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Increasing evidence suggests that success in science, technology, engineering, and math (STEM) fields is
not only dependent upon one’s actual STEM-relevant abilities but also upon one’s STEM-relevant
attitudes—in particular, math and spatial attitudes. Here, we examine whether simply mentioning the math
or spatial relevance of a task affects children’s performance and the moderating role of children’s math
and spatial attitudes. Further, we examine gender differences in performance given pervasive gender gaps
in STEM and early-emerging gender differences in math and spatial attitudes. Participants (221 first- to
fourth-grade children from the United States; 113 girls, 108 boys; 52% White, 16% Black, 14% Asian,
9% Hispanic or Latinx, 18% multiple races/ethnicities) were introduced to a novel task framed as tapping
into math or spatial abilities (or no framing [control condition]). Children then completed math and spatial
anxiety and self-concept measures. Results indicate that children who heard the math task framing were
less accurate relative to children in the control condition, and the effect was larger for those with higher
math anxiety or lower math self-concept, but it was not different for boys and girls. Children who heard
the spatial task framing, however, performed comparably to children in the control condition. Though
both math and spatial attitudes revealed identical patterns of gender differences (with higheranxiety and
lower self-concept in girls than boys), there were no gender differences in performance. This study
highlights the salient role of math attitudes early in development and provides key insights for future work
aimed at increasing STEM outcomes.

Public Significance Statement

Findings reveal that children perform worse on a novel task when it is described as being related to
math—but not spatial—skills, and this effect is strongest for children with more negative math
attitudes. Moreover, girls had more negative math and spatial attitudes than did boys, but gender
differences were not observed in performance on the task. Findings provide key insights into processes

L_implicated in science, technology, engineering, and math outcomes
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Growing the science, technology, engineering, and mathematics
(STEM) workforce has robust benefits, both for individuals and for
society as a whole. A STEM career can provide individuals with a
pathway to economic security: The average annual salary for a
STEM occupation is nearly 35% greater than that of a non-STEM
occupation ($95,000 vs. $72,000; National Center for Science and
Engineering Statistics, 2021) for individuals with at least a college
degree. More broadly, to address pressing issues of global

This study was not preregistered. This work was supported by National

importance such as pandemics and climate change, it is necessary
to have a large, highly skilled STEM workforce.

Despite the importance of STEM, numerous factors have been
identified as barriers to the pursuit of and success in STEM careers,
many of which have roots in early childhood. Two important factors
highlighted as critically important for later STEM outcomes are
attitudes toward STEM and STEM-related domains (e.g., Wang et
al., 2013, 2015) and gender (Ceci et al.,, 2009). In particular,
negative
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math and spatial attitudes are related to lower performance on math
and spatial tasks (e.g., Ramirez et al., 2012, 2013), and gender
differences in these attitudes have been documented, such that
women and girls report higher math and spatial anxieties and lower
self-concepts than men and boys (e.g., Alvarez-Vargas et al., 2020;
Cvencek et al., 2011; Laueret al., 2018). Additionally, as earlyas
first grade, children endorse math and spatial gender stereotypes,
associating these domains with boys and men (e.g., Cvencek et al.,
2011; Mog, 2018). However, though emerging work suggests math
and spatial attitudes are related in adulthood (Daker et al., 2022;
Delage et al., 2021; Sokolowski et al., 2019), how math and spatial
attitudes compare in childhood, and how gender differences in these
attitudes vary across childhood, remain open questions. Further,
little is known how and when these attitudes predict outcomes in
STEM contexts early in development.

In this study, we explored the concurrent relation between math
and spatial attitudes and the moderating role of these attitudes for
performance on a novel task. We focused on understanding a
potential circumstance that impacts performance—task-relevant
framing. Is it something about the task demands, or alternatively,
the child’s beliefs about the task demands, that drives domain-
relevant attitudes or beliefs to impact performance on a task? To
explore this question, we presented first to fourth-grade children
with a task framed as pertaining to math or spatial skills. We
assessed their performance (i.e., accuracy) relative to a baseline
condition (with no framing) and explored how performance on the
task varied as a function of math and spatial attitudes. Further, given
the salient role of gender in STEM contexts, we paid particular
attention to age-related variation in gender differences in math and
spatial attitudes and gender differences in performance on the
framed task. In this cross-sectional study of children across early
childhood (i.e., first to fourth grades), we aimed to: (a) assess
whether children’s performance on a task is related to framing the
task as “math” or “spatial” in nature, (b) determine whether
children’s math or spatial attitudes and/or gender moderate any
observed performance differences, and (c) characterize gender
differences in math and spatial attitudes in first to fourth graders.

Math and Spatial Attitudes Math Attitudes

Math anxiety is one of the most well-studied math
attitudes, 'broadly defined as tension, worry, or fear associated with
thinking about or performing math tasks (Ashcraft, 2002; Hembree,
1990). Along with math self-concept—defined as one’s perception
of their math ability (Bong & Clark, 1999)—both have been
implicated as critical for long-term STEM outcomes (Ahmed et al.,
2012). Both high math anxiety and low math self-concept are linked
to lower math performance in childhood (e.g., Arens et al., 2022;
Kriegbaum et al., 2015; Vukovic et al., 2013) and adulthood (e.g.,

! Though some researchers classify math anxiety as related to affect or
emotion rather than as an attitude (e.g., Hembree, 1990), this distinction is
primarily a theoretical divide in defining the construct, rather than one of an

Ashcraft & Kirk, 2001). Meta-analyses including work with adults
and children have found a small-to-moderate relation between math
anxiety and math performance (Barroso et al., 2021), and a
moderate relation between math self-concept and math

performance (Lee, 2009).

It is well-documented that women report higher math anxiety and
lower math self-concept than men (e.g., Dowker et al., 2016; Hart
& Ganley, 2019; for meta-analysis, see Hyde et al., 1990), but there
is mixed evidence of how early in development these gender
differences in math attitudes emerge. Gender differences in math
self-concept as early as 6 years of age have been consistently
documented in early childhood through adulthood (e.g., Ahmed et
al., 2012; Cvencek et al., 2011; Lee, 2009). However, early-
emerging gender differences in math anxiety are less consistently
found. For example, a few studies have found no difference in boys’
and girls’ math anxiety in childhood (Harari et al., 2013; Jameson,
2014; Ramirez et al., 2013), though other studies have reported
gender differences in math anxiety around 6 years of age (Ahmed
et al., 2012; Gunderson et al., 2017; Hill et al., 2016; Lauer et al.,
2018; Lee, 2009). Thus, the evidence for gender differences in math
anxiety (but not self-concept) in childhood appears to be less robust.

Spatial Attitudes

Recent work has suggested that spatial attitudes may also be
relevant for STEM success (Daker et al., 2022; Delage et al., 2021;
Sokolowski et al., 2019). As expected, the handful of studies
investigating spatial anxiety have revealed negative relations
between spatial anxietyand performance on spatial tasks such as
mental rotation, both in adults and elementary-school-aged children
(Alvarez-Vargas et al., 2020; Lauer et al., 2018; Ramirez et al.,
2012). Work with adults has found consistent relations between
higher spatial self-concept and higher spatial performance
(Blajenkova et al., 2006). However, no work to date has explored
spatial self-concept in children.

Similar to the domain of math, there are well-documented gender
differences in spatial attitudes. Women consistently report higher
spatial anxiety and lower spatial self-concept than men (Alvarez-
Vargas etal.,2020; Hegartyetal.,2002; Lyons etal., 2018;
Sokolowskietal., 2019). There is some evidence that gender
differences in spatial anxietymayexistinelementary-school-
agedchildrenaswell(Laueretal., 2018; Ramirez et al., 2012; but not
in preschool, see Wong, 2017). Critically, onlya few studies have
examined children’s spatial anxiety with most of these studies
investigating narrow age ranges (i.e., only including children from
a 1- to 2-year age range; e.g., Ramirez et al., 2012; Wong, 2017)
making it difficult to determine when and how gender differences
in spatial anxiety may vary over the course of early childhood.
Moreover, whether gender differences in spatial selfconcept exist
in childhood is an open question. Critically, emerging work
supports the potential that math and spatial anxieties are unique but
contribute to cross-domain outcomes (Daker et al., 2022; Delage et
al., 2021; Sokolowski et al., 2019). For example, recent work has
found an explanatory role of spatial anxiety for gender differences

empirical nature. For the purposes of the current article, we refer to math
(and spatial) anxiety as an attitude.
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in math anxiety in adulthood (Delage et al., 2021; Sokolowski et
al., 2019), highlighting the importance of studying math and spatial
attitudes concurrently.

