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Abstract

This study examines longitudinal associations among reading skills, math skills
and emotional well-being in a Finnish sample (n=586) followed from the end of
comprehensive school (Grade 9, age 15-16) to age 20. In particular, we determine
whether the associations between skills and well-being are mediated by self-concept
beliefs. In Grade 9, the participants’ reading fluency, PISA reading comprehension
and math skills were assessed in classrooms, and questionnaires were used to as-
sess self-concept (global and skill-specific) and internalising problems. At age 20,
questionnaires were used to self-report emotional well-being and educational attain-
ment. The results showed no direct predictive association between academic skills
and age-20 emotional well-being, while indirect effects from academic skills on
emotional well-being were found for reading skills through reading comprehension
self-concept belief and educational attainment and for math skills through global
self-concept belief. In addition, adolescent global self-concept and internalising
problems predicted age-20 emotional well-being. The results suggest that adoles-
cent self-concept beliefs and internalising problems, rather than academic skills per
se, can predict emotional problems in young adulthood.

Keywords Reading fluency - Reading comprehension - Mathematics - Self-
concept beliefs - Emotional well-being

Proficiency in basic academic skills (i.e. reading and mathematics) is required in
education and in the everyday lives of people. As these skills are so essential, learn-
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ing difficulties in reading and mathematics can increase the risk of multiple nega-
tive outcomes, including having delays or dropping out in educational paths (Aro et
al., 2019; Hakkarainen et al., 2016) and psychological ill-being (e.g., Francis et al.,
2019). While the mechanism by which academic skills affect the selection of educa-
tional paths that require advanced academic skills is obvious, the mechanisms linking
skills and well-being are less clear. The present study examines one hypothesised
pathway: the mediating role of self-concept between academic skills and emotional
well-being (e.g., McArthur et al., 2020). In addition, we examine whether educational
attainment affects the association between skills and well-being by focusing on the
developmental period from age 15-16 to age 20, when the participants are expected
to transition from comprehensive school to secondary school and from secondary
school to tertiary education or labour market. This is thus a particularly important
period for young people’s future and, as such, a potential period for the development
of an association among academic skills, self-concept beliefs, educational attainment
and emotional well-being.

In the literature, multiple concepts are used to define and measure psychologi-
cal well-being, including mental health, psychiatric symptoms and psychosocial
well-being or ill-being. In this study, we use the concept of emotional well-being.
It refers to the measures of subjective experiences of mental well-being (Tennant et
al., 2007) and internalising types of problems (Cicchetti & Toth, 1991) that represent
inner-directed emotions, such as anxiety, worry and sorrow (Hinshaw, 1992; Zahn-
Waxler et al., 2000). Problems in emotional well-being, particularly depression and
anxiety, have been shown to co-occur with reading difficulties in childhood (e.g.,
Carroll and Iles, 2006; Francis et al., 2019; Nelson et al., 2015) and later in life (e.g.,
Aro et al., 2019; Davis et al., 2009; Raskind et al., 1999). There is also preliminary
evidence that mathematical skills and difficulties are linked with emotional well-
being among children (e.g., Aro et al., 2022; Wakeman et al., 2022; Willcutt et al.,
2013), adolescents (Parhiala et al., 2018) and adults (Aro et al., 2019; Wilson et al.,
2009). The findings are, however, mixed for various possible reasons — including the
sample characteristics, measurement differences and study contexts — and no study
has found evidence for the association between academic achievement and emotional
well-being measures (Auerbach et al., 2008; Carroll et al., 2005; Parhiala et al., 2015;
see review in Francis et al., 2019).

This study makes the following contributions to the literature. First, we examine
longitudinal associations in a large sample over a five-year period, from adolescence
(Grade 9, age 15-16) to young adulthood (age 20). Most previous research on the
association between academic achievement and emotional well-being has been cross-
sectional, correlational studies or compared small samples of individuals with and
without learning difficulties. As our longitudinal model also includes an emotional
well-being measure at both time points, we can provide a more robust examination of
the potential impact of academic skills on emotional well-being than is possible with
a cross-sectional design or in a longitudinal study with emotional well-being assessed
only as an outcome. Second, focusing on this developmental phase has been rare
despite its potential long-term importance for the development of emotional well-
being. The few previous longitudinal studies spanning adulthood have indicated that
a considerable percentage of individuals with a history of learning difficulties also
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show mental health problems in adulthood (Aro et al., 2019, 2023; Klassen et al.,
2013). In this study, we add to this knowledge by examining the full skill distribu-
tion instead of comparing individuals with and without learning difficulties. Third,
unlike most previous studies, we include multiple academic skill domains, namely
reading fluency, reading comprehension and math skills, to examine their unique
and combined effects on emotional well-being. Fourth, we test the hypothesis that
self-concept beliefs mediate the association between skills and emotional well-being
and examine a hypothesis for the mechanism explaining the often-found correla-
tion between academic skills and emotional well-being (e.g., McArthur et al., 2020).
Finally, we control for the effect of educational attainment (vocational or academic
secondary school completed by age 20 as expected or not completed) and examine
whether it mediates the effects of academic skills and self-concept beliefs on emo-
tional well-being. The associations are examined by testing the hypothesised model
depicted in Fig. 1.

