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This study examined the identifiability and early cognitive and motivational markers of low reading and
arithmetic fluency. Comparisons of these characteristics between Finnish third graders (n = 197) with low
fluency in reading, arithmetic, or both revealed, first, that the majority of third graders with low arithmetic
fluency showed low arithmetic skills already at first-grade spring, whereas children with low reading fluency
were identified from the second-grade fall onward. Second, all groups with low fluency showed low rapid

automatized naming and counting skills across the primary school years, while in other cognitive skills these
groups showed different patterns. Third, all groups with fluency problems demonstrated low self-efficacy and
self-concept in the domain in which they had difficulties. The present findings enhance understanding about the
emergence, stability and potential early cognitive and motivational markers of single and comorbid fluency
problems in reading and arithmetic.

1. Introduction

Strengthening children's basic reading and arithmetic skills to reach
a sufficient level of fluency is one of the main educational goals of pri-
mary school. In reading, effortless mastery of grapheme-phoneme cor-
respondences and phonemic recoding form the basis of fluency (Hudson
et al., 2008), which allows shifting of attention from decoding to
meaning (Samuels, 2006). Fluent calculation skills require accurate and
fast retrieval of arithmetic facts, such as solutions to simple additions
and subtractions (Geary, 1993), that predict more complex arithmetic
problem solving skills (Carr & Alexeev, 2011). Dysfluency is the most
common and universal characteristic of difficulties in both domains,
manifested by slow and laborious reading (Ziegler et al., 2003) and
reliance on time-consuming calculation strategies (Geary, 1993).
Research has shown that a considerable number of children face diffi-
culties in achieving fluency in both academic areas (Koponen et al.,
2018; Landerl & Moll, 2010). Prevalence rates of comorbid fluency

* This study was financed by the Academy of Finland [Grant Number 277340].

difficulties vary between 22%-46% (Koponen et al., 2018; Landerl &
Moll, 2010; Moll et al., 2014), and further, they are relatively persistent
(Koponen et al., 2018).

Although previous studies have established the key cognitive pre-
dictors of reading (Child et al., 2018; Landerl & Wimmer, 2008) and
arithmetic skills (Child et al., 2018), early cognitive predictors indi-
cating particularly fluency problems in reading, arithmetic, or both have
remained largely unexplored. To date, explicit focus on fluency prob-
lems, i.e., taking speed into account in addition to accuracy, has been
rare in studies examining the role of cognitive skills in reading and
arithmetic difficulties (see e.g., Landerl et al., 2009; Van Daal et al.,
2013; Van Der Sluis et al., 2005; Wang et al., 2018). Additionally,
motivational factors, such as task interest, self-efficacy beliefs, and ac-
ademic self-concept, play central roles in the development of academic
skills (Marsh & Martin, 2011; Talsma et al., 2018), but unfortunately,
studies examining the characteristics of single and comorbid fluency
problems have disregarded them. Moreover, most of the previous studies
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have either used a cross-sectional design or identified children with
single and comorbid difficulties using information only from one time
point. In light of these limitations, this study aims to increase knowledge
about the emergence, stability, and early cognitive and motivational
markers of low reading and arithmetic fluency.

1.1. Stability of single and comorbid reading and arithmetic fluency
difficulties

The stability of reading (Eklund et al., 2015; Georgiou, Inoue,
Papadopoulos, & Parrila, 2021; Lander]l & Wimmer, 2008) and arith-
metic fluency (Korpipaa et al., 2017; Zhang et al., 2020) seems to be
relatively high across school years. For example, the correlation of
reading fluency in the first two school years (r = 0.67, Torppa et al.,
2007) and even from second to eighth grade (r = 0.72, Eklund et al.,
2015) indicate high stability. Studies examining the stability of diffi-
culties in reading fluency (Eklund et al., 2015; Koponen et al., 2018;
Landerl & Wimmer, 2008; Torppa et al., 2007) allow us to draw similar
conclusions. Similarly, in the area of arithmetic, strong associations
have been found from first to fourth (r = 0.61, Zhang et al., 2020) and
from first to seventh grade (r = 0.51, Korpipaa et al., 2017), and evi-
dence from studies focusing on children's arithmetic problems (Chong &
Siegel, 2008; Koponen et al., 2018; Martin et al., 2013) suggest rela-
tively high stability also in arithmetic fluency.

To date, the only longitudinal study examining the stability of single
and comorbid fluency difficulties in elementary school children (Kopo-
nen et al., 2018) showed that 68% of children with comorbid problems
in second grade had corresponding difficulties two years later, while the
stability rates for single reading and arithmetic problems were 46% and
39%, respectively. Furthermore, the one-year stability of comorbid
problems was rather high already from second grade onward, while
single difficulties showed higher stability when they were identified in
third grade compared to earlier grades. Unfortunately, Koponen et al.
(2018) explored reading and arithmetic fluency using single tasks, and
thus, studies exploring a comprehensive battery of measures among a
population-based sample of children are imperative when examining the
stability of low performance in reading and arithmetic.

1.2. Cognitive skills related to dysfluency in reading and arithmetic

The predictive contribution of phonological skills (Puolakanaho
et al., 2008; Ziegler et al., 2010) and rapid automatized naming (RAN;
Kirby et al., 2010; Landerl et al., 2019) to reading skills and reading
difficulties (Landerl et al., 2009, 2013; Van Daal et al., 2013) is well
documented, and thus they are referred to here as the core predictors of
reading. However, findings considering the role of general cognitive
skills, such as memory functions and processing speed, in reading dif-
ficulties are more mixed. For example, verbal short-term and working
memory have been found as significant predictors of reading (Landerl
et al., 2013), while visuospatial memory is typically examined in the
context of mathematical skills (see e.g., Allen et al., 2019). Studies
focusing particularly on reading fluency have not revealed clear differ-
ences in these memory processes between children with and without
reading fluency problems (Landerl et al., 2009; Van Der Sluis et al.,
2005).

