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Introduction: Mathematics anxiety (MA) is an important risk factor hindering the development of
conﬁdence and capability in mathematics and participation in the science, technology, engineering, and mathematics workforce. The aim of the present study is to further our understanding of these relations in adolescence by adopting a threefold approach. First, we adopted a
longitudinal design to clarify the temporal order in the developmental relations between (a) MA
and mathematics achievement and (b) MA and mathematics self-perceived ability. Second, we
investigated whether the developmental relations between MA and mathematics achievement/
self-perceived ability diﬀered between boys and girls. Finally, we explored the domain-speciﬁcity
of MA by examining its role in foreign language (L2) learning.
Methods: Data were collected from 1043 Italian high school students. Students reported their
anxiety, self-perceived ability, and school achievement in mathematics and L2 over two separate
waves, one semester apart.
Results: Using multi-group cross-lagged panel analyses, we found that (a) mathematics
achievement predicted MA longitudinally, whereas MA did not predict subsequent mathematics
achievement; (b) there was a negative reciprocal relation between MA and mathematics selfperceived ability in male, but not female students; and (c) there were longitudinal relations
between MA and L2 achievement and self-perceived ability above and beyond L2 anxiety.
Conclusions: These ﬁndings support the deﬁcit view of the developmental relation between MA
and mathematics achievement, highlight high school male students as a vulnerable group
evincing vicious transactions between high anxiety and low self-eﬃcacy in mathematics, and
reveal the importance of internal cross-domain comparison processes in MA development.

