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Introduction

Lower attentional and behavioral engagement in classroom settings is consistently related to lower
academic achievement, controlling for intelligence, parental socioeconomic status, and prior achieve-
ment (Duncan et al., 2007; Polderman, Boomsma, Bartels, Verhulst, & Huizink, 2010). A large-scale
observational study of mathematics classrooms revealed that children who were frequently engaged
in off-task behaviors (e.g., talking to friends) had below average mathematics achievement (r = �.47),
whereas their more attentive (e.g., focused on teacher) peers had above average achievement (r = .37)
(Stigler, Lee, & Stevenson, 1987). Lower achievement in turn is associated with lower occupational and
socioeconomic attainment during adulthood (Rivera-Batiz, 1992; Ritchie & Bates, 2013). Poor engage-
ment in classroom settings thus has potentially lifelong consequences, controlling for other factors.

Among children and adolescents with attention-deficit/hyperactivity disorder (ADHD), there are at
least two boys to every girl (Ramtekkar, Reiersen, Todorov, & Todd, 2010). For typically developing chil-
dren, boys consistently score lower than girls on more continuous measurements of attentive behavior
(Rietveld, Hudziak, Bartels, Van Beijsterveldt, & Boomsma, 2004;Willcutt, 2012). Given these relations,
wemight expect that boys, on average, will show lower academic achievement than girls. This is indeed
the case for reading (Reilly, Neumann, & Andrews, 2019), which appears to be partially related to the sex
difference in attentive behavior (Daucourt, Erbeli, Little, Haughbrook, & Hart, 2020; Willcutt &
Pennington, 2000), and compromises their long-term educational prospects (Stoet & Geary, 2020).

At the same time, boys score as well as, and often better than, girls on mathematics achievement
tests (Hyde, Fennema, & Lamon, 1990; Lindberg, Hyde, Petersen, & Linn, 2010; Stoet & Geary, 2013)
despite less attentive behavior in classroom settings. One possibility is that the sex difference on these
tests is driven by more boys than girls at the high end of performance (Wai, Hodges, & Makel, 2018).
However, this is not the whole story. In a large-scale multinational study of nearly 1.5 million adoles-
cents, Stoet & Geary, 2013 showed that the performance of boys was at least as good as, and typically
better than, that of girls across the entire continuum of mathematics achievement. There must be
some mechanism that supports the learning of mathematics and that compensates for boys’ lower
levels of classroom engagement. The current study tested the hypothesis that this mechanism is visu-
ospatial abilities (Casey, Nuttall, & Pezaris, 1997; Geary, 1996; Halpern et al., 2007).
Sex differences in attentive behavior

Teacher and parent ratings of children’s distractibility, attention to detail, organization, and so forth
are consistently related to behavior in school (e.g., staying seated) and to concurrent achievement and
longitudinal gains in achievement (Duncan et al., 2007; Fuchs et al., 2006; Fuchs, Geary, Compton,
Fuchs, & Hamlett, 2014; Geary, Hoard, Nugent, & Bailey, 2013; Gray, Dueck, Rogers, & Tannock,
2017; Polderman, Boomsma, Bartels, Verhulst, & Huizink, 2010). In classroom settings, these behaviors
manifest as sustained attention and attention to details during school-related activities as well as dis-
tractibility during these activities (Swanson et al., 2012). Teacher ratings of attentional control in the-
ory are related to conceptually similar cognitive abilities, such as working memory and executive
functions, but teacher ratings are predictive of achievement outcomes above and beyond these abili-
ties. In other words, the ability to maintain attentional focus on academic material in actual class-
rooms is not fully captured by standard tests of cognitive abilities (Friso-van den Bos & van de
Weijer-Bergsma, 2020).

As noted, boys are overrepresented among children and adolescents who have been diagnosed with
ADHD (Willcutt, 2012), and they are rated by parents and teachers as less attentive and more hyper-
active than same-age girls (Arnett, Pennington, Willcutt, DeFries, & Olson, 2015). As children move
from the preschool years into elementary school and adolescence, hyperactivity decreases but the
sex difference in inattention remains and is the primary correlate with achievement. Using continuous
measures in a longitudinal study that included more than 10,000 twins, Rietveld et al. (2004) found
moderately lower attentive behavior in boys than in girls during elementary school (ds = �.35 to
�.38) and adolescence (d = �.37) (see also Lampert, Polanczyk, Tramontina, Mardini, & Rohde,
2004). Inattention had similar heritable influences (>70% of variance) on boys and girls, and boys
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and girls showed similar levels of longitudinal stability after the preschool years, although there may
be an increased risk of late onset hyperactivity (but not inattention) for some adolescent girls (Murray
et al., 2019). Whatever the developmental trajectories, parent and teacher ratings of attentive behav-
ior are equally predictive of achievement (external validity) for girls and boys (Arnett et al., 2015),
indicating that there is not a bias to rate boys as less attentive than they actually are.

