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Abstract

This study investigates the correlates of statistics anxiety. Considering that statistics anxiety and spatial anxiety have been separately
correlated with related constructs (e.g., mathematics anxiety, academic performance, etc.), the possibility that spatial anxiety plays a
role in statistics anxiety is explored. When facing statistics or mathematics operations, people may imagine or visualize the task
operations they must do to obtain the result. To examine this hypothesis, 778 students in a Social or Health Sciences program,
enrolled in a €often mandatory€ statistics course from Canadian, French and Belgian universities completed an online survey. The
results show moderate to strong positive correlations between all three types of anxiety (spatial, mathematics, and statistics). In
addition, a mediation analysis reveals the intermediate role played by mathematics anxiety in the relationship between spatial and
statistics anxieties. Nonetheless, the direct link from spatial anxiety to statistics anxiety is non-negligible in the model. Finally, the
results also indicate that women report higher levels of statistics anxiety, which may be partly explained by their higher level of
spatial anxiety.
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Knowing how to appraise data, interpret them, and stay critical when faced with quantitative information are constant”
ly-solicited abilities not only at the professional level but also in daily life. For example, every day many people
encounter quantitative information and statistical concepts such as probabilities (e.g., meteorology) and frequencies (e.g.,
epidemiology).Shaughnessy (2016)aims that the most important cognitive ability is to be able to read and interpret
statistical and probabilistic information, and to be able to make inferences and decisions based on that information. Yet,
many studies have revealed a widespread discomfort regarding quantitative inform&amcikiter et al., 20L@ccurring

"as a result of encountering statistics in any form and at any lev@hiwuegbuzie et al., 1997a state calledtatistics

anxiety. The present study aims to explore a possihlfduencingfactor of statistics anxiety, namelgpatial anxiety This

last phenomenon is the anxiety towards activities requiring spatial skills (e.g., driving in an unfamiliar city).
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Statistics Anxiety

While quantitative data are presented to people in different contexts, many h#fiféculties understanding their
meaning and implicationsKonold, 199k Kahneman (2011argued that human beings are not particularly good
homo statisticyswhich refers to humans being statistically competetlénd et al., 2016 Consequently, at least
in Humanities and Social Sciences University programs €in which statistics courses are often mandatory€, many
students feel uncomfortable with that subje€@qusineau & Harding, 20L7The presence of statistics anxiety has been
amply investigated (e.gBenson, 198®Birenbaum & Eylath, 1994€ruise et al., 198%ui et al., 201;9DeVaney, 2010
Onwuegbuzie et al., 199Zanakis & Valenzi, 1997and statistics have been found to generate high levels of anxiety in
university studentsBalo”lu, 2003.

While there is consensus in the literature that statistics anxiety is a multidimensional construct, there is not yet
agreement on its exact nature and componef@suise et al. (1985jescribed six features: the worth of statistics, test
and class anxiety, interpretation anxiety, computational self-concept, anxiety of asking for help and anxiety of statistics
teachersZeidner (1991)on the other hand, reports only two facets: test anxiety and content anx@tyvuegbuzie et
al. (1997kuggested four facets: instrumental anxiety, content anxiety, interpersonal anxiety, and failure anxiety. Finally,
Vigil-Colet et al. (2008proposed three factors: test anxiety, anxiety of asking for help and interpretation anxiety. This
last operationalization was used herein as the number of items is more consistent through the subscales and because the
scale is shorter, compared to Cruise et alts instrument (for referendelrsae.et al., 2038

To overcome this lack of consensus, some investigators tried to understand what statistics anxiety is by examining
how it relates to and differs from other constructs, and how peoplets level of statistics anxiety varies. One factor
commonly examined to explain individual differences in multiple domains is gender agr;, & Kaufman, 2008
However, the investigation of gender does not provide consistent effects across studies. Some researchers observe a
difference between men and women, where women report higher statistics anxietyl(elgnde et al., 2019/cintee
et al., 202R and others conclude that there is no such difference Bajq”lu et al., 201;1Bui & Alfaro, 2011Hsiao &
Chiang, 2011Mandap, 20L,6DeMaria Mitton, 198)f The effect of statistics anxiety on performance may especially be
detrimental to women as they often (but not always) report higher levels of a variety of anxi&sey et al., 1995
Casey et al., 199FEduljee & LeBourdais, 201bawton, 1994 Though, this gender effect may be partly explained by
environmental and social factors, considering that women are taught to talk about their emoBogisner, 2003F-renzel
et al., 200) Other research suggests that increased statistics anxiety is associated with decreased interest towards the
subject, lower mathematics self-concept, lower mathematical ability and higher trait anxBxiyrife, 201,8Macher
et al., 201 Statistics anxiety is also positively related to procrastination in statistics coutssande et al., 2019
Onwuegbuzie, 2004Valsh & Ugumba-Agwunobi, 20D2and to mathematics anxiety and mathematics achievement
(Barroso et al., 202Zeidner, 199), mathematics anxiety referring to fear, tension, and apprehension when faced with
mathematics Ashcraft, 200R In addition, it has been proposed that statistics anxiety and mathematics anxiety affect
academic performance because of its disruptive impact on studentst learning pro@ssesdbuzie & Wilson, 2003
Primi & Chiesi, 2018 Indeed, statistics anxiety is an important predictor of performance in statistics colCs@sirfotti
et al., 201/7~ullerton & Umphrey, 2006

Against this background, a question remains unanswered; why do statistics induce anxiety in university students? In
other words, what are the factors that cause students to experience anxiety when facing statistics? The answer to this
question might come from an unexpected direction.

Spatial Anxiety

Much research suggests that spatial skills are associated with mathematics abilitie€lfeng, & Mix, 2014de Hevia,

Vallar, & Girelli, 2008 Martinez, 1987Mix & Cheng, 2012Mix et al., 2016Tosto et al., 2034 This association is
observed in children as young as 3- and 4-year-olM=dine et al., 20341t is generally found that poor spatial skills

are associated with weaker mathematical performance and achieveniRotsef et al., 200%erdine et al., 20)7More
recently, a longitudinal study looked at the relation between spatial skills and mathematics skills. The authors report
an association between spatial skills and mathematics performance at fhstrtime point (children of 7 to 9 years

old), and report that mathematics performance at their second time point (the next school year) predicts spatial skills
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at their last follow-up (year 3Geer et al., 20)9Thesefindingssuggest a loop oifhfluencewhere early spatial skills
predict mathematics skills, which predict later spatial skills. Further evidence ofrtfleienceof spatial skills can be
found in the Science, Technology, Engineering, and Mathenyadlds(STEM;Atit & Rocha, 2021Lyons et al., 2038
Indeed Eme and Marquer (1999nd others, proposed that individual differences in STHE#dsshare a common root:
spatial skills. For exampl&€asey et al. (19979und that mental rotation, a spatial skill, is a predictor of performance on
the mathematics scale of the Scholastic Aptitude Test (SAT-M). Furthermore, pre-teenst and teenst spatial skills predict
whether or not they choose STEM programs at the post-secondary level and to work in STEM profegdiogs (
Rocha, 20211t is argued that spatial skills act as a gateway towards STiMIs where learnerst spatial skills help
them achieve expertiseHambrick & Meinz, 2011Stieff, 2004Uttal & Cohen, 2012 There is very little agreement on
the specifidypes of spatial skillsAtit et al., 2022Atit & Rocha, 2021l However, many researchers agree that typical
tasks in STEM are based on skills suchfaslinga new perspective of an object by mentally Smovingdiit(et al.,
20202023.

As weaker spatial skills could induce anxiety, the relatively new construdpattial anxietyhas been proposed. First
introduced byLawton (1994)spatial anxiety is characterized by a feeling of nervousness or stress when facing spatial
operations or activities. Spatial operations include tasks that require mentally visualizing, rotating or transforming
spatial and visual informationGardner, 1993 Lawton (1994)eveloped a tool to measure spatial anxiety. However,
this measure focused solely on navigation anxiélalanchini et al. (2017also developed a scale to measure spatial
anxiety, but the dimension of imagery does not seem to be included. Fihdlg| et alts (201Proposed a 2 « 2
framework of spatial skills based on the work éwcombe and Shipley (2018yons et al. (2018gsted this framework
andidentifiedthree distinct kinds of spatial skills: Mental Manipulation, Navigation, and Imagery. They also developed
a scale to measure anxiety related to these spatial domains. Mental Manipulation refers to the ability to manipulate
information or objects in onets mind; Navigation is the ability to orient oneself in the environment; Imagery is the
ability to visualize elements in detail.

Further research has found evidence linking navigation abilities to spatial anxiety, with increased anxiety being
associated with decreased performance on a navigation task (i.e., the sense of dirdotiomyda et al., 20)61t
is known that spatial skills are extremely solicited in everyday liféagilyeva & Lourenco, 20}L0whether it is for
navigating an area, visualizing the interior and exterior design of a house, or even deciding whetherf éis@aio a
parking spot.

Spatial anxiety can be seen in children as young as 6-8 years ofLager(et al., 2018Ramirez et al., 201L2This
type of anxiety has long-lasting consequences. For example, when elementary-school teachers are anxious about spatial
tasks, their students grow less in their spat@oficiencyover the school-year relative to their peers with teachers
who are low in spatial anxietyGunderson et al., 201.3In turn, less developed spatial skills limit mathematics skills
and decrease entry into STEM programs, as seen above. Gender differences have also been examined both in spatial
anxiety and spatial skills. Some studies report higher levels of spatial anxiety in women and girls, while others do not
observe this differenceA{varez-Vargas et al., 202Dauer et al., 2031& emieux et al., 20)9Additionally, some studies
indicate a gender difference gpecificspatial skills (e.g., mental rotation and navigatidoyrdan et al., 200Ratliff et al.,

2009 Schmitz, 1999Mong, 201Y. A recent study suggests that spatial anxiety mediates the relation between gender and
mental rotation performanceA(varez-Vargas et al., 20R0

Previous studies found that spatial anxiety is related to mathematics anxiety, and that those who have lower
spatial skills are higher in mathematics anxietyquglas & LeFevre, 201Berguson et al., 201blaloney et al., 2032
Sokolowski et al. (2019eport a similar finding where spatial anxiety mediates the relation between gender and
mathematics anxiety. While it may seem odd that mathematics anxiety would be linked to the domain of spatial
processing, there is an extensive literature linking mathematics and space. Two separate series of studies have examined
either statistics anxiety or spatial anxiety using similar correlates. It is known that both constructs are negatively
related to mathematics aptitudes and positively related to mathematics anxigtygson et al., 20;l5ullerton &
Umphrey, 2016Malanchini et al., 203 7Zeidner, 199)L Statistics and spatial skills are also both positively associated
with mathematics abilities Gasey et al., 199Douglas & LeFevre, 201Berguson et al., 20L5Moreover, both are
correlated with performance in several activities or evaluations, like statistics exams or performance in a navigation task
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(e.g.,Hund & Minarik, 2006Macher et al., 201®nwuegbuzie & Wilson, 2003Considering those similar correlations,
there may exist a relation between statistics anxiety and spatial anxiety.

Other research has suggested that if spatial skills are related to mathematics anxiety, then they could also be related
to statistics anxiety Eerguson et al., 20.5Testing this hypothesis is the main purpose of the present study. Two related
measures were included in the study as covariates. First, it has been established that trait anxiety is moderately and
positively correlated with mathematics anxiety and statistics anxidtialanchini et al., 2037 Therefore, trait anxiety
was measured. Second, the anxiety of asking for help in statistics represents an anxiety that may be social in nature. As
such, a measure of social anxiety was also included.

The firstgoal of the present study is to determine the strength of the relation, if one exists, between statistics anxiety
and spatial anxiety while taking into consideration other types of anxiety that may havia flnence(i.e., social anxiety
and trait anxiety). It is hypothesized that this relationship is partially mediated by mathematics anxiety. The reason
for this is because it is observed early in peoplets academic career (sometimes as early as 8-9 feav® @dal.,

2019 and because STEM (whigpecificallyincludes mathematics) is highly valued in primary and secondary school
education, contrary to statisticBénerjee, 2006 A subsidiary goal of this work is to validate the French versions of
three scales that were translated for the present study.

Method

Participants

The participants were French-speaking students recruited from Universities in Canada, France, and Belgium. They
were undergraduates in Social, Human or Health Sciences programs, and they were enrolled in a statistics course at
the time of the study. Many universities were solicited to reach at least 500 participants. This number was chosen a
priori (gauging the effect sizes we previously obtained in related studies, @agtinotti et al., 201;7Lalande et al.,

2019 and Mcintee et al., 2022and informally assuming that the added measures would not be as strong). After the
experiment was completed, we ran a power analysis. It suggests that for comparing standardized reg@siiments

with differences of about 0.1, the targeted sample size of 500 would yield statistical power of 85% (with the sample size
that was obtained, thigigurerises to 95%). Further, according@omfrey and Lee (1994 order to do a path analysis,

a sample of 500 participantsssifficientNo exclusion criteria were applied in this study to maximize the validity of the
sample. All participants were recruited in the statistics class using a static one-page slide advertisement which may have
been accessible in their course material repository as well.

Procedure

Ethics approval from all the collaborative universities were obtained prior to data collection. fireepage of the
questionnaire was the consent form. Participants gave informed consent when answering the question: SDo you consent
to participate in this study?«< If they chose not to consent, they were redirected to the end of the questionnaire. All
the data was obtained in class prior to tlfigst COVID-19confinementParticipation in this study required answering
questions presented in an online questionnaire which took approximately 20 minutes to complete. No compensation
was given to the participants, although they had the option of entering a draw to win a CAN $50 Amazon gift card. One
gift card for every 50 participants was drawn in January and April 2020.

