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Abstract
This study examines one-year changes in students’ intrinsic motivational orientation towards mathematics and whether these
changes are gendered. Drawing on Swedish data from the TIMSS 2023 Longitudinal Study, we analysed two student co-
horts, followed from Grade 4 to Grade 5 and from Grade 8 to Grade 9. Building on a theoretical recoding of TIMSS affective
questionnaire items, intrinsic motivation was analysed as an overarching category, with cognitive and emotional motiva-
tion treated as subcategories. Mean change analyses and categorical change analyses were used to examine both average
change and the proportions of students who decreased, remained stable, or increased. The younger cohort reported more
positive orientations than the older cohort but declined over the year, while the older cohort started lower and showed weak
positive change or stabilisation. Emotional motivation showed more variability than cognitive motivation, and the two sub-
categories did not move in identical ways. Gender differences in change were small: girls in the younger group were more
likely to decrease, especially emotionally, but there were no significant differences in the older group. Findings suggest that
mathematics-related affective development is uneven and dimension-specific rather than a simple decline, with gender dif-
ferences more visible in the younger cohort than in the older cohort.
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1 Introduction

Decades of research highlight the importance of affective
factors in mathematics education (e.g., Schukajlow et al.,
2017), and over the past twenty years emotion has gained
focus for its role in managing failure, mistakes, and achieve-
ment (e.g., Fredrickson & Joiner, 2018). Emotions appear to
influence learning more than previously thought, including
through their impact on motivation (e.g., Nelson et al., 2018;
Valiente et al., 2012), a relation often described in two di-
rections: a positive attitude can enhance performance, while
negative conceptions can hinder it and lead to lower achieve-
ment (Capuno et al., 2019). An analysis of the reasons stu-
dents give for their strategy choices when solving mathemat-
ics tasks illustrates how influential affective factors can be,
shaping both the strategies chosen and judgements of what

is achievable (Sumpter, 2013). Understanding the roles of
emotions and motivation is therefore essential.

Affective states are also rarely static and often culturally
bounded, varying not only across cultures but also within
the same culture (Niemivirta et al., 2024; Sumpter & Soller-
man, 2023). Some patterns are universal and cross-cultural,
others are specific to nations or microclimates. Studies from
various countries, such as the Philippines (Capuno et al.,
2019), show a positive correlation between students’ atti-
tudes and their achievement in mathematics, suggesting that
certain aspects are consistent across borders, as does the
inverse relationship between interest in mathematics and
years of schooling (e.g., Blomqvist et al., 2012; Hannula,
2006). One major problem, however, is the dominance of
Western research, with much of it originating in four coun-
tries: the United States, Italy, France, and Germany (Flore &
Wicherts, 2015). While cross-cultural and universal patterns
are relatively well documented, intra-cultural and context-
specific dynamics remain understudied, leaving an empirical
gap around within-culture variation in affect over time.

A further question concerns how gender disparities
progress over time, particularly since these differences are
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not inherently linked to biological sex but are open to
influence. Greater disparities in participation and perfor-
mance are observed in competitive nations and environ-
ments (Steegh et al., 2019), and France exemplifies such
circumstances: following all first- and second-grade stu-
dents over four years, Martinot et al. (2025) found com-
parable performance at the start of schooling but a gender
gap favouring boys after only four months, which widened
over the following year. Australian kindergarten children
show a similar pattern, with girls’ confidence declining rel-
ative to boys’ over the first school year alongside a shift
towards viewing mathematics as less critical for future ca-
reers (Davey et al., 2026), and TIMSS data show a compara-
ble decline in enjoyment (Mullis et al., 2020). Since enjoy-
ment correlates positively with achievement across grades
(e.g., Dowker et al., 2019), such declines raise questions
about when the decrease in positive emotions and motiva-
tion emerges and whether it intensifies as students progress
through school. Gender gaps in affect persist even where
no gender differences in performance are observed (Mejía-
Rodríguez et al., 2021), and may help explain why many
girls experience a weaker sense of belonging in mathemat-
ics, where dominant images of ‘the mathematician’ misalign
with their own identities (Good et al., 2012). Consequently,
a future in mathematics may not seem like an option, despite
strong performance.

Two main questions arise from the studies above: when
declines in positive emotions and motivation begin and at
what rate they develop across grade levels, and whether and
how these changes are gendered. Previously, we analysed
Swedish TIMSS data from 2015 and 2019 and compared
the same national cohort at Grade 4 and Grade 8 (Sumpter
& Sollerman, 2023). Girls were more likely than boys to
develop negative emotional directions over time, and cog-
nitive motivation differentiated boys and girls already in
Grade 4, whereas differences relating to extrinsic motiva-
tion were weak at that grade, findings that highlight the so-
called educational-gender-equality paradox (Stoet & Geary,
2018), a paradox found in Nordic countries, where strong
equity policies coexist with persistent gendered differences
in mathematics education (e.g., Brandell et al., 2007). Re-
views of the field have called for the between-person de-
signs that dominate research on emotions and motivation to
be complemented by within-person studies, since between-
person data cannot support conclusions about how affect de-
velops within individual students (Schukajlow et al., 2023).
The TIMSS 2023 Longitudinal Study allows us to extend
these results by following the same students across consec-
utive school years, using a coding framework carried over
from our earlier work rather than being extended. Building
on that theoretical recoding of TIMSS affective items, the
aim is to analyse intrinsic motivation as an overarching cat-
egory and distinguish two subcategories within it, cognitive