Visuospatial abilities and mathematics achievement

The overall sex difference in mathematics achievement generally favors boys but is small in mag-
nitude (d ~ .10) and can vary across topics, grades, and countries (Hyde, Fennema, & Lamon, 1990;
Lindberg, Hyde, Petersen, & Linn, 2010; Stoet & Geary, 2013). Sex differences are often found at the
high end of performance (Wai et al., 2018), for more advanced topics (Hyde et al., 1990), and in areas
that have a spatial component to them (Geary, 1996; Halpern et al., 2007), but the reasons for these
differences are debated (Ceci & Williams, 2010; Hawes & Ansari, 2020; Mix, 2019). Whatever the rea-
sons, a relation between visuospatial abilities and mathematics achievement in school and in math-
intensive occupations has been extensively documented (Hawes & Ansari, 2020; Kell, Lubinski,
Benbow, & Steiger, 2013; Mix, 2019). In fact, a relation between early-developing spatial skills (e.g.,
noticing change in spatial orientation) and later performance in arithmetic is found during the pre-
school years (Lauer & Lourenco, 2016; Verdine, Golinkoff, Hirsh-Pasek, & Newcombe, 2017) and early
elementary school years (Cheng & Mix, 2014; Cheung, Sung, & Lourenco, 2019).

As an example, in two large-scale studies, Mix and colleagues (2016, 2017) administered a battery of
mathematics and visuospatial measures to kindergarteners and third- and sixth-graders. In each grade,
the tests formed distinct but highly correlated mathematics and visuospatial factors (rs = .55–.73); the
pattern remained when vocabulary, an index of intelligence, was controlled. The relations between the
two factors were stronger than the relations between any specific mathematics or visuospatial mea-
sures, suggesting that the relation extends across mathematics and spatial tests. There were also some
indications that visuospatial abilities might be more important for learning newly introduced mathe-
matics content (see also Geary, Hoard, Nugent, & Scofield, 2021; Geary, Hoard, Nugent, Ünal, &
Scofield, 2020). Although these studies provide ample documentation of the relation between spatial
andmathematical abilities, the relations between performance on specific spatial measures and overall
mathematics achievement and in specific areas of mathematics are not fully understood.

To ensure a broad assessment of spatial abilities, we included measures that span a range of cor-
related but distinct skills (Hegarty, Montello, Richardson, Ishikawa, & Lovelace, 2006). The first mea-
sure is visuospatial working memory, which is predictive of gains in broad mathematics achievement
during adolescence (Li & Geary, 2017) and might contribute to the development of spatial–numerical
representations (Göbel, Calabria, Farne, & Rossetti, 2006). The second is a measure of visuospatial
attention that is associated with generation of a mental number line and competence at estimating
the relative magnitude of numerals (Geary, Scofield, Hoard, & Nugent, 2021; Longo & Lourenco,
2007; Zorzi et al., 2012); the measure was the Judgment of Line Angle and Position (JLAP) test
(Collaer, Reimers, & Manning, 2007). The third measure is the extensively studied Mental Rotation
Test (MRT; Peters et al., 1995), which involves the top-down manipulation of images, elicits broad
engagement of visuospatial areas of the parietal cortex (Carpenter, Just, Keller, Eddy, & Thulborn,
1999), and is correlated with various mathematics outcomes (Halpern et al., 2007). For instance, per-
formance on the MRT predicts accuracy in the solving of multistep word problems, overall perfor-
mance on the SAT Math Test, and long-term success in math-intensive careers (Casey et al., 1997;
Geary, Saults, Liu, & Hoard, 2000; Kell et al., 2013).

These relations are important because boys perform better than girls on all the visuospatial mea-
sures used in this study (Lauer, Yhang, & Lourenco, 2019; Voyer, Voyer, & Bryden, 1995; Voyer, Voyer,
& Saint-Aubin, 2017). These patterns indicate that visuospatial skills are a plausible mechanism that
could potentially compensate for boys’ lower levels of engagement in classroom settings relative to
those of girls. That said, we note that both attentional behavior in classroom settings and visuospatial
abilities are malleable (DuPaul, Eckert, & Vilardo, 2012; Newcombe & Stieff, 2012; Tzuriel & Egozi,
2010; Uttal et al., 2013), and thus prior findings and those that might emerge in this study do not nec-
essarily imply immutable sex differences.
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The current study

The current study addressed the question of why boys perform as well as, or better than, girls in
mathematics despite the sex difference favoring girls in in-class attentive behavior. The first goal
was to determine whether teacher ratings—across grades and mathematics and English language arts
(ELA) classrooms—predicted mathematics and, as a contrast, reading achievement in seventh and
eighth grades. To evaluate the relative importance of in-class attentive behavior, we pitted it against
the domain-general abilities of intelligence and working memory that are extensively studied and
consistent predictors of mathematics achievement (Bull & Lee, 2014; Deary, Strand, Smith, &
Fernandes, 2007; Geary, Nicholas, Li, & Sun, 2017; K. Lee & Bull, 2016). As shown below, in-class atten-
tive behavior was a stronger predictor of mathematics achievement than intelligence and working
memory, and girls were more engaged in classrooms than boys. Boys performed better than expected
in mathematics given their level of classroom engagement, and as noted we explored whether this
was related to their advantages in visuospatial skills.