In the current study, we characterize math and spatial attitudes in
a cross-sectional sample of children across early childhood (first to
fourth grades; approximately 6—10-years-old in the United States).
We examine gender differences in these attitudes and how gender
differences may vary as a function of grade. Moreover, we explore
whether children who hear a novel task labeled as pertaining to
“math” or “spatial” skills perform differently from those in a control
condition (with no task label), and critically whether
domainspecific attitudes may moderate observed performance
differences. We also consider the role of working memory in the
relation between math and spatial attitudes and performance.
Working memory has been identified in both the math and spatial
domains as a factor contributing to the relation between anxiety and
performance (e.g., Lauer et al., 2018; Ramirez et al., 2012, 2013),
potentially because anxiety co-opts working memory resources
necessary for problemsolving (Ashcraft & Krause, 2007). As such,
past work has found the relation between anxiety and performance
is strongest for children (Lauer et al., 2018; Ramirez et al., 2012,
2013) and adults (Ashcraft & Krause, 2007) with higher working
memory. Therefore, in the current study, we also consider the
potential role of working memory as a moderator of framing effects
on performance.

The Role of Gender in Math and Spatial Domains

Previous work has found that adults associate math and spatial
domains more with males than females (e.g., Hirnstein et al., 2014;
Nosek et al., 2002). Though findings from work with children are
less consistent, math-male and spatial-male stereotypes have been
found in children as young as age 6 (Cvencek et al., 2011;
Hildebrand et al., 2022; Hirnstein et al., 2014; Neuburger et al.,
2015; Nosek et al., 2002; though see Martinot et al., 2012; Mog,
2018). Whether math and spatial gender stereotypes are dominant
in childhood or not, it is imperative to understand whether boys and
girls respond differently in STEM-relevant contexts, possibly as a
consequence of these stereotypes. For example, stereotypes may
inhibit girls’ success in STEM contexts because they communicate
those tasks as difficult or not appropriate for girls (Master, 2021).
In the current work, we examine whether we find gender differences
in performance following math or spatial task framing on a novel
task. If observed, this could suggest that STEM-related gender
stereotypes are influential in early childhood and can be induced
even in novel contexts.

Task Framing and Performance

In this study, we explored how simply describing atask as
pertaining to math or spatial skills may impact task performance in
children. On the surface, highlighting the categoryassociated with a
task (e.g., calling something a “math task”) may not seem
problematic. In fact, one mayargue that task framing couldeven be
beneficial such that an individual could bring to mind relevant
knowledge that would help them on the task or could consider the
broader relevance of the task. However, there is both empirical and
theoretical support that task framing may have a noticeable negative

impact on performance outcomes (e.g., Cimpian, 2010; Cimpian et
al., 2007, 2012). In one example, research has found that when
generic descriptions about a domain are used (e.g., “smart people
are good at math”), children—particularly those with high math
anxiety—exhibit poorer performance, motivation, and attitudes, as
compared to children who hear nongeneric descriptions of the same
domain (“some smart people are good at math”; for reviews, see
Dweck, 2007a, 2007b). In the current work, we explore how
framing a task as relevant to math or spatial domains impacts
performance on that task, and, importantly, we focus on two distinct
factors that could be linked to task framing and performance:
gender and domainspecific anxieties.

The Current Study

In the current study, we examine whether framing a novel task as
related to math or spatial skills impacts performance on the task.
We then investigate whether the following key factors moderate
framing effects: math and spatial attitudes, working memory,
and/or gender. In the process, we also provide one of the first
characterizations of math and spatial anxieties and self-concepts in
early childhood within the same study, with a specific focus on
gender differences.

To examine relations between math and spatial task framing and
performance, we presented first to fourth-grade students—our
youngest participants are children who are just beginning to receive
formal math instruction—with a novel task framed as a “math
game,” a “spatial game,” or just as a “new game” (control). The task,
a nonsymbolic magnitude comparison task, required children to
indicate which of two simultaneously presented arrays of dots had
more items. We specifically chose this task as it was both unfamiliar
to children, and also had meaningful connections to math and
spatial skills. Indeed, both numerical and spatial elements of the
task impact accuracy (DeWind et al., 2015; Halberda et al., 2008),
and in fact, performance on this task has been linked to other
measures of math and spatial skill (e.g., Carr et al., 2020;
Gunderson & Hildebrand, 2021; Halberda et al., 2008; Libertus et
al., 2011).

We hypothesized that framing the task as pertaining to math or
spatial abilities would influence performance relative to a baseline
condition (no framing), with worse performance in some children,
and (possibly) better performance in others. If simply highlighting
the math or spatial nature of a task is related to decrements in a
child’s performance on the task, this finding would have profound
implications for understanding influences on STEM outcomes and
direct implications for pedagogy.

Further, it washypothesized that mathframing effects wouldlead
to the largest differences in performance (relative to baseline),
while spatial framing effects would be weaker or potentially
nonexistent. This prediction stemmed from the fact that children
experience math and spatial tasks in very distinct contexts. Children
have formal experiences with graded assessments for math in the
classroom, whereas their experiences with spatial tasks tend to be
informal and involve playful activities (e.g., puzzles, building
blocks; e.g., Dearing & Tang, 2010; Huntsinger et al., 2016; Jirout
& Newcombe, 2015). As such, children’s more formal experiences
with math may serve to heighten domain-specific anxieties and/or
lead to more pronounced reactions to stereotypes than in
comparison to spatial tasks.
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Finally, we sought to test potential theoretical factors that
moderate framing effects. We had two nonmutually exclusive
hypotheses regarding potential moderators of the relation between
task framing and performance:

Hypothesis 1: Given findings of gender differences in math and
spatial attitudes (e.g., Hildebrand et al., 2022; Hyde et al., 1990;
Lauer et al., 2018) and stereotypes that associate males with
math and spatial tasks in childhood (e.g., Cvencek et al., 2011;
Vander Heyden et al., 2016), it is possible that gender
differences in performance will be found when the math or
spatial nature of a taskismadeexplicit. That is, girlsmaybe
morelikely tounderperform in the math and spatial framed
conditions (relative to baseline), a potential consequence of
current cultural stereotypes. In contrast, boys may perform
better in the framed conditions (relative to baseline) given that
math and space are domains in which their gender is
stereotypically expected to excel. These results would be
expected if task framing taps into children’s gender stereotypes
favoring boys in math and spatial domains.

Hypothesis 2: Alternatively, it is also possible that children’s
attitudes toward math and space may be particularly salient
when performing a task framed as tapping into math or spatial
abilities. Hearing that the task is related to math or spatial
abilities may tap into individual attitudes toward these
domains, which may heighten awareness of related anxiety
and/or other attitudes and beliefs about one’s own performance.
This possibility is
supportedbyworkshowingnegativerelationsbetweenmathandsp
atial attitudes and performance outcomes for both males and
females across the lifespan (e.g., Barroso et al., 2021; Lauer et
al., 2018; Lyons et al., 2018; Ramirez et al., 2012). If so,
children with higher math anxiety (and/or lower math self-
concept) are predicted to perform worse on the task when it is
framed as related to math, and children with higher spatial
anxiety (and/or lower spatial self-concept) are predicted to
perform worse on
thetaskwhenitisframedasrelatedtospatialabilities. Gender
differences in performance are onlyexpected inasmuch as they
track with individual differences in domain-specific anxiety.

A second aim was to characterize gender differences in math and
spatial anxiety and self-concept concurrently in early childhood. In
line with prior work, we expected to find gender differences in math
and spatial anxieties and self-concepts, with girls indicating more
negative attitudes than boys. We did not have specific predictions
regardingdifferences
betweenchildrenofdifferentgrades.Formathattitudes, some past
work has suggested that math attitudes are more negative in older
grades given more formal experiences with math (e.g., Krinzinger
et al., 2009). Alternatively, others have argued that math attitudes
are similar across early childhood (e.g., Wang et al., 2020).
Notably, this studyextends previous work to compare math and
spatial attitudes within the same children, allowing for a direct
comparison of how attitudes in these two domains may compare in
early childhood, a comparison with both theoretical and practical
implications.

Method
Participants

Participants were 221 children in first to fourth grade (Mage =
8.16, SDage = 1.10; 113 girls, 108 boys; fora detailed grade and
gender breakdown, see Supplement A in the online supplemental
materials) from an urban area in the Eastern United States. Data
were collected in lab (n = 52), at local parks (n = 34), at local
museums (n = 55), or at local schools (n = 80). We collected
individual-level race and ethnicity for participants tested in lab (nrace
=44; 59% White, 14% Black, 5% Asian, 5% Hispanic, and 18%
multiple races and/or ethnicities). For schools where data was
collected, we computed the expected racial and ethnic composition
of the sample based on the school-level composition and the
number of students tested at each school (46% White, 16% Black,
11% Hispanic, 19% Asian, and 18% multiple races and/or
ethnicities).