Role of self-concept beliefs as mediators between academic skills
and emotional well-being

Self-concept beliefs may be a key pathway linking problems in academic skills and
emotional well-being. ‘Self-concept’ refers to a person’s beliefs about themselves
and develops in interaction with one’s environment (Marsh & Shavelson, 1985).
There are various self-concept domains, that is, separate beliefs on specific aspects
of life, but also a global self-concept beliefs (Harter et al., 1998; Zeleke, 2004). The
global self-concept (also referred to by the overlapping concepts of ‘self-esteem’,
‘general self-concept’ and ‘self-worth’) is defined as general satisfaction regarding
oneself and a sense of personal acceptance (e.g., Zeleke, 2004).
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Fig. 1 The Hypothesized Model
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Based on expectancy-value theory, students’ interpretations of previous achieve-
ment-related experiences and feedback affect their beliefs about their academic
abilities (e.g., Eccles et al., 1983; Spinath and Spinath, 2005; Wigfield et al., 2012;
Wigfield and Eccles, 2000). Therefore, as students with poorer academic skills are
likely to have more failure experiences and more negative feedback in school regard-
ing their skills than students with strong academic skills, the self-concept of their
ability in the academic domain is likely lower. In theory, this may lead to a negative
cycle over time because beliefs about one’s abilities may be reflected in learning
motivation and then also in skills (Deci & Ryan, 1985; Ryan & Deci, 2000; Wigfield
et al., 1998). Negative self-concept beliefs, in turn, are associated with emotional
well-being, for example, anxiety (see Sowislo and Orth, 2013, for a review), and may
thus mediate the association between achievement and emotional well-being. Over
time, these processes may lead to a negative feedback loop, gradually causing more
severe well-being problems.

Several studies have examined the association between academic skills and self-
concept. However, there are mixed findings regarding the association between aca-
demic skills and global self-concept, while the association between academic skills
and academic self-concept seems more robust (Bear et al., 2002; McArthur et al.,
2020; Viljaranta et al., 2014; Wu et al., 2021; Zeleke, 2004). For example, some
studies have shown that individuals with reading difficulties have a lower global
self-concept than their peers (e.g., Alexander-Passe, 2006; Chapman and Tunmer,
1997), while others have reported no differences (e.g., Snowling et al., 2007; Taylor
et al., 2010). In their recent meta-analysis, McArthur et al. (2020) reported consider-
able variation across studies in terms of samples, assessment methods and results.
Overall, the association between poor reading and the global self-concept was sig-
nificant and moderately strong; however, reading skills were more closely associated
with the academic self-concept. Similarly, in the reviews by Chapman (1988) and
Zeleke (2004) on self-concept beliefs among individuals with learning disabilities,
the effects were moderate for the global self-concept and stronger for the academic
self-concept.

We contribute to the literature by examining the McArthur et al.’s (2020) hypoth-
esis, according to which adolescent self-concept beliefs mediate the association
between reading and math skills and later emotional well-being. Therefore, in the
hypothesised model (Fig. 1), Grade 9 reading fluency, reading comprehension and
math skills are expected to predict emotional well-being at age 20 through academic
and global self-concepts. We also include a measure of Grade 9 emotional well-being,
as internalising problems, in the model. By controlling for its effect, the possible
associations among achievement, self-concept beliefs and later emotional well-being
is not reflecting a continuation of emotional well-being problems across age, which is
shown to be common (e.g., Kim-Cohen et al., 2003; Nivard et al., 2015).
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Role of educational attainment

Educational attainment, the selection of the secondary track (academic/vocational)
and the completion of secondary education are included as control measures in our
hypothesised model (Fig. 1). An examination of its role in this developmental period
is important due to the significant associations among educational attainment, aca-
demic skills and emotional well-being. In Finland, both the content of instruction and
the educational organisation of the two tracks are distinct, and the different experi-
ences in the tracks may differentially impact students’ emotional well-being. While
the academic track involves studying multiple subjects (e.g., mathematics, languages,
history, psychology and various STEM subjects) and requires strong academic
skills, vocational education involves more focused and practical training, including
practicums in workplaces. Therefore, students with learning difficulties choose the
vocational track more often than the academic track (e.g., Rimkute et al., 2014). Fur-
thermore, students with higher scores in the reading assessment of the Programme
for International Student Assessment (PISA) have been reported to choose the aca-
demic track more often than those with lower scores (e.g., Burger, 2021). Learning
difficulties in reading and mathematics are also associated with a higher incidence of
not having completed secondary education within the expected time (e.g., Aro et al.,
2019; Hakkarainen et al., 2016). In the Organisation for Economic Co-operation and
Development (OECD) countries, students with low skills in literacy, numeracy and
problem-solving have also been reported to be at a heightened risk of being neither
employed nor in education (NEET) at age 2024 (OECD, 2016).

Previous studies have reported that educational attainment is also associated with
emotional well-being (e.g., Costello and Maughan, 2015; Erickson et al., 2016), but
the results have been mixed. Hagquist (2007) reported that students on the vocational
track have more psychosomatic complaints than those on the academic track. Previ-
ous studies in the Finnish context, however, have suggested that students on the aca-
demic track more often experience internalising problems (Parviainen et al., 2020)
and burnout (Salmela-Aro et al., 2008; Salmela-Aro & Tynkkynen, 2012) than their
peers on the vocational track. Emotional well-being problems may also be associated
with dropping out of education altogether. Parviainen et al. (2020) reported that Finn-
ish secondary school students with internalising problems had significantly higher
dropout intentions than their peers with no psychological well-being problems.

