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Abstract: This article aims to gain a better understanding of how students’ attitudes toward mathematical problem-
solving operate. More specifically, it examines the extent to which these attitudes may play a different role depending
on the context. To this end, we submitted two very similar golden rule math problems to 94 students in grade 10, once in
the mathematics class and once in the French class. Our results are presented in three parts. First, in line with much other
research, we highlight the significant gender differences in attitudes, with girls developing more negative and potentially
deleterious attitudes to their learning. Second, we find significant links between various dimensions of attitudes (cognitive,
affective, and behavioral) and students’ academic achievement in mathematics. Finally, our analyses underline that in the
context of the mathematics course, it is mainly anxiety that disturbs the success of the exercise, whereas the resolution
of a very similar exercise is favored by positive emotions when it is inserted into a French worksheet. This suggests that
students activate certain attitudes depending on the context — and in particular certain affects — which will have an impact
on their performance. Such a result thus underlines the importance of emotions in learning and the way in which the

context can induce them.
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1. Introduction

Understanding the reasons why students engage in their learning has been a long-standing goal for educators
and researchers. In this regard, the question of motivation is central to the teaching-learning process, and
numerous approaches "' propose various explanatory models to better understand this phenomenon. However,
despite the multiplicity of research conducted on this topic — implemented in various contexts, with different
measures, and among diverse samples — the issue of student engagement in learning activities remains lively in
education.

The explanatory factors of this school engagement can be categorized into two groups. On one side are

contextual aspects that characterize the environments in which learners find themselves. Among them, we
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can cite, for example, the social climate of the classroom, which concerns how students perceive the conditions
under which learning takes place in terms of the quality of relationships, organization, and rules in place, as well
as the dynamic regarding goal orientation. These different dimensions of the social climate play a significant
role in student motivation ”. Relatively close conceptually — but with dimensions that appeal more to students’
anticipation of the consequences of their behaviors — the concept of psychological safety ™' also allows for a better
understanding of student learning behaviors (or conversely, resistance to learning) within their class. It should
be noted that these two concepts are considered partly as characteristics specific to the class group, but also as
having an individual tone since each student, although immersed in the same context, apprehends the situation
experienced in their own way. Contextual elements can also be found outside the school environment, notably

in the influences at play within the family

. On the other side, there are more individual aspects that can be
highlighted, such as the notion of controllability ', feelings of competence ', or targeted goals . It is important
to note that these two groups are not impermeable and that personal dispositions are partly shaped by the (school
and family) contexts in which students evolve. Thus, a climate where the teacher tolerates teasing among students
may lead them to avoid exposing themselves in class and gradually disengage from their learning .

These different explanatory factors of student motivation are generally taken into account through self-
reported measures from students. Indeed, it is not so much the objective characteristics (e.g., the level of
demonstrated competence or the actual control that the student can exert) that have an impact on behaviors, but
rather the perceptions (by definition subjective) that the student develops regarding these different contextual
and individual aspects. Thus, it is rather the feeling of being competent or the perception of being in a
cooperative climate that will play a role in engagement in learning activities, as students are active interpreters
of what happens in class and “respond” to what they perceive ™*”.

In this perspective, it is particularly interesting to examine how students perceive certain aspects of their
school environment in order to better understand how learning is invested. Specifically, this research focuses
more specifically on students’ perception of the school subjects that are in their curriculum (in this case,

mathematics and French) in order to examine their impact on their success.

1.1. Student attitudes toward learning

Among the numerous approaches to assessing how a student approaches the learning activities proposed to
them, the notion of attitudes is particularly interesting because of the range of dimensions it covers. An attitude
is an “internal state of the individual, resulting from the combination of perceptions, representations, emotions,
experiences, and the analysis of their results. This internal state makes a determined behavior more or less
probable in a given situation” """ Thus, while measures of motivation generally focus on cognitive or even

. 11,12
conative aspects (121

, attitudes incorporate these registers while also adding openness to dimensions of an
affective nature "’ These affective (or emotional) measures have been developed parallel to more cognitive
models, especially in the context of learning mathematics. Some models clearly differentiate emotions from
affects "'*. Indeed, while emotions are of marked intensity, of relatively short duration, and it is possible to
identify the triggering stimulus, affects are more diffuse and notably encompass preferences and moods.
However, in this publication, we consider the term “emotion” in its broadest sense, namely, that which includes
all affective states (with positive or negative valence) that can be considered according to varied durations
and intensities '*. Indeed, numerous tools have focused on the anxiety developed by students in learning this
discipline """ due to its potential to generate very different profiles, particularly in terms of affects. Other tools
have proposed the addition of measures of positive affects ""** to take into account that some students may
experience pleasure or pride in their learning.

However, even though they are clearly less numerous than questionnaires assessing only anxiety in the face of
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learning, there are tools that rely on the attitude model by proposing dimensions in cognitive, affective, and conative

P12 with the different dimensions sometimes being amalgamated into a single measure **. Cognitive

registers
aspects refer to the beliefs, knowledge acquisition, or representations that the student has about learning in the
discipline in question. The affective register encompasses pleasant or unpleasant feelings as well as perceptions
of being able to regulate the emotions generated by learning. Finally, the conative register can sometimes be
limited to intentions (or tendencies to act) or propose a self-evaluation of behaviors as such (this is then referred
to as a behavioral register). These registers — encompassing various dimensions — are relatively well delimited
without being independent of each other. Indeed, numerous research studies > highlight correlations between

dimensions and discuss their articulation.