Regarding arithmetic difficulties, the predictive role of verbal
counting skills (Zhang et al., 2020) and the processing of numerical
magnitudes (Landerl et al., 2009; Schwenk et al., 2017) are well docu-
mented in the literature. Adding to these numerical core predictors, low
RAN performance can be a significant risk factor for arithmetic dysflu-
ency (Donker et al., 2016; Koponen et al., 2017), although not all studies
have confirmed this finding (Landerl et al., 2009). While counting skills
are essential in establishing knowledge of arithmetic facts, RAN
contribution could be linked to the automatization and retrieval process
of these representations (Koponen, Aro, et al., 2007). In addition to
retrieval, solving a calculation task often requires storing and processing
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information simultaneously. Thus, working memory contributes signif-
icantly to solving arithmetic tasks (Wu et al., 2017) and accordingly,
restricted memory capacity may underlie arithmetic problems (Van Daal
et al,, 2013; Wang et al., 2018). Especially the role of visuospatial
memory in mathematical learning has been emphasized in the literature
(Allen et al., 2019), but whether weakness in memorizing visuospatial
information would be an explicit marker of arithmetic fluency problems
is still unclear.

Although reading and arithmetic are seen as distinct domains with
specific cognitive predictors, they also share a substantial amount of
variation (Koponen, Aunola, et al., 2007; Korpipaa et al., 2017), which is
predicted by both linguistic and number processing skills (Child et al.,
2018; Cirino et al., 2018; Georgiou, Inoue, & Parrila, 2021; Korpipaa
et al., 2017). Of the core cognitive skills, RAN and verbal counting have
consistently been found to predict this shared variance in reading and
arithmetic fluency among elementary school children (Cirino et al.,
2018; Koponen, Aunola, et al., 2007; Korpipaa et al., 2017). Also, the
shared variance has been predicted by a comparison of numerical
magnitudes (Cirino et al., 2018) and phonological awareness, although
the predictive role of phonology seems restricted to first (Cirino et al.,
2018; Korpipaa et al., 2017) and second grades (Child et al., 2018). Also,
more general cognitive skills, such as memory functions (Child et al.,
2018; Cirino et al., 2018; Korpipaa et al., 2017), seem to be associated
with the covariance of reading and arithmetic, although to a lesser
extent and more indirectly as compared to the core predictors.

Given the strong relationship between reading and arithmetic
fluency and the cognitive skills predicting their covariance, the extent to
which children with comorbid fluency problems might show weaknesses
in these cognitive skills remains unclear. Although low performance in a
variety of cognitive skills has been linked with comorbid reading and
arithmetic difficulties (Cirino et al., 2015; Landerl et al., 2009; Willcutt
et al., 2013), the role that these cognitive skills play in the background of
single and comorbid fluency problems calls for further research. As the
few studies focusing on fluency difficulties are largely limited to cross-
sectional designs, longitudinal studies are needed in order to better
understand the cognitive problems underlying persistently low reading
and arithmetic fluency.

1.3. Motivational factors in children with reading and/or arithmetic
difficulties

Evidence from recent studies reporting positive relations between
children's self-beliefs and academic performance (Chen et al., 2018;
Peura et al., 2019) and promising intervention effects for supporting
children's self-efficacy beliefs (Aro et al., 2018; Koponen et al., 2021)
highlights the importance of motivational factors for the development of
academic skills. Certainly, academic performance is known to be asso-
ciated with motivational factors, such as task-specific interest (Aunola
et al., 2006), academic self-concept (Huang, 2011; Marsh & Martin,
2011), and self-efficacy (Talsma et al., 2018). Task interest reflects
enjoyment experienced from engaging in a particular activity (Eccles
et al., 1983), and positive emotional experiences presumably drive one
to spend more time with the activity (Becker et al., 2010). Academic self-
concept refers to subjective competence beliefs in a particular academic
area in relation to others (Marsh, 1986; Moller et al., 2020), while self-
efficacy beliefs are future-oriented judgments of one's capability to act
and accomplish certain tasks (Bandura, 1997). Experiences of success
and failure affect the confidence in mastering the activity (Bandura,
1997), which, in turn, influences the involvement, effort, and persis-
tence allocated in the activity.

Regardless of the contribution of motivation to the development of
academic skills, evidence on these associations in children with low
reading and arithmetic skills is scarce. This evidence would be needed,
since lack of interest or perceptions of poor competence emerging from
early adverse experiences likely reduce the amount of skill use and
practice, which may further impede skill development (Inoue et al.,
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2021). Research has shown that children with learning difficulties tend
to have negative self-beliefs (Schuchardt et al., 2015; Zeleke, 2004) and
low confidence in their abilities (Jungert & Andersson, 2013). Particu-
larly, children, for whom reading and mathematics prove to be prob-
lematic at an early age, may be in heightened risk for developing
negative perceptions of the skill or themselves as learners (Gibby-Lev-
ersuch et al., 2019). Children's ability to make realistic judgments on
their capabilities develops with age (Harter, 2015), but knowledge on
this development especially in children with low academic performance
is still rather inconclusive.

The few studies that have investigated academic self-concept
(Hanich & Jordan, 2004; Schuchardt et al., 2015) or self-efficacy be-
liefs (Jungert & Andersson, 2013) in children with single and comorbid
difficulties in reading and math have focused on third to fifth graders,
while research on younger children's self-beliefs and task interest re-
mains absent. Further comparisons across early school years are needed
as they provide novel information on whether these motivational issues
manifest and develop differently in children with low performance only
in reading or arithmetic, or in both domains.

1.4. The present study

The current study is part of a longitudinal research project (Reading
and arithmetic dysfluency in children, 2014-2018) including five as-
sessments of reading and arithmetic fluency, cognitive skills, and
motivational factors from Grade 1 to Grade 3. The previous report of the
follow-up (Koponen et al., 2020) examined the shared variance of
reading and arithmetic skills in Grade 2 fall, and its cognitive predictors
measured at Grade 1 with an unselected sample of children. The shared
variance of reading and arithmetic fluency was strongly predicted by
RAN and counting skills, while together with phonological awareness,
symbolic number comparison and processing speed they almost fully
explained the covariance of these academic skills.

The current study extends the understanding of reading and arith-
metic fluency problems and their early identification in at least three
important ways. First, groups with low fluency in reading, arithmetic, or
both were identified on the basis of two Grade 3 assessment points (fall
and spring), which presumably results in a more reliable identification
of truly low performance than using a single assessment point. Second,
we examined to what extent low reading and/or arithmetic fluency in
Grade 3 could already be identifiable during the first primary school
years. Third, our assessments included not only cognitive skills but also
motivational factors. Examining the consistency of group differences in
cognitive and motivational factors across the five assessment points
allowed us to identify potential early markers indicating later single and
comorbid fluency problems. Three research questions were asked in our
study:

(1) To what extent third-grade children's fluency problems in
reading, arithmetic or both would be identifiable in Grade 1
spring and during Grade 2?