Role of gender

Finally, we control for gender in the hypothesised model because it has been widely
reported to be associated with both academic skills and self-reported emotional well-
being. The better performance of girls in reading is a common finding across reading
measures and countries (Brozo et al., 2014; Lietz, 2006; Torppa et al., 2018). In math-
ematics, boys are often reported to perform better (Lopez-Agudo & Ropero-Garcia,
2020; Stoet & Geary, 2013). This difference is also reflected in self-concept beliefs,
as boys have a more positive self-concept for mathematics and girls for literacy (e.g.,
Denissen et al., 2007; Eccles et al., 1993; Wouters et al., 2013). In addition, females
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report emotional well-being problems, such as anxiety and depression (Altemus et
al., 2014; Bruce et al., 2005; McLean et al., 2011), as well as internalising problems
(Sterba et al., 2007), more often than males.

Present study

The present study examines the predictive associations from adolescence (Grade 9,
age 15-16) to young adulthood (age 20) among academic skills, self-concept beliefs
and emotional well-being by investigating the fit of the hypothesised model pre-
sented in Fig. 1. Using this model, we focus on a pathway that potentially explains
the associations between skills and well-being: the mediating role of self-concept
between academic skills and emotional well-being (e.g., McArthur et al., 2020).
Three controls are included: emotional well-being with a measure of internalising
behaviour in Grade 9, educational attainment and gender. The sample comes from a
longitudinal study that started to follow 200 children from birth and continued fol-
low-up assessments until adulthood (AUTHORS). When the children entered school,
their classmates were invited to participate. We previously reported from this sample
the associations between skills and psychological well-being across the transition
to school, from age 4 to 9 (AUTHORS) and in Grade 9 concurrently (AUTHORS).
These studies suggested significant but weak associations among internalising prob-
lems (anxiety in particular), reading and math skills (AUTHORS). The current study
extends this line of research to young adulthood, when educational choices for sec-
ondary school have been made and graduation is expected.

Method
Participants and procedure

This study followed 589 participants from the end of comprehensive school (Spring
of Grade 9, age 15-16) until age 20. Altogether, 1,800 Finnish adolescents partici-
pated in reading fluency, reading comprehension and math skill assessments in Grade
9. During the assessments, the participants also completed questionnaires. Grade 9
data were collected in classrooms in schools located in central Finland in both urban
and suburban areas. All classrooms were typical of Finnish lower secondary school
classrooms. At age 20, the participants responded to the questionnaires.

Measures

Reading comprehension

Reading comprehension was assessed with PISA reading literacy items in Grade 9.
The tasks used in this sample were the so-called link items used repeatedly in each

cycle of the survey to ensure the comparability of the measurements. Unlike in the
PISA data collection, in this sample, all participants completed the same booklet,
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which contained eight different texts. The students were asked to read the texts before
answering questions regarding the text. In addition to the written text, the material
included tables, graphs and figures. There were 15 multiple-choice questions and 16
questions that required written responses. Of the questions, 12 required the students
to access and retrieve information, 12 to integrate and interpret information and 7 to
reflect on and evaluate information. The students had 60 min to complete the booklet.
The score was the mean of the standardised means of the three categories (retrieve,
integrate and evaluate). Cronbach’s alpha reliability coefficient for the total score in
this sample was 0.85.

Reading fluency

Reading fluency was assessed with three timed reading fluency tasks in Grade 9.
The measure for reading fluency was the mean of the standardised scores of three
group-administered tasks. Cronbach’s alpha for the reading fluency composite score
was 0.85.

Sentencereading The sentence reading task involved reading easy sentences (e.g., 4
ball is round or Blueberries are yellow) and deciding as to whether each was true by
answering yes or no. The sentences were short and easy and required a minimal level
of comprehension or specialised knowledge. There was a time limit of two minutes,
and the score was calculated as the number of correct answers minus the number of
incorrect answers.

Error search The error search task involved proofreading words written on a sheet
of paper. All words had a misspelling (either a wrong letter, extra letter or missing
letter). The students were asked to mark as many incorrect spellings as possible in
three minutes. The score was calculated as the number of correct answers minus the
number of incorrect answers.

Word chains The word chain task involved a quick identification of word boundaries.
There were 25 lines on a sheet of paper, and each had four words written together
without spaces in between. The students were asked to mark as many word boundar-
ies as possible in 90 s. The score was calculated as the number of correctly found
word boundaries minus the number of incorrect answers.

Math skills

Math skills were assessed using a standardised arithmetic test (Rédsédnen & Leino,
2005), which was intended for Grades 7 to 9 (13—16 years) and contained 40 items,
yielding a maximum of 40 points. The test assessed students’ performance in basic
arithmetic tasks (addition, subtraction, multiplication and division), as well as in
word problem-solving, algebra, geometry and unit conversion skills. This test is used
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in Finland as a screening tool to identify students at risk of mathematics difficulties.
Cronbach’s alpha for the sum score was 0.90.

Self-concept of ability in reading fluency and comprehension

The participants were asked to evaluate their skills in comparison to same-age ado-
lescents on three items: ‘How good are you compared to your classmates in (a) read-
ing speed, (b) reading accuracy and (c) reading comprehension?’ Each item was
evaluated using a scale with three answer options: ‘I am better than others’, ‘I am as
good as others’ and ‘I am worse than others’. For the analyses, the scales were trans-
posed such that larger values represented a higher self-concept in reading. For the
self-concept of ability in reading fluency, the items for reading speed and accuracy
were combined. Cronbach’s alpha for the sum score was .68. A single item was used
for the self-concept of ability in reading comprehension.