We used stratified random assignment
approximately equal number of boys and girls across condition and
two-grade bins (first/second grade and third/fourth grade). An a
priori power analysis determined a sample size of 206 was needed
to detect medium effects ( f=.25) for the factors: condition (three
levels), gender (two levels), grade (two levels), and their
interactions with a .90 power level and a set at .05 (Faul et al.,
2007). An additional 11 children began the study but were excluded
for the following reasons: child did not complete multiple tasks (n
=4), experimenter error (n = 3), computer error (n = 3), and parental
interference (n = 1). Study procedures were approved by the Boston

College
Institutional Review Board, Protocol 10.064.11.

to ensure an

Procedure

Participants completed the following tasks in this order: (a) math,
spatial, or control framed task, (b) math and spatial anxiety
questionnaires (order counterbalanced), (c) working memory task,
and (d) math and spatial self-concept questionnaires (order
counterbalanced). A subset of participants (n = 97) also completed
a measure of generalized anxiety at the end of the session.
Participants who received this assessment completed the measure
as the final task.

Framed Task

Conditions. Therewere three between-subject conditions: math
framing, spatial framing, and control (no framing). In the two
framing conditions, the experimenter introduced the participant to
the task by telling them they would be doing a “[math/spatial]”
game, then described what it meant to be good at [math/spatial]
games, and gave examples of [math/spatial] games. Following this
explanation and instructions on how to perform the game,
participants were told “Remember, this is a [math/spatial] game!
People who are good at [math/spatial games] dowell at this game”
before starting the task. In the control condition, participants were
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introduced to the task by hearing that they would be doing a “new”
game but were given no additional information. Complete task
framing scripts can be found in Supplement A in the online
supplemental materials.

Participants then completed the task, a computerized
nonsymbolic numerical comparison task, in which participants
were asked to repeatedly judge which of two arrays had more dots
(Panamath; Halberda & Feigenson, 2008). In each trial, participants
saw a grey screen with yellow dots on the left side and blue dots on
the right side of the screen. These dots were presented for 600 ms
after which a visual mask was flashed for 200 ms and then only the
grey screen remained. As per Halberda and Feigenson (2008), the
sizes of the dots were heterogeneous, with the average dot size
equated acrossthe two arrays on a random half of the trials, and the
cumulative area of the dots equated across the two arrays on the
other random half of trials. Although the task requires a relative
numerosity judgment, prior work has shown that these spatial
controls strongly influence performance on the task (Tokita &
Ishiguchi, 2013). Furthermore, in the instructions, we excluded
traditional numerical language and used language about size and
“more” given that these aspects of the task apply to both math and
spatial domains (for exact wording, see Supplement A in the online
supplemental materials). Children indicated their response using
keys that corresponded to the side of the screen where dots of that
color appeared. The program settings for each participant were set
to three minutes at medium difficulty. The program determined the
size and ratio of the number of dots for each trial based on the
participant’s age which was entered with the other settings. Based
on their age, each participant completed 56 (6—7-year-olds) or 64
(8-10-year-olds) trials. Performance on this task was assessed
based on accuracy.

Math and Spatial Anxiety

Children then completed the math and spatial anxiety scales
(order counterbalanced). Following the framed task, children were
told that they were now going to play some different games.
Children were first introduced to the concept of nervousness (e.g.,
“some people are nervous when they don’t know an answer,” see
Ramirez et al., 2013 for full script). Children were then introduced
to a five-item response scale in which each option was represented
by faces of varying levels of distress: a calm face on the far left (not
nervous at all; scored as 1) and a very nervous face on the far right
(very, very nervous; scored as 5). Children then completed a
practice item about their anticipated anxiety on a task unrelated to
math or spatial tasks to ensure comprehension in using the response
scale (Ramirez et al., 2012, 2013). We used an average score in
analyses.

To measure math anxiety, participants completed the eight-item
Child Math Anxiety Questionnaire (CMAQ; Ramirez et al., 2013).
Items on the CMAQ ask how anxious children would feel during
specific math situations. The questionnaire contains two types of
questions, situations that require (a) nonspecific math ability (e.g.,
“how anxious would you feel if you were called on by a teacher to
explain a math problem on the board?”) and (b) specific math
abilities (e.g., “how anxious would you feel if you had to solve the
problem, ‘there are 13 ducks in the water, there are 6 ducks on land,
how many ducks are there in all?’”). For items about specific math
tasks, we adapted items to be more generic given that our age range

was bigger than the age range used during the construction of the
CMAQ. For example, an item about specific math homework
problems was changed to be about “hard math homework.”
Reliability was acceptable (o= .76). Of note, the reliability of our
adaptation of the CMAQ was better than the reliability of the
original measure (a=.55; Ramirez et al., 2013).

To measure spatial anxiety, children completed the eight-item
Children’s Spatial Anxiety Questionnaire (Ramirez et al., 2012).
Children were asked to indicate how anxious they would feel during
different activitiesthat require spatial skills. Items included tasks
like those requiring navigation (e.g., how to get from school to their
house) and mental rotation (e.g., recreating a block structure from
apicture). Reliability for the CMAQ was acceptable (a=.70), which
was again greater than during the test’s creation (a=.56; Ramirez et
al., 2012).

Working Memory

The working memory task was the Forward and Backwards Digit
Span tests (from the Wechsler Intelligence Scale for Children;
Wechsler, 2003). In light of previous findings that working memory
may moderate the relation between math anxiety and math
performance, this task was included to explore whether
performance varied as a function of working memory in the framed
conditions. Analyses did not reveal working memory to be a
significant factor (ps . .05) and thus this measure is not discussed
further. See the online supplemental materials for detailed task
description and analyses (Supplement B).

Math and Spatial Self-Concept

Participants then completed the math and spatial self-concept
measures (order counterbalanced; matched to order of anxiety
questionnaires). To assess children’s self-concepts, we adapted the
items from the math and spatial anxiety scales used. Rather than
asking children to indicate their anxiety, we rephrased the items and
asked children to indicate if they agreed that they were “good at”
each task (item). We chose to use the same items from the anxiety
scales so that we would have parallel measures of anxiety and
selfconcept, ensuring increased validity in comparisons between
anxiety and self-concept. Children indicated their agreement with
each statement via a 6-point Likert scale that ranged from disagree
alot to agree a lot. Use of this scale required children to first indicate
whether they agreed or disagreed with the statement, and then
whether they agreed/disagreed a little, kind of, or a lot (represented
by circles of increasing size). This response format has been widely
used with children (e.g., Cvencek et al., 2011; Gunderson et al.,
2017). The two-part format has been found to reduce social
desirability effects in this age range (Harter, 1982), and is shown to
be more effective than parallel scales without visual representations
of responses (Rebok et al., 2001). We used average scores in our
analyses. Reliability was acceptable (math self-concept: a= .75;
spatial self-concept: a=.61).

Generalized Anxiety Measure

A subset of participants (n = 97) completed the general anxiety
subscale of the Screen for Child Anxiety Related Emotional
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Disorders (Birmaher et al., 1997). This measure was added
approximately halfway through data collection so that exploratory
analyses could be run to examine whether effects related to math
and spatial anxiety were unique to these domains, or instead, if they
could be explained by patterns related to generalized anxiety (see
Supplement C in the online supplemental materials for full task
description and analyses involving this measure in the online
supplemental materials).

Data Analyses

For all analyses, we report results using more conventional
frequentist models as well as Bayesian models. Though Bayesian
statistics offer many advantages as compared to frequentist
statistics (for comprehensive overviews, see Dienes & Mclatchie,
2018; Kruschke & Liddell, 2018; Wagenmakers et al., 2018), their
inclusion in the present work is particularly compelling in that it is
possible to quantify the evidence both for and against a given effect.
As such, Bayesian models provide a more comprehensive picture
of reported effects and allow for direct comparisons of effects (e.g.,
gender differences in attitudes across domains and grades).

For Bayesian analyses, the notation Bio denotes the Bayes Factor
(BF) for the alternate hypothesis (comparing the alternate model, 1,
to the null model, 0) and Bo: represents the BF for the null
hypothesis. These values are the inverse of each other; however, we
report the BF (either BF10 or BFo1) which is larger than one for ease
of interpretation. Each BF can be interpreted as how much more
likely the data are under the reported model (i.e., alternate or null)
relative to the other model. For example, if BF10 = 8, this indicates
that the data are eight times more likely under the alternate model
than the null model. Bayesian statistics do not use traditional
significance cutoffs (i.e., p , .05), and instead simply consider the
strength of the evidence for the alternate or null model. General
interpretations of strength of the evidence based on the BF are as
follows: BF = 1: no evidence; BF = 1-3: anecdotal evidence, BF =
3-10: substantial evidence; BF = 10-30: strong evidence; BF = 30-
100: very strong evidence; BF 100: decisive evidence
(Wagenmakers et al., 2011). For models with multiple effects (e.g.,
age and gender), we report BFinci or BFexci for each effect which is
the BF for the inclusion or exclusion of the effect in the model,
respectively. Bayes analyses used default priors (JASP Team,
2021).

Planned Analyses

Framing Effects. To assess the impact of task framing on
performance, we conductedan analysis of variance(ANOVA)
examining group differences in performance based on the framing
condition (control, space, or math), participant gender (boy or girl),
and grade® (two-grade bins: first to second graders, third to fourth
graders). Raw accuracy on the task was the dependent variable. All
post hoc comparisons reflect Holm—Bonferroni corrections for
multiple comparisons. This analysis also served to test whether
framing effects varied as a function of child gender, addressing the

2 Because settings in our framed task varied as a function of the child’s
age, but our design accounted for grade, all analyses were rerun using age
(in years), rather than grade. The pattern of findings using age was similar

proposed hypothesis regarding the potential impact of gender
stereotypes on performance.