Based on the findings of Koponen et al. (2018) suggesting that co-
morbid difficulties are fairly stable already from second grade onward,
we expected that the level of identifiability in Grades 1 and 2 would be
highest in children with both low reading, and arithmetic fluency.

(2) Do children with low fluency in reading, arithmetic, or both differ
from each other or children without fluency problems in cogni-
tive skills (RAN, phonological awareness, counting, number
comparison, processing speed, verbal short-term memory,
working memory, and visuospatial memory) during the two-year
follow-up period?

In light of a strong relation between RAN and counting and their
predictive association with reading and arithmetic covariation
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(Koponen et al., 2020; Korpipaa et al., 2017), we expected that weak-
nesses in these skills would occur in all groups with low fluency.
Moreover, low phonological awareness was expected to be specifically
related to low reading fluency, and poor number comparison to low
arithmetic fluency. Due to inconsistencies in earlier findings considering
the role of more general cognitive skills (i.e., memory, processing speed)
in reading and arithmetic fluency difficulties, we did not formulate any
specific hypotheses about their relations with single fluency problems.
In terms of the comorbid group, we expected to observe not only
weaknesses in core linguistic and numerical predictors, but also low
performance across general cognitive skills (Willcutt et al., 2013).

(3) How do domain-specific motivational factors (task interest, self-
efficacy, and academic self-concept) differ between these four
groups during the follow-up period?

Guided by the evidence on the domain-specificity of low self-beliefs
(Schuchardt et al., 2015), we expected to observe low levels across the
motivational factors in the domain(s) where fluency problems have been
identified. As the grouping was based on children's performance scores
in Grade 3, we expected to detect low domain-specific interest and self-
beliefs in the three groups with low reading and/or arithmetic fluency at
least by the beginning of third grade.

2. Method
2.1. Participants and procedure

In this study, the development of 197 children was followed semi-
annually from Grade 1 spring to Grade 3 spring with altogether five
assessment points. Table 1 presents the descriptive statistics on the
children's age, gender, and their parents' educational levels. Research
assistants trained in data collection conducted the assessments in
schools during school hours. The participants were from six schools
located in three municipalities in Central Finland. The children's care-
givers were asked to provide written consent for their child to partici-
pate. The ethical statement for the project's research plan was received
from the university's Ethical Committee.

Participants were divided into four groups based on their achieve-
ment scores in reading and arithmetic fluency composite scores at both
the fall and spring of Grade 3. Children who scored below the cut-off
score of —0.7 standard deviations below the mean (corresponding to
the 25th percentile) in either reading (Rjow, n = 14) or arithmetic fluency
tasks (Ajow, n = 16), or both (RAjqw, n = 25) formed the three groups
with low fluency. Children who did not meet these criteria were clas-
sified as not having low reading or arithmetic fluency (No RjowAjow, 1 =
142).

Despite the rather lenient cut-off score, it is noteworthy that our
inclusion criterion was low performance in two consecutive assessment
points in the reading and/or arithmetic composite scores. Overall, large
amount of the children's scores fell below —1 SD (75% of scores of
altogether 14 third grade assessment tasks among RAjq, group; 56% of 8
reading tasks among Rjow; 58% of 6 arithmetic tasks among Ajoy). Only
one child in both A}y and Rjow groups did not have any of the scores
below —1 SD, their lowest scores being —0.98 and —0.99 SD.

2.2. Measures

A detailed description of the measures can be found in Supplemental
materials (S1).

2.2.1. Academic outcomes

Reading fluency was assessed with four time-limited tasks: a group-
administered Sentence reading task (Salmi et al., 2011) and individu-
ally administered Word list reading task (Hayrinen et al., 2013), the
Pseudoword list reading task, and the Text reading task (Salmi et al.,
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Table 1
Descriptive measures in groups with and without low reading and arithmetic fluency.
No RiowAiow Riow Alow RAjow
Mean SD Mean SD Mean SD Mean SD
Age” (years) 7.78 0.28 7.85 0.25 7.76 0.31 7.77 0.30
1Q" (z-score) 0.19 0.95 —0.55 1.05 —0.14 1.05 -0.73 0.91
Highest parental education’ 3.96 1.65 2.85 1.46 4.33 1.68 3.35 1.66
Girls Boys Girls Boys Girls Boys Girls Boys
Gender (%) 50.7 49.3 71.4 28.6 50.0 50.0 44.0 56.0

Note. Group sizes varied due to missing data in assessment points: No RjowAjow = children without low reading or arithmetic fluency (n = 135-142); Ry, = low reading
fluency (n = 13-14); Ajow = low arithmetic fluency (n = 15-16); RAjow = low reading and arithmetic fluency (n = 20-25).

@ Children's age in Grade 1 spring.
b 1Q was measured in Grade 2 fall.

¢ Parents' highest education was measured in the spring of 2017 when children were at 1st Grade.

2011). A mean of the standardized scores of these tasks was used as a
reading fluency composite score at each assessment point. Cronbach's
alpha reliability (a) for the composite score varied between 0.94 and
0.96 (from Grade 1 spring to Grade 3 spring). Arithmetic fluency was
assessed with three time-limited group-administered tasks: the Addition
fluency task (Koponen & Mononen, 2010a), the Subtraction fluency task
(Koponen & Mononen, 2010b), and the Arithmetic fluency task (Aunola
& Rasanen, 2007; from the second measurement point onward). A mean
of the standardized scores from these tasks was used as an arithmetic
fluency composite score (o« = 0.89-0.95).

2.2.2. Core cognitive predictors of reading and arithmetic

Tasks of RAN, phonological awareness, counting, and number com-
parison were administered at all five measurement points. RAN was
assessed with three tasks (objects, letters, and digits; see Denckla &
Rudel, 1974). The composite score for RAN was the mean of the stan-
dardized scores of the three tasks (« = 0.83-0.84). Phonological aware-
ness was measured with a phoneme and syllable deletion task (a =
0.88-0.89). Counting was assessed with two forward and two backward
counting tasks with a time limit of 30 s. A mean of the standardized
scores from these four tasks was used as a composite score (a =
0.80-0.83). Number comparison was measured with a computer-assisted
task, in which a child was instructed to choose the larger of the two
single-digit numbers varying between 2 and 9. The score was the
number of correctly answered items.

