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KEeyworps: mathematics anxiety, mathematics self-concept, intrinsic value of
mathematics, utility value of mathematics, PISA

A previous study (Vohl & Loye, 2023) showed that, on average, 15-year-old
French-speaking Quebec girls are more anxious about mathematics than French-
speaking Quebec boys across the performance continuum. The results also showed
that performances in mathematics and mathematics anxiety are two negatively
correlated phenomena. This paper aims to identify factors that could explain the
differences in mathematics anxiety observed between girls and boys and that may
have the potential to reduce the observed differences. The Pekrun's control-value
model for achievement emotions (2006) was used to verify whether differences
in self-concept, intrinsic value, and utility value observed between girls and boys
completely explain the differences in mathematical anxiety. The results in self-
concept explain nearly 70% of the differences in mathematics anxiety observed
among francophone students in Quebec.

MoTs-cLES : anxiété mathématique, concept de soi en mathématiques, valeur
intrinséque des mathématiques, valeur utilitaire des mathématiques, PISA

Dans une étude antérieure (Vohl & Loye, 2023 ), nous avons montré qu’en moyenne,
les filles québécoises francophones de 15 ans se disent davantage anxieuses a
I'égard des mathématiques que les garcons et ce, sur I'ensemble du continuum des
performances. Nous avons également montré que performances en mathématique et
anxiété mathématique sont deux phénoménes négativement corrélés. Dans le présent
article, nous souhaitons identifier des facteurs qui pourraient permettre d’expliquer
les écarts d’ anxiété mathématique observés entre les filles et les garcons. En prenant
appui sur le modéle du contréle et de la valeur de Pekrun (2006 ), nous vérifions si les
écarts de concept de soi, de valeur intrinséque et de valeur utilitaire observés entre
les filles et les gargons expliquent complétement les écarts d’ anxiété mathématique.
Nos résultats révélent que les écarts de concept de soi expliquent prés de 70% des
écarts d’anxiété mathématique relevés chez les éléves francophones du Québec.

Authors’ note: Correspondence regarding to this article may be addressed to
patricia.vohl@fse.ulaval.ca.
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PALAVRAS-CHAVES: ansiedade matematica, autoconceito em matematica, valor
intrinseco da matematica, valor utilitario da matematica, PISA

Num estudo anterior (Vohl & Loye, 2024 ), mostramos que, em média, as raparigas
francofonas do Quebec de 15 anos se sentem mais ansiosas em relagdo a matematica
do que os rapazes e em todo o continuo das performances. Mostramos também
que o desempenho em matemdatica e a ansiedade matematica sdo dois fenomenos
negativamente correlacionados. No presente artigo, pretendemos identificar
fatores que possam explicar as diferencas de ansiedade matematica observadas
entre raparigas e rapazes. Baseando-nos no modelo de controlo e valor de Pekrun
(2006 ), procuramos verificar se as diferencas de autoconceito, valor intrinseco e
valor utilitario observadas entre raparigas e rapazes explicam completamente as
diferengas de ansiedade matematica. Os nossos resultados revelam que as diferengas
de autoconceito explicam cerca de 70% das diferengas de ansiedade matematica
observadas entre os alunos francofonos do Quebec.

Introduction

Mathematics is one of the foundations of our highly technolo-
gical society. As a result, performing well in the field is a major asset.
Longitudinal studies show that performance in mathematics is positively
linked to the probability of obtaining a high school diploma, making a
successful transition to higher education, and obtaining a post-secon-
dary diploma (Chiu & Klassen, 2010; Ma, 1999; OECD, 2014a; Parsons
& Bynner, 2005; Stokke, 2015). Other studies show that performance in
mathematics predicts employability and potential professional income
(e.g., Fonseca et al., 2021—for empirical results from Quebec; Joensen &
Nielsen, 2009; Ma, 1999; Parsons & Bynner, 2005).

In this context, education systems aim to ensure that every learner
performs to the best of his or her ability in mathematics (OECD, 2013).
Fortunately, the results of major international education surveys, such
as TIMSS? and PISA?, show that the Quebec system meet’s this objec-
tive with relative success. For example, 15-year-old Quebec students have

2. TIMSS for Trends in International Mathematics and Science Study, one of the
international studies established by the IEA (International Association for the
Evaluation of Educational Achievement).

3. PISA for Programme for International Student Assessment, launched in 2000 by the
OECD (Organisation for Economic Co-operation and Development).
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ranked among the best in the world in every cycle of the PISA survey.
Furthermore, in every case, they have topped the list of Canadian pro-
vinces, with the exception of 2003, when Alberta and British Columbia
ranked higher than Quebec (Bussicre et al., 2004). However, gender-based
analyses reveal disparities that merit particular attention, in view of the
issues mentioned above. Indeed, several times since the early 2000s, the
results of TIMSS and PISA have shown, statistically significant differences
between the boys’ and girls’ average scores, to the advantage of boys.
The results of PISA 2003, 2012, and 2018 also revealed that, all things
considered, fewer Quebec girls than boys achieved top rankings* (Brochu
et al., 2013; Mullis et al., 2016; OECD, 2014a; OECD, 2016; O’Grady et
al., 2016, 2019).

Concerned by these gender-based performance gaps, our previous
study (Vohl & Loye, 2023) aimed to verify whether mathematics anxiety,
a concept defined as “feelings of tension and anxiety that interfere with
the manipulation of numbers and the solving of mathematical problems
in a wide variety of ordinary life and academic situations” (Richardson
& Suinn, 1972, p. 551), could contribute to observed differences between
the boys’ and girls’ performance in mathematics, as stipulated by Stoet et
al. (2016). Our findings support this hypothesis.

Indeed, through secondary analysis of data from 15-year-old French-
speaking® Quebec students who participated in PISA 2003 and 2012,
we demonstrated the following two elements in particular: (a) on ave-
rage, 15-year-old French-speaking Quebec girls across the entire perfor-
mance continuum say they are more anxious about mathematics than
French-speaking Quebec boys, and (b) performance in mathematics and
mathematics anxiety are two negatively correlated phenomena. Thus,
French-speaking Quebec students who say they are more anxious about
mathematics tend to do less well in mathematics, on average, than those
who say they are less anxious. These two elements are also consistent

4. For example, in 2003, 25.9% of Quebec boys scored at PISA levels 5 and 6, the highest
proficiency levels, while only 19.3% of girls achieved this (p < 0.05). In PISA 2012,
25.3% of boys scored at levels 5 and 6, compared to 19.5% of girls (p < 0.05). Similar
differences were also observed in PISA 2015 and 2018.

5. We have given priority to French-speaking Quebec students because this group
constitutes the majority in Quebec. This choice is also justified in Vohl (2023) and
Vohl and Loye (2023). Note that, in this paper, as in Vohl and Loye (2023), the term
“French-speaking Quebec students” refers to Quebec students from schools in the
French-language school system that participated in PISA 2003 and 2012.
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with the general trends noted by PISA 2003 and 2012 regarding the links
between gender, mathematics anxiety, and performance in mathematics. In
2003 and 2012, in all participating OECD countries, girls said they were
more anxious about mathematics than boys, on average (OECD, 2013).
Also, analyses conducted by the OECD revealed correlations of -0.37 and
-0.39 between mathematics anxiety and performance in mathematics , in
OECD countries in 2003 and 2012 respectively (OECD, 2013).

In this paper, we pursue the work begun by Vohl and Loye (2023).
More specifically, we aim to identify factors that might explain the obser-
ved discrepancies in mathematics anxiety between French-speaking boys
and girls in Quebec, with a view to identifying and implementing inter-
vention strategies to reduce these discrepancies. This paper seeks to ans-
wer the question: What factors help to explain the gender-based dispa-
rity in mathematics anxiety observed among 15-year-old French-speaking
Quebec students who participated in PISA 2003 and 2012 and what poten-
tial do they hold for reducing the disparities?

