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Abstract

Background: Comparative educational research has studied inequality in educational
outcomes through large-scale assessments like PISA and TIMSS, by identifying
achievement gaps within social groups (e.g., gender, parental education,

and immigrant gaps) to inform investment in intervention programs and educational
policies. However, the focus of these studies has mainly been on achievement,
neglecting social and affective adaptation factors (e.g., confidence, enjoyment,

and value). This paper argues for the inclusion of affective components in studying
educational inequalities and analyzes affective gaps using TIMSS 2019 data.

Method: We investigate gender, parental education, and immigration status gaps
regarding confidence, enjoyment, and attributed value for math learning. For context,
achievement gaps are also analyzed and accounted for with the goal of confirming
previous research and to assess its role in affective gaps. Regression analysis across 39
countries in TIMSS 2019 (23 in the case of immigration status) were conducted.
Complex sample designs were accounted for using the IDB Data Analyzer, sampling
weights, and the Jackknife Replication procedure to compute standard errors,

with pooled effect sizes calculated using a random effects model.

Results: Among the key findings, we observe that in the case of gender,

a clear general gap benefitting boys was observed in most countries for math
confidence, enjoyment, and value. As for parental education, the well-known results
concerning achievement are reproduced for the assessed affective components

of math learning, that is, students from highly educated parents have a clear tendency
to be more confident towards math, and to enjoy and value math learning more.
Finally, results are rather mixed in what concerns gaps according to immigration status,
as trends vary throughout nations. These results mainly remained when controlling

for achievement. At the country level, we found that achievement gaps correlate

with confidence gaps but not with enjoyment or value gaps.

Conclusions: Our findings highlight that affective gaps—differences in students’
confidence, enjoyment, and value attributed to math—are distinct from achievement
gaps and often follow unique patterns across gender, parental education,

and immigration status. While achievement gaps may correlate with confidence
gaps, they do not align with enjoyment and value gaps, underscoring that affective
dimensions of learning cannot be fully understood through achievement data alone.
This study sets out to contribute to a more holistic view on academic adaptation

when it concerns equalities in the field.
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Introduction

Equity in education has been defined as the guarantee that all students are provided with
the opportunities to benefit from their educational system, independently of their gen-
der, socioeconomic status (SES), and family background (OECD, 2014). The search for
strategies aimed at minimizing inequalities in the educational context is of growing con-
cern for researchers, practitioners, educational establishments and government authori-
ties, and has been set as one of the components of the United Nations Sustainability
Goals (United Nations, 2015).

With the aim of monitoring existing gaps, researchers have invested efforts into the
understanding of inequality in educational contexts, identifying gaps between stu-
dents from different genders, immigrant backgrounds and SES (e.g., Strello et al., 2023).
Although growing attention has been given to inequalities in education in the last dec-
ades, these efforts were predominantly based on achievement-based outcomes. Yet, one
would hardly argue against the fact that the adaptation of students to school should not
be reduced to their performance. In fact, Ladd (1989) defined school adjustment as a
child’s success in dealing with all difficulties, demands and tasks offered by the school
environment. Additionally, competence is frequently addressed as encompassing not
only cognitive components but also motivational aspects, and some come to suggest that
measures of competence should entail motivational aspects specific to the cognitive task
in hand (Weinert, 1999). This includes emotional and social demands of schooling, to
which a student might adapt with more or less difficulty.

In this study, we adopt an approach in which we look into inequalities of outcome
instead of inequalities of opportunity, while recognizing that both are relevant. The goal
of this study is to give a cross-national overview on the affective gaps on the basis of
gender, immigration status and parental education (PE; as an indicator of SES). For the
purposes of this paper, we focus on three indicators of math-specific affective adjust-
ment—confidence, enjoyment and value for math learning. We use data from an inter-
national large-scale study that surveyed affective factors of eighth graders related to
mathematics across 39 countries. The use of representative international data allows
us to generalize our findings to some extent and to explore variability in affective gaps

across countries.

Educational adaptation: multiple facets
As we have mentioned, educational adaptation encompasses several dimensions that go
beyond academic achievement, such as self-concept, motivation, and achievement emo-
tions. While academic achievement refers to the quantitative educational outcomes that
result from assessment (e.g., using test scores or marks assigned by teachers), affective
and emotional components of learning represent the relationship that students might
establish with the school and/or the learning process.

The emotional and affective relationships that students establish with their learning
environment and subjects is strongly associated with their achievement, resilience, and
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future aspirations (Martin & Rimm-Kaufman, 2015). Recently, a growing number of
studies has been focusing on the affective components of learning and its associations
with achievement, and a lot of this research makes use of large-assessment datasets such
as TIMSS (Trends in International Mathematics and Science Study; e.g., Chen, 2022;
Ivanova & Michaelides, 2022; Tze & Li, 2021). However, there seems to be a discrepancy
on the number of studies which investigate gaps on achievement, and those focusing on
gaps concerning affective components of learning, as the former receives much more
attention than the latter.

Several theoretical frameworks focused on motivation have highlighted the impor-
tance of achievement emotions, perceived competence, self-concept, and value for the
adaptation of students to their learning environment—e.g., Control-Value Theory (CVT;
Pekrun, 2006; Pekrun et al., 2007); Self-Determination Theory (SDT; Deci & Ryan, 2000),
and the Situated Expectancy-Value Theory (SEVT; Eccles & Wigfield, 2020). While CVT
focuses on achievement emotions and their impacts on motivation, learning and per-
formance, and characterizes emotions in terms of perceived control and control value
(Pekrun, 2006; Pekrun et al., 2007), SDT examines motivation on a continuum from
intrinsic to extrinsic, considering three main psychological needs (autonomy, compe-
tence, and relatedness) that need to be met in order for intrinsic motivation to be devel-
oped and maintained. In SDT, social and environmental factors are also considered as
influencing need satisfaction (Deci & Ryan, 2020). Finally, in SEVT, Eccles and Wigfield
(2020) explain motivation in terms of people’s expectancies, beliefs and values (attain-
ment, intrinsic, utility and cost), and more recently taking into account the relevance of
context in such aspects of motivation.

Social inequality in educational outcomes

Affective components of learning

It is widely recognized that motivational and cognitive performance outcomes are
equally important educational outcomes. Nonetheless, studies focusing on social
inequality in educational outcomes predominantly examine test performance, while
there are comparatively few studies investigating social gaps in motivational outcomes.
Although evidence has started to focus on both emotional and motivational aspects of
learning, the existing research is still scarce (e.g., Forsblom et al., 2022).

Well-known theories such as CVT, SDT and SEVT address the importance of affec-
tive components of learning to guide human behaviour and learning. Albeit each frame-
work takes into account slightly different views on motivation and affective adaptation
in the school context and how they relate to educational attainment, some similarities
are hardly ignored. For instance, it is clear that a measure of self-concept and/or percep-
tion of competence is present and deemed relevant as an indicator of motivation. Addi-
tionally, emotional states towards learning are also pointed out as essential aspects for
engaging in learning. Another common characteristic in these frameworks is that there
seems to be the need for an individual to see value in the subject/task at hand, and/or
to see few negative costs associated with it (Deci & Ryan, 2020; Eccles & Wigfield, 2020;
Pekrun, 2006; Pekrun et al., 2007).

Large-scale assessment studies such as TIMSS, PIRLS (Progress in International Read-
ing Literacy Study) and PISA (Programme for International Student Assessment), do
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not specify the development and usage of their measures upon such theoretical frame-
works such as CVT, SDT and SEVT, but some of the common aspects mentioned in the
previous paragraph are often taken into consideration in their assessment frameworks.
Hence, researchers have been making use of these publicly available data to explore
inherent aspects of these theories. Recently, for example, Zhang et al. (2023) tested the
factor structure of student science-learning motivation and SDT revealed a good fit to
the data, through the usage of scales concerning self-concept, intrinsic value, utility
value, and relatedness.