2.2.3. General cognitive skills

General cognitive skills included three dimensions of memory pro-
cesses and processing speed. Verbal short-term memory, working mem-
ory and visuospatial memory were assessed at all measurement points.
Verbal short-term memory was assessed with the Forward digit span subtest
(WISC-IV; Wechsler, 2010) and an analogous Word recall task created for
this project. Working memory was assessed with Backward digit span
(WISC-1V; Wechsler, 2010) and analogous Word recall tasks. The com-
posite scores for these memory variables were based on the means of the
standardized scores of the subtasks («x = 0.68-0.79 for verbal short-term
memory and o = 0.57-0.70 for working memory). Visuospatial memory
was assessed with a computerized version of the Corsi block task (Corsi,
1972). The score was the number of correct trials. Processing speed was
assessed with the WISC-IV Symbol Search subtest (Wechsler, 2010) at all
measurement points. Additionally, two tasks of identification of letters
and numbers were used in Grade 2 fall and spring. All three subtasks had a
time limit of 120 s. The composite score was the mean of the standardized
scores of these tasks (Grade 2 fall and spring a = 0.83-0.84).

2.2.4. Motivational factors
Reading- and math-related task interest, self-efficacy, and academic

self-concept were assessed at all measurement points. Task interest
measuring children's enjoyment in reading and math activities was
assessed with a computer-assisted questionnaire (¢ = 0.82-0.86 in
reading and o = 0.88-0.92 in math). Reading and math self-efficacy were
also assessed with a computerized questionnaire comprising questions
related to everyday skills, beliefs of current knowledge, and the ability to
learn reading/math (x = 0.79-0.86 in reading and a = 0.84-0.89 in
math). Academic self-concept was assessed with an individually admin-
istered questionnaire addressing how good a child thinks he/she is in
reading/math with and without comparison to other children, and
experienced difficulty in reading/math (a = 0.63-0.91 in reading and «
= 0.68-0.90 in math).

2.2.5. Background measures

General Intelligence was measured using the Verbal Similarities and
Performance Matrix subtests of WISC-IV (Wechsler, 2010) in Grade 2
fall. The score used as a measure for IQ was the mean of the two tasks.
Parents' educational level was asked when children were at Grade 1 with a
parental questionnaire that was scored on a 7-point scale, the higher
parental educational level being used as a measure of parental
education.

2.3. Data analysis

Distributions of all standardized scores were normal or close to
normal except for processing speed in Grade 1 spring and phonological
awareness in Grade 3 spring. For processing speed, the distribution was
corrected by moving three outliers to the left tail of the distribution. In
phonological awareness, the distributions of raw score measures were
left skewed at all measurement points, but after Box-Cox variable
transformations (Osborne, 2010), they met the normality assumptions
except for Grade 3 spring. There was also a ceiling effect from Grade 2
spring onward, which is common in a transparent orthography like
Finnish (Ziegler et al., 2010). Thus, group comparisons of phonological
awareness were not performed for the last assessment.

As a preliminary analysis, group differences in gender distribution
were compared with cross-tabulation, and group differences in age, IQ,
and parental educational level with ANOVA. Cross-tabulation was used
to examine to what extent children's low reading and arithmetic fluency
could already be identified in Grade 1 spring, Grade 2 fall, or Grade 2
spring. The low fluency levels in Grades 1 and 2 were classified using the
same cut-off score as in Grade 3 (z = —0.7). Notably, children with RAj4
were identified as having low reading fluency in Grades 1 and 2 since
they scored below the cut-off score in reading fluency composite score.
Similarly, all children scoring below the cut-off score in arithmetic
fluency composite score were classified as having Ay, difficulty. To test
the accuracy of identification, Bootstrap-option in Frequency analysis
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was used to compare the 95% confidence intervals between identified
and unidentified children separately in each of the three groups in the
three measurement points.

Group differences in cognitive skills and motivational factors were
analyzed with ANCOVA with IQ set as the covariate. In the case of a
significant main effect of group (p < .05), Bonferroni corrected pairwise
comparisons were used to define which groups differed significantly
from each other. Means, standard deviations, and group comparisons
are presented in supplemental materials (S4 and S5, cognitive skills and
motivational factors, respectively). Due to the small sample sizes in Rjoyw,
Ajow, and RAjqy, groups, ANCOVA results were interpreted in parallel
with in pairs calculated effect sizes (Cohen's d, 0.20 = small; 0.50 =
moderate; 0.80 = large; Cohen, 1992) using group means and standard
deviations (i.e., without considering IQ as a covariate; see S6 in sup-
plemental materials).

3. Results

Fig. 1 presents the reading and arithmetic fluency performance of the
four groups at each of the five measurement points. To validate the
performed grouping, two mixed design ANOVAs using time as the
within-subject factor were carried out. They showed a statistically sig-
nificant main effect of group in reading fluency (F(3, 186) = 56.10, p <
.001) and arithmetic fluency (F(3, 186) = 62.44, p < .001) across the
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five measurement points from Grade 1 spring to Grade 3 spring. Pairwise
comparisons (p < .001) revealed, as expected, that both Ry, and RAow
had lower reading fluency than No RjwAjew throughout the follow-up.
Additionally, Ajow outperformed RAj,, at all assessment points and
Ryjow from Grade 2 spring onward in reading fluency, while Ay, scored
lower than No RjowAjow in reading fluency in Grade 2 (fall and spring)
and Grade 3 spring. In arithmetic fluency, Ajow and RAjoy, scored lower
than No RjowAjow at all measurement points. Also, Ry outperformed
RAow from Grade 2 spring onward and Aj,, in both Grade 3
assessments.

Group comparisons of background measures revealed a group dif-
ference in IQ (F(3, 185) = 7.59, p < .001); post hoc tests showing that No
RiowAlow outperformed RAjqy,. Therefore, IQ was used as a covariate in
further comparisons. No differences were found in children's gender (2
(3) = 2.84, p = .418) or age (F(3, 193) = 0.30, p = .824). Even though
there was a significant main effect of group on parents' educational level
(F(3, 179) = 2.90, p = .037), post hoc tests did not reveal significant
differences between any pairs of groups.

3.1. Earlier identifiability of single and comorbid fluency problems

This study aimed first to examine what proportion of children with
low reading and/or arithmetic fluency in Grade 3 could already be
identified at Grade 1 spring and during Grade 2. As indicated in Table 2,
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Fig. 1. Reading and arithmetic fluency development from Grade 1 to Grade 3 in the four groups.
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Table 2
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Percentages of 3rd grade children with correspondingly low level of fluency in grades 1 and 2.