Materials

The questionnaire was composed of six different scales. These scales were (1) a French translatiSpatfahAnxiety
,uestionnaire (SAQ;Lyons et al., 2038(2) a French translation of th&bbreviated Math Anxiety Scal@MAS; Hopko

et al., 2008 (3) the French version of thgtatistical Anxiety Scal€SAS-FCantinotti et al., 2017 (4) the validated
French version of théiebowitzfs Social Anxiety SqalBAS-Fyao et al., 1999(5), the validated French version of the
State-Trait Anxiety Inventoryy Speilberger (STAI-Y-Bauthier & Bouchard, 199and lastly, (6) a French translation of
the Single-Item Math Anxiety Sca®BIMA;N...Tez-Peta et al., 2DTrhe SAQ, the AMAS and the SIMA were translated
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in-house for the present study because a French version was not otherwise available. The last author of the present
article translated all three scales. Then, three revisions of the translated scales were made by other co-authfongl The
translation can be found ikppendix A

After providing informed consent, participants completed a set of sociodemographic questions. Next, participants
completed items from the six scales, divided into 13 blocks. fitstfour blocks, presented in a randomized order to
avoid order effects, were composed of seven items from the SAS, eight from the SAQ and from the LSAS-F (all selected
randomly) and the nine items of the AMAS. The blo¢kgeto nine, also in a randomized order, presented another seven
items from the SAS, another eight from the SAQ, eight items from the LSAS-F and from the STAI-Y, and the unique
SIMA item. Finally, the last four blocks (10 to 13; order randomized) were composed of the remaining seven items of the
SAS, the remaining eight of the SAQ and the LSAS-F and the remaining twelve items of the STAI-Y.

euestionnaires

Spatial Anxiety

To measure this construct, a French translation of Symatial Anxiety,uestionnaire (SAQ) was administered.yons et

al., 201R Based on 24 items, the SAQ has three factors: Mental Manipulation (e.g., Sasked to imagine the 3-dimensional
structure of a complex molecule using only a 2-dimensional picture for reference<; M), Navigation (e.g., Sgskeld to

your way back to your hotel after becoming lost in a new city<; N) and Imagery (e.g., Sasked to recall the shade and
pattern of a personts tie you met for tiigsttime the previous eveningg; 1). Participants answer olfiige-pointscale

(Snot at all to Sa lot<) with scores of 0 to 4 respectively. Cronbachis alpha suggested a good to excellent reliability for all
subscales (M: .92, N: .91 and I: .86) in the original study. With the present sample, the Cronbachis alpha and McDonaldzs
omega suggest an excellent reliability for the total scale (both .93).

Mathematics Anxiety

Mathematics anxiety was measured using thigbreviated Math Anxiety ScaleMAS;Hopko et al., 2003 This measure

was translated into French for the present study. The AMAS is a 9-item questionnaire which asks participants to rate
how anxious they would feel in a variety of situations (e.g., Shaving to use the tables in the back of a math book< and
Slistening to a lecture in math class<) orfae-pointscale ranging from Slow anxiety< (1) to Shigh anxiety< (5). Two
components have beedentifiedfor this scale, learning mathematics anxiety (LMA; e.g., Sstarting a new chapter in a
math book<) and mathematics evaluation anxiety (MEA; e.g., Sthinking about an upcoming math test one day before).
Good internal consistency was observed in the original study with an alpha of .90 for the total score and alphas of
.85 and .88 for the learning and evaluation subscales respectively. With the present sample, the Cronbachts alpha and
McDonaldts omega suggest an excellent reliability of the total scale (both .90).

Statistics Anxiety

This variable was measured using tBéatistics Anxiety Scaf®igil-Colet et al., 2008 The French version was validated

by Cantinotti et al. (SAS-F; 2017). This questionnaire is composed of three subscales: evaluation anxiety (e.g., Sdoing the
finalexam in a statistics coursec), anxiety of asking for help (e.g., Sasking a question to the professor concediffig my
ficulty to understand the material<), and interpretation anxiety (e.g., Strying to understand the lotteryts probabilitiesc).
Each subscale is measured by eight items. Participants answered ioe-pointscale which ranged from Sno anxiety«

(1) to Sa lot of anxiety< (5). Note that, in the French version, three items from the original version did not contribute
enough to theconfirmatoryfactor structure (i.e., Scopying a mathematics example while the professor explains its,
Sseeing a classmate studying a resultst table from a problem they worked on< and Sgoing to a statistics exam for which
I didntt have time to study<). These items were eliminated from the questionnaire, so the French version had 21 items,
showing excellent internal consistency with a McDonald—s omega of .95 (.85, .98 and .83 for the three subscales). With
the present sample, the Cronbachts alpha and McDonaldts omega suggest an excellent reliability of the total scale (.95
and .94, respectively).

Journal of Numerical Cognition
2023, Vol. 9(1), 16€43

GOLD
https://doi.org/10.5964/jnc.8199 B PsychOpen


https://www.psychopen.eu/

Gibeau, Maloney, Bfland et al. 21

Social Anxiety

The French version of th8ocial Anxiety Scaley Liebowitz (LSAS-F) was administeréteeren et al., 20)2Participants

answered on a four-point scale ranging from Snone« (0) to Ssevere« (3). It is a 24-item scale composed of two subscales,
one assessing anxiety during social performances (e.g., Seating in public<) and another assessing anxiety during social
interactions (e.g., Smeeting new people<). In completing this scale, participants rated how much anxiety they would
experience in various situations, e.g., Sbeing the center of attention«. Whereas reliability wasiardtfiedin these

original articles,Beard et al. (201Xgported that this scale had excellent internal consistency with a Cronbachits alpha

of .95 for both subscales. With the present sample, the Cronbachts alpha and McDonald}s omega suggest an excellen
reliability of the total scale (both .93).

Trait Anxiety

This variable was measured using the trait anxiety subscale fromSta¢e-Trait Anxiety Inventory (STAI-Y-dfgated

by Spielberger et al. (1978nd translated into French and validated Bauthier and Bouchard (1993Fronbachis

alpha was .90 in that validation study. In the STAI-Y-F, participants answered 20 items assessing their trait anxiety on

a four-point scale ranging from Salmost never< (1) to Salmost always< (4). Examples of items include: Sl feel safe and
without worries< and Sl easily make decisions<. With the present sample, the Cronbachits alpha and McDonaldts omega
suggest an excellent reliability of the total scale (both .92). Note that some items are reversed coded, for example Si feel
like difficultiesare accumulating € | cantt overcome themx.

The Single-ltem Math Anxiety Scale (SIMA)

The last scale was administered as a second measure of mathematics anxiety. It was included in the present study only
as an opportunity to translate it in French and validate that version. The scale is composed of only one item € SOn a
scale from 1 to 10, how math anxious are you?<

Planned Analyses

After screening the data set for outliers and missing data, the normality of distributions and descriptive statistics were
computed to describe the sample. To ease comparisons, all the scale and sub-scale totals were transformed into a score
ranging from 0 to 100 by subtracting the minimum possible score for that scale or subscale from the observed score,
dividing by the possible range of scores and multiplying by 100. In other words, percentage scores were computed.

Next, to determine if the responses from the two continents (North America and Europe) were equivalent, a
multiple-group invariance analysis was producedgredith, 1998 To do so, the Lavaan R package was uBebgeel,

20132. Based on €onfirmatoryFactor Analysis (CFA), this strategy investigates how the total scores of all the scales are

related to a single broad construct, here anxiety in quantitative methods. More critically, it assesses whether the factor
structure is equivalent across continents. Invariance between groups will allow the analysis of the continents together
instead of separately.

Also, because three of the scales were translated into French for the present study and have not been validated in
that language in previous studies, CFAs were carried out to examine if the scales have the same factor structure in
French as they do in their original language. CFAs were used for scale valid&appélleri et al., 2014.evine, 2006
Cronbachts alpha and McDonaldts omega are also reported.

Lastly, and more central to our investigation, Pearsonts correlations were calculated in SPSS between all the
scalest scores to examine if, and to what extent, they are associated with one another. Mediation models and multiple
regressions, computed with the Lavaan R package, follow to investigate finedy the role of spatial anxiety and
mathematics anxiety onto statistics anxietilécKinnon et al., 2007 The goals are to understand how spatial anxiety
and statistics anxiety are associated, how spatial anxiefjuenceghe levels of statistics anxiety through mathematics
anxiety, to test whether this association is still present when controlling for other variables and to understand how other
variablesinfluencethe association. Followingousineauts (2026gcommendation, all the raw descriptive statistics
are reported with one decimal and all the standardized ones with two decimals. All the statistics are reported with
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three significantdigits. This means one decimal for the descriptive statistics and two decimals for the non-standardized
regressiorcoefficientand the standardized effect sizes.

Results

Screening of the Results

In total, 950 participants went to the survey web site. Of these, 780 participants went through the study up to the end,
but two returned only blank responses and were removed. Of the remaining 778 participants, 377 were enrolled in
Europe and 401 in North America, a fairly equal number of participants from both continents. Regarding the age, North
American students tend to be older (mean age of 22.8 years) than European students (mean age of 21.6 years; both with
a standard deviation of 5.6).

26 items had no missing response, 36 items had one missing response, 26 had two missing responses, 5 had three
missing responses and 6 had four missing responses, for a total of 129 missing responses over 77,022 items (99 items
per participants times 778 participants) or less than 2 in a thousand missing responses. The distribution of the missing
responses was random. The Little test was used to examine patterns in the missing responses. The missing responses
were not included when computing the scalest means. No scales or subscales had more than 3 responses missing pet
participants. Regarding the SIMA, 2 missing responses imply that this score is not available for 2 participants. Finally, no
multivariate outlier was detected.

Establishing Equivalence Between Continents

Before going any further, it is necessary to determine whether the two continents had similar patterns of responses. To
that end, a multiple-group invariance analysis was run in two steps. First, the way the total scores of all six scales were
related to a single construct was estimated. The CFA shows standardized factor loadings of .93 for SAS-F, .86 for AMAS,
.61 for SAQ, .80 for SIMA, .53 for LSAS and .53 for STAI-YfiThelices are poor (CFl = .82, TLI = .70, RMSEA = .26

and SRMR = .11) because it is not suggested that a single factor underlies all six scales. This CFA serves as a baseline t
evaluate group invariance.

Second, four CFA models were used to measure group invariance between North Americans and Eurdpgeans (
2012. In Model 1, there is no restriction in the model parameters. This model, the least parsimonious, has 36 free
parameters. In Model 2, to assess metric invariance, the factor loadings are constraint to be equal across continents,
resulting in 31 free parameters. In Model 3, testing for scalar invariance, intercepts and factor loadings are constraint
to be equal across continents, leading to 26 free parameters. In Model 4, testing strict or full invariance, factor loadings,
intercepts and residual variances are set to be equal across continents, requiring 20 free parametgisofTihese
models are shown iffable 1

Table 1

Multiple Group Invariance Analysis: Model Fit Measures

Number of free Log-
Model parameters likelihood CFlI TLI RMSEA SRMR AIC BIC
Model 1 36 -19,687.2 .824 707 262 .093 39,446.4 39,613.9
Model 2 31 -19,689.1 .825 71 231 .096 39,440.3 39,584.5
Model 3 26 -19,715.2 .807 794 .220 102 39,482.4 39,603.4
Model 4 20 -19,727.6 .800 .824 .203 .105 39,495.3 39,588.3

Note.Model 1 is the baseline; Model 2 is the metric invariance model; Model 3 is the scalar invariance model and Model 4 is the strict or full-invariance
model.
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If there are some small differences, there is overall not a huge decremédiittaa constraints are added. Both AIC and
BIC favored Model 2, suggesting that the factor loadings do not differ between continents. However, Model 3 imposing
equal intercepts was poorly supported, which suggests that the continents differ on the mean scores.

Table 2indicates the mean scores broken down by continents. The most different scores are social anxiety (LSAS)
and trait anxiety (STAI-Y) which are covariates in subsequent models. Thus, even if we do not have full invariance, we
have metric invariance, i.e., invariance at the level of the regressa@fficientavhich are utilized in the subsequent
pages. For example, the factor loadings in Model 2 are for North America, .92, .84, .63, .78 .52, and .51; compared to .93
.88, .61, .82, .54, and .55 in Europe, which are all within Z 0.02 of the baseline solution provided in Model 2.

Table 2

Means on Scalese Total Scores Subdivided by Continents

Continents & Cohen,s d SAQ AMAS SAS-F LSAS-F STAI-Y-F SIMA
North America 40.9 45.9 46.5 44.7 46.9 54.4
[39.6, 42,2] [44.3, 47.5] [45.0, 48.0] [43.4, 46.0] [45.5, 48.3] [52.3,56.5]
Europe 38.1 44.7 49.5 48.9 52.3 55.2
[36.9, 39.5] [43.1, 46.3] [48.0, 51.0] [47.6, 50.2] [50.9, 53.7] [53.1, 57.3]
Cohenisip 0.15 0.05 -0.14 -0.22 -0.28 -0.03
[0.01, 0.29] [-0.09,0.19] [-0.28,-0.00] [-0.36,-0.08] [-0.42,-0.14] [-0.17,0.11]

Note.Cohen-g, and itsconfidencéntervals for between-groups are computed as ewulet-Pelletier and Cousineau (2018)

Descriptive Statistics and Reliability

Regarding gender, 84.5% (660 participants) were women, 14.5% (113 participants) were men, 0.8% (4 participants)
answered Sother or prefer not to say< and one did not respond. The gender distribution is nearly identical in both
continents (e.g., 13% of men in Europe vs. 16% in North America). The higher proportion of women is to be expected,
as women make up the majority of the student population in psychology and other social scigddes& Wojcik,
2020, where most participants were recruited. Age of respondents ranged from 17 to 61 years old (55 years old in North
America). The average age was 22.1 yearsSIi=(5.6).

The mean scores for each scale were calculated for all participants and standardized to a scale that ranged from
0 to 100. For all scales, the higher the score, the more severe the anxiety (the STAI-Y was built so that low scores
mean higher anxiety; we reversed this scale using 100 minus the total score on 100). Descriptive statistics for the
6 questionnaires are presented irable 3 We also provide inTable 3the 95%confidencentervals where relevant
(Harding et al., 2004

As seen from the shape statistics (skewness and kurtosis), the total scores are not normally distributed, but the
deviations are not severe. Therefore, the data were not further normalized.

