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Purpose: This research investigated factors affecting statistics anxiety in university students to find out whether perfectionists are at
greater risk of experiencing it. This topic is known to be amongst the most anxiety-provoking matter among undergraduate students in
the social sciences, humanities, and psychology. Herein, we sought to better characterize the aims and strivings of subgroups of
students with regard to statistics.

Participants and Methods: A final sample of 210 participants answered questionnaires measuring statistics anxiety, perfectionism
and excellencism, academic goals, emotion regulation strategies, attitude towards statistics, and statistical ability.

Results: The results show that participants better able to discriminate affirmations of flawlessness from affirmations of excellence
report lower anxiety in interpreting statistics. Excellencists endorse more mastery-oriented academic goals, less avoidance-oriented
goals, and favor adaptive emotion regulation strategies. Profile analysis shows that for the perfectionism-oriented profile, anxiety to
interpret statistics correlates positively with avoidance goals whereas for excellencists, it correlates negatively with mastery goals.
Further, excellencists who show high anxiety to interpret statistics tend to use less adaptive emotion regulations strategies while
perfectionists tend to use more maladaptive emotion regulation strategies.

Conclusion: One outstanding result is that discriminating flawless wordings from wordings aiming at excellence is a main
determinant in keeping positive attitude in anxiety-triggering courses.
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Introduction

Statistics are increasingly necessary in everyday life and for professional and academic employments. Many professional
fields require some knowledge of statistical methods.' In the psychological sciences, for example, great importance is
attributed to these skills in both clinical and experimental fields. It is judged essential enough that many education
curriculums, most social science curriculums, and virtually all psychology curriculums include at least one statistics

" and display greater statistics

course.”> However, these students tend to face difficulties with statistical reasoning®
anxiety."* "> Its exact prevalence is debated but comprised between 25% and 75% of the students.'®

Statistics anxiety is defined as a discomfort resulting from exposure to statistical concepts at any level or in any
form.®'”'® Tt is characterized by a feeling of anxiousness during statistical analysis or during a statistics course.'®"*
Statistics anxiety is known to have consequences for learning and performance as it often strongly predicts lower grades
in statistics classes;”>'** although discordant results were published.*****

This form of anxiety subsumes three facets.*” Firstly, it contains an apprehension regarding statistics evaluations
which correlates well with trait anxiety. Secondly, it also generates an anxiety to ask questions about statistics or to meet
statistics instructors, resulting in an avoidance to ask for help. This form correlates well with social anxiety. Lastly, it has
a facet related to interpreting statistics. This last aspect relates well with spatial skills and spatial anxiety.''*

Given that university students are frequently high-achievers, and that this population can loosely be divided among

people striving for excellence and people striving for perfection, we need to consider how these distinct strivings relate to
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statistics anxiety.”® Further, relations between statistics anxiety and achievement goals (mastery goals, performance
goals, or avoidance goals) are commonly reported. As there may be a relation between perfectionism and emotion
processing, cognitive emotion regulations strategies such as blaming oneself should also be examined.

Perfectionism, Excellencism, and Statistics Anxiety

Perfectionism is defined as the “tendency to aim and strive toward idealized, flawless, and excessively high standards in
a relentless manner” (Gaudreau, 2019, p. 200).2%% Perfectionists expect nothing but perfection from themselves which
motivates them into putting a lot of effort into the things they do.?®*° However, the standards linked to perfectionism are
idealistic, unrealistic, and unattainable. In addition, perfectionists often pursue these standards in a manner that is rigid
and inflexible. This leads to dissatisfaction and distress alongside accomplishments.*'*

Recently, some?’ argued that previous measures of perfectionism might be conflating perfectionism and the pursuit of
excellence. That is, ambiguous items which do not clearly differentiate perfection from excellence striving are often found
in measures of perfectionism.>* For instance, in life, some people strive for very high standards of performance without ever
wanting to reach a state of perfection. Importantly, they often do so in a manner that is adaptable. This should not fall under
perfectionism but rather under excellencism, which is defined as the “tendency to aim and strive toward very high yet
attainable standards in an effortful, engaged, and determined yet flexible manner” (Gaudreau, 2019, p. 200).>’

To our knowledge, only two studies investigated the relationship between perfectionism and excellencism with regard to
anxiety in academia. In the first, the authors found that perfectionists expressed significantly more trait anxiety, fear of failure,
and rumination than excellencists.>> Respondents also showed significantly more catastrophizing about small mistakes and
seek more reassurance while having significantly worse grades than excellencists. The second focused on two aspects of
perfectionism, self-critical perfectionist and rigid perfectionist, with regard to statistics anxiety.”® They found a positive
relation between self-critical perfectionism and statistics anxiety but no relation involving rigid perfectionism or attitude. The
results supported the idea that perfectionism is both unneeded and harmful compared to the pursuit of excellence. If
perfectionism is simply detrimental, we would expect to find a positive association between perfectionism and all the
subscales of statistics anxiety (and the opposite for excellencism). This hypothesis is labeled H/a hereafter.

Recent work observed that perfectionists and excellencists have quite different emotional reactions while performing
creativity tasks.” 7 The excellencists endorsed fewer negative emotions and fewer worries while performing a divergent
thinking task (a classic item is “Tell us all the different ways you could use a brick ) while being given three choices (eg,
“During the creative task, I felt (select one): surprised, amazed, astonished”). The perfectionists, on the other hand,
reported heightened levels of emotions, the increase being more pronounced for negative emotions and expressions of
worries compared to positive emotions. One possible explanation is that perfectionists have difficulties discriminating
between emotions. Also, when completing an emotional divergent thinking task, excellencists have better scores (eg,
“Name all the things you can think of that can be frustrating”, tasks introduced in®°) compared to a classic divergent
thinking task. Both results suggest that perfectionists may have difficulty processing or discriminating emotions with the
sufficient level of nuance. Based on this view of perfectionism, we would expect to find a positive association between
perfectionism and the sole sub-scale of interpretation in statistics anxiety (hypothesis H1b). Further, we would expect to
find associations with cognitive emotion regulation strategies, associations that would be more pronounced for poor
emotion regulation strategies (see next).