Even though we had 2 years of data, individual differences in mathematics achievement (r = .85)
and in-class attentive behavior (r = .74) were highly stable across grades and thus afforded little
opportunity to assess developmental trends, likely due to the short timeframe. The one benefit was
the ability to combine the same measures (e.g., digit span, in-class attentive behavior) across grades
to create more reliable assessments of the associated constructs.
Method

Participants

The participants were 322 students (159 boys) enrolled in an ongoing longitudinal study conducted
in collaboration with the Columbia Public Schools in Columbia, Missouri USA. They were recruited
across two cohorts from a larger group of 1926 students who participated in an assessment of
sixth-grade mathematical competencies (see Geary et al., 2019). All 1926 students were invited to join
the longitudinal component of the study, and 342 of them and their parents did so. The 322 students
included here completed all the seventh- and eighth-grade assessment sessions.

Of the 20 dropped students, 18 were administered the mathematics and reading measures (see
below) in seventh grade (none of them completed all of the eighth-grade assessments), and there were
no differences in achievement comparing these students with the 322 students used in these analyses
(ps > .16). We decided to drop the seventh-grade data for these 18 students to keep the sample used in
the analyses the same across grades and thus more comparable.

Demographic information was obtained through a parent survey. For the group of 322 students,
88% of them were non-Hispanic, 6% were Hispanic or Latino, and the ethnic status of the remaining
students was unknown. The racial composition was 71% White, 14% Black, 3% Asian, 1% Native Amer-
ican, and 10% multiracial, with the remaining racial compositions unknown. As a comparison, in the
school district from which the participants were recruited, 7% were Hispanic; 61% White, 20% Black,
5% Asian, 7% Hispanic, and 6% multiracial. For the current participants, parent-reported annual house-
hold income was distributed as follows: $0 to $24,999 (10%), $25,000 to $49,999 (18%), $50,000 to
$74,999 (10%), $75,000 to $99,999 (21%), $100,000 to $149,999 (18%), and $150,000+ (17%); the
remaining parents did not respond to this question. Nearly two thirds (64%) of the students had at
least one parent with a college degree. In addition, 16% of the families received food assistance, and
5% received housing assistance.
In-class attentive behavior

The Strength and Weaknesses of ADHD-Symptoms and Normal-Behavior (SWAN) measure
(Swanson et al., 2012) was used to assess in-class attentive behavior. The items assess attentional def-
icits and hyperactivity, but the scores are normally distributed and based on the behavior of a typical
student. The measure is more sensitive to variation in attentive behavior among the general school
4
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population than are commonly used diagnostic screeners for ADHD (Polderman et al., 2007). The inat-
tentive component of such measures is more consistently related to academic outcomes than the
hyperactivity component after the preschool years (Gray et al., 2017). Thus, the 9-item inattention
subscale (e.g., ‘‘Gives close attention to detail and avoids careless mistakes”) was distributed to the
students’ seventh- and eighth-grade mathematics and ELA teachers, who were asked to rate the
behavior of the students relative to other students of the same age on a scale of 1 (far below) to 7
(far above).

Of the 322 students, 191 had ratings from two or three teachers, 128 had ratings from all four
teachers, and 3 had a rating from only 1 teacher. Ratings were consistent across items (as = .98)
and mathematics and ELA teachers within and across grades (rs = .60–.75). For the students with
all four ratings, a repeated-measures analysis of variance revealed an overall sex difference (see
below), F(1, 126) = 6.04, p = .015, but no class (mathematics vs. ELA) by sex interaction, F(1,
126) = 0.07, p = .797, grade by sex interaction, F(1, 126) = 1.08, p = .30, or class by grade by sex inter-
action, F(1, 126) = 0.01, p = .905. Given the consistency of ratings across teachers and grades and the
lack of interactions with student sex, we calculated one in-class attentive behavior score using the
mean of available ratings across teachers and grades (a = .88).

Standardized measures

Intelligence
Full Scale IQ was estimated using the Vocabulary and Matrix Reasoning subtests of the Wechsler

Abbreviated Scale of Intelligence (Wechsler, 1999), following procedures detailed in the manual.

Mathematics achievement
Mathematics achievement was assessed using the Numerical Operations subtest of the Wechsler

Individual Achievement Test–Third Edition (Wechsler, 2009). For students of this age, the associated
items included basic arithmetic and continued through fractions, algebra, geometry, and calculus,
solved with pencil and paper.

Reading achievement
Two subtests of the Wechsler Individual Achievement Test–Third Edition (Wechsler, 2009) were

used to assess reading achievement. The first was the Word Reading subtest, which assesses single
word reading, beginning with one-syllable words and progressing to more complex vowel, consonant,
and morphology types. The second was the Oral Reading Fluency subtest. Here, students read two pas-
sages (one at a time) under a time limit. Reading errors (e.g., added words, misstated words) were
recorded by the experimenter, and the coding was later verified during a review of an audio-
recording of the read passages. Completion time was independently verified using the same recording.
The scores were reading accuracy [total word count � (total addition errors + total other errors)] and
oral reading fluency {[(total word count–total other errors)/total completion time]*60}, which were
highly correlated (r = .68, p < .001).