and emotional motivation, in order to examine which mo-
tivational dimensions appear more sensitive to change and
how these patterns are gendered. Two research questions
guide the study: (1) How does students’ intrinsic motiva-
tional orientation towards mathematics, including its cogni-
tive and emotional subcategories, change between Grades 4
and 5 and between Grades 8 and 9?; and (2) What gendered
patterns can be observed in these changes?

2 Literature review

The literature review is divided into two sections: emotions
and motivation, and emotions and gender. For each section,
there is an overview of relevant research. Each section closes
by stating which parts of that research are carried forward as
the theoretical framework of the present study.

2.1 Emotions and motivation

The study of emotions has a long history in research (Prinz,
2005). They are understood to arise from and simultane-
ously shape human experience, and, as a theoretical con-
struct, emotions are embedded within a range of broader
affective concepts, including self-evaluation and motivation
(Damasio, 1994; Hannula, 2006). Within emotion research,
a fundamental distinction is drawn between feelings, un-
derstood as physiological reactions, and emotions, under-
stood as consciously reported experiences (Whiting, 2011).
This distinction is noted here to clarify what questionnaire
data can capture: the present study operates exclusively at
the level of self-report and makes no claim about the phys-
iological level. A contemporary perspective is offered by
Prinz (2005), who defines emotions as self-reported con-
scious experiences that can be broadly categorised into three
emotional directions: positive, negative, and neutral. In this
framework, an emotion is typically tied to a specific cause or
situation and subsequently shapes behaviour in relation to it
(Damasio, 1994). In this sense, emotional direction provides
one way of understanding how motivation is oriented and
maintained. Motivation has been defined in numerous ways,
but a recurring element across definitions is its orientation
towards a goal (Schukajlow et al., 2023); more specifically,
it can be understood as the process through which goal-
directed activity is both initiated and maintained (Schunk et
al., 2008). Goals themselves are rooted in emotions, whether
viewed from a state or a trait perspective (Damasio, 1994;
Hannula, 2006). The most widely applied distinction in mo-
tivation research is that between extrinsic and intrinsic moti-
vation (Ryan & Deci, 2000), and earlier research has identi-
fied finer subscales within each: outward and compensation
as subcategories of extrinsic motivation, referring to social
and personal gains respectively (Amabile et al., 1994), and



Not simply a decline: gendered changes in students’ intrinsic motivation towards mathematics

cognitive and emotional dimensions as subscales of intrin-
sic motivation (Nyman & Sumpter, 2019; Sumpter, 2013).
Motivation and emotions are thus intertwined as theoretical
constructs: three of these subcategories — outward, com-
pensation, and cognitive — can each be associated with a
distinct emotional state, whereas in the fourth, emotional
motivation, the emotion is itself the goal, as in “I am doing
this because it is fun.”

In this paper, the theoretical framing draws on differ-
ent traditions: Ryan and Deci (2000) supply the intrinsic–
extrinsic distinction that defines the overarching category,
and Schunk et al. (2008) the definition of motivation as
goal-directed activity that is initiated and sustained. Prinz
(2005) supplies the valence coding applied to each item,
used for that alone rather than as a theory of motivation,
and Damasio (1994) the premise that goals are grounded
in emotion, which makes it coherent to treat an emotional
subcategory as motivational. The cognitive–emotional dis-
tinction, by contrast, was developed inductively from qual-
itative analyses of students’ expressed reasons for engaging
with mathematics (Sumpter, 2013), and is used here as an
empirically grounded rather than an a priori distinction. Its
criterion is the object of the expressed motivation: cogni-
tive, where the stated object is the mathematical content or
activity; emotional, where it is the affective state accompa-
nying that activity. Related frameworks offer partly overlap-
ping distinctions: Hidi and Renninger (2006) differentiate
between feeling-related and value-related valences of inter-
est, while Pekrun (2006) separates activity-related emotions,
such as enjoyment and boredom, from the appraisals that ac-
company them. Neither maps exactly onto the present sub-
categories, and the present study examines how the two sub-
categories shift over time rather than validating the distinc-
tion itself.

