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Comorbid learning difficulties in linguistic and mathematical skills often emerge in
primary school age. The cause of coinciding of both learning difficulties during children’s
development spanning pre- and primary-school age is not yet well understood. To
address this research gap, we used data from the German National Educational Panel
Study (NEPS; n = 301) of four groups of children which were categorized according to
their skill levels in pre-school age: children with learning difficulties isolated in linguistic
skills (LD), children with learning difficulties isolated in mathematical skills (MD), children
with learning difficulties combined in linguistic and mathematical skills (MD/LD), and
children with typical development in both skills (TA). Computing univariate and repeated
measures ANCOVAs we compared the mathematical and linguistic development of the
four groups of children (LD, MD, LD/MD, and TA) spanning age four to ten. Results reveal
a partial catch-up in linguistic skills (lexical, grammatical) for children with LD. In contrast,
children with MD did not overcome their mathematical competence gap in comparison
with TA and LD. Moreover, children with MD showed a decrease in grammatical skills
during transition in primary school. Further, children with MD/LD displayed the weakest
performance in linguistic and mathematical skills during pre- and primary-school age in
general. However, after controlling for working memory, initial performance differences
between the groups decreased in favor of MD/LD. The relation between linguistic skills
and mathematical skills in persisting learning difficulties as well as the specific role of
working memory are discussed.

Keywords: learning difficulties, linguistic skills, math skills, working memory, comorbidity

INTRODUCTION

Many primary-school children experience difficulties meeting linguistic and mathematical
requirements even if they have not been diagnosed with an intellectual disability. Such low achievers
are estimated to account for about 23% of all students in linguistic and 8% in mathematical
skills (e.g., Fischbach et al., 2013). Prevalent combined difficulties (6%, ibid.) point to a strong

Frontiers in Psychology | www.frontiersin.org 1 December 2021 | Volume 12 | Article 793796

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2021.793796
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpsyg.2021.793796
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2021.793796&domain=pdf&date_stamp=2021-12-28
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.793796/full
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-12-793796 December 28, 2021 Time: 11:7 # 2

Viesel-Nordmeyer et al. Coinciding Math and Linguistic Difficulties

relationship between the acquisition of mathematical and
linguistic skills. Researchers also found this close association in
children with specific language disorders (Durkin et al., 2013)
and in children undergoing second language acquisition or from
a lower socioeconomic background (Demir et al., 2015).

Difficulties With Linguistic Skills
About 90% of children with a pre-school history of language
difficulties achieve age-appropriate linguistic skills by school
entry (e.g., Rescorla, 2002). Research shows that children
whose language difficulties persisted throughout all their pre-
school years have the highest risk of early language difficulties
continuing into school age (Kühn, 2010; Snowling et al., 2016).
There seems to be a critical age threshold at age four (Kühn,
2010) or five (Snowling et al., 2016) that differentiates between
children who overcome their problems over time and those
whose difficulties persist into school age. However, even some of
the children who achieved adequate linguistic skills before school
enrollment still deviate in their further linguistic development
compared to their typically achieving peers (Rescorla, 2002;
Kühn, 2010). Although there is evidence supporting a genetic
risk for developmental language disorders, the socioeconomic
background of the family holds additional predictive value
(Dilnot et al., 2017). A lower socioeconomic background,
which was already identified as responsible for input-dependent
disadvantages in linguistic achievement during school age (e.g.,
Demir et al., 2015), particularly contributes to the risk for
cumulative academic learning difficulties in both linguistic and
mathematical skills (Aro et al., 2009).

Difficulties With Mathematical Skills
Despite a great heterogeneity in mathematical learning difficulties
(Kucian and von Aster, 2015) precursors can already be identified
at pre-school age (e.g., Stock et al., 2010). A strong predictor
for the evolution of mathematical learning difficulties is the
specific capability for magnitude comparison. Other specific
early skills which have indicated future challenges with learning
mathematics include counting, seriation, and classification (Stock
et al., 2010). Geary et al. (2012) addressed the persistence of
learning difficulties between grades 1 to 5 by comparing the
development of children with moderate vs. severe mathematical
learning difficulties [clustered as mathematical low achievers
(LA) vs. mathematical learning disabilities (MD)] to their
typically achieving peers (TA). Taking a closer look at specific
mathematical tasks, both low achieving groups (but especially the
MD) are at first less proficient compared to their peers. However,
further development displayed a heterogeneous pattern with
variations in the kinds of difficulties. In number sets, there was
a nearly parallel developmental process of all groups over time,
just with the two low achieving groups continuously displaying
lower scores than the TAs. In contrast, both low achieving
groups were able to partially catch up with simple addition
and completely with complex addition by grade 5. In grade 5,
children with moderate learning difficulties could also close the
gap in number line, while children with severe difficulties only
partially caught up. Taken together, there is some opportunity
for overcoming initial mathematical difficulties, depending on

their severity. Further studies indicated that the persistence of
lower mathematical difficulties is also related to socioeconomic
background (e.g., Stock et al., 2010).

Relationships Between Difficulties With
Linguistic and Mathematical Skills
Several studies provide evidence for an association in the
development of linguistic and mathematical skills, especially in
children with learning disorders. For example, Durkin et al.
(2013) found lower mathematical achievements in children
between ages seven to eight with developmental language
disorders in comparison to their typically achieving peers,
especially if the children continued to decline in their language
abilities. In a follow-up study, children with a history of
pre-school language difficulties also showed persistent lower
mathematical achievements in school compared to their peers,
even if the initial linguistic difficulties had been resolved
(Snowling et al., 2001). Moreover, a subtype comparison by
Jordan and Hanich (2003) demonstrated different development
patterns for mathematical as well as more advanced linguistic
skills, depending on the specific learning difficulties spanning
second to third grade: The study revealed persistent poor
reading achievement for children with mathematical difficulties
accompanied by a small improvement in reading for children
with reading difficulties. This group with reading difficulties
showed a fluctuating developmental pattern in mathematics
while children with mathematical difficulties partly overcame
their learning deficits (Jordan and Hanich, 2003). These findings
contrast the assumption of a heterogeneous developmental
pattern across different mathematical tasks between ages five and
seven for children with domain-specific and combined learning
difficulties (Jordan et al., 2015).