Looking at the Scale of Perfectionism and Excellencism, the questionnaire used to distinguish perfectionism and
excellencism (SCOPE)’®, it can be observed that all the items are presented in two versions, with the second using a more
extreme wording. For example, the first item is: [As a person, my general goal in life is to.] “have very good performance”, for
which the second version is “have perfect performance” (items 1 and 12). All the other items use similar terms such as
“competent” vs. “perfect” (items 2 and 13), “very productive” vs. “exceptionally productive” (items 4 and 15), “skillful” vs.
“flawless” (items 5 and 16), “high-quality” vs. “error-free” (items 6 and 17), “difficult but realistic” vs. “perfect” (items 7 and
18), “very well” vs. “perfectly” (items 10 vs. 21) and “very hard” vs. “relentlessly” (items 11 vs. 22). Thus, the two versions of
the items differ in how extreme the expressions are. Recognizing the difference implies some nuanced processing of the item
content which, as we argued above, may be what is lacking in perfectionism. Hence, these two versions of each item will be
contrasted in the present study.
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Achievement Goals

Academic achievement goals are commonly divided into three subscales, mastery goals, performance goals, and avoidance
goals.*>** Mastery goals are characterized by wanting to acquire new skills and competencies and a tendency to be highly
cognitively engaged in tasks. Performance goals are defined as wanting to outperform others. People adopting performance
goals are preoccupied with their performance compared to others and want to obtain the highest marks. They are characterized
by less perseverance and more superficial cognitive engagement. Finally, avoidance goals are defined as the desire to simply
“get through” a given course with minimum effort. Two goals were found to be associated with statistics anxiety:'> Mastery
goals reduce statistics anxiety while avoidance goals increase it.

Considering that anxiety in general — and statistics anxiety in particular — are incapacitating, we expect to replicate the
findings that it positively associates with avoidance goals, while the opposite is expected for mastery goals. More
critically, the associations between these two goals and statistics anxiety should be altered by excellencism vs.
perfectionistic strivings (hypothesis H2).

Emotion Regulation Strategies

Poor emotion regulation strategies are common in anxiety-inducing contexts, and statistics courses are no exception to
many students. Maladaptive strategies involve among other blaming ourselves or others; adaptive strategies involve
refocusing or putting into perspective, for instance. Recent research supports the idea that maladaptive regulatory
strategies are associated with statistics anxiety,'® a finding that we hope to replicate herein. However, the authors did
not find relations between adaptive strategies and statistics anxiety. This negative result is surprising; it could tentatively
be explained by a masking variable. Herein, we consider the type of strivings adopted by respondents. The relation
between statistics anxiety and adaptive emotion regulation strategies could be influenced by strivings, with perfectionism
negatively related to adaptive strategies and excellencism positively related to them, resulting in a net association close to
zero. The notion of reduced abilities to process or discriminate emotions would explain enhanced used of maladaptive
strategies among perfectionists. This hypothesis (43) will be examined in the present study.

Attitudes and Ability Toward Statistics

Finally, two last factors that modulate the relation between statistics anxiety and strivings are considered. The first relates
to students’ attitudes toward statistics. These subsume a multidimensional concept characterized by favorable or
unfavorable responses in learning statistics. ! Aspects of attitude involve, among others, the value of statistics, its
utility, or how competent we are in this area. The more one holds positive attitudes toward statistics, the better one’s
experience in statistics courses should be.'® In turn, a better experience in statistics courses should be conductive to lower
statistics anxiety.

The second factor relates to one’s ability in statistics. Participants with higher abilities in statistics might concurrently
experience less anxiety with regard to statistics. Given that participants are not all enrolled in a statistic class at the time
of the study and given how difficult it is to obtain grades from registrars or instructors, we opted for a self-reported
estimate.

To our knowledge, no study has investigated all the above variables simultaneously in the context of statistics anxiety.
The closest may be.”® Such research may be useful to develop interventions that reduce statistics anxiety in students.
There is a need to have good understanding of the variables that hinder versus protect against statistics anxiety. The
present study aims to increase understanding of the above issues.

Objectives

The primary goal of this research is to examine factors that influence university students’ statistics anxiety. The
underlying assumption is that the relations involving statistics anxiety are altered by strivings, either towards perfection-
ism or towards excellencism. Consequently, some of the relations may be invisible when strivings are not considered. To
do so, perfectionism and excellencism strivings were examined in relation to academic achievement goals and emotion
regulation strategies. Two additional variables were included in the study, namely self-reported statistics ability and
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attitudes toward statistics. Finally, two potential covariates were also considered in the study. First, anxiety is known to
be related to gender.*> In many studies examining mathematics anxiety, the gender effect is known to be mediated by
spatial anxiety.***® The same effect was reported with respect to statistics anxiety."' As we did not measure spatial
anxiety, gender was used herein as a simple proxy in the analyses. Second, age was also included as a covariate. Age was
not identified as influencing statistics anxiety in past research; however, given the current trends showing that general
anxiety levels are rising in the population,*” it is worth giving a second look to this variable.

The hypotheses examined can be summarized as follows. Statistics anxiety is expected to be positively and
significantly associated with perfectionism score for perfectionists, but the opposite is expected for excellencists.
Whether this association is true to all sub-scales of statistics anxiety (H/a) or only to the interpretation anxiety (H1b)
will be examined. It is also expected that mastery goals and avoidance goals will be associated to statistics anxiety only
for excellencists and perfectionists, respectively (H2). Finally, maladaptive emotion regulation strategies should be
positively associated to statistics anxiety, replicating past studies, but the relation involving adaptive emotion regulation
strategies and statistics anxiety might depend on the type of strivings pursued, explaining the lack of relations reported in
previous studies (H3).

As commonly found, statistics anxiety is expected to be negatively associated with attitudes towards statistics and
statistics ability. The influence of gender will be examined, although this effect is most likely an artifact of spatial
anxiety, a variable that we did not measure to minimize study duration. Both associations should be non-null if we are to
replicate the most-common results reported in the literature.

Materials and Methods

Participants and Procedure

Participants were all French speaking and recruited online from an institutional subject pool regrouping students in an
introduction to Psychology class. This course is open to all university students but mostly followed by social science
students and biomedical students. All had previous training in statistics and those who will pursue in psychology are
expected to take two more classes on that subject.

Effect sizes obtained from prior studies having statistics anxiety as a dependent variable suggest that relevant correlations
could be in the .20 vicinity. An a priori power analysis recommended 193 participants to reach a statistical power of .80. We
therefore aimed for 300 to take into account about 33% of unfinished questionnaires, questionnaires with missing responses on
one scale or more, and where the completion time was too short. All pool members who registered to the study were allowed to
complete it (which explain that we ended with a larger than anticipated sample).

Participation to this study was voluntary and anonymous, and participants had the option to withdraw at any time.
They earned 0.5 credit course as compensation for their participation. This online study was carried out using Qualtrics
(https://www.qualtrics.com). It has been approved by the institution’s Research Ethic Board (H-08-23-9413). The
questionnaires described next were broken down into pages of 10 to 12 items. The order of the pages and the items

on the pages were randomized across participants.

Measures
Demographic Questions
Participants answered demographic questions concerning their gender, age, and program of study.