Moderation Analyses. To test whether framing effects varied as
a function of math and spatial attitudes, we used multiple regression
models to test moderation effects. Specifically, moderation analyses
examined whether math and spatial attitudes moderated the relation
between task framing and performance. Separate models were run
for (a) math anxiety, (b) math self-concept, (c) spatial anxiety, and
(d) spatial self-concept. Given that we only expected attitudes to
moderate condition effects within the same domain, we only
included the framing condition for the same domain (e.g., math
framing for models of math attitudes) and the control condition (see
Supplement D in the online supplemental materials for crossdomain
moderation models in the online supplemental materials). The
control condition was always coded as the reference group. We
used the overall analysis of framing effects to determine whether to
include gender or age interactions in attitude moderation models.
That is, if the effects of gender and grade were not significant in the
overall model, we did not examine interaction effects related to
gender and grade in the moderation models and instead included
these factors as covariates.

For Bayesian moderation models, we report the statistics for the
model including all factors. Per Bayesian model comparison, a
Bayes Factor is calculated for each possible alternative model for
the specified predictors in comparison to the null model. Thus, we
additionally report the model that was determined as the best fit for
the data. If none of the alternative models had evidence that was
stronger than the evidence for the null model, we report the Bayes
Factor for the null model.

Characterizing Math and Spatial Attitudes. To characterize math
and spatial anxieties and self-concepts, we ran separate ANOV As
for each attitude measure examining the (a) main effect of gender
(two levels), (b) the main effect of grade (two levels), and (c) the
interaction between grade and gender. Additionally, condition was
included in models given that the attitudinal measures were
administered following the experimental framing (though results
are the same if we do not include condition).

We report an exploratory analysis (independent samples t test) of
gender differences in generalized anxiety to examine whether
gender differences were present for anxiety broadly speaking, or if
gender differences were unique to math and/or spatial anxiety.
However, due to the small number of participants who completed
this measure, we were underpowered to detect effects that were not
very large ( f = .25). Thus, we have included the description and
discussion of this measure in the online supplemental materials
(Supplement C).

Exclusion Criteria

In some cases, a participant’s data were missing on a task due to
experimenter error, computer error, or the child’s choice not to
complete the task. Twelve children (5.43%) had missing data on
one or more task(s). If a child completed at least half of the items
on a task, we included their data. Additionally, a participant’s data
from an individual task was excluded if it was greater than 1.5 times

with those reported here; thus, we report grade-related effects in line with
the original aims of the study.
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the interquartile range (IQR, i.e., the range of the middle 50% of the
date) outside the 25th or 75th quartile (percentage of data removed
across tasks: M = 0.06%; range 0.00%-3.65%; see Yang et al.
(2019) for simulation demonstrating advantages of using IQR over
standard deviation for outlier detection). We conducted a missing
values analysisto test whetherexcluded data (missing and outlier)
was Missing Completely at Random (MCAR). Little’s MCAR test
was not significant, x?(8, N =221) = 8.48, p = .388, suggesting data
were not missing systematically. Thus, for each analysis, all
participants were included who had data for each of the model
variables (i.e., pairwise deletion).

Transparency and Openness

We report our a priori power analysis to determine sample size,
all data exclusions, all manipulations, and all measures in the study,
and we follow JARS (Kazak, 2018). Materials and data are
available at https://osf.io/y9bmh (Hildebrand & Cordes, 2023).
Data were analyzed using JASP (JASP Team, 2021). Figures were
created in R, Version 4.0.0 (R Core Team, 2020), and used the
packages ggplot, Version 3.2.1 (Wickham, 2016), and dplyr,
Version 1.0.5 (Wickham et al., 2021). This study’s design and
analyses were not formally preregistered but were fully detailed in
a funded National Science Foundation grant (DRL-1920732).

Results
Descriptive Statistics and Correlations

Descriptive statistics for all measures are reported in Table 1. For
all correlations, we accounted forcondition given that measures
were administered following the experimental task framing. Partial
correlations between all measures are reported in Table 2. Partial
correlations between all measures split by child gender are
presented in Table 3. In sum, we found that all math and spatial
attitudes had moderate to high correlations. Additionally, even
when partialing out variance due to condition, overall performance
on the framed task was related to math anxiety, math self-concept,
and spatial anxiety.

Table 1

Math and Spatial Framing Effects

Analyses revealed a main effect of condition on children’s
accuracy in the task and there was strong evidence in support of this
effect, F(2, 194) = 5.87, p =.003, n?>=0.06, BFinc1 = 19.88;

Figure 1. This

performance of children in the math framing condition compared to

main effect reflected significantly poorer
the other two conditions and there was no difference in performance
between the control and spatial framing conditions. There was
strong evidence for the difference between the control and math
conditions (mean difference = 2.95, 95% confidence interval, CI
[0.73, 5.17], p = .006, d = 0.52, BF19=22.30), substantial evidence
for the difference between the spatial and math conditions (mean
difference = 2.57, [0.32, 4.82], p =.015, d = 0.44, BF10=4.92), and
substantial evidence against a difference between the control and
spatial conditions (mean difference = 0.38, [-1.93, 2.68], p = .698,

d=0.08,

BFo1=4.76; Figure 1). Contrary to our expectations, the interaction
between genderand condition was not significant and Bayesian
analyses indicated substantial evidence against this interaction, F(2,
194)=0.63, p =.533, BFexc1= 7.52, suggesting that performance was
lower following the math framing but not the spatial framing for
both girls and boys. The main effects of participant gender and
grade were not significant (ps . .30, BFexc1. 3.00). Further,

Table 2 Correlations Between All Measures
confidence interval; BF = Bayes Factor.

Bayesian model comparisons indicated the best model of the
data only included the effect of condition (BF10=19.44).

Descriptive Statistics for All Measures Overall, by Gender, and by Condition

Control Math Spatial
All Girls Boys Test of gender condition condition condition
(N =221) (n=113) (n=108) differences (m=74) (m=73) (n=74)
Measure Possible range M (SD) M (SD) M (SD) d [95% CI] M (SD) M (SD) M (SD)
Attitudes®
Math anxiety 1-5 2.56(0.78) 2.74(0.77) 2.37(0.74) 0.48[0.21,0.75] 2.56 (0.79) 2.56 (0.78) 2.56 (0.78)
Spatial anxiety 1-5 2.42(0.72) 2.61(0.75) 2.22(0.64) 0.53[0.26,0.79] 2.43(0.76) 2.48(0.73) 2.35(0.67)
Math self-concept 1-6 4.31(0.92) 4.02(0.95) 4.61(0.80) 0.66[0.38,0.93] 4.32(0.90) 4.34 (0.95) 4.26 (0.98)
Spatial self-concept 1-6 4.38(0.83) 4.10(0.80) 4.67(0.76)  0.69[0.41, 0.96] 4.37 (0.89) 4.39 (0.81) 4.37(0.79)
Performance
Accuracy 0-100 91.87 (5.65) 91.45 (5.70) 92.30 (5.59) 93.14 (4.73)  89.99 (6.47)  92.69 (5.01)

Note. Effect sizes for attitude measures reflect that girls had more negative attitudes than boys (i.e., higher anxiety, lower self-concept). All tests of gender

Jdifferences were signiNone of these measures varied as a function of
condition,ficant, ps , .001, BF,orange: 47.91-15ps,090.51. CI. .30. =

Moderation Analyses

As a reminder, moderation analyses examined how framing
effects on performance varied as a function of each attitude,
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only for the framing condition that matched the domain (e.g.,
math framing for models of math attitudes) and the control
condition. Moderator variables were mean centered to aid in
interpretation of parameter estimates.

Math Attitudes

Results of the math anxiety moderation model suggested
that the main effect of condition was qualified by a significant

HILDEBRAND AND CORDES

interaction with math anxiety (Figure 2a, Table 4). Post hoc
analyses within condition revealed that performance was
negatively related to math anxiety only in the math framing
condition, F(3, 69) = 5.85, p = .001, B =-3.67,8=-0.44, t
=-4.04,p, .001. In the control condition, there was no relation
between anxiety and performance, F(3, 68) =1.54,p=.211,B
=-0.56, B=-0.09, t =-0.77, p = 0.473. Indeed, children with
lower levels of math anxiety

Ir 2r 3r 4r S5r
Measure (BFu0) (BFu0) (BFu0) (BFu0) (BFu0)
Demographics
1. Grade (four levels) —
Attitudes

2. Math anxiety
3. Spatial anxiety

24%%% (13.01) -
34%%% (21,069.96)

4. Math self-concept 20%* (15.27)

5. Spatial self-concept ~ .24%** (173.63)
Performance (framed task)

6. Accuracy .08 (0.19)

.68%%% (1.78¢ + 25)

A0%** (4.81c + 6)

20%%% (212.61)

61%%% (3.18¢ + 19) -

55%%% (2.43¢ + 15) -
67F% (1.85e +27) .57%%* (1.74e +18)  —
.16% (0.61)

.19%* (3.68) .10 (0.27)

Note.
bolded for ease of viewing. BF = Bayes Factor.