Research on gaps of the affective domain of confidence in particular is rather scarce,
although some evidence do show that boys have higher self-reported confidence for
math than girls (e.g., Bharadwaj et al., 2016, and more recently Radii¢ et al., 2024).
Hence, there is a clear need for investment in understanding gender, immigration status
and SES impacts on students’ confidence. As for gender gaps in regard to math enjoy-
ment, some research suggests, just as it is the case for achievement, that boys report
higher math enjoyment than girls (e.g., Bharadwaj et al., 2016; Ganley & Lubienski, 2016;
Gaspard et al., 2015; Nagy et al., 2006). However, that available evidence is not interna-
tional and applicable to all countries. The lack of evidence for gaps in math enjoyment
among SES and immigration status is also clear and calls for efforts to better identify
and comprehend them. As for math value, in the case of gender, research in Germany
has demonstrated that boys reported valuing mathematics more than girls, but only for
utility regarding future life and job, while no differences were found for utility regarding
school, daily life and the social domain (Gaspard et al., 2015). Nevertheless, in terms of
sub-group focus on utility value, it seems that very few studies have examined the role of
broad attributed value—including utility value—among adolescents belonging to ethnic-
racial minorities (e.g., Safavian & Conley, 2016).

It is also worth mentioning that as several theoretical frameworks informed us, affec-
tive components of learning mutually influence each other. As a case in point, evidence
proposes that students who see themselves as capable of solving math tasks also show
more enjoyment and less anxiety (Du et al., 2021; Forsblom et al., 2022; Li et al., 2021;
Zivkovic et al.,, 2023). A negative correlation among interest and anxiety is also often
observed (e.g., Zivkovic et al.,, 2023). Further, in a recent study, Andersen and Smith
(2023) observed that students’ interest and engagement was the most important factor
for their self-concept for both math and science, and even showing more relevance than
academic achievement. As for interventions aiming at interest enhancement, it has been
suggested that the impact of utility value on interest is dependent on students’ expecta-
tions of success (e.g., Durik et al., 2015). These findings underscore the complex inter-
play not only between achievement and motivational and affective aspects of learning
but also among the affective domains themselves.

Gaps related to immigration status are among the most understudied, yet they are
receiving increasing attention due to the rise in global migration trends. Although not
specific to confidence, enjoyment or value, we do know that motivation in general has
been a topic of interest in understanding immigrants’ adjustment in schools. Some
research has observed that students with an immigration background score the same or
even higher in self-reported motivation than their peers in different subjects (e.g. Aliv-
ernini et al., 2017; Castillo, 2020), which draws attention to the immigrant paradox (e.g.,



Campos et al. Large-scale Assessments in Education (2025) 13:12 Page 5 of 49

Hill & Torres, 2010). This paradox, although strongly recognized amongst the educa-
tional community, is still approached with some inconsistency in what concerns both its
definition and operationalization (Basarkod et al., 2022). Similarly, motivation is often
operationalized in different ways and thus research results and its comparability should
be approached and interpreted carefully.

The fact that evidence on the topic is scarce also leads to a lack of knowledge in what
concerns cross-cultural differences in affective components of math learning. Research
suggests that students’ cultural background is of relevance for their attitudes towards
math learning (e.g., Abba et al., 2024). Furthermore, more detail is needed in how differ-
ent nations approach attitudes towards math learning based on SES, gender and immi-
gration status. This information would be valuable in understanding the gaps in this

area.

Academic achievement

An achievement gap refers to significant performance differences among groups of stu-
dents, with some at a disadvantage compared to others. Researchers believe that such
gaps arise from systematic inequalities in educational opportunities, as is the case of
low household educational attainment, economic inequality, racial inequality (Hung
et al., 2020), and early gaps before schooling begins (Morgan et al., 2016). The PISA 2018
report disclosed that nearly 25% of participants did not meet the baseline math com-
petency (Schleicher, 2019), raising the question about whether these competencies are
equally distributed among socially defined groups, such as boys versus girls or natives
versus non-natives. In fact, recent analysis of PISA 2018 data assessed social inequalities
in math achievement (Strello et al., 2023), observing that in most countries boys out-
performed girls (although some exhibited the opposite trend). This gender achievement
gap has been observed previously in the field of mathematics across several countries
(Bharadwaj et al., 2016; Contini et al., 2017; Nagy et al., 2006).

In Strello et al’s work (2023), it was also observed that achievement gaps were signif-
icant between students with low and high SES, in which students with high SES per-
formed better. SES has been recognized for decades as a crucial predictor of achievement
(Coleman, 1966; Harwell et al., 2020; Hopfenbeck et al., 2018), with students of higher
SES usually achieving higher than their low SES peers (Chmielewski, 2019). According
to OECD (2013), SES accounts for about 15% of achievement differences, with some evi-
dence suggesting that this gap is growing (Broer et al., 2019).

Achievement gaps for immigrant students have also been identified, though their
direction varies across countries, with many showing no significant differences (Strello
et al., 2023). According to Porcu et al. (2023), differences between native and non-natives
students in both traditional and new immigrant countries are narrowing but still present.

Cross-national cultural differences ought to be taken into consideration when assess-
ing achievement and achievement gaps, as it might be of importance to explain achieve-
ment gaps across countries and concerning gender, SES and immigration status.
Previous research has indicated, for example, that students from countries with long-
term orientation and low indulgence are more likely to show higher achievement when
compared with students from countries with the contrary cultural characteristics (Meng
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& Liu, 2022). It has even been suggested that cultural factors can be more effective in
explaining performance than economic factors (e.g., Chen & Uttal, 1988; Leung, 2014).

The present study

The exploration of the achievement gap among gender, immigration status and SES is, as
we have explored, rather common. However, the exploration of motivational and affec-
tive gaps, either according to gender, immigration status or SES is scarce or does not
investigate in detail the different affective components—e.g., treating motivation as an
unidimensional construct when several theoretical frameworks point it as a multidimen-
sional and complex structure which drive human behaviors and persistence.

Existing research on this topic is limited, as it is often based on non-representative,
small-scale samples, making its reproducibility questionable (for a general discussion of
this issue, see Open Science Collaboration, 2015). When research is indeed conducted,
it focuses on individual social categories or individual affective variables. By utilizing
international data, we address the challenge that much of the existing evidence comes
from U.S.-based research, aiming for a more global perspective. The international com-
parative approach also enables us to explore variations in achievement and affective gaps
in the context of math learning.

The goal of this study is to offer a cross-national overview of the existing affective
gaps towards mathematics using TIMSS 2019 data. We aim to contribute to the litera-
ture by giving a generalized overview of existing or non-existing gaps across three affec-
tive domain of math-related learning—enjoyment, confidence, and value -, and across
groups defined by gender, immigration status and PE (as an indicator of SES). The bet-
ter understanding of these gaps has the potential to better explain achievement gaps as
well as students’ motivation in school, and to give different countries an understanding
of how their student population relates to the field of mathematics, possibly and partly
explaining achievement gaps as well. The analysis of a cross-country variation in social
affective gaps is also novel in the literature and is positioned to suggest system level fea-
tures and policies that could be associated with smaller or larger gaps. It is beyond the
scope of this paper to study such factors but variation in gaps is a precondition to study

their determinants.

Methods
Participants
In investigating social disparities in affective educational outcomes, we analyze nation-
ally representative data from the International Association for the Evaluation of Edu-
cational Achievement’s (IEA) Trends in Mathematics and Science Study (TIMSS) 2019.
TIMSS assesses the proficiency of fourth and eight grade students in mathematics and
science, as well as several aspects of students’ home and school, such as home environ-
ment and resources, school climate, and students’ attitudes towards learning. In the pre-
sent study, we center our analysis on the TIMSS 2019 dataset for eight grade students on
the subject of mathematics.

As for sampling procedures, TIMSS applies a two-stage cluster stratified sampling
strategy. In the first stage, schools are sampled with probability proportional to their size
(PPS) from the list of all schools in the population that contain eligible students. The
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second sampling stage consists of selecting one (or more) intact class from the target
grade of each participating school (LaRoche & Foy, 2020). For the purposes of this paper,
a total of 39 countries which participated in TIMSS 2019 were included, representing a
total of 224,080 students distributed among 7600 schools. Detailed information on the
sample descriptive statistics regarding gender, immigration status and parental highest
education level can be found in Table 1.