Statistics Anxiety

Statistics anxiety was measured using the Statistics Anxiety Scale (SAS).*** The French version is composed of 21 items
(broken into a page of 11 items and a page of 10 items) beginning with “/ndicate the level of anxiety that each of the following
situations provoke in you”. It is scored on a scale from 1 (no anxiety) to 5 (a lot of anxiety). The questionnaire has three
subscales: anxiety about statistics evaluations (eg, “Studying for a statistics exam ”), anxiety about asking for help (eg, “Ask
my statistics teacher a question about the subject I am having trouble understanding ”), and anxiety about committing and
interpreting statistical results (eg, “Interpret the meaning of a table in a scientific article”). Reliability measured by the
McDonald’s omega ranged from .83 (interpretation anxiety) to .97 (anxiety of asking for help).
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Perfectionism and Excellencism

There exist a few scales to measure perfectionism, some of which aim at disentangling the content of perfectionism (eg,
self-critical perfectionism vs. rigid perfectionism). Herein, we wished to distinguish perfectionistic strivings from
a distinct but related concept, excellencism. To that end, strivings were measured using the French version of the
Scale of Perfectionism and Excellencism (SCOPE).*® This questionnaire includes items rated on a scale from 1 (not at
all) to 7 (totally) and questions refer to participants’ general life goals. The SCOPE contains 22 items which measure
excellencism (eg, “As a person, my general goal in life is to perform very well”) and perfectionism (eg, “As a person, my
general goal in life is to perform perfectly”). Items were divided randomly over two pages. Reliability as measured by the
Cronbach’s alpha for excellencism is .96, while for perfectionism, it is .97.*%

We also introduce a contrast measure derived from perfectionism and excellencism scores. As mentioned in the
introduction, the items have two versions, one of which has extreme wordings affirming perfection and flawlessness, and
one affirming high but realistic standards. Everything else being identical between the items, the influence of extreme
wordings can be assessed by subtracting the score of both versions. To achieve this, a new variable, called ASCOPE, was
calculated as follows:

A SCOp e = SCOP €excellencism — SCOP Cperfectionism (1 )

This derived score is neither a measure of excellencism nor perfectionism. Indeed, a participant with low scores on the
two subscales could have the same difference than a participant with high scores on both subscales. It is instead
a measure of how well the difference in wording between the two sets of items is perceived. If the difference in the
expressions is unnoticed, then participants are likely to have similar scores on both subscales and thus, a ASCOPE near
zero. In a sense, this contrast is a measure of perceptibility, with the target being the detection of excessive intensity of
expressions such as “flawless” relative to “skillful”.

Achievement Goals

Types of achievement goals were measured using the Questionnaire des Buts en Contexte Scolaire (QBCS).** This
questionnaire contains 22 items spread randomly over two pages of 11 items. They are scored on a scale of 1 (strongly
disagree) to 6 (strongly agree). The QBCS contains three subscales: mastery goals (eg, “It’s important for me to master
the knowledge and skills we are supposed to learn in this course”), performance goals (eg, “In this course, I am willing to
work hard only when I am sure of getting high marks”), and work-avoidance goals (eg, “In this course, I do only what is
necessary to avoid failure”). Reliability as measured by the Cronbach’s alpha ranged from .75 for performance goals and
avoidance goals to .88 for mastery).

Cognitive Emotion Regulation Strategies

The Cognitive Emotion Regulation Questionnaire (CERQ;>® for the French version, see ') measures the participant’s
strategies used to regulate emotions in the face of negative or unpleasant situations. The items in this questionnaire are
rated on a scale from 1 (almost never) to 5 (almost always) and comprise 36 items presented over three internet pages of
12 items. The CERQ contains two subscales. The first subscale is adaptive emotion regulation (eg, “When I experience
negative or unpleasant events, I think I have to accept that they happened”) characterized by acceptance, positive focus,
action focus, positive reappraisal and perspective. The second subscale is maladaptive regulation (eg, “When
I experience negative or unpleasant moments, I feel that I am the one to blame for what has happened”) characterized
by self-blame, blaming others, catastrophizing, as well as rumination. Cronbach’s alphas were .82 for maladaptive
emotion-regulation strategies and .89 for adaptive strategies.’>'

Attitudes Toward Statistics

Attitude was measured by the Survey on Attitudes Towards Statistics (SATS-36; for the French version, see’®). The
SATS-36 comprises 36 items presented over three internet pages of 12 items. They are scored on a scale ranging from 1
(strongly disagree) to 7 (strongly agree). The questionnaire contains six subscales: affects towards statistics (eg, “I will
like statistics”), perceived competency to use statistical tools and techniques (eg, “I will understand statistics equations™),
perception of the usefulness, relevance and value of statistics in professional and personal life (eg, “I will have no
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application for statistics in my profession”), perceived difficulty of statistics as a subject of study (eg, “Learning statistics
requires a great deal of discipline”), the level of interest in statistics (eg, “I am interested in using statistics”), and the
amount of work the student plans to put into the statistics course (eg, “I plan to complete all of my statistics
assignments”). Reliability for the French version, as measured by the Cronbach’s alpha, ranged from .59 (for the
subscale difficulty) to .83 (for the subscale competency) whereas it was higher in the original English version (ranging
from .76 for difficulty to .89 for interest).>*

Self-Rated Ability in Statistics

Finally, participants were asked to self-rate their statistics ability on a scale from 0 to 100 using a slider. They were invited to
base their judgments on their previous grade(s). This question about self-reported ability is similar to the Single-Item Math
Anxiety (SIMA) measure in mathematics.” Consequently, it is named hereafter the Single-Item Statistics Ability (SISA)
measure. It is common in other studies to ask for self-reported grades (commonly using letters A to E); the current approach is
thus very similar except that it uses a numeric scale (0 to 100). Actual grades were not measured; as such, the external validity
of this self-reported measure cannot be assessed.

Plan of Analysis

All scores on the above scales (SAS, SATS, QBCS, CERQ and SCOPE) and their subscales were re-scaled on a range
from 0 to 100 to facilitate comparisons. In this scale, 0 means that the participant chose the lowest response option all the
time, and 100 means that the participant chose the highest response option all the time. Statistics are reported to two

decimal places except where necessary.”® Cohen’s d, are b ased on the pooled standard deviation;””®

a negative sign
indicates a decrease. The profile analyses reported below estimated model parameters using Maximum Likelihood (ML)
with Mplus 7.0. As the search for best-fitting parameters could be trapped in local minima, the number of random sets of
starting values was 1000, with 100 of the highest log-likelihood results used as starting values in the final phase of
optimization.

