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Introduction: Mathematics continues to be a real stumbling block for many low-
performing students. Research over the past decades has highlighted the joint and
determining effects of emotions and motivation on learning and performance in
mathematics and has shown an increase in negative emotions over the course
of schooling. Inter-individual emotional differences and increasing classroom
heterogeneity necessitate profile analysis that focuses on particular combinations
of variables as they exist within groups of individuals.

Methods: The purpose of this cross-sectional research is twofold: (1) to identify
the emotional profiles of 1,505 elementary school students (ages 6-12) in
mathematics, and (2) to document, on the basis of expectancy-value theory, how
these profiles differ in terms of beliefs about competence, perceived value, and
performance.

Results: The results highlighted two profiles over the 6 years: positive and
negative. Three other profiles were observed repeatedly throughout schooling:
the anxious, the self-esteem focused, and the emotionally disengaged.

Discussion: Three pivotal years emerged from the analyses: the first year
(transition to a more formal type of teaching), the third year (enculturation
in normative evaluation practices and social comparison) and the final year
(centering of learning around the external certification test). In terms of the
dependent variables, the tendency of young children to overestimate their
competences attenuates their negative emotions and the undesirable effects
of these in terms of learning. Anxious and full-negative profiles performed
the poorest and placed less value on mathematical learning. These findings
indicate that interventions addressing the specific needs of each age and profile
are needed.

achievement emotions, competence and value beliefs, mathematics performance,
elementary students, profile analysis

Introduction

Recent national and international tests among secondary school students have reported
poor academic performance, particularly in mathematics (Lajoie and Bednarz, 2014; Tzohar-
Rozen and Kramarski, 2017; Organisation for Economic Co-operation and Development,
2018; van den Berg et al., 2018) and peaks of math anxiety at the beginning of the
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first grade or just around 7 years old (Szczygiet and Pieronkiewicz,
2022). Researchers have also identified problematic attitudes and
motivation, such as a lack of interest in school and avoidance of
achievement, beginning in primary school (Vierhaus et al., 2016).
These behaviors have twofold consequences. On the one hand, they
jeopardize students’ continuation of their school career and their
professional aspirations (Wieselmann et al., 2020) along with their
self-esteem (Coelho et al., 2017); on the other hand, the cost of early
school dropout is deep, impacting economic sustainability, social
stability, and the wealth and health of individuals throughout their
lives (Organisation for Economic Co-operation and Development,
2015; Beswick et al., 2019).

Previous approaches addressing academic difficulties have
focused on developing cognitive and metacognitive strategies.
However, accumulating evidence, collected over the past decades,
has indicated profound effects of achievement emotions on
(1) students’ learning and achievement over and above the
effects of cognitive abilities, prior achievement or demographic
variables (Pinxten et al., 2014; Pekrun et al., 2017) and (2) their
motivation and wellbeing (Raccanello et al., 2019). These results
have turned the perspective of educational psychologists more
toward emotional and not just cognitive aspects of learning and
achievement. Additionally, the literature is unanimous on the
fact that pleasant emotional experiences decline and unpleasant
emotions increase throughout the school years (Jacobs et al., 2002;
Muenks et al., 2018; Jindal-Snape et al., 2020). While the primary-
secondary transition is especially salient in these curves, a recent
study (Hanin and Van Nieuwenhoven, 2019) has suggested the
existence of another pivotal moment earlier in the school career.
That study showed that even in fifth and sixth grade, almost half
of the students already displayed an at-risk emotional profile in
mathematics. When and how this emotional shift takes place still
remains unanswered. And yet, identifying the mechanisms related
to this pivotal moment is essential if we wish to strike at its roots of
this problem.

Therefore, the aim of the present paper is to expand the existing
knowledge in two ways. First, it will distinguish subgroups of
elementary students (Grades 1 to 6; 6-12 years old) having specific
combinations of emotions regarding mathematics tasks. This
characterization of students’ emotional relationship to mathematics
from Grade 1 to Grade 6 aims to identify pivotal moments in the
primary schooling. In order to take into account inter-individual
differences regarding the emotional profiles with which students
tackle mathematics tasks and thereby to assess students’ needs
more accurately as well as in a more personalized way, we will
adopt a profile analysis, that is, a focus on particular combinations
of variables as they exist within groups of individuals (Hayenga
and Corpus, 2010). Second, we will explore how these distinct
subgroups differ regarding perceived competence, perceived value,
emotion regulation and problem-solving (PS) performance. In
this vein, we will use Pekrun’s (2006) control-value theory (CVT)
of achievement emotions, acknowledged as one of the most
comprehensive theoretical frameworks outlining the role played
by the emotions in learning processes, with a direct relationship
between emotional and motivational constructs.

Two rationales guided our decision to focus specifically on
mathematical PS tasks (PST). On the one hand, we wanted to align
with studies highlighting the domain (e.g., mathematics, languages)
and subdomain (e.g., algebra, geometry; grammar, literature)
specificity of achievement emotions and of their antecedents (Wu
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et al., 2012; Justicia-Galiano et al., 2017). On the other hand,
we wanted to contribute to the seminal work that has been
done during the last few decades in response to observation
of the difficulties with PST encountered by both learners and
teachers (Depaepe et al., 2015; Tzohar-Rozen and Kramarski, 2017;
Hanin and Van Nieuwenhoven, 2019, 2020).

In the following section, we specify the constructs used in this
study in relation to the CVT core propositions, as well as the extant
evidence and our hypotheses.

Control and value appraisals,
achievement emotions, emotion
regulation, and performance

Antecedents of achievement
emotions—control and value appraisals

As the main theoretical background for this research, Figure 1
presents control-value theory (CVT; Pekrun, 2006; Pekrun and
Perry, 2014). Empirical studies that have tested CVT’s core tenets
have showed that control and value appraisals are the closest
determinants of students’ achievement emotions (Peixoto et al.,
2017; Putwain et al., 2021).

Control appraisals, defined as students’ beliefs in personal
agency over actions and outcomes, include the following
constructs: causal attributions, outcome expectancy, perceived
competence and self-concept (Pekrun, 2006). Among them,
perceived competence appears to be the most decisive in
shaping the learner’s emotions in mathematics (Hanin and
Van Nieuwenhoven, 2020). Building on Bandura’s (1997) social
cognitive theory, perceived competence is conceptualized in CVT as
an individual’s judgment of his/her personal ability to organize and
execute a course of action in order to attain a specific goal. Like
many scholars, we consider that when assessed at the task-specific
level, perceived competence and self-efficacy belief reflect the same
reality (Valentine et al., 2004; Bouffard and Vezeau, 2010; Ahmed
etal., 2012).

Value appraisals reflects the subjective importance of learning
activities and outcomes (Pekrun, 2006; Pekrun and Perry, 2014).
Expectancy-value theory (EVT; Wigfield and Eccles, 1992, 2020),
one of the bases of CVT, distinguishes four value components:
(1) Intrinsic value refers to the enjoyment a person derives from
engaging in a task, and has been associated with individual interest;
(2) Utility value designates the perceived usefulness of engaging
in a task, for both short- and long-term goals; (3) Attainment
value specifies the importance a person attaches to doing well on
a given task and is linked to the relevance of the task for their
identity; (4) Cost refers to the perception of negative consequences
of engaging in a task. Recent exploratory and confirmatory analyzes
(conducted so far with secondary school students) have confirmed
that several facets of each of these value components can be
empirically distinguished (Gaspard et al., 2017; Fadda et al., 2020).
Specifically, attainment value can be divided into the importance
of achievement and personal importance, utility value can be
separated into facets tapping different life domains (i.e., utility
for school/job, utility for life, social utility) and cost can be
differentiated into effort required, emotional cost, and opportunity
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FIGURE 1

A simplified version of the control-value theory of achievement emotions, with the studied variables.

cost. However, this structure has not been confirmed with a
younger population, and most studies use a four-factor structure
for value beliefs.

Achievement emotions

Control-value theory defines achievement emotions as emotions
that are directly related to achievement activities or their outcomes
(Pekrun, 2006; Pekrun and Perry, 2014). They can be characterized
by three dimensions: (1) object focus (on the ongoing activities
vs. on the resulting outcomes, these being subdivided into
prospective vs. retrospective emotions), (2) valence (positive vs.
negative), and (3) degree of physiological activation (activating
vs. deactivating). Based on the last two dimensions, four groups
of achievement emotions can be distinguished: positive activating
emotions (e.g., enjoyment), positive deactivating emotions (e.g.,
relief), negative activating emotions (e.g., anger), and negative
deactivating emotions (e.g., boredom). Among each group, one
can distinguish emotions that are elicited from recalling a past
activity or its outcome (e.g., pride, shame, sadness, anger), emotions
related to future activities and outcomes (e.g., fear, nervousness)
and emotions aroused from an activity one is currently undertaking
(e.g., enjoyment, boredom, and anger). Despite the importance of
achievement emotions in learning and academic success, only a
few studies have addressed elementary school students’ emotional
experiences (Raccanello et al., 2019). We wished to portray
emotional profiles in as nuanced and complete a way as possible
while also ensuring that the emotions assessed were distinguishable
by first graders. Therefore, on the basis of the few existing studies
available for this age (Lichtenfeld et al., 2012; Kwon et al., 2017;
Raccanello et al., 2019), we assessed eight achievement emotions:
two activating positive emotions (enjoyment, pride), four negative
activating emotions (anger, fear, nervousness, and shame), and two
negative deactivating emotions (sadness, boredom).

Regarding relations between achievement emotions and their
antecedents, CVT posits that positive achievement emotions result
from high levels of perceived competence and positive value,
while negative achievement emotions are a joint function of
perceived lack of competence and high value (Pekrun and Perry,
2014). The exception is boredom, which can be due both to
low levels (over-challenge) or high levels (under-challenge) of
perceived competence and lack of value (Pekrun et al., 2010, 2014).
Cross-sectional and longitudinal evidence corroborating the core
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assumptions of CVT in the domain of mathematics is scarce
for elementary school students. The few existing studies suggest
that high level of perceived competence and positive value are
related positively to primary school students’ positive emotions
and negatively to their negative emotions (Lichtenfeld et al., 2012;
Putwain et al., 2018; Forsblom et al., 2022). As for boredom, it
appears that elementary school students” perceived competence in
mathematics is negatively associated with their level of boredom
(Lichtenfeld et al., 2012; Putwain et al., 2018).