Cronbach—s alpha and McDonald—s omega were computed and are reported in the last twoTkiés ®McDo”
naldis —B(land et al., 20))7were estimated using the HA algorithm frotdancock and An (202Q)sing Hayes and
Coutts (2020)mplementation. For all scales, the reliability is excellent and matches reliability reported in the original
publications, the weakest Cronbachis alpha being .90 for the AMAS, identical to the value reported in the original study.
As a safeguard, we also computed McDonald—s omega based on a single dimension, but the reliabilities are identical to
two decimals.

There is a strong gender difference regarding statistics anxiety, as women score on average 49.4 out of 100 whereas
men score on average 38.3 (standard deviations of 20.3 and 21.3 respectively), a difference of 18.0cweitfi@&%6e
interval of the difference of [€15.2, €7.0]; hereafter, the square brackets will be used to denaterfB@éncentervals
of the difference. This difference is strongdjgnificant(b = 2.12SE= 1.13p < .01). However, subsequent analyses will
suggest that this effect may have its origin in spatial anxiety. On that variable, women score 41.0 out of 100 on average,
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compared to men who score 30.7 on average (standard deviations of 17.8 and 17.5, respectively, again with a strongly
significantdifferencep = 9.77SE= 1.77p < .01).
Table 3

Descriptive Statistics for the SiestionnairesfTotal Scores Reported on a Score Ranging From 0 to 100 Where Higher Scores Represent Higher Levels
of Anxiety

Statistics SAQ AMAS SAS-F LSAS-F STAI-Y-F SIMA

Mean 39.6 45.3 47.9 46.7 49.5 54.8
[38.3, 40,9] [43.7, 46.9] [46.5, 49.4] [45.4, 48.1] [48.1, 50.9] [52.7, 56.9]

Minimum 0 0 1 0 0 0

Maximum 98 100 100 100 95 100

N 778 778 778 778 778 776

SD 18.1 22.4 20.9 19.1 19.4 29.4

[17.3,19.1]  [21.4,23.6]  [19.9,21.9]  [18.2,20.1]  [18.4,20.4]  [28.0,30.9]

Skewness 0.29 0.14 0.14 0.16 -0.07 -0.27
[0.12, 0.46] [0.02, 0.24] [0.02, 0.25] [-0.02, 0.33] [-0.24, 0.10] [-0.44, -0,10]
Kurtosis -0.28 -0.71 -0.56 -0.46 -0.65 -1.10

[-0.60,0.09] [1.03,-0.34] [0.88,-0.19] [-0.78,-0.09] [-0.97,-0.28] [-1.41,-0.73]

Cronbach « .93 .90 .95 .93 .92 NA
[.93, .94] [.89, .91] [.94, .95] [.92, .94] [.91, .93]

McDonald — .93 .90 .94 .93 .92 NA
[.92, .94] [.88, .90] [.94, .95] [.92, .94] [.91, .93]

Note.SAQ = Spatial Anxietjuestionnaire; AMAS = Abbreviated Math Anxiety Scale; SAS-F = French version of the Statistics Anxiety Scale;

LSAS-F = French version of the Liebowitzts Social Anxiety Scale; STAI-Y-F = French version of the trait anxiety subscale of the State-Trait Anxiety
Inventory; SIMA = Single-ltem Math Anxiety scale. Numbers between braces ared®f4dencéntervals. The whole descriptive statistics broken

down by continents are available in tf&upplementary Materials

Validating French Versions of the Scales, Scores

As mentioned in the method section, three scales were translated into French for the current study (SAQ, AMAS and
SIMA). Confirmatoryfactor analyses were performed on the SAQ and the AMAS. The same structure described in the
original articles was tested to examine iffittsthe data of the current sample. Factor loadings are presentdclie 4

and Table 5for the SAQ and the AMAS respectively. The loadings vary from .54 to .84bte 4 and from .69 to .83 in

Table 5 Fit indices were excellent for both translated questionnaires (for the SAQ-F: CFI = .96, TLI = .95, RMSEA = .05
and SRMR = .05; for the AMAS-F: CFIl = .98, TLI = .98, RMSEA = .06 and SRMR = .03). To validate the French translatior
of the SIMA, the instrument was correlated with the AMAS. The result (79) indicates excellent content validity of

the questionnaire, congruent with what is reported in the original artiale=(.77 for the correlation with the SMARS,

a questionnaire from which AMAS was adapted). The two CFA models along witkdbeg icientsare provided in the
Supplementary Materials
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Table 4
Factor Loadings for the SAQ-F

Spatial Anxiety ,uestionnaire

ltems Mental Manipulation Navigation Imagery

1 .81*[.78, .84]

2 .78*[.75, .81]

3 T7*[.74, .81]

4 75% .71, .78]

5 .78*[.75, .81]

6 .72* .68, .75]

7 .70* .66, .74]

8 76*[.72, .79]

9 .83%[.81, .86]

10 .82%[.79, .85]

11 .82%[.79, .85]

12 .78*[.75, .81]

13 .84*[.81, .86]

14 .83%[.80, .85]

15 .80% [.77, .83]

16 .54* [.49, .59]

17 .72*[.68, .76]
18 .78+ [.75, .81]
19 .70* [.66, .75]
20 .65* [.60, .70]
21 .60* [.55, .65]
22 .57*[.52, .62]
23 .64* [.58, .67]
24 .61* [.56, .66]
Note.Numbers between brackets are the 959 fidencéntervals.

*p < .001.

Table 5

Factor Loadings for the AMAS-F

Abbreviated Math Anxiety Scale

Iltems Learning Evaluation

1 75% [.72, .79]

2 74*[.71, .78]

3 .76* [.73, .80]

4 .80* [.77, .83]

5 .79* [.76, .82]

6 78* [.74, .81]
7 .83*[.80, .86]
8 .69* .65, .74]
9 .75% [.70, .78]

Note.Numbers between brackets are the 959 fidencéntervals.
*p <.001.
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The excellentfit of both CFAs and the strong correlation between the SIMA and the AMAS indicate that, the transla”
tions, hereafter labeled SAQ-F, AMAS-F and SIMA-F, were appropriate measures for spatial anxiety and mathematics
anxiety, respectively, in a francophone population.

Associations Between the Variables

Correlations Between Scales

Pearsonts correlations were computed between each scalets total score. The correlation matrix is prebaiited in

As anticipated, spatial anxiety, statistics anxiety, and mathematics anxiety (AMAS only) are strongly and positively
related to one anotherr (between .49 and .79). The correlation between statistics anxiety and mathematics anxiety is
strong ¢ = .79). It could indicate that the SAS has poor discriminant validity because statistics and mathematics are often
confused (e.gZeidner, 1991 However, the fact that the respondents were seated in their statistics class filfiag

the questionnaire suggests that confusion may play a role but cannot be the sole explanation. They may have read the
AMAS items while thinking about statistics.

Table 6

Correlations Between Scalese Total Scores

Scale 1 2 3 4 5 6
1. SAQ €
2. AMAS .49 €
[.43, .54]
3. SAS-F .58 .79 €
[.53, .62] [.76, .81]
4. LSAS-F .53 .33 .54 €
[.48, .58] [.27, .39] [.49, .59]
5. STAI-Y-F 41 .38 .49 .61 €
[.35, .47] [.32, .44] [.44, .54] [.56, .65]
6. SIMA 41 .79 .73 .25 .36 €
[.35, .47] [.76, .81] [.69, .76] [.18, .32] [.30, .42]

Note.Sample size = 778. SAQ = Spatial Anxiagstionnaire; AMAS = Abbreviated Math Anxiety Scale; SAS-F = French version of the Statistics

Anxiety Scale; LSAS-F = Liebowitzts Social Anxiety Scale; STAI-Y-F = subscale of the State-Trait Anxiety Inventory; SIMA = Single-ltem Math Anxiety
scale. Number between braces are 86%fidencéntervals of the correlatiortoefficient.

"N =776, meaning that two participants did not answer.

SIMA and AMAS are also strongly correlated X .79), suggesting that they measure very similar (if not identical)
constructs of mathematics anxiety, as seen previously. However, SIMA was almost equally correlated to statistics anxiety
(r = .73). Here again, a confusion between the course contents could be in cause, but a common predictor to both
anxieties can also be considered, which is the core hypothesis of the present report. More is discussed in the next
section.

Some of the weakest associations concerned trait anxiety. We included trait anxiety to have a baseline level of
anxiety. Considering that trait anxiety is the participantst general level of anxiety, it was expected for this variable to be
moderately correlated witlspecifidypes of anxiety.

Two unexpected correlations were observed, the ones associating social anxiety with statistics anxiet§4{
and with spatial anxiety i = .53). Considering that statistics anxiety has a social component (anxiety of asking for
help), this subscale explains the strong correlation between social anxiety and statistics anxiety, as seen in the next
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subsection where both LSAS subscales are more strongly correlated with the anxiety of asking for help in statistics.
The second association is modifficult to explain. It might be possible that social anxiety (both performance and
interaction subscales) requires one or more spatial skill(s), although the present data offers no clue as to why it would
be the caselarampi et al. (201&xamined thdnfluenceof social factors on spatial perspective test. They observed that
when the test is framed as a measure of empathy, womenis performance is better. Considering the high proportion of
women in the current sample, it might explain the association between spatial anxiety and social anxiety. Other recent
research has examined spatial perspective taking and social Gexy & Ganley, 202%unalp et al., 201202). In

those research, the link between space and social is observed, but with some nuances. Another explanation is that the
Spatial Anxiety,uestionnaire (SAQ) measures a social component. Indeed, some of the items have a social component.
For example, an item in the Imagery subscale asks participants if they are anxious when they need to describe in detail
the face of a person they met once.

Correlations Between Subscales

The correlation matrix for subscales is presentedTiable 7 Within a given domain, the subscales are strongly
correlated.

Table 7

Correlations Between Subscales

SAQ AMAS SAS-F LSAS-F
Subscale 1 2 3 4 5 6 7 8 9 10
1. Manipulate €
2. Navigate 43 €
[.37, .49]
3. Imagine .59 .45 €

[.54, .63] [.39, .50]

4. Evaluation 47 .22 .29 €
[.42, .53] [.15,.28] [.23,.35]

5. Learning .45 .37 .31 .62 €
[.39,.50] [.31,.43] [.24,.37] [.57,.66]

6. Evaluation 41 .38 .28 .51 .79 €
[.35, .47] [.32,.44] [.22,.35] [.46,.56] [.76,.81]

7. Help 36 34 40 50 47 49 €
[.30, .42] [.27,.40] [.33,.45] [.44,.55] [41,.52] [43,.54]

8. Interpretation .59 31 42 .73 .57 .53 .52 €
[.54,.63] [.24,.37] [.36,.47] [.70,.76] [.52,.62] [.48,.58] [.47,.57]

9. Performance 37 .40 48 .30 .36 41 .56 .36 €
[.30, .42] [.34,.46] [.42,.53] [.23,.36] [.30,.42] [.35,.47] [.51,.61] [.30,.42]

10. Interaction .33 .43 .48 .22 .27 .33 .53 .27 .82 €
[.26,.39] [.37,.49] [.43,.54] [.15,.29] [.20,.33] [.26,.39] [.48,.58] [.20,.34] [.80, .84]
Note.N = 778. SAQ = Spatial Anxielyestionnaire; AMAS = Abbreviated Math Anxiety Scale; SAS-F = French version of the Statistics Anxiety Scale;

LSAS-F = Liebowitzts Social Anxiety Scale; STAI-Y-F = subscale of the State-Trait Anxiety Inventory; SIMA = Single-Item Math Anxiety scale. Number
between braces are 95%nfidencéntervals of the correlatiortoefficient.
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For example, the SAQ correlations for mental manipulation, navigation and imagery varies between .45 and .59. The
same occurs for the three SAS subscales (pairwise correlations between .49 and .53). The pairwise correlations are
stronger for AMAS (= .62) and LSAS € .82) subscales. The subscales of mathematics anxiety (evaluation and learning

of the AMAS) are correlated with the three subscales of statistics anxiety$al7). However, contrary to expectations,
anxiety of evaluation in statistics is less correlated to mathematicst evaluation anxietysd) than to mathematics—
learning anxiety ( = .79). Anxiety of asking for help in statistics is strongly correlated with the social anxiety subscales

(r > .53) which is congruent with expectations. Finally, we note the strong correlation between statistics— anxiety of
interpretation and spatial anxiety to manipulate visual objects=(.59). We return to this keyindingin the last
analyses.

Mediation Analyses

A mediation model was run to determine the unique contribution of spatial anxiety onto statistics anxiety through
mathematics anxiety. In this model, anxiety to perform spatial operations would partly explain mathematics anxiety.
In turn, mathematics anxiety would partly explain statistics anxiety as this discipline is commonly conceived as a
subfieldof mathematics. However, this indirect effect would only be partial as spatial anxiety would also directly explain
statistics anxiety.

In the firstanalysis, the results are reported without covariates (as $iermons et al., 201.1The results, seen in
Figure 1 show that the model accounts for 66% of the variance on the total score of the SAS. The indirect effect that
goes through AMAS suggests an increase of 0.37 points of anxiety on SAS for each point on SAQ whereas the direct
effect indicates about the same result, 0.29. Thus, 56% of the increase in statistics anxiety can be explained by an indirect
effect through mathematics anxiety whereas 44% by a direct effect from spatial anxiety.

Figure 1

Mediation Model Without Covariates

Mathematics Anxiety
0.60* (AMAS) 0.62*
[0.53, 0.68] [0.58, 0.66]
Spatial Anxiety |— 5| Statistics Anxiety
(SAQ) 0.29* (SAS-F)
[0.24, 0.35]

Total effect: 0.66 [0.60, 0.73]
Indirect effect: 0.37 [0.32, 0.43]

Note.Thecoefficientsre the unstandardized regressioaefficientstdenotes cases where the 99@fidencénterval does not include zero.