The full dataset as well as the resulting dataset after data screening (see below) are available on OSF (https://osf.io/
Skyd6/overview). The scripts for data analysis (using SPSS, Mplus and R) and the scripts for data visualization (using
R with the packages superb and corrplot) are also available there. This study was not pre-registered; all the measures

collected were described above and no other measures were taken.

Results

Data Screening

The study reached 333 participants. After examination, several participants were removed for the following reasons.
Firstly, 7 participants did not consent to the study and 48 participants did not answer the questionnaire to the end.
Secondly, 28 participants did not answer the item concerning self-reported statistics ability. Thirdly, 39 participants
completed the study in less than 8 minutes for 138 items plus the demographics (less than 3.5 seconds per items on
average). Their answers were considered too quick and not necessarily adequate. The median duration of the remaining
participants was 18.5 minutes.

After computing the scales and subscales scores, an additional participant with missing responses on at least one item
of every subscale was identified and removed. The final sample is therefore composed of 210 participants. One hundred
and seventy-eight had no missing subscale scores; 23 had a single subscale score missing; 5 had two subscale scores
missing; 2 had three missing subscale scores; 1 had four; and 1 had five for a total of 48 missing subscale scores out of
3360 subscale scores (16 subscales times 210 participants). As the proportion of missing subscale scores is low (1.4%),
the analyses were performed using pairwise deletion rather than imputing the missing scores.

Three quarter of the participants were from the social or psychological sciences (80) and from the biomedical sciences
(75), 42 were from humanities or finance and 8 were from STEM disciplines. Finally, the program was unspecified for 5

participants.
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Effect of Gender and Age

Of the final 210 participants, 163 participants identified themselves as female (77.6%) and 40 (19.0%) as male. Five
participants responded “other” (2.4%) and 2 (1.0%) participants preferred not to answer this question. The majority of
participants were female, which is to be expected as recruitment was predominantly in psychological sciences and
biomedical sciences which are known to have more women than men.’>®® The 197 participants who reported their age
were between 16 and 38 years-old, with a mean age of 19.3 (standard deviation of 2 years and 8 months; median of 19.0).
Three respondents were above 30.

61763 explaining

As commonly reported, we find that gender is a strong and reliable predictor of statistics anxiety,
4.9% of the variance in the SAS total scores. The average score for men is 45.9 with a 95% confidence interval of [38.7,
53.2] (the square brackets will denote 95% confidence intervals in the remaining) and for women, 57.7 [54.7, 60.8]. This
difference of 11.8 points (Cohen’s d of 0.59) is significant (#193) = 3.3, p = 0.001).

Broken down by statistics anxiety subscales, gender is most impactful on evaluation anxiety, with females having on
average 16.6 [9.5, 23.7] more points of anxiety than males (#193) = 4.97, p < 0.001). Anxiety of asking for help is also
impacted by gender, with females being 11.9 [1.7, 22.0] points higher than males (#193) = 2.24, p = 0.026). Finally, there is
a weak impact of gender with respect to interpretation of statistics (women have 7.3 [—0.9, +15.6] more points of anxiety over
men on average; #(194) = 1.97, p=0.092). The authors in'' reported a difference of 8.2 points, similar in magnitude, but which
was significant, owing to a larger sample. The full unstandardized regression coefficients are reported in Table 1, left columns.

A significant relation with age was also found. A linear regression of age onto the SAS total score indicates that
anxiety is stronger for younger participants (reducing by B = —1.21 points of anxiety per additional year of age; B is the
unstandardized regression coefficient). Broken down by SAS subscales, the effect of age is only significant for evaluation
anxiety (B = —1.86 points of anxiety per additional year of age). This relation is quite strong (£2(193) = 3.82, p < 0.001),
and together, age and gender explain 18.1% of the variance on this subscale.

The beneficial impact of age could be the result of more diverse experiences in and outside academia which would
moderate evaluation anxiety. Alternatively, it could indicate that older participants feel more capable with statistics. This
conjecture is supported by the inverse effect of age on self-reported ability in statistics (SISA; B = +1.33 points of ability
per additional year of age, #(196) = 2.14, p = 0.034).

Descriptive Statistics

Table 2 provides the descriptive statistics as well as the reliability indices for all six scales and their sixteen subscales.
A full description of the summary statistics is available on the OSF web site in the Appendix A located at https://osf.io/
Skyd6/overview, subfolder Supplementary. 1t also shows the full correlation matrix in Figure Al

Table | Results of Covariance Analyses Using Age and Gender Complemented with Regression
Analyses Using SCOPE Excellencism and Perfectionism Scores as Predictors Onto the Remaining
Variables. The Bs are Unstandardized Regression Coefficients

Variables Covariance Analysis Regression Analysis
Bo Age | Gender R? Bo | Bexcen Bpertecti R?

SAS/Evaluations 100.1 | —1.86%F | 16.60%* | 0.181*F | —|2.1 0.193 —0.060 0.013
SAS/Asking for help 66.8 —1.04 11.87% 0.037* 10.5 —-0.239 0.149 0.012
SAS/Interpretation 387 -0.39 7.27 0.018 204 —0.378* +0.175% 0.033*
QBCS/Mastery 70.4 0.42 0.19 0.001 —384 | +0.619% | —0.198% | 0.224**
QBCS/Performance 52.1 —-0.03 0.38 0.001 —24.5 0.099 0.297%* 0.242%*
QBCS/Avoidance 33.6 0.23 —0.08 0.001 39.1 —0.548** 0.084 0.123**
CERQ/Adaptive 64.1 —-0.09 —4.65 0.013 | —36.2 | +0.562** —0.148% | 0.151%*
CERQ/Non-adaptive | 54.9 —0.66 3.66 0.025 | —l0.1 0.064 0.095 0.038*
SATS 54.5 0.18 -3.83 0.015 | —24.6 0.344%* —0.050 0.094**
SISA 40.8 1.33% —-7.36 0.040* | —36.6 0.536%* —0.103 0.069%*

Notes: By is the intercept; Age is expressed is years old; Gender is coded 0 for male and | for female. *p < 0.05. **p < 0.01.
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Table 2 Descriptive Statistics of the Variables