Grade 1 spring

Grade 2 fall Grade 2 spring

% 95% CI % 95% CI % 95% CI
LL UL LL UL LL UL

Riow

Correctly identified 46.2 23.1 69.2 78.6 64.3 92.1 85.7 71.4 92.9
Unidentified 53.8 38.5 69.2 21.4 7.1 35.7 14.3 0 35.7
Alow

Correctly identified 75.0 62.5 87.5 87.5 75.0 100 87.5 75.0 100.0
Unidentified 25.0 12.5 43.8 12,5 0 31.3 12.5 0 25.0
RAjow

Correctly identified 65.2 47.8 82.6 80.0 68.0 92.0 84.0 72.0 94.2
Unidentified 34.8 21.7 47.8 20.0 8.0 32.0 16.0 8.0 28.0

Note. Rjow = low reading fluency; Ao, = low arithmetic fluency; RAjow = low reading and arithmetic fluency; CI = confidence interval; LL = lower limit; UL = upper

limit.

75% of children with low arithmetic skills and 65.2% with comorbid
problems showed similarly low fluency already in Grade 1 spring. Yet,
only 46.2% of children with low reading fluency in Grade 3 were
identified as having correspondingly low reading skills in Grade 1
spring. The level of identifiability of reading and comorbid problems
increased gradually during second grade, being around 85% in Grade 2
spring, while nearly 88% of children with low arithmetic skills were
identifiable in both Grade 2 assessments. Bootstrap-option in Frequency
analysis showed that in the Aoy and RAjoy groups, the 95% confidence
intervals of the percentages of identified and unidentified children did
not overlap with each other at any of the assessment points, whereas in
Riow, they did in Grade 1 spring. These results suggest that Ajow and
RAjow groups were already identifiable at the end of first grade, while
identification of Rjow was not reliable until the beginning of second
grade.

3.2. Group differences in cognitive skills

ANCOVA analysis (see S4) showed significant group differences in all
cognitive skills throughout the follow-up except for verbal short-term
memory, in which group differences were significant only from Grade
2 fall onward. The proportions of significant group differences and
ranges of effect sizes are summarized in Table 3. Figures in Supple-
mental Materials (S2) present the development of cognitive skills in the
four groups across the follow-up.

3.2.1. Group differences in RAN and phonological awareness
No RjowAjow outperformed all three low-performing fluency groups

in RAN. The difference between RAjqw and No RjowAjow persisted across
the follow-up, effect sizes being large. Although the difference between
Riow and No RjowAjow in Grade 1 spring was not yet significant, effect
sizes, however, were large already from Grade 1 spring onward. The
Ajow group was slower in RAN than No RjowAjow until Grade 3 fall, and
effect sizes were large or close to large throughout the follow-up.

Phonological awareness was consistently weaker in RAj,,y compared
to No RjowAlow, effect sizes being large. Aoy showed significantly lower
scores than No RjowAjow in Grade 2 spring and Grade 3 fall with mod-
erate to large effect sizes across the follow-up. Even though there were
no significant differences between Ry, and other groups, effect sizes
between Rjgy and No RjgwAjow varied from moderate to large from Grade
2 fall to Grade 3 fall.

To conclude, the three groups with low reading and/or arithmetic
fluency had slower naming speed than the No RjowAjow throughout the
follow-up period. With respect to phonological awareness, only the
RAjow performed consistently lower than the No RigwAjow-

3.2.2. Group differences in counting and number comparison

In counting, both RAoy and Ajqy groups performed weaker than No
RiowAlow throughout the follow-up. Effect sizes between RAjo,, and No
RiowAlow Were large across the follow-up except for Grade 2 fall. Effect
sizes between Ajo,, and No RjgwAjow Were also large. Ry scored signif-
icantly lower than No RjowAjow only in Grade 2 spring, but the effect
sizes were moderate to large across the follow-up period.

Number comparison was significantly lower in RAjow and Ajpw
groups compared to No RjowAjow across all grades, and the effect sizes
were large. Rjow scored significantly lower than No RjowAjow only in

Table 3
Proportions of significant group differences and effect sizes in cognitive skills between the four groups.
No RiowAlow V8. Riow No RiowAlow VS. Alow No RiowAiow VS. RAlow Riow V8. Alow Riow vs. RAjow Ajow VS. RAjow
Pr ES Pr ES Pr ES Pr ES Pr ES Pr ES
RAN 4/5 0.94-1.41 4/5 0.71-1.09 5/5 1.52-1.76 0/5 0.03-0.41 0/5 0.34-0.71 0/5 0.57-0.81
Phonological awareness® 0/4 0.45-0.85 2/4 0.68-0.93 4/4 1.28-1.35 0/4 0.13-0.32 0/4 0.51-0.86 0/4 0.40-0.73
Counting 1/5 0.68-0.98 5/5 0.76-0.99 5/5 1.26-1.51 0/5 0.02-0.31 0/5 0.47-1.06 0/5 0.38-0.82
Number comparison 1/5 0.40-1.20 5/5 1.00-1.31 5/5 0.85-1.56 0/5 0.15-0.66 0/5 0.28-0.97 0/5 0.14-0.53
Processing speed 0/5 0.28-0.55 5/5 0.81-1.35 5/5 1.04-1.51 2/5 0.39-0.99 3/5 0.64-1.09 0/5 0.14-0.34
Verbal short-term memory 0/5 0.09-0.30 0/5 0.35-0.65 3/5 0.75-1.01 0/5 0.12-0.74 1/5 0.51-0.90 0/5 0.11-0.59
Working memory 0/5 0.18-0.52 2/5 0.70-0.79 4/5 0.73-1.16 0/5 0.29-0.68 0/5 0.51-1.11 0/5 0.01-0.50
Visuospatial memory 0/5 0.04-0.86 4/5 0.69-1.07 1/5 0.46-0.83 1/5 0.17-1.12 0/5 0.04-0.57 0/5 0.16-0.61

Note. Proportions (Pr) represent the number of time points when the two contrasted groups differed significantly from each other. Effect sizes (ES) are presented from
the smallest to the largest between the two contrasted groups. No RjowAjow = children without low reading or arithmetic fluency; R = low reading fluency; Ajow =

low arithmetic fluency; RAjo, = low reading and arithmetic fluency.

@ Since the phonological awareness measure at Grade 3 spring did not meet the normality assumption and was no longer appropriate for statistical analyses, group

comparisons were carried out only until the Grade 3 fall.
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Grade 2 spring. The respective effect size was large, as it was also in
Grade 1 spring.

To summarize, both groups with low arithmetic fluency showed
consistently low levels in counting and number comparison, while
moderate to large effect sizes in counting between Rjo,, and No RjgwAjow
indicated consistently lower counting also in the Rjoy group.