1.2. The impact of attitudes on student performance

The extent to which attitudes can influence students’ outcomes in a given domain remains difficult to ascertain
due to the heterogeneous results of numerous studies on the subject. Analyses, such as those conducted by
Papanastasious ' based on TIMMS data from three countries with significant cultural differences (Cyprus,
Japan, and the United States), highlight that attitudes (primarily measured through affective aspects) can predict
mathematics performance. A meta-analysis published in the Journal for Research in Mathematics Education ",
encompassing over a hundred independent studies, yields more nuanced results. While acknowledging the lack
of consensus in study results in the field, the authors assert that the links between attitudes and mathematics
achievement are nevertheless present (and clearly significant). However, these links remain relatively weak
as evidenced by the effect sizes presented. Moreover, while no clear difference is highlighted between girls
and boys, the level of education seems to play a role as effect sizes are slightly more pronounced in secondary
grades than in primary or tertiary ones.

By examining in more detail the results of research that takes into account measures corresponding
to specific dimensions of attitudes (rather than the concept as a whole), we can distinguish between those
concerning the cognitive register and those related to the affective register. In the former case, it is mainly the
sense of competence that is linked to students’ outcomes. Indeed, the self-assessment that students make of their
competence level in a subject (referred to as the sense of competence) predicts their motivation for learning. On
the other hand, self-efficacy (which is a student’s self-assessment of their ability to succeed in a specific task
presented to them) is indeed linked to the outcome obtained, while the sense of competence (corresponding to
a broader self-assessment of their competence in a subject) predicts students’ motivation in the task **', which

1.1 who note that a student’s

in turn impacts outcomes. This observation is also emphasized by Chouinard ef a
sense of competence — along with perceived utility — affects their efforts, particularly through the mastery goals
they develop. PISA data has also highlighted such links. In a sizable sample (over 250,000 subjects), Lee and
Stankov " constructed a correlation matrix based on fifteen measures. Three of these moderately to strongly
correlate with student outcomes. Specifically, two of these dimensions relate to student perceptions (in the
cognitive register: self-efficacy and sense of competence), with the third belonging to the affective register
(mathematics anxiety).

It is also through the sense of competence that stereotypes (preconceived images generally shared at the
socio-cultural level) — and especially gender stereotypes suggesting that mathematics is inherently a male domain
— can affect students’ success ', Even when controlling for students’ prior grades in analyses (which themselves
impact stereotypes), the presence of stereotypes predicts academic performance — as well as intentions to pursue
careers in STEM fields — with the main mediating variable being the sense of competence “*. While these
authors obtain relatively similar modeling between girls and boys, the coefficients are nevertheless slightly more
pronounced for girls. This difference is also found in a very different context (Singapore rather than Quebec),
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where the influence of the stereotype on the sense of competence is clearly unfavorable to girls **). The process
by which stereotypes exert influence is highlighted in the model tested by Brodish e al. ®*. In mathematics,
stereotype threat leads students to adopt performance-avoidance goals, which in turn cause marked concern
about their own performance.

On the affective register, the more or less conscious — and relatively stable over time — feelings that
students may experience in the context of learning mathematics can be distinguished from more fluctuating

33361 which can sometimes be considered emotions strictly speaking. While the former

local affective states
are largely independent of specific situations encountered, the latter are clearly linked to the nature of the
learning activities encountered. In terms of published research results, it is mainly broader measures that
have been used. For example, the link between mathematics anxiety and success in this discipline has been
highlighted repeatedly °”. While Devine et al. "7 also reported moderate correlations between these variables,
when they control for students’ overall anxiety in evaluation situations, the link remains moderate for girls

%) also

while it decreases very significantly for boys. Without making a particular distinction by gender, Bai
noted a correlation of similar magnitude when testing the predictive validity of his questionnaire on students’
performance. The very recent meta-analysis by Barroso et al. ', aggregating 747 effect sizes from numerous
publications, confirms this moderate link, which appears from the early years of schooling, increases somewhat
in adolescence and then weakens somewhat in post-secondary grades.

Several plausible (and likely complementary) explanations help understand the impact of anxiety on
student performance. Firstly, several studies note that negative affects induce thoughts that interfere with the
learning process *”’. More specifically, students’ attention, as well as their working memory capacities, are

disrupted by the presence of negative emotions and especially by the intrusive rumination they can generate *"**.

™1 and the Processing Efficiency

This is also the hypothesis supported in the Choking under Pressure theory
Theory ¥, which suggest that the cognitive process useful for task resolution will be more or less strongly
impacted by the affects felt, respectively stress, although there is — in cases of anxiety or stress — an increase in
effort on the task to be performed. In other words, the most anxious students prove to be less fluent in solving
mathematical tasks compared to their peers who solve problems correctly and quickly, using minimal cognitive
resources, especially when it comes to the most complex exercises .

But reasons can also stem from the close links between affects and the cognitive dimensions of attitudes !,
especially the sense of competence. This variable indeed has the strongest correlation with anxiety (r = -0.64) in
Lee and Stankov’s meta-analysis "”. The data from the international TIMMS survey allow for a parallel observation

41 whether it concerns mathematics

(with positive correlations) regarding positive affects experienced by students
or science. Indeed, both positive and negative affects are able to predict a student’s sense of competence “”, knowing
that the causal chain exhibits a certain circularity. While emotions, on the one hand, condition the student in their
expectations and beliefs, the Control-value theory of achievement emotions **’ demonstrates how the student’s sense
of mastery and the value attributed to school and the learning activities offered can generate specific emotions, which
in turn have repercussions on motivation and perceived success **. In their attempt to highlight the reciprocal

1. ¥ concluded that the sense of

relations between the two concepts through repeated measures, Ahmed et a
competence affects anxiety more than the reverse.

Finally, examining the links between behavioral registry and student success brings a very clear and well-
documented finding. Indeed, various measures of motivation (respectively investment, effort, or engagement
according to the terminology and measures used in research) appear strongly correlated with students’ outcomes ",
Thus, the more students are willing to invest effort in their learning, the higher their results.