Variables N Average | Standard Deviation | Minimum | Maximum | Skewness | Cronbach’s Alpha
SAS total 201 55.4 20.17 3.6 100.0 -0.22 0.939
Evaluation 206 77.6 20.42 7.1 100.0 —1.24 0.875
Asking for help | 207 50.0 29.19 0.0 100.0 —0.06 0.967
Interpretation 208 37.1 23.75 0.0 100.0 0.43 0.872
SCORPE total 204 68.2 16.96 25.8 100.0 -0.17 0.947
Excellencism 206 80.0 13.62 37.9 100.0 —0.58 0.902
Perfectionism 207 56.3 23.89 3.03 100.0 —-0.21 0.952
QBCS total 204 55.7 6.96 327 79.1 0.25 0.470
Mastery 208 744 14.47 375 100.0 —-0.39 0.846
Performance 206 52.6 16.47 5.7 94.3 —0.19 0.330
Avoidance 210 37.1 18.17 0.0 91.4 0.30 0411
CERQ total 197 523 11.45 229 87.5 —-0.07 0.859
Adaptive 201 58.2 16.60 7.5 95.0 —0.36 0.905
Non-adaptive 204 45.3 15.21 9.4 84.4 0.19 0.842
SATS total 201 54.8 13.53 15.3 88.9 —0.06 0.921
Arousal 205 48.9 2231 0.0 100.0 0.02 0.861
Competency 209 58.1 19.52 28 100.0 —0.05 0.855
Utility 210 6l1.6 17.84 13.0 100.0 —-0.09 0.836
Difficulty 208 39.8 12.30 0.0 738 —0.03 0.552
Work 209 69.0 20.24 42 100.0 —0.55 0.794
Interest 208 529 23.27 0.0 100.0 —0.19 0.700
SISA 210 59.8 24.33 0.0 100.0 —0.89 -

Figure 1 shows the ASCOPE scores. The raw data are shown on the left panel and their differences on the right panel.
As seen, the ratings for excellencism are high with a possible ceiling effect. However, when the participants responded to
the items containing more extreme expressions, their ratings reduced markedly for most of them, with an average drop of
23.7 points on a scale from 0 to 100. This drop is present in the vast majority of participants; only 10 out of 210 (4.7%)
had an increase from Excellencism to Perfectionism (shown with red lines), and 9 others (4.3%) had the same score on
both subscales (7 of which had the maximum score of 100).
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Figure | Excellencism and Perfectionism scores illustrated using a corset plot (left panel), and their difference ASCOPE (right panel).

Notes: Lines connect individual participants’ scores; the 10 red lines show participants whose scores increased. The green error bars show the correlation and difference-
adjusted 95% confidence intervals of the mean. The correlation between Excellencism and Perfectionism is .60. Figures | and 3 in this manuscript were realized using superb
for R (see https://osf.io/5kydé/overview for the R scripts).®*
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Being based on the two SCOPE measures, ASCOPE ought to correlate with excellencism and perfectionism.
Assuming that the perceptibility to excessive expression is a factor equally common to excellencism and perfectionism,
then their correlations with ASCOPE should be split evenly. As the correlation between excellencism and perfectionism
is about .60, the correlations between ASCOPE and each subscale should be approximately 0.45 (the exact formula being

V(1 =7)/2=+/(1 —.60)/2 = 447). The actual correlation between ASCOPE and excellencism is —0.04 whereas the

correlation between ASCOPE and perfectionism is +0.83. Consequently, this contrast does not capture a common factor

but a factor which loads preferentially onto perfectionism.

Pairwise Correlations Between Subscales

In order to examine the relations between the variables and statistics anxiety in depth, pairwise Pearson correlations between
the different subscales of all questionnaires were carried out. The interrelations between the SATS subscales are generally good
(average r of .400), the exceptions being the correlation between the perception of work and the perception of difficulty which
is small (» = —0.01). Also, the correlations between subscales of SATS and the other variables are always of the same sign
when they are significant. Therefore, we will report only SATS total score correlations for easier interpretation of the results.
The interested reader can find an expanded correlation matrix in Figure Al which includes all the SATS subscales in the
Appendix on the OSF site, folder Supplementary, at https://osf.io/Skyd6/overview.

The correlation matrix is presented in Figure 2. As can be seen, SISA is correlated with half of the variables. It is
negatively and significantly associated with the three subscales of statistics anxiety (rs between —0.17 and —0.32, all ps <
0.05; evaluation anxiety in statistics is the least correlated). SISA correlates positively with mastery goals and negatively
with avoidance goals. Also, SISA correlates with the use of adaptive strategies to regulate emotions (r = 0.20) but weakly
with maladaptive strategies (» = 0.09). Lastly, SISA is strongly correlated with SATS total score (» = 0.53): participants
with a better perception of their ability to do statistics have more positive attitudes toward this subject.

We will examine the subsequent correlations in accordance with the hypotheses. From H/, we wanted to determine if
Perfectionism is related to some or all the subscales of statistics anxiety. Figure 2 shows that little correlation is to be
found between SCOPE and SAS subscales. However, Perfectionism and Excellencism are strongly interrelated (r =
0.60). The variable ASCOPE hints to the fact that anxiety of interpretation may behave differently with regard to
strivings. Indeed, participants who can perceive the extreme nature of expressions (high ASCOPE score) have signifi-
cantly less anxiety in interpreting statistics (» = —0.15, p = 0.020). We here have a strong indication that perfectionist
strivings may be obscuring some relations involving statistics anxiety.

In Table 1, top three lines, we presented regressions where the two strivings were entered simultaneously (and so put
into competition to capture variance). It shows that Perfectionism increases interpretation anxiety (B = +0.175 of anxiety
per point of Perfectionism, p = 0.05) but not the two other forms of anxiety (B = —0.06 and +0.15 for evaluation and
asking for help, ps > 0.17). Conversely, Excellencism reduces interpretation anxiety significantly (B =—0.378, p = 0.02).
It has a weak and not statistically noteworthy impact on the other two forms of anxiety (B = 0.19 and —0.24, ps > 0.12).
The results therefore favor H1b over Hla.

Regarding H2 and H3, we considered an interaction involving strivings for the impact of QBCS and CERQ on
statistics anxiety. A prerequisite before we examine these hypotheses is that there are non-null correlations between
strivings and QBCS/CERQ. With regard to strivings, Excellencism is positively correlated with Mastery and performance
goals whereas it is negatively correlated with avoidance goals (7s of .40, 0.36 and —0.34, respectively, all ps < 0.001).
Excellencism is also strongly and moderately correlated with the use of adaptive and maladaptive strategies ( = 0.29, p <
0.001 and » = 0.14, p = 0.04 respectively). The results with Perfectionism are markedly different. It correlates with
performance goals but not with mastery goals and negatively with avoidance goals (» = 0.51, p < 0.001; » = 0.04, p =
0.60; and » = —0.12, p = 0.08, respectively). Perfectionism also does not correlate with the use of adaptive strategies but
does with the use of maladaptive strategies (r = 0.02, p = 0.83; and r = 0.18, p = 0.01 respectively). The numerous
significant correlations warrant that we examine strivings in subgroups of participants in the next subsection.