1. Introduction
Mathematics anxiety (MA) refers to the experience of fear and apprehension in the anticipation or in the midst of mathematicsrelated activities (Hopko, Mahadevan, Bare, & Hunt, 2003). MA has been proposed as one important risk factor in the development of
lower subjective conﬁdence and objective capability in mathematics, as well as lower rates of participation in the science, technology,
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engineering, and mathematics (STEM) workforce (Dowker, Sarkar, & Looi, 2016; Ramirez, Shaw, & Maloney, 2018). The important
implications of these negative relations warrant further investigation into the development of MA and its dynamic relations with
these mathematics-related outcomes. Grounded in the Control-Value Theory of achievement emotion (Pekrun, 2006), the current work
addressed three under-investigated areas of research in adolescence, namely: (1) the directionality of the relation between MA and
mathematics achievement and self-perceived ability, (2) gender diﬀerences in these developmental associations, and (3) the relation
between MA development and the development of conﬁdence and ability in other academic domains.
1.1. The developmental relations between MA, achievement and self-perceived ability
Theoretically, the Control-Value Theory proposes a dynamic reciprocal relation between achievement emotion and academic
performances, and between achievement emotion and control/value beliefs over time (Pekrun, 1992, 2006). Achievement emotion
refers to emotions that are tied directly to achievement activities or outcomes. For example, some students may experience MA as
they sit in a mathematics class (i.e., activity emotion), others may experience MA primarily in anticipation of an upcoming
mathematics exam (i.e., outcome emotion). According to the Control-Value Theory (Pekrun, 2006; Pekrun, Frenzel, Goetz, & Perry,
2007), individuals' emotional experiences in a particular academic domain are shaped by their perceived control over and utility
value of the learning activities and outcomes in that domain. In turn, these domain-speciﬁc achievement emotions aﬀect students’
learning behaviors and academic outcomes, which ultimately inﬂuence their perceived control over their behaviors and outcomes in
that domain. In this way, achievement emotions, self-perceived control, and academic achievement transact reciprocally (Ahmed,
Minnaert, Kuyper, & van der Werf, 2012; Pekrun, Lichtenfeld, Marsh, Murayama, & Goetz, 2017). Pertinent to the current investigation, poor mathematics achievement and a perception of low mathematics ability imply less control over the likelihood of
success in mathematics, which may cause anxiety about future outcomes. This is consistent with the deﬁcit view of MA, which posits
that students with low mathematics ability experience more obstacles in their mathematics education, which may translate into more
negative emotions towards mathematics (Tobias, 1986). In turn, MA may lead to a sequence of actions such as avoidance of learning
and practice in mathematics, which will result in poor achievement and reinforce a sense of lack of control. This aligns well with the
debilitating view of MA, which posits that MA causes mathematics deﬁcits through competing for cognitive resources (Ashcraft &
Moore, 2009; Beilock & Carr, 2005; Suárez-Pellicioni, Núñez-Peña, & Colomé, 2014), and fostering behavioral avoidance in
mathematics learning (Hembree, 1990).
Empirically, studies have shown that higher MA is associated with lower mathematics performance and lower perceived control in
mathematics (Hembree, 1990; Ma, 1999; Namkung, Peng, & Lin, 2019), relations that are observed across diﬀerent cultures
(Kalaycioğlu, 2015; Lee, 2009). Yet, most existing studies examining these relations rely on correlational and cross-sectional designs,
failing to clarify the direction of these observed relations. Among the few studies that utilized a longitudinal design, ﬁndings are
mixed with respect to the directions of the relations.
Regarding the relation between MA and mathematics achievement, several studies in early elementary school students provide
evidence supporting the debilitating view of MA and suggest that the prediction ﬂows from MA to mathematics achievement
(Cargnelutti, Tomasetto, & Passolunghi, 2017; Ching, 2017; Vukovic, Kieﬀer, Bailey, & Harari, 2013). Two of these longitudinal
studies, one in a group of Chinese students and the other in a group of U.S. students, found that MA in Grade 2 predicted lower
mathematics performance and lower gains in mathematics achievement in Grade 3 (Ching, 2017; Vukovic et al., 2013). However,
these two studies did not examine the eﬀect of early mathematics achievement on subsequent development of MA. Using a crosslagged panel model that allowed the examination of eﬀects in both directions, one study in a group of Italian students found that MA
in Grade 2 predicted mathematics achievement in Grade 3, whereas mathematics achievement in Grade 2 did not predict MA in
Grade 3, supporting the debilitating view of MA (Cargnelutti et al., 2017). However, a recent study that employed a similar design
found that MA and mathematics achievement mutually predicted each other across six months in a group of ﬁrst and second graders
in the U.S. (Gunderson, Park, Maloney, Beilock, & Levine, 2018). Two other longitudinal studies examined the relation between MA
and mathematics achievement in adolescence. In support of the deﬁcit view of MA, one longitudinal study in a large nationally
representative sample of middle and high school students in the U.S. reveals that the prediction ﬂows from mathematics achievement
to MA (Ma & Xu, 2004). Using a multi-wave longitudinal design, this study found that mathematics achievement consistently predicted subsequent development in MA, but MA did not predict subsequent achievement development. However, another study in a
group of German secondary school students found evidence supporting the reciprocal view of academic emotion and achievement
outcomes (Pekrun et al., 2017). Speciﬁcally, negative reciprocal relations were found between negative mathematics emotions,
including MA, and mathematics achievement across a four-year span (Pekrun et al., 2017).
Regarding the relation between MA and perceived control in mathematics, the most commonly examined aspect of perceived
control is mathematics self-perceived ability or self-eﬃcacy (Hembree, 1990), which refers to an individual's belief in successfully
executing actions required for the desired outcomes (Bandura, 1977). Hembree's meta-analysis reported strong negative correlations
(~−0.7) between MA and self-perceived ability in mathematics based on cross-sectional studies (Hembree, 1990). Similarly, more
recent cross-sectional studies revealed modest to moderate negative associations between MA and mathematics self-perceived ability
in children from non-western cultures across all school ages (Akin & Kurbanoglu, 2011; Justicia-Galiano, Martin-Puga, Linares, &
Pelegrina, 2017; Lavasani, Hehazi, & Varzaneh, 2011; Nie, Lau, & Liau, 2011).
Two studies used longitudinal data to examine the relation between MA and mathematics self-perceived ability. In one study of
middle school students, it was found that higher perception of one's own mathematics ability predicted lower subsequent MA (Meece,
Wigﬁeld, & Eccles, 1990). However, this study did not examine the predictive eﬀect of MA on subsequent self-perceived ability. One
other study in a group of middle school students found supporting evidence for the Control-Value Theory (Ahmed et al., 2012),
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showing that students with higher MA developed lower mathematics self-perceived ability, and students with higher self-perceived
ability developed lower MA one year later.
To summarize, the limited literature presents mixed ﬁndings regarding the directions of the associations between MA and
mathematics achievement/self-perceived ability. One possible reason for this inconsistency is that several longitudinal studies were
not designed in a way in which eﬀects in both directions can be tested (Meece et al., 1990; Vukovic et al., 2013). In the present study,
by measuring all constructs at two diﬀerent time points, we were able to examine eﬀects in both directions. Additionally, diﬀerent
studies focused on diﬀerent educational stages. It is possible that the developmental relation may change across educational stages,
resulting in diﬀerences between studies on childhood (e.g., Gunderson et al., 2018; Krinzinger, Kaufmann, & Willmes, 2009) and
studies on adolescent years (e.g., Ahmed et al., 2012; Ma & Xu, 2004). While most longitudinal studies were conducted in elementary
and middle school students, only one study investigated the link between MA and mathematics achievement in high school students