Theoretical framework

We present three hypotheses that have been proposed to explain the
negative link between mathematics anxiety and performance in mathema-
tics since the early 2000s, as they reflect the factors put forward to explain
gender differences in mathematics anxiety. We then present Pekrun’s
control-value theoretical model for achievement emotions (2006), which
integrates the three hypotheses to explain the negative link between mathe-
matics anxiety and performance in mathematics, proposes an explanation
for the gender disparity in mathematics anxiety, and then integrates all
other factors suggested to date to explain the gender disparity in mathe-
matics anxiety.

Three hypotheses to explain the negative link between mathematics
anxiety and performance

The first hypothesis to explain the negative link between mathematics
anxiety and performance in mathematics was proposed by Ashcraft and
Kirk (2001). This is the disruption account (Ramirez et al., 2018, p. 146).
According to Ashcraft and Kirk (2001), mathematics anxiety (the cause)
harms performance (the effect). They explain that this is caused by wor-
king memory, a cognitive system linked to short-term memory, responsible
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for managing the information necessary for solving mathematical tasks
(inhibition of irrelevant information and storage of relevant informa-
tion) (Baddeley, 1992; Baddeley & Hitch, 1974; Beilock & Carr, 2005;
Geary & Widaman, 1992; Miyake & Shah, 1999; Raghubar et al., 2010).
Indeed, mathematics anxiety triggers rumination and negative thoughts
that occupy a portion of the limited resources of working memory, which
limits mathematics performance.

In addition, the unpleasant physical manifestations of the phenome-
non (increased heart rate, sweating, trembling, etc.) cause people who
say they are anxious about mathematics to avoid mathematical situa-
tions. For them, avoiding mathematics is as natural as trying to avoid
pain (OECD, 2013) but this also deprives them of learning opportunities.
Therefore, according to Ashcraft and Kirk (2001), avoidance also helps to
explain the negative link between mathematics anxiety and performance
in mathematics.

The second hypothesis to explain the negative link between mathe-
matics anxiety and performance was proposed by Maloney et al., among
others (Ferguson et al., 2015; Maloney, 2016; Maloney et al., 2010;
Maloney et al., 2011; Maloney et al., 2012). This is the reduced compe-
tency account (Ramirez et al., 2018, p. 146). According to these authors,
mathematics anxiety stems from a deficit in three basic mathematical skills:
the ability to count objects, the ability to order numerically, and spatial
processing ability. As these skills are considered essential to developing
high-level mathematical skills, a deficit in these skills would lead to poorer
performance in mathematics (the cause) from childhood onwards, trigge-
ring mathematics anxiety (the effect).

The third hypothesis to explain the negative link between mathema-
tics anxiety and performance in mathematics was proposed by Ramirez
et al. (2018). This is the interpretation account (Ramirez et al., 2018,
p. 151). This follows from the appraisal theory for the genesis of emotions
(Arnold, 1950; Barrett, 2006; Lazarus, 1991; Schacter & Singer, 1962, cited
in Ramirez et al., 2018, p. 151) and the attitude-as-constructions view
(Bem, 1972; Chaiken & Yates, 1985; Wilson et al., 2000, cited in Ramirez
et al., 2018, p. 151). These two theories define emotions/attitudes as the
result of an interpretation of events experienced. Thus, according to the
interpretation account, how individuals interpret their past and present
learning experiences in mathematics and the results of these learning
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experiences causes mathematics anxiety more than the experiences and
results themselves. Negative, inappropriate, or unrealistic interpretations
may lead to mathematics anxiety.

The majority of the empirical results offered by Ramirez et al. (2018)
to support the interpretation account point to links between mathematics
anxiety, performance in mathematics, and the learner’s perceptions, such
as the perception of his or her mathematical competency, operationa-
lized in particular by Bandura’s sense of self-efficacy (1977, 1997, 2003)
and self-concept in mathematics (e.g., Marsh et al., 1988; Marsh & Hau,
2004; Marsh & Yeung, 1998; Martin & Marsh, 2008), as well as the per-
ception of the value of mathematics, operationalized in particular by the
intrinsic value and utility value of mathematics (Ryan & Deci, 2009; Viau,
2009; Wigfield & Eccles, 2000). The concepts of sense of self-efficacy, self-
concept in mathematics, intrinsic value, and utility value are defined below.

For Bandura, the concept of perceived self-efficacy refers to “beliefs
in one’s capabilities to organize and execute the courses of action required
to produce given attainments” (Bandura, 1997, p. 3). The concept is seen
as “a powerful incentive to act or to persevere in the face of difficulties”
(OECD, 2013, p. 89). According to Bandura (1997), four sources influence
a person’s self-efficacy beliefs: “enactive mastery experiences that serve as
indicators of capability; vicarious experiences that alter efficacy beliefs
through transmission of competencies and comparison with the attain-
ments of others; verbal persuasion and allied types of social influences”
(Bandura, 1997, p. 79), and lastly, psychological and affective states.

Marsh et al. (1988) and Shavelson et al. (1976) describe self-concept
as one’s belief in one’s own abilities (OECD, 2013). Like the sense of self-
efficacy, self-concept is strongly correlated with performance in a given
field (Marsh et al., 1985a, 1985c; Marsh & Shavelson, 1985b). The main
sources of the phenomenon are evaluations provided by significant others
(parents, teachers), causal attributions (how people explain their successes/
failures), comparison with peers, and finally, comparison of performance
among various fields of study (Marsh & Scalas, 2011).

Intrinsic value and utility value both refer to the judgment of the
value of a field or an activity within a given field (Viau, 2009; Wigfield &
Eccles, 2000). Intrinsic value refers to the pleasure a person derives from
accomplishing a task (Berger, 2015; Viau, 2009; Wigfield & Eccles, 2000)
or to “the drive to perform an activity purely for the joy gained from the
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activity itself” (OECD, 2013, p. 73) Utility value refers to the benefits a
person derives from performing an activity (Viau, 2009) and its function
for (Berger, 2015, p. 71) the person’s academic, professional and/or perso-
nal life (Wigfield & Eccles, 2000). Intrinsic value is similar to the concept
of intrinsic motivation in self-determination theory (Ryan & Deci, 2009)
and to that of interest (Hidi & Renninger, 2006). Utility value is similar to
the concept of extrinsic motivation in Ryan and Deci’s self-determination
theory (2009).

Pekrun’s control-value model and the three hypotheses

Pekrun’s control-value model for achievement emotions (2006) groups
mathematics anxiety with 14 other emotions typical of the academic
context. These 15 emotions, known as achievement emotions, can be
divided into three categories: (a) emotions experience during a learning
activity underway (enjoyment, anger, frustration, boredom); (b) emotions
about prospective outcomes of a learning activity (anxiety, anticipatory
joy, hope, hopelessness, anticipatory relief); and, (c) emotions about retros-
pective outcomes of a learning activity (joy, pride, gratitude, sadness,
shame, anger) (Pekrun, 2006).

The basic premise of Pekrun’s control-value model for achievement
emotions is as follows: achievement emotions arise, first and foremost,
from a cognitive appraisal of control and value — the control the person
believes he or she can exert over the activity and its outcomes, and the
value of the activity and its outcomes. According to Pekrun, self-concept
attests to the cognitive appraisal of control, while intrinsic value and utility
value attest to the cognitive appraisal of value. With this basic premise, a
parallel can be drawn with the interpretation account, while the emotion
of interest is mathematics anxiety, albeit with a focus on self-concept alone
rather than both the sense of self-efficacy and self-concept, in relation to
the perception of competency.

Pekrun’s control-value model is composed of four main spheres which
interact with each another: (a) the learning environment, (b) the cognitive
appraisal of control and value, (c) achievement emotions, and lastly, (d) lear-
ning/achievement/performance where learning refers to cognitive resources,
strategies employed, and engagement/avoidance, while performance relates
to the outcomes of learning assessment. In addition to these four spheres,
there are individual affective predispositions (e.g., genes and temperament)
and individual cognitive predispositions (e.g., intelligence and competences).