Achievement emotions and emotion
regulation

Since students’ emotions are central to learning, achievement
and wellbeing, it is important to support adaptive achievement
emotions (Lichtenfeld et al., 2012; Putwain et al., 2018; Forsblom
et al,, 2022). The most common and appropriate mechanism for
doing so is emotion regulation (Vierhaus et al., 2016; Harley
et al,, 2019; Putwain et al., 2021) characterized as a heterogeneous
set of strategies used to influence the occurrence, duration, and
intensity of positive and negative emotions (Gross, 1998; Gross and
Thompson, 2007). Goetz and Bieg (2016) proposed an extension
of CVT including emotion regulation. However, researchers have
highlighted distinct emotion-regulation strategies, and specific
strategies have been investigated mainly with students older than
primary school children (Harley et al., 2019; Raccanello et al,
2019). In a previous study addressing this gap, we identified six
emotion regulation strategies used by upper elementary students
when solving math problems, based on three theoretical models
(see Hanin et al., 2017). These strategies include negative self-
talk, dysfunctional avoidance, emotion expression, task-utility self-
persuasion, help seeking, and brief attentional relaxation. While
findings have generally converged to affirm that the first two
strategies are maladaptive per se (Garnefski et al., 2006; Nolen-
Hoeksema et al., 2008; Mikolajczak and Desseilles, 2012), this is
not the case for the other four strategies. In this connection, recent
research conducted with undergraduate and secondary school
students has shown that emotion-regulation strategies are not per
se adaptive or maladaptive, but rather that this depends on the
context, the frequency and intensity of use, the pattern of strategies
used, and individual characteristics (Schmidt et al., 2010; Ben-
Eliyahu and Linnenbrink-Garcia, 2013; Harley et al., 2019).
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The relation between emotion regulation and achievement
emotions has mainly been investigated with secondary school and
university students, only rarely with elementary school children
(Harley et al, 2019; Raccanello et al, 2019). For instance,
with undergraduates, Ben-Eliyahu and Linnenbrink-Garcia (2013)
found positive associations between reappraisal and positive
emotions in both favorite and least favorite courses, and the
opposite relations for unpleasant emotions, but in favorite courses
only. Further, rumination was found to correlate positively with
negative emotions across contexts and negatively with positive
emotions in the least favorite course only. Schmidt et al. (2010)
observed with regard to high school students’ upcoming final exam
that anxiety and fear negatively predicted distancing and positively
predicted problem-focused strategies and seeking social support.
Frustration and powerlessness were found to positively influence
distancing and seeking social support. Lastly, positive emotions
positively predicted reappraisal, problem-focused strategies, and
seeking social support. The few studies involving elementary school
students include one conducted by Vierhaus et al. (2016) that
showed that an increase in enjoyment was accompanied by an
increase in adaptive regulation strategies, and an increase in
boredom went together with an increase in maladaptive strategies
in the context of general stressful academic situations. As we
can see, the few existing studies have provided inconsistent
results on this matter. The literature agrees on one point, that
is, the complexity of the relation between emotion-regulation
strategies and achievement emotions, which depends on both
situational characteristics (e.g., object focus, time frames, high or
low evaluative nature of the situation), and individual specifics (e.g.,
appraisals of value and control, gender, age; Jacobs and Gross, 2014;
Harley et al., 2019).

Achievement emotions and mathematics
performance

Control-value theory states that the relation between
achievement emotions and “actual” performance is mediated
by several motivational, cognitive and self-regulatory processes
such as cognitive resources, motivation to learn, use of learning
strategies, and self-regulation of learning (Pekrun, 2006; Pekrun
and Perry, 2014). Positive activating emotions are assumed to
be positively related with students’ academic performance by
improving intrinsic motivation, focus on learning, deep learning,
and self-regulation while conserving cognitive resources (Pekrun,
2006; Pekrun et al, 2011). Conversely, negative deactivating
emotions are expected to harm academic performance by causing
mind-wandering, lowering intrinsic and extrinsic motivation,
and promoting shallow information processing and external
regulation (Pekrun, 2006; Pekrun et al., 2011). Achievement effects
for negative activating emotions are seen to be more complex
and variable. On the one hand, they can prompt task-irrelevant
thinking (through rumination, for instance), which leads to a
reduction of cognitive resources available for the task at hand.
They can also undermine intrinsic motivation to learn. On the
other hand, negative activating emotions can stimulate extrinsic
motivation to invest effort to overcome difficulties and avoid
failure (Pekrun et al,, 2011). Consistent with CVT, cross-sectional
research has (1) shown that positive emotions are positively related
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to mathematics performance in primary school students and (2)
highlighted the opposite relation for negative emotions, as well as
for boredom (Lichtenfeld et al., 2012; Raccanello et al., 2019).

Research questions

Although the research conducted so far has produced
important insights into the relations between achievement
emotions and learning processes, none of it has looked at their
complex combinations and the way these relate to their appraisal-
based antecedents (i.e., perceived competence and perceived value).
There is also a lack of research regarding emotion regulation and
mathematics performance throughout (1) elementary education,
and (2) profile analysis. The few studies that have examined the
links between these constructs have done so using a variable-
centered approach. While the latter approach takes the variables
under study as the focal point, the profile analysis focuses on
particular combinations of variables as they exist within groups
of individuals (Hayenga and Corpus, 2010), allowing the growing
heterogeneity of students to be taken into account. This perspective
is of particular importance for both educational theorists and
practitioners. At the conceptual level, a profile analysis reflects
students’ diversity in a more comprehensive way, while at the
practical level, it allows for a more accurate and personalized
assessment of students’ needs and, thereby, tailoring of educational
interventions accordingly.

The only study we are aware of that has looked at the emotional
profiles of primary school students in a mathematics context
from a profile analysis is the one conducted by Hanin and Van
Nieuwenhoven (2019). More precisely, in our previous work, we
identified four distinct emotional profiles among upper elementary
students: those with high levels of positive emotions and low levels
of negative emotions (the positive; 51.1%); those with high levels
of boredom and low levels of the other emotions (the bored;
21.5%); those with high levels of nervousness, worry, and fear and
low levels of positive emotions (the anxious; 15.8%); and those
with high levels of negative emotions and low levels of positive
emotions (the resigned; 11.6%). Analyses of variance showed first
that the first profile stood out advantageously from the last two
regarding mathematics performance and perceived competence.
Second, regarding emotion-regulation strategies, upper elementary
students, whatever their emotional profile, asked for teacher or peer
assistance at a similar frequency. Third, the positive profile reported
a significantly lower use of brief attentional relaxation than did the
other three profiles. Fourth, the bored profile resorted significantly
less to the task-utility self-persuasion strategy as compared to
the three other profiles. Coupled with a below-average level of
enjoyment, this means that there was an absolute absence of value
ascribed to mathematics tasks. Fifth, the positive profile displayed
significantly lower levels of emotion expression compared to the
three other groups. Sixth, the resigned profile resorted substantially
more and the positive profile significantly less to the self-talk
strategy than the two other profiles. Finally, with respect to the
dysfunctional avoidance strategy, the resigned profile relied on it
to a greater extent than the positive profile.

The present study extends the previous one and, therefore, aims
to overcome some of the limitations of the extant literature by
addressing the following two research questions:
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- Can meaningful distinct subgroups of elementary problem-
solvers with specific combinations of achievement emotions be
identified? More precisely, how do students, throughout primary
education, combine those emotions into a personal position?

- Do these distinct subgroups differ regarding perceived
competence, perceived value, emotion regulation and PS
performance?

Considering that no study to our knowledge has attempted such
a cluster analysis, our predictions are speculative. Based on previous
findings revealing that young children do not discriminate as many
achievement emotions as their older peers, we expect to find three
distinct groups of students: (1) those presenting a disadvantageous
profile, who would feel mainly negative emotions; (2) those with
an advantageous profile, who would experience predominantly
positive emotions; and (3) those halfway between the two previous
profiles, who would have an ambivalent or mixed emotional
relationship to complex mathematics tasks. Further, based on the
literature reviewed above, we anticipated, on the one hand, that
the disadvantageous and the ambivalent profiles would be less and
less favorable to learning and achievement as the learner progress
throughout schooling and, on the other hand, that the proportion
of students with an at-risk profile would increase from year to year.
With regard to our second research question, building on previous
work, we postulated that the students with an advantageous profile
would score favorably on motivational, emotional and performance
indicators, in contrast to students with a disadvantageous profile.
As for the ambivalent profile, according to their emotional pattern,
we expect them to be positioned favorably on certain indicators. For
instance, high levels of fear, nervousness and anger are assumed to
trigger extrinsic motivation and therefore to be associated with high
levels of utility value and importance of achievement, but at the
same time to encourage rumination, that is, the use of maladaptive
emotion-regulation strategies. In contrast, high levels of sadness
and shame are expected to undermine every form of motivation
and to greatly weaken the learner’s perceived competence.

Materials and methods

Sample and procedure

The study involved 1,505 students in Grades 1 through 6 from
eight different schools in the French-speaking part of Belgium
(Table 1). The sample represented a wide range of students in
terms of socioeconomic background (see the section “Measures”).
In line with Leiss et al.’s (2010) findings, students with significant
reading difficulties were excluded from the data analysis; these

TABLE 1 Distribution of elementary school students by Grade.

10.3389/feduc.2023.1117676

included four Grade 1 children scoring 2 standard deviations below
the mean on the Reading and Spelling Assessment Battery (BELO,
George and Pech-Georgel, 2012) and three students in Grades 3
and 6 scoring 2 standard deviations below the mean on Lobrot’s
Lecture 3 reading test (Lobrot, 1967). Students who were absent
during data collection completed the PST and the self-report scales
once back in class, so that no students were removed from the
study. The respondents were solicited by their teacher to complete
the questionnaires during their math class. The problem-solving
task (PST) was given first, so that students could respond to the
self-report questionnaires with the same examples of problems in
mind. However, we are interested here in the typical emotional and
motivational states repeatedly experienced by the students in the
specific situation of PST.