Two limitations need to be addressed regarding the consideration of the numerous results available in

scientific publications, only a few of which have been reported above. The first concern, like the circularity
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discussed between affects and the sense of competence, is the actual causality of attitudes on student
performance, which is difficult to demonstrate **. As Ma and Kishor “” noted in their meta-analysis, only 4%
of studies are conducted with a methodology that allows for determining causality, with the rest remaining at
the level of correlational research designs. Indeed, the numerous structural equation models validated in studies
are mostly based on data collected at a single point in time, thus not allowing us to conclude a specific causal
direction. This is why the authors suggest the presence of reciprocal influences or only speak of the ability of
attitude measures to predict student performance (assumed to be the dependent variable in regression models).
However, a few studies propose a longitudinal approach, thereby providing additional evidence regarding

B3 which concludes,

the direction of causality. This is for example the main objective of Ma and Xu’s study
based on the follow-up of numerous classes over six years, that students’ success on a mathematics test (from
the previous year) predominates in explaining attitudes (for the current year) rather than the reverse; a result
replicated several times, year after year. However, beyond the desire to quantify the predominance of one causal
direction over the other in these studies with at least two measurement points, it should be noted that reciprocal
influences seem to be systematically present %,

The second limitation concerns publication bias, which implies that less conclusive or non-significant results
obtained by research teams generally do not get published in scientific journals (unpublished research or published
in grey literature). While it is difficult to quantify such bias, the meta-analysis by Barroso et al. ™ — focusing on
the links between anxiety and mathematics achievement — highlights, for example, that while the (negative)
correlations are present in all types of research, the coefficients are nonetheless lower in the few unpublished
studies (but which nevertheless could be retrieved). This implies a disproportionate visibility of some results

compared to others.

1.3. Gender differences in attitudes

Although gender is not the main focus of research on attitudes, even in the field of mathematics, it is rare for
publications to ignore this variable. We deliberately use the term “gender” in our discourse, even though the
subjects of our research were questioned about their biological characteristic (sex). Indeed, gender is a cultural

construction

that refers to social roles that influence individuals’ expectations and behaviors. In this sense,
the differences generally observed in attitudes cannot be interpreted purely by biological causes and indeed
appeal to a socio-cultural functioning. Indeed, many studies integrate gender considerations to better understand
the differential functioning of students, notably as an explanation for the very marked underrepresentation
of girls who choose careers in Science, Technology, Engineering, and Mathematics (STEM) fields, despite
similar skills in terms of their academic performance °. This present publication is no exception, as it seems
interesting to question how girls and boys perceive their mathematical learning.

In the cognitive domain, differences are systematically highlighted in terms of the sense of competence,

738 with even more contrasting results in adolescence °”. Girls, who generally

from the early primary grades
have a more critical view of their learning ", then achieve lower scores than boys, who are quicker to be
satisfied with their performance. The presence of stereotypes — related to students’ sense of competence — is
also predominantly found among boys "*°"". However, these stereotypes are also present among some girls who
justify their difficulties in this subject in this way *. The pattern is less clear for the utility attributed to learning
mathematics during schooling, as some research highlights significantly higher scores for boys, especially in

adolescence '), while others indicate similar scores by gender ',

The difference in anxiety (both for schoolwork and evaluations), which generally disadvantages girls '**,
is exacerbated when it comes to mathematics in particular *”*". However, the affective domain is not limited

to anxiety, and other affects also show a heterogeneous distribution by gender in the field of mathematics: for
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example, greater shame and despair among girls '’ positive emotions — such as pleasure — are higher for boys *>**.

In an apparently paradoxical manner, the behavioral domain presents an inverse pattern where girls
mention a more significant investment than their male peers '*. Indeed, despite a tendency to perceive the
learning of mathematics more pessimistically than boys, both in terms of cognitive and affective domains, girls

are more motivated and report dedicating more effort to it *”.

1.4. Attitudes in context

The differentiation of contexts allows for a better understanding, firstly, of the development of attitudes, but
also subsequently, of the reasons for their maintenance and/or activation in certain situations. The family and
school are the privileged places in which students’ attitudes towards academic subjects develop, especially those

. s 18,67
concerning mathematics "7,

1.4.1. The role of family and school in attitude development

A child’s first learning experiences typically occur within their family context. This is why the influence of
parents is notable because parental attitudes directly influence those of their children '®*. Taking a closer look
at the cognitive dimension of attitudes reveals that parental beliefs play a significant role. For instance, across
three different samples (including one from Switzerland), Neuenschwander ez al. ' highlighted that parental
expectations are significantly linked to their child’s sense of competence, as well as their academic performance
(in mathematics and the language of instruction).

The development of stereotypes within the family context is similarly linked to the gendered attribution
models adopted by parents. Parents may believe that a girl’s success in mathematics is due to her efforts,
while a boy’s success is attributed to his natural talent """ These beliefs affect children’s perceptions of
their own abilities and their performance in mathematical tasks. For example, if mothers adhere to the view
of mathematics as an exclusively male domain, stereotype threat negatively influences their daughters’
performance from the beginning of schooling "". Conversely, for girls whose mothers reject this view, no
performance decline is observed. This influence of parental beliefs persists throughout schooling and affects not
only children’s perceptions but also their career trajectories ',

Regarding the parental impact on affective aspects, children and adolescents’ anxiety can be fueled by
messages conveyed within the family (through transmitted stereotypes) as well as by an insecure attachment
style . In cases of anxiety, parental support helps children cope better with the situation, particularly through
the development of optimistic perspectives and encouragement. It is also noteworthy that parents’ own anxiety
about mathematics is strongly correlated with that of their children, even in adolescence "*. This relationship is
even more pronounced in same-sex parent-child dyads, with a particularly strong effect on girls whose mothers
have high mathematics anxiety *). Additionally, maternal attitudes impact children’s motivation to learn
mathematics and science """, Consequently, the behavioral dimension is also influenced by the family context,
extending to the child’s academic performance .