(Ma & Xu, 2004), and none has examined the link between MA and mathematics self-perceived ability in high school students. Thus,
the present study ﬁrst aimed to contribute to this under-investigated area by examining the longitudinal relations between MA and
mathematics achievement/self-perceived ability in high school.
1.2. Gender speciﬁcity
The second aim of the present study was to explore possible gender diﬀerences in the developmental relations between MA and
mathematics achievement/self-perceived ability. The Control-Value Theory argues that the relations between perceived control and
achievement emotions should be structurally equivalent in male and female students (i.e., achievement emotions depend on subjective control and value to the same degree in both genders), although the mean levels of perceived control and achievement
emotions may diﬀer between the two gender groups (Pekrun, 2006). Most existing studies on gender diﬀerences focused on mean
level diﬀerences. Results from meta-analyses suggest that at the mean level, male students are more conﬁdent in their mathematics
ability and less anxious about mathematics compared to female students, but female students’ mathematics performance are on par
with their male peers (Else-Quest, Hyde, & Linn, 2010; Hyde, 2014). Very few studies have explored gender diﬀerences in the
strengths of the relations between MA and mathematics achievement/self-perceived ability. Among these studies, one found that MA
was related to arithmetic calculation more strongly in adult men than adult women (Miller & Bichsel, 2004). Similarly, in a group of
middle to high school students, one study found that mathematics achievement predicted MA more consistently in male students than
in female students (Ma & Xu, 2004). However, two other studies in groups of younger students showed the opposite pattern, where a
negative correlation between MA and math performance was found in middle school girls but not boys (Devine, Fawcett, Szűcs, &
Dowker, 2012; Geary et al., 2019). Given that only a few studies explored gender diﬀerences in the relations between MA and
mathematics development and presented mixed ﬁndings, the present study aimed to further explore this under-investigated question.
1.3. Domain speciﬁcity
The third aim of the present study was to investigate whether the relations between MA and mathematics achievement/selfperceived ability are speciﬁc to the mathematics domain. In other words, is MA associated with achievement and motivation in other
academic domains? The Control-Value Theory posits that achievement, perception of one's control (or ability), and achievement
emotions are primarily linked with one another in a domain-speciﬁc manner (Pekrun, 2006). For example, MA is a mathematics
domain-speciﬁc emotion that is theorized to be unrelated to achievement and motivation in other academic domains. Some empirical
evidence supports this argument by showing a minimal correlation between MA and verbal achievement (Hembree, 1990).
While the Control-Value Theory focuses on the domain-speciﬁc relations, an alternative theory on achievement emotion, the
Generalized Internal/External Frame of Reference Model (Möller, Mϋller-Kalthoﬀ, Helm, Nagy, & Marsh, 2016), focuses on the crossdomain relations. This theory posits that the development of achievement emotions in one domain is also subject to the inﬂuence of
achievement and self-perceived ability in another domain, and that achievement emotion in one domain may also aﬀect achievement
and self-perceived ability development in another domain (Möller et al., 2016). According to the Generalized Internal/External Frame
of Reference Model, individuals engage in both external (comparing one's achievement in one domain to others' achievement in the
same domain) and internal (comparing one's achievement in one domain to one's achievement in another domain) comparison
processes in the formation of emotion and motivation in learning (Arens, Becker, & Möller, 2017; Möller, Retelsdorf, Köller, & Marsh,
2011). If a student has better verbal achievement than mathematics achievement, or if a student is more conﬁdent with his/her verbal
ability compared to his/her mathematics ability, an internal comparison between the two domains may lead to more anxiety about
the lower-achieving or less conﬁdent domain (i.e., mathematics; Arens et al., 2017; Möller et al., 2011). It is also possible that higher
MA may, in turn, steer students away from mathematics learning and toward language learning, which would result in further
decreases in achievement and self-perceived ability in mathematics and increases in these constructs in the verbal domain, a proposition yet to be tested. One recent cross-sectional study incorporated within-domain and cross-domain relations into the same
model, and found that test anxiety in mathematics was positively associated with verbal achievement and self-perceived ability
(Arens et al., 2017). The Generalized Internal/External Frame of Reference Model (Arens et al., 2017; Möller et al., 2011) argues that the
positive correlations between test anxiety in mathematics and achievement and self-perceived ability in the verbal domain were
driven by an internal comparison process.
Largely missing from the literature are studies that incorporate anxiety, self-perceived ability, and achievement from more than
one domain in a longitudinal design, which allows for the investigation on how these cross-domain relations evolve over time.
Therefore, the third aim of the present study was to address this major gap by investigating the relations between anxiety and
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achievement/self-perceived ability in the domains of mathematics and foreign language learning (L2) simultaneously in a longitudinal design. We focused on investigating whether L2 achievement/self-perceived ability predict subsequent development in MA,
and whether MA predicts subsequent development in L2 achievement/self-perceived ability.
We chose to examine L2 as the other domain for two main reasons. First, in line with the Generalized Internal/External Frame of
Reference Model and the dimensional comparison model (Arens et al., 2017), a verbal domain, such as foreign language learning,
stands in contrast to a quantitative domain. Several studies have shown negative correlations between L2 self-concept and mathematics achievement (Marsh, Kong, & Hau, 2001; Mӧller, Streblow, Pohlmann, & Kӧ;ller, 2006; Xu et al., 2013), suggesting that
students may engage in internal comparison processes in these two domains. Second, there is a well-established literature on L2A.
Valid and reliable measures of L2A have been developed (Csizér & Kormos, 2009; Horwitz, Horwitz, & Cope, 1986). There have also
been numerous studies on understanding the underpinnings of L2A, such as the sources of variability in L2A and eﬀects of L2A on L2
learning and achievement (for a review, see Horwitz, 2010). In general, students with higher L2A have lower L2 proﬁciency, are less
willing to communicate in L2, and tend to underestimate their ability in L2 communication (MacIntyre & Charos, 1996; MacIntyre,
Noels, & Clément, 1997; Sparks, Patton, Ganschow, & Humbach, 2009).
1.4. Aims and hypotheses
To summarize, the present study aimed to advance our understanding of the developmental relations between MA and mathematics achievement and self-perceived ability by 1) utilizing a longitudinal design to investigate the direction of eﬀects; 2) examining
gender as a moderator to explore whether and how MA relates to mathematics achievement/self-perceived ability diﬀerentially
between male and female students; and 3) incorporating another academic domain (L2) to investigate the domain speciﬁcity of the
MA – mathematics achievement/motivation relations. We formulated our hypotheses based on the Control-Value Theory. We hypothesized that there would be negative reciprocal relations between MA and mathematics achievement, as well as between MA and
mathematics self-perceived ability (aim 1). We hypothesized that there would be no diﬀerence (i.e., structural equivalence) between
male and female students in the relations between MA and mathematics achievement/self-perceived ability (aim 2). Finally, we
hypothesized that MA and achievement/self-perceived ability in L2 would not be longitudinally related (aim 3). To exclude possible
confounding of domain-general processes, general anxiety and general cognitive abilities, including verbal ability, non-verbal reasoning ability, and working memory, were controlled for in the investigation of the three main research questions.
In the present study, we focused on investigating the above three questions in high school students. High school is a stage when
important educational and occupational choices are made. As students decide which higher education or career trajectory to embark