Working Memory Capacity in Children
With Learning Difficulties
In addition to weaknesses in linguistics and/or mathematical
skills, children with learning difficulties often show low
performance in their working memory system which is
essential for information processing (e.g., Durkin et al., 2013;
Peng and Fuchs, 2014; Peng et al., 2018). Based on the
hierarchical model of Baddeley (2012), the working memory
system can be divided into three components to which
different information processing tasks are assigned: The central
executive as the higher-level component is responsible for
controlling and coordinating information processing in general.
This also includes the coordination of their domain-specific
supportive components phonological loop and the visuo-spatial
sketchpad. The phonological loop briefly stores auditory or verbal
information and maintains it during information processing. The
visuo-spatial sketchpad performs the same tasks for visual and
spatial information. In line with the proposed responsibilities of
the three working memory components, studies have indicated
specific limitations in working memory of children with different
types of learning difficulties (cf. Kwok and Ansari, 2019): Low
performance of the phonological loop as well as the central
executive is associated with linguistic learning difficulties while
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weak performance of the central executive as well as the
visuo-spatial sketch-pad where mainly found in children with
mathematical learning difficulties. Moreover, the extent of deficits
in working memory have been discussed as a third factor
explaining the comorbidity of learning difficulties in linguistic
and mathematical skills (Peters et al., 2018) as well as the severity
of both (e.g., Brandenburg and Hasselhorn, 2019). In addition,
an influence of the socioeconomic background of the parental
home on children’s performance in working memory was found
in recent research. To be specific, previous studies give evidence
of negative effects of specific factors in the parental home on the
development of children’s working memory. Limitations in the
environmental language input (e.g., Engel et al., 2008), a higher
level of stress (e.g., Hackman et al., 2014) as well as missing or
limited home learning activities were identified as risk factors
(e.g., Sarsour et al., 2010).

The Present Study
The available studies reveal a rather heterogeneous picture about
the combined development of linguistic and mathematical skills
in children with learning difficulties. Moreover, these studies
predominantly address primary-school age and only cover a short
time period. As of yet, we have found no research that would
help explain how the co-acquisition of both skills–linguistic
and mathematical–unfolds throughout the entire course of pre-
and primary-school age. Evidence about a longer developmental
process, which includes the period of acquisition of basic skills
during pre-school age as well as the critical time point of
occurrence of learning difficulties during primary-school age,
has so far only been shown for the development of either one
or the other domain–linguistics or mathematics. Therefore, we
decided to address this process in greater detail with groups of
children with different types of learning difficulties. Furthermore,
in studying the co-acquisition of linguistic and mathematical
skills we can build on indications from previous work. These
include the importance of working memory for specificity and
severity of learning difficulties. Thereby we will observe changes
in developmental differences between groups with different
learning profiles while still considering this cognitive system
of information processing and controlling for families’ socio-
economic background. The following research questions were
defined:

1) Does mathematical and linguistic development differ
between subgroups of children with domain-specific,
combined, or without any learning difficulties? We
particularly aim to identify which group carries the highest
risk for persistent difficulties.

2) Do developmental differences between subgroups of
children with domain-specific, combined, and without
any learning difficulties change after controlling for
working memory capacity? With respect to recent
research depicting limitations within different parts of
working memory in children with specific learning
difficulties (Durkin et al., 2013; Peng et al., 2018),
we will specifically focus on the central-executive and
phonological components (Baddeley, 1986).

MATERIALS AND METHODS

Methods
Data (n = 301; female = 51.8%) derive from a longitudinal
sample (group 3, starting cohort 2) from the German National
Educational Panel Study (NEPS) (Blossfeld et al., 2011). To cover
the age span of research interest, we used the available annual
measurements from the second year of pre-school (age 4/5) until
the fourth grade of primary school (age 9/10). Data of children
with typical cognitive profiles (fluid intelligence within ±1.5
SD) were included (cf., Fletcher et al., 2001), data of children
with physical impairments (e.g., hearing loss) were excluded.
An imputation to maintain the initial sample size was rejected
due to the lack of predictability of the missing information by
third variables (Garson, 2015). Groups with pre-school measured
learning difficulties in mathematics (MD; n = 26; mathematical
skills, t1 < −1 SD; linguistic skills, t1 ≥ −1 SD), linguistics (LD;
n = 23; linguistic skills, t1 < −1 SD; mathematical skills, t1 ≥ −1
SD) and both domains (MD/LD; n = 18; mathematical skills,
t1 < −1 SD; linguistic skills, t1 < −1 SD) were compared next
to their typical achieving peers (TA; n = 234; linguistic skills,
t1 ≥ −1 SD; mathematical skills, t1 ≥ −1 SD). Grouping variables
were children’s level of linguistic (vocabulary t1 and grammar t1
summed up equally) and mathematical skills (t1) at pre-school
age. The cut-off criteria of 1 SD (percent range 16) was chosen
in line with a large number of recent studies (e.g., Moll et al.,
2014; Donker et al., 2016) which was integrated in a recent meta-
analysis comparing groups of children with isolated, combined
and without learning difficulties in the domains of language and
mathematics (cf., Viesel-Nordmeyer et al., Submitted).