Study aimed at identifying factors with the potential to reduce the disparities 89

Pekrun proposes a series of links between the various spheres of the
model (see Figure 1):

L]

cognitive appraisal of control and value gives rise to achievement
emotions — the basic postulate of the model (link 1) (which allows,
with links 2 and 3, to draw a parallel with the interpretation account);

learning/achievement/performance influence the cognitive appraisal
of control and value (link 2);

the learning environment, including interaction between the
learner and the learner’s peers, teachers, and parents, influences
the cognitive appraisal of control and value (link 3);

achievement emotions act on cognitive resources (including working
memory), on the choice of learning strategies (flexible or rigid),
on engagement/avoidance, which has an impact on achievement/
performance (link 4) (which allows a parallel to be drawn with the
disruption account);

individual cognitive predispositions (e.g., intelligence and competences)
influence learning/achievement/performance (link 5) (which, in
combination with link 7, allows for a parallel to be drawn with the
reduced competency account);

individual affective predispositions (e.g., genes and temperament)
influence achievement emotions (link 6);

learning/achievement/performance influence emotions (link 7), and
finally;

learning/achievement/performance influence the environment (link 8).

Building on the work of Meece et al. (1990) and of Seegers and
Boekaerts (1996), Pekrun assumes that all of the above links are gender-
and culture-invariant. In other words, according to Pekrun, there is no
expected moderation effect of the proposed links by gender and by culture.

The track potentially explaining the disparity in mathematics anxiety
between boys and girls, according to Pekrun’s control-value model

According to Pekrun’s control-value model for achievement emotions,
gender directly influences the cognitive appraisal of control and value
(link 9, Figure 1) and, in turn, the cognitive appraisal gives rise to achie-
vement emotions: mathematics anxiety, in this case. Thus, the relationship
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between gender and mathematics anxiety are mediated by the learner’s
cognitive appraisal, operationalized by self-concept, intrinsic value, and
utility value.

As the links between self-concept, intrinsic value, utility value, and
mathematics anxiety are assumed to be gender-invariant, if mediation is
complete, the disparity in mathematics anxiety between boys and girls would
be explained by the gender disparity in cognitive appraisal: lower mathema-
tics self-concept, intrinsic value of mathematics and utility value attributed
to mathematics among girls than among boys (Frenzel et al., 2007).

Figure 1
Pekrun’s control-value model for achievement emotions (2006 )

8’ 2: 7: I

Learning
: - q Cognitive
LB e 3 Cognitive appraisal 1 Achievement 4 ressources/working

Control/value T memory

Peers » Self-concept » . » Strategies
Parents Intrinsic value M?E:E?ncs Enga_gdement/

Teachers Utility value y an)l ance
Achievements/

Performance

9 | 6 | 5 |

Affective Cognitive

Gend predispositions predispositions
ender
Genes Intelligence
Temperament Competences

Note. Model adapted from Pekrun (2006, p. 328).

In order to empirically verify this explanatory track, it is necessary to
proceed in three steps:

» Verify whether there is a gender difference in the mean level of self-
concept, intrinsic value, and utility value.

* Verify whether the relationship between gender and mathematics
anxiety is completely mediated by self-concept, intrinsic value, and
utility value.

» Verify whether the links between self-concept, intrinsic value, utility
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value, and mathematics anxiety are gender-invariant. These links
are expected to be negative between both self-concept and intrinsic
value with respect to mathematics anxiety, but positive between
utility value and mathematics anxiety. Thus, a lower self-concept
would be associated with a higher level of mathematics anxiety,
a lower intrinsic value would be associated with a higher level of
mathematics anxiety, and a lower utility value would be associated
with a lower level of mathematics anxiety (Pekrun, 2006, cited in
Henschel & Roick, 2017).

Once these three steps are verified, it can be asserted that the disparity
in mathematics anxiety between boys and girls is explained by a gender-
based disparity in self-concept, intrinsic value, and utility value. Below,
we report empirical findings that support each of these steps.

Supporting the first step, several research studies (Frenzel et al., 2007,
Goetz et al., 2008; Goetz et al., 2013; Kyttald & Bjorn, 2010, Meece et al.,
1990; Mullis et al., 2000), including meta-analyses (Else-Quest et al.,
2010; Hyde et al, 1990), have revealed discrepancies between boys and
girls for self-concept, intrinsic value, and/or utility value for mathematics.
The meta-analysis of Hyde et al. (1990) found that girls tend to report
a lower mathematics self-concept than boys (with an effect size of 0.25).
Subsequently, the meta-analysis of Else-Quest et al. (2010) found that girls
tend to report a lower self-concept, intrinsic value of mathematics, and
utility value attributed to mathematics than boys (with respective effect
sizes of 0.33, 0.20, 0.24).

PISA 2003 and 2012 data also identified gender gaps in self-concept,
intrinsic value, and utility value. Indeed, on average, 15-year-old girls
who participated in PISA 2003 and 2012 reported statistically lower self-
concept, intrinsic value, and utility value than boys in OECD countries
(p <0.05). The same was true across Canada. The differences in average
indices observed in Canada between boys and girls (B—G) for the three
concepts were, respectively, 0.36, 0.18, and 0.13 in 2003 and 0.39, 0.23,
and 0.13 in 2012 (indices calibrated so that the mean is 0 and the standard
deviation is 1, in OECD countries) (OECD, 2005a, 2013).

Controlling for previous performance, the study by Frenzel et al. (2007),
conducted among 2,053 German students with an average age of 11, found
statistically significant gender differences for all three perceptions (with
effect sizes of 0.49, 0.31, and 0.02 for self-concept, intrinsic value, and utility
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value, respectively). Other studies that specifically document gender diffe-
rences in self-concept have shown that, for equal performance, on average,
girls report a lower mathematics self-concept than boys (Correll, 2001;
Goldman & Penner, 2016; Mejia-Rodriguez et al., 2021).

Supporting the second step, the study by Frenzel et al. (2007) shows
that self-concept, intrinsic value, and utility value completely mediate the
relationship between gender and mathematics anxiety. The authors procee-
ded as proposed by Kenny et al. (1998, cited in Frenzel et al., 2007) to show
that by adding the three perceptions as independent variables, the regression
coefficient of the independent gender variable changes from statistically
significant to nonsignificant in a multiple regression model where mathe-
matics anxiety is defined as the dependent variable (b = 0.13, p < 0.01, for
the gender variable before the inclusion of the three perceptions and » = 0,
after inclusion of the three perceptions). Another study, by Kyttidld and
Bjorn (2010), conducted over two years with 116 Finnish students aged 13
and 14, showed a complete mediation of the relationship between gender
and mathematics anxiety via self-concept. To do this, the authors studied the
direct and indirect effects between the variables of gender and mathematics
anxiety by structural link analyses. They obtained a nonsignificant regres-
sion coefficient for the direct effect of the gender variable on mathematics
anxiety (standardized regression coefficient of -0.07, p = 0.350) and a sta-
tistically significant regression coefficient for the indirect effect of gender on
mathematics anxiety via self-concept (statistically significant standardized
coefficient of 0.14, p < 0.05). However, this study did not find a significant
indirect link between gender and mathematics anxiety via utility value.