on, they may need to consider and critically evaluate their ability level in a domain, their self-conﬁdence in future success in that
domain, as well as their potential emotional well-being pursuing careers in that domain (Ganley, George, Cimpian, & Makowski,
2018; Hackett, 1985; Moakler & Kim, 2014), which renders these constructs and their relations salient in this developmental stage.
Additionally, high school is a stage when students’ academic motivation becomes more diﬀerentiated among diﬀerent domains
(Bong, 2001). As students pitted their emotions, motivations, and ability levels in one domain against another to decide on an
education or career path, the internal cross-domain comparison process may also be particularly salient during high school. Yet, few
studies have investigated issues such as the directions of the eﬀect, gender-speciﬁcity, and domain-speciﬁcity in this important
educational stage in a longitudinal design. Therefore, by focusing on high school students, the current study would contribute to our
growing understanding of how the relations between achievement emotion and achievement/self-perceived ability within and across
domains develop in this critical period of time.
2. Methods
2.1. Participants
Participants in the present analyses were part of the Multi-Cohort Investigation into Learning and Educational Success (MILES)
study (www.projectmiles.com). Students from three opportunistically selected state high schools (one Licee, more academically
oriented, and two Technical schools) in the Province of Milan were invited to participate in the study in February (wave1) and June
2016 (wave2). These two data collections took place at the end of the autumn and spring semesters, respectively. In total, 1083
students participated in wave1, of whom 444 students also participated in wave2. The present study analyzed data from the 1043
(53% female) students who provided data on at least one wave1 measure. Multivariate analysis of variance suggested that there were
no signiﬁcant diﬀerences between students who participated only in wave1 and those who participated in both waves in any of the
main study variables (i.e., MA, L2A, mathematics achievement, L2 achievement, mathematics self-perceived ability, and L2 selfperceived ability in both waves; Wilk's λ = 0.98, p = 0.973). The age of the students ranged from 14 to 21 years in wave1
(M = 15.86, SD = 1.52). The distribution of the sample across schools and grades are shown in supplementary materials Table S1.
MILES received approval from the teachers' and parents' committee of every school, as well as ethical approval from Goldsmiths
University of London.
2.2. Measures
All measures were administered online in Italian. Prior to the ﬁrst wave of data collection, all measures were translated from
English to Italian and piloted on a sample of 70 students in Milan. The distribution and internal validity of each construct as well as
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the correlations between constructs were comparable to those obtained with the validated English versions of the measures administered to English-speaking samples. The translated measures are included in the supplementary materials (Table S2 – S5).
2.2.1. Mathematics anxiety
The Abbreviated Mathematics Anxiety Scale (Hopko et al., 2003) was used to measure MA. Students were asked to rate on a 5point scale (1 = not at all; 5 = very much) how anxious they feel in nine mathematics-related situations, such as “taking an
examination in a math course”. This scale showed good internal reliability, with Cronbach's α being 0.85 in wave1 and 0.88 in wave2.
A MA score was calculated by taking the mean of all item scores. Higher scores represented higher MA.
2.2.2. Foreign language (L2) anxiety
The seven anxiety items from the L2 motivation scale developed by Csizér and Kormos (2009) was used to measure L2 anxiety.
Students were asked to rate on a 5-point scale (1 = not true at all; 5 = very true) to what extent each statement applied to them.
Students who were studying more than one foreign language were asked to think about their main foreign language when answering
the questions. An example item was “I would feel uneasy speaking the foreign language I study with/to a person who speaks that
language”. L2 anxiety score was calculated by taking the mean of all item scores, with higher scores indicating higher L2 anxiety.
Cronbach's α for the L2 anxiety scale was 0.88 in wave1 and 0.90 in wave2.
2.2.3. Mathematics self-perceived ability
To measure self-perceived ability in mathematics, students were asked to rate how good they believed they were at three
mathematics-related activities on a 5-point scale (1 = not good at all; 5 = very good; Spinath, Spinath, Harlaar, & Plomin, 2006).
The three activities were solving number and money problems, doing mathematics in one's head, and multiplying and dividing
numbers. Cronbach's α for this scale was 0.77 and 0.80 respectively in wave1 and wave2. The three items were averaged to obtain the
mathematics self-perceived ability score. Higher scores represented higher self-perceived ability in mathematics.
2.2.4. Foreign language (L2) self-perceived ability
L2 self-perceived ability was measured by asking students how good they believed they were at L2 reading, writing, and grammar
on a 5-point scale (1 = not good at all; 5 = very good; Spinath et al., 2006). Note that the original scale administered to English
speakers measures self-perceived ability in reading, writing, and spelling. We adapted spelling to grammar due to inherent diﬀerences
among languages. Cronbach's α was 0.81 in wave1 and 0.83 in wave2. L2 self-perceived ability score was obtained by averaging the
three item scores, with higher scores representing higher self-perceived ability in L2.
2.2.5. Mathematics and foreign language achievement
Students self-reported their school grades in mathematics and L2 classes in both waves. Scores ranged from 4 to 10. Higher scores
indicated better achievement performance.
2.3. Covariates at Wave1
2.3.1. General anxiety
Students' general anxiety was measured using the Generalized Anxiety Disorder 7-item scale (Löwe et al., 2008). Students were
asked how often they have been bothered by a number of problems during the past two weeks using a 4-point scale (1 = not at all;
4 = nearly every day). An example item was “feeling nervous, anxious, or on edge”. Cronbach's α was 0.89 for this scale.
2.3.2. Raven's Progressive Matrices
Students' non-verbal reasoning was measured using the short version of the Raven's Progressive Matrices test (Raven, Court, &
Raven, 1996). This test consists of 30 incomplete matrices. Students were asked to identify the missing part of each matrix by
choosing from eight possible options. The total number of correct responses was used to indicate each student's performance on this
task. This test is shown to have good internal reliability (Haworth et al., 2007). Detailed information about the online administration
of this test can be found at http://www.teds.ac.uk/datadictionary/studies/webtests/16yr_raven_test.htm.
2.3.3. Corsi Block
An online version of the Corsi Block-Tapping Task (Pagulayan, Busch, Medina, Bartok, & Krikorian, 2006) was used to measure
students’ spatial working memory. Nine cubes are shown on the screen. The cubes light up, turning yellow for 1 s in a patterned
sequence, with a 1-s interval between each cube. Participants were asked to reproduce the sequence by clicking on the cubes using
the mouse. The test increases in diﬃculty level, ranging from a four-cube sequence to a nine-cube sequence. Two sequences were
administered within each diﬃculty level, and the test was terminated when both sequences in the same level were reproduced
incorrectly. The total number of correctly reproduced sequences was the score used in the following analyses. This test is shown to
have good internal reliability (Busch, Farrell, Lisdahl-Medina, & Krikorian, 2005).
2.3.4. Italian Vocabulary test
To measure students' native language vocabulary, the MILES team developed the ﬁrst self-administered online vocabulary test in
Italian. Participants were presented with one Italian word at a time, and were asked to choose a synonym of that word out of six
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Fig. 1. Cross-lagged panel model. MA = mathematics anxiety, MG = mathematics achievement, MSP = mathematics self-perceived ability,
L2A = foreign language anxiety, L2G = foreign language achievement, L2SP = foreign language self-perceived ability; GA = general anxiety;
Raven = Raven's Progressive Matrices; Corsi = Corsi Block; Vocab = Italian Vocabulary. 1 and 2 in the variable labels indicate wave1 and wave2,
respectively. Concurrent correlations and residuals are not shown for simplicity.

