
fact the RMSEA value indicated a worse fit than Model 4. Thus, we accepted Model 4 as the
best representation of the patterns in these data. As shown in Figure 2, the individual paths
for Model 4 indicated that higher mathematical competence in sixth grade was associated
with lower mathematics anxiety for evaluations (8= -.14, t=-2.30, p=.0215) and better
mathematics attitudes (8= .15, = 2.34, p=.0191) in seventh grade.

To determine if the pattern of relations shown in Figure 2 differed for girls and boys, Model
4 was rerun using a simultaneous multi-sample path analysis. To reduce the number of
estimated parameters and thus increase power, the three autoregressive paths were
constrained to equality across girls and boys, but all other parameters were estimated
separately (e.g., the correlated error for seventh-grade anxiety and attitudes) including the
sixth-grade mathematics anxiety and attitudes paths to seventh-grade mathematics
achievement. As shown in Table 6, all indexes indicated a good to excellent overall fit to the
data. The associated paths are shown in Figure 3 for girls and Figure 4 for boys. For boys,
neither the path from sixth-grade mathematical competence to mathematics anxiety for
evaluations nor the path to mathematics attitudes in seventh grade were statistically
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significant (s > .60). For girls, in contrast, both the path to mathematics anxiety for
evaluations (p = .001) and mathematics attitudes (p < .0001) were statistically significant. A
test of the equality of these estimates revealed statistically significant sex differences for the
path from sixth-grade mathematical competence to seventh-grade mathematics anxiety,
/1/2(1) =4.44, p=.035, and for the path from sixth-grade mathematical competence to
seventh-grade mathematics attitudes, ;(2(1) =9.05, p=.0026.

To determine if the sex difference on the spatial measure (i.e., JLAP) influenced the pattern
of results, we then reran the models shown in Figure 3 and Figure 4 with the addition of a
direct path from the Judgment of Line Angle and Position Test to mathematical competence
in sixth grade and mathematics achievement in seventh grade. These paths were constrained
to equality across girls and boys and controlled for the relation between spatial ability and
mathematics achievement. The path from spatial ability to sixth-grade mathematical
competence was statistically significant (8= .29, ¢=3.05, p=.0023), but the path to
seventh-grade mathematics achievement was not (p = .76276). Critically, the basic findings
were unchanged. Girls with higher mathematical competence in sixth grade had lower
mathematics anxiety for evaluations (8= -.22, t=-2.53, p=.0115) and better mathematics
attitudes (8= .24, t=2.64, p=.0083) in seventh grade, whereas these paths were not
statistically significant for boys (s > .59). Moreover, the sex differences for the relation
between mathematical competence in sixth grade and mathematics anxiety for evaluations,
12(1) = 4.47, p= 0345, and for mathematics attitudes, y?(1) = 9.27, p=.0023, in seventh
grade remained statistically significant.

Summary.—In seventh grade there were no substantive sex differences in intelligence or
standardized mathematics or reading achievement (g5 = .01 to .11). The basic patterns found
for the overall sample remained in the longitudinal sample, although some of the effects
were not statistically significant due to lower power. The key findings for the overall sample
were the sex difference in mathematics anxiety for evaluations and its relation to
mathematical competence and this same pattern was found in the longitudinal sample. From
sixth- to seventh-grade, the sex difference in English attitudes disappeared (¢=-.59 and -.
11, respectively, for sixth and seventh grade), but girls’ higher mathematics anxiety for
evaluations was still evident in seventh grade (¢ = -.52). Path analyses indicated that
mathematics anxiety for evaluations and mathematics attitudes in sixth grade were not
related to mathematics achievement in seventh grade. However, mathematical competence in
sixth grade was related to mathematics anxiety for evaluations and mathematics attitudes in
seventh grade for girls but not for boys.