After ensuring the confidentiality of the data (on both the
problem-solving task and the self-report questionnaires), items
were read aloud by the teacher and students were encouraged to
follow along instead of working ahead. They were invited to express
themselves if they did not understand an item.

Measures

In order to perform a comparative analysis of the emerging
profiles over the 6 years of elementary education, we used the same
questionnaires for the entire sample. Adaptations were therefore
made in order to tailor the initial instruments to the cognitive
and language ability levels of the youngest children. It should
also be noted that, prior to large-scale use, all questionnaires
were submitted to six pilot samples in order to check for
understandability and clarity. In addition, as recommended by
several researchers, we adapted the Likert-scale formats of the
questionnaires for the youngest (i.e., Grades 1 and 2) to ensure
that their answers accurately reflected their judgments and attitudes
(Rubie-Davies and Hattie, 2012; Mellor and Moore, 2014).

Perceived problem-solving competence was assessed through
seven items adapted for the use of younger student, and adapted to
the context of math problem solving from Boekaerts (2002) Online
Motivation Questionnaire and translated into French according
to translation-back translation procedures (Gudmundsson, 2009).
The internal consistency was satisfactory in all grades’ sub-samples
(Grade 1: o = 0.72; Grade 2: a = 0.75; Grade 3: o = 0.84; Grade 4:
o = 0.84; Grade 5: o = 0.89; Grade 6: o = 0.89). The items used a
3-point response scale (e.g., “If you were to rank all of the students
in your class from worst to best in solving math problems, where
would you fit in?”) for the first and second grades (e.g., 1 = in the
worst, 2 = in the good ones, 3 = in the best) and on a 4-point
response scale for the older ones (1 = as one of the worst, 2 = at

Gradel Grade 2 Grade 3 Grade 4 Grade 5 Grade 6
(6—7 years old) | (7-8 years old) | (8—9 years old) | (9—-10 years old) | (10—11 years old) | (11-12 years old)

Mean age & SD 6.1 £0.41 7.1 +£0.39 8.4+ 0.54
(year)

Girls (n) 128 121 148
Boys (1) 133 92 153
Total 261 213 301
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9.3 +£0.48 9.8 £ 0.40 11+0.29
123 105 138
140 113 111
263 218 249
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the beginning of the bad ones, 3 = at the beginning of the best ones,
4 = as one of the best).

Perceived value for the domain of mathematics was measured
with a French version of the value scale for mathematics
(Gaspard et al,, 2015), adapted for the present study following
translation-back translation procedures. The original instrument
captured the multidimensionality of value beliefs as conceptualized
by Gaspard et al. (2015) through a nine-factor structure: intrinsic
value, importance of achievement, personal importance, utility for
school, utility for life, social utility, effort required, opportunity cost
and emotional cost. According to exploratory factor analyses, in
the present study a four-factor solution (explaining 54.4% of the
total variance) suited the data best: (1) intrinsic value, (2) global
utility (combination of utility for school and utility for daily life), (3)

TABLE 2 Sample items and reliabilities for value components for each Grade.

Scale name| Number of

10.3389/feduc.2023.1117676

importance of achievement, and (4) effort required and emotional
cost. This structure indicated that elementary school students do
not discriminate the value components as finely as did their high
school peers. The 21 items used a binary response scale in Grades 1
and 2 and a 4-point Likert scale ranging from completely disagree
to completely agree in Grades 3 through 6. Sample items and
reliabilities are reported in Table 2.

Achievement emotions typically experienced by elementary
students in mathematical PST were evaluated through a
questionnaire presenting facial expressions (one pictorial item
per emotion; Hall et al.,, 2016). This has been used in previous
empirical studies with elementary school students (e.g., Hanin and
Van Nieuwenhoven, 2018, 2019, 2020). The assessed emotions
included two positive activating emotions (enjoyment, pride), four

items
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6

Intrinsic value 4 0.66 0.68 0.74 0.77 0.82 0.82 Ilike doing problems in
mathematics.

Global utility 7 0.70 0.71 0.72 0.73 0.82 0.82 To be good at problem solving
will help me in the remaining
years at school.

Importance of 4 0.67 0.67 0.72 0.72 0.78 0.80 Performing well in problem

achievement solving is important to me.

Effort required 6 0.72 0.72 0.75 0.74 0.80 0.80 Doing problems in

and emotional mathematics is exhausting to

cost me.

TABLE 3 Sample items and reliabilities for emotion regulation strategies for Grades 1 to 4.

Scale name

Number of
items

Cronbach'’s o

Sample item

Focusing on the task

 Gudei | Gradez | Grades | Graced |
5 0.63 0.64 0.64 0.68

I tell myself that this exercise is important to me, so I
concentrate hard to understand it better.

Dwelling on negative 6 0.70 0.72 0.73 0.75 I tell myself that I'm the only one who will fail this
emotions exercise and feel so bad.

Avoiding negative 7 0.64 0.67 0.65 0.70 T avoid thinking about the math problem and what will
feelings happen.

TABLE 4 Sample items and reliabilities for emotion regulation strategies for Grades 5 and 6.

|

Scale name

| | Grade5 | Grade6 |

Help-seeking 3 0.77 0.81 T ask the teacher to help me to solve the problem.

Brief attentional relaxation 3 0.75 0.74 I put down my pen for a few seconds and stretch my arms.

Task-utility self-persuasion 3 0.73 0.75 Even if I do not like solving math problems, I tell myself that it is important to do
s0 in order to be able to understand them and thereby to succeed.

Emotion expression 3 0.70 0.74 I tell my neighbor that the problem makes me angry, sad, hopeless, or bored.

Negative self-talk 3 0.78 0.83 I tell myself that it is terrible not being able to solve the problem and that I am
sure that it only happens to me.

Dysfunctional avoidance 3 0.67 0.71 In order not to experience an unpleasant moment, I tell myself that I will solve
the problem later.
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negative activating emotions (shame, fear, anger, nervousness), and
two negative deactivating emotions (sadness, boredom). Again,
first and second grade students were asked to indicate to what
extent they felt each emotion when solving a math problem, using
a binary scale (yes or no) while the oldest positioned themselves on
a four-point Likert scale (1 = never and 4 = almost always).

Emotion regulation strategies were appraised using the
Children’s Emotion Regulation Scale in Mathematics (CERS-M;
Hanin et al., 2017). The original questionnaire consisted of 18 items
rated on a 4-point response scale (1 = never and 4 = almost always)
and targeted six strategies commonly used by upper elementary
students to regulate their emotions when solving mathematical
problems. Once again, a binary scale was used for the younger
students (Grades 1 to 4), with results of exploratory factor analysis
revealing three factors for Grades 1 to 4 and the six original factors
for Grades 5 and 6 (with explained variance of 42.6, 42.5, 43.2, 45.9,
63.9, and 67.7%, respectively; Tables 3, 4).

Problem-solving performance was assessed by means of a
standardized test made up of four non-routine word problems.
This test was designed on the basis of the expertise of the first
author, in collaboration with two teachers per grade level involved
in the study. Various versions of tests were developed to be age
appropriate. In order to measure students’ competence in solving
non-routine problems and not their mathematical knowledge or
technical ability, only application problems were offered, and
use of the calculator was permitted. Accuracy of each problem
response was scored between 0 and 1, with 0 reflecting a completely
erroneous response, 0.5 reflecting a partially correct response, and
1 reflecting a completely correct response. Then, the four scores
were summed to get a global score (ranging from 0 to 4) for each
student. Interrater reliability for two independent blind scorers was
excellent (k between 0.92 and 0.95; Cohen, 1960).

Students’ previous problem-solving performance, included as a
control variable, was assessed 2 months before the start of the
study, using a standardized test made up of four non-routine
word problems similar to those used to assess students actual
performance. Accuracy of problem responses was scored using the
same procedure (k between 0.90 and 0.94).

The schools’ socio-economic index score, included as a control
variable, was collected on the Ministry of the French Community
of Belgium’s website (Enseignement Belgium, n.d.). This index
classifies schools on a scale of 1 (the lowest score) to 20 (the
highest score). It is calculated from five factors measured for each
student’s family: the per capita income, the level of education, the
unemployment rate, the professional activities, and the housing
conditions. The index score of each school is then defined on the
basis of the average of the indices of its population. In the present
sample, the average score for the eight schools involved in the study
was 10.5 (individual scores were as follows: 4, 4, 6, 10, 12, 13,
16, and 19).

Results

Cluster analysis

Variables were standardized through Z-transformations before
starting the cluster analysis. Hierarchical cluster analysis using
Ward’s linkage method and squared Euclidean distances as the
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measure of similarity was used to identify the number of clusters
and to fix cluster centers (Aldenderfer and Blashfield, 1984).
Further, Hair et al. (1998) underlined the importance of examining
a range of possible cluster solutions in order to determine a
final solution that best fits with theoretical categories or other
reliable evidence. Four variations of the clustering procedure
were thus considered. On examination of the dendrogram, it was
determined that, for each year of the program, four clusters fit
the data best. The four-cluster solutions were interpretable and
had a good distribution of cases across clusters. Next, a K-means
cluster procedure with a four-cluster solution was run to construct
the final solution (Bergman, 1998). Specifically, the four clusters
revealed by Ward’s analysis were used as the initial cluster centers.
The final cluster centroids for the four clusters characterizing
each year of primary education are displayed in Tables 5-10 and
illustrated in Figures 2-7. Centroids reflect students’ means for
each emotion in each cluster. It is worth mentioning that, as scales
were standardized, a positive centroid indicates a higher score than
the overall sample mean and a negative centroid reflects a lower
score than the average score of the sample. The reliability of this
solution was also examined through a MANOVA, as described
below.

Validation of the cluster solution

A one-way MANOVA was computed, with cluster membership
as the between-subjects factor and the eight cluster variables
as dependent variables. The overall MANOVA was significant
for the 6 years of elementary school: G1': Pillai’s trace = 1.98,
F(24,726) = 58.42, p < 0.001, 1* = 0.66; G2: Pillai’s trace = 1.94,
F(27,606) = 40.92, p < 0.001, 1% = 0.65; G3: Pillai’s trace = 1.71,
F(24,876) = 47.97, p < 0.001, n? = 0.57; G4: Pillai’s trace = 1.97,

2
2

F(24,762) = 60.32, p < 0.001, n* = 0.66; G5: Pillai’s trace = 1.74,
F(24,627) = 36.21, p < 0.001, n* = 0.58; G6: Pillai’s trace = 1.45,
F(24,720) = 27.96,p < 0.001, n2 =0.48. Given the significance of the
overall tests, the univariate main effects were considered each time.