This result suggests that both spatial anxiety and mathematics anxiety contribute uniquely and account for roughly the
same level of statistics anxiety. However, statistics anxiety may most probabiyflheencedby trait anxiety and to a

lesser extent, by social anxiety as well as gender. Consequently, we expanded the model to include these covariates.
Even though a gender effect is commonly knownitgfluenceanxiety level, it is not clear in the literature if it is a
correlate of statistics anxietyDeCesare, 200Balo”lu et al., 201;1Bui & Alfaro, 2011 Hsiao & Chiang, 20)1 Gender
differences were examined in more detailable 8shows the results aftests comparing the mean levels of the types of
anxiety. As can be seen, #éltests aresignificant.
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Table 8

Gender Differences in Mean Scores of Anxiety Types

Scale Mean difference 95% CI of mean difference t p

SAQ €10.3 [€13.8, €6.7] €5.67 <.001
AMAS €9.0 [€13.8, €4.1] €3.62 <.001
SAS €11.1 [€15.19, €7.0] €5.34 <.001
LSAS €73 [€11.0, €3.5] €3.76 <.001
STAI-Y 55 [1.6,9.4] 2.79 .005
SIMA €12.7 [€19.1, €6.2] €3.88 <.001

Note.SAQ = Spatial Anxietjuestionnaire; AMAS = Abbreviated Math Anxiety Scale; SAS-F = French version of the Statistics Anxiety Scale;
LSAS-F = Liebowitzts Social Anxiety Scale; STAI-Y-F = subscale of the State-Trait Anxiety Inventory; SIMA = Single-ltem Math Anxiety scale. The
statistics of the AMAS and the SIMA are with unequal variances. Negative scores indicate that women were more anxious than men on average.

Figure 2shows the results. Trait anxiety was found to be weakly bignificantlyassociated with statistics anxiety,

such that higher levels of trait anxiety were associated with higher levels of statistics anxiety (adding 0.07 points for
each point on the STAI-Y; recall that all the scales run from 0 to 100 except for gender, using 0 and 1). Social anxiety
contributes to statistics anxiety, where higher levels of social anxiety were associated to higher levels of statistics
anxiety (adding 0.24 points for each point of social anxiety). Finally, gender contributes weakly to statistics dmxiety (
3.89,SE= 1.72p = .02). This last result is supported by an additional mediation analysis which corroborates that the
gender effect is naspecifido statistics anxiety.Instead, it is more strongly characterized as a by-product of the gender
effect found in spatial anxiety where gender has iafiluencemore than two times strongem(= 9.77SE= 1.77p <

.001). The gender effect in mathematics anxiety was also similarly explained because mathematics anxiety is weakly
predicted by gender when spatial anxiety is considefed 2.43SE= 1.99p = .22).

Figure 2

Mediation Model With Covariates

Mathematics Anxiety 0.58+%+

0.60%%* (AMAS) [0.54,0.62] Social Anxiety
[0.53, 0.68]
-0.07** Trait Anxiety
Spatial Anxiety »| Statistics Anxiety Gender
(SAQ) 0.14%%% (SAS-F) 2.12
[0.09, 0.20]
29 Intercept

Total effect: 0.49 [0.42, 0.55]
Indirect effect: 0.35[0.30, 0.40]

Note The coefficientsare the unstandardized regressiaoefficients***denotes cases where the 99.88afidencenterval does not include zero;
**denotes cases where the 986 fidencénterval does not include zero; where there is no symbol, the @5%fidencénterval includes zero. Gender
effect is relative to men (coded as 0). The grey path is unchangedFigune 1

These analyses show that the covariates (notably social anxiety and trait anxiety) are relevant to understand the relation
between spatial anxiety and statistics anxiety. The prominent impact of social anxiety is most plausibly explained by the
fact that the dimensions of statistics anxiety are not affected equally by spatial anxiety. The model was therefore broken
down into three models, one for each dimension of statistics anxiety.

1) This mediation analysis examines the direct relation of gender on statistics anxiety as well as its indirect relation through spatial anxiety. The numbers
reported in the sentence as well as the sentence that follows are from this analysis. We thank the anonymous reviewer who suggested this additional analysis.
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Figure 3shows the three resulting mediation analyses. As seen, with regards to evaluation anxiety in statistics,
spatial anxiety is not a contributor. Instead, trait anxiety and gender become the two strongest contriduter8.12,
SE=0.03p=.001 and = 7.24 SE= 1.47p < .001, respectively). Social anxiety is involved in the explanation regarding
evaluation anxiety albeit a little less strongly. All three factors explain 57.6% of the variance.

Figure 3

Mediation Model With All Dimensions of Statistics Anxiety

Mathematics Anxiety 0.62%%%* ) )
0.60%** (AMAS) [0.57, 0.68] - Social Anxiety
[0.53, 0.68] 09
‘y Trait Anxiety

0.05 [-0.03, 0.12]

Spatial Anxiety N Evaluation Anxiety in statistics Gend
(SAQ) il (SAS-F: Interpretation) M er
Total effect: 0.42%** [0.34, 0.51] 19.72%%% Intercept
Indirect effect:0.38 [0.32, 0.43]
Mathex&ignmew A5gE Social Anxiety
[0.42, 0.58] 0.66%**
0.04 _ Trait Anxiety
Spatial Anxiety 0.06 [-0.06, 0.17] Anxiety of Asking for Help in statistics 0.42 Gend

(SAQ) (SAS-F: Help) < encer

oo Intercept

Total effect: 0.36*%* [0.25, 0.47]

Indirect effect: 0.30 [0.24, 0.36]

060" Mathematics Anxiety 0.62 %%
) 60
l()-)53~ N % (AMAS) [0.56, 0.67] y Social Anxiety
0.05 Trait Anxiety
—

Spatial Anxiety Interpretation Anxiety in' statistics
(SAQ) (SAS-F: Interpretation)
0.32%%* [0.24, 0.40]

A 4

—
< -1.00o Gender

-10.4**— Intercept

Total effect: 0.69*** [0.60, 0.78]
Indirect effect: 0.37 [0.32, 0.43]

Note.The coefficientsare the unstandardized regressianefficients***denotes cases where the 99.88afidencanterval does not include zero;
**denotes cases where the 988t fidencenterval does not include zero; *denotes cases where thec@®ffidencenterval does not include zero;
where there is no symbol, the 958nfidencenterval includes zero. Gender effect is relative to men (coded as 0). The grey path is unchanged from
Figure 1

By contrast, when examining anxiety of asking for help in statistics, fwed that trait anxiety plays no role in
explaining it. Instead, social anxiety becomes the most predominant predictor of that statistics anxiety comgmonent (
0.66,SE= 0.06p < .001). Gender and spatial anxiety do not contribute to this component.

Finally, for anxiety of interpretation in statistics, spatial anxiety becomesigmificantcontributor whereas social
anxiety, trait anxiety and gender are no longer contributors. By comparison, the indirect effect through mathematics
anxiety brings 0.37 points of anxiety (0.60 « 0.62), nearly the same effect as the direct effect (0.32 points).

In sum, in all three subscales, mathematics anxiety remains a strong contributor, suggesting that a portion of statis”
tics anxiety may be explained by mathematics anxiety. Interpretation anxiety seems to be the sole factor originating in
spatial anxiety. Evaluation anxiety has strong connections with gender and trait anxiety whereas asking for help anxiety
is strongly related to social anxiety.

Journal of Numerical Cognition
2023, Vol. 9(1), 16€43

GOLD
https://doi.org/10.5964/jnc.8199 B PsychOpen


https://www.psychopen.eu/

Gibeau, Maloney, Bfland et al. 31

Because the lack of gender effect regarding anxiety of interpretation is contradicting some past research, this section
is expanded with an unplanned mediation analysis focusing on gender with a direct effect on interpretation anxiety in
statistics € as this subscale is the mogtluencedy spatial anxiety € and two effects mediated through spatial anxiety
and mathematics anxietfigure 4shows the result.

Figure 4

The Gender Effect Mediated by Spatial Anxiety and Mathematics Anxiety on Interpretation Anxiety in Statistics

Spatial anxiety Mathematics anxiety

9.75%* 0.62%* 08
[6.32,13.23] 1A [0.57,0.67] [-0.12, 0.02] Trait anxiety
Q23 [0.26, 0.38] A 003 ,
Gender [3.90, 12.57] | Interpretation: Anxiety in statistics M Social anxiety
-1.01 i SAS-F: Interpretation
( P ) ———— Intercept

[-4.12,2.09] S0ad0s

Total effect: 7.17** [2.98, 11.35]
Indirect effect through spatial anxiety: 3.09 [1.84, 4.34]
Indirect effect through mathematics anxiety: 5.09 [2.38, 7.80]

Note.The coefficientsare the unstandardized regressionefficients**denotes cases where the 986t fidencenterval does not include zero; where
there is no symbol, the 9586nfidencénterval includes zero. Gender effect is relative to men (coded as 0).

As seen, the direct gender effect is negligible whereas its relation through spatial anxiety is impdrtast{7 « 0.32 =
3.13SE= 0.64p < .001) and its relation through math anxiety is the largést 8.23 « 0.62 = 5.18E= 1.38p < .001).

Given that the direct effect of gender is less than one point added when the participant is a woman (with standard
deviation of 23.3 on that subscale, this represents a Coltdpelew 0.04) and given the size of the sample=(778), it
seems safe to conclude that an effect of gender of meaningful magnitude is absent. However, it is necessary to mention
that this effect, or lack thereof, can liefluencedoy where the sample comes from and by the distribution of men and
women € i.e., there is a lot more women in psychology than men, which could ingletedthe anxiety levels.

Which Spatial Anxiety Dimension Sustains Interpretation in Statistics?

In this finalsubsection, we focus moepecificallyon interpretation anxiety in statistics. This component is possibly the
one most related to understanding of statistics concepts and the one most distinct from mathematics (being evaluated is
a similar activity in both math and statistics classes; this is also true for asking for help).

To estimate which spatial anxiety component is the most prevalent predictor of interpretation anxiety in statistics,
a multiple regression model was estimated, using all three subscales of the SAQ. The goal here was to estimate the
contribution of each spatial anxiety component on statistics anxiety. As seéigire 5 the most prevalent spatial skills
contributor of interpretation anxiety is Mental Manipulatiorb(= 0.25,SE= 0.03p < .001), whereas the least potent is
Navigation anxiety ¥ = -0.04SE= 0.03p = .159). The anxiety to imagine scenes with full details has an intermediate
effect b= 0.10SE= 0.04p = .01).
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Figure 5

Multiple Regression Model With All Dimensions of Spatial Anxiety on Interpretation Anxiety in Statistics

Mathematics Anxiety
(AMAS) 0.58%*x*

-0.00_~Social Anxiety
Mental Manipulation — |0.25%** A
\ . Trait Anxiety

SAQ:M
(SAQ: M) Interpretation Anxiety in statistics /
Navigation &v (SAS-F: Interpretation) —045 Earidig
SAQAN) | (o 8.5+
Intercept
Imagery
(SAQ: D)

Note.The coefficientsare the unstandardized regressianefficients***denotes cases where the 99.88afidencenterval does not include zero;
**denotes cases where the 988t fidencenterval does not include zero; *denotes cases where thec®ffidencenterval does not include zero;
where there is no symbol, the 95%n fidencénterval includes zero. Gender effect is relative to men (coded as 0).

These results suggest that having statistics anxiety is being anxious aanipulating data and understand the
implications of magnitudes expressed with numbers. Statistics anxiety is not about being anxious to navigate in space
(mentally or physically) as interpretation of data is to provide a static snapshot based on one or a few statistics, not
a road map to ginaldescription. Thus, if some limitations underlying spatial anxiety predict statistics discomfort, it
might mostly be the apprehension to manipulate visual elements. This is reminiscé&etuiene, Bossini, and Girauxts
(1993)SNARC effect, where number magnitudes are mentally represented using a line with smaller magnitudes located
spatially on the left (also seEias, 1996Dehaene, 2003to & Hatta, 2004Hubbard, Piazza, Pinel, & Dehaene, 2005
McCrink et al., 200N/iarouge, Hubbard, & Dehaene, 2D14

Discussion

This study showed that spatial anxiety, mathematics anxiety, and statistics anxiety are strongly and positively correla”
ted, which suggests communalities €sometimes almost multicollinearity€ between those three constructs. The relation
between spatial anxiety and statistics anxiety was partially mediated by mathematics anxiety. Through mediation
analyses, it was observed that spatial anxiety directly and indirettfjlJuencesstatistics anxietySpecificallymental
manipulation anxiety was most closely related to interpretation anxiety in statistics. The results also indicate that the
gender effect is less present (maybe even not present at all) in mathematics and statistics anxiety when spatial anxiety
is considered. Finally, the analyses indicate that the French translations of the SAQ, and both the AMAS and the SIMA,
developed for this study, are reliable measures of spatial anxiety and mathematics anxiety, respectively.

Similarities Between the Anxieties

Moderate-to-strong positive correlations were observed among all the variables. Some are consistent with previous
research, for example, the correlation between statistics anxiety and mathematics anxiety54 inBirenbaum &
Eylath, 1994r = .70 inMaysick, 1984andr = .41 inZeidner, 1991compared to the presemt= .79). This suggests
that the different domains (space, mathematics and statistics) may share a common core and generate similar forms of
anxieties. Another explanation is that anxiety in these different domains may be perceived and experienced in similar
contexts, when in reality they are distinguishable. Take for example the relations between social performance anxiety
and anxiety of evaluation in statistics € .36) and mathematics € .30). These results indicate that certain components
of the different anxiety domains are similar even though the social domain is different from the other two.

To explain this hypothesis, one may look at the opposite direction; the unrelatedness of spatial navigation anxiety
and all dimensions of statistics anxiety. Many dimensions of anxiety types are correlated between them, suggesting that
they may have common roots. However, some dimensions may be distinguishable in terms of their spatial properties.
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For example, spatial navigation anxiety is particularly not related with interpretation anxiety in statistics. Badgtiain

et al.ts (2018)pology, spatial navigation is extrinsic-dynamic, meaning that it involves the relation between moving (or
being-moved) objects in a group (e.g., streets names or landmarks in a city). On the other hand, interpreting statistical
results could be considered as intrinsic-static and intrinsic-dynamic. Interpretation in statistics invidf@singobjects

in terms of their parts, meaning that one would look at theecificatiorand the relations between the parts of an object
(e.g., the different results or numbers of an ANOVA). Also, interpreting results would be stafixextinto place (e.g.,

a table of correlations) and dynamic or moving (e.g., factor models). Considering that one is extrinsic and the other
intrinsic, the unrelatedness between spatial navigation anxiety and interpretation anxiety in statistics makes sense.