possible options. Eighty words were presented. Words with higher frequency (i.e., more commonly occurring in written Italian) were
presented before words with lower frequency. The total number of correct answers was used to measure each student's performance.
The test showed good test-retest reliability (r = 0.60) over a four month period, and good criterion validity, correlating at r = 0.46
with the Raven's Progressive Matrices test, at r = 0.20 with the Corsi Block test, and at r = 0.30 with students' L2 achievement.
2.4. Analytic strategies
SPSS 24 (IBM Corp, 2016) was used to obtain the descriptive statistics and correlations between measures. To investigate the main
research questions, multi-group cross-lagged panel models were run in Mplus 8 (Muthén & Muthén, 1998–2017). Using a cross-lagged
panel model (see Fig. 1), we were able to examine the strengths of the within-domain cross-lagged relations (e.g., MA in wave1
predicts mathematics achievement in wave2) as well as the cross-domain cross-lagged relations (e.g., MA in wave1 predicts L2
achievement in wave2), independent of the stability of each construct and their concurrent correlations.
To examine gender diﬀerences in these longitudinal relations, we conducted multi-group analyses in which a certain path is
constrained to be equal across gender groups. If a model with such a constraint ﬁts signiﬁcantly worse than the baseline model with
no such constraint, it indicates a diﬀerence in the strength of the relation between the gender groups. Speciﬁcally, we ﬁrst ran a full
model (Fig. 1) in which all paths were free to be diﬀerent across gender groups. We then ran thirty-six nested models to examine
whether each of the thirty-six predictive paths (i.e., six stability paths, twelve within-domain cross-lagged paths, and eighteen crossdomain cross-lagged paths) diﬀer between the two gender groups. Finally, we ran a model in which all predictive paths suggested to
be equal in the above steps were constrained to be equal across groups. Parameter estimates from this ﬁnal model are presented.
The chi-square diﬀerence test was used to compare models. A signiﬁcant chi-square diﬀerence test indicated that the nested
model ﬁt worse than the full model. Due to the large number of between-group comparisons, statistical signiﬁcance was deﬁned to be
a p value smaller than the pre-speciﬁed type I error rate of 0.05 after Holm-Bonferroni correction (Holm, 1979). The ﬁt of each model
was also evaluated based on the Comparative Fit Index (CFI; Bentler, 1990) and the Root Mean Square Error of Approximation
(RMSEA; Steiger, 1990). A CFI above 0.90 and a RMSEA under 0.08 indicate acceptable model ﬁt. Concurrent correlations and
predictive eﬀects of covariates (including school, grade level, general anxiety, and performances on Raven's Progressive Matrices,
Corsi Block, and Italian Vocabulary tests) were included in all models but are not presented in the main results section for simplicity.
These estimates are presented in the supplementary materials.
Before running cross-lagged panel models, we tested the assumptions of normality, homoscedasticity, and missing completely at
random (MCAR) using the procedure suggested by Jamshidian, Jalal, and Jansen (2014). Results showed that the assumptions of
homoscedasticity and MCAR held (p = 0.092) while the assumption of normality was violated (p < 0.000). Therefore, biascorrected bootstrap standard errors and conﬁdence intervals were estimated, and missing values were handled using full information
maximum likelihood in all models.
3. Results
Descriptive statistics for the main study variables are shown in Table 1. Scores for each variable were distributed widely across
their respective scales. Descriptive statistics are also presented separately for boys and girls in supplementary materials Table S6.
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Table 1
Descriptive statistics of main study variables.