Discussion

The results extend our understanding of the sex differences in mathematics anxiety and
attitudes (Hembree, 1990; Hyde et al., 1990; Stoet et al., 2016), and provide insights into
how non-cognitive factors might differentially influence the mathematical development of
girls and boys. We discuss the latter in the context of sex differences in mathematics anxiety
and attitudes, but first address the more general question of whether the relations between
these factors and mathematical competence is directional or reciprocal.
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Cross-Lagged Relations

Independent of sex differences, our combined (across boys and girls) cross-lagged results
confirmed Talsma et al.’s (2018) meta-analytic finding for children and adolescents, that is,
earlier mathematical competence predicted later anxiety and attitudes, whereas earlier
anxiety and attitudes were not related to later achievement. Gunderson et al. (2018) also
found that earlier mathematics achievement predicted later mathematics anxiety (8= -.20)
in first- and second-graders, but also that earlier anxiety predicted later achievement (8= —.
06). Our Model 5 in fact showed the same pattern but both paths were smaller than those
found by Gunderson et al. (85 = —14, .02, respectively) and the path from anxiety to
achievement was not statistically significant.

Nevertheless, based on Gunderson et al.’s results, Talsma et al.’s results for adults, and other
findings (e.g., Ashcraft & Kirk, 2001), it is very likely that high mathematics anxiety will
concurrently and prospectively undermine some aspects of mathematical performance in
many individuals. Indeed, Marsh and Yeung (1998) found that the relation between earlier
academic attitudes was stronger for later grades than for later test performance and thus our
findings may underestimate the influence of anxiety and attitudes on some aspects of later
mathematics performance. At the same time, the influence of mathematical competence on
the independent development of mathematics anxiety and attitudes should not be
underestimated.

Mathematics Anxiety

The first key finding is that the sex difference in mathematics anxiety was specific to
evaluations, such as taking a quiz, and not all mathematical activities. The two associated
facets of mathematics anxiety related to evaluations and learning are consistent with Baloglu
and Kocak’s (2006) finding that women reported higher mathematics anxiety associated
with mathematics tests but not mathematics coursework. Wigfield and Meece (1988) found
that the sex difference in mathematics anxiety was related to negative affect and not to
cognitions (e.g., worrying about mathematics class), which is consistent with our results,
given the measure focused directly on affect (i.e., anxiety). Even with a focus on affect, the
sex difference was specific to evaluations. This effect might be related to girls’ generally
higher anxiety associated with academic evaluations (Hembree, 1988), but Devine et al.’s
(2012) study indicated a sex difference in math-specific anxiety above and beyond test
anxiety.

The second key finding is that the relation between mathematics anxiety for evaluations and
concurrent and later mathematics achievement was stronger for girls than for boys. The
pattern emerged with the overall sixth-grade sample, with the cross-lagged path analyses,
and is consistent with Devine et al.’s (2012) findings for adolescents of roughly the same
age as those assessed here. Girls but not boys with lower levels of mathematical competence
in sixth grade had higher mathematics anxiety in sixth grade as well as a further increase in
mathematics anxiety in seventh grade, controlling prior mathematical competence and the
sex difference in spatial ability (Casey et al., 1995; Collaer et al., 2007). However, some
other studies have found no sex difference in the relation between mathematics anxiety and
mathematics performance (e.g., see Ma, 1999) or sometimes a stronger relation in males
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(Hembree, 1990). The difference between our results and those reviewed by Ma and
Hembree might the measures used to assess mathematics anxiety. In most prior studies, the
measures did not differentiate between different mathematical contexts (e.g., Meece et al.,
1990). Indeed, if we would have only included our measure of mathematics anxiety for
learning, we too would have found no substantive sex differences in the strength of the
relation between mathematics anxiety and concurrent or later mathematical competence.

The results also differ in some ways from those of Casey, Nuttall, and Pezaris (1997) who
found a relation between spatial abilities and SAT-Mathematics scores, as we found for
sixth-grade mathematical competence. But, they did not find a direct relation between
mathematics anxiety and SAT-M scores, once spatial abilities, geometry grades, and
mathematics efficacy (confidence) were controlled. Their sample however was much higher
in mathematical ability than the current sample, and mathematics anxiety generally declines
as competence increases (Stoet et al., 2016). As a result, they likely had a range restriction
for mathematics anxiety and mathematical competence. Moreover, the factors that influence
mathematics test performance often differ for higher- and lower-ability samples (Casey et
al., 1995; Geary, 1996). Our sample, unlike that of Casey et al., was of average ability and
thus the results are more likely to generalize.