The univariate tests for each cluster variable were all significant,
and cluster membership explained between 15 and 77% of the
variance in the eight variables used to create the clusters (Tables 5-
10). Results suggested that the composition of each cluster was
significantly different from that of the others.

Further, a cross-validation procedure was set up to assess
the replication of the four-cluster solution (Breckenridge, 20005
Tibshirani and Walther, 2005). To do so, the dataset related to each
year of elementary school was randomly divided into two samples
(G1: my = 128, ny = 133; G2: g = 105, ny = 108; G3: ny = 149,
ny = 152; G4: ny = 130, np = 133; G5: n; = 104, ny = 114; G6:
ny = 124, ny = 125). K-means clusters—specifying a four-cluster
solution—were performed separately on samples 1 and 2 using the
cluster centroid derived from the global sample. The agreement
between the cluster solutions for the whole sample and for the two
subsamples was substantial (average k for G1 = 0.71; G2 = 0.73;
G3 =0.79; G4 = 0.72; G5 = 0.75; G6 = 0.77), according to Cohen’s
(1960) recommendation.

1 Throughout the remainder of the article we use the following
abbreviations to refer to the six grades of primary education: G1 (Grade 1),
G2 (Grade 2), G3 (Grade 3), G4 (Grade 4), G5 (Grade 5), and G6 (Grade 6).
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In the next section, we answer our first research question
by describing the emotional profiles observed in each of
the primary grades.

Description of the clusters

The four-cluster solution, with the clusters’ validity confirmed
by both theoretical and statistical criteria, revealed meaningful
emotional profiles highlighting specific patterns of variables for
each grade (Figures 2-7).

First year of elementary school

The first cluster (34.5% of which 57% are girls) was labeled the
negative-bored profile due to a substantial highly positive centroid
for boredom, highly positive centroids for the five other negative
emotions assessed and negative centroids for pride and enjoyment.
A typical student from this cluster experienced negative emotions,
among which boredom had greater intensity, during PST.

The second cluster (17.6% of which 40.9% are girls) was labeled
the fearful-sad profile due to its having above-average centroids
for fear and sadness, but these were less pronounced than for the
negative bored profile. If, like the latter, they did not experience
positive emotions during PST, they differed from them by not being
bored by such tasks.

10.3389/feduc.2023.1117676

The third cluster (24.1% of which 44.3% are girls) gathered
students presenting a highly positive centroid for on pride
and, to a lesser extent, for shame, two achievement emotions
playing a central role in the development of self-esteem
(Holodynski and Kronast, 2009; Pekrun and Perry, 2014), and was
therefore named the self-esteem focused profile. In contrast to the
other achievement emotions, pride and shame are assumed to be
induced if success or failure are considered to be caused by oneself
(Pekrun, 2006). As they are triggered by one’s evaluation, that is,
on the basis of the norms and values defined by the individual,
they are also called “self-evaluative” emotions (Holodynski and
Kronast, 2009). Experiencing these emotions means that the
individual is not capable of distinguishing a good/bad thing
done from the global good/bad self. Students in this profile
displayed above-average centroids for the other achievement
emotions, except for boredom, for which the score was substantially
lower.

The final cluster (23.9% of which 50% are girls) included
students with highly positive centroids for enjoyment and pride
and, hence, was labeled the positive profile. In contrast to the
other three profiles, these students felt substantially fewer negative
emotions during PST.

Second year of elementary school
The first cluster (21.6% of which 54.4% are girls) was entitled
the sad profile due to a highly positive centroid for sadness.

TABLE 5 Cluster centroids (mean values) and MANOVA results for the first year of elementary school.

Profile patterns Profile 1: Profile 2: Profile 3: self-esteem Profile 4: F(3,257)
negative bored fearful-sad focused positive

1 (%) 90 (34.5) 46 (17.6) 63 (24.1) 62(23.8)

Pride —0.78a —0.73a 1.29¢ 0.63b 275.84*%% 0.77
Enjoyment —0.37a —0.35a 0.29b 0.49b 13.94%% 0.15
Nervousness 0.50c —0.13b 0.26bc —0.68a 22.89%%* 0.22
Anger 0.40b 0.15b 0.39b —0.92a 37.33%%¢ 0.32
Boredom 0.86d —1.16a 0.13¢ —0.56b 107.65* 0.57
Fear 0.42b 0.32b 0.35b —1.03a 48.50%* 0.37
Sadness 0.49b 0.27b 0.37b —1.08a 61.74%%% 043
Shame 0.49bc 0.16b 0.60c —1.0la 64.88*%* 0.44

The letters indicate post hoc comparison groupings for each variable based on the Bonferroni test; cluster centroids with different letters (reading across the row) differ significantly.

“p < 0.001.

TABLE 6 Cluster centroids (mean values) and MANOVA results for the second year of elementary school.

Profile patterns Profile 1: sad Profile 2: full Profile 3: positive Profile 4: activity- F(3,209)
negative focused

(%) 46 (21.6) 85 (39.9) 42(19.7) 40 (18.8)

Pride —0.10b —0.53a 0.65¢ 0.10b 17.58%%* 0.21
Enjoyment —0.27a —0.59 1.04c 0.49b 48.33%* 0.41
Nervousness —0.69a 0.66b —0.27a —0.63a 39.05%%* 0.36
Anger —0.22b 0.37bc —1.26a 0.50c 46,58 0.41
Boredom —0.77a 0.69b —0.92a 0.40b 74,104 0.52
Fear —0.98a 0.49¢ 0.15bc —0.31b 31,30+ 0.31
Sadness 0.33¢ 0.54¢ —0.54b —1.27a 62.60%** 0.48
Shame —1.04a 0.51c —0.17b —0.32b 34,12 0.33

The letters indicate post hoc comparison groupings for each variable based on the Bonferroni test; cluster centroids with different letters (reading across the row) differ significantly.

“p < 0.001.
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This was the only emotion felt by these students when solving
mathematics problems.

The second cluster (39.9% of which 52.9% are girls)
was labeled the full negative profile due to highly positive
centroids for the six negative achievement emotions
assessed. These students displayed below-average scores for
pride and enjoyment.

10.3389/feduc.2023.1117676

In contrast with the previous profile, students in the third
cluster (19.7% of which 50% are girls) experienced only positive
emotions (i.e., pride and enjoyment), during mathematics tasks.
For this reason, we named it the positive profile. Let us also note
a slightly above-average score for fear.

The final cluster (18.8% of which 70% are girls) was
characterized by highly positive centroids for three emotions

TABLE 7 Cluster centroids (mean values) and MANOVA results for the third year of elementary school.

Proﬁle patterns |Profile 1: anxious| Profile 2: self-esteem | Profile 3: positive |Profile 4: negative- F(3 297)
focused proud

n (%) 82(27.2) 59 (19.6) 103 (34.2) 57 (19.0)

Pride —0.73a 0.23b 0.52b 0.38b 33,754 0.26
Enjoyment —0.74a —0.53a 0.68¢ 0.10b 63.71%* 0.39
Nervousness 0.65¢ —0.13b —0.65a 0.97¢ 70.96*** 0.42
Anger 0.26b —0.35a —0.49a 1.66¢ 128.90*** 0.57
Boredom 0.09b 0.05b —0.31a 0.86¢ 18.26** 0.16
Fear —0.32a 1.18b —0.48a 1.02b 103.77*** 0.51
Sadness —0.27a 0.99b —0.43a 1.35b 92.65*** 0.48
Shame —0.13b 1.19d —0.44a 0.69¢ 53.76*** 0.35

The letters indicate post hoc comparison groupings for each variable based on the Bonferroni test; cluster centroids with different letters (reading across the row) differ significantly.

**p < 0.001.

TABLE 8 Cluster centroids (mean values) and MANOVA results for the fourth year of elementary school.

Profile patterns | patterns positive| Profile 2: angry- | Profile 3: anxious Profile 4: F(3 259)
bored disengaged

n (%) 60 (22.8) (14.5) 49 (18.6) 116 (44.1)

Pride 1.19¢ —0.32b —0.55ab —0.65a 137.97*4** 0.62
Enjoyment 0.91c —0.14b —0.67a —0.11b 34,450 0.29
Nervousness —0.56a 0.19b 1.17¢ —0.43a 84.10%** 0.49
Anger —0.43ab 1.92¢ —0.21b —0.45a 187.27*** 0.68
Boredom —0.37a 0.84b —0.11a —0.17a 17.40°% 0.17
Fear —0.16b 0.17bc 0.45¢ —0.59a 26.07** 0.23
Sadness —0.4la 0.22b 0.57¢ —0.63a 51.40%** 0.37
Shame —0.27a 0.27b 0.41b —0.49a 22.74°** 0.21

The letters indicate post hoc comparison groupings for each variable based on the Bonferroni test; cluster centroids with different letters (reading across the row) differ significantly.

**p < 0.001.

TABLE 9 Cluster centroids (mean values) and MANOVA results for the fifth year of elementary school.

Profile patterns | patterns Profile 1 Profile 2 Profile 3: positive
negatlve dlsengaged

Proﬁle4 self-esteem

F(3,214) 12

. focused

n(% 41 (18.9) 9 (45.4) 45 (20.6) 33(15.1)

Pride —0.46a —0.46a 1.21c 0.19b 59.15%* 0.45
Enjoyment —0.64a —0.56a 0.96¢ 0.50b 63.70%** 0.47
Nervousness 1.24¢ —0.05b —0.68a 0.24b 37.70%** 0.35
Anger 1.48b —0.16a —0.12a 0.92b 31.45%* 0.31
Boredom 1.59¢ 0.12b —0.28a —0.50a 42,667 0.38
Fear 0.76 —0.42 —0.53 0.99 44.624** 0.39
Sadness 0.64b —0.09a —0.31a 0.55b 12.51%** 0.15
Shame 0.57b —0.36a —0.42a 1.91c 93.07* 0.57

The letters indicate post hoc comparison groupings for each variable based on the Bonferroni test; cluster centroids with different letters (reading across the row) differ significantly.