Instruments
Competence tests were carried out in single (pre-school age)
vs. group (primary-school age) designs via test leaders, set
with annual interval in the institutions. Data were scaled
using models of item response theory (IRT) and linked
with anchor-item design. For more information regarding
the panel data, see: https://www.neps-data.de/Data-Center/
Data-and-Documentation/Starting-Cohort-Kindergarten. In the
following section, the indicated internal consistency using
Cronbach’s alpha (α) refers to the selected sample (n = 301).

Linguistic skills in NEPS were measured with listening
comprehension tests in pre- and primary-school age. The
vocabulary measurement bases on the German research version
(Dunn and Dunn, 2007) of the “Peabody Picture Vocabulary
Test” (PPVT) (Bishop, 1989), which was used in recent research
to detect reading difficulties in time (e.g., Lewis, 1980). To specify,
the 175 PPVT items established for the BIKS-3-10 study (see
Ebert and Weinert, 2013) were shorten to 80 items for the
NEPS data in general (c.f., Berendes et al., 2013). This yielded
in underlying test batteries of 77 items in t1 (pre-school with
4–5 years; α = 0.91), 66 items in t2 (grade 1 with 6–7 years;
α = 0.85) and 72 items in t3 (grade 3 with 8–9 years; α = 0.84).
The measurement of grammar skills is based on the “Test
for Reception of Grammar” (Bishop, 1989), which has already
been used in previous studies in relation with comprehension
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difficulties in reading skills (e.g., Stothard and Hulme, 1992).
Grammar skills were measured for one time each at pre-school
(48 items in t1 with 4/5 years; α = 0.87) and primary-school age
(40 items in t2 in first grade with 6–7 years, α = 0.82). Backed up
by IRT-analyses, a short version could be used (TROG-D; Fox,
2006). These comprised of nearly all syntactic category groups
of the original TROG-D (c.f., Berendes et al., 2013). For more
information see Berendes et al. (2013).

Mathematical skills (t1: 5–6 years, α = 0.79; t2: first grade,
α = 0.77; t3: second grade, α = 0.78; t4: fourth grade,
α = 0.74) were collected using a self-constructed instrument
of NEPS, based on the idea of mathematical literacy in
PISA (OECD, 2013) and the curricular standards in STEM.
Consequently, the measured competencies of the unidimensional
construct represent subdomains like arithmetic, word problems,
geometry, and quantity number concepts. For more information
see Neumann et al. (2013).

Data available from one measurement time point for
working memory (5/6 years) were included as covariates: The
phonological loop was assessed using number recall from the
“Kaufmann Assessment Battery for Children” (K-ABC) Melchers
and Preuß, 2009; α = 0.74). For the central executive, we decided
to use indirect measurements due to the insufficient reliability
(α > 0.50) of the backward span task from the “Hamburg-
Wechsler-Intelligence-Test for Children III” (HAWK-III) (Tewes
et al., 1999). Indirect measurements of the central executive (e.g.,
Engel de Abreu et al., 2010) were derived from the framework of
basic cognitive skills using the picture symbol test (NEPS-BZT;
based on DST; Lang et al., 2007; α = 0.82) and the NEPS reasoning
matrices test (NEPS-MAT; based on “raven-matrices”; Raven,
2009; α = 0.73). With the advantage of being non-verbal, these
tests also demonstrated visual-storage capacities. We further
used information on the socioeconomic status (SES) (based on
ISEI-08; Ganzeboom, 2010), German as main domestic language
(GERM) (0 = no/1 = yes), and sex (1 = male/2 = female) from
parents’ and kindergarten/schoolteachers’ questionnaires.

Data Analyses
Descriptive analyses were used to identify first between-
group differences across all utilized variables. A more specific
response to both research questions could be given by
repeated measure ANCOVAs for mathematical skills [Weighted-
Likelihood-Estimates (WLEs)] with the four groups (LD, MD,
MD/LD, and TA) as between-subject factors. For linguistic skills
(vocabulary, grammar), tests of mean differences were used due
to the availability of separate sum scores. The separate sum
scores of both linguistic tests were standardized in a previous
step. Additionally, univariate ANCOVAs were computed for
both domains mathematics and linguistics. Background variables
(SES, GERM, and sex) as well as cognitive measurements
(phonological loop, indirect measurements of the central
executive) were included as covariates in repeated and univariate
ANCOVAs. The direct measurements of the central executive (see
above) acted as a control for the indirect measurement results
(see Supplementary Materials 8, 9). In this paper direct findings
will only be mentioned if they reveal any meaningful differences
compared to the indirect measures used. To counteract an
overestimation of group differences with respect to regression

to the mean challenges (cf. Campbell and Kenny, 2003), all
analyses were checked with slightly different cut-off points
(see Supplementary Material 1). All described analyses were
computed using SPSS 25.

RESULTS

Descriptives
Initial information about group differences using descriptive
statistics and univariate ANCOVAs or χ2-tests are summarized
in Table 1. Significant differences between groups were found for
all measurement time points for the linguistic and mathematical
domains as well as the individual covariates, sex excluded.
Notably, children with combined learning difficulties (MD/LD)
received the lowest scores in all aforementioned measurements
for both linguistic and mathematical skills. This group also scored
lowest in all control variables (excluding sex).

Table 2 displays further detailed information about group
differences in all competence measurements computed using
Games-Howell post-hoc tests. Significant differences between
all groups persisted only for time 1 of vocabulary, while
the differences between children with mathematical learning
difficulties (MD) and typically achieving peers (TA) only
appeared when covariates were controlled for (without control of
covariates: p = 0.085; under control of covariates without working
memory: p = 0.022; under control of covariates incl. working
memory: p = 0.087). For all other measurements of linguistic
skills (vocabulary t2, t3; grammar t1, t2), post-hoc tests revealed
no significant differences (p > 0.05) between the combined group
(MD/LD) and the group with linguistic learning difficulties (LD).
Additionally, at the last measurements of both linguistic skills
(vocabulary t3, grammar t2), comparisons between both groups
with domain-specific learning difficulties (LD and MD) bore no
significant results (p > 0.05).