A reading fluency measure rather than comprehension measure was included because fluency
measures are often used to assess reading difficulties (J. Lee & Yoon, 2017). This is important because
one goal of the larger project (but not for this study) was to identify the sources of the comorbidity of
mathematics difficulties and reading difficulties (Geary, Hoard, Nugent, Ünal, & Scofield, 2020).

Cognitive measures

The tasks included standard measures of short-term and working memory, which have been shown
in prior studies to correlate with mathematics achievement, as well as various aspects of spatial abil-
ity. All the tasks were administered on iPads using customized programs developed through Inquisit
by Millisecond (https://www.millisecond.com); manuals are available on the Open Science Frame-
work (https://osf.io/qwfk6/). With the exception of the N-back task, which was administered only
in seventh grade (due to time constraints), all tasks were administered in seventh and eighth grades.
5
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We used the mean score across the two grades and estimated the reliabilities (q) of these summary
scores using the Spearman–Brown prophecy formula applied to the test–retest correlations.

Digit span
Digits were presented at 1-s intervals, starting with three digits for the forward assessment and

two digits for the backward assessment. Students’ task was to recall the digit list in either a forward
or backward manner, respectively, by tapping the digits on a display on the iPad screen. Students
moved up to the next level if the response was correct. If the response was incorrect, the same level
was presented a second time. If a consecutive error occurred, students moved down to a lower level.
Each direction (forward and then backward) ended after 14 trials. The score was the highest digit span
correctly recalled before making two consecutive errors at the same span length. Reliabilities for the
current sample were adequate for both forward span (q = .67) and backward span (q = .73).

N-Back
Students completed an adaptive version of a single N-back task (Jaeggi et al., 2010). Students were

first shown a ‘‘target” letter, followed by a sequence of 20 randomly determined stimulus letters (all
consonants; 6 were a target letter and 14 were not). The task was to indicate whether the currently
presented letter was a target by tapping a key or was not a target by not responding. The target letter
could be the first stimulus presented (N = 0) or could be the same as the one that preceded it (N = 1) or
the same as one presented in the two trials (N = 2) or three trials (N = 3) that preceded it.

For each trial, a letter was presented for 500 ms, followed by a 2500-ms blank screen. Students had
3000 ms to respond by tapping a key if the target was detected. After three 10-item practice blocks
(levels N = 0 to N = 2), all participants started on level N = 0. Depending on performance, they moved
up, stayed on the current level, or moved down a level for a total of five blocks (less than three errors:
move up; three to five errors: repeat level; more than five errors: move down). Performance feedback
(percentage correct) was displayed after each block. Hits (H), misses, false alarms (FA), and correct
rejections were recorded and summarized by block. The score was (H � FA)/(total blocks). The esti-
mated split-half reliability was .74 for the current sample.

Spatial span
The Corsi Block-Tapping Task (Kessels, van Zandvoort, Postma, Kappelle, & de Haan, 2000) was

used to assess forward spatial span. Students were presented with a display of nine squares that
appeared to be randomly arranged. The squares ‘‘lighted up” in a predetermined sequence, and the
task was to tap on the squares in the same order they were lit. The sequence length started at two
squares and could increase to up to nine squares. Students had two attempts at each sequence length.
If one of the sequences was recalled correctly, the next sequence level began; if both sequences at the
same level were recalled incorrectly, the task was terminated. The score was the total number of cor-
rectly recalled sequences across the whole task (q = .69 for the current sample).

Spatial skills
Two tasks were used to assess spatial ability. The first was the JLAP test (Collaer et al., 2007), which

assesses visuospatial attention (Benton, Varney, & Hamsher, 1978). Students were asked to match the
angle of a single presented line to 1 of 15 line options in an array at the bottom center of the iPad
screen. The 20 test items were presented one at a time, and students selected the matching angle
by tapping it on the iPad touchscreen. Each stimulus was presented for up to 10 s, and when a selec-
tion was made a reaction time was recorded and the next stimulus was presented. The outcome was
the number correct (q = .69 for the current sample).

The MRT (Peters et al., 1995) was the second spatial measure, which assesses the ability to manip-
ulate images (Hegarty, 2018). On each trial, students viewed images of three-dimensional drawings of
10 connected cubes. For each trial, there was one target and four choice options, and the task was to
select the two options that were rotations of the target figure. After four self-paced practice problems,
students were presented with 24 problems in two blocks of 12 problems each (3 min per block). The
score was the number of problems on which students chose both correct options (q = .83 for the cur-
rent sample).
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Procedure

The assessment schedule and the ages at each assessment are shown in Table 1. The 45-min assess-
ments were done one on one in a quiet location in students’ school; due to COVID-19-related school
closings, spring assessments for eighth grade were completed online during a proctored video confer-
ence for 7 students. As shown in Table 1, the cognitive measures were administered during the first
semester of each grade, and the remaining measures were administered during the second semester.
During the spring of both grades, mathematics and ELA teachers completed the in-class attentive
behavior survey.