Measures

Educational outcomes

Confidence in Learning Math. The assessment of students’ confidence in learning math-
ematics involved having students indicating their level of agreement on a scale from 1
(“Agree a lot”) to 4 (“Disagree a lot”) to nine statements (e.g., “I learn things quickly in
mathematics” and “I usually do well in mathematics”).

Enjoyment in Learning Math. The assessment of students’ enjoyment in learning math-
ematics involved asking them to rate their agreement on a scale from 1 (“Agree a lot”) to
4 (“Disagree a lot”) for nine statements (e.g., “I like to solve mathematics problems” and
“I look forward to mathematics lessons”).

Value in Learning Math. The assessment of students’ perceived value in learning math-
ematics involved soliciting their responses on a scale ranging from 1 (“Agree a lot”) to 4
(“Disagree a lot”) concerning their agreement with nine statements (e.g., “I need mathe-
matics to learn other school subjects” and “It is important to learn about mathematics to
get ahead of the world”). Items for each dependent variable can be found in Appendix A.

Achievement in Math. Math achievement in TIMSS 2019 was assessed based on a
comprehensive framework developed through the collaboration of participating coun-
tries to reflect each national curriculum. In eight grade, the assessment of mathematics
achievement is done based on four main areas: number (30%), algebra (30%), geometry
(20%) and data and probability (20%). For the purposes of this study, analysis was con-
ducted using TIMSS’ plausible values, i.e., a set of multiple imputed proficiency scores
representing the range of a students’ possible performance if they had completed all
assessment items. TIMSS’ plausible values are generated through Item Response Theory
and a latent regression model incorporating student background data.

For the analytical framework of this study, we chose to use scaled scores for percep-
tions of liking, confidence, and value in learning mathematics. As detailed in TIMSS
2019 Technical Report (Yin & Fishbein, 2020), the scaling process for these measures
involved calibrating the 9 items of each scale across all participating countries using the
Rasch partial credit model. Following calibration, weighted maximum likelihood esti-
mation was applied to compute Rasch logit scale scores for all participating countries.
Higher scores for confidence, likeness and value are representative of higher reported
levels of such measure. Appendix 16A of the TIMSS 2019 Technical Report also present
the reliability measures for all the contextual variables used in this study.

Social categories
Gender. Students were asked about their gender with the question “Are you a boy or
a girl?” Students’ gender is coded as a dichotomous categorical variable, wherein 1
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Table 1 Descriptive statistics by country

Countries  Gender Immigration Parents’ Highest Sample
N (%) Background Education Level (SES) N
N (%) N (%)
Female Male Native Non- WithHE  Without  Students Schools
Native (High SES) HE (Low
SES)
Australia 4505 (49.7) 4555(50.3) 5832 (64.4) 2305 (254) 2968 (32.8) 2777 (30.7) 9060 284
Bahrain 2703 (47.2) 3022 (52.8) 3604 (63.0) 1290 (22.5) 2134(37.3) 1974(345) 5725 112
Chile 1985 (48.2) 2126(51.7) 3704(90.0)  128(3.1) 1226(29.8) 2286(55.6) 4115 164
Chinese 2450 (49.8) 2465 (50.2) 4564 (92.9) 28 (0.6) 1857(37.8) 2530(51.5) 4915 203
Taipei
Cyprus 1739 (49.4) 1782 (50.6) 2614 (74.2) 698(19.8) 1541 (43.8) 1070(304) 3521 98
Egypt 3854 (53.5) 3356 (46.5) 5818(80.7)  205(2.8) 2169 (30.1) 3781(51.6) 7210 169
England 1796 (53.4) 1569 (46.6) 2332(69.3) 552(164) 803(239) 864(25.7) 3365 136
Finland 2366 (48.5) 2508 (51.5) 4388(90.0)  236(4.8) 1646(33.8) 1393 (28.6) 4874 254
France 1904 (49.1) 1970(50.9) 2969 (76.6) 557 (144) 782(202) 1411(364) 3874 150
Georgia 1609 (48.5) 1706 (51.5) 2985 (90.0) 23(0.7) 897(27.1) 1504 (454) 3315 145
Hungary 2250(49.2) 2319(50.8) 4261 (93.3) 98 (2.1) 1668 (36.5) 2307 (50.5) 4569 154
Iran, Islamic 2940 (49.2) 3040 (50.8) 5544 (92.7) 217 (3.6) 1281(214) 4382(73.3) 5980 220
Rep of
Ireland 1973 (47.9) 2145 (52.1) 3093 (72.1) 626(15.2) 1338(32.5) 1572(382) 4118 149
Israel 1931 (51.8) 1800 (48.2) 2926 (784) 460 (12.3) 1678 (45.0) 1103 (29.6) 3731 157
Italy 1790 (49.5) 1829 (50.5) 3117(86.1)  343(95) 898(24.8) 2169(59.9) 3619 158
Japan 2278 (51.2) 2168 (48.8) 4222 (95.0) 26 (0.6) 1541 (34.7) 1668 (37.5) 4446 142
Jordan 3307 (46.1) 3869 (53.9) 5343 (745  699(9.7) 1949 (27.2) 4400(613) 7176 235
Kazakhstan 2188 (49.1) 2265 (50.9) 3881 (87.2) 260 (5.8) 1774(39.8) 2107 (47.3) 4453 168
Korea, Rep 1922 (49.8) 1939 (50.2) 3787 (89.1) 8(0.2) 1750(453) 965(25.0) 3861 168
of
Kuwait 2445 (53.8) 2129 (46.5) 3223(70.5) 717 (15.7) 1569 (34.3) 1545(33.8) 4574 171
Lebanon 2381(50.3) 2349 (49.7) 3625(766)  276(58) 1231 (26.0) 2301(486) 4730 204
Lithuania 1929 (504) 1897 (49.6) 3352 (87.6) 64 (1.7) 1154(30.2) 1384(36.2) 3826 194
Malaysia 3702 (524) 3363 (47.6) 6103 (86.4) 65(0.9) 925(13.1) 3838(54.3) 7065 177
Morocco 4237 (50.1) 4221 (49.9) 7901 (93.4) 79(09) 895(10.6) 6147 (72.7) 8458 251
New Zea- 2935(48.5) 3114 (51.5) 3889 (64.3) 1328(21.9) 1378(22.8) 1449(239) 6051 134
land
Norway 2252(49.2) 2315(506) 3275(716) 715(15.6) 2058 (45.0) 806(17.6) 4575 157
Oman 3342 (49.5) 3409 (50.5) 4940 (73.2) 1075(15.9) 1756 (26.0) 2943 (43.6) 6751 228
Portugal 1695 (50.2) 1682 (49.8) 2937 (87.0) 241(7.1) 967 (286) 1734(513) 3377 156
Qatar 1899 (48.9) 1985 (51.1) 1596 (41.1) 1744 (449) 1708 (44.0) 967 (249) 3884 152
Romania 2303 (51.2) 2191 (48.8) 4104 (91.3) 23(0.5) 1322(294) 2504 (55.7) 4494 198
Russia Fed- 1895 (48.6) 2006 (51.4) 3493 (89.5) 172 (44) 1731 (444) 1533(39.3) 3901 204
eration
Saudi 2884 (50.8) 2796 (49.2) 4075 (71.7) 555(9.8) 1632(28.7) 2824 (49.7) 5680 209
Arabia
Singapore 2366 (48.8) 2487 (51.2) 3500(72.1) 1000 (20.6) 1657 (34.1) 1700(35.0) 4853 153
South Africa 11,082 (53.2) 9731(46.7) 18,599 (89.3)  579(2.8) 3731(17.9) 12,822 (61.6) 20,829 519
Sweden 1945 (48.7) 2050(51.3) 2900 (72.6) 781(19.5 1353(33.9) 905(22.6) 3996 150
Turkey 2012 (49.4) 2045 (50.2) 3819(93.7) 50(1.2) 507(124) 3250(79.7) 4077 181
United Arab 10,991 (49.2) 11,339 (50.8) 9391 (42.0) 9414 (43.0) 7628 (34.2) 6064 (27.2) 22,334 623
Emirates
United 4344 (49.9) 4349 (50.0) 5694 (65.5) 1500(17.2) 3417(39.3) 2866 (33.0) 8698 273

States

Page 8 of 49
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Table 1 (continued)

Countries  Gender Immigration Parents’ Highest Sample

N (%) Background Education Level (SES) N

N (%) N (%)
Female Male Native Non- WithHE  Without  Students Schools
Native (High SES) HE (Low
SES)

Total 112,129 111,891 171,400 29,337 66,519 (29.7) 97,782 (43.6) 224,080 7600

(50.0) (49.9) (76.5) (13.1)

represents female and 2 represented male. In regression analysis, the female category
was considered the one of reference.