Described for linguistic competencies, post-hoc tests revealed
no significant differences (p > 0.05) for all measurements of
mathematical skills between the group with combined difficulties
(MD/LD) and the group with difficulties within the compared
achievements (MD). Furthermore, no significant differences
(p > 0.05) were found for mathematical skills between both
groups with domain-specific learning difficulties (MD and LD),
except for the measurement at pre-school age. For mathematical
achievements in grade 4 (t2), we found no significant differences
(p > 0.05) between the groups with combined learning difficulties
(MD/LD) compared to linguistic learning difficulties (LD).

Working memory measurements at age 5/6, which were
incorporated as additional covariates in the second part
of the analyses of linguistic and mathematical competence
development, showed only a few significant group deviations:
For the phonological loop, post-hoc tests revealed differences
(p ≤ 0.02) between the groups with combined difficulties
(MD/LD) and linguistic difficulties (LD) as well as the combined
group (MD/LD) and the typically achieving peers (TA) (p = 0.00).
When compared for the central executive, scores of typical
achievers (TA) and of children with mathematical learning
difficulties (MD) differed only without control of the other
covariates (without control of covariates: p < 0.05; under control
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TABLE 1 | Descriptive statistics per group.

MD
(n = 26)

LD
(n = 23)

MD/LD
(n = 18)

TA
(n = 234)

Total
(n = 303)

M (SD) M (SD) M (SD) M (SD) M (SD) F

Mathematics t1 −0.94
(0.08)

0.29
(0.12)

−1.24
(0.12)

0.77
(0.05)

0.47
(0.10)

151.75***

Mathematics t2 0.80
(0.16)

1.26
(0.19)

0.24
(0.24)

2.01
(0.07)

1.74
(1.12)

27.95***

Mathematics t3 1.49
(0.19)

2.10
(0.20)

1.19
(0.21)

2.70
(0.07)

2.46
(1.15)

20.50***

Mathematics t4 3.68
(0.22)

4.23
(0.18)

3.66
(0.22)

4.94
(0.07)

4.69
(1.12)

20.45***

Vocabulary t1 52.04
(1.54)

38.43
(2.32)

27.44
(2.85)

55.98
(0.40)

52.59
(10.68)

59.09***

Vocabulary t2 40.77
(1.41)

31.43
(1.86)

26.61
(1.28)

44.81
(0.44)

42.38
(8.69)

61.18***

Vocabulary t3 45.08
(1.60)

39.67
(1.61)

33.61
(1.79)

48.97
(0.50)

47.01
(8.59)

31.68***

Grammar t1 33.62
(0.61)

22.48
(1.13)

21.00
(1.38)

35.53
(0.28)

33.49
(6.43)

110.79***

Grammar t2 26.27
(1.08)

24.87
(1.05)

21.39
(1.18)

30.80
(0.30)

29.39
(5.46)

34.80***

Phonological
loop

4.88
(0.39)

5.35
(0.39)

3.61
(0.39)

5.79
(0.12)

5.54
(1.95)

8.86***

Central
executive

0.41
(0.02)

0.47
(0.02)

0.42
(0.02)

0.48
(0.01)

0.47
(0.13)

3.21*

SES 50.82
(3.87)

52.50
(4.43)

34.35
(4.13)

55.23
(1.21)

53.42
(18.68)

6.78***

% (n) % (n) % (n) % (n) % (n) χ2

GERM 52.58***

No 0.0 (0) 17.4 (4) 33.3 (6) 1.3 (3) 4.3 (13)

Yes 100.0
(26)

82.6
(19)

66.7
(12)

98.7
(231)

95.7
(288)

Sex 6.15

Male 53.8
(14)

56.5
(13)

22.2 (4) 48.3
(113)

47.8
(144)

Female 46.2
(12)

43.5
(10)

77.8
(14)

51.3
(120)

51.8
(156)

Significant group differences are highlighted in bold.
SES = socioeconomic status; GERM = German as main domestic language.
*p < 0.05, ***p < 0.001.
MD/LD = children with combined learning difficulties in mathematics and linguistics;
MD = children with mathematical learning difficulties; LD = children with linguistic
learning difficulties; TA = typical achieving children.

of covariates: p = 0.15). Controlling for direct measurements
of central executive by backward span tests showed additional
significant group differences between the group with compared
learning difficulties (MD/LD) and the typical achieving peers
(TA) (p < 0.001) (see Supplementary Materials 8, 9).

Mathematical and Linguistic
Competence Development of Children
With Different Learning
Difficulties–Research Question 1
The left side of Figure 1 provides information to answer the
first research question regarding differences in mathematical
and linguistic competence development between subgroups of

TABLE 2 | Significant differences between groups w/o vs. under control of
covariates computed by univariate ANCOVAs.

MD/
LD × MD

MD/
LD × LD

MD/
LD × TA

MD × LD MD × TA LD × TA

Mathematics t1 X X X X X

Mathematics t2 Xb X X X

Mathematics t3 Xab X X Xab

Mathematics t4 X X X

Vocabulary t1 X Xb X X Xc X

Vocabulary t2 X X X Xab X

Vocabulary t3 Xb X X

Grammar t1 X X X Xab X

Grammar t2 Xb X X X

Phonological loop X X

Central executive Xa

X = significant group differences computed by Games-Howell post-hoc tests.
a = non-significant under control of covariates w/o working memory.
b = non-significant under control of covariates w/ working memory.
c = only significant under control of covariates w/o working memory.
Significance level: p ≤ .05.
MD/LD = children with combined learning difficulties in mathematics and linguistics;
MD = children with mathematical learning difficulties; LD = children with linguistic
learning difficulties; TA = typical achieving children.

children with domain-specific (MD, LD), combined (MD/LD), and
without (TA) learning difficulties under the control of individual
characteristics used as covariates (GERM, SES, and sex).