The key overall finding is that there is a more consistent relation between mathematical
competence and mathematics anxiety for evaluations for adolescent girls than for boys, as
found by Devine et al. (2012). This sex difference might compromise the mathematical
development of girls more so than boys and do so in two ways. The first is through higher
absolute levels of anxiety and the second through a potentially stronger relation between
anxiety and later mathematics outcomes. Although we did not find a cross-lagged relation
between anxiety and later achievement, Talsma et al.’s (2018) meta-analysis suggests that
such a relation may eventually emerge. Even without a cross-lagged relation, higher
mathematics anxiety could result in substantially more girls than boys avoiding mathematics
courses and mathematical activities more generally in high school and beyond (Ceci &
Williams, 2010; Eccles et al., 1989). Follow-up studies are needed, however, to further
assess the specificity of the sex difference in mathematics anxiety (i.e., its primary
manifestation with evaluations) and its differential relation to later outcomes. The latter in
particular needs follow up with a larger longitudinal sample and with students of different
ages.

Mathematics Attitudes

Unlike many previous findings (Crombie et al., 2005; Eccles et al., 1984; Eccles & Wang,
2016; Wigfield & Eccles, 2000), our results suggest that mathematics utility and self-
efficacy are part of a single construct, mathematics attitudes. One potential reason (not
shown in the results) is that all students rated mathematics utility highly, independent of sex
(i.e., no sex differences) and independent of their actual mathematics achievement. The
result was lower variation in utility beliefs than in earlier studies and a lower ability to
discriminate these beliefs from self-efficacy. The pattern might reflect a secular increase in
students’ beliefs about the importance of mathematics (Marsh & Yeung, 1998), or changes
in the way utility beliefs and valuation of mathematics are assessed.
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In any case, in keeping with prior studies girls reported more positive attitudes toward
English and boys more positive attitudes toward mathematics (Eccles et al., 1984; Watt,
2004). For both girls and boys, higher mathematical competence in sixth grade was
associated with more positive attitudes toward mathematics, with no sex difference in the
strength of this relation. In contrast, higher mathematical competence in sixth grade was
related to more positive mathematics attitudes in seventh grade for girls but not for boys, a
relation that was independent of the relation between mathematical competence and later
mathematics anxiety for evaluations. In contrast, Marsh and Yeung’s (1998) large-scale
longitudinal study suggested the relations among mathematics affect and mathematics
efficacy (self-concept), and mathematics grades and achievement were largely the same for
girls and boys. Their assessments were based on high-school students and the difference
between their findings and our results might be due to the age of the students. In other
words, it is possible that in early adolescence girls are more accurate in their evaluations of
their own mathematical competencies than are boys, and as a result form more consistent
relations among anxiety, attitudes, and achievement than do boys. If so, then this sex
difference may decline as students move into later adolescence. Longitudinal studies with
larger samples than those used here and that cover a larger age-range than assessed by Marsh
and Yeung will be needed to test this hypothesis.

Limitations and Conclusion

The primary limitation is the correlational nature of the data. Longitudinal studies enable
stronger inferences about cause and effect than do correlations among concurrently collected
measures but the longitudinal data are still correlational. In our sample, the cross-lagged
analyses were potentially under powered for the assessment of sex differences and thus these
are in need of replication. The students in the longitudinal component scored higher on our
sixth-grade mathematical-competence measure than did the overall sixth-grade sample and
thus we do not know if the results will fully generalize to the larger group. Still, the
longitudinal students were average on nationally-normed mathematics achievement (M=
100) and intelligence (M= 105) tests in seventh grade, and thus should be representative of
typical students within the United States. We chose mathematics attitudes measures that had
shown sex differences in previous studies and that were found to be related to mathematical
outcomes, but this does not mean that other attitudinal variables or more nuanced measures
of the constructs we included would not yield different results or modify the patterns we
found.