Immigration Status. Even though TIMSS 2019 did not report directly on students’
immigration status, this aspect was estimated following OECD (2014) guidelines, using
reports on the place of birth of the students’ parents and the reports of the students’
place of birth. At a more general approach, students were put into one out of two catego-
ries: natives (those who had been born in the host country and whose at least one parent
was also born in the same country) and non-natives (those who were either born outside
of the country as well as their parents, or those who were born in the country but whose
parents were born outside of the host country). In this approach for immigration status,
non-natives (or students with an immigration background) were coded as 0 while natives
were coded as 1. On a more detailed level, students were put into one out of three cate-
gories: natives (those who had been born in the host country and whose at least one par-
ent was also born in the same country), second-generation (2G) immigrants (those who
were born in the host country but whose parents were born outside the country), and
first-generation (1G) immigrants (those who were born outside the country and whose
parents were also born outside the country). Within this approach, natives were coded
as 0, 2G immigrants were coded as 1, and 1G immigrants were coded as 2.

Parental Education (PE). To assess for PE, used as an indicator of SES, we contrast
students whose parents attained university education (ISCED 5) against those with par-
ents possessing less than university education by adopting those two categories. In cases
where PE of both parents levels differed, the highest attainment between both parents
was considered, wherein even a single parent with university-level education classified
the students into the category of parents with university education. Instances with no
available information about both parents resulted in marking PE as missing.

Data treatment

All analyses are predicated upon an examination of three distinct forms of social
inequality pertaining to student affective skills within the cohort of 39 participating
countries in TIMSS 2019. The examined variables include PE, immigration
background, and gender, Specifically, analysis focused on estimating significant
gaps for math confidence, math enjoyment and math value, and these gaps were
separately explored according to gender, PE and immigration status. Achievement
gaps were also explored, as a benchmark for the analyses of affective gaps. At a later
stage of analysis, immigrant status’ gaps were analyzed further by comparing the
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belonging to the 1G and the 2G category. For that reason, only countries with at least
100 1G students and at least 100 2G students were a target for analyses according
to immigration status, to better account for an adequate sample size suitable for
comparisons with native students. Therefore, while 39 countries were analyzed for
the existence of gender and PE math-affective gaps, only 23 of these countries were
analyzed in the context of math-affective immigrant gaps.

At a first step of analysis, our analytical procedure involved a singular step,
wherein we ascertain the three distinct gaps per country through the estimation of
regression models for each affective skill. The model employed in this step is out-
lined as follows:

There is a linear regression equation for each education system used in this study,
with one independent variable (X;) and one dependent variable (Y) considered for
each regression model.

Y =80+ B1X1+¢

In this equation:

3

Y represents each dependent variable (math confidence, math enjoyment and

math value), which we are trying to predict.

+ By is the intercept, representing the expected value of ¥ when all independent
variables are set to zero.

+ f5; is the coefficient for each independent variable (X;). These independent vari-
ables are gender, immigration status and PE These coefficients represent the
change in Y for an one-unit change in the corresponding independent variable.

+ erepresents the error term, accounting for unexplained variation in Y.

At a second stage of analysis, the same regressions were run but accounting for
achievement. Hence, at this step, the employed model may be represented as follows:

Y =80+ B1X1+ BoXo+¢
In which:

+ f3, is now the coefficient for achievement (X,). This coefficient represents the
change of Y for an one-unit change in the corresponding independent variable.

Our analysis were conducted employing the IDB Data Analyzer (IEA, 2022), with
a specific focus on accommodating complex sample designs. We took the complex
sample design into account by using sampling weight. Further, we used the Jacknife
Replication procedure (JK2) to compute standard errors. All analysis involving plau-
sible values were replicated for each plausible value and the results were combined
using Rubin’s rules (Rubin, 1987). Pooled effect sizes were calculated in r software
using the rma() function from the metafor package (Viechtbauer, 2010) with the
Restricted Maximum Likelihood Estimation method. A random effects model was
chosen for the calculation of pooled effects to account for the variability of effect
sizes between countries, which was previously expected.
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Table 2 Pooled effect sizes of regressions ran separately

Educational outcome  Predictor B SE 95% CIMin  95%CIMax p
Confidence Gender 0.081 0.0M 0.059 0.103 <0.001
Immigration Status —-0.007 0014 —0.034 0.020 0.618
1G 0038 0013 0.014 0.063 <0.050
2G 0.013  0.009 —0.005 0.031 0.152
Parental Education 0.137  0.007 0.124 0.151 <0.001
Enjoyment Gender 0.052  0.009 0.035 0.069 <0.001
Immigration Status —0.050 0016 —0.080 - 0016 <0.050
1G 0075 0014 0.047 0.103 <0.001
2G 0.034 0014 0.014 0.054 <0.001
Parental Education 0.103  0.008 0.098 0.132 <0.001
Value Gender 0.039 0.009 0.021 0.057 <0.001
Immigration Status —0035 0014 —0.063 —0.007 <0.050
1G —0.059 0011 0.038 0.080 <0.001
2G —-0.033 0.007 0.018 0.047 <0.001
Parental Education 0.085 0.007 0.071 0.100 <0.001
Achievement Gender —-0013 0010 —0.032 0.007 0.119
Immigration Status —-0013 0035 —0.057 0.082 0.721
1G 0061  0.039 -0014 0.137 0.113
2G —-0.047 0026 —0.004 0.097 0.069
Parental Education —0.280 0010 0.260 0.300 <0.001
Table 3 Pooled effect sizes of regressions when controlling for achievement
Regression Predictor B SE 95% Cl 95%Cl p
Min Max
Confidence ~Gender Gender 0.083 0010 0.064 0.102  <0.001
Achievement 0042 0015 0.392 0451  <0.001
Confidence ~Immigration Status  Immigration Status —-0017 0011 —0.039 0.005 0.123
Achievement —-0428 0.022 0.384 0471 <0.001
Confidence ~ Parental Education Parental Education 0.019  0.006 0.007 0030 <0010
Achievement 0418 0.015 0.387 0448  <0.001
Enjoyment ~Gender Gender 0.053  0.008 0.037 0069  <0.001
Achievement 0280 0.014 0.253 0308  <0.001
Enjoyment~Immigration Status Immigration Status —0057 0016 —-0087 —-0036 <0001
Achievement 0283 0.213 0.241 0325 <0001
Enjoyment ~ Parental Education Parental Education 0000 0006 —0011 0.012 0.976
Achievement 0.281 0014 0.254 0308  <0.001
Value ~Gender Gender 0.040  0.009 0.023 0057  <0.001
Achievement 0.181 0012 0.157 0206  <0.001
Value ~Immigration Status Immigration Status —0038 0014 —-0067 —0010 <0010
Achievement 0173 0015 0.144 0.201 <0.001
Value ~ Parental Education Parental Education 0.037 0.006 0.026 0048  <0.001
Achievement 0172 0012 0.148 0.195 <0.001

Results

Analysis was performed for each affective component of math learning as well as
achievement in each of the socially defined groups. Results were mostly heterogeneous

Page 11 of 49
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Fig. 1 Affective gaps for gender (a), PE (b), and immigration status (c) as independent variables, and

confidence as dependent variable. For gender (a), regressions were run with female as the reference
category; for PE (b), regressions were run with low PE as the reference category; For immigration status (c),

regressions were fun with non-native as the reference category

in the sense that they varied greatly among countries. The pooled effect sizes are
presented in Table 2 and in Table 3. Detailed information on variation per countries is

presented below.