*p < 0.001.
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TABLE 10 Cluster centroids (mean values) and MANOVA results for the sixth year of elementary school.

10.3389/feduc.2023.1117676

Profile patterns Profile 1: Profile 2: Profile 3: Profile 4: F(3,245)
positive anxious self-esteem focused full negative

n (%) 81 (32.5) 96 (38.6) 35 (14.0) 37 (14.9)

Pride 0.44b —0.35a 0.06a —0.54a 17.62+% 0.18
Enjoyment 0.67¢ —0.42b —0.03b —1.14a 4557 0.36
Nervousness —0.66a 0.72b 0.69b 1.66¢ 86.28%%* 0.52
Anger —0.34a 0.48b 0.18b 2.15¢ 58.87 0.42
Boredom —0.45a 0.30b —0.13ab 1.65¢ 37.46%** 0.32
Fear —0.45a 0.11b 1.97d 1.28¢ 69.53* 0.46
Sadness —0.37b —0.06a 1.49¢ 2.44d 96.53*%* 0.54
Shame —0.37a 0.03b 1.69¢ 1.90¢ 86.47 0.52

The letters indicate post hoc comparison groupings for each variable based on the Bonferroni test; cluster centroids with different letters (reading across the row) differ significantly.
e
p < 0.001.

related to activity (ie., enjoyment, anger, boredom), that is, to adopt Pekrun’s (2006) conceptualization, that is, anger and
emotions experienced during the completion of mathematics tasks ~ boredom and, hence, was termed the angry-bored profile.
and, therefore, was termed the activity-focused profile. The third cluster (18.6% of which 63.3% are girls) was
characterized by a highly positive centroid for nervousness
Third year of elementary school and therefore was named the anxious profile. While in Grade
The first cluster (27.2% of which 57.9% are girls) was named 3, nervousness was coupled with anger, in Grade 4, it was
the anxious profile because of a substantial positive centroid for  accompanied by fear, sadness and shame. This is totally coherent
nervousness and, to a lesser extent, for anger. Students in this  with the conceptualization of anxiety as a “subjective feeling of
profile did not experience positive emotions, fear, sadness or shame tension, apprehension, nervousness, and worry associated with
during mathematical PST. an arousal of autonomic nervous system” (Spielberger, 1983,
The second cluster (19.6% of which 45.3% are girls) was  p 15),
characterized by highly positive centroids for fear, sadness and Students in the final cluster (44.1% of which 43.1%
shame, and, to a lesser extent, for pride. The first two emotions  ,pe girls) exhibited below-average centroids for the eight
are closely associated with self-evaluative emotions (i.e., shame and
pride). When the discrepancy between students’ behavior and the

achievement emotions assessed, whether positive or negative

and, therefore, were called emotionally disengaged. A typical
ideal-self-representations goals to achieve seem too high, fear of

student from this profile performed mathematics tasks without
failure can be experienced (Holodynski and Kronast, 2009; Park

emotional involvement.
and Lewis, 2021). After failure, interpreted as not meeting parental

or teacher expectations, sadness often accompanies the feeling of
shame (Pekrun and Perry, 2014; Park and Lewis, 2021). This cluster
was therefore entitled the self-esteem focused profile.

The third cluster (34.2% of which 42.7 % are girls) included
students experiencing high levels of positive emotions and low

Fifth year of elementary school

Students in the full negative profile (18.8% of which 47.5%
are girls) presented highly positive centroids for the six negative
emotions assessed, particularly for nervousness, anger and
boredom, and negative centroids for pride and enjoyment.

The second cluster (45.4% of which 45.5% are girls) was
characterized by negative centroids for all emotions measured,

levels of negative emotions during mathematical PST and, hence,
was labeled the positive profile.

The fourth cluster contrasted with the previous profile and
was named the negative-proud profile (19.0% of which 58.3% are
girls). Students in this profile experienced a wide range of negative

emotions at a high intensity during this type of task. Further, like disengaged profile.
In contrast to the first cluster, students in the positive profile

whether positive or negative, except for boredom, which presented
an average score. For this reason, it was labeled the emotionally

the positive profile, they experienced pride when their performance

in mathematical PS tasks met their standards or expectations. (20.6%; 31% girls) were characterized by positive emotional

experiences during PST.

Fourth year of elementary school Students in the final cluster (15.1% of which 55.6% are girls)

The first cluster (22.8% of which 30% are girls) was called displayed a particularly high centroid for shame and, high centroids
the positive profile due to highly positive centroids for pride for anger and fear, and therefore were grouped into a self-
and enjoyment and negative centroids for the six negative esteem focused profile. Like their peers in Grade 3, students who
emotions assessed. perceived mathematics tasks as a potential threat to their self-

In contrast with the previous profile, students in the second  esteem experienced fear of failure and when they did fail, anger
cluster (14.5% of which 50% are girls) presented positive centroids ~ accompanied their feeling of shame. However, they seemed to be
for the six negative emotions assessed, but was especially high on  able to partially counteract this pattern of negative emotions, as
negative achievement emotions that are focused on the activity,  evidenced by a positive centroid for enjoyment.

Frontiers in Education 10 frontiersin.org


https://doi.org/10.3389/feduc.2023.1117676
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Hanin and Gay

10.3389/feduc.2023.1117676

Legend
15 Nrride
EJEnjoyment
ElNevousness
10 EAnger
OBoredom
) EFear
© 05 = Esadness
'E - 'ﬂ & [MShame
== +,
S oo o —
© ==
£ =
L =8
05 ]
-1.0 ;
15 X .
Negative bored Fearful-sad Self-esteem focused Positive
FIGURE 2
Standardized means of cluster variables for each profile for Grade 1 (n = 261).
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FIGURE 3
Standardized means of cluster variables for each profile for Grade 2 (n = 213).

Last year of elementary school

As with the previous years, students experiencing high levels of
positive emotions and low levels of negative emotions during PST
were grouped into a positive profile (32.5% of which 28% are girls).
It can nevertheless be noted that levels of pride and enjoyment
were lower in this profile compared to the positive profiles in
the other years.

The second cluster (38.6% of which 60.4% are girls)
was named the anxious profile due to positive centroids for
nervousness and anger.

The third cluster (14.0% of which 54.3% are girls) was termed
the self-esteem focused profile due to highly positive centroids for
shame and related achievement emotions (i.e., fear of failure and
sadness after failure).
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In contrast to the first cluster, students with a full negative
profile (14.9% of which 29.7% are girls) had a negative emotional
experience when dealing with mathematical PST.

In the next section we address our second research question.

Clusters and outcomes

To look at the differences between the clusters within each
year of elementary school as far as the different outcome variables
assessed in the present study, multilevel analyses were performed
(SPSS software), so as to take into account the nested structure
of the data (i.e., students being nested within classrooms that
are grouped together within schools). Multilevel modeling is a
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Standardized means of cluster variables for each profile for Grade 3 (n = 301).
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Standardized means of cluster variables for each profile for Grade 4 (n = 263).

Anxious Disengaged

statistical approach that allows simultaneous consideration of
variables at the student level (L1), at the classroom level (L2),
and at the school level (L3; Bressoux, 2010; Marsh et al., 2012).
This approach is of particular interest here, in that it allows
identification of the variability in PS performance, perceived
competence, emotion regulation and perceived value that is strictly
explained by the students’ characteristics, by controlling for the
variability due to classroom and school characteristics. Therefore,
two random intercepts were included in the model: one for the
classroom and one for the school. To control for preexisting
individual differences, the same four covariates (student’s prior
PS performance, school level, gender, and school’s socio-economic
index score) were also included in the model. Post hoc comparisons

Frontiers in Education

12

based on the Bonferroni test were performed to compare the mean
scores between the different profiles and are presented in the
Supplementary Material. Detailed statistical information (means,
standard error (SE) values and effect sizes? (d)) are available as
Supplementary Material.

In short, students with a positive profile tend to perform better
in problem-solving tasks than those with negative profiles, such
as disengaged, anxious, or angry-bored. However, in the earlier
grades, negative-bored or full negative profiles were associated
with a greater sense of competence in problem-solving tasks,

2 Cohen's d was calculated based on the recommendations of Cumming
(2013).
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while positive profiles became more associated with perceived
competence in the later grades. Furthermore, the perceived value
of achievement in mathematics varies depending on the profile,
with negative profiles attaching more importance to it in the
earlier grades, and positive profiles placing more value on it in the
later grades. In the next sections, results are presented for each
outcome variable.

Results indicated significant differences in problem-solving
(PS) performance between different clusters of students in Grades
3, 4, and 5. Post hoc comparisons using the Bonferroni test showed
that in Grade 3, students with a positive profile had higher PS
performance than those with a negative-proud profile. In Grade
4, students with a positive profile or a disengaged profile had
better performance than angry-bored students. In Grade 5, students
with a positive profile had better performance than those with a
disengaged or full negative profile.

The profiles differed in terms of perceived competence in each
grade of primary school. In the first and second year, negative-
bored and full negative profile students, respectively displayed a
greater sense of competence than those with a positive or activity-
focused profile. However, for older students in Grades 3, 4, and
5, the trend was reversed, with students with a positive profile
having the highest sense of competence compared to those with an
anxious, self-esteem focused, or negative-proud profile. Disengaged
students were more confident than both angry-bored and anxious
students. In the final year, students with a positive profile had the
highest sense of competence compared to those with an anxious,
self-esteem focused, or full negative profile. Students with a full
negative profile had the lowest sense of competence compared to
both anxious and self-esteem focused groups.

The different profiles of primary school students differed in
perceived value of achievement among. In the first and second
grade, students with negative-bored or full negative profiles placed
more importance on successfully completing mathematics tasks
than those with positive or sad profiles. However, this trend
reversed starting in the fourth year, with positive and angry-
bored students assigning more value to success in mathematics
than anxious students. In the fifth and sixth grades, students with
positive or self-esteem focused profiles assigned more value to
achievement in mathematics than those with a full negative profile.
Disengaged students also valued success in mathematics more than
those with a full negative profile in the fifth grade.