Self-concept of ability in mathematics

The participants were asked to evaluate their skills in mathematics with three items:
‘How good are you in math? How good are you in math compared to your class-
mates? How difficult are math tasks for you?’ The first two items were evaluated
using a 5-point Likert scale, from 1=poor to 5=very good, and the third item was
evaluated using a 5-point Likert scale, from 1=easy to S=difficult. For the analyses,
the third scale was transposed such that larger values represented a higher self-con-
cept of ability in mathematics. Cronbach’s alpha reliability coefficient for the sum
score was 0.91.

Global self-concept

The global self-concept was assessed in Grade 9 with a short version of Rosenberg’s
(1965) self-esteem scale (five items), such as On the whole, I am satisfied with myself,
I feel that I have a number of good qualities and at times I think I am no good at all.
The evaluation was performed on a 5-point scale (/ =not at all true, ..., 5=very much
true). The score was the mean of the five items (two negatively worded items were
reversed). Cronbach’s alpha reliability coefficient for self-esteem was 0.80.

Emotional well-being: internalising problems

The students’ emotional well-being was assessed using a measure of internalising
problems in Grade 9. There were five items for internalising behaviour that reflected
anxiety and depression: I am worried about many things, I often feel like crying, I
get tired easily, I often have a stomach-ache or headache and I am often unhappy
or down. The evaluation was performed on a 5-point Likert scale (/ =not true, ...,
S=true). The score was the mean of the items. Cronbach’s alpha coefficient was 0.81.
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Emotional well-being at age 20

Emotional well-being at age 20 was assessed using the three scales tapping mental
well-being, depressive symptoms and emotional symptoms described below. Depres-
sive and emotional symptoms scales were transposed such that larger values reflected
a higher level of well-being. These scales were included in the models as a latent fac-
tor that had high scores, suggesting strong internal cohesion (depressive symptoms’
scores indicated 1, mental well-being’s scores indicated 0.87 and emotional symp-
toms’ scores indicated 0.93). Cronbach’s alpha was also high, at 0.85. Moreover, the
scores were equal across gender (4°(2)=4.78, p>.05).

Mental well-being Mental well-being was assessed at age 20 using the Short War-
wick-Edinburgh Mental Well-being Scale (Tennant et al., 2007). This scale has seven
items, such as I've been feeling optimistic about the future, I've been feeling useful
and I've been dealing with problems well. The participants were asked to report their
experience with each item over the previous two weeks using a S5-point Likert scale
(I =none of the time, ..., 5=all of the time). The score was the mean of the items.
Cronbach’s alpha coefficient was 0.89.

Depressive symptoms Depressive symptoms were assessed at age 20 with seven
statements, such as I am often sad, Other people interest me less than previously and
I delay decision-making more than previously. The participants were asked to evalu-
ate the statements on a 5-point Likert scale (I =not at all true, ..., 5=very much true).
The score was the mean of the items. Cronbach’s alpha coefficient was 0.89.

Emotional symptoms Emotional symptoms were assessed using the emotional
symptoms scale from the Strengths and Difficulties Questionnaire (Goodman, 1997,
2001). This scale has five items, such as / worry a lot, I am nervous in new situations,
[ easily lose confidence, I have many fears, and I am easily scared. The participants
were asked to evaluate the statements using a 5-point Likert scale (/ =not at all true,
..., 3=very much true). The score was the mean of the items. Cronbach’s alpha coef-
ficient was 0.77.

Educational attainment

The participants were asked to report their highest completed educational level.
The response options were comprehensive school (n=51, 8.7%), vocational school
(n=166, 28.3%) and high school (n=363, 61.9%). Information was missing for six
participants. As the expected completion age of vocational school and high school in
Finland is 18-19 years (depending on the birth month), the participants who responded
‘comprehensive school’ had likely either dropped out or were delayed in completing
their secondary-level education. The educational track measure was dummy-coded
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to examine the differences between each pair of the three tracks (non-completers,
vocational and academic), resulting in three variables, one for each contrast.

Statistical analysis

Data analysis began by examining the missing values and distributions. The dis-
tributions of all measures except for internalising problems in Grade 9 and emo-
tional problems and depressive symptoms at age 20 were close to normal (all with
some floor effect). However, according to the strict normality tests of Kolmogorov—
Smirnov and Shapiro—Wilk, only reading fluency was normally distributed. Despite
some floor effects, the problems in distributions were not severe, as suggested by the
skewness and kurtosis values below. In addition, there were no extreme outliers in
any of the measures (more than three standard deviations from the mean). Because
of the non-normality of the distributions, the model parameters were estimated using
a maximum likelihood estimation with robust standard errors, which is considered
robust to non-normality (Muthén & Muthén, 1998-2012). Due to attrition, analyses
comparing the participants with and without data at age 20 in terms of means, vari-
ances and associations among the Grade 9 measures were conducted before estimat-
ing the path models.