However, upon entering school, students are immersed in another context that also has repercussions on
their attitudes toward learning: the classroom. Indeed, teachers’ didactic choices (e.g., how content is presented,
activities offered to students, methods, and evaluation criteria) impact students’ perceptions, particularly on
the development or reinforcement of their attitudes "**”. Specifically, classroom feedback strongly influences
students’ sense of competence through the internal discourses they create **'. Moreover, it should be noted
that parents are not the only ones who adopt stereotypical models, as many teachers also adhere to them ™.
In a study conducted with students at the end of primary school in Switzerland, Keller ™ demonstrated that

teacher stereotypes directly affect those of students within their classes. Furthermore, this study highlights that
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the grade level (as well as the level of difficulty and demand in mathematical content) reinforces the presence
of stereotypes. Teacher anxiety also influences the development of stereotypes in girls and, ultimately, their
mathematics performance **.

In terms of impact on the student’s affective functioning, it is noteworthy that it is primarily the teacher’s
enthusiasm for teaching (not enthusiasm for the discipline itself) that has an impact on students’ perceptions ™.
This emotional transmission of the joy of teaching to the joy of learning mathematics — understandable through
the permanence of interactions in the classroom — can be directly observable through the teacher’s behaviors *
and could be, according to these authors, an interesting strategy to implement to improve student attitudes. When
considering negative affects, affect contagion is found in some research concerning secondary schooling, but
with limitations concerning the predominance of female teachers in these grades and the fact that disciplinary
training in mathematics (one among many others in primary education) is not always adequate *”. However, the
development of anxiety — the most studied affect in the context of mathematics learning — can arise from teaching

practices, especially from how the teacher develops mastery and performance goals within the classroom **.

Although it has not been the subject of extensive research, the influence of peers within the classroom ")

[33]

and messages disseminated through media "' can play a significant role in attitude development, particularly in

gendered stereotypes, as students evolve in a socio-cultural context where many influences are present .

1.4.2. Attitudes in different contexts

Mathematics is not only a subject to master throughout schooling; they are also a tool used in professional
contexts as well as in everyday life. Hart and Ganley °" highlighted, in the general population, low to moderate
anxiety, but still very high for 5% of the surveyed subjects. Unsurprisingly, they also observe lower anxiety
among men and among individuals who have opted for a STEM career (both variables being strongly linked).
Despite this, it is not always possible to avoid situations where mathematical reasoning is necessary (e.g.,
calculating a discount when making a purchase or subtracting the weight of a container in cooking).

In demonstrating differential functioning across contexts, various research studies have examined how
certain children engaged in street vending transfer their skills (particularly mental arithmetic operations of
addition, multiplication, and subtraction) to the more formal context of the classroom. Carraher et al. !
found that while calculations performed in the street during coconut sales were correct in almost all situations
encountered (98% of cases), these same adolescents had much more difficulty solving similarly challenging
calculations in the school context (37% success rate); even when the problems were perfectly identical (74%
success rate). Thus, the context — and notably its highly formal and perhaps “decontextualized” nature for
the subjects in question — impacts performance, considering that the strategies used by subjects may differ
depending on the context .

Having developed measurement instruments for motivation regarding specific situations encountered
throughout learning (as opposed to measures concerning the motivation for mathematics and those at an even
higher level that focus on general academic motivation), Boekaerts ' tested different models that, depending
on the context, better understand the links between attractiveness and task value, sense of competence, intention
to engage, and affects. Their results confirm that while some links are stable regardless of the context, others
can be clearly differentiated (especially in a homework situation). Therefore, students are sensitive to the
specific contexts in which they learn, and the emotions experienced during mathematics lessons vary depending
on the situations encountered and how students approach them .

Contextual variation can also be based on the didactic strategies used by the teacher. This is what Mason
and Scrivani ™ specifically tested by proposing a three-month intervention aimed at introducing an innovative

(rather than traditional) character in mathematics teaching. The impact of the approach (developing a classroom
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culture where students feel responsible for their understanding, encouraging a socio-constructivist approach
in activities, and valuing divergent thinking) highlights a benefit on students’ attitudes and beliefs, while
simultaneously (and probably relatedly) improving their problem-solving skills. Although the intervention was
not conducted by the regular teacher, students reacted differently in this particular context since their beliefs
about mathematics (e.g., its utility) and their relationship to mathematics (e.g., working harder will impact their
skills) are different.

Even more discreetly, contextual variation can be present through the voluntary activation of stereotypes
by placing students in a situation where prior “gendered” labeling will impact attitudes and performance. This
is the method used by Tomasetto et al. "' by first asking students to listen to a story and draw a picture of it.
Subjects are randomly assigned to two situations, one with the story of a girl with stereotypical characteristics,
and the other of a fairyland with mushroom-shaped houses. Then, all students had to take a mathematics
test adapted to their age. The results of this research indicate that stereotype activation clearly disrupts girls’
performance, even after controlling for their previous results. Moreover, this performance decline directly
contributes to reinforcing the stereotype since it then confirms expectations. This activation of stereotypes
(including ethnic stereotypes present in mathematics) also affects adolescents. Ambady et al. ®, for example,
highlight that such activation can have a protective effect in the advantaged group by the stereotype, particularly
through certain success-related beliefs.