3.2.3. Group differences in general cognitive skills

In processing speed, pairwise comparisons revealed that both RAjqy
and Aoy scored lower than No RyjowAjow across all grades with effect sizes
being large. In addition, RAj, performed weaker than R}, from Grade
2 fall to Grade 3 fall, and Aoy scored lower than Rjo across Grade 2.

Also, in working memory, RAjo, showed consistently lower scores
than No RjowAlow except for Grade 2 spring, effect sizes at these four
assessment points being large. In addition, A}, scored lower than No
RiowAlow in Grade 2 fall and Grade 3 spring with moderate effect sizes.
Even though pairwise comparisons did not show differences between
RAjow and Rjow in working memory, effect sizes between the groups were
moderate or large. In verbal short-term memory, RAjo, underperformed
No RjowAlow in Grade 2 and Grade 3 spring, though the effect sizes were
large or close to large throughout the follow-up.

Visuospatial memory was significantly and consistently lower in A}y,
compared to No RjowAjow, €xcept for Grade 2 fall. The effect sizes in the
four assessment points were large. In Grade 2 fall, RAjow showed the
lowest score being significantly different from No RjowAjow. Otherwise,
effect sizes between RAj,w and No RjgwAlow varied from small to
moderate.

In conclusion, poor performance in processing speed and working
memory were related to the two groups with low arithmetic fluency,
while lowest scores in verbal short-term memory were observed in the
RAjow group, and consistently low visuospatial memory, in turn, char-
acterized the Ajqy group.

3.3. Group differences in reading-related motivational factors

In reading self-efficacy, group differences were significant across the
follow-up. Similarly, in reading self-concept, differences occurred
throughout the study except for Grade 2 fall. In reading interest, dif-
ferences were observed only in Grade 3 fall. The proportions of signifi-
cant differences and ranges of effect sizes are summarized in Table 4,
and figures in Supplemental Materials present the development of
motivational factors in the four groups.

Pairwise comparisons revealed that RAj,,, had lower reading self-
efficacy than No RjowAjow throughout the follow-up, effect sizes being
large. Moreover, RAj,, showed lower scores than Aj,,, during Grade 3
and Ryoy in Grade 3 fall. Self-efficacy of Ryjoy in turn was lower than No
RiowAlow in Grade 2 fall, whereas the effect sizes varied from moderate to
large. For reading self-concept, Rjow and RA|o had significantly lower
self-beliefs than No RjowAjow and Ajey in Grade 1 spring and Grade 3,
including that RA), differed significantly from these two groups also in
Grade 2 spring. The effect sizes between the groups varied from
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moderate to large. Only significant group differences in reading interest
were observed in Grade 3 fall, Ajo showing higher interest in reading
than Rjow and RAjyy.

Overall, the two groups with low reading fluency had low reading
self-concept across the follow-up. Reading self-efficacy in turn was
consistently low in RA|o, group, while effect sizes indicated low reading
self-efficacy also in Rjow group. No systematic differences were observed
for reading interest.

3.4. Group differences in math-related motivational factors

Group differences in math self-efficacy were significant across the
measurement points and in math self-concept from Grade 2 fall onward.
Differences in math interest were significant in Grade 1 spring and Grade
2 fall.

Compared to the No RigwAjow, Alow Showed lower math self-efficacy
throughout the study, while differences to RAj,, were significant from
Grade 2 fall onward. Effect sizes were large or close to large throughout
the follow-up. In addition, Aoy, had lower math self-efficacy than Rjq, in
Grade 2 spring, and RAj.y scored lower than Ry, in Grade 3 fall. In math
self-concept, Ajow had significantly lower self-beliefs than No RjowAjow
from Grade 2 fall onward, while RAjo had lower self-beliefs than No
RiowAlow 0only in Grade 3. In addition, in Grade 2 spring Ajow had lower
math self-concept compared to Ry, and the effect sizes were large or
close to large already from Grade 2 fall onward. Although the differences
between RAj,w and Rjow were not significant, the effect sizes were
moderate or large in Grade 3. The only significant differences in math
interest were found between Aj,y and No RjowAjow in Grade 1 spring and
Ajow and Ryyy in Grade 2 fall.

To conclude, math self-efficacy was found to be consistently low in
both groups with low arithmetic fluency. Math self-concept in turn was
repeatedly low in Aoy group, while in the RA}oy, group the level of math
self-concept declined after the beginning of second grade being similarly
low at third grade as in the Aj,,, group. No systematic differences were
found for math interest.

4. Discussion
4.1. Earlier identifiability of single and comorbid fluency problems

The stability of single and comorbid difficulties has usually been
examined prospectively using a single assessment point for identifying
low performing groups (e.g., Chong & Siegel, 2008; Eklund et al., 2015;
Koponen et al., 2018). Here, a longitudinal approach with double-
occurrence criteria was used to examine the extent to which third
graders' low reading and arithmetic fluency could already be identified
at earlier grades. Partially in line with our expectations, the results
revealed that the majority of children with arithmetic and comorbid
fluency problems at Grade 3 were already identifiable at Grade 1 spring,
whereas children with low reading fluency were reliably identified from
the beginning of second grade.

Table 4
Proportions of significant group differences and effect sizes in motivational factors between the four groups.
No RiowAiow V8. Riow No RigwAiow VS. Alow No RiowAiow VS. RAlow Riow VS. Alow Riow VS. RAjow Ajow VS. RAlow
Pr ES Pr ES Pr ES Pr ES Pr ES Pr ES
Reading interest 0/5 0.11-0.72 0/5 0.00-0.46 0/5 0.37-0.74 1/5 0.11-1.10 0/5 0.02-0.35 1/5 0.24-1.12
Reading self-efficacy 1/5 0.63-1.02 0/5 0.07-0.74 5/5 0.89-1.82 0/5 0.07-0.87 1/5 0.14-1.01 2/5 0.16-1.07
Reading self-concept 3/5 0.66-1.64 0/5 0.00-0.70 4/5 0.61-1.52 3/5 0.85-1.98 0/5 0.05-0.17 4/5 0.82-1.41
Math interest 0/5 0.00-0.36 1/5 0.31-0.81 0/5 0.15-0.52 1/5 0.40-1.28 0/5 0.14-1.04 0/5 0.07-0.49
Math self-efficacy 0/5 0.01-0.43 5/5 0.79-1.06 4/5 0.60-1.42 1/5 0.37-1.07 1/5 0.41-1.42 0/5 0.00-0.49
Math self-concept 0/5 0.04-0.14 4/5 0.44-1.12 2/5 0.04-0.96 1/5 0.46-0.95 0/5 0.08-0.86 1/5 0.06-0.84