Because ASCOPE tells a different story than Perfectionism and Excellencism, this variable is examined more
carefully. A subsidiary aim of this study was to find out whether the ability to detect more extreme expressions could
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Figure 2 Bivariate correlation matrix plot obtained with the package corrplot for R (see https:/osf.io/5kydé/overview for the R scripts).®® The variable A SCOPE is the
difference between the SCOPE or excellencism and the SCOPE of perfectionism (Eq. 1).
Notes: *p < 0.05; *p < 0.01; ***p < 0.001.

improve understanding of the relations between perfectionism and statistics anxiety. As mentioned above, ASCOPE
correlates with interpretation anxiety in statistics but not with the other two subscales of the SAS. As anxiety to interpret
statistics (rather than social anxiety or trait anxiety) subsumes committing with nuanced concepts, it may underlie
a cognitive limitation common to both (interpreting statistics and interpreting affirmations of flawlessness).

When examining ASCOPE, we see that participants who discriminate extreme expressions more also have a more
mastery-goal orientation and a less performance-goal orientation, or vice versa (rs of +0.23 and —0.38, respectively, both
ps <0.001). ASCOPE is unrelated to avoidance goals (» =—0.09, p = 0.188). Participants with high ASCOPE may realize
that the extreme wordings are targeting “performance-only” goals; they may also realize that these are not realistic goals,
or at least that they are not under their control.

Congruent with this interpretation, ASCOPE was weakly and negatively associated with maladaptive emotion
regulation strategies (» = —0.13, p = 0.073), while being positively and significantly associated with adaptive emotion
regulation strategies (r = +0.19, p = 0.008).
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Figure 3 Scores on the indicator (top panel) and outcome (bottom panel) for three profiles obtained from LPA.
Notes: The semi-transparent circles show the position of individual participants; the large dots show the mean and the error bars show the difference adjusted 95%
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Also seen in Figure 2, ASCOPE is unrelated to SISA (= 0.09, p = 0.206). Again, this supports the idea that ASCOPE
may be related to emotion processing. It is also weakly related to SATS (r = 0.10).

With regard to statistics anxiety, those with higher levels of anxiety tend to report the least positive attitudes toward
statistics (correlations between —0.28 and —0.49 for the three subscales of SAS, all ps < 0.01). This reiterates commonly
obtained results. Interpretation anxiety is the subscale that correlates the most with SATS (r = —0.49).

In the online Appendix B (https://osf.io/Skyd6/overview, file APPENDICES), we performed the interpretational
framework analyses recommended in>*° to better characterize the expected scores of a perfectionist, an excellencist and

a non-excellence/non-perfection striver on statistics anxiety and the other variables examined. The methodology is
described in Appendix B and illustrated in Figure B1.

Classifying the Participants

To better understand the results, verify their robustness, and test H2 and H3, an alternative analysis was done based on an
automatic classification of the participants. This analysis is motivated by the assumption that excellencists are pre-
sumably a distinct population from the perfectionists. Including both populations into analyses may mask effects, as the
resulting statistics are a mixture of the statistic of both populations. When the two populations have opposite behavior,
the result may wrongly point to an absence of relation.
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Performing a classification of the participants informed by a subset of the variables (the indicator variables) should help
visualize the impact of these variables on the remaining variables. The classes obtained are commonly called profiles.®® One
drawback is that the resulting subsets are smaller (fewer participants than in the whole sample), resulting in a loss of statistical
power. The outcome variables (the variables not used as indicators) are not involved in the classification and therefore, the
classification has no influence on type-II error rate regarding the analyses of these variables.

To classify the participants, Latent Profile Analyses (LPA) were used.®” In the analyses, SATS total score, SISA, the
three SAS subscales, excellencism, perfectionism, and ASCOPE scores were used as indicator variables. A two-profile
solution was sought but as described below, a three-profile solution was best. In the analyses, the number of profiles was
manipulated from two to four. Three variance-covariance models were also examined, one where the variance is
a constant for all indicator variables (although inspection of Table 2 shows that this assumption is dubious); one
where the variances are free to vary between the indicator variables but constant across profiles; and a third model
with free variances as well as non-null covariances, all constant across profiles (the last two are called Models A and B,
respectively).®® For example, in the two-profile solution, Model A has 8 means per profile to estimate, 8 variances and
one classification threshold, resulting in 25 free parameters.

As expected, the model with constant variances performed poorly (with weak entropy between .74 and .83 for two
and four profiles, respectively; entropy is an indicator of uncertainty in classification).®” With regards to Model A, the
Lo-Mendell-Rubin test indicated that the three-profile solution surpasses the two-profile solution (LRT = 119.6, p =
0.025)"° but the solution with four profiles did not surpass the solution with three profiles (LRT = 88.9, p = 0.610).
Entropies varied between .85 and .86. Within Model B, the three-profile solution surpasses the two-profile solution (LRT
= 140.7, p = 0.017) but a four-profile solution did not surpass the three-profile solution (LRT = 124.0, p = 0.102).
Entropies varied between .89 and .92 from two to four classes, respectively. The solution of Model A with three profiles
was preserved, although according to AIC, this is not the most parsimonious model (AIC of Model A is 14,353 whereas
it is 14,041 for Model B; this is not surprising as the indicator variables are correlated, as was seen in a previous section).
Both models produced similar classes.

The profiles generated from the three-profile solution with Model A are shown in Figure 3. The top panel shows the
mean indicator variables, and the bottom one shows the mean outcome variables for each profile. As can be seen, one
profile, the green one, is characterized by very low attitudes towards statistics and low self-reported ability; it is called
hereafter the Low ability profile. This profile contains close to one-quarter of the sample (23.33% or 49 participants). The
other two profiles have comparable ability and attitude scores as well as anxiety but diverged considerably with regard to
the SCOPE measures. The purple profile scores were the lowest on average on perfectionism, whereas the red profile
scores were the highest. Therefore, these profiles were qualified as Excellencist (purple lines; 29.1% or 61 participants)
and Perfectionist (red lines; 47.6% or 100 participants).

It is surprising to see more perfectionists than members of the other two profiles (the frequencies are significantly
different, G(2) = 19.6, #* = 0.085, p < 0.001; the frequency of the low ability is not significantly different than the
Excellencist frequency; G(1) = 1.31, #* = 0.012, p = 0.253).”* Yet, looking at Figure 3, the perfectionism scores show
a very clear separation between the Excellencist profile (purple line) and the Perfectionist profile (red line). When
a frequency plot of the Perfectionist scores is examined over the entire sample, we see a hint of bimodality (see Figure S1
in the APPENDICES of the folder Supplementary on the OSF site https://osf.io/Skyd6/overview) which seems well split
by the present profile analysis. Some authors, using a different classification procedure, also observed more numerous

perfectionists than excellencists in an academic sample,’® so that this result is not surprising.