Mathematics anxiety1
Mathematics anxiety2
Mathematics achievement1
Mathematics achievement2
Mathematics self-perceived ability1
Mathematics self-perceived ability2
L2 anxiety1
L2 anxiety2
L2 achievement1
L2 achievement2
L2 self-perceived ability1
L2 self-perceived ability2

N

Mean

Standard Deviation

Skewness

Kurtosis

Median

Minimum

Maximum

1043
430
1035
433
1043
429
1036
427
1035
433
1036
427

2.47
2.40
6.50
6.68
3.51
3.45
2.71
2.71
6.70
6.90
3.40
3.37

0.74
0.81
1.41
1.30
0.82
0.84
1.02
1.09
1.23
1.19
0.82
0.92

0.38
0.51
−0.00
0.00
−0.66
−0.61
0.26
0.28
0.04
0.08
−0.49
−0.59

−0.07
0.23
−0.61
−0.35
0.46
0.72
−0.72
−0.76
−0.40
−0.26
0.37
0.15

2.44
2.33
7.00
7.00
3.67
3.33
2.67
2.67
7.00
7.00
3.33
3.33

1.00
1.00
4.00
4.00
1.00
1.00
1.00
1.00
4.00
4.00
1.00
1.00

5.00
5.00
10.00
10.00
5.00
5.00
5.00
5.00
10.00
10.00
5.00
5.00

Note. N = eﬀective sample size for each variable. L2 = Foreign language. 1 and 2 in the variable labels indicate wave1 and wave2, respectively.

Table 2 presents correlations between the main study variables. Compared to male students, females had higher MA, L2A, L2 selfperceived ability, and L2 achievement, lower mathematics self-perceived ability, and comparable mathematics achievement. Within
each domain, anxiety was negatively associated with achievement and self-perceived ability, and self-perceived ability was positively
associated with achievement. For cross-domain correlations, achievement in the two domains were moderately positively correlated,
whereas anxiety and self-perceived abilities in the two domains were modestly correlated.
To examine the main research questions, we compared model ﬁt indices. The ﬁt indices for all models are shown in supplementary materials Table S7. Results from model comparison suggested that, with the exception of the reciprocal paths between MA
and mathematics self-perceived ability, all other predictive paths can be ﬁxed to be equal across gender groups without worsening the
model ﬁt. As such, all predictive paths other than the reciprocal paths between MA and mathematics self-perceived ability were ﬁxed
to be equal across gender groups in the ﬁnal model. The ﬁnal model has an adequate ﬁt, χ2 (df) = 44.31(34), RMSEA = 0.026, and
CFI = 0.997. Path estimates and their 95% conﬁdence intervals from the ﬁnal model are shown in Table 3. Estimates for predictive
eﬀects of covariates and concurrent correlations between the main study variables are shown in supplementary materials Tables S8
and S9.
In general, students' performances on the Raven's Progressive Matrices, Corsi Block, and Italian vocabulary test predicted the main
study variables in wave1 but not wave2 (Table S8). Performance on the Raven's Progressive Matrices predicted constructs in the
mathematics domain not in the L2 domain, whereas performance on the Italian vocabulary test predicted constructs in the L2 domain
not in the mathematics domain. Corsi Block performance predicted constructs in both the mathematics and L2 domain.
Below, we focused on describing predictive paths directly pertaining to the three main research questions.
3.1. Aim 1: Directionality
With respect to the direction of the relation between MA and mathematics achievement, anxiety in wave1 did not predict
achievement in wave2 (−0.08, 95% CI = −0.26 to 0.08), but achievement in wave1 negatively predicted MA in wave2 (−0.09, 95%
CI = −0.14 to −0.03). With respect to the relation between MA and mathematics self-perceived ability, we found a reciprocal
relation between anxiety and self-perceived ability in male students, not in female students. These ﬁndings are described in the
section below.
3.2. Aim 2: Gender diﬀerences
With respect to gender diﬀerences, the diﬀerences in the longitudinal relations between MA and mathematics self-perceived
ability between male and female students were the only paths moderated by students’ gender. Male students who had higher MA
reported lower self-perceived ability in mathematics in the subsequent wave (−0.29, 95% CI = −0.55 to −0.08), and those who had
lower self-perceived ability in mathematics reported higher MA a semester later (−0.20, 95% CI = −0.36 to −0.03). In female
students, MA and mathematics self-perceived ability did not predict one another longitudinally (wave1 MA to wave2 mathematics
self-perceived ability: 0.07, 95% CI = −0.12 to 0.08; wave1 mathematics self-perceived ability to wave2 MA: 0.06, 95% CI = −0.07
to 0.19).
3.3. Aim 3: Domain speciﬁcity
With respect to cross-domain longitudinal relations, MA in wave1 did not predict L2 achievement in wave2 (0.08, 95%
CI = −0.07 to 0.22), but L2 achievement in wave1 signiﬁcantly predicted MA a semester later (0.08, 95% CI = 0.01 to 0.14). In
addition, there was a positive reciprocal relation between MA and L2 self-perceived ability (wave1 MA to wave2 L2 self-perceived
ability: 0.18, 95% CI = 0.02 to 0.33; wave1 L2 self-perceived ability to wave2 MA: 0.11, 95% CI = 0.00 to 0.21).
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0.02
−0.28*
0.12*
0.09
−0.02
−0.32*
−0.23*
−0.05
0.03
0.30*
0.28*
−0.22*
−0.20*
−0.11*
−0.09
−0.10*
−0.06