As for the global utility dimension, differences were seen in
Grade 2 and then in the fourth to sixth grades. More precisely, in
Grade 2, those with a full negative profile perceived mathematics
tasks as more useful than those with a positive profile. In Grade
4, disengaged students considered mathematics as having higher
utility for daily life and school compared to anxious students. In
Grade 5, self-esteem focused and positive students both assigned
higher utility to mathematics tasks compared to those with a full
negative or disengaged profile. In the final year, those with a positive
profile viewed mathematics tasks as significantly more useful than
those with an anxious or a full negative profile. Self-esteem focused
students also placed more importance on mathematics tasks as
compared to those with a full negative profile.

In terms of effort required and emotional cost associated with
mathematics tasks, profiles stood out starting from the first year. In
Grade 1, fearful-sad students associated a significantly higher cost
to mathematics task completion than negative-bored or self-esteem
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focused students. In Grade 2, those with a full negative profile
reported the lowest cost, as compared to sad, positive or activity-
focused students. In Grade 3, the cost associated with mathematics
tasks completion was significantly higher for those with a negative-
proud profile compared to those with a positive profile. In Grade
4, angry-bored students recorded the highest cost, compared to
positive, anxious or disengaged students. In Grade 5, students with
a full negative profile experienced the highest cost when dealing
with mathematics tasks, compared to disengaged, positive or self-
esteem focused students. Further, those with a positive profile
associated a lower cost with PST than disengaged or self-esteem
focused students. In the final year, those with a full negative profile
attached a significantly higher cost to completing mathematics
tasks than positive or self-esteem focused students. In addition,
the effort and emotional cost perceived by positive students was
significantly lower than for anxious or self-esteem focused students.

Finally, as regards the intrinsic value of mathematics tasks, there
were no significant differences between profiles before Grade 4.
More precisely, in Grades 4, 5, and 6 positive students assigned the
highest intrinsic value to mathematics tasks compared to the other
three profiles. In addition, in Grade 5, those with a full negative
profile gave the least intrinsic value to mathematics tasks. In the
final year, self-esteem focused students demonstrated higher PS
interest than those with a full negative profile.

Emotion regulation®

As a reminder, factor analysis indicated that students in Grades
1 through 4 used three types of strategies to regulate their negative
emotions during mathematics tasks: (1) focusing on the task in
order to better understand it, (2) dwelling on negative emotions and
(3) avoiding situations that generate short-term negative emotions
but that are academically beneficial. In Grade 1, the profiles
differed significantly only in terms of task focus (see tables in
the Supplementary Material). More precisely, negative-bored or
self-esteem focused students used task focus substantially more
than positive students. In Grade 2, those with a full negative
profile still resorted the most to the task-focusing strategy in
comparison to sad, positive, or activity focused students, who
showed equivalent results. Further, those with a full negative or
positive profile both ruminated significantly less as compared to
sad or activity-focused students. In Grade 3, as was the case for the
motivational factors, the situation was reversed: positive students
used the task-focusing strategy substantially more than those
with a negative-proud profile. Further, negative-proud students
were the ones who ruminated more frequently in comparison
with anxious, self-esteem focused or positive students, who were
equivalent to each other. As regards the strategy consisting of
avoiding academic situations that are a source of negative emotions,
negative-proud or self-esteem focused students both used that
strategy significantly more than anxious or positive students. In
Grade 4, differences in emotion regulation only concerned the
strategy of dwelling on negative emotions: angry-bored students

3 Emotion regulation strategies were measured with a binary response
scale (1 = yes; 2 = no) from Grade 1 to Grade 4. A low mean score
reflects high utilization of the strategy while a high mean score denotes low
utilization of the strategy. For the last 2 years, we used a 4-point response
scale (1 = strongly disagree; 4 = strongly agree). In this case, a low mean
score indicates low use, while a high mean score reflects high use.

frontiersin.org


https://doi.org/10.3389/feduc.2023.1117676
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Hanin and Gay

10.3389/feduc.2023.1117676

Legend
5 NPride
E3Enjoyment
Nervousness
EAnger
2 % OBoredom
& EFear
8 & [Mshame
‘g ; ¥ Esadness
[ =] I
O ] +
s — +
c =] +,
iC o L
+)
+)
A
2
Positive Anxious Self-esteem focused Full negative
FIGURE 6
Standardized means of cluster variables for each profile for Grade 5 (n = 218).
Legend
20 Nride
: EJEnjoyment
Nervousness
15 B BAnger
OBoredom
N EdFear
8 § ‘ [MsShame
‘g § 1: Esadness
i +}
@ § ¥
3] § i +:
g N B
i N i
& i [+
10
Full negative Disengaged Positive Self-esteem focused
FIGURE 7
Standardized means of cluster variables for each profile for Grade 6 (n = 249).

resorted to it markedly more than those with the other three
profiles: positive, anxious, and disengaged.

Students in Grades 5 and 6 relied on six types of strategy
to regulate their negative emotions in mathematics: help seeking,
brief attentional relaxation, task-utility self-persuasion, emotion
expression, negative self-talk, and dysfunctional avoidance. In
Grade 5, in terms of help seeking, self-esteem focused students
resorted to it more than positive students. The task-utility self-
persuasion strategy was used more by self-esteem focused students
than by those with a full negative profile. As for emotion expression,
those with a full negative profile resorted markedly more to
this than either disengaged or positive students. As regards the
negative self-talk strategy, those with a full negative profile as
well as self-esteem focused students used it significantly more
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than disengaged or positive students. No significant differences
were observed between the profiles regarding the brief attentional
relaxation and dysfunctional avoidance strategies.

In Grade 6, regarding the help-seeking strategy, anxious
students resorted to it more than those with a positive
or full negative profile. In terms of brief attentional relaxation,
students with a full negative profile used it more than positive or
anxious students. Anxious students relaxed their attention more
often than positive students. As for task-utility self-persuasion, self-
esteem focused students relied the most on it in comparison with
those with the other profiles. With regard to the emotion expression
strategy, positive students relied the least on it as compared to
the other three profiles. Positive students also made the least
use of the negative self-talk strategy. Further, anxious students
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ruminate markedly less than those with a full negative profile.
Finally, with respect to the dysfunctional avoidance strategy, those
with a full negative profile utilized it the most. Moreover, anxious
students avoided learning situations generating negative emotions
significantly more as compared to positive students.

Discussion

Previous studies have provided empirical insight into the
relationships between achievement emotions in the context
of mathematical learning among elementary school students.
However, none of them has looked at their complex combinations
and the way they relate to appraisal-based antecedents (i.e.,
perceived competence and perceived value), emotion regulation
(1) elementary
education, and (2) profile analysis. The current study addressed

and mathematics performance throughout

these shortcomings and presented results regarding distinct
subgroups  of with
combinations of achievement emotions, as well as the way

elementary  problem-solvers specific
these subgroups differ regarding perceived competence, perceived
value, emotion regulation and PS performance. As discussed here,
the findings support and extend existing empirical evidence in
the research field, and provide practical guidance for designing
tailor-made interventions that fit the specific emotional needs of
students according to their profiles.

In what follows, we discuss our main findings. The causes
suggested to explain the observed differences and compositions are,
for most part, speculative and thereby open to future research.

Evolution of each profile throughout
primary school education

Evolution of the two extreme profiles

A first observation that emerges from this study is the presence,
throughout primary school, of two extreme profiles: the positive
and the negative.

The positive profile is characterized, whatever the grade level
concerned, by a positive emotional experience during PS tasks.
Students with this profile appreciate the intrinsic value of such
mathematics tasks (enjoyment) and interpret the outcomes of
engagement in the tasks in light of self-set standards or social
comparisons (pride). While pride can be an emotional response
to intrapersonal improvement in performance over time, that is,
reflecting one’s success relative to how one has done in the past
(self-based pride), it can also arise in response to successfully
outperforming others (social comparison-based pride). In the
second case, pride reflects one’s success in terms of doing well
relative to others (Buechner et al.,, 2018). In terms of frequency,
in the first year of school, pride is predominant, most likely due
to the transition to a more formal form of education, which
is associated with an emphasis on performance and academic
achievement, with a more structured approach to the content
taught that follows the national curriculum guidelines (Skouteris
et al., 2012). In the second and third years, enjoyment takes the
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lead. It is as if the students have become accustomed to the
practices promoted in primary school. In the fourth and fifth
years, pride takes the lead again. This observation can be linked to
the important changes that take place in the educational context:
there is an increase in normative and critical evaluations from
significant others (i.e., teachers, parents, peers) that leads to a
growing concern with relative performance and more normative
achievement comparisons, and results in self-evaluations that
contain more self-criticism (Weidinger et al., 2018). Surprisingly,
in the final year, students experience a little more enjoyment than
pride.

It should be noted that these positive emotions are experienced
with high frequency throughout school, except in the final year,
when there is a drastic drop. The pressure of the end-of-primary
school certification test seems to also affect the most resilient
profile. Further, as we discuss later on, the intrinsic value (the
mean score) assigned by students with a positive profile to PST
declines substantially in Grade 6, probably because the last year
is entirely focused on the certification test, which appears to the
students as an externally imposed objective. On this matter, Jarrell
and Lajoie (2017) claimed that “if a student views the task as having
no personal relevance, then it is unlikely that they will feel any
strong emotions in relation to the task” (p. 278).

Regarding its prevalence, the positive profile represented about
one fifth of the overall sample except in the third year, where it
represented one third of the students. Further, while in the first
and second year there were as many girls as boys with a positive
profile, only 30% of those with a positive profile were girls from the
fourth year on. We hypothesize that the prolonged enculturation
in a classroom culture, and more broadly, in a society that conveys
the idea that girls have weaker mathematical ability than boys and
that mathematics falls within the male domain is at least partially
responsible for that significant drop (Steffens et al., 2010; Cvencek
etal, 2011).

Students with a negative profile have in common that they
experience a wide range of negative emotions during mathematical
PS tasks. However, the frequency with which they feel them and
their possible combination with a positive emotional experience
varies from 1 year to another. For example, in first grade,
boredom is experienced at a higher frequency than the other
negative emotions. Again, the pedagogical differences between
preschool and primary education may explain such an observation.
Preschools promote a flexible learning environment that offers
children diversity in their choice of activities, while the primary
school system takes a more structured approach, focusing on a
brand of content designed to build the child’s knowledge and skill
base. This emphasis on instruction leads to children losing some
of their independence, as there is an increase in teacher-directed
activities (Skouteris et al,, 2012) that may make the tasks less
valuable to the students, an important source of boredom (Putwain
etal., 2018).