Positive emotional orientations are consistently associ-
ated with enhanced academic behaviour and the develop-
ment of subject interest (e.g., Fredrickson & Joiner, 2018;
Nelson et al., 2018), though findings vary with when and
how students are asked: expressed emotions and motiva-
tion differ considerably depending on whether students
are surveyed in general terms, immediately before a les-
son, or while doing mathematics (Takeuchi et al., 2016).
Across time, a broader qualitative shift is apparent, with
younger students expressing positive intrinsic motivation
and older students increasingly emphasising extrinsic mo-
tivation alongside negative intrinsic motivation (e.g., Got-
tfried et al., 2001; Hannula, 2006; Nyman & Sumpter,
2019); in mathematics specifically, both intrinsic and extrin-
sic motivation appear to decline with age (Mula et al., 2024).
A well-established pattern across national contexts is that
younger students hold more positive attitudes towards math-
ematics than their older counterparts (e.g., Hannula, 2006),
a trend reflected in TIMSS data, which show that fourth-
grade students display more positive orientations towards

learning mathematics than eighth-grade students (Mullis et
al., 2020). Understanding this trajectory requires looking
beyond broad categories of positive and negative emotion:
positive affect not only buffers against negative emotional
states but exerts a lasting influence over time, functioning as
a mediating mechanism encompassing motivation (Dama-
sio, 1994).

The implications are significant, as students who come
to view mathematics as difficult, tedious, and irrelevant are
considerably more likely to disengage from the subject at
the earliest opportunity (Mula et al., 2024). Much of this evi-
dence is, however, cross-sectional or drawn from small qual-
itative samples, and reviews of early-years affect note how
little is established about development within individual stu-
dents (Batchelor et al., 2019). Longitudinal work has begun
to address this: Nagy et al. (2010) followed mathematics
self-concept across adolescence in three countries and found
trajectories differing by gender and national context rather
than converging on a single downward path, and Niemivirta
et al. (2024) report comparable heterogeneity among school
beginners. Within-student change, therefore, cannot be in-
ferred from level differences between grades, which is the
distinction the present study is designed to make.

2.2 Emotional direction and gender

In this study, gender is treated as a social construct rather
than as biological sex: gender is regarded as a system of re-
lationships, with the constructs ‘man’ and ‘woman’ contin-
ually negotiated. Previous studies examining mathematics
and gender indicate that gendered paths can be established
quickly (Davey et al., 2026; Martinot et al., 2025). These
could be seen as norms that create trajectories in which act-
ing and thinking are directed by what is considered ‘male’
and ‘female’. Gender then plays a role in the constitution
of mathematical self-understanding, meaning that gender
is produced. Research examining gender differences shows
that male students in mathematics exhibit higher and more
positive self-concept, intrinsic motivation, a self-enhancing
ego-orientation, and higher performance expectations than
female students (Skaalvik & Skaalvik, 2004). However,
when the focus was on language, women expressed higher
(and more positive) intrinsic motivation. Similar results have
been found with Swedish upper secondary school students
(Ding et al., 2024). Analysing a large longitudinal sample in
the United States, the gender gap in mathematics confidence
was larger than the gaps in either interest or achievement,
indicating a difference in self-related beliefs rather than in
performance (Ganley & Lubienski, 2016). Previous studies
have reported gender differences in expressed attitudes and
self-beliefs in mathematics (and science) that increase with
age (McGeown & Warhurst, 2020), including a gender con-
fidence gap (Zander et al., 2020). How success is explained
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matters here too: where achievement is attributed to fixed
brilliance rather than effort, women are underrepresented
across academic fields (Leslie et al., 2015), and the contrast-
ing figures of the hard-working woman and the gifted man
supply unequal accounts of the same result. Such attribu-
tional patterns offer one explanation for why self-evaluation
and expressed motivation diverge from measured achieve-
ment. This is particularly interesting, as studies show that
boys/men tend to overestimate their abilities relative to their
grades and achievements (e.g., Adamecz et al., 2025). Such
patterns have consequences beyond school, and have been
used to account for gender segregation in mathematics at
doctoral level and beyond (Sumpter & Sumpter, 2021).

As mentioned earlier, Sweden and other Nordic countries
have a problematic relationship among participation, moti-
vation, and mathematics, known as the ‘educational-gender-
equality paradox’ (Stoet & Geary, 2018): the most gender-
equal countries within the OECD also have the largest
gender gaps in higher education in STEM fields. Sweden
nonetheless has some unique patterns. The boy/girl ratio
is within the target range for a balanced group (40–60%)
in the Natural Science programme (Skolverket, 2020), the
most mathematically intensive upper secondary school pro-
gramme preparing students for university. Girls are there-
fore not dropping out of mathematics at school; rather, they
are choosing not to pursue it afterwards, despite having the
qualifications and the grades.

3 Method

The method section describes the longitudinal data source,
the theoretical coding of the retained questionnaire items,
and the statistical analyses used to examine change. The
analyses focused on one-year changes in students’ intrin-
sic motivational orientation towards mathematics and on
whether these changes differed between girls and boys. Full
item-level coding for both cohorts is provided in Online Re-
source 1 (Tables S1 and S2).