A somewhat indirect way to propose a different contextualization of the task specifically involves
modifying its presentation. Indeed, such a stratagem allows observing the student facing the same task (or a
similar task in substance) in a different guise. Morin-Messabel and Ferriére " tested the success of the same
tasks (riddles of varying difficulty involving numbers) in “mathematics,” “French,” or “game” settings, i.e.,
without evaluation-related pressure. The researchers confirm their hypotheses, including that of different
successes depending on the contexts, also interacting with students’ gender, without there being generally
a difference in performance between girls and boys. Furthermore, students report feeling more bored when
solving these riddles in French than in the other two contexts. This felt boredom — which is a negative affect —
is measured after the activity through a self-reported questionnaire; it is possible that students unconsciously
moderate their discourse based on their supposed performance ”".

Still, in the field of mathematics, another study conducted by Huguet ez al. ™ also highlighted different
achievement levels of students by varying the evaluation context. The students (only boys) — divided into two
groups based on their previous results (high-achieving vs. low-achieving in mathematics) — had to memorize
and then reproduce the complex figure of Rey-Osterrieth, a task frequently used in the psychological assessment
of students and possessing very precise coding criteria. This activity was presented to them as a measure of
their geometry skills, respectively drawing skills. If the results of the two groups of students are similar in the
second context (drawing), with an average score, those who found themselves in the “geometry” condition
show significantly different achievement levels according to their academic level. High-achieving students were
more successful while lower-achieving ones obtained markedly lower scores.

We drew inspiration from these studies (particularly the last one) to better understand how attitudes help to
differentially explain success in a mathematical task in two different contexts. Indeed, if research highlights that
students are sensitive to the presentation of the task or, more generally, to the context in which it takes place, we can
expect that attitudes towards the discipline also play a different role depending on the particular activation generated
by the context. More concretely, we seek to predict the outcome of a mathematical problem proposed in two different
contexts (mathematics class vs. French class) based on the attitudes that students demonstrate towards the respective
disciplines. Our inquiry also aims to differentiate the impact of attitudes according to gender.
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2. Methodology
2.1. Sample

The convenience sample consists of 94 students with an average age of 14.1 years (SD = 0.5). The gender
distribution is representative of the population: girls (n = 48) have an average age of 14.0 years (SD = 0.5) and
boys (n = 46) have an average age of 14.2 years (SD = 0.5). These students come from four classes of 10th
grade HarmoS (penultimate year of compulsory schooling) of the “general” type (corresponding to an average
level of requirement) in a school in French-speaking Switzerland.

2.2. Materials and procedure

Prior to the assessments, proportion calculations (also known as the “rule of three””) were pre-tested in a class not
participating in the present study to ensure the optimal difficulty level of the exercise. It should be noted that this
type of problem was addressed in the previous year’s curriculum but has not been explicitly recalled recently.

Two equivalent proportion calculations were therefore proposed to the students in two different contexts
(math class and French class), three weeks apart and counterbalanced to avoid a test-retest effect: two classes
first had the problem in the math context, then in the French context, and vice versa for the other two classes.
These two exercises were inserted as part of formative assessments (not taken into account for the school report
card) and submitted, at the agreed time, by their respective discipline teachers without specific consultation.
They were presented to the students as exercise sheets for which feedback would be provided later.

Regarding the mathematics assessment, the worksheet consists of six exercises (calculating the perimeter
and area of a rectangle, sorting decimal values in ascending order, unit conversion, etc.), among which is the
following proportion calculation:

“A bottle of soda contains 924 grams of sugar. Knowing that 2.5dl of this soda contains 154 grams of
sugar, how many deciliters of soda does the bottle contain?”’

The French evaluation sheet, on the other hand, proposes five exercises related to the dictionary (searching
for synonyms, alphabetical order of words, estimating the number of words in the dictionary, etc.), including a
proportion calculation to be performed:

“In the French dictionary, 960 words start with the letter U. Knowing that 2.5 pages contain about 160
words, how many pages contain words starting with the letter U approximately?”

During a subsequent math class after the assessments in both contexts (to avoid bias), the students also
completed a questionnaire to assess their socio-affective attitudes toward learning mathematics (see Section
2.3.). Subsequently, they were informed of the research objectives and orally questioned about the setup. None
of them indicated noticing the presence of very similar exercises in both classes.

2.3. Measures

While both sets of exercises received feedback from the students, we only retained for our research the results
of the two proportion calculations, evaluated dichotomously (correct vs. incorrect), which then constituted
two dependent variables (one per context). Since proportion calculation exercises concern mathematical
skills, it seemed interesting to us to retrieve their current average math grade. Additionally, we administered
a questionnaire evaluating socio-affective attitudes toward math **!. This questionnaire measures seven
components of attitudes across three registers, also incorporating a measure of gender stereotypes (see Table 1).
Each of the 45 items is self-assessed by the student on a 6-point Likert scale ranging from 0 (Strongly Disagree)
to 5 (Strongly Agree).
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Table 1. Questionnaire of socio-affective attitudes in mathematics

Cronbach’s a

Register Dimension (and examples of items) n
Baseline study Current research
Utility: Being good at math gives a considerable advantage in 5 0.80 077
finding a job.
Cognitive Competence: I am talented in math. 6 0.94 0.90
Controllability: My understangari%nof math depends on the effort I 5 074 0.68
Stereotype (masculinity): A girl must work harder than a boy to 5 0.86 0.82
achieve the same results in math. ’ '
Positive affects: I look forward to math class. 6 0.93 0.94
Affective Negative affects: I easily get tense during math class. 6 0.88 0.82
Affective regulation: I am able to manage my emotions during 6 0.79 0.72
math class.
Behavioral Investment: I engage in activities and exercises during math class. 6 0.83 0.81

We observe that the internal consistencies (measured using Cronbach’s alpha coefficient) of the different
dimensions are slightly lower than in the questionnaire validation study . This is probably due to the fact
that the subjects were slightly older (post-compulsory education students) than those in the present sample.
However, the coefficients obtained remain satisfactory to very good.