Gender gaps
Concerning gender, a significant gap for confidence benefiting boys was observed

throughout most countries (N=30, 76.9%). Only four countries revealed that girls were

significantly more confident in math learning than boys (Oman, Egypt, Jordan and

Bahrain), whereas the remaining five countries (12.8%) showed no significant differences
(see Fig. 1a and Model 1 of Table 4). When looking into the gender gaps in math
confidence when controlling for achievement (see Fig. 2a and Model 2 of Table 4), the
trend remains, with a total of 28 countries (71.8%) showing a gap benefitting boys and no
country showing the opposite gap.

As for gender gaps concerning math enjoyment, the pattern was similar to the one
observed with confidence, as the majority of counties (N=23; 59.0%) exhibit a gap
benefitting boys, whereas only two countries (5.13%, Cyprus and Malaysia) showed
the opposite trend. Around a third of the countries did now show a significant
difference (N =14, 35.9%) (see Fig. 3a and Model 1 of Table 5). When re-running the
analysis with achievement as a predictor as well as gender, the initial major trend
persists. Overall, 24 countries (61.5%) reveal an enjoyment gap benefitting boys and
only two (5.1%; Malaysia and Portugal) show the opposite trend. Again, about a third

of the countries (N=13, 33.3%) reveal no significant gap across gender regarding

math enjoyment (see Fig. 4a and Model 2 of Table 5).

Finally, in the case of attributed math value, the results show that about half the
countries in the analysis (N=21, 53.9%) presented that boys showed significantly

higher value for math learning than girls, whereas just four countries (10.3%;

Malaysia, Morocco, South Africa, and Turkey) showed the opposite trend. About a

third (N=14, 35.9%) showed no significant effect of gender on math value (see Fig. 5a

and Model 1 of Table 6). When taking achievement into account, the patterns for
math value remain roughly the same, with 24 countries (61.5%) showing a beneficial
gap for boys, four countries (10.3%; Malaysia, Morocco, South Africa, and Turkey)
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Fig. 2 Confidence gaps for gender (a), PE (b), and immigration status (c), while controlling for achievement.
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For gender (a), regressions were run with female as the reference category; for PE (b), regressions were run
with low PE as the reference category; For immigration status (c), regressions were fun with non-native as the

reference category
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Fig. 3 Affective gaps for gender (a), PE (b), and immigration status (c) as independent variables, and

02

a),
enjoyment as dependent variable. For gender (a), regressions were run with female as the reference category;
for PE (b), regressions were run with low PE as the reference category; For immigration status (c), regressions

were fun with non-native as the reference category

showing a beneficial gap for girls, and 11 countries (28.2%) showing no significant gap

(see Fig. 6a and Model 2 of Table 6).

When looking into achievement, it was observed that only about a third of the
countries showed an achievement gap concerning gender (N=13; 33.3%) and the
tendency was not clear. Specifically, six countries (15.4%) expressed a gender gap
benefitting boys, whereas seven countries (18.0%) showed a gap benefitting girls (see

Fig. 7a and Table 7).

PE gaps
education (HE) degree showed higher confidence than their peers (see Fig. 1b and Model

1 of Table 8). However when controlling for achievement, the scenery notably changes.
Firstly, only 14 (35.9%) out of the 39 countries show that a higher PE is associated with

higher confidence, compared to the totality of the sample when achievement is not con-
sidered. Furthermore, and somewhat surprisingly, three countries (7.7%; Chile, England,
and Turkey) even show the opposite trend (See Table 2b and Model 2 of Table 8).

In all countries, it was observed that children whose at least one parent had a higher
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Fig. 5 Affective gaps for gender (a), PE (b), and immigration status (c) as independent variables, and value
as dependent variable. For gender (a), regressions were run with female as the reference category; for PE (b),
regressions were run with low PE as the reference category; For immigration status (c), regressions were fun

with non-native as the reference category

As for the case of enjoyment, it is observed that the majority of countries (N=33,
83.6%) show a positive and significant effect signaling that students who have at least one
parent who has a HE degree tend to enjoy math more than those who do not, whereas
the remaining countries show no significant trend (see Fig. 3b and Model 1 of Table 9).
When looking to the PE enjoyment gap while controlling for achievement, once again,

the initial tendency substantially changes. In fact, the results become quite mixed, as

only six of the countries (15.4%) show a gap benefiting high PE, whereas surprisingly

eighth countries (20.5%) show the opposite trend (see Fig. 4b and Model 2 of Table 9).

Looking into PE’s gaps in math value, the first step of analysis shows a large tendency
for high PE to be associated with higher math value, although not as strong and consist-
ent as it happens with math confidence and enjoyment, as six countries (15.4%) indi-
cated no significant gap in comparison to 33 (84.6%) which did (see Fig. 5b; and Model 1

of Table 10). When controlling for achievement, the initial effect becomes less clear (see

Fig. 6b; and Model 2 of Table 10), with now only 23 countries (59.0%) showing a signifi-

cant effect of PE on math value, and 16 countries (41.0%) showing no effect at all.
Concerning achievement, and as predicted in accordance with previous literature, in
all countries with no exception there was a gap in which high PE was associated with

higher math achievement (see Fig. 7a and Table 7).
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Fig. 6 Value gaps for gender (a), PE (b), and immigration status (c), while controlling for achievement. For
gender (a), regressions were run with female as the reference category; for PE (b), regressions were run with
low PE as the reference category; For immigration status (c), regressions were fun with non-native as the

reference category
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Fig. 7 Achievement gaps for gender (a), PE (b), and immigration status (c). For gender (a), regressions were
run with female as the reference category; for PE (b), regressions were run with low PE as the reference
category; For immigration status (c), regressions were fun with non-native as the reference category.

Immigration status gaps
With respect to confidence, the results are rather mixed. Of the 16 countries (69.6%) out

of 23 that show significant differences, eighth of them are in favor of non-immigrants,

whereas the remaining eighth are in favor of immigrant students (see Fig. 1c; and Model

1 of Table 11). When controlling for achievement, results for math confidence remained

mixed although changing slightly. Specifically, in five countries (21.7%) natives report
higher math confidence than non-natives, whereas in nine countries (39.1%) the oppo-
site is true (see Fig. 2c; and Model 2 of Table 11). Table 12 shows differences in effects
according to immigrant generation, that is, presenting the effects separately for 1G and
2G immigrant students.

Concerning math enjoyment (see Fig. 3c; and Model 1 of Table 13), 13 (56.5%) out
of the 23 countries in the analysis revealed a gap in which students with an immigrant
background enjoy math more than natives. On the other hand, only about a quarter
(N=6, 26.1%) of the countries showed the opposite trend, while four countries (17.4%)
revealed no significant gap. For the case of enjoyment (see Fig. 4c; and Model 2 of
Table 13), unlike was the case for its gender and PE gap, controlling for achievement
maintained the overall initial observed effect, as 14 countries (60.9%) show a significant

gap benefiting students with an immigration background, and only three countries
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(13.0%; Jordan, Kazakhstan, and Oman) reveal the opposite trend, and around a quarter
of the countries (N=6, 26.1%) show no significant gap in enjoyment between natives
and non-natives. In fact, the inclusion of achievement only decreased the number
of countries with a gap benefiting natives (N=3) and increased by one the number
of countries benefitting non-natives in regard to math enjoyment. Table 14 shows
differences in effects according to immigrant generation, that is, presenting the effects
separately for 1G and 2G immigrant students.