In the hypothesised model, all measures were regressed on gender (to increase
figure clarity, the associations are depicted as short arrows from the gender variable).
In Grade 9, emotional well-being was assessed by internalising problems and their
impact on self-concept measures; educational track and emotional well-being were
controlled for. The correlations among the skills and internalising problems and the
residual correlations among the self-concept variables were included in the model
(estimates in Table 4). Educational attainment was included as a dummy-coded vari-
able to examine their paired differences in age-20 emotional well-being and all Grade
9 measures and gender. Therefore, three path models were reported, one for each edu-
cational attainment contrast: Model 1 compared the vocational and academic tracks
(Fig. 2), Model 2 compared the vocational track and the group that had not completed
secondary education (Fig. 3) and Model 3 compared the academic track and the no-
completion group (Fig. 4).

Before the analyses, we also tested if gender moderates the model estimates by
running multigroup models and comparing the fit of the models in which all estimates
were estimated freely for both genders and a model in which all estimates were fixed
equal. No gender differences were found. First, the loadings for the emotional well-
being latent factor were equal for boys and girls (Ax*(2)=4.78, p=.09). Second, all
estimates were equal for boys and girls in the hypothesised models contrasting voca-
tional and academic educational attainment (Ay*(25)=30.47, p=.21), in the model
contrasting vocational educational attainment and non-completers (Ay? (25)=33.50,
p=.12) and in the model contrasting academic educational attainment and non-com-
pleters (Ay? (25)=29.48, p=.24).

The goodness-of-fit of the estimated models was evaluated using the y’-test, the
comparative fit index (CFI), the root mean square error of approximation (RMSEA)
and the standardised root mean square residual (SRMR). Good model fit was indi-
cated by a small, preferably non-significant y°, CFI>0.95, RMSEA<0.06 and
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SRMR <0.08 (Hu & Bentler, 1999). Mplus 8.7 (Muthén & Muthén, 1998-2012) was
used in modelling.

Missing values and attrition analysis
In the full Grade 9 sample, there were 1,788 participants (51% girls); of them, 586
(33%, 61% girls) were contacted at age 20. The reason for the large number of miss-

ing values is a combination of a lack of response and not being able to locate the
former participants. Little’s MCAR test suggested that the missing values were not
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Table 1 Differences in the Standardized Grade 9 Measures between the Participants Who Did or Did Not
Participate at Age 20

Participated Participated

at age 15 only at age 15 and 20

N Mean SD N  Mean SD F (df) Cohen

d

Reading comprehension 865 -0.08 0.88 462 0.12 0.82 15.58*** (.23
Reading fluency 1215 -0.09 0.87 585 0.15 0.81 30.74*** 0.28
Math 1072 -0.10 1.01 557 0.18 0.95 30.69*** 0.29
Self-concept: reading fluency 1087 -0.03 099 521 0.06 1.02 2.61 0.09
Self-concept: reading comprehension 1086 -0.05 098 520 0.11 1.04 8.54** 0.15
Self-concept: math 1090 -0.08 1.01 524 0.17 095 23.42%%* 0.26
Self-concept: global 1081 -0.02 1.01 518 0.03 0.98 0.79 0.05
Internalizing problems 1071 -0.02 1.01 518 0.05 098 1.94 0.07

Note * p<.05, ** p<.01, *** p<001

missing completely randomly: ¥*(116)=282.436, p<.001. To understand the poten-
tial impact of attrition on the results, we compared the Grade 9 measures between
the participating and non-participating participants (Table 1). The results suggested
that the sample participating at age 20 was diluted from the poorer performing end
of the skill assessments to the self-concept belief distributions. The effect sizes were
small to negligible, but the fact that the sample participating at age 20 was somewhat
skewed towards academically better-performing adolescents needs to be acknowl-
edged in the interpretation of the findings.

There were also some missing values in all measures for the sample of the 586
participants followed until age 20. Little’s MCAR test suggested that these missing
values were missing completely randomly: *(132)=140.184, p=.297.
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Results
Descriptive statistics and gender differences

Table 2 presents the means, standard deviations and gender comparisons. In Grade 9,
the female participants were better readers and had a higher reading comprehension
self-concept but reported more internalising problems and lower self-esteem than
the males. The male participants scored higher on the math task and had a higher
self-concept in math. At age 20, the women reported more depression and emotional
problems and lower mental well-being. The effect sizes were small to medium,
except for the internalising problems, which showed a large effect size. Because of
the significant differences, gender was included in the models as a control variable.

The correlation coefficients are presented in Table 3. Significant associations
were found at both assessment times. In addition, there were significant correlations
between the age-20 measures and Grade 9 internalising problems, global self-con-
cept and math self-concept.

Path models predicting age-20 well-being with grade 9 skills

Three models testing the hypothesised model were estimated to examine all contrasts
among the three educational attainment categories separately (Table 4). Figure 2
illustrates Model 1, contrasting vocational and academic educational attainment.
Figure 3 illustrates Model 2, contrasting vocational and non-completers. Figure 4
illustrates Model 3, contrasting vocational and non-completers. The models fit the
data well: Model 1, y’(28)=60.63, p<.001, RMSEA=0.05 (0.03-0.06), CFI=0.98,
SRMR=0.02; Model 2, ,’(28)=64.54, p<.001, RMSEA=0.05 (0.03-0.06),
CFI=0.98, SRMR=0.03 and Model 3, »°(28)=67.15, p<.001, RMSEA=0.05 (0.03—
0.06), CF1=0.98, SRMR=0.03.