Supporting the third step, the study by Frenzel et al. (2007) used mul-
tigroup analyses to show that the structural links between mathematics
self-concept, intrinsic value, and utility value (independent variables) and
mathematics anxiety (dependent variable) can be considered gender-inva-
riant, while controlling for prior performance. To arrive at this conclu-
sion, they compared the chi-square fit index of the unconstrained multi-
group model (model in which the regression parameters are free to vary,
between the girl group and the boy group) and that of the constrained
multigroup model (model in which the parameters are forced to be equal
between the two groups). As there was no statistically significant change in
the chi-square fit index from the unconstrained model to the constrained
model, they concluded that the links can be considered gender-invariant
(Ax*=4,93, ddl = 4, p = 0,29). The study also reported a negative link
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between mathematics self-concept and mathematics anxiety, a negative link
between intrinsic value and mathematics anxiety, and a positive link between
utility value and mathematics anxiety. The study by Kyttald and Bjorn (2010)
also used multigroup analyses to show that the structural links between
self-concept, utility value (independent variables), and mathematics anxiety
(dependent variable) can be considered gender-invariant. The link between
self-concept and mathematics anxiety link was found to be negative, and the
link between utility value and mathematics anxiety was found to be positive.

Finally, as the study by Frenzel et al. (2007) verified all three steps, the
authors concluded that the differences in mathematics anxiety observed
between the girls and boys in their study are explained by the differences
in perception between girls and boys: a lower mathematics self-concept, a
lower intrinsic value of mathematics, and a lower utility value attributed
to mathematics among girls.

Our study aimed to verify whether the disparity observed between the
mathematics anxiety of 15-year-old French-speaking Quebec girls and
boys who participated in PISA 2003 and 2012 can be explained by the gen-
der disparity in cognitive appraisal: a lower self-concept, intrinsic value,
and utility value among girls than among boys. To this end, we defined
three specific research objectives:

SO1: Verify whether there is a gender disparity in self-concept, intrin-
sic value, and utility value among 15-year-old French-speaking Quebec
students who participated in PISA 2003 and 2012, controlling for perfor-
mance in mathematics.

Research hypothesis for SO1: French-speaking Quebec girls report
lower levels of self-concept, intrinsic value, and utility value than French-
speaking Quebec boys, controlling for performance in mathematics.

SO2: Verify whether the relationship between gender and mathematics
anxiety is mediated completely by self-concept, intrinsic value, and utility
value, among 15-year-old French-speaking Quebec students who partici-
pated in PISA 2003 and 2012, controlling for performance.

Research hypothesis for SO2: Self-concept, intrinsic value, and utility
value completely mediate the relationship between gender and mathema-
tics anxiety, controlling for performance.

SO3: Verify whether the structural links between self-concept, intrinsic
value, and utility value (independent variables) and mathematics anxiety
(dependent variable) are gender-invariant among French-speaking Quebec
students who participated in PISA 2003 and 2012.
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Research hypothesis for SO3: The structural links are gender-invariant.
The links between self-concept and mathematics anxiety and between intrin-
sic value and mathematics anxiety are negative, while the link between utility
value and mathematics anxiety is positive, controlling for performance.

Taking SO1, SO2 and SO3 as a whole and the resulting research
hypothesis: If, for the three perceptions considered, girls have a lower ave-
rage level than boys, if the link between gender and mathematics anxiety
is mediated completely by the three perceptions, and if the links between
perceptions and mathematics anxiety are gender-invariant, we conclude
that the disparity in mathematics anxiety observed between 15-year-old
French-speaking Quebec girls and boys who participated in PISA 2003 and
2012 are explained by lower self-concept, intrinsic value, and utility value
among girls than among boys. Controlling for performance will ensure
that the observed disparities are not simply attributable to differences in
performance between boys and girls. The research hypothesis that arises
from taking SO1, SO2, and SO3 as a whole is as follows: The differences
in mathematics anxiety between girls and boys can be explained by a lower
self-concept, intrinsic value, and utility value among girls than among boys.

Methodology

The secondary data used for this study, taken from PISA 2003 and
PISA 2012, have three characteristics to be considered for their analysis.
In Vohl and Loye (2024), we present these three characteristics in detail, as
well as the analysis techniques required to process them appropriately. We
refer the reader to the paper by Vohl and Loye (2024) for further details.
However, for clarity in this paper, we provide a brief description of the
three particular characteristics inherent in PISA data and the required
analysis techniques to be used.

The first methodological consideration inherent in PISA data

PISA samples are generated in each of the participating countries
using complex sampling design (e.g., Lohr, 2019; Rutkovski et al., 2010;
Skinner & Wakefield, 2017; Stapleton, 2013). PISA’s complex sampling
design is a two-stage stratified random design. In the first stage schools
are selected, and in the second stage students are selected from each of the
schools. In this sampling design, the probabilities of selecting students may
be unequal. This explains why the PISA databases include a weighting for
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each student, known as the survey weight. Survey weights are also used
to adjust for non-response. They must be incorporated into calculations
when estimating parameters, such as the mean of a group.

Furthermore, in a two-stage stratified random design, as students are
nested within schools, student data cannot be considered independent. For
this reason, PISA provides replicated survey weights for each student, ena-
bling the variance of the estimated parameters to be estimated using a
resampling method, without the analyst having to carry out the resampling
themselves. As a result, when conducting a secondary analysis of PISA data,
survey weights and replicated survey weights must be used, unless multilevel
modeling is chosen (see Vohl & Loye, 2024). Survey weights and replicated
survey weights are integrated into the analysis plan presented below.

The second methodological consideration inherent in data taken from
PISA

In the PISA 2003 and 2012 tests, participants were asked to complete
two types of questionnaires: cognitive tests and a contextual questionnaire
(OECD, 2005Db, 2014b). The 120-minute paper-and-pencil cognitive tests
were used to assess mathematical literacy, scientific literacy, and reading
comprehension. The 30-minute paper-and-pencil contextual questionnaire
was used to document various non-cognitive factors related to perfor-
mance in the three domains assessed. As mathematical literacy was iden-
tified as a major area of assessment in both cycles, mainly non-cognitive
factors relating to performance in mathematics were documented. As a
result, mathematics anxiety, mathematics self-concept, intrinsic value, and
utility value were documented in these cycles.

In 2012, PISA employed a method of item rotation known as three-
form design (Graham et al., 1996) when developing the contextual ques-
tionnaires: three forms of booklet were produced (forms A, B, and C), and
then each non-cognitive factor was included in only two of the three forms.
As each student responded to only one of the three forms (form A, B, or
C), given at random, the PISA 2012 database is missing at least one-third
of data regarding mathematics anxiety, mathematics self-concept, intrinsic
value, and utility value. Hence, a suitable method must be incorporated
into the analysis plan to adequately deal with these missing data. The state
of the art in this context is to use the full information maximum likelihood
(FIML) method (Enders, 2010). This method is integrated into the data
analysis plan presented below.
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The third methodological consideration inherent in data taken from PISA

PISA 2003 and 2012 reported performance with five estimates of
students’ skill level based on responses to cognitive test items and on the
difficulty level of the items, rather than scores. These five estimates are
called plausible values. The plausible values approach has been used by
PISA since 2000 to account for students’ level of ability. For any analysis
involving level of ability, the five plausible values must be combined using
the Little and Rubin approach (2002). This method is integrated into the
data analysis plan presented below.

The samples

The two samples analyzed in this study are: (a) the subsample of
Quebec students from schools where French was the main language of
instruction during PISA 2003, taken from the Canadian sample from
PISA 2003; and (b) the subsample of Quebec students from schools where
French was the main language of instruction during PISA 2012, taken
from the Canadian sample from PISA 2012.

The 2003 subsample of French-speaking Quebec participants consists
of 2,151 15-year-old students, split between 1,102 girls and 1,049 boys
(51.2% and 48.8%, respectively, with or without the use of survey weights)
from 119 schools. The 2012 subsample contains 2,385 15-year-old students,
split between 1,251 girls and 1,134 boys (52.5% and 47.5%, respectively,
without survey weights, and 50.9% and 49.1% when the data are weighted
using survey weights), from 109 schools.