0.15*
0.19*
0.09
0.26*
−0.06
−0.09
−0.02
0.03
−0.07
−0.11*
0.09
0.11*
−0.10*
−0.05
−0.11*
−0.10

2

−0.03
−0.04
−0.08
0.39*
0.36*
−0.19*
−0.20*
−0.30*
−0.29*
0.29*
0.29*
−0.09
−0.09
−0.05
−0.12*

3

0.28*
0.42*
−0.24*
−0.20*
0.24*
0.26*
0.21*
0.18*
−0.02
−0.05
0.15*
0.16*
−0.03
0.05

4

0.10
−0.16*
−0.18*
0.08
0.05
0.17*
0.19*
0.00
−0.01
0.01
0.01
−0.01
−0.01

5

−0.04
−0.09
0.24*
0.21*
0.12*
0.07
−0.17*
−0.21*
0.30*
0.31*
0.15*
0.19*

6

0.66*
−0.28*
−0.29*
−0.48*
−0.42*
0.18*
0.10*
0.03
0.01
0.08
0.05

7

−0.29*
−0.33*
−0.35*
−0.38*
0.17*
0.16*
0.03
−0.01
0.10
0.00

8

0.72*
0.25*
0.25*
0.00
−0.06
0.46*
0.40*
0.09
0.15*

9

0.30*
0.32*
−0.06
−0.06
0.38*
0.45*
0.12*
0.17*

10

0.67*
−0.08
−0.10
0.07
0.13*
0.12*
0.15*

11

−0.15*
−0.15*
0.11*
0.13*
0.14*
0.17*

12

0.71*
−0.37*
−0.36*
−0.51*
−0.42*

13

−0.37*
−0.39*
−0.45*
−0.51*

14

0.77*
0.55*
0.47*

15

0.58*
0.54*

16

0.69*

17

Note. MA = mathematics anxiety, MG = mathematics achievement, MSP = mathematics self-perceived ability, L2A = foreign language anxiety, L2G = foreign language achievement, L2SP = foreign
language self-perceived ability, GA = general anxiety, Raven = Raven's Progressive Matrices, Corsi = Corsi Block, Vocab = Italian Vocabulary test. 1 and 2 in the variable labels indicate wave1 and
wave2, respectively. * indicates statistical signiﬁcance under the pre-speciﬁed type I error rate of 0.05.

2. Grade
3. GA
4. Raven
5. Corsi
6. Vocab
7. MA1
8. MA2
9. MG1
10. MG2
11. MSP1
12. MSP2
13. L2A1
14. L2A2
15. L2G1
16. L2G2
17. L2SP1
18. L2SP2

1. Sex

Table 2
Correlations between main study variables.
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Table 3
Final models: Path estimates and 95% conﬁdence intervals.
Path

Coeﬃcient

95%
Conﬁdence Intervals

Path

Coeﬃcient

95%
Conﬁdence Intervals

MA1 → MA2
MA1 → MG2
MA1 → MSP2

0.57*
−0.08
(f): 0.07
(m): 0.29*
−0.07
0.08
0.18*
0.57*
−0.09*
0.02
0.10*
0.02
0.04
0.60*
(f): 0.06
(m): 0.20*
0.14*
0.07
−0.01
0.05

(0.40, 0.71)
(-0.26, 0.08)
(-0.12, 0.27)
(-0.55, −0.08)
(-0.28, 0.14)
(-0.07, 0.22)
(0.02, 0.33)
(0.50, 0.65)
(-0.14, −0.03)
(-0.04, 0.07)
(0.02, 0.16)
(-0.07, 0.09)
(-0.02, 0.11)
(0.49, 0.71)
(-0.07, 0.19)
(-0.36, −0.03)
(0.02, 0.29)
(-0.05, 0.19)
(-0.16, 0.14)
(-0.06, 0.18)

L2A1 → L2A2
L2A1 → L2G2
L2A1 → L2SP2

0.65*
−0.03
−0.08

(0.52, 0.76)
(-0.13, 0.08)
(-0.17, 0.01)

L2A1 → MA2
L2A1 → MG2
L2A1 → MSP2
L2G1 → L2G2
L2G1 → L2A2
L2G1 → L2SP2
L2G1 → MG2
L2G1 → MA2
L2G1 → MSP2
L2SP1 → L2SP2
L2SP1 → L2A2

0.12*
0.02
−0.03
0.52*
−0.08
0.05
0.08
0.08*
0.01
0.66*
−0.10

(0.04, 0.20)
(-0.11, 0.13)
(-0.11, 0.05)
(0.44, 0.63)
(-0.16, 0.01)
(-0.04, 0.13)
(-0.03, 0.17)
(0.01, 0.14)
(-0.06, 0.07)
(0.51, 0.78)
(-0.25, 0.08)

→
→
→
→

0.35*
0.05
0.11*
0.04

(0.21, 0.48)
(-0.06, 0.16)
(0.00, 0.21)
(-0.11, 0.20)

MA1 → L2A2
MA1 → L2G2
MA1 → L2SP2
MG1 → MG2
MG1 → MA2
MG1 → MSP2
MG1 → L2G2
MG1 → L2A2
MG1 → L2SP2
MSP1 → MSP2
MSP1 → MA2
MSP1
MSP1
MSP1
MSP1

→
→
→
→

MG2
L2SP2
L2A2
L2G2

L2SP1
L2SP1
L2SP1
L2SP1

L2G2
MSP2
MA2
MG2

Note. MA = mathematics anxiety, MG = mathematics achievement, MSP = mathematics self-perceived ability, L2A = foreign language anxiety,
L2G = foreign language achievement, L2SP = foreign language self-perceived ability. 1 and 2 in the variable labels indicate wave1 and wave2,
respectively. Covariates (school, grade level, general anxiety, and performances on Raven's Progressive Matrices, Corsi Block, and Italian Vocabulary
tests), concurrent correlations, and residuals were estimated but are not shown in this table for simplicity. * indicates statistical signiﬁcance under
the pre-speciﬁed type I error rate of 0.05.