3.1 Data source and participants

Data were drawn from the Swedish TIMSS 2023 Longitu-
dinal Study, in which students who participated in TIMSS
2023 were followed up one year later, from Grade 4 to Grade
5 and from Grade 8 to Grade 9. This design enabled analy-
sis of change in students’ intrinsic motivational orientation
towards mathematics over one school year within two co-
horts (von Davier et al., 2025). In the younger cohort, the
longitudinal file included 5,358 students from 160 schools.
Of these students, 2,730 were girls, and 2,628 were boys.
In the older cohort, the longitudinal file included 5,303 stu-
dents from 154 schools. Of these students, 2,574 were girls,

and 2,728 were boys, while one student had missing or omit-
ted gender information. Analytical sample sizes varied be-
cause of missing questionnaire responses and are reported
for each scale or subcategory in the Results section. Gen-
der is recorded in TIMSS as a binary variable, which is a
property of the instrument. The results, however, are inter-
preted through the lens of the chosen gender theory. Because
scale scores required sufficient valid responses at both mea-
surement points, the analytical samples are smaller than the
longitudinal files, and roughly a quarter of each cohort is not
represented below. Whether these students differ systemati-
cally from those retained has not been examined.

3.2 Instruments and coding

Following Sumpter and Sollerman (2023), the present study
did not rely on the pre-set TIMSS questionnaire indices. In-
stead, items were coded according to selected theoretical
definitions of emotional direction (e.g., Prinz, 2005), mo-
tivation (e.g., Schunk et al., 2008), and their subscales (e.g.,
Amabile et al., 1994; Sumpter, 2013), which allows nuances
within each of these to be examined and girls’ and boys’ re-
sponses to be compared across them. The framework is car-
ried over unchanged rather than extended; what is new is its
application to the TIMSS 2023 Longitudinal data to track
change within students. Items were retained in two stages.
First, items had to be administered at both measurement
points within a cohort, so that a change score could be com-
puted. Second, items had to be administered with the same
wording in both cohorts, so that the Grade 4/5 and Grade
8/9 cohorts could be compared on the same instrument. This
yielded 14 items, seven from “Students Like Learning Math-
ematics” and seven from “Students Confident in Mathemat-
ics”. The same coding system was applied to both cohorts;
no item was coded differently by age group. Full item-level
coding is given in Online Resource 1 (Tables S1 and S2).

The retained longitudinal item set primarily represents
intrinsic motivation as defined by Ryan and Deci (2000): 13
of the 14 items were coded as intrinsic, and intrinsic moti-
vation was therefore treated as the overarching motivational
category in the longitudinal analyses. Within it, two subcat-
egories were sufficiently represented to be analysed sepa-
rately: cognitive motivation (8 items) and emotional moti-
vation (7 items). The criterion separating them is the ob-
ject of the expressed motivation. “I like any schoolwork that
involves numbers” is cognitive, since it refers to a specific
class of mathematical work, whereas “I like mathematics” is
emotional, since it reports an affective stance with no con-
tent specified. The emotional subcategory thus encompasses
emotions both as goals in themselves and as states associ-
ated with engagement in mathematics (e.g., Sumpter, 2013).
Two items satisfy both descriptions and were coded to both
subcategories: “I enjoy learning mathematics” combines an
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emotion with a cognitive goal, and “I like to solve mathe-
matics problems” refers to problem solving rather than rou-
tine procedure and so carries a cognitive demand alongside
the liking. Because these two enter both subscales, the eight
cognitive and seven emotional items together comprise the
13 intrinsic items rather than 15, and the subscales are cor-
related by construction, a feature taken into account when
their change patterns are compared.

Extrinsic motivation was retained in the coding frame-
work but not analysed as a separate outcome, because only
two retained items were coded as extrinsic and one of those
was also coded as intrinsic. “Mathematics is more diffi-
cult for me than for many of my classmates” was coded as
extrinsic-outward because it refers to comparison with class-
mates (e.g., Amabile et al., 1994), while “I usually do well
in mathematics” may be read either as a personal reflection
on mathematical ability or as referring to grades, test per-
formance, or external evaluation, and was therefore coded
as both intrinsic-cognitive and extrinsic-compensation. That
so few extrinsic items remain follows from the longitudinal
design rather than from the coding: items had to be present
at both measurement points, which excluded four items
available in Sumpter and Sollerman (2023): two extrinsic-
outward (“I wish I did not have to study mathematics”;
“My teacher tells me I am good at mathematics”) and two
intrinsic-emotional (“Mathematics is boring”; “Mathemat-
ics makes me nervous”). The retained set is therefore smaller
than in the earlier study, and asymmetrically so. This asym-
metry is relevant when the two subcategories are compared.

For transparency, it should be noted that three cognitive
items — “I usually do well in mathematics”, “I learn things
quickly in mathematics” and “I am good at working out dif-
ficult mathematics problems” — are capability judgments
from the TIMSS scale Students Confident in Mathematics,
and may also be read as indicators of self-efficacy or self-
concept (Bandura, 1997), constructs with well-documented
gender differences (Ganley & Lubienski, 2016; Zander et
al., 2020). Classifying them as cognitive intrinsic motiva-
tion follows the criterion set out earlier: their stated object
is mathematical activity, and they report an orientation to-
wards it, expressed through perceived capability. Capability
judgments and interest are not the same, so this cognitive
subcategory should not be interpreted as a pure measure of
interest, and results should be interpreted accordingly.