In both the second and final years, all negative emotions are
experienced with almost similar frequency. In the third year, anger
and sadness are at the top of the negative emotions felt; pride
is also experienced, but in a much more modest way. In the
fourth year, activity-related emotions (i.e., anger, boredom) are the
most frequently felt. In Grade 5, three emotions are predominant:
nervousness, anger, and boredom. In accordance with previous
developmental research (Casas and Gonzilez-Carrasco, 2020;
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Lietal., 2021) that highlights an increasingly damaging emotional
and motivational experience in terms of learning throughout
compulsory education, our results show that the intensity of
negative emotions experienced by students with a negative profile
increases as they progress through primary education. To put it
another way, this profile takes on an increasingly risky coloration.
The negative profile represents between 35 and 40% of the sample
in the first and second years and drops to 15-20% from the third
year onward. While, in the third year, this shift favors the positive
profile, in the fourth and fifth years, it favors the emotionally
disengaged profile, and in the last year, it favors profiles that are also
unfavorable in terms of learning (i.e., the anxious and self-esteem
focused profiles). In terms of gender distribution, while girls are the
majority in the negative profile during the first 3 years of primary
school, they represent only 40% of the students in fifth grade and
one third in sixth grade. As we will see later, they more heavily
occupy the anxious and the self-esteem focused profiles.

Based on the analysis of these first two profiles, the first
and the third primary years appear to be pivotal. The first year
is about shifting from an egocentric perspective on academic
situations along with informal teaching practices to a decentration
incorporating the views of significant others into ones self-
evaluations along with formal pedagogical practices. In the third
year, the changes observed attest to a process of enculturation into
practices that promote performance and social comparison.

Evolution of the self-esteem focused
profile

Less linear than the two previous profiles, the self-esteem
focused profile is observed in the first, third, fifth and final
years. In first grade, students with this profile feel mostly pride
and, to a lesser extent, shame during PST. The predominance of
positive emotions (pride) is related to young children’s tendency
to overestimate their competence (Muenks et al., 2018; Weidinger
et al,, 2018). These findings also indicate that by the age of 6, some
children have already internalized their parents’ expectations and
evaluate their performance on the basis of these expectations. In
this connection, pride follows when they succeed in to living up
to these expectations, but shame and associated negative emotions
in the opposite case. In the third year, the self-esteem focused
profile is characterized by high intensity of fear, sadness and shame
and, to a much lesser extent, pride, resulting from more accurate
evaluation by 8-year-old children of their capabilities (Muenks
et al, 2018; Weidinger et al,, 2018). They are more aware that
they risk failure or will fail, which generates fear of failure and
sadness and shame when they do. Once again, our results suggest
that the third grade is a pivotal year in the evolution of students’
emotional relationship with mathematics learning. In fifth grade,
this profile is characterized by a very high level of shame and, to
a much lesser extent, of fear and sadness. The stronger weight of
the gaze of others (i.e., teacher, parents, peers) and hence of the
processes of social comparison, and the internalization of societal
representations such as the direct association between intelligence
and math proficiency that is nurtured by the fact that mathematical
proficiency is critical not only for STEM-related fields but also for
daily life experiences in today’s high-technology world (Namkung
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et al., 2019), may explain this even more significant focus on self-
esteem as children progress through primary education. However,
although the PST are costly to their self-esteem, they are able to
enjoy them while doing them. In the final year, however, students
with a self-esteem focused profile experience high levels of negative
emotions (i.e., fear, shame and sadness) exclusively, most likely
because of the pressure due to the external certification test. This
profile represents about 20% of the sample overall, except in the
final year, where it represents only 14% and has a balanced gender
composition.

Evolution of the anxious profile

A second profile that is encountered several times during the
school years (Grades 3, 4, and 6) is the anxious profile. Nervousness
and anxiety are triggered when the outcome of an activity is
perceived by the learner to be very important, and the perception
of being competent enough to avoid failure is quite low (Pekrun,
2006; Pekrun and Perry, 2014) following repeated experiences of
failure (Dowker et al., 2012). Therefore, if this profile does not
appear earlier, it is probably because the younger children over-
estimate their competence. From the age of 8 onward, as children
are more able to accurately assess their competence, some realize
that they will not be able to solve the given problem and assess their
competence downward, which triggers a feeling of anxiety.

And so, in the third grade, the anxious profile is characterized
by a high level of nervousness and, to a lesser extent, of anger. In the
fourth year, the level of nervousness is still high and is accompanied
by fear, sadness and shame, with more moderate frequency. In
the final year, it is again the combination of nervousness and
anger that defines the profile, but at a significantly lower frequency
than for the younger students. While this profile represents about
the same proportion of the sample in the third and fourth years
(between one fifth and one fourth), it doubles in the final year,
most probably due to the pressure of the external certification test.
Moreover, girls are over-represented in this profile, starting in the
third year (60% of the sample). This is consistent with previous
studies conducted with elementary students showing that girls,
whether they do poorly or well in mathematics, are more prone to
internal distress and anxiety (Pomerantz et al., 2002; Martin, 2004),
experience fewer positive emotions, and rate their competence in
mathematics lower compared to boys (Stipek and Gralinski, 1991;
Jacobs et al., 2002; Frenzel et al., 2007; Lichtenfeld et al., 2012).

Evolution of the disengaged profile

The disengaged profile is observed only in Grades 4 and 5.
This profile is characterized by the learner’s absence of emotional
engagement in mathematics tasks. It is similar to the “quiet
disaffection” profile described by Nardi and Steward (2003) as
composed of students who “routinely execute but do not get
substantially involved with the tasks” (p. 346). It is as if they are
surfing over the tasks without really plunging in.

The fact that this pattern is not observed until later in school
is likely the result of enculturation in a classroom culture that
emphasizes the importance of grades and the performance-oriented
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aspect of school climate (Daumiller et al., 2022). From experience,
some students understand that it is less costly for them to block
their emotional flow when faced with tasks where they are not
sure of success. We can hypothesize that these are students who
have accumulated several negative experiences with this type of
task and who, in order avoid losing control of their learning and
performance in mathematics, have chosen to distance themselves
emotionally from them. These students are endowed with a certain
emotional intelligence that allows them to be aware of the impact of
their emotions on their learning and performance and to manage
to distance themselves from them or to repress them. Our results,
however, do not allow us to identify precisely the process at work.
How then can we explain that such a profile is not present in the
final year? In our opinion, the pressure of the external evaluation
for certification affects every student, even those who try not to
get emotionally involved in academic tasks. This observation is
consistent with our results regarding the positive profile. As a
reminder, in the final year, positive emotions are experienced at a
substantially lower frequency than in previous years.

This profile represents almost half of the sample and includes
an almost equal proportion of girls and boys. This last finding seems
to indicate that girls and boys are equally capable of putting their
emotions aside when it comes to complex mathematics tasks.

Grade-specific profiles

Other profiles are more specific to one particular grade. In the
first year, 18% of the sample feels mostly fear and sadness at a
moderate frequency during PS tasks (the fearful-sad profile). This
profile seems to be updated in the second year in a sad profile (22%
of the sample), which gathers students who feel only sadness during
PS tasks. In terms of gender, there are slightly fewer girls in the first
year and slightly more girls in the second year.

In the second year, a second specific profile is observed,
representing 19% of the sample: the activity-focused profile. It
includes almost one fifth of the sample, grouping students whose
emotional experience is strictly linked to the accomplishment of
the task (i.e., enjoyment, boredom, and anger). In other words,
these students are able to experience PS activities emotionally
without thinking about the potential outcome and its associated
consequences. Note that the majority of these students are girls.
This finding tells us that girls appreciate the intrinsic value of
mathematics tasks and are more focused on the task than on its
outcome, which is consistent with previous observations among
older students that boys are more willing to compete than girls
(Booth and Nolen, 2012; Dreber et al., 2014).

Relation of the profiles to outcomes

The two extreme profiles: comparison of
full positive and full negative profiles

In Grades 1 and 2, a first and rather surprising finding is the
presence of a higher sense of competence among students with
a negative profile than among students with a positive profile.
Children up to the age of 8 are known to have a clear tendency
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to over-estimate their school abilities (Archambault et al., 2010;
Weidinger et al., 2018). Even more, past research has shown that
in early elementary school, children maintain positive expectancies
for success even after receiving repeated messages that they did
poorly on a task (Muenks et al., 2018; Weidinger et al.,, 2018).
Besides, according to Bandura (1997), the individual’s belief in
their capacity is more effective for behavior than the individual’s
actual competence in the field; that is, the individual’s behavior is
shaped according to their perceived competence. Taken together,
these findings suggest that children in Grades 1 and 2 with a
negative profile rely heavily on their competence belief, and that
their optimistic coloring of it allows them to smooth out the
negative emotions they experience and their undesirable effects
in terms of learning and engagement in mathematics tasks. In
this connection, our results show that they use adaptive emotion-
regulation strategies more frequently (i.e., focusing on the task
to better understand it) and inadequate strategies less often (i.e.,
dwelling on negative emotions) than the others.

Further, children in Grades 1 and 2 with a negative profile
grant significantly more importance to achievement and are more
convinced of the global utility of mathematics tasks than their
peers with a positive profile. This echoes the facet of competence
beliefs pertaining to one’s judgment of one’s capacity to execute the
required actions to achieve a certain level of performance, which
in our case is to solve a given problem successfully (Bandura,
1997). In addition, according to Eccles and Wigfield’s (2020)
expectancy-value theory, belief in one’s competence is associated
with more positive valuing of a domain. Competence belief’s
orientation toward outcomes and performance explains the better
positioning of students with a negative profile on these more
instrumental dimensions of perceived value. In addition, students’
over-confidence seems to mask the effort and emotional cost
associated with PST, in that those with a negative profile also report
lower emotional cost and effort than those in the other groups.
This result is consistent with current motivation theories that
argue that students’ competence beliefs are the major determinant
of willingness to expend effort and persistence (Zuffiano et al.,
2013; Schukajlow et al., 2017). Therefore, their positive stance
on both perceived value and self-competence belief and the close
relationship of these with performance may explain why students
with a negative profile perform as well as positive students.