Note. Proportions (Pr) represent the number of time points when the two contrasted groups differed significantly from each other. Effect sizes (ES) are presented from
the smallest to the largest between the two contrasted groups. No RjowAjow = children without low reading or arithmetic fluency; R = low reading fluency; Ajow =

low arithmetic fluency; RAj, = low reading and arithmetic fluency.
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One possible explanation for the finding that reading fluency prob-
lems were less reliably identifiable in first grade compared to low
arithmetic fluency could be related to early reading instruction in
Finnish, which strongly emphasizes rule-based serial phonemic assem-
bly. Albeit most of the Finnish children learn accurate decoding during
the first grade (Seymour et al., 2003), they tend to rely on a letter-by-
letter reading strategy emphasizing accuracy instead of fluency.
Indeed, long polysyllabic words, resulting from the complex agglutina-
tive morphology of Finnish (Aro, 2017), do not support quick acquisi-
tion of reading fluency. The code-based approach in early reading
instruction might mask early individual differences in reading fluency
(see also Wimmer, 1993), which likely become more visible when
instructional focus moves from code to meaning, and to learning by
reading.

The finding that more than half of our children with low reading
fluency remained unidentified at the end of the first grade suggests that
the stability of individual differences starts to emerge later in reading as
compared to arithmetic and comorbid difficulties. This view supports
previous longitudinal studies that have reported divergent develop-
mental trajectories in reading fluency (Eklund et al., 2015; Torppa et al.,
2015), suggesting that fluency problems may emerge only after the early
school years. The shift from code-based reading instruction toward
increased amount of texts and reading comprehension likely challenges
children whose reading skills are no longer sufficient to cope with the
increased reading demands.

Overall, these findings underline the inter-individual variation,
particularly in reading fluency development, highlighting the need to
monitor skill development throughout and even after the early grades.
In contrast, high level of early identifiability found for low arithmetic
fluency suggests that first graders' low arithmetic skills already indicate
persistent challenges in math development and thus justifies intensive
and targeted support for basic calculation skills from early on.

4.2. Cognitive skills related to low reading and arithmetic fluency

Earlier studies on comorbid reading and arithmetic problems have
suggested that deficits in RAN and phonological awareness are uniquely
related to reading difficulties (Landerl et al., 2009; Van Daal et al.,
2013), while arithmetic difficulties are characterized by problems in
numerical skills (Landerl et al., 2009), and the cognitive deficits in
children with comorbid reading and math problems seem to follow an
additive pattern (Landerl et al., 2009; Van Der Sluis et al., 2005; Willcutt
et al., 2013). Findings on general cognitive skills related to single dif-
ficulties have been more mixed, while there is consistent evidence that
children with comorbid difficulties show weaknesses not only in the core
predictors of reading and arithmetic but also in verbal memory (Landerl
et al., 2009; Van Daal et al., 2013; Van Der Sluis et al., 2005;Wang et al.,
2018; Willcutt et al., 2013) and processing speed tasks (Wang et al.,
2018; Willcutt et al., 2013).

Findings from the present study suggest that cognitive profiles
related to reading and arithmetic fluency problems are partially over-
lapping. All three groups with low fluency performed consistently low in
RAN and counting, which was already observable at the end of the first
school year. Indeed, RAN and counting have been shown to predict both
reading and arithmetic fluency (Koponen et al., 2016) and their shared
covariance (Georgiou, Inoue, & Parrila, 2021; Koponen et al., 2020;
Korpipaa et al., 2017). Current results further indicate that inefficient
serial retrieval of verbal information could be a common risk factor for
fluency problems in both domains. Also, Van Daal et al. (2013) reached a
similar conclusion, as in their study, the overlap of reading and arith-
metic problems was accounted for by tasks requiring rapid processing of
verbal and numerical information.

Despite these similarities, however, the groups showed different
weaknesses in the other cognitive skills during the follow-up, further
providing useful information regarding the early identification of chil-
dren at risk for persistent fluency problems. According to the present
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results, weak decoding skills together with below-average levels in
naming speed and counting seem early markers of persistently low
reading fluency. Although weak phonological awareness is considered
as a central risk factor for reading difficulties, it did not come up as a
clear indicator of problems in the Rjy, group. This finding could be
related to the transparent orthography, where phonological skills pre-
dict especially the early phase of reading acquisition, i.e., accuracy
rather than fluency (Georgiou et al., 2012; Lander] & Wimmer, 2008;
Puolakanaho et al., 2008), but not later reading fluency (Landerl et al.,
2019). However, the RAjo, group had lower phonological awareness
than Ryey, while their reading fluency was at the same level. Thus, the
missing relation cannot be fully explained with the predictive link of
phonology to early reading skills. The difference could be related to the
lower working memory capacity observed in the RAjoy group, which
may have influenced tasks that require manipulating a word by deleting
a specific phoneme or syllable. However, the extent to which working
memory could affect phonological awareness requires further evidence.
Regarding absence of significant group differences in memory measures
and processing speed between the Rjoy and No RjowAjow groups, our
results suggest that these skills may play a less prominent role in chil-
dren with problems only in reading. However, for example working
memory and processing speed might contribute differently to other
components of reading, such as reading comprehension, which in turn
has different cognitive demands (Cirino et al., 2018; Torppa et al.,
2007).

Well in line with our expectations and previous literature (Landerl
et al., 2009; Schwenk et al., 2017), low performance in comparison of
numerical magnitudes was clearly related to low arithmetic fluency.
Together with below-age-level counting skills and RAN, these problems
could indicate the need for closer monitoring of children's arithmetic
development. In addition, low levels in processing speed and working
memory, the latter requiring not only storing information but also ex-
ecutive control, characterized the groups with low arithmetic fluency.
Weaknesses that children with low arithmetic skills show in working
memory and processing speed could hinder efficient information pro-
cessing needed in mental calculation tasks. For example, these arith-
metic problems typically require rapid processing of information
presented with visual symbols (written numbers and arithmetic opera-
tors), retrieval of arithmetic facts and holding them in mind while
actively working toward the final answer (e.g., Imbo & Vandierendonck,
2007). The result that only the Aj,, group showed consistently low
scores in visuospatial memory indicates a specific association between
spatial and mathematical skills, which is well in accord with recently
reported findings (see Allen et al., 2019, for a review). However, studies
examining visuospatial memory in children with reading and/or arith-
metic fluency problems have not reported very clear-cut results. Our
results were in line with those of Van Der Sluis et al. (2005), who
observed lowest visuospatial memory in children with low arithmetic
skills only, while in contrast, Landerl et al. (2009) reported that
memorizing visual information was weakest in the comorbid group.
While previous literature has proposed that cognitive weaknesses
related to comorbid problems would be an additive combination of
those related to separate reading and math difficulties (Landerl et al.,
2009; Willcutt et al., 2013), the current finding rather reflects a possi-
bility for different subtypes of arithmetic problems with different
cognitive characteristics.