Parents provided informed written consent, and assent was obtained from adolescents for all
assessments. The University of Missouri institutional review board approved all methods included
in this study.
Analyses

Hierarchical regression analyses were first used to determine whether in-class attentive behavior
predicted achievement outcomes, with control of domain-general abilities (IQ, digit span forward,
digit span backward, and N-back) and spatial abilities (Corsi, JLAP, and MRT). These analyses estab-
lished the relative importance of in-class attentive behavior for predicting achievement outcomes;
these outcomes and all predictors were centered (M = 0, SD = 1). We then examined the sex difference
in in-class attentive behavior, focusing on (a) whether control of attentive behavior resulted in sex dif-
ferences in mathematics and, as a control, reading achievement and (b) whether there was a sex by
attentive behavior interaction. The latter was a validity check on the teachers’ ratings. If the sex dif-
ference (see below) on these ratings is due to teacher bias favoring girls, then in-class attentive behav-
ior should be a stronger predictor of girls’ achievement outcomes than of boys’ achievement outcomes,
resulting in a significant interaction; the bias would result in more error in the assessment of boys’
actual attentive behavior and thus a weaker relation between rated attentive behavior and
achievement.

Finally, a mediation analysis using the lavaan package in R (Rosseel, 2012) was used to assess
whether boys’ advantages in Numerical Operations, after controlling for in-class attentive behavior,
were mediated by their advantages on the spatial measures (see below). For these analyses, in-class
attentive behavior and other significant predictors of achievement (e.g., intelligence) were used as
control variables and the spatial measures that were significant in the initial regression analyses were
assessed as potential mediators.
Table 1
Age of administration and timing of assessments.

Task name Seventh grade Eighth grade

Fall Spring Fall Spring

Mean age at testa 153 157 164 168
In-class attentive behavior x x
Intelligence x
Digit span forward x x
Digit span backward x x
N-back x
Corsi x x
Judgment of Line Angle and Position test x x
Mental Rotation Test x x
Numerical Operations x
Word Reading x
Oral Reading Fluency x
Oral Reading Accuracy

a Mean age is in months. Standard deviations range from 4.41 to 4.96 months.
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Results

Mean scores and any associated sex differences are shown in Table 2, and correlations among the
variables are shown in Fig. 1. Overall, boys and girls were more similar than different, although girls
were more attentive in classroom settings (d = �.34) and boys had small to moderate advantages on
the three spatial tasks (ds = .28–.56). The correlations show that all the spatial measures (i.e., Corsi,
JLAP, and MRT) and in-class attentive behavior were more highly correlated with mathematics than
with reading achievement, whereas digit span forward was more highly correlated with reading than
with mathematics achievement.

In-class attentive behavior and academic outcomes

The results of the hierarchical regression models are shown in Table 3. The key finding was that in-
class attentive behavior was a significant predictor of all achievement outcomes (ps < .002), control-
ling for domain-general and spatial abilities. Moreover, the magnitude of the effect for predicting
Numerical Operations scores was more than double that found in the prediction of same-grade read-
ing scores (e.g., b = .37, b = .16 for Numerical Operations and Word Reading in seventh grade). The
other key finding was that JLAP and MRT scores were significant predictors of Numerical Operations
scores in both grades, controlling for domain-general abilities and in-class attentive behavior. In con-
trast, these spatial measures were inconsistently related to reading outcomes; of the six effects, only
two (MRT in predicting Word Reading and JLAP in predicting Oral Reading Accuracy) were significant.

Sex differences

The sex difference for in-class attentive behavior (p = .002, d = �.34) is shown in Fig. 2. As can be
seen, the distribution of girls’ scores was skewed toward the high end of the range, whereas boys’
scores largely ranged from the middle to the high end. Despite boys’ lower in-class attentive behavior
and the importance of attentive behavior in the prediction of achievement scores, especially mathe-
matics, there were no sex differences on any of the achievement tests (ps > .50).

Controlling for in-class attentive behavior resulted in sex differences favoring boys for the Numer-
ical Operations subtest in seventh grade, t(319) = 3.12, p = .002, d = .28, and eighth grade, t(319) = 3.20,
p = .002, d = .27, as well as for Word Reading, t(319) = 2.14, p = .033, d = .22. The sex differences in Oral
Reading Accuracy and Oral Reading Fluency remained nonsignificant (ps > .22). The sex differences on
the Numerical Operations subtest remained significant with control of domain-general abilities and
in-class attentive behavior, as shown in Table 4; the spatial measures were not included in these
regressions because we hypothesized that sex differences in mathematics outcomes would disappear
Table 2
Sex differences in mean scores.