Despite these limitations, the study included a large and diverse sample of sixth graders that
enabled a robust assessment of sex differences in mathematics anxiety and attitudes and their
relations to concurrent mathematical competence, and a longitudinal component that
indicated mathematical competence influenced later mathematics anxiety and attitudes,
whereas anxiety and attitudes had little effect on later achievement, at least for adolescents
(Talsma et al., 2018). The key overall finding is that in early adolescence the relation
between mathematical competence and mathematics anxiety and attitudes is more consistent
for girls than for boys. One implication is that lower-achieving or even average-achieving
girls will develop higher levels of mathematics anxiety and worse attitudes toward
mathematics than will boys with similar levels of mathematical competencies. Whether this
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pattern contributes to the sex difference in occupational aspirations that emerge in later
adolescence remains to be determined (Eccles & Wang, 2016).
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Educational Impact and Implications Statement

Girls have higher mathematics anxiety associated with evaluations, such as quizzes and
tests, than do boys, but they do not have higher anxiety in other mathematical contexts.
Adolescent girls’ mathematics anxiety for evaluations and their attitudes toward
mathematics are more consistently related to their actual mathematical competence than
they are for boys. Thus, girls with low mathematics achievement will be more likely to
develop mathematics anxiety and poor mathematics attitudes than will low-achieving
boys.
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Tap on the line that matches the angle of the single line.

You have 10 seconds to choose. There will be a blue count down
timer in the upper right corner to tell you how many seconds you

have left.

Figure 1.

Instruction screen for Judgement of Line Angle and Position Test (JLAP).
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Table 1

Sex differences in means and correlation for the overall cross-sectional sample

Page 28

Boys Girls
Measure M (SD) M (SD) d 1 2 3 5 6
1. Mathematical competence ~ 101. 06 (15.21)  99.12 (14.31) 13 1.00 .10 .28b —.19b —.3lb
2. English attitudes 4.74 (1.15) 518(1.14) -387 00 100 .05 07 03
3. Mathematics attitudes 4.92 (1.07) 467(109) 237 267 10 100 -207 -26?
5. Math anxiety evaluation 2.80 (0.94) 311101) -317 -o05 12 -15” 100 .60”
6. Math anxiety learning 1.92 (0.82) 2.03(0.81) -.14 —.23[] .08 —.15b .55b 1.00

Note: d= (Mboys — Mgirls)/pooled SD.

2 significant mean difference with Bonferroni corrected p value (.007). Correlations for boys are below the diagonal and above the diagonal for

girls.

b= significant with Bonferroni corrected p value (.0024).
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Table 2

Sex differences in means and correlation for subsamples from the cross-sectional sample

Boys Girls Correlations
Subsample 1 (n = 545, 249 boys)
Measure M (SD) M (SD) d 1 2 3 4 5

1. Mathematical competence ~ 102.22 (14.15)  99.91 (13.97) .16 1.00 .06 .27b —.24b —.36b
2. English attitudes 4.74 (1.18) 512(116) -32¢7 -12 100 05 .07 .06
3. Mathematics attitudes 4.97 (1.03) a67(108) 28% 30? o7 100 -207 -8
4. Math anxiety evaluation 2.79 (0.91) 3.13 (1.06) -34%  -10 .08 —23b 1.00 .66b
5. Math anxiety learning 1.91 (0.79) 2.02 (0.83) -.14 —.23b 04 -14 .SSb 1.00
Subsample 2 (n = 546, 296 boys)

1. Mathematical competence  100.08 (16.00)  98.18 (14.66) 12 1.00 .16 .29b -.14 —.26b
2. English attitudes 4.73 (1.13) 5.25 (1.12) -457 09 1.00 .06 .07 -.01
3. Mathematics attitudes 4.88 (1.11) 4.66 (1.11) .20 .24b 13 1.00 —.28b —.2717
4. Math anxiety evaluation 2.81 (0.96) 3.10 (0.94) -30% -2 15 -08 1.00 .52/7
5. Math anxiety learning 1.93 (0.84) 2.04 (0.78) -.14 —.23b A1 -16 .57b 1.00

Note: d= (Mhoys — Mgirls)/pooled SD.