Ethical aspects

In the PISA 2003 and 2012 surveys, written parental consent was requi-
red for students to participate in the tests (in all countries and economies
where current regulations required such consent) (OECD, 2005b, 2014b).
Furthermore, in order to conduct this research, a request for ethical cer-
tification was submitted to the Université de Montréal’s Comité d’éthique
de la recherche en éducation et en psychologie (CEREP). The request was
accepted, and this research is considered low risk for participants.

Variables studied and data analyzed

To meet the specific objectives of our research, six variables were used:
gender, performance in mathematics, and the four non-cognitive variables
of mathematics self-concept, the intrinsic value of mathematics, the utility
value attributed to mathematics, and mathematics anxiety.
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Gender

In 2003 and 2012, PISA documented participants’ gender using a
dichotomous item®.

Performance in mathematics

Since 2003, PISA has analyzed a mathematics skill known as mathe-
matical literacy. This skill is defined as “an individual’s capacity to formu-
late, employ and interpret mathematics in a variety of contexts. It includes
reasoning mathematically and using mathematical concepts, procedures,
facts, and tools to describe, explain and predict phenomena. It assists indi-
viduals in recognizing the role that mathematics plays in the world and to
make the well-founded judgements and decisions needed by constructive,
engaged and reflective citizens” (OECD, 2014a, p. 37).

To account for each participant’s level of mathematical literacy, PISA
provides five plausible values’. In 2000, the OECD calibrated each of the
plausible values so that the mean in OECD countries was 500 and the
standard deviation was 100.

The four non-cognitive variables

On the basis of theoretical and empirical consideration, four measu-
rement instruments were developed for PISA 2003 and reapplied in 2012
to understand mathematics self-concept, the intrinsic value of mathema-
tics, the utility value attributed to mathematics, and mathematics anxiety
(OECD, 2005b, 2013, 2014b).

Based on the participants’ responses in 2003 and 2012, PISA calcu-
lated an index for each of the four instruments. The partial credit model
(Masters &t Wright, 1997, cited in OECD, 2014b), a generalization of
the one-parameter Rasch model (Rasch, 1960), was used to scale each
instrument item, then the index “was scaled using a weighted likelihood
estimate (WLE) (Warm, 1989)” (OECD, 2013, p. 193). These indices were
calculated and calibrated so that the mean across OECD countries is 0
and the standard deviation is 1.

6. Item ST01QO03 in 2003 and item ST01Q04 in 2012.
7. In the PISA 2003 and 2012 databases, the five values are identified by the variables
PVIMATH, PV2MATH, PV3MATH, PV4AMATH, and PVSMATH.
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For each of the non-cognitive variables studied in this research, Table 1
presents the name and definition of the index proposed by PISA, the
wording of each instrument item, the psychometric qualities of the ins-
truments as documented by the OECD for Canada during PISA 2003 and
2012, and finally, the psychometric qualities of the four instruments as
observed by this study for the two samples concerned. The fit indices from
the confirmatory factor analysis (CFA) conducted, both by the OECD and
in this study, indicate an adequate fit between the theoretical model under-
lying the instruments and the empirical results, except for the RMSEA
indices, which, in some cases, show a poor fit as they are greater than 0.1
(Byrne, 2012). As the majority of the indices show a good fit, the high
RMSEA values do not compromise the use of the data. In addition, all
fidelity indices show good internal consistency.

As our first specific research objective is concerned with gender dif-
ferences in self-concept, intrinsic value, and utility value in mathematics,
we conducted multigroup confirmatory factor analyses (Bollen, 1989;
Hayduk, 1987; Joreskog, 1971; S6rbom, 1974) to verify the metric inva-
riance (equality of factor loading coefficients, between groups, for each
item of the measurement instrument) and scalar invariance (equality of
intercepts between groups for each item) (Meredith, 1993; Widaman &
Reise, 1997) of these three instruments, on the 2003 and 2012 samples.

Indeed, few studies to date have verified the metric and scalar inva-
riance of self-concept, intrinsic value, and utility value measurement
instruments according to gender before comparing the observed means
between boys and girls, yet it is strongly recommended before drawing
conclusions when means are compared between groups. (Meredith, 1993;
Steenkamp & Baumgartner, 1998; Steinmetz, 2011; Vandenberg & Lance,
2000). This verification is necessary before concluding that the observed
mean deviations do indeed reflect mean deviations of the underlying
trait of interest, as they could also reflect metric non-invariance and/or
scalar non-invariance across groups (see Steinmetz, 2011, for a detailed
explanation).
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To verify metric and scalar invariance, we proceeded in stages, first
verifying configural invariance, followed by metric invariance, then scalar
invariance, between the groups (Meredith, 1993; Widaman & Reise, 1997,
Wang & Wang, 2020). Moving from one stage to the other, we studied
the changes (A) in the following fit indices: the Comparative Fit Index
(CFI) (Bentler, 1990), the Root Mean Square Error of Approximation
(RMSEA) (Steiger, 1990), and the Standardized Root Mean Square
Residual (SRMR) (Bentler, 1995; Muthén, 1998-2004). To conclude, we
followed the recommendations of Chen (2007, p. 501): a A|CFI|=,010 plus
an ARMSEA>,015 or an ASRMR >,030 between the unconstrained model
(configural invariance model) and the model where the factor loading coef-
ficients are constrained to equality (metric invariance model), between the
groups for each item, indicates rejection of the metric invariance hypothe-
sis; then, to test scalar invariance, a A|CFI|=,010 plus an ARMSEA>,015
or an ASRMR>,010, between the metric invariance model and the scalar
invariance model indicates rejection of the scalar invariance hypothesis.

The results of these analyses are presented in Table 2. They support
not rejecting the hypotheses of metric invariance and scalar invariance
of the measures of the intrinsic value and utility value of mathematics
between girls and boys, for 2003 and for 2012. However, for self-concept,
the 2003 and 2012 results indicate that the hypothesis of scalar invariance
between boys and girls should be rejected.

The study of modification indices led us to relax the equality
constraint on the intercept of item 2, in 2003, and then to relax the
equality constraint on the intercepts of items 2 and 5, for 2012. By
doing so, the variations in fit indices were found to be acceptable (see
Table 2). From this, as we were able to verify the scalar invariance of
more than two items for the self-concept instrument, we concluded that
it is adequate to compare the means between girls and boys, with regard
to this perception (Byrne et al., 1989; Steenkamp & Baumgartner, 1998;
Steinmetz, 2011).
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Procedures used to obtain data from the samples of French-speaking
Quebec participants in PISA 2003 and 2012

The international PISA 2012 database was downloaded from https://
www.oecd.org/pisa/data/pisa2012database-downloadabledata.htm?®. For
2003, Canada decided against publishing the province’s information in
the international PISA database. We therefore submitted a request to the
Council of Ministers of Education, Canada (CMEC) and received the
database of the Quebec student sample for PISA 2003°.

Data analysis
The software

In order to adequately address the three methodological considerations
inherent in the PISA data, the data were analyzed using survey weights,
replicated survey weights!, the maximum likelihood method and the
approach of Little and Rubin (2002). All analyses were carried out using
Mplus Version 8 software, which has the following features: (a) it supports
survey weights and replicated survey weights for students; (b) it incorporates
the full information maximum likelihood (FIML) method (Arbuckle, 1996;
Little & Rubin, 2002) “in conjunction with ML estimator” (Wang & Wang,
2020, p. 47), the maximum likelihood estimator; and finally, (¢) it supports
plausible values, processes them according to the approach of Little and
Rubin (2002). For processing the data, Mplus Version 8§ applies the MLR
(maximum likelihood robust) estimator'' (Muthén & Muthén, 2017).

8. In this database, Canadian participants were identified by the variable CNT = CAN,
and French-speaking Quebec participants were identified by the variable STRATUM
= CANO0545 or CAN0546 or CAN0547.