Measure Overall [M (SD)] Boys [M (SD)] Girls [M (SD)] t Value p da

In-class attentive behavior 4.89 (1.31) 4.66 (1.28) 5.11 (1.31) �3.07 .002 �.34
Intelligence 104.96 (13.05) 105.43 (12.36) 104.50 (13.71) 0.64 .525 .07
Digit span forward 5.86 (0.99) 5.87 (1.02) 5.85 (0.95) 0.25 .802 .02
Digit span backward 4.72 (1.12) 4.71 (1.12) 4.73 (1.12) �0.18 .858 �.02
N-Back 3.81 (0.76) 3.85 (0.80) 3.76 (0.71) 1.08 .280 .12
Corsi 8.59 (1.67) 8.82 (1.63) 8.35 (1.69) 2.55 .011 .28
Judgment of Line Angle and Position test 13.59 (2.86) 14.40 (2.75) 12.79 (2.76) 5.24 .000 .56
Mental Rotation Test 9.86 (4.32) 10.92 (4.65) 8.83 (3.70) 4.46 .000 .48
Numerical Operations, seventh grade 100.38 (18.67) 101.14 (18.59) 99.63 (18.78) 0.72 .470 .08
Word Reading, seventh grade 104.44 (13.27) 104.91 (13.12) 103.99 (13.44) 0.62 .536 .07
Numerical Operations, eighth grade 99.00 (18.19) 99.44 (18.61) 98.57 (17.82) 0.43 .669 .05
Oral Reading Fluency, eighth grade 103.49 (11.98) 103.14 (12.04) 103.83 (11.96) �0.52 .603 �.06
Oral Reading Accuracy, eighth grade 92.68 (12.54) 92.56 (11.31) 92.80 (13.66) �0.17 .865 �.02

a d = Mm � Mf/(pooled SD) where m = male and f = female.
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Table 3
Estimates from full regression models.

Seventh grade Eighth grade

Predictor Numerical
Operations

Word Reading Numerical
Operations

Oral Reading
Fluency

Oral Reading
Accuracy

M (SE) p M (SE) p M (SE) p M (SE) p M (SE) p

Intelligence .11 (.05) .039 .31 (.06) .000 .19 (.05) .000 .20 (.06) .002 .23 (.06) .000
Digit span forward .03 (.05) .600 .23 (.05) .000 .02 (.05) .658 .24 (.06) .000 .20 (.06) .000
Digit span backward .11 (.05) .048 .13 (.06) .023 .09 (.05) .076 .10 (.06) .109 .14 (.06) .026
N-Back .04 (.04) .410 .01 (.05) .892 .06 (.04) .188 .02 (.05) .726 �.07 (.05) .161
Corsi .06 (.04) .169 �.15 (.05) .003 .04 (.04) .368 .02 (.05) .689 .02 (.05) .675
JLAP test .12 (.05) .010 .02 (.05) .648 .11 (.04) .011 �.02 (.05) .741 .16 (.05) .003
Mental Rotation Test .21 (.05) .000 .15 (.05) .003 .11 (.05) .019 .08 (.06) .125 �.05 (.05) .358
Attentive behavior .37 (.05) .000 .16 (.05) .002 .43 (.04) .000 .20 (.05) .000 .19 (.05) .000

Note. JLAP, Judgment of Line Angle and Position.

Fig. 1. Correlations among the variables: DS, digit span; JLAP, Judgment of Line Angle and Position; MRT, Mental Rotation Test;
NO, Numerical Operations; WR, Word Reading; ORF, Oral Reading Fluency; ORA, Oral Reading Accuracy.
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with their control (see below). The regressions also show that the sex by attentive behavior interac-
tions were nonsignificant for all academic outcomes, suggesting that teachers were not biased in their
ratings.

The results so far indicate that with the control of in-class attentive behavior and domain-general
abilities, boys had an advantage in mathematics but not in reading achievement. The mediation anal-
yses tested the hypothesis that boys’ advantage will be mediated by spatial abilities. For these anal-
yses, we used JLAP and MRT scores as potential mediators because there are sex differences on
these measures and they predict Numerical Operations scores in both grades, controlling for other fac-
tors. In the mediation analyses, the influence of intelligence, digit span backward, and in-class atten-
tive behavior was controlled for seventh-grade Numerical Operations scores, and the influence of
9



Table 4
Estimates from full regression models without spatial measures.

Seventh grade Eighth grade

Predictor Numerical
Operations

Word Reading Numerical
Operations

Oral Reading
Fluency

Oral Reading
Accuracy

M (SE) p M (SE) p M (SE) p M (SE) p M (SE) p

Sex �.19
(.08)

.024 �.09
(.09)

.296 �.18
(.08)

.024 .02 (.09) .861 �.03
(.09)

.720

Intelligence .22 (.05) .000 .34 (.06) .000 .25 (.05) .000 .23 (.06) .000 .24 (.06) .000
Digit span forward .03 (.05) .602 .22 (.05) .000 .02 (.05) .650 .24 (.06) .000 .21 (.06) .000
Digit span backward .16 (.06) .005 .13 (.06) .023 .13 (.05) .013 .11 (.06) .080 .16 (.06) .010
N-Back .09 (.05) .038 .01 (.05) .856 .09 (.04) .030 .03 (.05) .513 �.05

(.05)
.335

Attentive behavior .37 (.07) .000 .18 (.07) .008 .47 (.06) .000 .19 (.07) .011 .13 (.07) .068
Attentive Behavior * Sex .06 (.08) .495 �.06

(.09)
.500 �.02

(.08)
.799 .02 (.09) .833 .13 (.09) .158

Note. The sex contrast represents performance of girls relative to boys.