3. Presentation and discussion of results

We present in Table 2 below the means, standard deviations, and the skewness and kurtosis indices of the
various quantitative measures conducted with our sample.

Table 2. Descriptive statistics of quantitative variables

Dimension Mean SD Skewness Kurtosis
Utility 3.57 1.03 -0.82 0.38
Competence 2.60 0.93 -0.28 -0.78
Controllability 3.50 0.96 -0.46 -0.35
Stereotype (masculinity) 1.02 1.15 1.52 2.30
Positive affects 2.45 1.47 0.01 -0.99
Negative affects 1.18 1.06 1.07 0.97
Affective regulation 3.48 0.90 -0.74 0.67
Investment 3.73 0.87 -0.90 1.23
Math grade average 4.63 0.63 -0.79 0.78

The examination of the coefficients reveals that the measurement of stereotypes tends towards a floor
effect. If a low average in this dimension means that students generally do not share the idea that mathematics

is a masculine discipline — which is reassuring in itself — it nonetheless remains that some scores approach

260 Volume 6; Issue 4



the maximum score on the scale. This results in a relatively pronounced dispersion, allowing us to consider
parametric statistics. Similarly, the distribution of negative affects also shows a stronger positive skewness,

while still maintaining a kurtosis closer to normal.

3.1. Gender differences in attitudes

Before examining the links between attitudes and students’ performance on the two target exercises of our
research, it seems necessary — in light of our questions — to compare the attitudes of students according to
gender (see Figure 1). At the cognitive level, boys perceive more utility in learning mathematics than girls
(toy = 3.02; P < 0.01), and, not surprisingly, consider themselves more competent (tq, = 2.70; P < 0.01).
Interestingly, it is worth noting that the average grade in mathematics at the time of the assessment is entirely
=4.63; M
research that highlight that, at equal performance, boys feel more competent than girls.

similar (Mg, poys = 4.64). Consequently, this result aligns well with the findings of other previous
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Figure 1. Gender differences in the eight dimensions of attitudes. Significant difference at *P < 0.05 and **P < 0.01

If, at the level of controllability — meaning the tendency to believe that one’s behavior and efforts have a
real impact on performance — the difference is not significant, the one concerning gender stereotype is again
more pronounced (o, = 2.12; P < 0.05). As expected, students thus value the stereotype that is favorable to
their group, whether it is gender as here or other characteristics . It is also necessary to mention that apart
from the very asymmetric distribution of this dimension (tendency toward a floor effect), its dispersion is much
stronger in the group of boys (SD = 1.27) than in that of girls (SD = 0.78), with scores even approaching the
maximum value of the scale for some of them. As we have shown with another sample '*, these are boys with
good results in mathematics who explain their ease in this discipline by the fact that they are male.

The pattern relative to dimensions of the affective registry is also well differentiated by gender since our
data undeniably align with well-established results ). In particular, girls report feeling significantly fewer
positive affects compared to boys (this is where the most marked difference lies; tq, = 3.29; P < 0.01), as well
as more negative affects (ty,, = -2.58; P < 0.01) when learning mathematics. Such results are found by other
authors, notably Frenzel et al. ', who also distinguish between different types of positive affects (pleasure

and pride) and negative affects (anxiety, despair, and shame). This has the corollary that girls also feel they are
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generally less successful in coping with their stress and anxiety since affective regulation is a dimension for
which the difference is also significant (t,, = 2.66; P < 0.05).

The only more surprising result concerns investment since both groups have similar scores (t,, = -0.12; ns)
whereas we could expect a difference in favor of girls based on the gap highlighted with the same questionnaire
among a very similar sample ‘. Therefore, it seems, since the dimension is not subject to episodic fluctuations
(it indeed has good temporal stability: r, = 0.85 ), that the fact that our sample only includes students in 10th
grade in classes with an intermediate level of demand (type “general”) could explain this result. Indeed, if a
gradual decline in motivation is observed throughout secondary education, students in this intermediate track
show a stronger deterioration in their motivation in 10th grade, before it strengthens in 11th grade when training
prospects become clearer at the end of compulsory schooling **.. It is likely that this particular evolution, linked
to some anxiety about the future after leaving school, affects girls more, whose motivation scores for learning
then align with those of boys.

3.2. Attitudes and mathematics academic achievement

The second set of results concerns the relationships between mathematics performance (as measured by school
grades) and the attitudes that students develop towards this discipline. The current school grades of students
in this subject range from 2.50 to 5.50 (M = 4.63; SD = 0.63). Similar to the assessments conducted within
the school context, the distribution exhibits a normal curve but with a moderate negative skew. However, the
parametric tests we employ are robust enough to tolerate this type of distribution.

Table 2 presents the correlations that have been calculated for all students, respectively separately by
gender. Due to the multicollinearity of the different dimensions of attitudes, we have chosen to highlight the
relationships through correlations (rather than regressions), conducting them separately for girls and boys to
highlight any potential moderating effect of gender.

Table 2. Correlations between current mathematics grade and soci0O-affective attitudes

Dimension Total (n =94) Girls (n = 48) Boys (n = 46)
Utility 0.27* 0.15 0.44%**
Competence 0.68** 0.64%** 0.76**
Controllability 0.38*%* 0.38** 0.38*
Stereotype -0.23* -0.43** -0.09
Positive affects 0.44** 0.37* 0.54%%*
Negative affects -0.39%* -0.44%%* -0.34*
Affective regulation 0.36%* 0.31* 0.45%*
Investment 0.27%* 0.20 0.34*

*P<0.05;* P<0.01

The dimension most strongly correlated with the student’s grade is their sense of competence. As we
discussed in the introduction of this article, there are undoubtedly mutual influences. Results shape the sense of
competence, as it is largely based on the grades the student receives, allowing them to assess their competencies
relative to their peers; the sense of competence has indirect repercussions on results, particularly through
increased motivation for learning in which the student feels skilled.