*p, 05 *p, 0l ***p 00l
Table 3 Correlations Between All Measures, Split by Gender

We report BF for all correlations, regardless of whether it is greater than 1, for ease of presentation. Significant effects are

1 2 3 4 5 6
Measure r (BF0) r (BFo) r (BFo) r (BF) r (BF) r (BFo)
Demographics
1. Grade (four levels) — -.197(0.57) A41%%* (2,458.67) .18 (0.98) .24* (2.76).02 (0.12)
Attitudes
2. Math anxiety.30* (2.53)
3.Spatial  anxiety.22*  yowe (3.63) — 56V (1100 +6)  64%H* (228e+10) 3704 (11865)  (0.40)

4. Matl} self-concept.25*  24% (2.61)  .61%** (9.08¢ +9) - .45***9.24e +5) 23:: g;(l)z i 3; (1.90)
5. (Slpgtl”)‘l self- 1812.57) 67 (1.94e+ 11) 5T (4.15¢ + 6) AR concept.21*
Performance (framed tasky 2% (1114) 310 (43.57) JO%F* (8.26e +13)  .53%%* (9.15¢ + 6)
6. Accuracy 13 (0.41)
26%* (8.10) ~07 (0.18).10 (0.30) —.03 (0.13)—

Note. Correlations for girls are above the dashes and correlations for boys are below the dashes and shaded. We report BF, for all correlations, regardless of
whether it is greater than 1, for ease of presentation. Significant effects are bolded for ease of viewing. BF = Bayes Factor.

p,.10. *p,.05. **p,.01. ***p 001

(1 standard deviation below the mean) performed comparably
across the two conditions, t(35) =-0.38, p = .710, BFo1 = 2.97,
whereas children with higher levels of math anxiety (1 standard
deviation above the mean) performed worse in the math framing
condition than the control condition, t(26) = 3.16, p = .004, BF0=
10.25.

Similarly, math self-concept was a significant moderator of task
framing (Figure 2b, Table 4). For children in the math condition,
children with more positive math self-concept performed better,
F(3, 68) = 3.77, p = .015, B = 2.59, B= 0.36, t = 3.11, p = .003,

whereas performance did not vary as a function of math self-
concept in the control condition, F(3, 62) = 0.88, p =.455, B =0.07,
B=0.01, t = 0.09, p = 0.926. For children with more positive math
selfconcept (1 standard deviation above the mean), performance
was not significantly different between the control condition and
math
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Figure 1 Condition Differences Based on Task Framing
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Note. Violin plots depict mean accuracy as well as individual data points by
framing conditions. Error bars represent +1 standard error. Significance tests
between conditions reflect Holm—Bonferroni comparisons. NS = not
significant. See the online article for the color version of this figure.

**p, .0l

framing condition, t(20) = 0.11, p = .911, BFo1 = 2.59. Paralleling
results observed for math anxiety, children with the more negative
math self-concept (1 standard deviation below the mean) had lower
performance in the math condition relative to the control condition,
t(22) = 3.22,p = .004,BF10 = 10.36,Notably,thoughthemoderation
factor was significant, the main effect of condition remained
significant, indicating that math self-concept did not fully moderate
the relation between framing and performance in the math framed
condition.

Spatial Attitudes

Moderation models examining spatial anxiety and spatial
selfconcept indicated there was no relation between spatial anxiety
or self-concept and performance, either overall or as a function of
condition (Figure 2c and d, Table 4).

Characterizing Children’s Math and Spatial Attitudes Math
Anxiety

Children’s math anxiety varied as a function of grade such that
third and fourth graders indicated less math anxiety than children in
first and second grades, F(1,213) =7.31, p =.007, n?=0.03, BFincl
= 5.13; mean difference = 0.28, 95% CI [0.08, 0.49], d = .38.
Consistent with previous work, girls reported higher math anxiety
than boys, F(1,213)=11.67,p, .001, n?=0.05, BFinc1= 39.24; mean
difference = 0.35, 95% CI [0.15, 0.56], d = .47. The interaction

between grade and gender was not significant, F(1, 213) =0.04, p =

397

.837, n? = 0.00, BFexcl = 5.68, suggesting that gender differences
were relatively similar across the two age groups. Condition did not
account for significant variance, F(2,213)=0.03, p=.967, n?=0.00,
BFexc1=22.22.

Math Self-Concept

Older children had more positive math self-concepts than
younger children, F(1,209)=7.16, p =.008, n>=0.03, BFinc1=4.51,
mean difference=-0.32, 95% CI[-0.55, -0.08], d = .38. Aligning
with other findings, we found girls had more negative math self-
concept than boys, F(1, 209) = 21.03, p , .001, n?= 0.09, BFinc1 =
3,536.13, mean difference =-0.54, 95% CI[-0.77, -0.31], d = .65.
These effects were not qualified by an interaction, F(1, 209)= 0.16,
p =.690, n>=0.00, BFexc1 = 4.74. As expected,
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Condition by Attitude Moderation on Children’s Performance
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the trend line. See the online article for the color version of this figure.

the effect of condition was not significant, F(2,209)=0.27,p=.761,

n?=0.00, BFexc1= 16.67.

Spatial Anxiety

In line with effects observed with math anxiety, spatial anxiety
varied as a function of grade and gender, grade:> F(1,213) =

22.02,p,.001, n =0.09, BFinc1 = 2,784.65, mean difference = 0.42,
95% CI[0.25, 0.60],2d = 0.63; gender: F(1, 213) = 14.81, p, .001,
n =0.06, BFinc1 = 187.59, mean difference = 0.35,

[0.17,0.53],d =0.53, such that older children indicated lower levels
of spatial anxiety and that girls had greater spatial anxiety than
boys. As with math anxiety, the interaction between grade and

gender was not significant, F(1, 213) = 0.64, p = .426, n? = 0.00,

BFexci = 3.98, nor was the effect of condition, F(2, 213) =1.24,p =
291, n?=10.01, BFexe1 = 6.99.

Spatial Self-Concept

Findings with spatial self-concept again mirrored findings
observed for math such that the main effects of grade and gender
were significant but the interaction between these effects was not,
nor was the effect of condition, Grade: F(1, 209) = 9.94, p =.002,
n2 = 0.04, BFinct = 16.28, mean difference =-0.33, 95% CI [-20.54,
-0.12], d = 0.44; gender: F(1,209) =24.73,p, .001, n =0.10, BFinc
= 12,953.75, mean difference =-0.52, [-0.73, -0.32]2, d = .69;
Grade x Gender: F(1, 209) =0.07, p =.787, n2=0.00, BFexc1= 4.74;
condition: F(1,211) =0.02, p=.976, n = 0.00, BFexc1=21.74. These
effects indicated that older children had more positive spatial self-
concepts than younger children and that girls had lower spatial self-
concepts than boys.
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Exploratory Analyses of Grade Effects

The grade effects observed for math and spatial attitude measures
surprised us, yet we considered the possibility that some of the
items on the measures may have been geared toward younger
children. For example, older children may encounter less anxiety
when performing addition and subtraction problems simply because
they have mastered these types of arithmetic operations, whereas
younger children, who are still learning these arithmetic
Table 4
Moderating Factors Between Condition and Performance

e.g., “taking a math test” or “doing a hard math worksheet”; for
details, see Supplement E in the online supplemental materials) and
those that may be more likely to reflect age-specific skills (three
items; e.g., “completing a page of addition and subtraction
problems”). We then ran repeated measures ANOV Asto examine
the factor “math content” (two levels: generic vs. specific) and the
effects previously included in analyses of attitudes (i.e., grade and
gender). For both math anxiety and math self-concept, there was a