Page 29

a . .. . . . . . .
= significant mean difference with Bonferroni corrected p value (.007). Correlations for boys are below the diagonal and above the diagonal for

girls.

b: significant with Bonferroni corrected p value (.0024).
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Table 3

Sex differences in means and correlation for key measures for longitudinal sample

Boys Girls

Measure M (SD) M (SD) d 1 2 3 4 5 6 7
Sixth Grade
1. Mathematical competence  106.53 (15.33)  102.25 (14.01) .29 1.00 .05 .3917 -.20 —.31b
2. English attitudes 4.62 (1.14) 532(L17) -597 -03 100 .02 18 15
3. Mathematics attitudes 4.96 (1.08) 4.84 (1.13) A1 .30 .10 1.00 -22 -20
4. Math anxiety evaluation 2.79 (0.86) 3.14 (1.07) -.36 13 .16 -.06 1.00 .69b
5. Math anxiety learning 1.88 (0.85) 2.04 (0.86) -19 -03 .16 -.08 .48b 1.00
Seventh Grade
1. Numerical Operations 100.23 (18.25)  98.74 (19.16) .08 1.00 .00 .3317 -.29 —.39b .52b .5217
2. English attitudes 4.97 (0.99) 509(114) -11 10 100 -13 21 -03 13 31?
3. Mathematics attitudes 5.25 (0.83) 5.01 (0.97) 27 .331] 22 1.00 —.48b —.39b 12 -.03
4. Math anxiety evaluation 2.34(0.88) 2.82(0.93) -52¢ 11 .09 —.33b 1.00 .56/7 -14 -.09
5. Math anxiety learning 1.63 (0.59) 1.79 (0.70) -25 -26 .00 —.38b ,55[7 1.00 —.39b -.18
6. Intelligence 105.44 (12.98) 103.98 (13.94) A1 .461] .16 .20 -.15 -17 1.00 .58[7
7. Word Reading 103.92 (12.69) 103.81 (14.02) .01 .43b .09 .07 -.12 =27 .54b 1.00

Note: d= (Mhoys — Mgirls)/pooled SD.

Page 30

L significant mean difference with Bonferroni corrected p value (.007). Correlations for boys are below the diagonal and above the diagonal for

girls.

= significant with Bonferroni corrected p value (.0024). The correlation between girls’ mathematical competence in gth grade and mathematics

anxiety for learning (r= —31) approached the cutoff, p=.0029.
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Table 4

Correlations used in path analyses for longitudinal sample for all students

Correlations

Measure 1 2 3 4 5 6

1. Mathematical competence in 61" 1.00

2. Math anxiety evaluation in 6t" -.07 1.00

3. Mathematics attitudes in 61 34 -16 1.00

4. Numerical Operations in 7t 76 -.07 .28 1.00

5. Math anxiety evaluation in 7t" -18 46 -21 -21 1.00

6. Mathematics attitudes in 7th 32 -.06 .58 31 -39 1.00

Note: Correlations > |.27|, p < .0001. Correlations < |.14|, p> .05. JLAP = Judgment of Line Angle and Position Test
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Correlations used in path analyses for longitudinal sample for boys and girls separately

Table 5

Correlations

Measure 1 2 3 4 5 6 7
1. Mathematical competence in 6" 1.00 -20 .39 78 -31 37 .30
2. Math anxiety evaluation in 6t" 13 100 -22 -14 47 -08 .06
3. Mathematics attitudes in 61 30 -06 100 30 -24 49 -.09
4. Numerical Operations in 7t .76 .02 27 100 -29 .33 .30
5. Math anxiety evaluation in 7t" .01 41 -16 -11 100 -45 -01
6. Mathematics attitudes in 7th .23 .01 .69 28 -28 100 .05
7.JLAP .29 .00 .04 20 -04 -04 1.00

Page 32

Note: Correlations for girls are above the diagonal and correlations for boys are below the diagonal. Correlations > |.39], p < .0001. Correlations < |.
16|, p>.05. JLAP = Judgment of Line Angle and Position Test.
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