Mathematical Development
Repeated measures ANCOVAs (see Figure 1; for a
Supplementary Material 4) bared a significant interaction
effect between mathematics and group (F(3, 804.69) = 2.46,
p = 0.010, η2

p = 0.03; Greenhouse-Geisser corrected). The initial
contribution of group (Table 1) for the individual measurement
time points of mathematical competence development remains
under control of covariates (GERM, SES, and sex). Children
with combined learning difficulties showed the lowest values
at each measurement time point, followed by children with
mathematical learning difficulties (MD).

For covariates (GERM, SES, and sex), there was only a
significant main (F(1, 257) = 18.26, p = 0.000, η2

p = 0.07)
and interaction effect for the SES (mathematics × SES: F(3,
771) = 7.83, p = 0.000, η2

p = 0.03; Greenhouse-Geisser corrected),
which also reflected univariate for the individual time points of
mathematical skills in school age (Table 3).

Based on repeated measures, Figure 1 displays a nearly
consistent mathematical development pattern of all groups until
fourth grade. Besides, children with mathematical difficulties
(MD) showed a short living improvement at school entry at
measurement time 2. Further, the development of the group with
combined difficulties (MD/LD) as well as merely mathematical
difficulties (MD) achieved almost the same level between second
and fourth grade (t2 until t4). A general lack of significant
differences (p > 0.05) between these both groups in mathematics
was already elaborated above in the reported Games-Howell
post-hoc tests (Table 2).
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FIGURE 1 | Development of mathematical (K-4), vocabulary (K-3), and grammar (K-1) skills in groups with different forms of pre-school measured learning difficulties
(MD/LD: n = 18; MD: n = 26; LD: n = 23) vs. typically achieving children (TA: n = 234) under the control of covariates w/o vs. w/ working memory.

Linguistic Development
As described in the method section, the analyses of the
development of both linguistic competences (vocabulary,
grammar) should be assessed by changes in group differences
(see Supplementary Table 3) between each point in time due to
the presence of non-longitudinally related linguistic data. The
univariate ANCOVAs (see Table 4) already demonstrate strong
main effects of groups (cf. Cohen, 1988: 0.01 = small effect,
0.06 = medium effect, 0.14 = large effect) for each model of the
individual time points of both, vocabulary and grammar skills,
under control of covariates. Like for mathematical development,
the aforementioned hierarchical order between groups was also
maintained in both linguistic skills (vocabulary, grammar):

Children with combined learning difficulties (MD/LD) achieved
always the lowest level, followed by children with linguistic
learning difficulties (LD).

The additional effects of the used covariates in univariate
ANCOVAs (see Table 4), which already show an influence on the
linguistic and mathematical competence level in pre-school age,
indicated the need to control these: Analyses bared significant
main effects of GERM at vocabulary skills in grade 3 (t3) as well as
significant effects of SES at most points in time for both linguistic
skills. As can be seen in Figure 1, the comparison of changes in
mean differences between groups (see Supplementary Table 3)
reveals a partial catch up of linguistic deficits for the group
with pre-school measured linguistic difficulties (LD) in favor of
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TABLE 3 | Univariates ANCOVAs of mathematical competences without vs. with working memory control.

w/o working
memory

w/ working
memory

w/o working
memory

w/ working
memory

w/o working
memory

w/ working
memory

w/o working
memory

w/ working
memory

Mathematics t1 t2 t3 t4

η2
p (F) η2

p (F) η2
p (F) η2

p (F) η2
p (F) η2

p (F) η2
p (F) η2

p (F)

Model 0.43 (34.24***) 0.55 (42.03***) 0.29 (18.44***) 0.42 (23.96***) 0.21 (11.83***) 0.40 (22.12***) 0.25 (14.67***) 0.34 (17.27***)

Group 0.38 (56.27***) 0.35 (48.32***) 0.20 (23.08***) 0.15 (15.63***) 0.15 (15.67***) 0.10 (9.64***) 0.15 (15.95***) 0.11 (10.88***)

GERM 0.00 (0.32) 0.00 (1.19) 0.01 (3.46) 0.01 (2.54) 0.00 (0.83) 0.00 (0.25) 0.01 (2.15) 0.01 (1.47)

SES 0.00 (0.72) 0.01 (1.39) 0.06 (18.43***) 0.08 (21.96***) 0.03 (9.65**) 0.05 (13.51***) 0.09 (24.94***) 0.09 (25.76***)

Sex 0.01 (2.06) 0.04 (11.28***) 0.01 (2.71) 0.04 (11.47***) 0.01 (1.93) 0.04 (11.91***) 0.00 (0.03) 0.00 (0.97)

PL – 0.03 (7.91**) – 0.07 (18.69***) – 0.05 (13.76***) – 0.05 (14.73***)

CE – 0.17 (55.56***) – 0.09 (27.21***) – 0.17 (54.43***) - 0.06 (15.20***)

Significant effects are highlighted in bold.
GERM = German as main-domestic language; SES = socioeconomic status; PL = phonological loop; CE = central executive.
n = 303; **p ≤ 0.01 ***p ≤ 0.001.