Model B (SE) 95% CI p BFina F df p R2 BFjo
Math anxiety (MA) 7.24 5,138 ,.001 21 2,835.03
Condition (control, math) 2.13 (0.90) [[[--2.41 -3.60 ,.001 .372 22381
MA -0.76 (0.85) v .014 734.05
0.9714.99 .550 .
Condition x MA 2.90 (1.17) 1499263, 083256 oo 13 ;;
-1.45 ' ’
Gender 0.56 (0.93) 1035] 0.60 0.79
Grade 0.24 (0.91) 0.27
Best Model: Condition, MA, and Condition x M )
Math self-concept (MSC)
A (BF[[--1.28,
2.39]1.55, 2.03]i0 =
32,515.44 4.81 5,132 ,.001 15 33.03
Condition 3.08 (0.93) [ 491, 1.24] 332 .001 41.71
MSC 0.21 (0.84) 0.25 .804 14.83
-1.45,
Condition x MSC 230(109)  [[0-14.443] 21 37 527
0.17(0.98)  1.87] 0.17 865 0.76
Gender 0.47 (0.96) 0.49 624 0.80
Grade d Condition x
Best Model: Condition, MSC, a
Spatial anxiety (SA) 1SC (BF[[--1.77,
.10]1.42, 1.87]10=
23.43) 0.84 5,127 .523 .03 0.02
Spatial self-concept (SSC)Best Model: Null Model (none of the 045 gié ggg
included pConditionGradeGenderSACondition (control, space)x SA ’ 468 0:04
——-1.46 (0.89)0.86 (1.19)0.71 (0.90)0.42 (0.83)0.39 (0.86) ~0.730.50 '104 023
redictors; BF[[[[[---—- 1.49,3.2210.31, 3.22]2.49, 1.06]2.07, 1.2312.07, | g4 407 0.10
1.31]=9.60 _
1=9:60) 0.80 062 5122 689 .02 0.03
ConditionGenderSSCCondition x SSC--0.17 -0.64 524 0.08
(1.07)1.02 (0.91)0.05 (0.74)0.55 (0.86) .950 0.07
[[[[[-—— 1.95, 872 0.03
2.2910.79, 2.83]2.650:160.06 "¢ 0.13
0.76]1.51, 1.4112.25 1.12 274 0.12
1.15] 10.62) -1.10
Best Model: Null Model (none of the included
BFGrade -0.95 (0.86)
Note. Significant effects are bolded for ease of viewing. Best models are indicated based on Bayesian model comparisons. We report BF ;o or BFj, for

all models, regardless of whether it is greater than 1, for ease of presentation. CI = confidence interval; BF = Bayes Factor.

operations, may be more anxious when performing them, an issue
highlighted by Ganley and McGraw (2016). This concern is
particularly relevant for math attitudes measures and highlights a
discrepancy between existing measures in the inclusion of generic
versus specific content.

For math attitudes measures, we divided the items into those
which were considered generic questions about “math” (five items;

significant Content x Grade interaction such that the simple main
effect of grade was only observed for items with specific math
content (specific: ps , .001; generic: ps . .54; Content x Grade
Interaction: ps , .01, BFio. 35). That is, when asked about generic
math content, anxiety levels did not differ as a function of grade.
We consider these findings further in the Discussion section.
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For spatial measures, however, this top-down approach was not
possible astherewas not aclear distinction between general “spatial”
items and more specific ones (i.e., each item described a distinct
spatial skill). Thus, we ran repeated measures ANOVAs including
the new factor “Item” (eight levels) rather than a content factor, as
well as grade and gender in the spatial attitudes models. Results
revealed grade effects for spatial anxiety for all items except for the
item assessing anxiety “identifying which shapes are rectangles and
why” (ps , .05). For spatial self-concept, grade effects were
observed for only three of the eight items (ps , .05). Full math and
spatial models are included in the online supplemental materials
(Supplement E).

Exploratory Analyses of Framing Effects

Though we did not observe significant effects of gender on
performance following task framing, we considered the possibility
that the moderating role of math anxietyand self-concept on
performance following math task framing may be stronger for girls,
potentially as a result of more negative math attitudes. Thus, we ran
exploratory moderation models examining the interaction of
Gender x Math Anxiety and Gender x Math Self-Concept in the
relation between condition and performance. The first model
examining the moderating role of math anxiety suggested the effect
of gender was not significant, Model: F(8, 134) = 4.83, p, .001, R?
= .22, BF10 = 117.25; Condition x Math Anxiety x Gender: B =
-0.96, t = -0.79, p = 430, BFexc = 3.57, and that the previously
observed moderation effect remained significant even when gender
effects were included in the model, Condition x Math Anxiety: B =
2.11,t=2.48, p = .015, BFinc1 = 1.85. Further, the model with the
most support included only the factors condition, math anxiety, and
Condition x Math Anxiety (BFio = 16,297.54). The math self-
concept model revealed the same pattern of results, Model: F(8,
129) = 3.92, p, .001, R?= .20, BF10 = 32.05; Condition x Math
SelfConcept x Gender: B = 1.78, t = 1.58, p = .116, BFinc1 = 3.45;
Condition x Math Self-Concept: B =-2.22, t =-2.82, p = .006,

BFincl = 5.36. Bayesian model comparisons indicated that the best
model included the factors Condition, Math Self-Concept, and
Condition x Math Self-Concept. However, we do note that the
posterior summary of model terms indicated significant evidence
for the interaction between condition, math self-concept, and
gender. We interpret these results with caution given the

3 Stereotype threat is the phenomenon that being reminded of one’s
membership in a particular group leads to lower performance when that
group is stereotypically considered the outgroup for that task (e.g., a
female listing her gender on a math test; Shapiro & Williams, 2012).
Conversely, stereotype lift is when an individual’s performance is

nonsignificant p value for this term and the fact that this term was
not included in the best model of the data.

Generalized Anxiety
Unlike math and spatial anxieties, gender differences for
children’s generalized anxiety were not significant, t(95) = 1.54, p =

128, d = .31, 95% CI [-0.09, 0.71], BFo1 = 2.40, suggesting that

boys and girls had similar levels of generalized anxiety.

Discussion

The current studyfound that children’s performance ona novel
task varied as a function of how the task was described. Specifically,
children were less accurate when a task was described as a math
task, relative towhen there was no framing. When children heard

the task was relatedtospatial abilities, however,
theirperformancewas comparable toperformance inthe
controlcondition. Notably, moderationanalyses revealed that

performance differences in our math framing condition varied as a
function of differences in math attitudes, not gender. Moreover,
despite domain-specific effects of task framing on performance,
similar patterns of gender differences in attitudes across math and
spatial domains were found. Findings indicated that girls have more
negative math and spatial anxieties and self-concepts than boys in
early elementary school.

Consequences of Math and Spatial Task Framing

The current work represents the first direct comparison of math
and spatial task framing and the impact of this framing on
performance. We asked, “can simply highlighting the math or
spatial relevance impact a child’s performance?” Based on the
current results, we find that whenchildrenheardataskwasassociated
withmathabilities, they had lower performance relative to children
who heard the task was associated with spatial abilities or with no
task framing.

Based on prior work, we proposed two hypotheses regarding the
relation between framing and performance. The first hypothesis,
informed by past work on stereotype threat and lift* (for related
metaanalyses, seeDoyle &Voyer,2016; Flore & Wicherts,
2015),wasthat gender differences in performance would be
observed in the framed conditions. This possibility was predicated
on the belief that girls would underperform in the math and spatial
framed conditions due to an implicit motivation to align with gender
stereotypes, and possibly, that boys may perform better in the
framed conditions given that math and space are domains in which
their gender is stereotypically expected to excel. Thus, if task
framing tapped into children’s beliefs that math and space may be
male domains, we would expect to see gender differences in framed
conditions.

boosted when they are reminded that an outgroup is negatively
stereotyped in the context for which they are about to perform (for
review, see Walton & Cohen, 2003).
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Our second hypothesis was that math and spatial attitudes may
moderate task-framing effects. Under this hypothesis, we predicted
that framing atask as related to math or space may tap into
individual attitudes toward these domains, such that children with
higher domain-specific anxiety (or lower math or spatial self-
concept) would have lower performance when the math or spatial
relevance of the task was highlighted (relative to no framing).

Results found support for this latter hypothesis. We found that
math task framing effects interacted with reported levels of math
anxiety and math self-concept. Indeed, the finding that task framing
was moderated by anxiety adds to a growing literature on the
importance of psychosocial factors (e.g., attitudes, beliefs,
motivation) for STEM outcomes. Past work has found that negative
math and spatial attitudes are associated with lower performance in
children (e.g., Laueret al., 2018). In the current study, we provide
some of the first evidence that these attitudes also can impair
performance when it is believed that a task is linked to skills in
math. Notably, it was not the case that children with higher math
anxiety generally performed worse than children with low math
anxiety on our task; importantly, higher math anxiety was not
associated with lower performance in the control condition—when
the task was not explicitly linked to math ability. Instead, our data
suggest it was the child’s beliefs about the mathematical nature of
the task that likely triggered theirmath anxiety, with lower
performance forchildren
withhigheranxiety.Furthermore,similar,thoughweaker,patternswer
e found for math self-concept suggesting that multiple math
attitudes may be activated when hearing that a task is linked to
mathematical abilities. These findings imply that math anxiety and
math self-concept have the potential to play a salient role in
children’s learning and achievement regardless of the nature of the
actual task at hand. Critically, we observed these findings in
children who are within the first years of their educational career
highlighting an early-emerging mechanism that may impede later
STEM pursuits and achievement.