The models indicate that academic skills directly predict self-concept beliefs and
educational attainment. First, there were significant positive associations between
each skill and its respective self-concept of ability. In addition, better reading fluency
was associated with a higher reading comprehension self-concept. Second, the global
self-concept was significantly associated with math skills but not with reading flu-
ency or comprehension. The better the math skills, the higher the global self-concept.
Third, better reading comprehension and math skills predicted completion of the aca-
demic educational track. In particular, the participants who graduated from the aca-
demic track had, on average, better performance in the PISA reading and math tests
than those who graduated from vocational education (Model 1). Furthermore, Model
3 indicated that the participants who graduated from the academic track, on average,
performed better on the math test than the non-completers. There were no differences
between the vocational educational attainment and non-completers in terms of any
of the Grade 9 skills.

The models further indicate that of the self-concept beliefs, global self-concept,
in particular, predicted age-20 emotional well-being (4—6% of the variance). In addi-
tion, a small significant negative path (-0.11) from the reading comprehension self-
concept to age-20 well-being was identified, but only in the Model 3 that contrasted
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academic educational attainment and non-completers. This suggests that those with
a higher reading comprehension self-concept had somewhat lower well-being at age
20. As the correlation coefficient between the reading comprehension self-concept
and age-20 well-being indicators was not significant, this association is likely a spuri-
ous correlation that should be interpreted with caution.

Furthermore, self-concept beliefs predicted educational attainment in all models.
The global self-concept predicted educational attainment in Model 3, suggesting that
students who had not completed secondary education by age 20 had a lower global
self-concept in Grade 9 than those who had graduated from the academic track. In
addition, the reading comprehension self-concept predicted educational attainment in
Models 1 and 2, suggesting lower reading comprehension among the vocational track
completers than the other participants. Math self-concept was a significant predictor
of educational attainment in Model 3, suggesting better math self-concept among
those who had graduated from the academic track than among those who had not
completed secondary education.

Of the control measures, internalising problems and educational attainment also
had significant direct effects on emotional well-being. First, Grade 9 internalising
problems predicted 22% of age-20 well-being, suggesting stability in the emotional
well-being problems from adolescence to young adulthood. Second, educational
attainment explained 1-8% of age-20 well-being, depending on the model. Both
the vocational and academic educational attainment groups had higher well-being
than the non-completers. Furthermore, the vocational educational attainment group
had a higher level of emotional well-being than the academic educational attainment
group. Internalising problems were also associated with poorer global self-concepts
and lower self-concepts in math but not with lower reading self-concepts.

Finally, there were some significant indirect effects predicting age-20 emotional
well-being (Table 5). First, in all models, there was a statistically significant indirect
path from math skill to age-20 emotional well-being via the global self-concept. The
positive effect suggests that the better the math skills, the higher the self-esteem and,
further, the higher the well-being five years later. Second, in Model 2, there were sta-
tistically significant indirect paths from reading fluency and comprehension to age-20
well-being via reading comprehension self-concept and educational attainment. This
pathway suggests that better reading skills predicted higher emotional well-being
via better reading comprehension self-concept for those who completed vocational
education, in contrast to non-completers. Third, in Model 3, there were statistically
significant indirect paths from reading fluency and comprehension to age-20 well-
being via the reading comprehension self-concept. Fourth, the effect of internalising
problems on emotional well-being ran partially via the global self-concept. Finally,
there were various small indirect effects from gender on emotional well-being via
skills, internalising problems, the global self-concept and the reading comprehension
self-concept.
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Discussion

The present study examined the associations between reading and math skills and
emotional well-being in a Finnish sample from adolescence to age 20. We tested a
hypothesised model where the predictive impact of reading fluency, reading com-
prehension and math skills on emotional well-being was mediated via self-concept
beliefs (skill-specific and global) and educational attainment. Gender and adoles-
cents’ Grade 9 emotional well-being (internalising problems) were controlled. The
results suggested no direct associations between adolescents’ reading and math skills
and their age-20 emotional well-being. There were also no significant differences in
emotional well-being between adolescents with and without reading and/or math dif-
ficulties. However, indirect effects on emotional well-being were found for reading
skills via reading comprehension self-concept and educational attainment, as well as
for math skills via global self-concept.

Our findings of no direct predictive associations between skills and emotional
well-being concur with those of some previous studies (Carroll et al., 2005; Parhiala
et al., 2015). The findings differ, however, from many other studies suggesting an
association (e.g., Francis et al., 2019). For example, Aro et al. (2019, 2022, 2023)
reported that, in a Finnish clinical sample, adults with a childhood diagnosis of learn-
ing difficulty had poorer mental health than their peers without learning difficulties.
These findings suggest that the association between skills and emotional well-being
is not found in a general school sample but can be stronger when the difficulties are
more severe. Furthermore, the strongest associations between dyslexia and emotional
well-being measures have been found for anxiety (e.g., Francis et al., 2019), which
was not examined in this study.