9. In this database, the lang_sector variable was used to identify Quebec participants from
French-speaking schools.

10.The student survey weights are identified by the variable W_FSTUWT in these
databases, and then the replicated survey weights are identified by W_FSTR1 to W_
FSTRS8O0 (80 replicated survey weights).

11.The MLR estimator is “maximum likelihood parameter estimates with standard errors
and a chi-square test statistic (when applicable) that are robust to non-normality and
non-independence of observations when used with TYPE=COMPLEX” (Muthén &
Muthén, 2017, p. 668). TYPE = COMPLEX is used here because the sampling design
is a complex sampling design (see Vohl & Loye, 2024).


https://www.oecd.org/pisa/data/pisa2012database-downloadabledata.htm
https://www.oecd.org/pisa/data/pisa2012database-downloadabledata.htm
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The data analysis plan
Analysis for SO1
To meet Specific Objective 1, for each of the three perceptions, a linear
regression model with two covariates was used. This model is as follows:
Perception = intercept + B, - gender + B, - performances. (1)

In this model, the gender variable is a dichotomous variable. ﬁl esti-
mates the mean deviation of this perception by gender, for each of the
three perceptions, controlling for performance.

For perceptions where the gender gap is statistically significant, the
effect size is estimated using Cohen’s d. By setting 6,,,, and 6,;,,, the mean of
the perception among boys and among girls, d is obtained by the formula:

A~

d — é\gir'/s - é\buyx — 181
2 2 2 2 (2)
\/ O-é;,“v/\ + Uéh(:\‘s \/ U§g11~/\ + O-éimy.\-
2 2
2 2
Thre * Tl
According to Feingold (2019), the value of the expression B

in the equation (2) is obtained by taking the residual variance of the regres-
sion coefficient of the gender variable in the following single-covariate
regression model:

Perception = intercept + B - gender 3)

Analysis for SO2

In order to meet Specific Objective 2, we verified whether the relation-
ship between gender and mathematics anxiety is mediated completely by
self-concept, intrinsic value, and utility value among 15-year-old French-
speaking Quebec students who participated in PISA 2003 and 2012. To do
so, we used structural link analysis (e.g., Byrne, 2012; Kline, 2016; Wang
& Wang, 2020) to study the direct link between gender and mathematics
anxiety and the indirect link between gender and mathematics anxiety via
self-concept, intrinsic value, and utility value, controlling for performance.
A nonsignificant direct link and a statistically significant indirect link would
lead us to conclude that the perceptions completely mediate the link between
gender and mathematics anxiety. A significant direct link and a significant
indirect link would lead us to conclude that the perceptions partially mediate
the link between gender and mathematics anxiety.



Study aimed at identifying factors with the potential to reduce the disparities 107

To verify whether the indirect link is significant, a 95% confidence inter-
val was provided. A confidence interval was also provided for each of the spe-
cific indirect links, namely the link between gender and mathematics anxiety
via intrinsic value, the link between gender and mathematics anxiety via uti-
lity value, the link between gender and mathematics anxiety via self-concept,
and the link between gender and mathematics anxiety via performance. The
confidence intervals provided took into account the fact that the distribu-
tion of the estimated parameters may be non-normal. Consequently, they
were not necessarily symmetric around the estimated parameter (Muthén
& Muthén, 2017, p. 613). Figure 2 proposes a representation of the links
studied in order to meet Specific Objective 2 and the parallel with Figure 1.

The mathematics anxiety variable was the dependent variable in this
analysis; therefore it was necessary to verify the metric invariance of the
measure of mathematics anxiety (Wang & Wang, 2020). This procedure
was carried out in Vohl and Loye (2023)!2. The results suggested against
rejecting the metric invariance hypothesis.

Figure 2
Direct and specific indirect links as studied to meet Specific Objective 2

Intrinsinc value

Gender Mathematics anxiety

Control variable:
Performance

Note. c represents the direct link between gender and mathematics anxiety. The specific indirect links are
given by the following products: a «b, a,+b,, a,«b, et a,«b,. The total indirect link between gender and
mathematics anxiety is given by the sum a «b +a,sb, +a,¢b, +a b,

12. To compare the underlying means, the scalar invariance of the measurement instrument
must be verified. When underlying variables are involved in a linear regression model, their
metric invariance must be verified.
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Analysis for SO3

In order to study the gender-invariance of the structural links between the
three perceptions and mathematics anxiety and controlling for performance,
we conducted multigroup structural link analyses (e.g., Byrne, 2012; Wang
& Wang, 2020). This involves a three-step approach. First, we studied the
goodness-of-fit of the unconstrained model, where the regression coefficients
are free to vary by gender. Secondly, we studied the goodness-of-fit of the
constrained multigroup model, where the regression coefficients are constrai-
ned to equality in both groups. To judge the quality of the overall fit of the
data to the proposed model, we used the following indices at each of the
two steps: Root Mean Square Error of Approximation (RMSEA) (Steiger,
1990), Comparative Fix Index (CFI) (Bentler, 1990), Tucker—Lewis Index
(TLI), (Bentler & Bonett, 1980; Tucker & Lewis, 1973), and Standardized
Root Mean Square Residual (SRMR) (Bentler, 1995; Muthén,1998-2004).
We applied the interpretive guidelines proposed by Hu and Bentler (1999),
which stipulate that an RMSEA value below 0.05, CFI and TLI values above
0.95, and an SRMR value below 0.08 indicate a good fit.

In step 3 we tested the hypothesis of structural link invariance by
comparing goodness-of-fit between the unconstrained model and the
constrained model. To do this, we used the difference in the comparative
fit index (ACFI) and concluded there was no reason to reject the invariance
hypothesis when the decrease in the CFI is less than 0.01 between the two
nested models'* (Cheung & Rensvold, 2002; Wang & Wang, 2020).

Results

Appendix A presents the descriptive statistics for the six variables stu-
died in the 2003 and 2012 samples, and the percentages of missing data
for each variable.

13.In general, when the maximum robust likelihood (MLR) estimator is used, a scaled chi-
square difference test (Satorra & Bentler, 2001) between the unconstrained multigroup
model and the constrained multigroup model is performed to verify the invariance of
two nested models. However, this test could not be carried out in this research, given
the use of plausible values (the correction factors provided by Mplus for chi-square
difference testing using the Satorra—Bentler method are not available when imputed
data are analyzed). The chi-square difference test using the Satorra—Bentler method
would also have been of limited use in this research, given its high sensitivity to sample
size (e.g., Kline, 2016).
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Results for Specific Objective 1

Table 3 shows the regression parameters for the gender variable in
each of the two-covariate regression models (Equation 1) performed,
and the associated effect sizes calculated from the one-covariate model
(Equation 3). The results show that French-speaking Quebec girls reported
statistically lower mean levels of self-concept, intrinsic value, and utility
value than French-speaking Quebec boys in 2003 and 2012, controlling
for performance (p < 0.10). These results confirm the research hypothesis
raised by SOI.

Echoing previous research (Else-Quest et al., 2010; Frenzel et al., 2007;
OECD, 2005a, 2013), our results also showed that the difference in self-
concept is greater between boys and grils than the difference in intrinsis
and utility value attributed to mathematics (effect sizes of 0.32 and 0.22
for self-concept and effect sizes between 0.10 and 0.17 for intrinsic and
utility value, for 2003 and 2012).

Results for Specific Objective 2

To verify whether the relationship between gender and mathematics
anxiety is mediated completely by self-concept, intrinsic value, and utility
value among 15-year-old French-speaking Quebec students who partici-
pated in PISA 2003 and 2012, controlling for performance, we studied the
direct and indirect links between gender and mathematics anxiety for 2003
and 2012. Table 4 presents the results obtained.

The results show that, in both 2003 and 2012, the direct and indirect
links between gender and mathematics anxiety were found to be statisti-
cally significant, controlling for performance. As a result, we concluded
that the mediation of the link between gender and mathematics anxiety
by the three perceptions is partial, rather than complete, as stipulated in
the research hypothesis raised by SO2.