The Low-ability profile exhibits lower attitudes (Cohen’s d,, = —3.11 [-3.67, —2.55]; in this section, all the Cohen’s d,,
are relative to the Excellencist profile), lower self-reported ability (d, = —1.36 [—-1.79, —0.93]), and a higher level of
statistics anxiety (d, = 0.39, 1.14, and 1.01 for evaluation, asking for help, and interpretation respectively). For the
SCOPE, the low-ability profile is located approximately in-between the other two profiles (d, = 0.05, 1.65 and —1.76 for
excellencism, perfectionism, and ASCOPE). This profile shows the weakest aim for mastery (d, = —0.76 [-1.15, =0.37])
and the highest aim for avoiding failure (d, = 054 [0.15, 0.92]). Its members are low on adaptive emotion regulation
strategies (d, = —0.58 [-0.97, —0.18]) and high on maladaptive strategies (d, = 0.54 [0.14, 0.93]).
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The perfectionist profile is difficult to distinguish from the excellencist profile with regard to attitude, self-reported
ability, and the three statistics anxiety scores when we examine only mean values, as there is no discernable difference
between the two profiles (d, = —0.03, =0.02, —0.13, 0.13, and 0.15 for these variables in that order). Here, we note that —
not surprisingly— there is a difference on excellencism (d,, = 0.80 [0.47, 1.13]) and major differences on perfectionism
and ASCOPE (d,, = 3.15 [2.67, 3.63]; and d,, = —=2.56 [-2.99, —2.12] respectively). The perfectionist profile also differs
little from the excellencist profile regarding mastery (d, = 0.01 [-0.31, +0.33]) and avoidance (d, = —0.15 [-0.47, +0.17])
but aims more strongly for performance goals (d, = 0.80 [0.47, 1.14]). Finally, no visible mean difference with the
excellencist profile is seen on the Cognitive Emotion regulation strategies scales (d, = —0.13 [-0.45, +0.19] and d,, = 0.27
[-0.06, +0.59] for adaptive and maladaptive, respectively).

Differential Correlation Patterns Across Profiles

Finally, we are in a position to test A2. It holds that the association between interpretation of statistics anxiety and
avoidance goals will be different for the Excellencists (null) than for the Perfectionists (positive). Similarly, the
association between statistics anxiety and mastery goals will be negative for Excellencists but null for Perfectionists.

Figure 4 shows the relation between the QBCS goals and interpretation anxiety for the three profiles. The profiles are
shown across columns whereas the three goals are shown across rows. All the scores have been standardized so that the
means are zero; a positive correlation is visible when high scores on one variable co-occur with high scores on the other
variable. As seen, for mastery goals (top row), its relation with statistics anxiety is significantly negative only for the
Excellencist profile (» = —0.15, p = 0.03). It is near null for the other profiles. On the other hand, the relation involving
avoidance goals and interpretation anxiety (bottom row) is positive for the Perfectionists and the low ability profiles (» =
0.23, p <0.01; and = 0.26, p < 0.01 respectively) but near null for the Excellencists (»r = 0.09, p = 0.19). With regard to
performance goals (central row), no discernable correlations are visible. The hypothesis H2 is supported by the results.

As was seen in Figure 2, the correlations between interpretation anxiety in statistics and the two subscales of CERQ
(adaptive and maladaptive) are .05 and .25, congruent with those reported in."* We suggested in the Introduction that the
near zero correlation for adaptive regulation strategies may in fact be hiding disparities between the profiles. When
examined across profiles, the correlations vary substantially. Figure 5 presents the scores across profiles (columns) for the
two subscales of CERQ (rows). Regarding maladaptive strategies, there is no notable relation for excellencists, but
a strong positive relation for the Perfectionist profile (» = 0.35, p < 0.01) and a moderate association for the low ability
profile (r = 0.14, p = 0.04). Thus, perfectionists who tend to be more anxious to interpret statistics report using more
maladaptive emotion regulation strategies.

For adaptive regulation strategies, the correlation is weak and negative for Excellencists (» = —0.13, p = 0.09).
Excellencists that are less anxious to interpret statistics are using more adaptive strategies. For the other two profiles, the
more anxious they are to interpret statistics, the more they report using adaptive strategies (» = 0.24, p < 0.01; and r =
0.18, p < 0.01 for perfectionist and low ability profiles, respectively).

Over the two CERQ subscales, we see that Perfectionists use more strategies, whether they are adaptive or
maladaptive. This result may sound awkward as one strategy should be reducing anxiety and the other, increasing
anxiety. However, they are also the ones with large ASCOPE scores, that is, there may be something unsettled in the way
they process emotions.

General Discussion
We examined the associations involving statistics anxiety with a special emphasis on anxiety of interpretation as it seems
the aspect most related to understanding.'" We introduced measurements of perfectionism, with a special care to
distinguish two sorts of high achievers, the excellencists and the perfectionists. A novel measure, ASCOPE suggests
that the second type of high achievers may have difficulty with discriminating extreme wordings. This relates to other
research where perfectionists were less capable of discerning emotions, and less apt to perform divergent thinking about
emotions.”

A profile analysis suggested three profiles. These profiles suggest that excellencists and perfectionists can be
distinguished on their mean scores on one outcome variable only (performance goals). Otherwise, participants with
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Figure 4 Relation of interpretation of statistics anxiety onto QBCS subscales (rows) for the three profiles (columns).
Notes: The scores were standardized so that a negative correlation is visible when scores on one variable are high, the scores on the other variables are low. Colors of the
profiles are the same as in Figure 3. The asterisks are the results of post-hoc Welch tests”' at the .05 level (¥) and .01 level (¥¥).

of statistics anxiety.

Scales

higher self-reported ability and higher interests toward statistics can be from either profile and report comparable levels

Examining associations, it was possible to make further distinctions between the two profiles. Excellencists with
lower anxiety to interpret statistics tend to seek more mastery goals. Perfectionists with higher anxiety to interpret

statistics tend to seek avoidance goals more even though they score high on performance goals. Finally, excellencists that

are anxious are the ones using less adaptive emotion regulation strategies. The anxious perfectionists on the other hand

report more use of any sorts of strategies (adaptive as well as maladaptive).
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Figure 5 Relation of interpretation of statistics anxiety onto CERQ subscales (rows) for the three profiles (columns).
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profiles are the same as in Figure 3. The asterisks are the results of post-hoc Welch tests’' at the .05 level (¥) and .01 level (**).