TABLE 4 | Univariate ANCOVAs of linguistic competences without vs. with working memory control.

w/o working
memory

w/ working
memory

w/o working
memory

w/ working
memory

w/o working
memory

w/ working
memory

Vocabulary t1 t2 t3

η2
p (F) η2

p (F) η2
p (F) η2

p (F) η2
p (F) η2

p (F)

Model 0.61 (72.12***) 0.62 (56.03***) 0.41 (31.65***) 0.43 (25.91***) 0.27 (16.83***) 0.30 (14.19***)

Group 0.46 (77.67***) 0.43 (68.88***) 0.31 (40.82***) 0.28 (35.98***) 0.16 (17.11***) 0.14 (13.82***)

GERM 0.09 (27.36***) 0.10 (29.27***) 0.00 (0.26) 0.00 (0.50) 0.02 (5.12*) 0.02 (6.18*)

SES 0.00 (0.53) 0.01 (1.60) 0.04 (11.55***) 0.04 (12.03***) 0.02 (4.18*) 0.02 (3.98*)

Sex 0.03 (8.16**) 0.04 (11.02***) 0.01 (1.39) 0.01 (3.47) 0.01 (1.37) 0.01 (3.11)

PL - 0.01 (2.41) - 0.01 (2.42) - 0.02 (4.71*)

CE - 0.01 (2.41) - 0.02 (6.51*) - 0.01 (2.73)

Grammar t1 t2

η2
p (F) η2

p (F) η2
p (F) η2

p (F)

Model 0.51 (48.37***) 0.54 (40.88***) 0.39 (23.55***) 0.43 (26.11***)

Group 0.44 (72.53***) 0.42 (67.43***) 0.24 (28.80***) 0.20 (21.45***)

GERM 0.00 (0.25) 0.00 (0.63) 0.00 (0.11) 0.00 (0.00)

SES 0.02 (6.44*) 0.02 (6.14*) 0.05 (15.89***) 0.05 (15.22***)

Sex 0.00 (0.05) 0.00 (1.14) 0.02 (6.05*) 0.01 (2.16)

PL - 0.04 (10.77***) - 0.12 (36.73***)

CE - 0.02 (4.41*) - 0.01 (2.50)

Significant effects are highlighted in bold.
GERM = German as main-domestic language; SES = socioeconomic status; PL = phonological loop; CE = central executive.
n = 303; *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001.

grammar skills (vocabulary: LD × TA: t1: diff = 1.52, SEdiff = 0.11;
t2: diff = 1.53, SEdiff = 0.12; t3: diff = 1.06; SEdiff = 0.13;
grammar: LD × TA: t1: diff = 1.91, SEdiff = 0.11; t2: diff = 1.04,
SEdiff = 0.13). Slightly lower and more pronounced in vocabulary
skills, children with combined difficulties (MD/LD) showed also
improvements in linguistic skills (vocabulary: MD/LD × TA:
t1: diff = 2.21, SEdiff = 0.14; t2: diff = 1.88, SEdiff = 0.16; t3:
diff = 1.35, SEdiff = 0.17; grammar: MD/LD × TA: t1: diff = 1.95,
SEdiff = 0.16; t2: diff = 1.75, SEdiff = 0.16). In contrast, the

linguistic development of children with mathematical difficulties
(MD) draws a different picture: Mainly, grammatical skills
experienced a significant slump in grade 1 (MD × TA: t1:
diff = 0.28, SEdiff = 0.10; t2: diff = 0.81, SEdiff = 0.11), while
vocabulary skills showed a slightly pronounced deterioration
(MD × TA: t1: diff = 0.38, SEdiff = 0.10; t2: diff = 0.44,
SEdiff = 0.11; t3: diff = 0.47, SEdiff = 0.12). The value of reported
standard errors of mean differences can be attributed to the size
of the compared subgroups (e.g., Morris, 2008).
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Mathematical and Linguistic
Competence Development of Children
With Different Learning Difficulties Under
Control of Working Memory–Research
Question 2
To answer the research question to what extent the developmental
differences between groups change when influences of working
memory were controlled, analyses were repeated with the
addition of measurements of the phonological and central
executive working memory. Considering Figure 1 as a whole,
the mathematical and linguistic development processes under
control of covariates w/o vs. w/ working memory could be
compared. First of all, controlling phonological and central
executive requirements minimized some group differences in
favor of the group with combined difficulties: In mathematics, the
initial gaps at the individual measurement time points decreased
between the group with combined difficulties (MD/LD) and
mathematical difficulties (MD). This pattern was identical in both
linguistic skills between the groups with combined difficulties
(MD/LD) and linguistic difficulties (LD). Additional decrease
in group differences, which even changed the mean difference
values from significant to non-significant level, emphasized the
improvement of children with combined learning difficulties
(MD/LD) at some more individual time points in the specific
domains. These findings are reported in the following section on
the development of the two specific domains.

Mathematical Development
In mathematics, the initial significant group differences between
children with combined (MD/LD) and linguistic difficulties
(LD) vanished in grades 1 and 2 (mathematics t2, t3) by
controlling for both working memory components in addition
to the described minimizations (MD/LD × MD) which hold
the same level of significance (see also Table 2). However,
besides a significant main effect of central executive (F(1,
254) = 54.64, p < 0.001, η2

p = 0.18) and phonological loop (F(1,
254) = 18.96, p < 0.001, η2

p = 0.07), repeated measurement
ANCOVA revealed only a small significant mathematic × central
executive interaction (F(3, 762) = 3.24, p = 0.023, η2

p = 0.01;
Greenhouse-Geisser corrected). Further, univariate ANCOVAs
(Table 3) showed a strongly increasing main effect of the models
at each point in time under control of the phonological loop and
the central executive in mathematics. For both working memory
components, ANCOVAs also bared significant main effects for
each time of mathematical measurements. In addition, there was
a significant effect of sex for all measurements except in t4.
Computing additional analyses (Supplementary Materials 5–7)
rechecked the explanatory value of sex for the group differences
of mathematics: Pearson’s bivariate correlations identified only
significant relationships between sex and the central executive
(sex × phonological loop: r = 0.09, p > 0.05; sex × central
executive: r = 0.17, p ≤ 0.01). An univariate ANCOVA of the
central executive with sex as group variable and phonological
loop and SES as covariates (F(4, 285) = 6.94, p = 0.000, η2