However, in both cycles studied, the regression coefficient of the indi-
rect link was higher than that of the direct link. Indeed, in 2003, the total
indirect link represented 69.2% of the total link, and in 2012, it accounted
for 65.3%. However, in our study of the specific indirect links, only the
indirect link between gender and mathematics anxiety via self-concept
proved significant in both 2003 and 2012. Indeed, while the 95% confi-
dence intervals of the other specific indirect links included the value of
0, the specific indirect link between gender and mathematics anxiety via
self-concept did not include the value of 0.
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Results for Specific Objective 3

Tables 5 and 6 show the results of the multigroup analyses conducted
to verify whether the structural links between self-concept, intrinsic value,
utility value, and mathematical anxiety can be considered gender-invariant.

Table 5 shows that the unconstrained multigroup model fits the data
perfectly for both 2003 and 2012. Table 6 shows that the constrained
model provides a good fit for both 2003 and 2012. As the change in CFI
value between the unconstrained model and the constrained model is
less than 0.01 for both 2003 and 2012, we concluded that the structural
links between self-concept, intrinsic value, utility value, and mathematics
anxiety can be considered gender-invariant.

Furthermore, the parameter values obtained in the constrained
model reveal that the invariant link between intrinsic value and mathe-
matics anxiety is nonsignificant for both 2003 and 2012. This opposes
the research hypothesis raised by Specific Objective 3. However, in line
with this research hypothesis, the invariant link between utility value and
mathematics anxiety was found to be positive, while the invariant link
between self-concept and mathematics anxiety was found to be negative.

Taken as a whole, the results obtained in response to Specific Objectives 1,
2, and 3 lead us to conclude that the relationship between gender and mathe-
matics anxiety is mediated by self-concept and that this mediation is partial
in both 2003 and 2012. According to the stated research hypothesis, we
expected that mediation would be complete and that all three perceptions
would mediate the link between gender and mathematics anxiety.

Thus, in 2003, 69.2% of the differences in mathematics anxiety between
15-year-old French-speaking Quebec girls and boys who participated in
PISA 2003 and 2012 were explained by the differences in self-concept
between girls and boys. In 2012, this percentage rose to 65.3%. The 2003
model explains 43.2% of the variance in mathematics anxiety, and the
2012 model explains 47.2%.

The invariance of the structural links led us to conclude that, for both
boys and girls, a one-unit increase in the self-concept index decreases the
mathematics anxiety index by about 2/3 of a standard deviation, or 0.601 in
2003 and 0.660 in 2012, and that a one-unit increase in the utility value index
increases the mathematics anxiety index by 0.078 and 0.070, or around 7/100
of a standard deviation, in 2003 and 2012, respectively (since these indices
are calibrated so that the standard deviation is 1, in OECD countries).
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Discussion

The overall aim of this paper was to identify factors that could help
explain the gender-based disparity in mathematics anxiety observed
among 15-year-old French-speaking Quebec students who participated
in PISA 2003 and 2012 and consequently, potentially reduce these dispari-
ties. To this end, we adopted the track proposed by Pekrun’s control-value
model for achievement emotions (2006). In line with this line of inquiry,
we hypothesized that the gender differences in mathematics anxiety could
be explained by differences in perceptions of competency, intrinsic value,
and utility value between boys and girls. To test this hypothesis, we stated
and tested three specific research objectives.

By combining the results obtained in response to these three objectives,
it appears that the gender-based disparity in mathematics anxiety observed
among 15-year-old French-speaking Quebec students who participated
in PISA 2003 and 2012 can be explained by a weaker mathematics self-
concept among girls than among boys, and by the presence of a direct
negative link between gender and mathematics anxiety. Disparities in self-
concept explain most of the disparities in mathematics anxiety: 69.2% in
2003 and 65.3% in 2012.

These findings have important scientific and practical implications. In
fact, firstly, the presence of the direct link prompts us to look at the factors
which—in addition to self-concept, intrinsic value, and utility value—
could explain the disparities in mathematics anxiety observed between
girls and boys. In fact, the literature proposes tracks other than Pekrun’s
control-value model for achievement emotions (2006) to explain gender
differences in mathematics anxiety. Indeed, factors relating to the compo-
nents of affective and cognitive predispositions in Pekrun’s control-value
model for achievement emotions (2006) are implicated in explaining the
disparities in mathematics anxiety between girls and boys.

With regard to individual affective predispositions, some authors have
proposed that gender disparity in mathematics anxiety could be explained
by differences in the average level of anxiety experienced by boys and girls
(e.g., Dowker et al., 2016; Frenzel et al., 2007; Hill et al., 2016). In fact,
studies indicate that girls have a higher average level of general anxiety
than boys (e.g., Chapman et al, 2007; Costa et al., 2001; Feingold, 1994)
and a higher prevalence of anxiety disorders than boys (e.g., McLean
etal., 2011). In this regard, Szczygiel (2020) showed that, among first- and
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second-year primary school students, general anxiety mediates the rela-
tionship between gender and mathematics anxiety. The author concluded
that girls may report being more anxious about mathematics because their
average level of general anxiety is higher than that of boys.

With regard to cognitive predispositions, and in connection with the
reduced competency account, research conducted among adult popula-
tions by Delage et al. (2022), Ferguson et al. (2015), Gibeau et al. (2023),
Maloney et al. (2012), and Sokolowski et al. (2019) reveal that a dispa-
rity in spatial processing ability between men and women could explain,
at least in part, the gender differences observed in mathematics anxiety.
Indeed, these authors have shown that spatial processing ability mediates
the relationship between gender and mathematics anxiety.

These various factors relating to the cognitive and affective predispo-
sitions of Pekrun’s control-value model for achievement emotions were
not documented in the PISA assessments and, consequently, were not
studied in the context of this research. It would therefore be relevant for
future research to explore or at least consider them as covariates when
aiming to explain the disparity in mathematics anxiety between boys and
girls via mathematics self-concept, intrinsic value, and utility value. At
the same time, given that the disparities in mathematics anxiety observed
between French-speaking Quebec girls and boys can largely be explained
by an average lower mathematics self-concept among girls than among
boys, practical solutions for reducing the disparities would benefit from
leveraging self-concept.

Accordingly, we address the main factors underlying the differences in
self-concept between girls and boys. As a result, we are able to make recom-
mendations for reducing the gaps in self-concept observed between boys
and girls, which would in turn reduce the disparities in mathematics anxiety.

Sources of gender differences in self-concept and recommendations

Gender stereotypes in mathematics play a major role in explaining
gender differences in self-concept (e.g., Ertl et al., 2017; Makarova et al.,
2019; Rossi et al., 2022). Indeed, studies have shown that, given equal abi-
lity, girls who adhere to gender stereotypes in mathematics report a lower
self-concept than boys (Ertl et al., 2017; Guimond & Roussel, 2001). In
contrast, boys who adhere to gender stereotypes in mathematics disclose
a higher self-concept than their female peers (Rossi et al., 2022).
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Significant others (parents and teachers) play a key role in the implicit
and explicit transmission of gender stereotypes (e.g., Ertl et al., 2017).
Indeed, in addition explicitly transmitting their beliefs (Gunderson et al.,
2012; Herbert & Stipek, 2005), significant others who adhere to stereo-
types tend to have lower expectations of success in mathematics for girls
than for boys (Dresel et al., 2007, cited in Ertl et al., 2017).

Also, significant others who adhere to gender stereotypes in mathe-
matics tend to attribute learners’ successes and failures in gender-differen-
tiated ways. For example, they tend to attribute boys’ successes to their
mathematical skill and girls’ successes to their diligence (Kessels, 2015),
while attributing boys’ failures to a lack of effort and girls’ failures to
a lack of skill (Dresel et al., 2007, cited in Ertl et al., 2017). It has been
shown that the development of mathematics self-concept is promoted by
attributing success to effort and failure to a lack of effort (Ertl et al., 2017).