3.3 Data analysis

The analysis examined longitudinal change in students’ in-
trinsic motivational orientation towards mathematics. Be-
cause the purpose was to examine student-level change pat-
terns within the Swedish longitudinal sample, the analyses
were conducted on unweighted student-level data, and the
results should be interpreted as descriptive of the analysed

students rather than as weighted estimates of national pop-
ulation parameters. Although the coding framework distin-
guishes between positive and negative emotional directions,
the four-point response scale was retained to capture the de-
gree of change over time, with all items coded so that higher
values indicate a more positive orientation towards math-
ematics. Scale scores were computed as the mean of the
item responses for intrinsic motivation and for the two sub-
categories sufficiently represented in the longitudinal item
set, cognitive and emotional motivation; extrinsic motiva-
tion was excluded, since too few extrinsically coded items
remained to support a scale-level analysis. To reduce case
loss from occasional missing responses, scores were com-
puted for students with valid responses on at least approx-
imately 70% of the relevant items: nine of 13 for intrinsic
motivation, six of eight for cognitive motivation, and five of
seven for emotional motivation. Because the two subcate-
gories share two double-coded items, they are not indepen-
dent scales, and comparisons between them are descriptive
rather than tests of difference.

Internal consistency was examined using Cronbach’s al-
pha (Cronbach, 1951). Change scores were calculated sep-
arately for each scale or subcategory and cohort, as Grade
5 minus Grade 4 and Grade 9 minus Grade 8, so that posi-
tive values indicate a more positive orientation at the second
time point. Mean change was examined descriptively, both
overall and separately for girls and boys, and independent-
samples t-tests were used to test whether it differed by gen-
der, with Cohen’s d as an effect-size measure (Cohen, 1988).
Categorical change variables were also created to distin-
guish students who decreased, remained stable, or increased.
Because scale scores are means on a four-point scale, very
small numerical differences could occur without indicating a
clear shift, so a descriptive threshold of 0.25 scale points —
one quarter of a response category — was used to identify
more visible directional changes: a decrease below −0.25,
stable between −0.25 and 0.25, and an increase above 0.25.
Associations between gender and change category were ex-
amined using chi-square tests, with Cramer’s V as a mea-
sure of association (Agresti, 2018). Given the large samples
and the descriptive purpose of the analyses, statistical sig-
nificance was interpreted cautiously, with emphasis on ef-
fect sizes, proportions, and the consistency of patterns rather
than on p-values alone.

Two features differ from Sumpter and Sollerman (2023).
First, the earlier study dichotomised the four-point scale
into positive and negative emotional directions, whereas the
present study retains all four points, since collapsing them
would discard the information about degree of change that a
longitudinal design is meant to capture; results from the two
studies are therefore not directly comparable in magnitude.
Second, the 0.25 threshold is applied identically to all three
outcomes, even though they do not have identical variability,
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and a fixed threshold classifies more students as changing on
a more variable scale, so mean changes are also reported in
standard-deviation units of the change score.

4 Results

The results are presented in three steps. First, we report the
reliability, scale levels, and mean changes for intrinsic mo-
tivation and its cognitive and emotional subcategories. Sec-
ond, we examine how students were distributed across three
categories of change: decrease, stable, and increase. Third,
we analyse whether these change patterns differed between
girls and boys.

4.1 Reliability, scale levels, and mean change

The retained TIMSS questionnaire items were used to con-
struct a scale for intrinsic motivation and two subcategory
scales within it: cognitive and emotional motivation. Inter-
nal consistency was high across both cohorts and both time
points. Table 1 presents Cronbach’s alpha for each scale or
subcategory, together with the mean change scores:

Table 1 shows high internal consistency for intrinsic mo-
tivation and subcategories across cohorts and time points.

The two cohorts differed in level and change direction:
the younger cohort had higher positive orientations but de-
creased in intrinsic (−0.197), cognitive (−0.181), and emo-
tional motivation (−0.245), with the largest decline in emo-
tional motivation. The older cohort showed slight posi-
tive changes: 0.087 in intrinsic, 0.079 in cognitive, and
0.097 in emotional, indicating weak growth or stabilisation
from lower levels. In standard-deviation units, these changes
were modest: −0.33, −0.30, and −0.35 in the younger co-
hort, and 0.17, 0.15, and 0.16 in the older cohort, for in-
trinsic, cognitive, and emotional motivation, respectively.
Thus, emotional motivation showed the largest standardised
change in the younger cohort, whereas differences between
subcategories were small in the older cohort.

4.2 Decrease, stability, and increase

To examine whether the mean changes reflected broad shifts
among students or were driven by smaller subgroups, Ta-
ble 2 presents the distribution of students across the three
change categories.