When looking into the differences between natives and non-natives in terms of their
attributed math value (see Fig. 5¢; and Model 1 of Table 15), three quarters (N=17;
73.9%) of the countries considered for analysis reveal significant differences. However,
as said, these are mixed. While the majority of these 17 countries suggested that non-
natives attributed more value to math (N=12; 52.2%), five countries reveal the oppo-
site trend (21.7%). Controlling for achievement did not lead to a major change in the
initial observed trend (see Fig. 6¢; and Model 2 of Table 15), with 12 countries (52.2%)
still showing a significant gap benefiting non-natives, and now three countries (13.0%;
Kazakhstan, Oman, and South Africa) with a gap benefiting natives. Table 16 shows dif-
ferences in effects according to immigrant generation, that is, presenting the effects sep-
arately for 1G and 2G immigrant students.

Finally, about three quarters of the analyzed countries (N=17; 73.9%) revealed an
achievement gap, but once again results showed lack of consistency across nations. In 11
countries (47.8%) natives showed higher achievement than non-natives, whereas in six
countries (26.1%) the opposite was seen to be true. As for 1G immigrant students, they
do show an advantage in achievement compared to native students in nine countries
(39.1%), however, the opposite is true for seven countries (30.4%). When looking into
2G immigrant students, these show higher achievement in 12 countries (52.2%), whereas
the opposite is true for five countries (21.7%) (see Fig. 7a and Table 7).

When interpreting the results on immigration gaps, it is important to consider that the
meaning of the migration variable varies across countries. Characteristics of the country
of origin, race, and reasons for migration differ both at the individual level and between
countries. In this study, we provide an initial approach, acknowledging that the variation
in immigration-related results highlights the need for further research and more differ-

entiated analyses.

Correlation between gaps

Figure 8 shows the correlation trends among gaps. Only two associations stand out as
statistically significant. For both value (r=— 0.54, p<0.01) and enjoyment (r=— 0.59,
p<0.01), there is a negative and significant correlation between the immigrant and
gender gap. This means that in countries in which non-natives show higher value
and enjoyment towards math, there is a tendency for boys to also report higher levels
of value and enjoyment. More detailed graphs on correlations between gaps, with
visualization for each country correlation, can be found in Fig. 9. Figure 10 also allows
for the exploration of all 12 gaps explored in our analysis, in a summed-up view. Overall,
we highlight: (a) a positive and significant correlation between the achievement and
confidence gap for all predictors—meaning that when there is a gap benefitting boys,
natives and high PE students in achievement, there tends to be one benefitting boys,
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Fig. 8 Correlations between gender and PE (a), gender and immigration status (b), and PE and immigrant
status (c) gaps concerning achievement, math confidence, math enjoyment and math value. Axis ranges
differ between figures a-c due to varying coefficient extremes in each correlation analysis. Each image has
been scaled appropriately to accurately reflect its respective range of correlation values

Gaps included in correlation analysis

Dependent Variable
Gender - PE Gender- Immigration Status Immigration Status — PE

Confidence

Enjoyment

Enjoyment Ge

Enjoyment PE Gap

Value 3

Value Immigrant Gap

Value PE Gop

Achievement

Fig. 9 Correlations between gaps for each confidence, enjoyment, value, and achievement. Axis ranges
differ between figures due to varying coefficient extremes in each correlation analysis. Each image has been
scaled appropriately to accurately reflect its respective range of correlation values
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1. Achievement - Gender |

2. Achievement - Immigration Status 2
3. Achievement - PE 3
4. Confidence - Gender . -
5. Confidence — Immigration Status . 5
6. Confidence - PE 3’:@ 6
7. Enjoyment - Gender . 7
8. Enjoyment — Immigration Status ‘ 8
9. Enjoyment - PE {;“\ . 9
10. Value - Gender l::‘; ‘ 10

11. Value — Immigration Status . D . 11

12. Value- PE . .

el 1
Fig. 10 Significant correlations between all 12 analyzed gaps. Negative significant correlations are presented
in red and positive significant correlations are presented in blue; the size of the circle corresponds to the level
of significance of the correlation (smaller circles: p <0.05; medium circles: p <0.01; biggest circles: p<0.001)

natives and high PE students (respectively) in confidence as well; (b) a positive and
significant correlation between the enjoyment and confidence gaps for each predictor;
and (c) a positive and significant correlation between the enjoyment and value gaps for
each predictor.

Discussion

The goal of this study was to investigate existent math affective gaps within social
groups, based on gender, SES (in this case, using PE as an indicator), and immigration
status, while similarly assessing and controlling for achievement gaps. Partly, we aimed
at exploring the extent to which the researched academic achievement gap is mirrored
in affective skills—a learning domain that has been relatively understudied. This investi-
gation seeks to contribute to the existing literature by addressing the scarcity of research
into affective gaps related to gender, SES, and immigration status, and by doing it cross-
nationally. We start by discussing the observed results of math affective gaps and end
generally looking into the achievement gaps.

Math confidence

Although the exploration of confidence gaps is scarce, previous research suggests that
boys reveal higher confidence than girls (e.g., Bharadwaj et al., 2016; Radisi¢ et al,,
2024; Rodriguez et al.,, 2020). Our results were in accordance with such expectation,
since about three quarters of the participating countries showed that boys signifi-
cantly reported higher confidence than girls. Only Bahrain, Jordan, Egypt, and Oman
showed the opposite trend. Whereas some might argue that this result would be
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explained by higher achievement due to their highly positive associations—which has
been extensively reported in previous literature (e.g., Du et al., 2021; Huang, 2011; Lee
et al., 2022; Recber et al., 2018; Usher & Pajares, 2009)—our findings seem to partly
refute such argument. Firstly, our results regarding achievement were not clear on a
strong advantage for boys with TIMSS 2019 data for the eighth grade—while only six
countries showed higher math achievement for boys, a total of 30 countries showed
higher confidence for boys. This suggests some sort of imbalance in boys’ perceived
competence and their actual obtained achievement. Secondly, our second phase of
analysis included controlling achievement, and even when doing so, 28 out of 39
countries still demonstrated higher confidence for boys, and a positive and signifi-
cant pooled effect. Our results might be related to the Dunning-Kruger Effect (DKE),
which refers to a cognitive phenomenon characterized by a mismatch between per-
ceived and actual competence. The DKE might be revealed in two main ways: those
students with low ability/knowledge that overestimate their competence; and those
with high ability/knowledge but who underestimate their competence (e.g., Kruger
& Dunning, 1999). It has also been reported that the DKE is especially prone to be
found among low-achievers (Hansen et al., 2024). Concerning gender, some evidence
has suggested that boys tend to overestimate their performance more than girls (e.g.,
Boekaerts & Rozendaal, 2010), although results are rather inconclusive as there is also
significant research reporting no significant differences between genders (e.g., Tashiro
et al., 2021). On top of that, we also know that some cultures (such as those charac-
terized as being more collectivist) are more patriarchal in nature and hold views that
are more traditional towards gender, therefore leading to higher gender inequality
favoring males over females (e.g., Dormekpor, 2015). In this context, these types of
cultures recur to the process of socialization that promote the idea that mathemat-
ics is a subject “for boys” and that girls do not have the capacities to be good at it
(Meece & Scantlebury, 2006), which could partly explain the imbalance of math confi-
dence between genders. Another explanation might be found in theories of personal-
ity. Overall, we find that boys consistently report higher self-assessments than girls
in mathematics-related affective variables. This result aligns with research on gender
differences in personality traits, which indicates that women tend to score higher on
neuroticism (e.g., Schmitt et al., 2017). However, as in our study, these differences
vary across countries. The extent to which early gender gaps in subject-specific atti-
tudes are reinforced, as well as the role of general personality traits— which are them-
selves shaped by cultural factors—remain important questions for future research.

As for PE, it was observed that when not controlling for achievement, there was
a consistent gap in all countries in which students with high PE (i.e., in this case,
students with at least one parent with a HE degree) revealed higher math confidence.
However, when controlling for achievement, the scenery changed, with only about a
third of the countries maintaining such effect (however, the positive and significant
pooled effect was kept). These findings were rather interesting, as they suggest that a
big part of PE’s effect on math confidence might be due to the obtained achievement,
possibly because these students have higher access to educational resources (e.g.,
Bradley et al., 2003), tend to have less experiences that foster reading acquisition (e.g.,
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Buckingham et al.,, 2013), and have, overall, more economic, social and human capital
to help their development and educational path (e.g., Bradley & Corwyn, 2002).