Between the ages of 7 and 8, children increasingly incorporate
external performance feedback and social comparisons into their
self-evaluations, which generates more accurate competence beliefs
(Muenks et al., 2018) starting in Grades 3 and 4. This phenomenon
explains why, from the third year onward, the positive profile
stands out advantageously from the others, in terms of both
actual and perceived competence. In a complementary way, the
earlier favorable positioning of the negative profile with regard
to the importance of achievement and global utility dimensions
has faded and the changeover has already taken place for the
effort and cost dimension: the negative profile is less favorable on
this point than the positive profile. This observation is consistent
with studies showing that between the ages of 7 and 8, children
can more clearly differentiate effort, ability and performance in
terms of cause and effect (Muenks et al., 2018). Grade 3 appears
to be a transition year as regards perceived value. The changes
really become operationalized in the fourth year: the positive
profile stands out significantly in terms of both intrinsic value
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and the importance of succeeding in PST. In other words, the
positive profile distinguishes itself for both motivational directions
(i.e., intrinsic and extrinsic). The change in emotion-regulation
strategies also takes place in the third year. More precisely, students
with a negative profile resort significantly more to maladaptive
strategies (i.e., dwelling on negative emotions, avoiding learning
situations generating negative emotions that have learning benefits
in the long run) and significantly less to adaptive strategies (i.e.,
focusing on the task) than positive students. While only one
difference remained significant in Grade 4, probably, in part due to
the smaller sample size, means analysis indicated the same pattern
in that year.

Our results indicate that the positioning of the positive and
negative profiles on the emotional, motivational and cognitive
dimensions seen in previous years is globally maintained in Grades
5 and 6. In this regard, the positive profile differs from the
negative profile regarding current* and perceived competence. In
terms of perceived value, positive students grant more intrinsic
and achievement value to PST, recognize more the usefulness
of it and perceive such tasks as requiring less effort and
being less emotionally costly than those with a negative profile.
Students with a negative profile make more use of maladaptive
emotion-regulation strategies (i.e., negative self-talk, dysfunctional
avoidance) than those with a positive profile. Negative students also
tend to express their negative emotions more than those with a
positive profile, which is quite logical considering the valence of
the emotions felt by students with the two profiles. With regard
to adaptive strategies, the negative profile has the lowest scores
on the task-utility self-persuasion strategy and students with this
profile ask for help very rarely. Furthermore, the negative profile
has the highest brief attentional relaxation score, which suggests
an interpretation of the strategy on its maladaptive side (i.e., long-
term distraction). Together, these findings depict a negative profile
that, at the end of primary school, represents students who are
academically at risk and resigned.

The anxious profile

As concerned the anxious profile, few significant differences
were observed with the other three profiles. The analysis of the
mean scores gives us more information to characterize it.

In terms of objective performance, the anxious profile stands
between the full positive and the full negative profiles. Regarding
perceived competence, it has the lowest score in Grades 3 and
4 (compared with the other profiles in these grades), which
is consistent with children’s more accurate evaluation of their
competence. In terms of perceived value, the anxious profile falls
between the two extreme profiles, except for the importance of
achievement, for which it shows the lowest score in the 3 years
in which this profile is observed (i.e. Grades 3, 4, and 6). This
finding is probably related to anxious students low sense of
competence. Accordingly, Mammarella et al. (2018) showed that
personal protective factors in children from grades 3 to 6, such

4 It should be noted that although the difference in actual performance
between the two profiles is not statistically significant in the final year, means
analysis showed a pattern similar to that observed in the fifth year.
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as self-confidence and resilience, were inversely proportional to
the level of anxiety (based on measures of general anxiety, test
anxiety, and math anxiety). In terms of emotional regulation, in
the 3 years concerned, students with an anxious profile used the
strategy of rumination significantly less than those with a negative
profile, and in Grades 3 and 6, they used the strategy of avoiding
learning situations that are sources of negative emotions, but that
are associated with learning benefits in the long run, significantly
less than those with a negative profile. Finally, in the Grade 6,
anxious students show the highest help-seeking score, which differs
significantly from that of positive students.

Together, these results depict an anxious profile that is less
risky than the negative profile. More precisely, students with an
anxious profile seem to compensate for their lack of belief in their
competence by resorting significantly to external regulation, which,
in view of their performance and its relation to dysfunctional
emotion regulation strategies, seems relatively adaptive. However,
given on the one hand, the decisive role played by competence
beliefs in engagement, the intention to persevere in the face
of difficulties, the nature of the learning strategies used and,
consequently, in performance (Zuffiano et al., 2013; Schukajlow
et al,, 2017) and, on the other hand, the importance of developing
self-regulatory behaviors in students, since only these ensure
learning (McClelland et al, 2018; Cattelino et al., 2019), it is
necessary to establish a specific action plan for anxious students
as well.

The self-esteem focused profile

This profile is observed from Grade 1 on. Several studies
have underlined that when children start school, they begin to be
evaluated by their teachers in systematic, formal, and normative
ways (for a review, see, e.g., Wigfield et al., 1998; Eccles and
Wigfield, 2020). Partly as a result of this evaluation, they start
to engage more systematically in social comparison with peers as
a way to judge their own abilities. Such self-evaluative processes
generate self-conscious emotions, such as pride and shame. On
the whole, the self-esteem focused profile is positioned between
the negative and the positive profiles. Several results deserve to
be examined more specifically. In the first year, the self-esteem
focus profile differs very little from the other profiles: we note
greater use of the strategy consisting of focusing on the task
than in the positive profile and an evaluation of PS tasks as
requiring less effort and less emotionally costly than the evaluation
in the anxious profile. These students’ optimistic perception
of competence generates a virtuous circle of task engagement,
persistence in the face of difficulties, and pride. In Grade 3, self-
esteem focused students ruminate significantly less than students
with a negative profile, but avoid more tasks that cause negative
emotions but are academically beneficial in the long run as
compared to both anxious and negative-proud students. In Grade
5, anxious students differ from disengaged students in assigning
greater importance to the success and usefulness of PS tasks, but
also in ruminating more. This demarcation of the self-esteem
focused profile in terms of extrinsic motivation and emotional
grip is not surprising, given these students’ focus on outcomes. If
the practice of rumination, because of its close relationship with
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deficits in executive capacity, cognitive flexibility, task-switching,
concentration, attention, memory, motivation, problem-solving,
and beyond learning, with negative mental health effects (Thomsen,
2006; Haeffel, 2010), makes this an academically at-risk profile, it is
less so than the negative profile, in that self-esteem focused students
use adaptive strategies such as focusing on the task (demarcation
from the negative profile) and seeking assistance (demarcation
from the positive profile). This finding is supported by an
advantageous distinction in terms of perceived effort, emotional
cost and intrinsic value from the negative profile. In Grade 6,
these differences are maintained: self-esteem focused students
show greater extrinsic motivation (global utility, importance of
achievement and task-utility self-persuasion), intrinsic motivation
and competence belief; perceive PST as less costly, and face more
tasks that are a source of negative emotions but academically
beneficial than those with a negative profile.

The disengaged profile

Overall, our findings indicate that the disengaged profile is
not the most academically risky profile. In Grade 4, disengaged
students show better objective and perceived competence and less
rumination than those with a negative profile. An interesting result
is this profile’s favorable positioning on the different dimensions
of perceived value. It is as if the ability to put the negative
emotions felt on the back burner allow students with this profile to
stay sufficiently engaged in PST, reinforcing the close relationship
between motivation and emotions (Pekrun and Perry, 2014;
Pinxten et al., 2014). This emotional non-engagement seems to also
protect disengaged students against rumination and a reading of
mathematics tasks in terms of effort and emotional cost. Taken
together, our results indicate that the emotionally disengaged
profile is relatively academically well-adjusted. As outlined in the
research (Pekrun and Perry, 2014; Goetz and Bieg, 2016), both
negative and positive emotions draw on cognitive resources that
thereby become inaccessible for the learning tasks. This led Goetz
and Bieg (2016) to conclude that “a relatively neutral mood is
the most desirable state for enhancing achievement, especially if
emotions are not directly related to the learning or academic
activity” (p. 285).

Limitations and future perspectives

This study has several limitations. First, the typical constraints
related to the use of self-report instruments (e.g., desirability
biases) are present here and future research could extend these
results with data related to students’ performance, such as end-
of-year grades or standardized test scores. Second, in connection
with that, our understanding of the characteristics of each
profile and of the evolution of the profiles throughout primary
education would benefit from being deepened and nuanced by
physiological measures of emotions and engagement, qualitative
studies, observation of students’ behaviors in natural contexts and
interviews with several students from each profile. Third, the
evolution of each outcome variable from Grade 1 to Grade 6 should
be considered with caution, since scales were slightly adapted to
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ensure understanding by younger students. Fourth, and related to
the previous point, our findings do not allow us to say whether
in Grades 1 and 2, it is the students with a negative profile who
stand out by showing a favorable emotional and motivational
relationship with PST or the students with a positive profile
who, because they enjoy such tasks, are not too concerned about
their instrumental aspect. To better grasp the differences observed
between Grade 1 and Grade 2, it would be interesting to look at
preschooler’s emotional and motivational profiles in mathematics.
Finally, limitations due to the cross-sectional nature should be
overcome in future studies exploring these developments with a
longitudinal design.

Notwithstanding these limitations, our findings can be
considered as a first step toward a better understanding of
primary school students’ emotional and motivational relations with
complex mathematics tasks from a profile analysis, which has
been largely neglected by the current literature. From a theoretical
perspective, our findings provide better insight into pivotal periods
(Grades 1 and 3) and suggest giving close attention to these crucial
moments. From a practical perspective, such knowledge could
guide stakeholders in various ways. For instance, it is of chief
importance to teach learners and teachers that academic emotions
are both controllable and valuable. If academic emotions are viewed
as uncontrollable, students’ and teachers’ attempts at regulating
academic emotions will not be successful. More specifically, CVT
offers stakeholders such as teachers, parents, or psychologists the
potential to foster success at school by intervening in ways that
are assumed to influence later performance. More attention should
paid to the possibility of enhancing school performance by focusing
on students’ understanding of emotions (MacCann et al., 2020).
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