As shown in Table 2, decreases outnumbered increases
in the younger group, especially for emotional motivation,
where 48.3% of students decreased, and 23.5% increased.
Emotional motivation had the smallest stable group, indi-

Table 1 Reliability, scale levels, and mean change in intrinsic motivation and its cognitive and emotional subcategories

Cohort Scale/subcategory n Alpha
Grade
4/8

Alpha
Grade
5/9

Mean
Grade
4/8

Mean
Grade
5/9

Mean
change

SD

Grade 4 to 5 Intrinsic motivation 4006 0.927 0.938 2.857 2.656 −0.197 0.600

Grade 4 to 5 Cognitive motivation 4002 0.882 0.904 2.912 2.729 −0.181 0.601

Grade 4 to 5 Emotional motivation 4228 0.893 0.892 2.788 2.541 −0.245 0.703

Grade 8 to 9 Intrinsic motivation 3696 0.938 0.948 2.333 2.440 0.087 0.516

Grade 8 to 9 Cognitive motivation 3689 0.909 0.925 2.422 2.524 0.079 0.540

Grade 8 to 9 Emotional motivation 3916 0.897 0.912 2.239 2.351 0.097 0.605

Note: All means and change scores are based on students with valid scale scores at both measurement points. Change was calculated as Grade 5
minus Grade 4 and Grade 9 minus Grade 8.

Table 2 Categorical change in intrinsic motivation and its cognitive and emotional subcategories, percentages

Cohort Scale/subcategory n Decrease (%) Stable (%) Increase (%)

Grade 4 to 5 Intrinsic motivation 4006 41.8 38.7 19.5

Grade 4 to 5 Cognitive motivation 4002 37.9 44.2 17.9

Grade 4 to 5 Emotional motivation 4228 48.3 28.2 23.5

Grade 8 to 9 Intrinsic motivation 3696 21.9 45.5 32.5

Grade 8 to 9 Cognitive motivation 3689 20.4 50.6 29.0

Grade 8 to 9 Emotional motivation 3916 27.6 34.7 37.7

Note: Values are valid percentages. Decrease = change score below −0.25; Stable = change score between −0.25 and 0.25; Increase = change
score above 0.25.
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cating more movement across the fixed threshold than cog-
nitive motivation. In the older group, increases were more
common across all three outcomes, with emotional motiva-
tion again showing the highest number of students increas-
ing. Since the same threshold applies to all outcomes and
emotional motivation has the largest change variance, the
difference in stable group sizes partly reflects measurement
properties, rather than greater shifts. These results suggest
that mean changes are due to shifts across many students
rather than large movements among a few.

4.3 Gendered patterns of change

To make the level differences and gendered change patterns
more visible, Fig. 1 displays mean scores at both time points
separately for girls and boys:

Figure 1 highlights differences in mean levels, with boys
reporting higher mean scores than girls across cohorts and
subcategories. The figure also indicates that the overall co-
hort pattern was similar for girls and boys: the younger co-
hort declined, whereas the older cohort showed weak posi-
tive change. The following analyses examine whether girls
and boys also differed in their patterns of change.

Gender differences were first examined using mean
change scores. In the younger cohort, girls showed larger
decreases than boys in intrinsic motivation and in both sub-
categories, with mean differences of −0.099 for intrinsic

motivation, −0.081 for cognitive motivation, and −0.115
for emotional motivation. The differences were statistically
significant but small, with absolute Cohen’s d values rang-
ing from 0.135 to 0.165. In the older cohort, boys showed
slightly larger mean increases than girls, but the differences
were very small, with absolute Cohen’s d values ranging
from 0.051 to 0.053, and were not statistically significant in
two-sided t-tests. Because the categorical analysis provides
a more interpretable picture of how students moved over
time, gender differences were also examined through cross-
tabulations of decrease, stability, and increase, see Table 3:

As shown in Table 3, gender differences were most visi-
ble in the younger cohort, where girls were more often clas-
sified as decreasing across all three outcomes. The largest
difference was in emotional motivation: 52.6% of girls de-
creased, compared with 43.7% of boys. The associations
between gender and change category were weak through-
out, with Cramer’s V ranging from 0.044 to 0.089. The
direction of the gender pattern was nonetheless consistent
across all three outcomes. In the older cohort, gender pat-
terns were weaker. Boys were somewhat more likely to in-
crease, while girls were more often classified as stable, es-
pecially in emotional motivation. The gendered pattern was
therefore clearer in the younger cohort than in the older co-
hort.

Taken together, the analyses show three empirical pat-
terns. The two cohorts differed in both the level and the di-
rection of change. Emotional motivation showed somewhat

Fig. 1 Mean levels and gendered change in intrinsic motivation and its
subcategories. Note: Lines show mean scale scores for students with
valid scores at both time points. Colour indicates cohort, and line type

indicates gender. Sample sizes vary slightly across scales and gender
groups; see Table 3 for corresponding n values
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Table 3 Gender differences in categorical change in intrinsic motivation and its cognitive and emotional subcategories, percentages

Cohort Scale/subcategory Gender n Decrease (%) Stable (%) Increase (%) Cramer’s V p