p = 0.09)
pointed to an explanatory value of group (F(4, 285) = 3.16,
p = 0.044, η2

p = 0.02) in favor of female (male: M = 0.45;
female: M = 0.48). Besides, descriptive analyses of the individual

measurement time points per group (male/female) bared better
achievements for male children at those measuring times of
mathematical skills (uncorrected WLEs), which resulted in an
explanatory value of sex under control of working memory
(t1: M = 0.58, SD = 1.05/M = 0.36, SD = 0.95; t2: M = 1.85,
SD = 1.15/M = 1.64, SD = 1.10; t3: M = 2.54, SD = 1.20/M = 2.39,
SD = 1.11; t4: M = 4.67, SD = 1.13/M = 4.71, SD = 1.14).

Linguistic Development
Controlling for both working memory components also
minimized some group differences in linguistic skills, in favor
of children with combined learning difficulties (MD/LD). With
the last measurements in vocabulary (t3) and grammar (t2)
skills, the leveling between children with combined (MD/LD)
and with mathematical difficulties (MD) even erased the level
of significance (see Table 2). Vocabulary developments of the
groups with combined (MD/LD) and linguistic (LD) difficulties
are converging if working memory is controlled (c.f., Figure 1).
Based on univariate ANCOVAs (Table 4), comparisons could be
explained by a significant interaction between vocabulary and
central executive in first grade (vocabulary t2: F(8, 275) = 6.51,
p = 0.011, η2

p = 0.02) as well as phonological loop in third grade
(vocabulary t3: F(8, 265) = 4.71, p = 0.031, η2

p = 0.02). For
grammar skills, there were great differences of the influence
of working memory control in pre-school and in primary-
school age. In pre-school age (grammar t1), the control of
working memory makes children with combined difficulties
(MD/LD) perform even better than children with linguistic
difficulties (LD). In this age, univariate ANCOVAs (Table 4)
bared significant interaction effects between grammar skills
and both, phonological loop (F(8, 275) = 10.77, p < 0.001,
η2

p = 0.04) and central executive (F(8, 275) = 4.41, p = 0.037,
η2

p = 0.02). In first grade (grammar t2), the effect of the working
memory on group differences in grammar was solely caused
by the phonological loop (grammar × phonological loop: F(8,
275) = 36.73, p < 0.001, η2

p = 0.12).

DISCUSSION

Using longitudinal data of the German National Educational
Panel Study (NEPS), the present study sought to clarify the
following interrelated issues under control of background
variables: First, we wanted to investigate whether mathematical
and linguistic development differs between subgroups of children
with domain-specific, combined, and without any learning
difficulties as identified in pre-school age. Furthermore, we were
interested to which extent developmental differences between
the groups changed when phonological and central executive
working memory components were controlled.

Initially, children with combined difficulties had the worst
performances for both mathematical and linguistic skills at any
time, followed by children with difficulties in the examined
competences. Comparable findings for the linguistic and
mathematical development of children with specific, combined
resp. without learning difficulties had already been published by
Jordan and Hanich (2003), however, spanning the time period
between second and third grade only. Controlling for covariates
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in our study, children with combined learning difficulties were
also deprived in SES as well as the advantage of the main language
of school instruction to be spoken at home. Research shows that
both individual characteristics are strong predictors for lower
performance in school in linguistics and mathematics (Demir
et al., 2015; OECD, 2019). For the SES, our results confirmed
these findings in the general model by explaining performance
and development differences between groups for mathematical as
well as linguistic skills, which is consistent with previous studies
in children with learning difficulties (Stock et al., 2010; Dilnot
et al., 2017). In contrast, the main language of school instruction
being spoken at home only has an impact on the vocabulary skills
of children, especially in pre-school age. This is consistent with
results of large-scale development studies (e.g., TEDS, Plomin
and Dale, 2001) which attribute the lesser input dependency for
grammar vs. vocabulary skills on genetics.

Mathematical Development
Considering mathematical development, a nearly consistent
pattern was found between all groups from last year before
school entry until the fourth grade of primary school with one
small exception: Children with mere mathematical difficulties
showed a short mathematical improvement at school entry
respectively between age five to seven. This finding contrasts
with the results of Jordan et al. (2015) who also examined the
development of subgroups of children with domain-specific,
combined and without learning difficulties of a comprehensive
mathematical construct between 5 and 7 years, but with two
significant differences: On the one hand, children within the
study of Jordan et al. (2015) were already enrolled in school
in the examined age span. On the other hand, in contrast
to the unidimensional mathematical construct in NEPS, the
study design allows a facet evaluation of mathematical skills.
Nevertheless, Jordan et al. (2015) results did not show a different
developmental thrust within this age range for any of the
investigated mathematical task types. This indicates that our
results of the leap in the development of children with low
mathematical achievements could be explained by entering
school. However, between first and second grade, children
with low mathematical achievement fall repeatedly behind in
their performances and show parallel progression to the other
groups for the further development until the end of fourth
grade. Apparently, it seems not possible to obtain a long-term
support for the initially absorbed difficulties within the general
framework of the school system. For the comparison of children
with mathematical difficulties to their typical achieving peers,
Geary et al. (2012) also have assessed a parallel development
in similar school age, but especially for the skills of number
sets. Further, results of the presented study showed no longer
significant differences between the development of children
with mathematical vs. combined difficulties in school, which
was already proven for the arithmetic development in subtype
comparison by Jordan and Hanich (2003).