Finally, the most concerning observations were related to the RAjoy
group showing consistently low levels in most of cognitive areas
included in the present study, even though the effect of IQ was
controlled for. Further, this group's weak verbal short-term memory
indicates that even storing verbal information—without the require-
ment of its concurrent manipulation—is problematic when the diffi-
culties co-occur. Due to the high stability of comorbid reading and
arithmetic difficulties (Koponen et al., 2018), early emerging problems
in academic skills and various areas of cognitive performance are strong
signs indicating the need for early support and monitoring of the



J. Pulkkinen et al.
development of both reading and math skills.
4.3. Motivational factors related to low reading and arithmetic fluency

Academic self-beliefs are context- and domain-specific (Bandura,
1997; Marsh, 1986; Moller et al., 2020; Schober et al., 2018; Susperre-
guy et al., 2018) already among elementary school children (Ehm et al.,
2014), and children with learning difficulties tend to be at greater risk of
having more negative academic self-beliefs than their peers without
such difficulties (Hanich & Jordan, 2004; Zeleke, 2004). Present find-
ings support these earlier findings and our expectations on domain-
specific associations, showing that children with Rjow, Ajow and RAjqw
expressed low self-efficacy beliefs and academic self-concept consis-
tently in the domain they showed low fluency. In other words, at this age
single difficulties in either reading or arithmetic skills do not seem to
reflect negatively on self-beliefs in the other skill. Similar pattern was
observed with regard to task interest, although group differences
reached significance only at a few assessment points.

Adding to domain-specificity, low self-efficacy and academic self-
concept became apparent by the spring of second grade at the latest.
While reading self-concept was similarly low in the Rjy and RAjoy
groups across the follow-up, low math self-beliefs emerged differently in
groups with low arithmetic fluency: RAj,,, showed clearly low mathe-
matical self-concept only by Grade 3 fall, while it was consistently low in
the Ajow group already from the beginning of Grade 2. Since academic
self-concept reflects competence perceptions in relation to others, as
well as intra-individual comparisons between different academic sub-
jects (Marsh, 1986; Moller et al., 2020), later appearing low math self-
concept in the RA|oy, group could be explained through these compari-
son processes and subject-specific instructional differences. As reading is
often instructed through tasks that involve reading aloud, children have
likely received plenty of corrective feedback in reading activities that,
together with social comparison, could make differences in reading
skills observable for learners earlier than in math.

Although the RAj,,, group showed clearly low self-beliefs in both
domains by third grade, the level of these self-beliefs was not substan-
tially lower than in groups with single problems in reading or arithmetic.
Thus, comorbidity does not necessarily induce more severe negative
beliefs of oneself as a learner. In light of seemingly negative mathe-
matical self-beliefs of the Ajqyy group, future research should continue to
investigate the interplay between mathematical self-beliefs and arith-
metic development, especially when there is a risk for persistent
problems.

4.4. Limitations

There are some limitations to consider when interpreting the results
of this study. First, group sizes in the three groups with low fluency were
rather small, which affects the statistical power of the analyses. To avoid
Type II error (i.e., incorrectly rejecting a true group difference), we
viewed the results of covariance analysis in parallel with in pairs
calculated effect sizes. The level of observed power was repeatedly low
in group comparisons related to verbal short-term memory and task
interest (<0.80; see S4 and S5 in Supplemental materials) due to limited
sample sizes. Therefore, the possibility of failing to detect existing dif-
ferences cannot be ruled out, which is suggested by moderate or even
large effect sizes found between the groups.

Second, group classification was based on a lenient cut-off criterion
of —0.7 standard deviation below the mean that roughly corresponds to
the 25th percentile. Therefore, children who met the criteria were
described as having low reading and/or arithmetic fluency rather than
deficits or disabilities. However, using the double-occurrence criterion
increased the reliability of identification compared to using a single cut-
off point only. As setting cut-offs is always somewhat arbitrary, and
categorizing continuous variables has certain limitations, such as losing
information and reducing power, future studies examining individual
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differences in reading and arithmetic development might advantage
from applying dimensional approaches with continuous data. However,
complex modelling was not feasible in the current study due to limited
sample size and large number of examined factors of interest.

Third, performance in the phonological awareness measure was
close to ceiling, which is typical and hard to avoid in a transparent
orthography. This might have contributed to the finding that phono-
logical awareness did not have a clear association with the R}, group.
The predictive power of phonological skills on reading is smaller in
languages with a transparent orthography than in those with a more
irregular writing system (Landerl et al., 2019; Ziegler et al., 2010), and
seems restricted to accuracy rather than fluency (Puolakanaho et al.,
2008). Final limitation concerns interpretation of group differences in
general cognitive skills while IQ has been controlled for. Probable
overlap between IQ and tasks assessing memory and processing speed
needs to be acknowledged since they assess partly similar information
processing skills.

5. Conclusions

This study examined earlier identifiability of third graders' low
reading and/or arithmetic fluency and early cognitive and motivational
characteristics related to these fluency problems. The results suggest
that low arithmetic fluency, with and without reading fluency problems,
seem to be reliably identifiable by the end of the first grade, while low
reading fluency becomes more apparent only from the beginning of the
second school year. Consistent with the studies examining the covari-
ance and predictors of reading and arithmetic fluency, low performance
in RAN and counting appeared to be characteristic to all the three groups
with fluency problems. Although the comorbid group had consistently
low performance in a broader set of cognitive skills, it did not seem to be
reflected on their reading- and math-related self-beliefs and interest, as
they were not substantially lower than in children with either low
reading or arithmetic fluency. However, all these three groups showed
low domain-specific self-efficacy and self-concept already by the end of
second grade, which underlines the importance of supporting their self-
beliefs alongside academic skills. In light of the current findings, close
attention should be paid especially to supporting children with comor-
bid problems, as they seem to have not only weaknesses in several
cognitive skills, but also low self-beliefs in both reading and math.
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