Grade 4 to 5 Intrinsic motivation Girls 2063 45.5 36.5 18.1 0.077 <.001

Grade 4 to 5 Intrinsic motivation Boys 1943 37.9 41.2 20.9

Grade 4 to 5 Cognitive motivation Girls 2061 40.7 42.6 16.8 0.060 <.001

Grade 4 to 5 Cognitive motivation Boys 1941 34.9 46.0 19.2

Grade 4 to 5 Emotional motivation Girls 2180 52.6 26.2 21.2 0.089 <.001

Grade 4 to 5 Emotional motivation Boys 2048 43.7 30.4 25.9

Grade 8 to 9 Intrinsic motivation Girls 1865 22.0 47.9 30.1 0.056 .003

Grade 8 to 9 Intrinsic motivation Boys 1831 21.8 43.1 35.0

Grade 8 to 9 Cognitive motivation Girls 1862 20.1 52.6 27.2 0.044 .028

Grade 8 to 9 Cognitive motivation Boys 1827 20.6 48.6 30.8

Grade 8 to 9 Emotional motivation Girls 1959 27.1 37.4 35.5 0.059 .001

Grade 8 to 9 Emotional motivation Boys 1957 28.1 32.0 40.0

Note: Values are row percentages within gender. n indicates the number of students with valid change scores for each scale/subcategory and gender
group. Cramer’s V and p refer to the chi-square test of association between gender and change category within each cohort and scale/subcategory.

more movement than cognitive motivation in both cohorts,
although the difference is modest in standardised terms.
Gendered differences in change were small throughout and
were most visible in the younger cohort, particularly in the
emotional subcategory.

5 Discussion

The discussion is organised around three aspects of the find-
ings: how the longitudinal results complicate the common
picture of gradual decline, how cognitive and emotional mo-
tivation showed different patterns of change, and how these
changes were gendered across cohort and motivational sub-
category.

5.1 Not simply a decline: level and change across
school years

The findings complicate the often-repeated picture of de-
clining affective orientations towards mathematics across
school years. The younger cohort reported higher levels of
positive intrinsic motivational orientation than the older co-
hort, partly consistent with earlier research showing that
younger students express more positive attitudes, interest,
or motivation towards mathematics than older students (e.g.,
Blomqvist et al., 2012; Hannula, 2006; Mula et al., 2024;
Mullis et al., 2020; Sumpter & Sollerman, 2023). That
agreement, however, concerns differences in level. The lon-
gitudinal results add that lower levels among older students
do not mean students continue to decline each school year:
the older cohort started lower but showed weak positive
change or stabilisation, whereas the younger cohort started

higher but declined across the same measures. This con-
trast separates affective level across school years from actual
change within a school year, a distinction cross-sectional
and grade-comparative studies cannot capture (e.g., Got-
tfried et al., 2001; Niemivirta et al., 2024). Mathematics-
related affect therefore does not follow a simple pattern of
decline at the group level; average change may differ across
school years, with some cohorts declining and others stabil-
ising.

The question thus shifts from whether students become
less positive towards mathematics to when decline or stabil-
isation occurs, and what might explain it. Any such explana-
tion is, at this stage, a conjecture rather than a finding, since
the study identifies patterns of change but does not examine
the factors that produce them. Possible candidates include
teaching practices, assessment contexts, peer relations, or
classroom climate, consistent with research showing that ex-
pressed emotions and motivation vary by situation, activity,
and measurement timing (e.g., Takeuchi et al., 2016). For
practice and policy, the findings caution against assuming a
uniform downward trajectory and point to the value of mon-
itoring affective orientations over time. One alternative ac-
count of the older cohort’s upward movement also deserves
mention: that cohort began at a lower level, and any mea-
sure with less-than-perfect reliability produces some appar-
ent movement towards the mean on re-measurement. With
only two measurement points, regression to the mean cannot
be ruled out, and the observed changes are small. We there-
fore describe the older cohort as stable rather than recov-
ering, and treat the contrast between the cohorts — decline
in one, absence of decline in the other — as the more stable
finding. The study also lacks classroom-level and qualitative
data, and future work should examine longer trajectories and
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connect longitudinal survey data with contextual and quali-
tative information.

5.2 Cognitive and emotional change within intrinsic
motivation

The second aspect of the findings concerns the emotional
subcategory within intrinsic motivation. Previous research
has emphasised the close relation between emotion and mo-
tivation in mathematics learning (e.g., Hannula, 2006; Nel-
son et al., 2018; Schukajlow et al. 2017, 2023; Valiente et
al., 2012). The present study adds that the two subcategories
do not move together: in the younger cohort, emotional mo-
tivation declined the most and had the highest decrease rate,
while in the older cohort the order was less clear once stan-
dardised. The difference is real but small, and we do not sug-
gest that emotional motivation is inherently more change-
able. It does indicate, however, that a change in students’
intrinsic motivational orientation may not be evenly dis-
tributed across its cognitive and emotional aspects, and that
treating intrinsic motivation as one undifferentiated scale
would conceal this (e.g., Ryan & Deci, 2000). This ex-
tends the approach of Sumpter and Sollerman (2023), who
analysed expressed emotional directions across grade levels
using theoretically recoded TIMSS items, by applying the
same logic longitudinally.