Although adolescent academic skills did not directly predict age-20 emotional
well-being, indirect associations via self-concept beliefs were found. In line with pre-
vious studies (Chapman, 1988; McArthur et al., 2020; Zeleke, 2004), skill-specific
self-concept beliefs were closely associated with their respective reading and math
skills, suggesting that adolescents are well aware of their academic skills in each
domain. However, similar to the actual skills, the skill-specific self-perceptions were
not strongly associated with emotional well-being five years later. In contrast, the
Grade 9 global self-concept was significantly associated with well-being, both con-
currently (internalising problems) and as a predictor of age-20 emotional well-being.
However, there was also a negative association between math skills and the global
self-concept, suggesting that poorer math skills make individuals vulnerable to more
negative views of themselves in general and not just in the math domain. This finding
supports those of previous studies linking learning difficulties with a more negative
global self-concept (e.g., Undheim and Sund, 2008). In contrast, no association was
found between reading skills and the global self-concept. This finding contradicts a
recent review (McArthur et al., 2020; see also Chapman, 1988; Zeleke, 2004) that
found a moderate association between global self-concept and reading. Our results
might be affected by the fact that poorer readers responded less often to the age-20
questionnaire than better readers. Possibly, a significant effect could have been found
if more of the poorer readers were included in the sample. However, it is also possible
that the combination of the educational context and the nature of the Finnish orthog-
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Table 4 Standardized Estimates for the Path Models 1-3

Model 1
(Educational attain-
ment: 0=vocational,
1 =academic)

Model 2

(Educational attain-
ment: 0=not complet-
ed, 1=vocational)

Model 3 (Educa-
tional attainment:
0=not complet-

ed, 1 =academic)

Path estimates
SC_RF—Well-being
SC_RC—Well-being

SC_Math—Well-being
SC_Global—Well-being
Educ.att. —»Well-being

Intern.—Well-being
Gender— Well-being
RF— Educ. att.
RC— Educ. att.
Math— Educ. att.
SC_RF— Educ.att.
SC_RC— Educ.att.
SC_Math— Educ.att.

SC_Global— Educ.att.

Intern.— Educ. att.
Gender—Educ.att.
RF—SC_RF
Intern.—SC_RF
Gender—SC_RF
RF—SC RC
RC—SC RC
Intern.—SC_RC
Gender—SC_RC
Math—SC_Math
Intern. -SC_Math
Gender—SC_Math
RF—SC_Global
RC—SC _Global
Math—SC_Global
Intern.—SC_Global
Gender—SC_Global
Gender—RF
Gender—RC
Gender—Math
Gender—Intern.
Correlations

RF with RC

RF with Math

RC with Math

RF with Intern.

RC with Intern.
Math with Intern.

0.04
-0.09
0.09
0.25%%%
~0.10%
0.04
0.04
0.21%%%
0.21%
-0.03
021***
0.1
0.00
0.02
-0.09
0.527%%
-0.05
0.12%%
0.28%%%
0.17%%%
~0.05
0.20%%%
0.62%%*
0.02
0.06
~0.05
0.22%%%
—0.49%5x
0.03
0.16%%%

0.36%**
0.47%%%
0.52%%%
0.02
-0.06
—-0.03

0.04
-0.04
0.03

0.09
-0.01
-0.09
0.05

0.02
~0.20%
0.10
~0.14
-0.12
-0.16
-0.05
-0.05
0.02

0.06
-0.05
_0.49***
0.04
—0.24%%x

0.36%**
(.47
0.53%**
0.02
—-0.06
—-0.02

0.04
—0.11*
0.00
0.23%**
0.17%*
—().34%%%
0.08

0.01

0.05
0.22%
-0.02
0.05
0.17*
0.13*
-0.05
—0.15%*
0.52%**
-0.05
0.11%*
0.28%***
0.17%**
-0.05
0.20%**
0.62%**
(). ] 8%**
0.02

0.06
-0.05
0.22%%%*
— (). 49%%%
0.03

— (). 4%%%
0.16%**
—().40%**

0.36%**
0.46%%*
0.53%%%
0.02
-0.06
—-0.02
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Table 4 (continued)

Model 1
(Educational attain-
ment: 0=vocational,
1 =academic)

Model 2

(Educational attain-
ment: 0=not complet-
ed, 1=vocational)

Model 3 (Educa-
tional attainment:
0=not complet-

ed, 1 =academic)

Residual correlations
SC_RF with SC RC
SC_RF with SC_Math

SC_RF with SC_Global

SC_RC with SC_Math

SC_RC with SC_Global
SC_Math with SC_Global

0.46%**
0.10*
0.11*
0.20%**
0.15%*
O. 14***

0.46%**
0.10*
0.11*
0.20%%*
0.15%*
0.14%%*

0.46%**
0.10
0.11
0.20%**
0.15%*
0.14%%*

Note * p<.05, ** p<.01, *** p<.001

SC_RF=self-concept in reading fluency, SC_RC=self-concept in reading comprehension, SC_
Math=self-concept in math, RC=reading comprehension, RF=Reading fluency, Intern. = internalizing
problems, Educ.att.=educational attainment dummy variable

Table5 The Significant Standardized Indirect Effects on Age 20 Emotional Well-being in the Three Models
Model 1 Model 2 Model 3 (Educa-
(Educational attain- (Educational attain- tional attainment:
ment: 0=vocational, ment: 0=not com- 0=not complet-
1 =academic) pleted, 1=vocational) ed, 1 =academic)

Math— SC_Global— 0.06** 0.05%** 0.05%*
RC—SC_RC—Educ. att— - 0.01* -
RC—-SC RC— - - —0.02*
RF—SC_RC—Educ. att— - 0.02* -
RF—SC RC— - - —-0.03*
Intern.—~SC_Global— 0.12%** 0.10%** 0.11%%*
Gender—Intern.— 0.12%** 0.13%** 0.13%**
Gender— Educ. att— - - —-0.03*
Gender—RF— SC_RC— - - 0.01*
Gender—Math—SC_Global— 0.01* 0.01* 0.01*
Gender—Intern.— 0.04*** 0.05%** 0.04***
SC_Global—