It is also possible that spatial, mathematical, and statistical processing share underlying cognitive processes. This
supports the claim that people who perform better on measures of spatial processing, also perform better on tests of
mathematical ability l(ubinski & Benbow, 1992MicLean & Hitch, 1999Robinson et al., 1996This relation is wildly
observed (e.g.GGathercole & Pickering, 200@uay & Mcdaniel, 197Kytt™|™ et al., 2p08nd is used to predict
entry into and success in STEM caree3agey et al., 1995hea et al., 200Wai et al., 2009 It has even been
argued that Sthe connection between space and math may be one of the most robust and well-estfinliShgsin
cognitive psychology«Nlix & Cheng, 2012p. 198). Furthermore, it was found that numerical and spatial skiflaience
performance on statistical reasoning taske(na et al., 2014

Note that the data described above are not longitudinal and, as such, no temporal conclusions can be drawn from the
mediation analyses. What can be said is that, in the present data set, the relation between spatial anxiety and statistics
anxiety can be explained, in part, by mathematics anxiety while the direct effect of spatial anxiety also remains. We
could conjecture that initially weaker spatial skills generate early spatial anxiety (observed as early as 6-8 years old;
Lauer et al., 20318Ramirez et al., 20).2This would limit success in mathematics and generate mathematics anxiety
(observed as early as approximately 9-10 yearstdédari et al., 2013 uttenberger et al., 2018This lack of success set
maladaptive emotion regulation strategieddIntee et al., 2032nostly attached to anything deemed "mathematics”. The
literature would benefifrom future research emphasizing on longitudinal studies examining this conjectural trajectory
on a 15-year span (from 6 years old to college or university wher¢ ttséstatistics classes occur).

Gender Differences

As indicated previously, there issignificanteffect of gender on spatial anxiety whereby women report higher anxiety
than men. This observation is consistent with simileindingsin spatial anxiety (e.gGasey et al., 199Zawton, 199%

and with the findingsthat adult women also report higher levels of mathematics anxiety (lgloney & Beilock, 202
However, the relation between gender and statistics anxiety can be accounted for by spatial anxiety. In other words,
in the current sample, gender is not a predictor of statistics anxiety in the mediation model. This may indicate that
the woments higher level of anxiety in statistics (relative to ments) may be accounted for by a higher level of spatial
anxiety. This is congruent with the¢indingsof Delage et al. (2022nd other studieswong (2017hotes that the largest
gender difference in mathematics involves activities requiring spatial skills (als&ksee’uest et al., 201,0Harnisch et

al., 198k It must be noted that the current sample characteristics may lrafleencedhe results.

The Role of Spatial Tools in the Teaching of Statistics

One message that can be taken out from the present study is that anxiety around spatial processing may play a major
role in the level of anxiety experienced by Social and Health Sciencest students in their statistics courses. This raises
a question; does the use of graphs and schematics when teaching statistics facilitate the learning of this subject for
students who are high in statistics anxiety? On one hand, it is possible that the use of graphs and schematics may cause
students to experience increased anxiety in their statistics courses, decreasing their ability to learn the concepts. On the
other hand, it is also possible that students who are higher in statistics anxiety may present lower spatial skills (indeed,
increased spatial anxiety is associated with lower spatial dkyitins et al., 2038Thus, training students in using graphs

and schematics may help improve studentst skills in visuo-spatial reasoning, which, in turn, may help them learn to
tolerate and eventually lessen the anxiety they experience in class. This could reduce their anxiety towards spatial
processing and towards mathematics and statistics. Whether the use of schematics in the teaching of statistics is helpful
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or harmful for those who are the most anxious about statistics remains an empirical question that will be investigated in
future research.

Limitations

A few limitations should be acknowledged. Firstly, in the instructions of each scale, a question is presented (i.e.,
Sare you anxious when), and below that question, the items are presented. Before collecting the data, this question
was removed from the STAI-Y-Fis instructions because it didntt match with the type of item. However, this question
was removed only in thefirst block that presented the STAI-Y-F items while assuming it would do the same for
the remaining blocks. Because it did not, it could have changed the way participants answered the items (note that
these items were randomly placed into three blocks). Another limitation in the present study is the fact that all types
of anxiety were measured by questionnaires, which can generate social desirability bias in participants. Participants
under-report their thoughts, emotions, and behaviour that are considered inappropriate by society and overstate those
that are considered desirabl®gnaldson & Grant-Vallone, 20D2lt is also possible that the samplefs characteristics
(underrepresentation of males in particulanfluenceahe results of the present study. While it is common to have a
gender disparity in Social Sciences, research similar to this one indicates that the discipline can be evenly distributed
across genders (e.gseer & Ganley, 2023Participants were all enrolled in a statistics course at the time of the study,
which could have exacerbated their anxiety towards the subject. Students in programs similar to psychology may do
so because of their high mathematics or spatial anxiety or because they are avoiding STEM majors. Furthermore, data
was collected at one time point, limiting the interpretations to correlational associations. Future research is needed to
investigate potential causal links between the types of anxiety. Lastly, the shared variance between the variables could
partly be explained by the common data collection strategy used to measure them (i.e., all questionnaires embedded in a
single survey).

Conclusion

To our knowledge, this study was thrstto examine the possibility of a relation between spatial anxiety and statistics
anxiety, building a bridge between two research domains (i.e., spatial representations and statistics education). The
present study is a step towards the ultimate goal of improving the education of statistics. Also, the validation of
the French version of three scales (i.e., SAQ-F, AMAS-F and SIMA-F) could help future research on spatial anxiety
and mathematics anxiety in French-speaking populations. Statistics coursefif imilt to teach, and the educational
techniques used to facilitate the studentst learning do not solve the origin of the proBlamifeau & Harding, 2017

Even though research on statistics anxiety progresses rapidly, more studies are needed to truly understand this type of
anxiety and eventually reduce it.
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» Figure S1 is the visual support for tikenfirmatoryfactor analysis of the SAQ-F
« Figure S2 is the visual support for tkenfirmatoryfactor analysis of the AMAS-F

Journal of Numerical Cognition
2023, Vol. 9(1), 16€43

GOLD
https://doi.org/10.5964/jnc.8199 B PsychOpen


https://www.psychopen.eu/

Gibeau, Maloney, Bfland et al. 35

Index of Supplementary Materials

Gibeau, R., Maloney, E. A,, B“land, S., Lalande, D., Cantinotti, M., Williot, A., Chanquoy, L., Simon, J., Boislard-P“pin, M., &
Cousineau, D. (202Zupplementary materials to "The correlates of statistics anxiety: Relationships with spatial anxiety, mathematics
anxiety and gendefResearch data and materials]. OBfps://osf.io/jpvbn/

References

Alvarez-Vargas, D., Abad, C., & Pruden, S. M. (2020). Spatial anxiety mediates the sex difference in adult mental rotation test
performanceCognitive Research: Principles and Implicaiprésticle 31.https://doi.org/10.1186/s41235-020-00231-8

Ashcraft, M. H. (2002). Math anxiety: Personal, educational, and cognitive consequeumeest Directions in Psychological Science,
11(5), 181€185Sttps://doi.org/10.1111/1467-8721.00196

Atit, K., Power, J. R., Pigott, T., Lee, J., Geer, E. A., Uttal, D. H., Ganley, C. M., & Sorby, S. A. (2022). Examining the relations between
spatial skills and mathematical performance: A meta-analy&sychonomic Bulletin & Revi@g3), 699€720.
https://doi.org/10.3758/s13423-021-02012-w

Atit, K., & Rocha, K. (2021). Examining the relations between spatial skills, spatial anxiety, and K-12 teacher idiadti@rain, and
Education151), 139€14&ttps://doi.org/10.1111/mbe.12274

Atit, K., Uttal, D. H., & Stieff, M. (2020). Situating space: Using a discipline-focused lens to examine spatial thinkitpgkiitse
Research: Principles and Implicatiénrticle 19.https://doi.org/10.1186/s41235-020-00210-z

Baer, J., & Kaufman, J. C. (2008). Gender differences in credinitpnal of Creative Behavid2), 75€105.
https://doi.org/10.1002/j.2162-6057.2008.tb01289.x

Balo”lu, M. (2003). Individual differences in statistics anxiety among college stud®nsonality and Individual Differencg45),
855€865https://doi.org/10.1016/S0191-8869(02)00076-4

Balo”lu, M., Deniz, M. E., & Kesici, >. (2011). A descriptive study of individual and cross-cultural differences in statistics anxiety.
Learning and Individual Differenc@4(4), 387€39ttps://doi.org/10.1016/].lindif.2011.03.003

Banerjee, P. A. (2016). A systematic review of factors linked to poor academic performance of disadvantaged students in science and
maths in schoolsCogent Educatio}(1), Article 117844 https://doi.org/10.1080/2331186X.2016.1178441

Barroso, C., Ganley, C. M., McGraw, A. L., Geer, E. A, Hart, S. A., & Daucourt, M. C. (2021). A meta-analysis of the relation between
math anxiety and math achievememsychological Bulletiad72), 134€16&ttps://doi.org/10.1037/bul0000307

Beard, C., Rodriguez, B. F., Moitra, E., Sibrava, N. J., Bjornsson, A., Weisberg, R. B., & Keller, M. B. (2011). Psychometric properties of
the Liebowitz Social Anxiety Scale (LSAS) in a longitudinal study of African Americans with anxiety disa¥darsal of Anxiety
Disorders255), 722€726ttps://doi.org/10.1016/j.janxdis.2011.03.009

B“land, S., Cousineau, D., & Loye, N. (2016). Les dix commandements du nouvel homo stafisGiliSournal of Education / Revue
des sciences de ..., ducation de NB&@)l),947€96Mttps://doi.org/10.7202/1038612ar

B“land, S., Cousineau, D., & Loye, N. (2017). Utiliseoddficienbmega de McDonald ce la place de Ifalpha de CromeGtil
Journal of Education / Revue des sciences de ..., ducation &&B)c@l€80https://doi.org/10.7202/1050915ar

Benson, J. (1989). Structural components of statistical test anxiety in adults: An exploratory Tined&burnal of Experimental
Education573), 247€26ttps://doi.org/10.1080/00220973.1989.10806509

Birenbaum, M., & Eylath, S. (1994). Who is afraid of statistics? Correlates of statistics anxiety among students of educational sciences.
Educational Resear@f1), 93€9&https://doi.org/10.1080/0013188940360110

Bourne, V. J. (2018). Exploring statistics anxiety: Contrasting mathematical, academic performance and trait psychological predictors.
Psychology Teaching Revig#l), 35€43.

Brebner, J. (2003). Gender and emoti®essonality and Individual Differencg43), 387€394.
https://doi.org/10.1016/S0191-8869(02)00059-4

Bui, N. H., & Alfaro, M. A. (2011). Statistics anxiety and science attitudes: Age, gender, and ethnicity Gattege Student Journal,
453), 573€585.

Cantinotti, M., Lalande, D., Ferlatte, M.-A., & Cousineau, D. (2017). Validation de la version francopheestidnnaire dtanxi“t*
statistique (SAS-F-24) [Validation of the French version of the Statistics Anxiety Scale (S&8Aadian Journal of Behavioural
Science / Revue canadienne des sciences du compat$het?3€14ttps://doi.org/10.1037/cbs0000074

Journal of Numerical Cognition
2023, Vol. 9(1), 16€43

GOLD
https://doi.org/10.5964/jnc.8199 B PsychOpen


https://osf.io/jpv5n/
https://doi.org/10.1186/s41235-020-00231-8
https://doi.org/10.1111/1467-8721.00196
https://doi.org/10.3758/s13423-021-02012-w
https://doi.org/10.1111/mbe.12274
https://doi.org/10.1186/s41235-020-00210-z
https://doi.org/10.1002/j.2162-6057.2008.tb01289.x
https://doi.org/10.1016/S0191-8869(02)00076-4
https://doi.org/10.1016/j.lindif.2011.03.003
https://doi.org/10.1080/2331186X.2016.1178441
https://doi.org/10.1037/bul0000307
https://doi.org/10.1016/j.janxdis.2011.03.009
https://doi.org/10.7202/1038612ar
https://doi.org/10.7202/1050915ar
https://doi.org/10.1080/00220973.1989.10806509
https://doi.org/10.1080/0013188940360110
https://doi.org/10.1016/S0191-8869(02)00059-4
https://doi.org/10.1037/cbs0000074
https://www.psychopen.eu/

The Correlates of Statistics Anxiety 36

Cappelleri, J., Zou, K., Bushmakin, A. G., Alvir, J. M. J., Alemayehu, D., & Symonds, TP@&ht)reported outcomes: Measurement,
implementation and interpretatioBoca Raton, FL, USA: CRC Press.

Casey, M. B., Nuttall, R. L., & Pezaris, E. (1997). Mediators of gender differences in mathematics college entrance test scores: A
comparison of spatial skills with internalized beliefs and anxietizsvelopmental Psycholog§#4), 669€680.
https://doi.org/10.1037/0012-1649.33.4.669

Casey, M. B., Nuttall, R., Pezaris, E., & Benbow, C. P. (199%)fLismceof spatial ability on gender differences in mathematics
college entrance test scores across diverse sanip&&lopmental Psycholog$4), 697€705.
https://doi.org/10.1037/0012-1649.31.4.697

Cheng, Y.-L., & Mix, K. S. (2014). Spatial training improves children—s mathematicsJabifitel of Cognition and Developméix1),
2€11 https://doi.org/10.1080/15248372.2012.725186

Chew P. K. H., Dillon, D. B., & Swinbourne A. L. (2018) An examination of the internal consistency and structure of the Statistical
Anxiety Rating Scale (STAR®)LoS ONE, (3, Article e0194195ttps://doi.org/10.1371/journal.pone.0194195

Comfrey, A. L., & Lee, H. B. (199R)irst course in factor analygignd ed.). Hillsdale, NJ, USA: Lawrence Erlbaum Associates.