Drawing on accounts of emotions as directed, experience-
based, and action-oriented (Damasio, 1994; Prinz, 2005),
the greater movement in emotional motivation may indi-
cate that a changing relationship to mathematics becomes
visible first in items expressing enjoyment, anticipation of
lessons, or confusion. If so, a decline there would be not
only a symptom of disengagement but part of the affective
conditions under which engagement and persistence are sus-
tained, which is an interpretation of the pattern rather than a
result, and one that the present design cannot test. The find-
ings nonetheless contribute to calls for fine-grained concepts
and methods of analysis tailored to the mathematical domain
(Schukajlow et al., 2017): broad composite measures of mo-
tivation, interest, and self-related beliefs are widely used
(e.g., Schukajlow et al., 2023; Valiente et al., 2012) but may
obscure how affective dimensions change over time. For re-
search, this points to longitudinal studies of how different
aspects of motivation change over time and under what con-
ditions; for practice, it suggests attending to how students
emotionally experience mathematics lessons and tasks, not
only to whether they value the subject, experiences shaped
by activities, classroom interactions, and students’ interpre-
tations of what mathematics is and who they can be in rela-
tion to it (e.g., Takeuchi et al., 2016).

These interpretations are limited by reliance on TIMSS
items not designed to distinguish the two subcategories,
which constrains both. Several cognitive-subcategory items

are capability judgements from Students Confident in Math-
ematics that could be read as indicators of self-efficacy or
self-concept (e.g., Bandura, 1997; Zander et al., 2020), so re-
sults depend on the theoretical framing. The emotional sub-
category, meanwhile, contains no items on boredom or anx-
iety, both in Sumpter and Sollerman (2023) and in the usual
understanding of that subcategory (Pekrun, 2006), making it
narrower here than its name suggests. Purpose-designed in-
struments, ideally combined with qualitative methods cap-
turing how students articulate enjoyment, confusion, confi-
dence, frustration, and belonging, would address both con-
straints and permit a test of whether the cognitive-emotional
distinction is separable from the self-efficacy-interest dis-
tinction, which the present data were not designed to settle.

5.3 Gendered patterns as timing and dimension

The third aspect of the findings concerns gendered patterns
in mathematics-related affect. Gender differences in math-
ematics are often more pronounced in affective and self-
related constructs than in achievement itself, as measured
at given points in time (e.g., Brandell et al., 2007; Ganley &
Lubienski, 2016; Good et al., 2012; McGeown & Warhurst,
2020; Mejía-Rodríguez et al., 2021; Zander et al., 2020).
The present study further reports that such patterns are also
evident in longitudinal change. In the younger cohort, girls
were more likely than boys to show decreases in intrinsic
motivation and in both subcategories, most visibly in emo-
tional motivation, although all the differences were small; in
the older cohort, they were weaker and less consistent. Gen-
der differences, therefore, do not appear to strengthen pro-
gressively across school years; rather, the clearest gendered
change appeared early and in the emotional subcategory,
consistent with studies showing that gendered mathematics-
related patterns emerge early in schooling (Davey et al.,
2026; Martinot et al., 2025) and are reinforced through
schooling, classroom interaction, and cultural expectations
(Adamecz et al., 2025).

This relates to our earlier cross-sectional results: Sumpter
and Sollerman (2023) found the gender-emotional associa-
tion stronger at Grade 8, suggesting that gender differences
grow with age, whereas the present study locates the clear-
est gendered change in the younger cohort. The distinction
between level and change reconciles the two: differences in
level may widen across schooling while the gendered move-
ment producing them is unevenly distributed, being more
evident between Grades 4-5 than 8-9. This is consistent with
a gap that opens early and is then maintained rather than
continually increasing, a reading our two-wave data can pro-
pose but not confirm. Emotional motivation may therefore
be an important site for understanding how gendered rela-
tionships to mathematics develop, and supporting motiva-
tion may need to attend to early emotional changes rather
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than only to later course choices or performance outcomes.
This matters in a context such as Sweden, where participa-
tion in advanced mathematics remains relatively balanced
at upper secondary level (Skolverket, 2020) but the growth
of women’s participation at doctoral level in mathematics
has been markedly slower than in almost every other disci-
pline (Sumpter & Sumpter, 2021; see also Stoet & Geary,
2018). These interpretations should be treated with caution:
gender was measured as a binary variable, roughly a quar-
ter of each cohort is absent from the analytical samples, and
the study cannot identify the classroom practices, peer rela-
tions, teacher expectations, or cultural messages contribut-
ing to the observed patterns. Future studies should connect
longitudinal patterns to students’ experiences of mathemat-
ics classrooms, examine when gendered affective patterns
emerge and how they relate to later educational choices, and
test whether findings differ across other student groups.

Taken together, the results indicate that students’ intrin-
sic motivational orientation towards mathematics develops
unevenly and in dimension-specific ways, shaped by cohort,
subcategory, and gender.
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