Immigration status presented a varied picture, with some countries favoring native
students in confidence, others showing the opposite trend, and some displaying no sig-
nificant gap. The results remain similar even when controlling for achievement. This
landscape underscores the intricate dynamics of sociodemographic factors in shaping
students’ math confidence. We also highlight that migration trends as well as cultural
views on immigration vary across nations, and this might partly explain the variation in
these results.

Math enjoyment

Looking into differences in math enjoyment having gender as a predictor, a prevalent
gender-based enjoyment gap favouring boys was observed in the majority of countries,
as was previously suggested by existing research (e.g., Bharadwaj et al., 2016; Ganley
& Lubienski, 2016; Gaspard et al., 2015; Nagy et al., 2006). Only one country—Malay-
sia—revealed that girls enjoyed math learning significantly more than boys. This trend is
maintained when controlling for achievement, although positive emotions towards math
have been showed to be positively associated with higher achievement (Forsblom et al.,
2022; Garcia et al.,, 2016; Raccanello et al., 2018), which means that this relationship is
likely not fully explicative of the existing gender gap for math enjoyment.

The enjoyment gap between students of parents with and without HE demonstrated
a general trend in which for most countries, students whose parents had at least one
HE degree showed higher enjoyment toward math learning. In particular, nine countries
showed no significant gap in this regard, while the remaining revealed a gap benefit-
ting students of parents with a HE degree. However, this trend becomes less clear when
controlling for achievement, which might suggest that part of the reason why students
of parents without HE enjoy math less is due to their lower achievement, or vice-versa.
The described results suggest that math enjoyment is not as dependent on PE and math
confidence, as we observed that there were nine countries in which there was no gap
in math enjoyment when comparing students of low and highly educations parents (in
comparison to no countries with no gap for the case of confidence). We recommend that
some investment is made in understanding why such gap is not observed in these coun-
tries, as means to understand possible mechanisms that might be helping to buffer the
PE enjoyment gap in these countries.

As for immigration status, we saw that there was some variability of results, but that
in more than half the countries in the analysis (56.5%), non-natives enjoyed math more
than natives, with this pattern being stronger for 1G immigrants. On the other hand, six
countries had a gap benefitting natives and the remaining revealed no significant gap.
Accounting for achievement didn’t change this trend considerably, and in fact showed
one more country benefitting non-natives and three less countries benefitting natives,
strengthening the advantage of non-natives in math enjoyment in most countries.

Math value
In the analysis of the value gaps, notably, the gender-based value gap predominantly
favored boys in around half the participating countries, and the opposite trend was only
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significant in four countries. This complements the limited existing research (e.g., Gas-
pard et al,, 2015). When taking achievement into account, the pattern did not change
much, with the only change being the addition of new three countries showing a gap
benefitting boys. However, we highlight that for math value the benefit for boys is not as
clear as is the case for confidence.

Additionally, the value gap between students of parents with and without HE indicated
a widespread positive association of high PE with math value, emphasizing that students
with higher PE consistently attribute higher value to math. However, it is worth noting
that a few countries did not exhibit a significant difference in this aspect, introducing
variability in the association between PE and attributed value of math. When controlling
for achievement, the initial effect is slightly diminished, but the general pattern remains.

Regarding the immigration gap, once again diverse patterns were evident, with some
countries favoring native students, others showing a positive gap for non-natives, and
some displaying no significant gap. The mixed patterns of results remained similar even
when controlling for achievement. These findings accentuate the multifaceted nature of
how students from different backgrounds attribute value to mathematics. More research
is needed to complement these results, as there is a lack of evidence looking into attrib-
uted math value within minority communities (Safavian & Conley, 2016).

Even though the goal of this study was to explore general and universal trends con-
cerning affective gaps for math learning, we nevertheless underscore a few clear national
trends. In particular, we can see that only one country consistently shows no gender
gap in all three affective components: the United Arab Emirates. We also see that for
this country, the gender achievement gap is also not significant. In this sense, we can
highlight the United Arab Emirates stands out as showing gender equality for both the
achievement and affective component of math-learning, based solely on these results of
TIMSS 2019.

Finally, and in what concerns immigration status, we have observed that this is the
social grouping that leads to less consistent gaps among different nations. Yet, there are
specific countries that seem to benefit natives for all three affective components of learn-
ing: Oman, Portugal, Kazakhstan, and Jordan. In these countries, natives are consistently
more confident, show more enjoyment and value math more than non-natives. However,
in Oman, non-natives achieve better than natives, whereas in Kazakhstan there is no
achievement gap in this regard. As for Portugal and Jordan, in these countries natives
also achieve higher than non-natives. Hence, we highlight both Portugal and Jordan as
two countries in which students with an immigrant background are especially disad-
vantaged, both in terms of math achievement and their affective relationship with math
learning. While these results are evident in absolute figures, we should note that immi-
gration patterns differ across countries and this may affect our results, and the way we
consider comparability between nations, as one might fall into the error of comparing
different cultures and realities biasedly. Factors such as cultural differences and immi-
gration trends will lead to different realities and possibly explain differences between
countries.

Again, one should point out that these results are only stemming from TIMSS 2019
data and replications should be conducted in order to draw conclusions more confi-
dently. Moreover, when it comes to gaps related to immigration status and country
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comparison, it is extremely important for future research to consider the relevance of
different migration trends and patterns which highly differ across nations. Migration
trends, including the SES of migrants and the level of support available to them, might
influence the integration of non-natives into national education systems. By considering
these factors, future studies could better inform system-level policies that aim to reduce
disparities in mathematics education, both in terms of academic achievement and a pos-
itive affective adaptation.

The analysis of correlations between gaps was also quite interesting and allowed for
the detection of specific phenomenon. Firstly, we saw that the immigrant gap and gen-
der gap for both enjoyment and value are negatively correlated with one another—which
means, in general, that in countries in which students with an immigrant background
show higher enjoyment and value attributed to math, tend to also show a gap benefit-
ting boys (see Fig. 8). This result suggests the possibility of the existence of a profile of
countries characterized by the presence of a gap benefitting boys and non-native stu-
dents in what concerns math value and enjoyment. It might be useful for future research
to explore what specific factors in these countries lead to such trend—by conducting,
for instance, qualitative research aiming at understanding affective experiences in math
learning and analyzing it by both gender and immigration status. Additionally, the vari-
ation of these correlations among different countries, as show in Fig. 9, also suggests
that this trend is not universal, which highlights the importance of context-specific situ-
ations and solutions. Although the exploration of correlations between these gaps gives
us insights about the possible interactions between the affective outcome and social var-
iables, a better methodology to address this research question would include investigat-
ing interaction effects between different social variables. This could include, for example,
investigating how the effects of immigration status on affective outcomes might vary
across different levels of SES, or how gender gaps in affective components of math learn-
ing might differ between native and non-native students. Such interaction analysis has
the potential of discerning specific subgroups of students who might be more at risk
than others as well those who are more resilient. Moreover, this approach may be able
to provide specific information for different nations and identify which educational sys-
tems might be more beneficial for subgroups of immigrant students, potentially guiding
future educational policies and interventions. We highlight the need for investigation
looking into this research question.

Furthermore, when crossing all analysed gaps, we can find more relevant patterns.
Explicitly, we observe that achievement gaps are positively and significantly correlated
with confidence gaps, for all predictors; however, this does not happen for both value
and enjoyment. In other words, according to our results, countries where there is an
achievement gap tend to be the same in which there is a confidence gap for all three
predictors (i.e., gender, PE, and immigration status). Likewise, countries in which there
is an enjoyment gap tend to be the same in which there is a confidence gap for each pre-
dictor; and in the countries where there is an enjoyment gap, there tends to be a value
gap for all predictors. In this sense, we can have a general overview of the main interac-
tions between achievement, confidence, enjoyment, and value in what concerns math.
Specifically, we see that achievement mostly correlates positively and significantly with
confidence; confidence, besides achievement, correlated positively and significantly with
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enjoyment; and enjoyment, besides confidence, correlated positively and significantly
with value.