Cousineau, D. (2020). How many decimals? Rounding descriptive and inferential statistics based on measurement jwenisibof
Mathematical Psycholody7, Article 102362https://doi.org/10.1016/j.jmp.2020.102362

Cousineau, D., & Harding, B. (2017). Pourquoi les statistiques sontgfieslesoe enseigner et ce comprendreRjues r“flexions.
Revue de psycho,ducatidf2), 397€41%ttps://doi.org/10.7202/1042257ar

Cruise, R., Cash, R., & Bolton, D. (1985). Development and validation of an instrument to measure statistical aArietal In
meeting of the Statistical Education Sedppn92€97). American Statistical Association.

Cui, S., Zhang, J., Guan, D., Zhao, X., & Si, J. (2019). Antecedents of statistics anxiety: An integratedPacsmnuatlity and
Individual Difference4,442019), 79€8https://doi.org/10.1016/j.paid.2019.02.036

DeCesare, M. (2007). SStatistics anxiety< among sociology majfirstéiagnosis and some treatment optiofgaching Sociology,
354), 360€36'https://doi.org/10.1177/0092055X0703500405

Dehaene, S. (2003). The neural basis of the Weber€Fechner law: A logarithmic mental numBeetide.in Cognitive Scienc&s),
145€147https://doi.org/10.1016/S1364-6613(03)00055-X

Dehaene, S., Bossini, S., & Giraux, P. (1993). The mental representation of parity and number mdgnitualeof Experimental
Psychology: GeneraRZ3), 371€396ttps://doi.org/10.1037/0096-3445.122.3.371

Delage, V., Trudel, G., Retanal, F., & Maloney, E. A. (2022). Spatial anxiety and spatial ability: Mediators of gender differences in math
anxiety.Journal of Experimental Psychology: Gengsdl), 921€93ttps://doi.org/10.1037/xge0000884

DeMaria Mitton, P. A. (198Mocus-of-control, gender and type of major as correlates to statistics anxiety i(Pedilisg¢ion No.
8721001) [Doctoral dissertation, The American Universi®p’uest Dissertations Publishing.

DeVaney, T. A. (2010). Anxiety and attitude of graduate students in on-campus vs. online statistics ourses.of Statistics
Education1§1).https://doi.org/10.1080/10691898.2010.11889472

de Hevia, M. D., Vallar, G., & Girelli, L. (2008). Visualizing numbers in the mindts eye: The role of visuo-spatial processes in numerical
abilities.Neuroscience and Biobehavioral RevE#&), 1361€1378ttps://doi.org/10.1016/j.neubiorev.2008.05.015

Donaldson, S. I., & Grant-Vallone, E. J. (2002). Understanding self-report bias in organizational behavior dzseaadhof Business
and Psycholog{,42), 245€26ttps://doi.org/10.1023/A:1019637632584

Douglas, H. P., & LeFevre, J.-A. (2018). ExplorinintHaenceof basic cognitive skills on the relation between math performance and
math anxiety.Journal of Numerical Cognitio8(3), 642€666ttps://doi.org/10.5964/jnc.v3i3.113

Eduljee, N. B., & LeBourdais, P. (2015). Gender differences in statistics anxiety with undergraduate college Bhedmnésnational
Journal of Indian Psycholog¥3), 69€82nttps://doi.org/10.25215/0203.028

Else-'uest, N. M., Hyde, J. S., & Linn, M. C. (2010). Cross-national patterns of gender differences in mathematics: A meta-analysis.
Psychological Bulletiti3§1), 103€12https://doi.org/10.1037/a0018053

Eme, P.-E., & Marquer, J. (1999). Individual strategies in a spatial task and how they relate to afitrafgsan Journal of Psychology
of Education141), 89€10&ttps://doi.org/10.1007/BF03173113

Ferguson, A., Maloney, E. A., Fugelsang, J., & Risko, E. (2015). On the relation between math and spatial ability: The case of math
anxiety.Learning and Individual Differenc&8, 1€12 https://doi.org/10.1016/j.lindif.2015.02.007

Fias, W. (1996). The importance of magnitude information in numerical processing: Evidence from the SNAR®I&fieatatical
Cognition2(1), 95€11https://doi.org/10.1080/135467996387552

Journal of Numerical Cognition
2023, Vol. 9(1), 16€43

GOLD
https://doi.org/10.5964/jnc.8199 B PsychOpen


https://doi.org/10.1037/0012-1649.33.4.669
https://doi.org/10.1037/0012-1649.31.4.697
https://doi.org/10.1080/15248372.2012.725186
https://doi.org/10.1371/journal.pone.0194195
https://doi.org/10.1016/j.jmp.2020.102362
https://doi.org/10.7202/1042257ar
https://doi.org/10.1016/j.paid.2019.02.036
https://doi.org/10.1177/0092055X0703500405
https://doi.org/10.1016/S1364-6613(03)00055-X
https://doi.org/10.1037/0096-3445.122.3.371
https://doi.org/10.1037/xge0000884
https://doi.org/10.1080/10691898.2010.11889472
https://doi.org/10.1016/j.neubiorev.2008.05.015
https://doi.org/10.1023/A:1019637632584
https://doi.org/10.5964/jnc.v3i3.113
https://doi.org/10.25215/0203.028
https://doi.org/10.1037/a0018053
https://doi.org/10.1007/BF03173113
https://doi.org/10.1016/j.lindif.2015.02.007
https://doi.org/10.1080/135467996387552
https://www.psychopen.eu/

Gibeau, Maloney, Bfland et al. 37

Frenzel, A. C., Pekrun, R., & Goetz, T. (2007). Girls and mathematics,A Shopeless« issue? A control-value approach to gender
differences in emotions towards mathemati€siropean Journal of Psychology of Educatif), 497€514.
https://doi.org/10.1007/BF03173468

Fullerton, J., & Umphrey, D. (2016). Statistics anxiety and math aversion among advertising stimemnigl. of Advertising Education,
2Q(1-2), 135€148ttps://doi.org/10.1177/10980482160201-216

Gardner, H. (1993rames of mind: The theory of multiple intellige(b@th anniversary ed.). Basic Books.

Gathercole, S. E., & Pickering, S. J. (2000). Working medegiigitsn children with low achievements in the national curriculum at 7
years of ageBritish Journal of Educational Psycholdtfy2), 177€194ttps://doi.org/10.1348/000709900158047

Gauthier, J., & Bouchard, S. (1993). Adaptation canadienne-franeaise de la forme r“vis“e du State€Trait Anxiety Inventory de
Spielberger [A French-Canadian adaptation of the revised version of Spielberger—s State€Trait Anxiety Inv@atwagi]an
Journal of Behavioural Scien2&4), 559€57&ttps://doi.org/10.1037/h0078881

Geer, E. A., & Ganley, C. (2023). Sex differences in social and spatial perspective taking: A replication and extension of Tarampi et al.
(2016),uarterly Journal of Experimental Psychologf§l), 93€10&ttps://doi.org/10.1177/17470218221085117

Geer, E. Aluinn, J. M., & Ganley, C. M. (2019). Relations between spatial skills and math performance in elementary school children:
A longitudinal investigation Developmental Psycholo§$3), 637€65nttps://doi.org/10.1037/dev0000649

Goulet-Pelletier, J. C., & Cousineau, D. (2018). A review of effect sizes ancbimgilencéntervals, Part I: The Cohenggamily. The
,uantitative Methods for Psychology{4), 242€26%ttps://doi.org/10.20982/tqmp.14.4.p242

Guay, R. B., & Mcdaniel, E. D. (1977). The relationship between mathematics achievement and spatial abilities among elementary
school childrenJournal for Research in Mathematics Educa®{8h, 211€215%ittps://doi.org/10.2307/748522

Gunalp, P., Chrastil, E. R., & Hegarty, M. (2021). Directionality eclipses agency: How both directional and social cues improve spatial
perspective takingPsychonomic Bulletin & Revig, 1289€1300ttps://doi.org/10.3758/s13423-021-01896-y

Gunalp, P., Moossaian, T., & Hegarty, M. (2019). Spatial perspective taking: Effects of social, directional, and interadfigeonges.

& Cognition47, 1031€1043ttps://doi.org/10.3758/s13421-019-00910-y

Gunderson, E. A., Ramirez, G., Beilock, S. L., & Levine, S. C. (2013). Teacherst Spatial Anxiety relates to 1st- and 2nd-gradersi spatial
learning.Mind, Brain, and Educatiof(3), 196€19%ttps://doi.org/10.1111/mbe.12027

Hambrick, D. Z., & Meinz, E. J. (2011). Limits on the predictive powaorofin-specifiexperience and knowledge in skilled
performanceCurrent Directions in Psychological Scie2®8), 275€27ttps://doi.org/10.1177/0963721411422061

Hancock, G. R., & An, J. (2020). A closed-form alternative for estimating omega reliability under unidimensigleagyrement:
Interdisciplinary Research and Perspectivily, 1814https://doi.org/10.1080/15366367.2019.1656049

Harari, R. R., Vukovic, R. K., & Bailey, S. P. (2013). Mathematics anxiety in young children: An exploratofffstudyirnal of
Experimental Education, (8}, 538€555ttps://doi.org/10.1080/00220973.2012.727888

Harding, B., Tremblay, C., & Cousineau, D. (2014) Standard errors: A review and evaluation of standard error estimators using Monte
Carlo simulationsThe,uantitative Methods for Psycholody(2), 107€123ttps://doi.org/10.20982/tgmp.10.2.p107

Harnisch, D. L., Steinkamp, M. W., Tsai, S.-L., & Walberg, H. J. (1986). Cross-national differences in mathematics attitude and
achievement among seventeen-year-oldgernational Journal of Educational Developn&d), 233€244.
https://doi.org/10.1016/0738-0593(86)90027-1

Hayes, A. F., & Coultts, J. J. (2020). Use omega rather than Cronbachis alpha for quantifying reliabif@gnBuatication Methods
and MeasuredA1), 1€24https://doi.org/10.1080/19312458.2020.1718629

Heeren, A., Maurage, P., Rossignol, M., Vanhaelen, M., Peschard, V., Eeckhout, C., & Philippot, P. (2012). Self-report version of the
Liebowitz Social Anxiety Scale: Psychometric properties of the French VeiS@radian Journal of Behavioural Sciedd®), 99€
107 .https://doi.org/10.1037/a0026249

Hopko, D. R., Mahadevan, R., Bare, R. L., & Hunt, M. K. (2003). The Abbreviated Math Anxiety Scale (AMAS): Construction, validity,
and reliability. Assessment((2), 178€18Attps://doi.org/10.1177/1073191103010002008

Hsiao, T.-y., & Chiang, S. (2011). Gender differences in statistics anxiety among graduate students learning English as a foreign
language Social Behavior and Personaf®l), 41€42nttps://doi.org/10.2224/sbp.2011.39.1.41

Hubbard, E., Piazza, M., Pinel, P., & Dehaene, S. (2005). Interactions between number and space in paridlatuwrertezviews
Neurosciencé, 435€44&ttps://doi.org/10.1038/nrn1684

Hund, A., & Minarik, J. (2006). Getting from here to there: Spatial anxigtyf indingstrategies, direction type, anslay finding
efficiencySpatial Cognition & Computatiod(3), 179€20nttps://doi.org/10.1207/s15427633scc0603_1

Journal of Numerical Cognition
2023, Vol. 9(1), 16€43

GOLD
https://doi.org/10.5964/jnc.8199 B PsychOpen


https://doi.org/10.1007/BF03173468
https://doi.org/10.1177/10980482160201-216
https://doi.org/10.1348/000709900158047
https://doi.org/10.1037/h0078881
https://doi.org/10.1177/17470218221085117
https://doi.org/10.1037/dev0000649
https://doi.org/10.20982/tqmp.14.4.p242
https://doi.org/10.2307/748522
https://doi.org/10.3758/s13423-021-01896-y
https://doi.org/10.3758/s13421-019-00910-y
https://doi.org/10.1111/mbe.12027
https://doi.org/10.1177/0963721411422061
https://doi.org/10.1080/15366367.2019.1656049
https://doi.org/10.1080/00220973.2012.727888
https://doi.org/10.20982/tqmp.10.2.p107
https://doi.org/10.1016/0738-0593(86)90027-1
https://doi.org/10.1080/19312458.2020.1718629
https://doi.org/10.1037/a0026249
https://doi.org/10.1177/1073191103010002008
https://doi.org/10.2224/sbp.2011.39.1.41
https://doi.org/10.1038/nrn1684
https://doi.org/10.1207/s15427633scc0603_1
https://www.psychopen.eu/

The Correlates of Statistics Anxiety 38

Ito, Y., & Hatta, T. (2004). Spatial structure of quantitative representation of numbers: Evidence from the SNAR@e=ffert. &
Cognition324), 662€67ttps://doi.org/10.3758/BF03195857

Jordan, K., WZstenberg, T., Heinze, H., Peters, M., & J™ncke, L. (2002) Women and men exhibit different cortical activation patterns
during mental rotation tasksNeuropsychologid(13), 2397€2408Bttps://doi.org/10.1016/S0028-3932(02)00076-3

Kahneman, D. (201I)hinking, fast and slowacmillan.

Konold, C. (1995). Issues in assessing conceptual understanding in probability and statistical of Statistics Educati&(l), 1€9.
https://doi.org/10.1080/10691898.1995.11910479

Kremmyda, O., HZfner, K., Flanagin, V., Hamilton, D., Linn, J., Strupp, M., Jahn, K., & Brandt, T. (2016). Beyond dizziness: Virtual
navigation, spatial anxiety and hippocampal volume in bilateral vestibulopdthyntiers in Human Neuroscient® Article 139.
https://doi.org/10.3389/fnhum.2016.00139

Kytt™|™ M., Aunio, P., Lehto, J. E., Van Luit, J., & Hautam™ki, J. (2003). Visuospatial working memory and earFducatoacy.
and Child Psychology, (30, 65€76.