Fig. 2. Histograms and density plots of teacher ratings of boys’ and girls’ in-class attentive behavior.
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intelligence and in-class attentive behavior was controlled for eighth-grade scores; these covariates
were included because they were significant predictors of these outcomes (Table 3).

As can be seen in Fig. 3 for seventh grade and in Fig. 4 for eighth grade, boys’ advantage on the
Numerical Operations subtest was fully mediated by the sex differences on the MRT and JLAP test.
The results are the same, with only control of in-class attentive behavior.

We also ran a model that assessed an alternative explanation for the patterns in the data, specifi-
cally, whether the sex differences on the spatial tests mediated the sex difference in in-class attentive
behavior. If true, then the sex difference in in-class attentive behavior is not fully separable from the
sex differences on the spatial measures, which would confound any interpretation of the former. As
can be seen in Fig. 5, all the paths and indirect effects are significant, but the sex difference in in-
class attentive behavior is larger with control of the sex differences on the spatial measures, although
the c’ estimate of �0.76 is within the 95% confidence interval (CI) of the c estimate (CI = �1.03, �0.48).
In any case, the patterns indicate that the sex differences in in-class attentive behavior and perfor-
mance on the spatial measures are correlated but distinct phenomena.
10



Fig. 3. Sex differences for Numerical Operations scores in seventh grade, controlling for intelligence, in-class attentive behavior,
and digit span backward, were fully mediated by the sex differences on the Mental Rotation Test (MRT) and the Judgment of
Line Angle and Position (JLAP) test. Significant effects are in bold. The results are the same (i.e., full mediation) with only control
of in-class attentive behavior.

Fig. 4. Sex differences for Numerical Operations scores in eighth grade, controlling for intelligence and in-class attentive
behavior, were fully mediated by the sex difference on the Mental Rotation Test (MRT) and the Judgment of Line Angle and
Position (JLAP) test. Significant effects are in bold. The results are the same (i.e., full mediation) with only control of in-class
attentive behavior.

D.C. Geary, M.K. Hoard and L. Nugent Journal of Experimental Child Psychology 211 (2021) 105222
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Fig. 5. Sex differences for in-class attentive behavior are not mediated by sex differences on the Mental Rotation Test (MRT) and
the Judgment of Line Angle and Position (JLAP) test. Significant effects are in bold.

D.C. Geary, M.K. Hoard and L. Nugent Journal of Experimental Child Psychology 211 (2021) 105222
The final analyses assessed whether the strength of the relation between the MRT and JLAP test and
mathematics achievement varied by sex. As shown in Fig. 6, the sex by MRT interaction was insignif-
Fig. 6. Higher Mental Rotation Test scores predict higher overall Numerical Operations scores in both seventh and eighth grades
and equally well for boys and girls.
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icant in both seventh grade, t(318) = 0.20, p = .845, and eighth grade, t(318) = 0.31, p = .756. For both
boys and girls, higher MRT scores were associated with higher Numerical Operations scores in seventh
grade (rs = .56 and .42, respectively) and eighth grade (rs = .48 and .37, respectively). The same pattern
emerged for the JLAP test; the sex by JLAP interaction was insignificant in both seventh grade, t
(318) = 0.17, p = .867, and eighth grade, t(318) = 1.21, p = .228.
Discussion

To our knowledge, this study is the first to address the question of why the mathematics achieve-
ment of boys is just as good as, or better than, that of girls despite boys’ relatively poor in-class atten-
tive behavior. We organize the discussion around the sex difference in the latter and then turn to
visuospatial skills and mathematics.

In-class attentive behavior

As found in many previous studies, ratings of in-class attentive behavior predicted mathematics
and reading achievement (Duncan et al., 2007; Gray et al., 2017; Polderman et al., 2010; Stigler
et al., 1987) and in fact were a more important predictor of mathematics achievement than the
domain-general cognitive abilities of intelligence and working memory. Equally important, the ratings
were consistent across teachers and the sex difference did not vary across grades or mathematics or
ELA classrooms. The strength of the relations between in-class attentive behavior and achievement did
not differ for boys and girls, indicating that the external validity of the ratings was the same across the
sexes (see also Arnett et al., 2015). In other words, the ratings were not biased by the sex of the stu-
dents and appeared to be capturing achievement-relevant behavior in classroom settings regardless of
whether these were mathematics or ELA classrooms. Moreover, the magnitude of the sex difference in
in-class attentive behavior for our sample (d = �.34) was highly consistent with prior studies of ado-
lescents (ds = �.37 to �.32) (Lampert et al., 2004; Rietveld et al., 2004).