Linguistic Development
For linguistic development various patterns of changes in group
differences between vocabulary and grammar skills were shown:

Children with combined difficulties as well as merely linguistic
difficulties caught up in both linguistic skills in comparison
to their typical achieving peers, but in a different degree. In
vocabulary skills, children with combined learning difficulties
showed a clear catching-up between all points in time, while
improvement of children with merely linguistic difficulties was
weaker and only predominantly at school. In contrast, these
children with the domain difficulties showed a strong jump at
school entry in grammar skills, which was also shown in a much
weaker form by children with combined difficulties. This finding
may be related to the grammatical development, which, unlike
the vocabulary, is completed at the age of 6–7 years (Markowitsch
and Welzer, 2010). Comparing children with early language
deficits and their control group, Rescorla (2002) also found
these lower performance gaps for grammar than for vocabulary,
strikingly for the age of six and seven.

Considering the linguistic development of children with
low mathematical achievements, results revealed a contrasting
picture: In both vocabulary and grammar skills, these children
showed a decline compared to their typical achieving peers, in
strong favor for grammar. Keeping in mind that both linguistic
skills were measured as comprehension tests, comparisons can be
drawn to Jordan and Hanich (2003) results: The authors found
diverging developments in reading skills which were mainly
assessed through comprehension tests (word identification,
fluency, and passage comprehension). At least for grammar, our
result could argue, with respect to Kleemans et al. (2012), to
a joint principle of recursion for grammar and mathematics.
Maybe we are talking here about cognitive abilities which
are needed for a certain understanding of rules? In order to
clarify such questions, the influence of cognitive abilities on the
developmental processes and their different courses between the
groups will be examined below.

The Specific Role of Working Memory
Controlling for phonological and central executive requirements,
the mathematical development between all groups showed
smaller differences. Models of group-comparison for all
mathematical competence measures bared a stronger explanatory
value. Both, the phonological loop and the central executive
can be used to explain group differences. These findings are
consistent with the results of previous research which, for
different components of working memory, show relationships
with mathematical learning in general on the one hand and
existing limitations in these components for children with
mathematical learning difficulties on the other hand (for an
overview: Peng and Fuchs, 2014). Moreover, the development
of children with combined difficulties is improving in that,
since second grade, it is almost identical to the development of
children with only mathematical difficulties.

A marked improvement in children with combined difficulties
under the control of working memory is also evident in
linguistic development, especially in grammar. For vocabulary,
the catching-up has a similar pattern as in mathematics.
In grammatical development, pre-school performance under
control of working memory is even better for children with
combined than for children with only linguistic difficulties.
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Apparently, the capacity of working memory has a great
explanatory value, notably for children with combined learning
difficulties. This is in line with a current study of Brandenburg
and Hasselhorn (2019), who were able to identify more
comprehensive cognitive deficits, particularly in children with
combined learning difficulties. Back to linguistic skills, we
found a greater explanatory value of working memory for
group-comparisons of grammar than for vocabulary which
accords to our suggestion of underlying cognitive abilities for
an understanding of rules. Further, in both linguistic skills,
the central executive plays only a role for group differences
in the early competence measurement, later replaced by the
phonological loop. Maybe this is related to the results of
Schuchardt et al. (2012). Studying the effects of both working
memory components on the further development of children
with linguistic difficulties in pre-school age, these authors found
that persistent linguistic difficulties could only be explained
by the continued existence of deficits in the phonological
loop in school age.

Limitations
Using a national panel dataset, some compromises had to be
made regarding our own research interests: As not all data
were evenly anchored to each other and competence scores had
not been uniformly measured at all points in time, it was not
possible to compute growth curve analyses which would have
allowed to not only map the development of both skills–linguistic
and math–simultaneously but also individually. Further, with
growth curve modeling the study of interconnectedness in the
development of linguistic and math skills would have been
possible (e.g., Duncan and Duncan, 2009). Another problem
of the NEPS data set refers to the lack of direct working
memory measurements which forced us to use indirect data
instead to operationalize the central executive. Although those
indirect measures where evidenced in previous studies (e.g.,
Engel de Abreu et al., 2010), they need to be considered
with care. It would be valuable for future research to more
thoroughly address measuring working memory directly and
in more detail. Finally, it was not possible to distinguish
between the developmental patterns for specific mathematical
skills as a unidimensional of the construct was applied by the
NEPS consortium.

CONCLUSION

The presented study helps to identify children with combined
linguistic and mathematical learning difficulties in pre-school
age as the most disadvantaged group for learning difficulties in
further school development. The difficulties of these children
go hand in hand with both, a reduced ability of the working
memory as well as individual disadvantages due to their social
background. With respect to research about home predictors on
early literacy and numeracy (Kleemans et al., 2012) in addition to
our findings we suggest addressing early inequalities as early as
in pre-school age and continue intensively into primary-school
age. Further, for a support as well as a prevention of limited

working memory resources, approaches of working memory
relieving teaching methods (e.g., Gathercole and Alloway, 2007)
should be implemented extensively. Other existing approaches to
a combined promotion of working memory and mathematical
skills (Sanchez-Perrez et al., 2018) are in addition to a balance of
memory-based weaknesses and the mathematical development,
for which the lowest compensations could be reported for
all forms of learning difficulties in our findings. For such
promotion programs, even an additional effect on reading could
be demonstrated. This linguistic ability also presupposes a certain
understanding of rules such as grammar skills, which decreasing
development in school is closely connected to mathematical and
combined difficulties in the presented study. Further research is
needed to detect the influences of such combination programs on
grammatical understanding, especially in children with different
learning difficulties. Finally, the earliest possible establishment
of a combination of such described resource-oriented (e.g.,
Gathercole and Alloway, 2007) and resource-promoting (e.g.,
Sanchez-Perrez et al., 2018) approaches is considered to be
promising in order to compensate for learning difficulties, both
domain-specific and combined.
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