Lalande, D., Cantinotti, M., Williot, A., Gagnon, J., & Cousineau, D. (2019). Three pathways from achievement goals to academic
performance in an undergraduate statistics couSgtistics Education Research Joufr#l), 94€105.
https://doi.org/10.52041/serj.v18i1.152

Lauer, J. E., Esposito, A. G., & Bauer, P. J. (Id@nin-specifianxiety relates to childrents math and spatial performance.
Developmental Psycholo§y11), 2126€213Bttps://doi.org/10.1037/dev0000605

Lawton, C. (1994). Gender differencesviay- findingstrategies: Relationship to spatial ability and spatial anxi€gx Role8J11-12),
765€77%Nttps://doi.org/10.1007/BF01544230

Lemieux, C. L., Collins, C. A., & Watier, N. N. (2019). Gender differences in metacognitive judgments and performance on a goal-
directedwayfindingtask.Journal of Cognitive Psycholo8¥4), 453€466ttps://doi.org/10.1080/20445911.2019.1625905

Levine, T. R. (2005Yonfirmatoryfactor analysis and scale validation in communication resea@dmmunication Research Reports,
224), 335€33&ttps://doi.org/10.1080/00036810500317730

Lubinski, D., & Benbow, C. P. (1992). Gender differences in abilities and preferences among the gifted: Implications for the math-
science pipelineCurrent Directions in Psychological Scietf2g, 61€66nttps://doi.org/10.1111/1467-8721.ep11509746

Luttenberger, S., Wimmer, S., & Paechter, M. (2018). Spotlight on math aRsgthology Research and Behavior Managetient,
311€322https://doi.org/10.2147/PRBM.S141421

Lyons, I. M., Ramirez, G., Maloney, E. A., Rendina, D. N., Levine, S. C., & Beilock, S. L. (2018). Spatial anxiety: A novel questionnaire
with subscales for measuring three aspects of spatial anxietyrnal of Numerical Cognitiof(3), 526€553.
https://doi.org/10.5964/jnc.v4i3.154

Macher, D., Paechter, M., Papousek, I., & Ruggeri, K. (2012). Statistics anxiety, trait anxiety, learning behavior, and academic
performanceEuropean Journal of Psychology of Educatidd), 483€49ttps://doi.org/10.1007/s10212-011-0090-5

MacKinnon, D. P., Fairchild, A. J., & Fritz, M. S. (2007). Mediation Anaiysisal Review of Psycholo§f1), 593€614.
https://doi.org/10.1146/annurev.psych.58.110405.085542

Malanchini, M., Rimfeld, K., Shakeshaft, N., Rodic¢hofieldK., Selzam, S., Dale, P., Petrill, S., & Kovas, Y. (2017). The genetic and
environmental aetiology of spatial, mathematics and general anx&tientisidReportsy, Article 42218.
https://doi.org/10.1038/srep42218

Maloney, E. A., & Beilock, S. L. (2012). Math anxiety: Who has it, why it develops, and how to guard agaigstié.in Cognitive
Science4§8), 404€406ttps://doi.org/10.1016/j.tics.2012.06.008

Maloney, E. A., Waechter, S., Risko, E. F., & Fugelsang, J. A. (2012). Reducing the sex difference in math anxiety: The role of spatial
processing abilityLearning and Individual Differenc@®3), 380€384ttps://doi.org/10.1016/j.lindif.2012.01.001

Mandap, C. M. (2016). Examining gender differences in statistics anxiety among college sttemational Journal of Education
and Researcl(6), 358€366ttps://www.ijern.com/journal/2016/June-2016/31.pdf

Martinez, J. G. R. (1987). Preventing math anxiety: A prescripticedemic Therap32), 117€125.
https://doi.org/10.1177/105345128702300201

Maysick, D. J. (1984fhe relationship of self-concept, sex, age, major, anxiety, Mathematics background, and mathematics ability to the
level of mathematics and statistical anxiety among college j@Ridvication No. 568) [Doctoral dissertation, Andrews University].
James White Library.

Journal of Numerical Cognition
2023, Vol. 9(1), 16€43

GOLD
https://doi.org/10.5964/jnc.8199 B PsychOpen


https://doi.org/10.3758/BF03195857
https://doi.org/10.1016/S0028-3932(02)00076-3
https://doi.org/10.1080/10691898.1995.11910479
https://doi.org/10.3389/fnhum.2016.00139
https://doi.org/10.52041/serj.v18i1.152
https://doi.org/10.1037/dev0000605
https://doi.org/10.1007/BF01544230
https://doi.org/10.1080/20445911.2019.1625905
https://doi.org/10.1080/00036810500317730
https://doi.org/10.1111/1467-8721.ep11509746
https://doi.org/10.2147/PRBM.S141421
https://doi.org/10.5964/jnc.v4i3.154
https://doi.org/10.1007/s10212-011-0090-5
https://doi.org/10.1146/annurev.psych.58.110405.085542
https://doi.org/10.1038/srep42218
https://doi.org/10.1016/j.tics.2012.06.008
https://doi.org/10.1016/j.lindif.2012.01.001
https://www.ijern.com/journal/2016/June-2016/31.pdf
https://doi.org/10.1177/105345128702300201
https://www.psychopen.eu/

Gibeau, Maloney, Bfland et al. 39

McCrink, K., Dehaene, S., & Dehaene-Lambertz, G. (2007). Moving along the number line: Operational momentum in nonsymbolic
arithmetic. Perception & Psychophys&%8), 1324€1338ttps://doi.org/10.3758/BF03192949

Mcintee, S.-E., Goulet-Pelletier, J.-C., Williot, A., Deck-L“ger, E., Lalande, D., Cantinotti, M., & Cousineau, D. (2022). (Mal)adaptive
cognitions as predictors of statistics anxieStatistics Education Research JouBiahrticle 5.
https://doi.org/10.52041/serj.v21i1.364

McLean, J. F., & Hitch, G. J. (1999). Working memory impairments in childrerspeéitifiarithmetic learningdifficulties.Journal of
Experimental Child Psycholo@¥3), 240€26Mttps://doi.org/10.1006/jecp.1999.2516

Meredith, W. (1993). Measurement invariance, factor analysis and factorial invarRsyshometrikég§4), 525€543.
https://doi.org/10.1007/BF02294825

Mix, K. S., & Cheng, Y-L. (2012). The relation between space and math: Developmental and educational implidainoss in
Child Development and Behavi#, 197€24ttps://doi.org/10.1016/B978-0-12-394388-0.00006-X

Mix, K. S., Levine, S. C., Cheng, Y.-L., Young, C., Hambrick, D. Z., Ping, R., & Konstantopoulos, S. (2016). Separate but correlated: The
latent structure of space and mathematics across developrdeuntnal of Experimental Psychology: Geng4&9), 1206€1227.
https://doi.org/10.1037/xge0000182

Newcombe, N., & Shipley, T. (2015). Thinking about spatial thinking: New typology, hew assessments. In J. S. Getralfith),
visual and spatial reasoning for design creati@py 179-192). Springéattps://doi.org/10.1007/978-94-017-9297-4_10

N...fez-Peta, M. I, Guilera, G., & SuYrez-Pellicioni, M. (2014). The Single-ltem Math Anxiety Scale: An alternative way of measuring
mathematical anxietyJournal of Psychoeducational Assessragd), 306€31 https://doi.org/10.1177/0734282913508528

Odic, D., & Wojcik, E. H. (2020). The publication gender gap in psychddoggrican Psychologidtj1), 92€103.
https://doi.org/10.1037/amp0000480

Onwuegbuzie, A. J. (2004). Academic procrastination and statistics arAgsgssment & Evaluation in Higher Educafigi), 3€19.
https://doi.org/10.1080/0260293042000160384

Onwuegbuzie, A., DaRos, D., & Ryan, J. (1997). The components of statistics anxiety: A phenomenologiEaksiidy Learning
Problems in Mathematic)4), 11€35.

Onwuegbuzie, A., & Wilson, V. (2003). Statistics anxiety: Nature, etiology, antecedents, effects, and treatments€A comprehensive
review of the literature Teaching in Higher Educatid@{?), 195€20%ttps://doi.org/10.1080/1356251032000052447

Paechter, M., Macher, D., Martskvishvili, K., Wimmer, S., & Papousek, I. (2017). Mathematics anxiety and statistics anxiety: Shared but
also unshared components and antagonistic contributions to performance in statist@siers in Psycholody,Article 1196.
https://doi.org/10.3389/fpsyg.2017.01196

Penna, M. P., Agus, M., Per -Cebollero, M., Gucerdia-Olmos, J., & Pessa, E. (2014). The use of imagery in statistical reasoning by
university undergraduate students: A preliminary stugyality & ,uantity ,48 173€187.
https://doi.org/10.1007/s11135-012-9757-5

Primi, C., & Chiesi, F. (2018). The role of mathematics anxiety and statistics anxiety in Learning Stati$gosh limternational
Conference on Teaching Statistittps://flore.unifi.it/retrieve/handle/2158/1142287/377210/ICOTS10_5E2.pdf

Ramirez, G., Gunderson, E., Levine, S., & Beilock, S. (2012). Spatial anxiety relates to spatial abilities as a function of working memory
in children.The,uarterly Journal of Experimental Psycholdgfy3), 474€48https://doi.org/10.1080/17470218.2011.616214

Ratliff, K. R., Saunders, J., & Levine, S. C. (2009, Noveirtiegognitive basis of individual differences in childrenfs mental
transformation skil[Poster presentation]. Annual meeting of the Psychonomics Society, Boston, MA, USA.

Robinson, N. M., Abbott, R. D., Berninger, V. W., & Busse, J. (1996). Structure of abilities in math precocious young children: Gender
similarities and differenceslournal of Educational Psycholo8§?2), 341€35ttps://doi.org/10.1037/0022-0663.88.2.341

Rosseel, Y. (2012). lavaan: An R Package for Structural Equation Modelintal of Statistical Softwakg?2), 1€36.
https://doi.org/10.18637/jss.v048.i02

Rotzer, S., Loennecker, T., Kucien, K., Martin, E., Klaver, P., & van Aster, M. (2009). Dysfunctional neural network of spatial working
memory contributes to developmental dyscalculieuropsychologid,{13), 2859€2865.
https://doi.org/10.1016/j.neuropsychologia.2009.06.009

Schmitz, S. (1999). Gender differences in acquisition of environmental knowledge relatedftodingbehavior, spatial anxiety and
self-estimated environmental competenci€&x Roled,, 71€93https://doi.org/10.1023/A:1018837808724

Shaughnessy, M. J. (2010, AugWBtatistics for allSThelip side of quantitative reasonirgational Council of Teachers of
Mathematics.

Journal of Numerical Cognition
2023, Vol. 9(1), 16€43

GOLD
https://doi.org/10.5964/jnc.8199 B PsychOpen


https://doi.org/10.3758/BF03192949
https://doi.org/10.52041/serj.v21i1.364
https://doi.org/10.1006/jecp.1999.2516
https://doi.org/10.1007/BF02294825
https://doi.org/10.1016/B978-0-12-394388-0.00006-X
https://doi.org/10.1037/xge0000182
https://doi.org/10.1007/978-94-017-9297-4_10
https://doi.org/10.1177/0734282913508528
https://doi.org/10.1037/amp0000480
https://doi.org/10.1080/0260293042000160384
https://doi.org/10.1080/1356251032000052447
https://doi.org/10.3389/fpsyg.2017.01196
https://doi.org/10.1007/s11135-012-9757-5
https://flore.unifi.it/retrieve/handle/2158/1142287/377210/ICOTS10_5E2.pdf
https://doi.org/10.1080/17470218.2011.616214
https://doi.org/10.1037/0022-0663.88.2.341
https://doi.org/10.18637/jss.v048.i02
https://doi.org/10.1016/j.neuropsychologia.2009.06.009
https://doi.org/10.1023/A:1018837808724
https://www.psychopen.eu/

The Correlates of Statistics Anxiety 40

https://www.nctm.org/News-and-Calendar/Messages-from-the-President/Archive/J_-Michael-Shaughnessy/Statistics-for-
All%E2%80%94the-Flip-Side-of-'uantitative-Reasoning

Shea, D. L., Lubinski, D., & Benbow, C. P. (2001). Importance of assessing spatial ability in intellectually talented young adolescents: A
20-year longitudinal studyJournal of Educational Psycholo@¥:3), 604€614ttps://doi.org/10.1037/0022-0663.93.3.604

Simmons, J. P., Nelson, L. D., & Simonsohn, U. (2011). False-Positive psychology: Undiegibgitgin data collection and analysis
allows presenting anything asignificantPsychological Scien28,1359€1366ttps://doi.org/10.1177/0956797611417632

Sokolowski, H. M., Hawes, Z., & Lyons, |. (2019) What explains sex differences in math anxiety? A closer look at the role of spatial
processingCognition 182 193€212https://doi.org/10.1016/j.cognition.2018.10.005

Sorvo, R., Koponen, T., Viholainen, H., Aro, T., R™ikkenen, E., Peura, P., Tolvanen, A., & Aro, M. (2019). Development of math anxiety
and its longitudinal relationships with arithmetic achievement among primary school childcearning and Individual
Difference$9 173€181https://doi.org/10.1016/j.lindif.2018.12.005

Spielberger, C. D., Gonzalez-Reigosa, F., & Martinez-Urrutia, A. (1971). Development of the Spanish edition of the State-Trait Anxiety
Inventory. Interamerican Journal of Psycholdgyl45€158.

Stieff, M. (2004A localized model of spatial cognition in chemi@uyblication No. 3132612) [Doctoral dissertation, Northwestern
University]. Pro’uest.