Gender— SC_RC— Educ. -0.01* - -

att—

Note * p<.05, ** p<.01, *** p<.001

SC_RF=self-concept in reading fluency, SC_RC=self-concept in reading comprehension, SC_
Math=self-concept in math, RC=reading comprehension, RF=Reading fluency, Intern. = internalizing
problems, Educ.att.=educational attainment dummy variable

raphy, which makes learning to read a relatively quick and easy process for most
children (e.g., Seymour et al., 2003), provides a context in which reading difficulties’
impact on the global self-concept is weaker than that in some other contexts. Future
studies are needed to better understand how writing systems, educational systems
and cultures more generally affect the associations among reading skills, self-concept
beliefs and emotional well-being.

The results also suggest that educational attainment (track selection and comple-
tion of the vocational/academic track in the expected time) is associated with age-20
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emotional well-being. The participants who had not yet completed secondary edu-
cation had lower emotional well-being than those who had completed either voca-
tional or academic education. As emotional well-being and completion of secondary
education were both assessed simultaneously, the direction of a causal relationship
cannot be discerned, as effects in both directions are possible. Interestingly, track
selection (academic versus vocational) was also associated with age-20 emotional
well-being. Similar to other recent studies using different Finnish samples (Parvi-
ainen et al., 2020; Salmela-Aro et al., 2008; Salmela-Aro & Tynkkynen, 2012), the
academic track students in our sample reported poorer well-being than their peers on
the vocational track. This is a potentially interesting finding from the viewpoint of the
lacking association between adolescent skills and age-20 emotional well-being. The
vocational track selection might have protected the participants with poorer skills
from stress and emotional distress, as, in line with previous studies, the students with
poorer skills more often chose the vocational track (e.g., Burger, 2021; Falter, 2012;
Rimkute et al., 2014).

Overall, the models could predict about one-third of the variance in age-20 emo-
tional well-being, with the control measures (educational attainment, gender and
Grade 9 internalising problems) playing a significant role. Grade 9 internalising prob-
lems were a significant risk factor for poorer emotional well-being in young adult-
hood, supporting previous research on the continuation of emotional problems across
time (e.g., Akingbuwa et al., 2020; Kim-Cohen et al., 2003; Rao and Chen, 2009).
Such findings suggest that it is important to find effective support for students with
problems in emotional well-being while they are still at school, where it is possible
to reach them. Early support is likely more effective than later support, as problems
tend to accumulate and increase in severity over time.

The current study has several limitations that future studies should address. First,
although the study used a longitudinal sample followed over five years, it does not
allow causal conclusions. Many of the processes linking emotional well-being and
academic achievement may have started years before the first assessment in adoles-
cence. For example, the associations between academic skills and self-concept beliefs
may have developed reciprocally over several years prior to adolescence (e.g., Marsh
et al., 2005; Valentine et al., 2004). However, the effect of skills on self-concept
seems to be stronger than the other way around. Viljaranta et al. (2014), for example,
examined the development of reading and math skills, self-concept of ability in read-
ing and math and interest in reading and math across Grades 2—7 in a Finnish sample.
They found that reading and math skills predicted subsequent self-concept of ability
but not vice versa and that the effects of skills on self-concept were mediated through
interest in reading/math. As longitudinal studies with repeated assessments from early
on in this area are rare, further research in this area is required to better understand the
developmental pathways linking self-concept beliefs, skills and motivation. Second,
various factors known to affect emotional well-being were not included in this study,
and the study cannot offer a full explanation of the reasons underlying emotional
well-being at age 20. However, almost one-third of the individual variability in emo-
tional well-being was explained by the measures included. Third, the sample was
diluted from the lower end of the skill distribution due to attrition. This likely affected
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our results, in that the associations between skills and well-being were weaker than
those observed in some other studies. In general, the associations seem to be stronger
in clinical samples than in population-based samples. Despite this shortcoming, this
study reveals the long-term associations during an important developmental period
and the indirect effects on emotional well-being through the educational track and
self-concept beliefs for mathematics. Finally, the self-concept measures were based
on a limited set of questions, which prevented the use of latent factors and may have
affected measurement reliability. Future studies should seek to strengthen the reli-
ability of self-perception measures.

In conclusion, the results suggest that young adults’ well-being is jointly deter-
mined by various risk and protective factors rather than being directly linked or
etiologically comorbid with reading and math difficulties. However, reading com-
prehension and math skills seem to play a role in emotional well-being through self-
concept beliefs and educational attainment. Future studies should examine when and
by which mechanisms the association between global self-concept and math skills, in
particular, emerges. Based on this study, we cannot specify the developmental origins
of these associations; a longitudinal study starting earlier and repeatedly assessing
the key measures is required. If learning difficulties and the global perception of
self-worth start to intertwine through school experiences of failure and feedback, we
need to find ways to change learning environments. Overall, the results suggest that
adolescent self-concept beliefs, particularly the global self-concept, should receive
careful attention. Adolescents with math difficulties who develop generalised nega-
tive self-perceptions may be at risk for poorer emotional well-being as young adults.
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