Still, with regard to gender stereotypes in mathematics, it appears that
parents and teachers who adhere to gender stereotypes in mathematics
also tend to adopt differentiated behaviors toward learners, depending on
gender. For example, they offer more numeracy-oriented games to boys
and more literacy-oriented games to girls (Gunderson et al., 2012). They
present boys with greater mathematical challenges than girls (Gunderson
et al., 2012), then they tend to interfere more with girls’ math-related
work. These behaviors are detrimental to girls’ mathematics self-concept.
Indeed, parents and teachers leave fewer opportunities for girls to develop
their familiarity and skills in the field (Ertl et al., 2017; Mejia-Rodriguez
etal., 2021; Skaalvik & Skaalvik, 2004). In this context, combating gender
stereotypes in mathematics is an essential lever for reducing the disparities
in self-concept between girls and boys (Encinas-Martin & Cherian, 2023).

Other beliefs about mathematics can also be addressed to mitigate
this issue. For example, the stereotype that mathematics is innate (e.g.,
“in mathematics, some people have it, others don’t!”) could also be detri-
mental to learners’ self-concept, especially among girls (Ertl et al., 2017).
Combating this stereotype is also extremely important, like valuing mis-
takes as a way of learning (e.g., Ertl et al., 2017; Ramirez et al., 2018) and
promoting effort and a job well done in mathematics. Gourdeau, cited in
Kinnard, 2019, argued that success in mathematics requires discipline and
hard work rather than intelligence and that all the great mathematicians
attributed their success to hard work.
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According to Stoet et al. (2016), it is also important to promote the
intrinsic value of mathematics among young girls to reduce the gaps in
mathematics self-concept A secondary analysis of the PISA 2012 data by
Stoet et al. (2016) showed that the countries with the highest equality indices
(including Canada) also report the highest gender disparities in mathematics
anxiety, self-concept, and intrinsic value. According to the authors, in more
egalitarian and more developed countries, girls are less subject to economic
considerations when making academic choices. As a result, they are freer to
choose according to their own interests. In this context, they choose mathe-
matics more rarely than boys, given them fewer opportunities to develop
their knowledge of the discipline and their math skills. As a result, they
report a lower mathematics self-concept compared to boys.

One key to successfully combatting mathematics stereotypes and foste-
ring the intrinsic value of mathematics among young girls is encouraging
parents, teachers, and significant to resolve their own mathematics anxiety
(e.g., Beilock et al., 2010; Casad et al., 2015; Maloney et al., 2015; Vukovic
et al., 2013). Indeed, not only are people who report mathematics anxiety
likely to adhere to mathematics gender stereotypes in (Beilock et al., 2010;
Casad et al., 2015; Ertl et al., 2017; Maloney et al., 2015; Vukovic et al.,
2013) and to transmit them (Beilock et al., 2010; Bieg et al., 2015; Casad
etal., 2015; Goetz et al., 2013), but they also report and transmit negative
perceptions of mathematics. However, studies have shown that adults can
overcome mathematics anxiety, improve their performance in mathematics
(e.g., Jamieson et al., 2016; Park et al., 2014; Passolunghi et al., 2020), and
boost their mathematics self-concept (e.g., Gresham, 2007, cited in Casad
et al., 2015).

In summary, reducing the disparities in self-concept between girls and
boys requires: (a) combatting stereotypes in mathematics, (b) promoting
effort and perseverance in mathematics, (¢) fostering the intrinsic value of
mathematics among young girls, and (d) encouraging significant others to
resolve their own mathematics anxiety. Furthermore, according to Goetz
et al. (2013), it is essential to lift the veil on the discrepancy between per-
formance in mathematics and mathematics self-concept for girls. According
to these authors, it is vital that girls realize that they report average lower
mathematics self-concept than boys, even with equal skill. The simple fact
that they wrongly perceive themselves as less competent leads them to report
more anxiety about mathematics, to perform less well in mathematics, and
to turn away from STEM. This is a negative cascade that harms women and
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society in general (OECD, 2017). For Devine et al. (2012), this cascade is all
the more deplorable given that, despite the significant gaps in mathematics
anxiety and self-concept observed between girls and boys, girls manage to
achieve results barely below the results of boys, on average, when gaps in
performance in mathematics are actually observed. In this case, Devine et al.
(2012) conclude that girls may have extremely high potential in mathematics.

Limitations

The cross-sectional nature of the data analyzed in our research does
not allow us to conclude that there is a causal relationship between self-
concept, intrinsic value, utility value, and mathematics anxiety.

Thus, “to minimize the potential for response bias, data quality
standards in PISA require minimum participation rates for schools and
students. At the Canada-wide level, a minimum response rate of 85 per
cent was required for schools initially selected” (O’Grady et al., 2016,
p- 49). PISA “also requires a minimum student participate rate of 80 per
cent within all participating schools combined (original sample and repla-
cements) at the national level” (O’Grady et al., 2016, p. 49). However, in
2012, in Quebec, the rate of school participation in PISA was above the
minimum required threshold, but the student response rate was 75.6%,
below the 80% threshold set by the OECD (Brochu et al., 2013). An ana-
lysis of the characteristics of respondents and non-respondents alike
revealed that the phenomenon “[...] may marginally impact the results
for Quebec [...]” (Brochu et al., 2013, p. 52).

Furthermore, although — unlike the vast majority of studies — we
documented scalar invariance or partial scalar invariance for the four
non-cognitive concepts studied in our research before proceeding with
comparisons of the means between boys and girls, we cannot rule out
the possibility that the observed gender differences can be explained by
methodological considerations (e.g., Devine et al., 2012; Frenzel et al.,
2007; Hill et al., 2016). In fact, self-reported measurement instruments,
such as those used to document mathematics self-concept, intrinsic value,
utility value, and mathematics anxiety, are known to be associated with
various types of biases, such as gender-linked response bias (Devine et al.,
2012, p. 6), social-desirability bias (Paulhus, 2017), and even response
bias attributable to inadequate calibration of students’ perceptions and
judgments of learning (Winne & Jamieson-Noel, 2002), etc.
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Conclusion

In this research, we set out to identify factors that might help explain
the disparities in mathematics anxiety observed between 15-year-old
French-speaking Quebec boys and girls, documented by PISA data from
2003 and 2012. Building on the basic premise of Pekrun’s control-value
model for achievement emotions (2006), we attempted to verify whether
the differences in self-concept, intrinsic value, and utility value between
boys and girls could explain the disparities in mathematics anxiety. Our
findings show that differences in self-concept and a direct link between
gender and mathematics anxiety explain the differences in mathematics
anxiety observed among French-speaking students in Quebec. From this,
we propose avenues to explore in future research to explain the direct link
between gender and mathematics anxiety, and we put forward a series of
recommendations that could foster the proper development of girls’ self-
concept and, ultimately, enable more of them to reach their potential in
mathematics (OECD, 2014a).
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Table A3
Percentage of missing data in the sample of French-speaking Quebec students
who participated in PISA 2003 and in the sample of French-speaking Quebec
students who participated in PISA 2012

Variable 2003 2012

GENDRE = male 0.00% 0.00%
ANXMAT 2.49% 36.02%
INTMAT 3.93% 34.00%
INSTMOT 4.56% 34.05%
SCMAT 2.42% 36.10%
PV1 0.00% 0.00%
PV2 0.00% 0.00%
PV3 0.00% 0.00%
Pv4 0.00% 0.00%
PV5 0.00% 0.00%

Note. ANXMAT = mathematics anxiety, INTMAT = intrinsic value of mathematics, INSTMOT = utility
value of mathematics, SCMAT = mathematics self-concept, PV1 to PV5 = plausible values 1 to 5. Results
from personal analysis.
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