Finally, we also assessed the achievement gaps in the different social groups, as to
investigate to what extent they replicated previous literature. Overall, two-thirds of
countries showed no significant gender gap in math achievement. Countries with a gap
varied in direction, showing no consistent trend. These findings diverge from prior stud-
ies (Bharadwaj et al., 2016; Contini et al., 2017; Nagy et al., 2006; Strello et al., 2023),
that suggested a consistent male advantage, though most of these studies focused on
single countries. On the other hand, all countries showed a PE gap, consistent with
evidence that higher SES correlates with better math achievement (Broer et al., 2019;
Chmielewski, 2019; Strello et al., 2023). This highlights the importance of policies sup-
porting low-SES students to close achievement gaps. Finally, immigration status effects
were mixed. About three-quarters of countries displayed gaps, with two-thirds favouring
native students (e.g., Cyprus, Finland, France) and one-third favouring non-natives (e.g.,
Australia, Kuwait, Qatar). Notably, EU countries predominantly showed a gap favouring

natives.

Regional patterns and potential cultural explanations

While this study is largely exploratory, certain patterns emerge that raise important
questions for future research. Previous work by Johansson and Strietholt (2019) on
mathematics performance profiles identified clusters of countries with distinct strengths
and weaknesses in different mathematical subdomains. For example, English-speaking
and Nordic countries constituted a cluster that exhibited different performance patterns
compared to post-Soviet countries. The authors attributed these differences to cultural
factors reflected in national curricula. Similar regional clustering has been observed in
other studies, such as gender disparities in mathematics achievement, where boys tend
to outperform girls in most countries—except in several Arab states, where the gap is
reversed (e.g., Hastedt, 2016; Neuschmidt et al., 2022). Our findings provide preliminary
evidence for such well-documented regional patterns. In many countries, we observe
gender gaps favoring boys in mathematics-related affective factors, whereas these gaps
tend to be smaller in Arab countries, aligning with earlier findings on achievement dis-
parities (Hastedt, 2016). Additionally, in the context of immigration, we identify clusters
of countries where migration-related gaps follow consistent trends. In English-speaking
and Nordic countries, for instance, migration gaps tend to be larger and generally disad-
vantage immigrant students.

These regional patterns highlight the need for further research to explore the
underlying institutional and cultural factors that shape these differences. Our findings
shine a light on the potential impacts on culture in understanding math achievement
as well as math affective components of learning across gender, SES and immigration
status. Hofstede’s (1980, 2010) cultural dimension theory divides culture into multiple
dimensions: power distance, individualism/collectivism, masculinity/femininity,
uncertainty avoidance, long-term and short-term orientation, and indulgency/restraint.
Picking up on these terms, for instance, Hu et al. (2018) observed that countries with
long-term orientation (nations which value the importance of virtues that lead to
rewards in the future, like perseverance and resilience) tend to show higher math
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achievement. As for affective aspects of math learning, as expected, not much research
has been conducted, but some academics have explored the impacts of belonging to
more individualistic or collectivistic nation on math enjoyment, motivation and self-
efficacy (e.g., Bong et al.,, 2014; Diener et al., 2003; Mullis et al., 2016; Scheor et al., 2013).
Yet, more research is paramount to draw more reliable conclusions on the subject of
cultural aspects cross-nationally and their relevance in explaining math affective and
academic gaps, and therefore we highlight the importance of this topic being strongly
addressed in future research.

Limitations and contributions

When interpretating our results one should be careful not to draw conclusions without
precautions. Our study draws from only one international large-assessment dataset and
results ought to be replicated before confidently identifying them as established trends
and/or phenomenon. Plus, our analyses rely on self-reported data which are subjective
and potentially influenced by social desirability and cultural norms. Furthermore, this
study is a cross-sectional study, meaning that we cannot establish causal relationships
from the performed regression analysis. We should also consider that this investigation
focuses on inequalities of outcome instead of inequalities of opportunity, and it would
be interesting to reinforce our results by performing similar analysis in the context of
opportunity, as this would allow for a more complete understanding of the processes and
systemic factors contributing to the observed inequalities. Additionally, our research
design does not account for within-school differences, which are likely to partly explain
affective experiences of students. Nevertheless, our design and results contribute sig-
nificantly to the existing literature on affective components of math learning and ine-
qualities in education. Its novel approach to inequality beyond achievement follows a
crescent trend looking to a more holistic approach to school adjustment and recognizing
cross-country variation due to cultural and systemic differences. Future research should
replicate these analyses with more diverse data, both national (looking, for instance, at
between- and within-school differences) and international, and address the above-men-
tioned limitations to further extend the knowledge about affective and achievement ine-
qualities in math learning amongst different social groups.

Conclusion

In conclusion, our examination of math-related affective gaps manifested intricate
patterns across confidence, enjoyment, and attributed value. The gender disparities
observed in confidence and enjoyment, with boys generally holding a clear advantage,
highlight potential challenges in fostering gender-equitable learning experiences. PE was
positively associated with confidence and enjoyment levels, emphasizing the role of PE
in shaping students’ affective experiences toward math learning. Moreover, the nuanced
immigration-related gaps underscore the need for context-specific interventions to bet-
ter address the diverse dynamics within different countries.

When juxtaposed with the well-documented achievement gap, our findings unveil a
comprehensive portrait of students’ math-related experiences. Affective gaps provide
additional layers of understanding, showcasing how students’ confidence, enjoyment and
attributed value contribute to their overall engagement with the subject. Acknowledging



Campos et al. Large-scale Assessments in Education (2025) 13:12 Page 45 of 49

and addressing these affective gaps alongside the academic achievement is crucial for
devising effective educational strategies that promote both learning outcomes and
positive affective experiences in mathematics. This holistic perspective offers valuable
insights into the multifaceted nature of educational disparities and informs targeted
interventions to enhance students’ overall math experiences.

Since we examined affective gaps using standardized measures from an international
perspective, we can—to some extent—compare the results across countries, and observe
significant variations in these gaps between countries. We interpret these findings as an
indication that explanatory variables for affective differences are, at least partially, situ-
ated at the institutional level. Countries differ in terms of their culture, the role of affec-
tive variables in national curricula, and the characteristics of their education systems.
While investigating which country-level characteristics correlate with or explain affec-
tive gaps was not the focus of this study, the substantial variation observed across coun-
tries underscores the need for further comparative research on this issue.

Appendix A. Items for dependent measures

TIMSS item code

Math enjoyment

1. I enjoy learning mathematics BSBM16A
2.1 wish I did not have to study mathematics BSBM168B
3. Mathematics is boring BSBM16C
4. | learn many interesting things in mathematics BSBM16D
5. 1like mathematics BSBM16E
6. | like any schoolwork that involves numbers BSBM16F
7.1 like to solve mathematics problems BSBM16G
8.l look forward to mathematics lessons BSBM16H
9. Mathematics is one of my favorite subjects BSBM16I
Math confidence
1.1 usually do well in mathematics BSBM19A
2. Mathematics is hard for me than for my classmates BSBM198B
3.1am just not good at mathematics BSBM19C
4. I'learn things quickly in mathematics BSBM19D
5. Mathematics makes me feel nervous BSBM19E
6.1 am good at working out difficult mathematics problems BSBM19F
7. My teacher tells me | am good at mathematics BSBM19G
8. Mathematics is harder for me than any other subject BSBM19H
9. Mathematics makes me confused BSBM19I
Math value
1.1 think learning mathematics will help me in my daily life BSBM20A
2.1 need mathematics to learn other school subjects BSBM208B
3.1 need to do well in mathematics to get into < university > of my choice BSBM20C
4.1 need to do well in mathematics to get the job | want BSBM20D
5.1 would like a job that involves using mathematics BSBM20E
6. It is important to learn about mathematics to get ahead of the world BSBM20F
7. Learning mathematics will give me more job opportunities when | am an adult BSBM20G

8. My parents think that it is important that | do well in mathematics BSBM20H
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TIMSS item code

9. It is important to do well in mathematics BSBM20I
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