For most dimensions, the pattern remains relatively similar by gender. However, the two dimensions show
more disparate correlations between the two groups (highlighted in bold in the table). Although not significant
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(tgs) = 1.47; ns), the difference concerning perceived utility is nevertheless interesting to note. Boys with good
grades in mathematics feel that this discipline will be particularly useful for their education or future profession,
while this link is not really present among girls. The fact that boys more easily envision a professional activity
related to STEM fields ® undoubtedly explains the very direct interest that a good mastery of mathematics
can have for them. The other difference between girls and boys, significant this time (tg, = 1.77; P < 0.05),
concerns stereotypes. While the correlation is null among boys, it is marked among girls, as is the correlation
regarding negative affects. These two results can indeed be discussed together since stereotype threat has
an impact on the anxiety felt by students. Indeed, this threat involves a chain of physiological and cognitive
reactions (negative thoughts) that influence affective experience and, consequently, the resources available
in the task "™, Osborne """ was able to highlight the presence of stereotype-related anxiety, which plays — at
least in part — a mediating role in explaining mathematics results. Furthermore, other works " have shown
that adopting a lower performance reputation among students, caused by the stereotype, generates a disruptive
mental load that ultimately explains the difference in task capacity.

3.3. Impact of attitudes across context

The third and final set of results presented below constitutes the core of our research. Here, we aim to examine
which dimensions of attitudes are likely to have a differential impact on students’ results (specifically, a
proportion calculation) in two different contexts: mathematics class and French class. To achieve this, after
correcting the exercises completed by the students (based on “passed” or “failed” criteria), we conducted
logistic regressions to examine predictors of a dichotomous dependent variable. These regressions were
parameterized using the forward stepwise method to retain only significant predictors. Due to the strong
multicollinearity of attitude dimensions, it was necessary to optimize the analysis to highlight the predominant
predictor(s).

In the context of the mathematics class (see Figure 2), we first observed a slightly better success rate for
girls (77% compared to 65% for boys). Although this difference is not significant, their sigmoid curve is indeed
consistently above that of boys. Next, the analysis identified only one significant predictor: negative affects.
If the probability of success is very high (93%) for students who generally do not experience stress or anxiety
during math class, it drops dramatically to 15% for those who score maximum (5 on the scale used in the
questionnaire) in this dimension. The coefficients of this analysis (R’c,; g snen = 0-14; R2Nagelkerke = (0.16) are not
very high. However, the chi-square is not significant (Xz(g) Hosmer & Lemeshow — 10.00; 1n8), indicating a good fit of the
data to the model.
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Figure 2. Probability of success by gender in proportion calculation in mathematics context
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An identical logistic regression analysis — conducted on data collected from the same students, but in a
French context this time — yields a different result (see Figure 3). While no gender difference appears here, it
is positive affects that best predict the probability of students’ success, with coefficients in the same order of
magnitude: R°c., ¢ spen = 0.15; R2Nagclkcrtc =0.17; Xz(g) Hosmer & Lemeshow — 8-935 8. Although the slope of the sigmoid
is slightly lower, the difference in the probability of success for students who feel no pleasure in learning
mathematics (37%) versus those who have a lot of pleasure in this discipline (83%) is still significant.
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Figure 3. Probability of success by gender in the proportion calculation in a French context

Since we balanced the methodological plan so that some students first encounter the mathematics context
and then the French context, and vice versa for the other part, it should be noted here that we did not find any
particular difference according to the order of task presentation (a variable taken into account in the analyses
presented below). There does not seem to be a learning effect that would lead students to perform better during
the second assessment.

In both contexts, it is therefore emotions that best predict a student’s success in a given calculation task.
It should be noted in this regard that this result can be explained by the fact that, in the domain of attitudes,
affective aspects (compared to cognitive aspects) develop rapidly and remain more stable over time '*. We can
also assume that these aspects are less fluctuating depending on the particular task performed by the student and
therefore remain in the background throughout the lesson (whether it’s mathematics or French). In other words,
when the student starts the mathematics class, they are in a certain affective disposition (or mood) that changes
only slightly depending on the activities proposed, their difficulty, or other characteristics. This affective
predisposition is thus “triggered” or “activated” and will subsequently play a role in all behaviors (including
learning) of the student.

This process is similar to that highlighted in various research studies that rely on stereotype threat theory.
Using various strategies, researchers aim to activate the stereotype to generate emotions that will either improve
or, more often, disrupt performance. In the work of Smeding et al. "*", students (in 8th grade) are subjected to
a verbal test and a math test in succession, but in reverse order for part of the sample. In this way, the device
allows girls who are first questioned in mathematics to stimulate stereotype threat, which will then have a
visible impact on performance in the verbal test. It is also possible to differentially activate stereotype threats
related to gender and ethnic origin. This is what Shih et al. """ did with a sample (tertiary level) of American
female students of Asian descent. When their ethnic identity is activated, they perform better on a math test,

264 Volume 6; Issue 4



while their performance is poorer when their sexual identity is activated.

However, this is not an activation of stereotype threat (even disguised) because we did not seek to
propagate a stereotype about a particular group and emphasize the risk that individual performance would
be judged based on this stereotype . We have proof of this because girls’ success is higher in the context
of mathematics class, whereas activation of the stereotype would have negatively affected their performance
(because the stereotype is unfavorable to them). As indeed mentioned by Huguet er al. ® — regarding their
research from which we drew inspiration for this present study — the two contexts in which the task is
performed will activate their performance history and, more broadly, their past social experiences. We also
add that this reactivated history undoubtedly concerns the moods generally present in one or another particular
context. Unlike the device set up by Huguet e al. ™ which compares the success of the same task in a drawing
context or a mathematics-geometry context, here we have two disciplines considered academically important.
Thus, the fact that the results are not identical depending on the context cannot be explained by the difference in
the academic valence of the two disciplines concerned since both French and mathematics are considered at the
top of the hierarchy of school subjects. However, it is not possible to exclude the hypothesis that some students
were less invested in this calculation exercise in the context of the French class due to the mismatch between
the type of task and the content usually covered during this class.