Notably, analyses did not reveal gender differences in response
to framing effects. As such, it seems unlikely that stereotypes
played a
majorroleinourpatternofresults. Whyisthisthecase?Onepossibility
isthat school children may be less likely to experience stereotype
threat in math or spatial contexts than their adult counterparts.
Evidence of stereotype threat in math contexts with children is
mixed (for metaanalyses, see Doyle & Voyer, 2016; Flore &
Wicherts, 2015), and as such, it has been hypothesized that
stereotype threat may not reliably be observed until later in
development. Moreover, there is no evidence of spatial stereotype
threat in childhood (Doyle & Voyer, 2016),
consistentwithourfindings.However,itshouldbepointedoutthatourpa
radigm was not specifically designed to elicit stereotype threat in
children—our manipulation was more subtle than in studies of
stereotype threat and in fact, involved no gender activation—a
factor important for tapping gender stereotypes. Additionally,
though there is evidence than children hold gender stereotypes
associating boys with math and spatial domains, findings are mixed
(studies supporting gender stereotypes in childhood: e.g., Cvencek
et al., 2011; Neuburger et al., 2015; studies finding no evidence or

evidence of own-gender biases:Martinot et al., 2012;Mo0¢,2018).
Giventhatwedidnotinclude
anyassessmentofwhetherthechildreninourstudyholdmathorspatial
gender stereotypes, we are unable to ascertain whether children in
our samplewereevensusceptibletostereotype threat.Therefore, the
lackof gender effects may be attributable to developmental patterns,
the actual manipulation, or both. Adjudicating between these
mechanisms in future studies will be critical for understanding the
factors that impact girls and women in STEM settings.

Domain Differences

Despite observing many similarities between math and spatial
domains regarding gender differences in domain-specific attitudes,
lower performance following task framing was uniquely observed
for math. In fact, Bayesian analyses suggested that there was
evidence against performance differences in the spatial task
framing condition (as compared to the control condition).

Why was math framing linked to performance but spatial framing
was not? One possibility is that differences in children’s
experiences with math versus space may account for these results.
Specifically, children’s early spatial experiences primarily consist
of informal, playful activities that require spatial reasoning (e.g.,
puzzles, building blocks; e.g., Dearing & Tang, 2010; Huntsinger
et al., 2016; Jirout & Newcombe, 2015).Thisisindirect contrast
toearlymathexperiences, much of which occurs in formal settings
(i.e., school) and involve explicit instruction, feedback, and
evaluation. In turn, this divergence may lead to distinct patterns in
children’s motivation, representation, and
performanceinmathversusspatialcontexts.Forexample, the formal
setting of early math experiences presents frequent opportunities
for children to have negative experiences with math such as
difficulty learning or receiving negative feedback and evaluation.
These experiencescanhave a profound impactonthe development
ofmathanxiety and motivation on math tasks, both of which are
suggested to negatively impact performance (Maloney & Beilock,
2012). Thus, simply highlighting the mathematical nature of a task
may be sufficient to activate negative math attitudes, in part because
math experiences
aremoresalient. Conversely,thoughchildrenmayalsoexperiencediffic
ulty or negative feedback during spatial play activities, these
negative experiences are likely infrequent and less salient when
they do occur as they are not a typical feature of informal play.

Children mayalso feel more pressure to dowell on a math task
than on a spatial task. Specifically, it has been theorized that
performance pressure—which is associated with lower performance
(Baumeister, 1984)—is more salient for tasks that are viewed as
important (Baumeister, 1984), and past work has found that young
children believe that math is both useful and important (e.g., Leedy
et al., 2003). However, though no empirical work has examined
these types of beliefs in the domain of space, it would be surprising
if similar patterns were observed. That is, the importance of spatial
reasoning may be much more abstract in its perceived importance
than math which is explicitly linked to achievement. If children
view math skills as more importantthan spatial skills, they would
likely feel more pressure to perform on a math task, and thus, be
more susceptible to performance impacts. With these differences in
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performance pressures, it may be the case that math attitudes play a
greater role in math performance than spatial attitudes play in
spatial performance. Future work should examine whether
performance is impacted following spatial framing as the
importance of spatial skills becomes less abstract (i.e., at older
ages). Further, future work should explicitly examine the perceived
importance of math and space as a potential moderator of observed
performance.

Importantly, results cannot be attributed to a more general pattern
linking performance to task framing. That is, past work has
suggested that generic statements and essentialist language (e.g.,
smart people are good at math) predict decrements in performance,
especially for individuals with negative attitudes toward the domain
highlighted (e.g., Cimpian, 2010; Cimpian et al., 2007, 2012). This
has even been found for novel tasks such that when performance on
the task was linked to a social category (e.g., “boys”), children’s
performance suffered, regardless of whether or not they actually
belonged to the social group (Cimpian et al., 2012). However, if
essentialist beliefs drive framing effects, we would expect a link
between lower performance and task framing in both the math and
spatial conditions. Nevertheless, future work should consider the
role that essentialist beliefs and motivational frameworks may play
in performance in math and spatial contexts.

Early-Emerging Gender Differences in Math and Spatial
Attitudes

Thecurrentstudyisthefirsttocharacterizemultiplemathandspatial
attitudes,  specifically  anxieties and self-concepts, in
elementaryschool-aged childrenandtoassess gender differences
inthese attitudes
inchildrenexperiencingthefirstyearsofformalschooling.Overall,we
found moderately sized gender differences in children’s math and
spatial anxieties and self-concepts, which were similar between
younger and older children. Further, per Bayesian analyses, the
evidence for gender differences was verystrong or decisive forall
attitudes suggesting strong support for early-emerging gender
differences in children’s math and spatial anxieties and self-
concepts. These findings provide key insights into the children’s
early math and spatial attitudes.

Math Attitudes

Inlightof conflictingfindingsontheexistenceof genderdifferences
in math anxiety across children in early elementary school (e.g.,
Ahmed et al., 2012; Harari et al., 2013; Jameson, 2014; Lauer et al.,
2018), we found a significant overall gender difference in children’s
mathanxiety.Specifically,wefoundverystrongevidence(asindicated
byBFi0 = 73.44)thatgirlsindicatedgreatermathanxietythanboys,in
line with some previous work (e.g., Lauer et al., 2018). Gender
differencesinchildren’s mathself-
conceptsimilarlyindicatedthatgirlsrated their own math abilities
more poorly than their male peers, consistent with previous work
(Ahmed et al., 2012; Cvencek et al., 2011, 2015). For both math
anxietyand self-concept, we did not observe significant interactions
between gender and grade. Thus, our current results suggest that
gender differences in math anxiety and self-concept are already

evident in children as young as six and that these gender differences
are relatively stable regardless of the child’s grade.

Spatial Attitudes

In linewith limited previous work (e.g., Laueret al., 2018;
Ramirez et al., 2012), girls reported significantly higher spatial
anxiety than boys, with an overall moderate effect of gender with
decisive support for the effect (d = 0.56, BF10=470.60). Critically,
given that gender differences in spatial anxiety are consistently
documented in adulthood (e.g., Alvarez-Vargas et al., 2020;
Sokolowski et al., 2019), the present workextends these findingsto
reveal that these gender differences
areobservableandarestable(i.e.,nogroupdifferences across children
in different grades) fairly early in development.

Further, we provided the first examination of children’s spatial
self-concept. Again, findings were consistent with prior work on
spatial self-concept in adults (e.g., Blajenkova et al., 2006; Hegarty
et al., 2002), with young girls indicating lower spatial selfconcept
than boys. Together, our findings suggest that, as early as first grade,
girls hold significantly more negative attitudes toward STEM-
related domains than boys.

Understanding Gender Differences in Children’s Math and
Spatial Attitudes

Why are gender differences in math and spatial anxiety and
selfconcept already present within the first years of experience with
formal education? Some have proposed that early-emerging gender
differences in anxiety, in particular, may simply reflect general
patterns of gender differences in anxiety, regardless of the type of
anxiety (for review, see Dowker et al., 2016). Though previous
work has noted that girls are more likely to report anxiety (e.g.,
Dowker et al., 2016), and have higher rates of anxiety disorders
(e.g., McLean et al., 2011), this was not the case with children in
our sample. Specifically,
wedidnotobservegenderdifferencesinchildren’sgeneralizedanxiety.
Thus, it is unlikely that gender differences in math and spatial
anxiety are a simple byproduct of gender differences in generalized
anxiety.

Additionally, it is unlikely that observed gender differences in
math and spatial attitudes can be attributed to gender differences in
math and spatial skills. Although there is consistent evidence of
gender differences in some spatial skills, such as mental rotation
(for recent meta-analysis, see Lauer et al., 2018), reports of gender
differences inmath skills are uncommon (Hutchison et al., 2019).
As such, if gender differences in math and spatial attitudes are
perpetuated by gender differences in performance, then we would
only expect to observe gender differences in spatial attitudes. Given
that boys and girls perform comparably on math tasks, then there
would be no reason for girls to have higher math anxiety than
boys—yet this is the case.