In the present study, some correlations involving statistics anxiety subscales were expected. For example, those with
higher scores on attitudes toward statistics also had lower statistics anxiety on all its subscales. The exception among the
SATS subscales is the amount of work which is not related to evaluation and asking for help anxieties.*'**

The Single-Item Self-reported Statistics Ability (SISA) that was introduced herein behaved in a similar fashion to
SATS: participants with higher self-reported ability reported having less anxiety. It was found in past research that the
actual grade (an objective measure of ability) was likewise negatively correlated with statistics anxiety (Cantinotti et al’
reported almost identical correlations with final grades than what was obtained here with SISA). Not surprisingly, SISA
positively correlated with mastery goals and negatively with avoidance goals. Surprisingly, SISA correlated with an
enhanced use of adaptive emotion regulation strategies but was uncorrelated with maladaptive emotion regulation
strategies (unlike statistic anxiety subscales which correlated with enhanced use of these strategies).

The novelty of the present study was to add measures of perfectionism and excellencism and examine their relations
with statistics anxiety. Contradicting expectations, there was no relation that directly linked them to statistics anxiety.
Mackinnon et al*® examined a larger sample (thus had higher statistical power), yet they likewise failed to uncover an
association between rigid perfectionism and statistics anxiety. Excellencism was positively correlated with adaptive
regulation strategies. However, and contrary to expectations, it was also positively associated with maladaptive regula-
tion strategies.

Using ASCOPE, it was found that the ability to discriminate extreme wordings is negatively related to only
interpretation anxiety in statistics. This may be due to the fact that interpretation is the only component of statistics
learning needing nuanced wordings. The ability to discriminate extreme wordings is also negatively related to perfor-
mance goals while being positively related to the goals which emphasize learning (ie, mastery goals). Previous research
on academic motivation indicates that students who adopt mastery goals evaluate themselves in terms of their own
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progress rather than that of others, resulting in greater intrinsic motivation.*’ Mastery goals also lead to a more positive
and adaptive behavior than performance goals, which is known to provoke maladjustment.”*’® These relations are
observed herein when examining the relations between CERQ and QBCS. Also, not surprisingly, ASCOPE is positively
associated with adaptive emotion regulation strategies. According to previous research, maladaptive emotion regulation
strategies are linked to higher statistics anxiety,'* which was corroborated in the present study.

Implications

The main message to retain is that striving is a bifurcation. For members of the perfectionist profile, many relations are
opposite of what we find for excellencists. A preliminary assessment prior to any interventions aimed at reducing
statistics anxiety should therefore first identify what profile best characterizes the student. Perfectionists seek to fulfill
different goals (less mastery, more performance; less adaptive) and this is modulated by the strength of their anxiety.
Mendes et al’® reviewed 11 studies using psychological intervention in trying to reduce statistics anxiety. They were
unable to find a single study succeeding in this endeavor. It was possible to alter the attitudes towards statistics but not
anxiety. It might have been useful to characterize the student’s profile with more nuances.

Speaking of nuance, weak ASCOPE scores could be implicated in the different relations observed. What exactly is
measured by this variable remains an open question. It could reflect some verbal ability. However, it was associated with
interpretation anxiety which was shown to relate to visual abilities.'"* Another hypothesis is that it would measure
discrimination of subtle concepts such as emotions. Congruent with this interpretation, Goulet-Pelletier et al*” found that
participants high on the perfectionism measure had more difficulties generating creative responses in creativity tasks
involving emotions. As a last alternative, it might be an indirect measure of general ability which would be involved in
the interpretation of statistics. A fourth alternative that can be rejected is that ASCOPE would be related to reduce
emotional reactions to words that generate arousal because there was no correlation with the affect subscale of SATS.
Additional work is required to disentangle the possible explanations.

Whether an intervention might succeed in improving discrimination of emotions and identification of emotionally-
charged situations is an open question. The results reiterate that striving for high standards commonly comes with high
ability. However, one must strive for excellence rather than perfection, as there are clear downsides for engaging in
performance goals, which come with perfectionism.*° Further, excellencists are significantly better at regulating their
emotions by using adaptive strategies and this is supported by previous research that showed they are more adaptable
than perfectionists.®!

The third profile found in the analyses is possibly ill-defined. Gaudreau et al*> unearthed non-strivers, a category of
individuals who exhibited low intrinsic motivation and little desire to perform. The present profile analysis identified
low-ability participants. These low-ability individuals may be low strivers. However, given that we did not measure
academic motivation, it is impossible to determine if they are a single profile or two distinct profiles.

Limitations

A limitation of this study is that a previously validated measure of statistics ability was not used. Indeed, it is unknown if
the SISA is a valid measure of ability. How it correlated with SATS and SAS would suggest that it is a good proxy for
actual abilities, but an external criterion is needed in future studies.

Also, the sample was composed of 210 participants, which is a rather small sample. However, the wide array of
significant results suggests that it was a sufficient sample. It is noteworthy to mention that many of the effect sizes were
large (with Cohen’s d, occasionally exceeding 1.0). Further, the profile analysis proposed a large proportion of
perfectionists (almost half of the sample). The current sample is composed of university students mostly in social
sciences (including psychological sciences) and biomedical sciences. It would be useful to compare the profiles obtained
from a complementary sample with a larger representation of STEM disciplines. The contrasting, low-ability, profile was
characterized by weak self-reported abilities in statistics which might be characteristic of social sciences. In a sample of
STEM students, this profile would presumably be far less prevalent. It would be interesting to see what profiles would
emerge from an LPA analysis.
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Finally, it should be noted that this study is correlational. To better understand and ascertain the associations between the
different variables and statistics anxiety, studies examining cause-and-effect relations would have been necessary. As it may be
difficult to experimentally manipulate measures such as attitude towards statistics, another option would have been to do
a longitudinal study to examine the relations between all variables and possible changes through time. However, mathematics
anxiety, which often precedes statistics anxiety and is often preceded by spatial anxiety, appears as early as age 12.”77

A longitudinal study is therefore difficult to envision if statistics anxiety has its root at such a young age.

Conclusion
Despite these limitations, this study offers new perspectives on statistics anxiety which provides novel avenues for potential
future interventions. For example, to reduce statistics anxiety, students taking statistical methods courses should be advised to
aim for realistic goals, and to strive for excellence rather than perfection. It would also be recommended to foster positive and
favorable attitudes towards statistics, to aim for mastery rather than performance or avoidance goals and try to face anxiety
with a problem-solving approach in order to implement adaptive rather than maladaptive emotion regulation strategies.
Keeping a positive attitude in anxiety-triggering courses might be easier to do for excellencists than for perfectionists, owing
to their ability to detect extreme wordings. Again, this puts perfectionists at greater risk of experiencing distress in school. This
might be more visible in statistics classes as this course generates higher levels of anxiety in social and psychological sciences.
Whether these relations are the same in other, less anxiety-inducing, courses remains an open question.
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