4. Discussion
Grounded in the Control-Value Theory of achievement emotion (Pekrun, 2006), the present study examined the longitudinal
relations among anxiety, achievement, and self-perceived ability in mathematics and L2 in a sample of high school students, controlling for domain-general processes including general anxiety and several general cognitive abilities. Below, we discuss our ﬁndings
related to each of the three primary aims outlined in the introduction.
The ﬁrst aim of the present study was to examine the directionality of the relation between MA and mathematics achievement and
self-perceived ability. According to the Control-Value Theory, we hypothesized negative reciprocal relations between these constructs.
Regarding the relation between MA and mathematics achievement, ﬁndings did not fully support our hypothesis. We found signiﬁcant prediction in only one direction: from mathematics achievement to subsequent MA. This ﬁnding suggests that the negative
association between MA and mathematics achievement during high school is possibly attributable to the deﬁcit process more than the
debilitating process. Individuals with lower mathematics ability may experience more obstacles in mathematics learning, which make
them more prone to MA development (Ma & Xu, 2004). Our ﬁnding is at odds with several studies in elementary school students that
have shown predictive eﬀect of MA on subsequent mathematics achievement (Cargnelutti et al., 2017; Gunderson et al., 2018), but is
consistent with the one study in the literature that examined the longitudinal relation between MA and mathematics achievement in
high school students (Ma & Xu, 2004). The divergence between studies on childhood and those on adolescence may reveal one
possible reason why our ﬁnding did not fully support the Control-Value Theory: there may be a shift in the primary mechanism
underlying the developmental relation between MA and mathematics achievement across educational stages. Both the deﬁcit and
debilitating processes appear to explain the association between MA and mathematics achievement (i.e., a bidirectional relation) in
early educational stages. However, our ﬁnding, together with Ma and Xu (2004), suggests that the debilitating mechanism may play a
decreasingly important role as individual diﬀerences in school achievement become increasingly stable over time (Rimfeld et al.,
2018). That is, achievement emotions may be less predictive of subsequent school achievement in later educational stages after
accounting for the stability of achievement. If so, even though eﬀects ﬂow in both directions when we consider the entire educational
span, the dominant mechanism linking MA and mathematics achievement may vary in diﬀerent educational stages. This postulation
needs to be further investigated in multi-wave long-term longitudinal studies.
With respect to the longitudinal relation between MA and mathematics self-perceived ability, ﬁndings did not fully support our
ﬁrst hypothesis. While a reciprocal relation was found between MA and mathematics self-perceived ability in male students, such a
relation was not observed in female students. This ﬁnding did not fully support the directionality proposed by the Control-Value
Theory.
Related to the second aim of the present study, which was to explore gender diﬀerences in the MA-mathematics achievement/selfperceived ability relations, the diﬀerences between male and female students in the longitudinal relations between MA and
mathematics self-perceived ability were the only gender diﬀerence revealed. This ﬁnding did not support the gender structural
equivalence corollary of Control-Value Theory (Pekrun, 2006). This ﬁnding suggests that MA may have more negative implications in
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the development of self-perceived ability in male compared to female high school students. Despite gender similarities in mathematics achievement in all developmental stages (Else-Quest et al., 2010; Kersey, Braham, Csumitta, Libertus, & Cantlon, 2018),
mathematics is stereotyped as a male domain in Western cultures (Ganley et al., 2018; Nosek, Banaji, & Greenwald, 2002). Many
sociocultural factors, such as teachers' and parents' diﬀerential treatment of boys and girls in mathematics learning, may explain the
development of unbalanced gender representation in mathematics (Jacobs, 1991; Jones & Wheatley, 1990). For boys who are less
conﬁdent about their mathematics ability, it may be hard to reconcile the conﬂict between the low self-perceived ability in
mathematics and the societal expectation that “mathematics is a boys' game”. This belief of not being able to live up to expectations
may further induce feelings of anxiety in boys. In addition, boys are shown to identify themselves with mathematics and feel
obligated to perform well on mathematics more than girls (Cvencek, Meltzoﬀ, & Greenwald, 2011; Nosek et al., 2002; Skaalvik &
Skaalvik, 2004). Thus, a feeling of anxiety may be more threatening to a male student's self-identity and thus has more negative
impact on their self-conﬁdence in mathematics. To the contrary, female students are less likely to identify themselves with mathematics overall (Cvencek et al., 2011; Nosek et al., 2002), which may explain why MA did not predict self-perceived ability in
mathematics in female students. This explanation is consistent with the identity threat literature which argues that individuals
identifying themselves with a particular domain are more likely to be threatened by stress and anxiety experienced in that domain
(Ramirez, McDonough, & Jin, 2017).
Note that our ﬁndings of the male-speciﬁc reciprocal relation between MA and mathematics self-perceived ability did not support
the gender structural equivalence corollary of the Control Value Theory. This ﬁnding of gender structural nonequivalence may be
unique to this developmental stage. As early as the ﬁrst few years in elementary school, young girls may begin to acquire the
stereotypical conception that females are inferior to males in mathematics, which further inﬂuences the emerging mathematics selfconcept in young girls (Cvencek et al., 2011). Previous research has shown that gender diﬀerences in self-perception of mathematics
competence emerge early (Eccles, Wigﬁeld, Harold, & Blumenfeld, 1993; Lindberg, Linkersdӧ;rfer, Ehm, Hasselhorn, & Lonnemann,
2013) and continue to widen across middle and early high school years (Fennema & Sherman, 1977; Skaalvik & Skaalvik, 2004). By
late adolescent years, our ﬁnding together with previous meta-analytic studies (Else-Quest et al., 2010; Huang, 2013; Hyde, 2014)
suggest that female students were consistently more anxious and less conﬁdent about their mathematics abilities than male students,
in spite of similar mathematics achievement between the two gender groups. As such, it is possible that we did not observe the
developing negative relation between MA and mathematics self-perceived ability in females because such a relation may develop
much earlier for girls (Geary et al., 2019) and may be well-established and consequently leveled-oﬀ by late adolescence.
Finally, we examined the degree to which MA was related to achievement and self-perceived ability in another domain, namely
L2. According to the domain-speciﬁcity corollary in the Control-Value Theory, we hypothesized that MA would not be associated with
achievement/self-perceived ability in L2 longitudinally. However, results showed that MA positively predicted subsequent selfperceived ability in L2, and both achievement and self-perceived ability in L2 positively predicted subsequent MA, which did not
support the Control-Value Theory. These ﬁndings largely corroborate the Generalized Internal/External Frame of Reference Model (Arens
et al., 2017), according to which the positive cross-domain relations between MA and L2 achievement and self-perceived ability likely
reﬂect the internal comparison process. Students who are conﬁdent about their L2 ability may worry more about their mathematics
performance compared to their L2 performance. In turn, students who are anxious about their mathematics abilities may avoid
mathematics and invest more time in other academic domains, such as L2, and become more conﬁdent in these other domains as a
consequence. Compared to early educational stages, this internal comparison process may be particularly salient during high school
when students’ academic motivation becomes more diﬀerentiated among diﬀerent domains, coinciding with the time when students
start considering their higher education and career paths (Bong, 2001).
It is worth noting that the reverse relations between L2A and mathematics achievement/self-perceived ability were not observed.
This ﬁnding is consistent with several previous studies that failed to observe any relation between emotion/motivation in the verbal
domains and achievement in mathematics (Arens et al., 2017; Möller, Pohlmann, Köller, & Marsh, 2009; Schurtz, Pfost, Nagengast, &
Artelt, 2014). This may suggest that compared to emotions/motivations in mathematics, emotions/motivations in the verbal domains
are less inﬂuenced by the internal comparison processes, as students’ experiences with verbal domains go beyond the school context,
unlike their mathematics experiences which are mostly constrained within formal educational settings (Arens et al., 2017).
The present study has a number of limitations. First, data were available at two time points that were one semester apart. We were
not able to explore long-term eﬀects or potential transitions in the relations among anxiety, achievement, and self-perceived abilities
across diﬀerent developmental stages. Even among high school students, those who just entered high school (e.g., Grades 1 and 2 in
high school) may diﬀer from those who were near graduation (e.g., Grades 4 and 5). Second, the present study relied on students' selfreported school achievement. It is yet to be tested whether the present results are replicable using standardized mathematics
achievement tests. Nonetheless, students' self-reported achievement scores were highly stable over time (above 0.7), indicating good
reliability. In addition, the strengths of the correlations between MA and mathematics achievement are in line with ﬁndings from
meta-analyses based on other standardized measures of mathematics achievement (e.g., Hembree, 1990), indicating that students’
self-reported achievement has good criterion validity. A recent study in a large UK-representative sample of students found that selfreported achievement scores were nearly perfectly correlated with actual exam grades (r > 0.95 for mathematics, English, and
Science; Rimfeld et al., 2018), supporting the validity of student self-reported achievement measures.
The present study has important implications for future research and education practices in the areas of MA. Theoretically, our
ﬁndings did not fully support several corollaries of the Control-Value Theory of achievement emotion (Pekrun, 2006). First, we did not
ﬁnd a negative reciprocal relation between MA and mathematics achievement, or between MA and mathematics self-perceived ability
in all students, failing to support the reciprocal linkages corollary of the Control-Value Theory. Second, while the relation between MA
and mathematics achievement held equivalent between genders, the reciprocal relation between MA and mathematics self-perceived
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ability was much stronger in male students than in female students, a pattern that does not fully support the gender structural
equivalence corollary. Finally, we found that the development of MA was subject to the inﬂuence of achievement/self-perceived
ability not only in the mathematics domain, but also in a contrasting domain (i.e., L2). This ﬁnding corroborates the Generalized
Internal/External Frame of Reference Model, and is at odds with the domain-speciﬁcity corollary of the Control-Value Theory. Overall,
our ﬁndings share more similarities with prior work in samples of high school students (e.g., Ma & Xu, 2004) than with studies on
early developmental stages (Cargnelutti et al., 2017; Geary et al., 2019; Gunderson et al., 2018). Together, these ﬁndings on the
shifting directions of eﬀect and varying degrees of gender- and domain-speciﬁcity highlight the possibility that the primary mechanism underlying the longitudinal relations between MA and mathematics achievement/self-perceived ability may vary across
diﬀerent educational stages. Compared to elementary and middle school students, high school students exhibit increasingly stable
achievement (Rimfeld et al., 2018), more established gender beliefs (Gunderson, Ramirez, Levine, & Beilock, 2012), and more
diﬀerentiated emotions and motivations among diﬀerent academic disciplines (Bong, 2001). These crucial diﬀerences may account
for the diverging ﬁndings in MA development among students in varying educational stages. The Control-Value Theory assumes that
the developmental etiologies of achievement emotions are universal in all students, which does not take into account attributes
unique to each developmental stage. Therefore, studies that utilize multi-wave long-term longitudinal designs that span across
childhood, adolescence, and early adulthood are sorely needed to thoroughly examine these critical developmental issues and to
reﬁne existing theories on achievement emotions accordingly.
Practically, our ﬁndings of the longitudinal relation between MA and mathematics achievement suggests that treatment programs
aiming to break this vicious cycle by addressing only the emotional component are unlikely to achieve long-lasting eﬀects in later
educational stages. Eﬀorts may be better spent in later educational stages on addressing the mathematics deﬁcit component in order
to reduce levels of MA. Second, due to the disparity in STEM participation between men and women, much extant literature has
focused on the negative consequences of gender stereotypes about mathematics on female learners (e.g., Beilock, Gunderson,
Ramirez, & Levine, 2010; Smith, 2013). Our ﬁnding on gender diﬀerences in the MA – self-perceived ability relation suggests that
such cultural expectations might be burdensome and constraining particularly for adolescent boys who do not perceive themselves as
meeting such expectations. Finally, the ﬁnding on the cross-domain relations between MA and L2 achievement/self-perceived ability
suggests that some students who are very good at mathematics may also develop MA if they perceive themselves to excel more in
other academic domains compared to mathematics. In the long run, these students may avoid mathematics-related careers despite
their capability of doing mathematics. This ﬁnding highlights the importance for treatment programs to take into consideration how
unbalanced emotions, motivations, and abilities between domains might jeopardize the development of the lower-achieving domain.
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