Instead, perceptions of gender differences of who is associated
with math and spatial domains, rather than actual differences in
skills, provide the most parsimonious account of gender differences
in math and spatial attitudes. We suggest that gender differences in
math and spatial attitudes may be an early-emerging consequence
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of pervasive gender stereotypes that math and space are “male”
domains. Some prior work has found that children already associate
males with both math and spatial domains as early as elementary
school (Cvencek et al., 2011; Neuburger et al., 2015), suggesting
that gender differences in math and spatial self-concept exist at the
same period of development in which children’s math and spatial
gender stereotypes reflect cultural gender stereotypes. Further,
gender differences in math and spatial self-concepts had more
decisive support (per Bayesian analyses), and were largereffects,
than gender differences in math and spatial anxieties. This is
relevant because anxiety is posited to be less proximally related to
one’s identity than their self-concept, suggesting that math and
spatial selfconcepts may provide the foundation for math and
spatial anxiety.

Grade Effects for Math and Spatial Attitudes

One particularly interesting finding from the current work
wasthat older children indicated more positive math and spatial
attitudes (lower anxiety and higher self-concepts) than their
younger counterparts. Notably, this finding conflicts with theories
suggesting relatively stable math attitudes across early childhood
(Wang et al., 2020), as well as the alternative theory that formal
math experiences lead to increased negative math attitudes (e.g.,
Krinzinger et al., 2009). However, this finding should be interpreted
with caution. Both the math and spatial attitudes measures were
adapted from measures designed to be used with first and second
graders. Though we made effortsto adapt itemsto be
developmentallyappropriate for third and fourth graders, it is
possible that age effects were an artifact of the specific content of
the measure and its intended target population. Indeed, the content
may have simply been viewed as easier and thus, older children
reported lower anxiety and higher self-concept. Post hoc
exploratory examinations of grade effects on specific versus generic
items supported this possibility for both math anxiety and math self-
concept measures. Specifically, the effect of grade was significant
for items that included age-specific math content (e.g., completing
apage of addition and subtraction problems), but not on items about
generic math experiences (e.g., “taking a math test”). Our findings
align with the only known previous study to address concerns
regarding age effects and the content of children’s math anxiety
questionnaires (Ganley & McGraw, 2016). Indeed, that work found
significant age effects only for the specific math anxiety item in
their questionnaire. Futurework should explore these age effects by
using more general math attitude measures that do not refer to
specific math abilities (e.g., arithmetic) to explore whether these
trends hold using a less age-specific measure.

Post hoc examinations of grade effects on measures of spatial
attitudes were less clear. Specifically, for spatial anxiety, grade
effects were significant for all but one item and for three of eight
spatial selfconcept items. Why might age effects be more prominent
for spatial attitudes than math attitudes? One possibility is that
children’s early spatial experiences are generally playful (block
play, Legos, etc.). Thus, children’s spatial attitudes may become
more positive with age because spatial activities have low stakes. A
similar explanation in the math domain, however, does not seem as

likely. Nevertheless, it is possible that spatial attitudes may become
more negative as spatial content becomes more prominent in math
and science classes later in schooling (e.g., in high school, when
students encounter physics). If so, a developmental divergence
between math and spatial attitudes may emerge due to distinct
experiences with math and spatial content across development.
Future research may consider exploring math and spatial attitudes
using a longitudinal design to explore how these attitudes change
over the course of early to middle childhood.

Implications for Understandings of Math—Space Relations

The current work provides some of the first evidence for robust
similarities between math and spatial domains, specifically, that
these similarities are observed for attitudes in addition to skills.
There is strong theoretical and empirical support for relations
between math and spatial skills and achievement (e.g., Gunderson
& Hildebrand, 2021; Mix & Cheng, 2012; Newcombe et al., 2015).
In fact, some theorists have even argued that mathematical and
spatial processing arise from the same magnitude processing
system early in development, though others posit that quantity
representations are better represented as similar but distinct systems
(for review, see Hamamouche & Cordes, 2019). Recent empirical
evidence supports the latter conceptualization finding that math and
spatial domains are highly related but distinct (e.g., Mix et al., 2016,
2017). Critically, only recently have researchers suggested that the
mathspace relation may include processes beyond skills and
achievement (e.g., Lauer et al., 2018; Sokolowski et al., 2019). The
current work aligns with theoretical accounts suggesting math and
spatial processes are similar but distinct, and suggests these
processes include attitudes in addition to skills. Specifically, we
observed multiple similarities in children’s math and spatial
attitudes, but a divergence in math and spatial framing effects, as
discussed above.

One of the most striking similarities between math and spatial
attitudes pertains to the consistent gender differences across
attitudes.  However, itispossiblethat gender  differences
inmathandspatialanxieties and self-concepts are not unique to these
domains and instead reflect a distinction between girls’ and boys’
attitudes more generally across early childhood. Critically,
however, we found no gender differences in children’s generalized
anxiety, a finding that may be taken as evidence that this finding is
unique to the math-space relation. Future work should examine the
relation between domain-specific and generalized attitudes more
systematically to provide a full picture of how gender differences
in math and spatial attitudes emerge in childhood. For example,
studying the development of these attitudes across early childhood
(i.e., longitudinally), rather than characterizing age-related
differences (i.e., cross-sectionally as in the current study), is
essential for understanding when and why these gender differences
emerge. Regardless, our results highlight elementary school as a
critical point in development for gender differences in math and
spatial attitudes that occurs prior to gender differences in STEM-
relevant outcomes (e.g., STEM participation).
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Limitations

A key limitation to consider when interpreting the current work
is our choice of task for assessing performance under specific task
framing. The task, nonsymbolic numerical magnitude comparison,
is classically defined as a numerical task. For this reason, the finding
that performance was only different from baseline in the math
condition might be explained by factors related to the believability
that the task was spatial. However, we do not believe this to be the
case for a few reasons. First, spatial skills are highly related to
nonsymbolic numerical comparison performance (Carr et al.,
2020), and performance is impacted by spatial aspects of the task
(i.e., size and arrangement of dots; DeWind et al., 2015). Further,
we adapted the directions of the task to ensure we did not use any
numerical language that may serve as a cue to the mathematical
nature of the task. Moreover, the task was likely novel to most
children and did not include symbolic representations of number
(i.e., Arabic numerals) making it unlikely that children would
automatically assume that the task is a math task. Finally, in a nearly
identical study conducted with adults (Hildebrand et al., under
review), both math and spatial framing were linked to adults’
performance on the nonsymbolic numerical comparison task as
well as on a more spatial task (matrix reasoning). Because adults’
performance was related to spatial framing on this very same task,
this may suggest developmental differences in the salience of
spatial framing, rather than an inability to interpret the task as
spatial in nature.

Further, it is an open question whether differences in
performance across our groups may have been observed at pretest.
It should be noted that we used a full randomized controlled trial
design, in which children were randomly assigned to conditions at
recruitment. Moreover, children in our three conditions did not
differ significantly in terms of where they were recruited (school,
lab, museums, etc.) or in terms of their general demographics, and
notably, we found no group differences in any of our additional
measures (math and spatial attitudes, working memory, generalized
anxiety; ps . .30). Thus, we can reasonably conclude that
performance differences across conditions are attributed to our task
framing manipulation and not another confounding factor.
However, future research may wish to include a pretest measure to
allow for a stronger exploration of the impact of task framing on
performance within the same individuals.

An additional limitation stems from the likelihood that the
concept of “spatial skills” is less familiar to children than the
concept of “math skills.” To mitigate this concern, in both the math
and spatial conditions, we made sure to provide thorough
introductions to the concept of math (or spatial) skills. These
introductions included information about the specific skills
involved in these domains, examples of tasks in these domains, and
ensuring the child could provide an additional valid example. It is
also important to note that we observed similar age-related patterns
of gender differences in attitudes across domains. Further, Bayesian
analyses revealed stronger support for gender differences for each
spatial attitude than for the matched math attitude. Thus, it appears
that even if the concept of “spatial skills” is unfamiliar to children,
our results found robust gender differences suggesting that children
did understand the concepts. However, developing a more

comprehensive  understanding of  children’s  conceptual
understanding and representations of math and space could provide
key insights for basic and applied work related to math and spatial
processes.

We also note key considerations regarding the generalizability of
the work at hand. First, our most complex analyses were powered
only to assess grade differences across two-grade bins. Thus, it
would be helpful for future work to include larger samples in order
to look at age effects within specific grades. Additionally, our
sample was recruited and tested in various settings. As such, it is
possible there were additional factors that impacted results.

Conclusion

In sum, the current work demonstrates that framing a task as a
math task leads to poorer performance, especially for children who
are higher in math anxiety and lower in math self-concept.
However, thispattern wasnot found forspatial framing.Inaddition,
our findings revealedthat robustgender differences
inmathandspatialattitudesare present early in childhood. Together,
our results suggest that children’s performance inmath may be
impacted before ataskeven begins.
Thatis, futureworkmaybuilduponthesefindingstoexaminewhether
parents or teachers may inadvertently tap into children’s negative
math attitudes simply by talking about what type of task they are
about toperform, which inturn, may represent a powerful, early
factor that inhibits certain individuals’ STEM participation and
success. Fortunately, mitigating these effects may be as simple and
straightforward as changing the way we talk about tasks. Findings
can be leveraged to advance our understanding of influences on
STEM outcomes that emerge early in development.
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