On the basis of these findings, we would have expected girls to outperform boys on all the achieve-
ment tests, but this was not the case. There were no significant sex differences in mathematics
achievement, although boys’ scores were slightly higher in both grades (ds = .08 and .05 in seventh
and eighth grades, respectively), in keeping with a generally small sex difference on these types of
tests (Hyde, Fennema, & Lamon, 1990; Lindberg, Hyde, Petersen, & Linn, 2010; Stoet & Geary,
2013). The lack of sex differences for the reading measures was surprising given that girls generally
outperform boys in reading (Reilly, Neumann, & Andrews, 2019; Stoet & Geary, 2013). One potential
reason is the complexity and foci of the assessments. Sex differences are typically assessed using com-
posite reading measures or measures of reading comprehension, and the sex differences on these mea-
sures are typically larger (Reilly et al., 2019) than those found for word reading or oral reading fluency
(Pargulski & Reynolds, 2017).

Whatever the reason, controlling for in-class attentive behavior resulted in an advantage for boys
in mathematics achievement in both grades (ds = .27 and .28 in seventh and eighth grades, respec-
tively) and an advantage in word reading (d = .22), but no effects on oral reading accuracy or fluency.
The effect for word reading disappeared, however, with further control of domain-general abilities,
but boys’ advantage in mathematics remained. The finding for mathematics is particularly important
given the primacy of in-class attentive behavior for the prediction of mathematics achievement for
both boys and girls. The pattern suggests that boys’ lower overall engagement in classroom settings
is modestly compromising their mathematics learning and might have effects on their reading com-
petencies, but any such effects are less consistent than those found for mathematics (Stigler et al.,
1987).

Visuospatial skills and mathematics

Boys’ advantages on the visuospatial measures are also consistent with previous findings, although
the magnitudes of the effect sizes are smaller than those often found during adulthood (Collaer &
13
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Nelson, 2002; Voyer et al., 1995, 2017). The latter is likely because the magnitude of the sex differ-
ences on visuospatial measures increases from childhood to early adulthood (Geary, 2021; Lauer
et al., 2019) and thus is often smaller during early adolescence than during adulthood.

The key finding here is not the sex differences but rather the mediation of the sex differences in
mathematics achievement after controlling for in-class attentive behavior. Despite the importance
of in-class attentive behavior in the prediction of mathematics achievement (Stigler et al., 1987), boys
were performing better in mathematics than might be expected based on their attentiveness in class-
room settings. In other words, if there are small or no sex differences at the mean for mathematical
competencies, then girls should have had higher mathematics achievement scores given their higher
attentiveness in mathematics classrooms. The better-than-expected performance and the sex differ-
ences that emerged from this were explained by the complex spatial abilities captured by the MRT
(Peters et al., 1995) and the JLAP test (Collaer et al., 2007). The findings for the MRT are consistent with
prior studies (Casey et al., 1997; Geary et al., 2000), and the findings for the JLAP test are consistent
with studies showing that visuospatial attention contributes to the processing of numerical magni-
tudes (Geary et al., 2020; Longo & Lourenco, 2007).

However, the specific reasons for the relations between MRT and JLAP performance and mathemat-
ics achievement cannot be determined from these results. Nevertheless, as shown in Fig. 6, overall
mathematics achievement was linearly related to MRT and JLAP scores for both boys and girls. There
are two important takeaways from these relations. The first is that better spatial abilities predict bet-
ter performance on more difficult items on the achievement test. Students are generally less familiar
with these items than the less difficult ones, and therefore this result is consistent with Mix et al.’s
suggestion (Mix, 2019; Mix et al., 2016), specifically, that spatial abilities may be most critical for
learning newly introduced mathematics content. The combination of studies suggests that visuospa-
tial abilities may facilitate the representation or understanding of newly introduced mathematical
content, but how this might occur cannot be determined from the current study.

The second takeaway is that the relation between MRT and JLAP performance and mathematics
achievement is the same for boys and girls; well-developed visuospatial skills are important for both
sexes. Boys’ better-than-expected mathematics achievement is not because the relation between visu-
ospatial abilities and mathematics differs for boys and girls but rather because there are more boys
than girls with well-developed visuospatial abilities. The same is true for in-class attentive behavior.
Engagement in classroom settings is associated with the mathematics achievement of both sexes.
Girls seem to benefit more from this engagement, but this is only because there are more girls than
boys at the high end of in-class attentive behavior.

Limitations and conclusion

The correlational nature of the study precludes causal statements. Although we assessed a broader
array of potential predictors of achievement than is typical in this type of study, there may be other
factors that we did not include that could change the pattern of results. Moreover, we were unable to
control for classroom-level effects that may have influenced the pattern of findings. Despite these lim-
itations, the study provides a more reliable assessment of the relation between visuospatial perfor-
mance and mathematics achievement and associated sex differences than is typical in this
literature with the multiple assessments of working memory, spatial abilities, in-class attentive
behavior, and achievement. The framing of the study in terms of sex differences in in-class attentive
behavior as related to achievement is unique (to our knowledge) and adds nuance to our understand-
ing of these relations.
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