The differential framing of the task causes a very similar phenomenon. By proposing the same exercise in a
French context, in a mathematics context, or as a fun activity, it is possible to indirectly create pressure that will
lead students to mobilize different cognitive strategies "”. This pressure thus creates a mental burden that is also
linked to the affective state since its physiological manifestations can be observed through heart rate variability "**.

Starting from the hypothesis that by proposing the task in two different contexts, we have thus provoked a
different activation of attitudes (especially affective ones), we can then separately explain the phenomenon in
each of the two classes. In the context of mathematics, students who are generally anxious about activities found
themselves more challenged to succeed in the requested calculation. Indeed, numerous studies have shown that
anxiety leads to a decrease in performance. Worry diverts attention from the task to be accomplished ** while
creating a vicious circle since failing the task in turn increases anxiety and related rumination. In addition,
emotional regulation strategies - which are varied - are not always necessarily adaptive. Indeed, students
sometimes develop strategies to reduce their anxiety which distances them from learning (e.g., daydreaming
about other things to avoid being overwhelmed by emotions). However, even when they are task-focused (e.g.,
having an internal dialogue with positive self-verbalizations to motivate oneself), these strategies often require
some cognitive resources that are then no longer directly allocated to solving the exercise.

In the context of the French class, however, the negative emotions that students may generally feel about
learning mathematics are not activated during the class, in the background. Thus, when they are faced with
a calculation to be done, anxiety plays a much more secondary role than pleasure, which then becomes the
predominant explanatory factor. Indeed, positive emotions lead the student to increase concentration on the task
which provides them with pleasure “”. The link between positive affects and emotions is well documented "',
and the pleasure felt by the student seems to have a greater impact on the student’s motivation than the inhibition
produced by anxiety "', This is also the reason why a playful framing of the task leads, on the one hand, to
more pleasure for the student as well as a lightening of evaluative pressure which will favor the performance of
the students 7.

4. Conclusion
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The attitudes a student develops towards academic disciplines have repercussions on how they approach
learning and, ultimately, on their academic performance. Similar to many other studies mentioned above, our
research conducted in the field of mathematics first highlighted the important links between various dimensions
of attitudes and students’ performances, measured by their average school grades in this discipline. While the
dimensions of the three registers (cognitive, affective, and behavioral) show moderate to strong correlations
with students’ grades, we are unable to determine any causality. We can only suggest a reciprocal influence
while noting again that the various dimensions of attitudes themselves are often interdependent and fluctuate
together.

Regarding gender differences in attitudes, our research also confirms the conclusions of previous studies
addressing this question, namely that concerning the learning of mathematics, girls’ attitudes are clearly more
detrimental. Indeed, except for adherence to stereotypes (and considering that investment is almost identical
by gender), girls perceive less utility in learning mathematics, feel less competent, and report much less
enjoyment but more anxiety, while also claiming to regulate their emotions less well. Despite this, they achieve
a mathematics average (average grade at the time of assessment) identical to that of boys and also have a higher
success rate in the exercise requested. Therefore - and considering the impact of attitudes on results - it would
be interesting to measure the potential gain in terms of results if girls developed attitudes as positively as their
male peers.

Finally, our study aimed to examine to what extent attitudes differentially explain success in two different
contexts, but of equivalent academic valence (mathematics and French being considered as main subjects in the
Swiss school system). It thus fits into the stream of research aimed at activating certain specific attitudes and
examining their repercussions on students’ feelings, behaviors, or performances. While the framework of our
experimentation is obviously not at all applicable to teaching this discipline (it is not conceivable to address
mathematical content during other classes), this approach has nevertheless shown a contextualized functioning
of students with different emotions that predominantly explain success. Thus, in the context of mathematics
class, it is the anxiety generally felt by the student in this context that disrupts problem-solving. Conversely,
during the French class, it is the positive emotions that facilitate success in a very similar calculation.

Our work presents various limitations that do not only concern the small size of the sample. First, the
significant multicollinearity between predictors led us to perform regression analyses with an ascending method.
This allowed us to highlight the predominant predictors to the detriment of other predictors whose weight is
weaker, but whose presence undoubtedly plays a role (even indirectly). However, this obstacle is inherent in
such measures since it is not possible to keep certain dimensions of attitudes stable while strongly fluctuating
others. Cognitive, affective, and behavioral aspects (especially motivation) are closely related to each other,
and the “all else being equal” approaches cannot then be envisaged. Then, our measure of attitudes assesses
how students perceive learning in mathematics in general. It would be relevant to add targeted measures when
performing exercises (such as the value attributed to the task). Similarly, a distinction concerning types of
regulation (adaptive or non-adaptive) would undoubtedly refine our understanding of how students function in
different contexts.

Despite this, our results underline the importance of working with students on their emotional feelings,
which provides a different perspective on interventions generally proposed in classrooms. Indeed, many
pedagogical approaches are currently being implemented to address stereotype threat ‘" and therefore mainly
focus on cognitive aspects. Plante ef al. ** indicated an interest in considering the value of the task perceived by
students while developing a stronger sense of competence. Moreover, as research programs gradually consider

[108,109]

emotion, motivation, and cognition as equal components of the social learning process , interventions
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increasingly integrate strategies aimed at better-regulating emotions '”. It seems necessary to go even further

in this direction — in connection with the development of positive psychology — and to consider interventions

that focus on the development and maintenance of positive affects during learning.
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