Tarampi, M. R., Heydari, N., & Hegarty, M. (2016). A tale of two types of perspective taking: Sex differences in spatial ability.
Psychological Scien2g11), 1507€1516ttps://doi.org/10.1177/0956797616667459

Tosto, M. G., Hanscombe, K. B., Haworth, C. M. A., Davis, O. S. P., Petrill, S. A, Dale, P. S., Malykh, S., Plomin, R., & Kovas, Y. (2014).
Why do spatial abilities predict mathematical performanéa®elopmental Scientd3), 462€470.
https://doi.org/10.1111/desc.12138

Uttal, D. H., & Cohen, C. A. (2012). Spatial thinking and STEM education: When, why, andPhgetdlogy of Learning and
Motivation,57, 147€181https://doi.org/10.1016/B978-0-12-394293-7.00004-2

Uttal, D. H., Miller, D. I., & Newcombe, N. S. (2013). Exploring and enhancing spatial thinking: Links to achievement in science,
technology, engineering, and mathematids@rrent Directions in Psychological Scie2&8), 367€373
https://doi.org/10.1177/0963721413484756

Vasilyeva, M., & Lourenco, S. F. (2010). Spatial development. In W. F. Overton & R. M. Lernd@hgElardbook of life-span
development: Vol. 1. Cognition, biology, and methpd220€753). John Wiley & Sons.
https://doi.org/10.1002/9780470880166.hlsd001020

Verdine, B. N., Golinkoff, R. M., Hirsh-Pasek, K., & Newcombe, N. S. (2017). |. Spatial skills, their development, and their links to
mathematicsMonographs of the Society for Research in Child Develo@&Bn{7€30https://doi.org/10.1111/mono.12280

Verdine, B. N., Irwin, C. M., Golinkoff, R. M., & Hirsh-Pasek, K. (2014). Contributions of executive function and spatial skills to
preschool mathematics achievemedburnal of Experimental Child Psycholdf6 37€51.
https://doi.org/10.1016/j.jecp.2014.02.012

Viarouge, A., Hubbard, E. M., & Dehaene, S. (2014). The organization of spatial reference frames involved in the SNARC effect.
,uarterly Journal of Experimental Psycholcagj§8), 1484€1498ttps://doi.org/10.1080/17470218.2014.897358

Vigil-Colet, A., Lorenzo-Seva, U., & Condon, L. (2008). Development and validation of the Statistical AnxieBsRmteem®q1),
174€180.

Wai, J., Lubinski, D., & Benbow, C. P. (2009). Spatial ability for STEM domains: Aligning over 50 years of cumulative psychological
knowledgesolidifiests importance Journal of Educational Psycholog@14), 817€83%ttps://doi.org/10.1037/a0016127

Walsh, J. J., & Ugumba-Agwunobi, G. (2002). Individual differences in statistics anxiety: The roles of perfectionism, procrastination
and trait anxiety.Personality and Individual Differenc832), 239€25https://doi.org/10.1016/S0191-8869(01)00148-9

Wong, W. I. (2017). The space-math link in preschool boys and girls: Importance of mental transformation, targeting accuracy, and
spatial anxietyBritish Journal of Developmental Psychol8§2), 249€266ttps://doi.org/10.1111/bjdp.12161

Xu, K. (2012Multiple group measurement: Invariance analysis in LajR@anerPoint slides].
https://users.ugent.be/~yrosseel/lavaan/multiplegroup6Dec2012.pdf

Yao, S.-N., Note, ., Fanget, F., Albuisson, E., Bouvard, M., Jalenques, |., & Cottraux, J. (1999). L—anxi“t“ sociale chez les phobiques
sociaux: Valiation de I-“chelle d—anxi“t* sociale de Liebowitz (version franeaise) [Social anxiety in social phobics: Validation of
Liebowitz—s social anxiety scale€French versibn}Enc,phale: Revue de psychiatrie clinique biologique et th,raBshigue9€
435.

Journal of Numerical Cognition
2023, Vol. 9(1), 16€43

GOLD
https://doi.org/10.5964/jnc.8199 B PsychOpen


https://www.nctm.org/News-and-Calendar/Messages-from-the-President/Archive/J_-Michael-Shaughnessy/Statistics-for-All%E2%80%94the-Flip-Side-of-Quantitative-Reasoning
https://www.nctm.org/News-and-Calendar/Messages-from-the-President/Archive/J_-Michael-Shaughnessy/Statistics-for-All%E2%80%94the-Flip-Side-of-Quantitative-Reasoning
https://doi.org/10.1037/0022-0663.93.3.604
https://doi.org/10.1177/0956797611417632
https://doi.org/10.1016/j.cognition.2018.10.005
https://doi.org/10.1016/j.lindif.2018.12.005
https://doi.org/10.1177/0956797616667459
https://doi.org/10.1111/desc.12138
https://doi.org/10.1016/B978-0-12-394293-7.00004-2
https://doi.org/10.1177/0963721413484756
https://doi.org/10.1002/9780470880166.hlsd001020
https://doi.org/10.1111/mono.12280
https://doi.org/10.1016/j.jecp.2014.02.012
https://doi.org/10.1080/17470218.2014.897358
https://doi.org/10.1037/a0016127
https://doi.org/10.1016/S0191-8869(01)00148-9
https://doi.org/10.1111/bjdp.12161
https://users.ugent.be/~yrosseel/lavaan/multiplegroup6Dec2012.pdf
https://www.psychopen.eu/

Gibeau, Maloney, Bfland et al. 41

Zanakis, S., & Valenzi, E. (1997). Student anxiety and attitudes in business statistinal of Education for Busine&¥1), 10€16.

https://doi.org/10.1080/08832329709601608

Zeidner, M. (1991). Statistics and mathematics anxiety in social science students: Some interesting Baitaélel3ournal of

Educational Psycholod/(3), 319€32&ttps://doi.org/10.1111/j.2044-8279.1991.tb00989.x

Appendix A: Translation of the Items for the Three In-
HousefTranslations

Table Al

Translation of the Spatial Anxietyestionnaire (SAQ)

Original Items Translated Items

10

11

12

13

14

15

16

17

Asked to imagine the 3-dimensional structure of a complex molecule using Vous devez imaginer la structure en trois dimensions d—une mol“cule complexe

only a 2-dimensional picture for reference ce partir d—une image en seulement deux dimensions

Asked to determine how a series of pulleys will interact given only a 2- Vous devez d“terminer comment des leviers et des poulies vont interagir ce
dimensional diagram partir d—un diagramme en deux dimensions

Asked to imagine and mentally rotate a 3-dimensiofigure Vous devez imaginer et tourner mentalement un objet tridimensionnel

Asked to imagine a 3-dimensional structure of the human brain from a 2- Vous devez imaginer la structure en trois dimensions d—un cerveau humain ce
dimensional image partir d—une image en deux dimensions

Asked to imagine the motion of a mechanical system given a static picture &ous devez imaginer le mouvement d—un syst%.me m“canique ce partir d-une
the system image statique de ce syst%ome

Imagining on a test what a 3-dimensional landscape model would look like Dans un test, vous devez imaginer ce quoi ressemblerait un paysage en trois
from a different point of view dimensions si vous le regardiez ce partir d—un autre point de vue

Asked to imagine the 3-dimensional shape created by rotating a complex 2Dans un examen, vous devez imaginer la forme tridimensionnelle qui est cr*‘e
dimensional plane on an exam en effectuant la rotation d—un plan bidimensionnel complexe

Using a 3-dimensional model of an airport to complete a homework assigniens devez utiliser un mod%ele en trois dimensions d—un a“roport pour terminer
un devoir

Finding your way to an appointment in an area of a city or town with which Vous devez trouver votre chemin pour aller ce un rendez-vous dans une partie

you are not familiar. d—une ville que vous ne connaissez pas sans utiliser de carte ni de smartphone

Finding your way back to your hotel after becoming lost in a new city. Vous devez retrouver votre chemin vers votre h°tel apr¥%os vous ptre perdu(e)
dans une ville que vous ne connaissez pas sans utiliser de carte ni de
smartphone

Asked to follow directions to a location across town without the use of a mayjous devez suivre des indications pour atteindre un lieu de l-autre c°t* de la
ville sans utiliser de carte ni de smartphone

Finding your way back to a familiar area after realizing you have made a  Apr%os avoir r‘alis“ que vous avez pris un mauvais tournant et vous ptre
wrong turn and become lost while driving. perdu(e) en conduisant, vous devez retrouver votre chemin vers un lieu familier
sans utiliser de carte ni de smartphone ni de GPS

Trying to get somewhere you have never been to before in the middle of anVous devez vous rendre ce un endroit 0% vous n—ptes jamais all“(e) auparavant
unfamiliar city. dans un une ville qui ne vous est pas famili%.re sans utiliser de carte ni de
smartphone

Trying a new route that you think will be a shortcut without theenefibf a ~ Vous devez essayer un nouvel itin“raire qui serait plus court selon vous sans
map. |-aide d—une carte ni de smartphone

Asked to do the navigational planning for a long car trip Vous deveplanifierl-itin“raire pour un long voyage en auto sans utiliser de
carte ni de smartphone ni de GPS

Memorizing routes and landmarks on a map for an upcoming exam Vous devez m“moriser les routes et les rep%ores sur une carte routi%.re pour un
examen ce venir

Asked to recall the shade and pattern of a person-s tie you met f@irdiéme Vous devez vous rappeler la couleur et les motifs de la cravate d—une personne
the previous evening. que vous avez rencontr‘e pour la premi%ore fois la veille
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Original Items Translated Items

18

19

20

21

22

23

24

Asked to give a detailed description of a person-s face whom you—ve only Matis devez donner une description d“taill“e du visage d—une personne que vous
once. avez rencontr” une seule fois

Asked to recall the exact details of a relative—s face whom you have not se&fous devez donner des d‘“tails pr“cis sur le visage d—un membre de votre famille
several years. que vous n—avez pas vu depuis des ann“es

Asked to recreate your favorite artist—s signature from memory Vous devez imiter de m“moire la signature de votre artiste prf‘r*

Describing in detail the cover of a book to a bookseller because you-ve  Vous devez d“crire en d“tails la couverture d—un livre ce un libraire parce que
forgotten both the title and author of the book. vous avez oubli“ le titre et |-auteur de I-ouvrage

Tested on your ability to create a drawing or painting that reproduces the Vous ptes test“(e) sur votre habilet* ce produire une peinture ou un dessin qui
details of a photograph as precisely as possible. reproduit les d“tails d—une photographie aussi pr“cis“ment que possible

Asked to imagine and describe the appearance of a radio announcer or ~ Vous devez imaginer et d“crire -apparence d—un animateur de radio ou de
someone youtve never actually seen. quelqu—-un que vous n-avez jamais vu

Given a test in which you were allowed to look at and memorize a picture fdras d—un test, vous devez regarder et m“moriser une image pendant quelques
few minutes, and then given a new, similar picture and asked to point out amyinutes et ensuite, visualiser une seconde image semblaierifierles
differences between the two pictures diff‘rences entre les deux images

Note.For the Belgian questionnaire, the items were ungendered.

Table A2

Translation of the Abbreviated Mathematics Anxiety Scale (AMAS)

Original Items Translated Items

1 Having to use the tables in the back of a math book Vous devez utiliser les tables se trouvant ggr@—un livre de math“matiques

2 Thinking about an upcoming math test 1 day before Vous pensez ce un test de math“matiques un jour avant celui-ci.

3 Watching a teacher work an algebraic equation on the blackboard Vous regardez un enseignant r“soudre une “quation au tableau.

4 Taking an examination in a math course Vous faites un examen dans un cours de math“matiques

5 Being given a homework assignment of madiyf icult problems that is due theVous devez faire un devoir de math“matiques contenant plusieurs probl%.mes
next class meeting difficilesqui est ce remettre lors du prochain cours.

6 Listening to a lecture in math class Vous “coutez une leson de math“matiques en classe.

7 Listening to another student explain a math formula Vous “coutez un autre “tudiant expliquer une formule math“matique

8 Being given a Spop« quiz in math class Vous recevez un quiz surprise dans un cours de math“matiques

9 Starting a new chapter in a math book Vous d“butez la lecture d—un nouveau chapitre dans un livre de math“matiques

Note.For the Belgian questionnaire, the items were ungendered.

Table A3

Translation of the Single-ltem Mathematics Anxiety (SIMA) Scale

Original Item Translated ltem

On a scale from 1 to 10, how math anxious are you? Sur une “chelle de 1 ce 10, ce quel point ptes-vous anxieux(se) des
math“matiques?

Note.For the Belgian questionnaire, the items were ungendered.

Journal of Numerical Cognition

2023, Vol. 9(1), 16€43

GO
https://doi.org/10.5964/jnc.8199 B PsychOpen

LD


https://www.psychopen.eu/

Gibeau, Maloney, Bfland et al.

43

\ !'
-
'\ m e
Journal of Numerical CognitigdNC) is arofeicial

journal of the Mathematical Cognition and
Learning Society,(MCLS).

leibniz-psychology.org

PsychOpen GOLD is a publishing service by
Leibniz Institute for Psychology (ZPID), Germany.

Journal of Numerical Cognition
2023, Vol. 9(1), 16€43
https://doi.org/10.5964/jnc.8199

B PsychOpenGO

LD


https://www.psychopen.eu/

	The Correlates of Statistics Anxiety
	(Introduction)
	Statistics Anxiety
	Spatial Anxiety

	Method
	Participants
	Procedure
	Materials
	Questionnaires
	Planned Analyses

	Results
	Screening of the Results
	Establishing Equivalence Between Continents
	Descriptive Statistics and Reliability
	Validating French Versions of the Scales’ Scores
	Associations Between the Variables
	Mediation Analyses
	Which Spatial Anxiety Dimension Sustains Interpretation in Statistics?

	Discussion
	Similarities Between the Anxieties
	Gender Differences
	The Role of Spatial Tools in the Teaching of Statistics
	Limitations
	Conclusion

	(Additional Information)
	Funding
	Acknowledgments
	Competing Interests
	Data Availability

	Supplementary Materials
	References
	Appendix A: Translation of the Items for the Three In-House Translations 


