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Abstract
Developmental Language Disorder (DLD) presents a significant challenge, affecting

language development and other cognitive areas such as motor coordination and executive

Sfunctions (EF). This study examined the relationship between executive functions (working
memory, inhibition, and cognitive flexibility) and motor skills in a sample of 22 preschool
children with DLD and a control group of 22 typically developing peers. Using age-
appropriate neuropsychological assessments, the results showed that children with DLD
exhibit significant deficits in inhibition and cognitive flexibility compared to typically
developing peers. Additionally, correlations emerged between cognitive flexibility deficits
and lower motor and planning abilities. These findings suggest a deep connection between
the development of language, motor skills, and executive functions, highlighting the
importance of early interventions to improve outcomes for children with DLD.

Keywords: Developmental Language Disorder (DLD); Executive Functions preschool
children; Inhibitory Control set-shifting; Developmental Coordination Disorder
(DCD)
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Introduction

Developmental Language Disorder

Language disorders in children pose a complex challenge,
significantly affecting various aspects of development and daily
functioning. Children with these disorders face significant
challenges in language development and use, which can lead
to difficulties in social interaction, academic performance,
and emotional well-being. Early recognition and intervention
are crucial, as they can greatly improve outcomes for affected
children (Spratt et al., 2012; Archibald, 2024). Developmental
Language Disorders (DLD) are prevalent in about 5-8% of
preschool-aged children, making them one of the most common
developmental disorders (Zhang et al., 2020). Importantly,
poor language development in DLD is not due to hearing
impairments, neurological damage, or intellectual disability
(Leonard, 1998; American Psychiatric Association (2013), and
the disorder can manifest in various ways depending on the
specific language components affected.

Children with DLD also often experience nonverbal deficits
in social cognition, motor coordination, and executive function
(Bishop, 2002; Hill, 1998, 2001; Henry et al., 2012; Roello
et al., 2015; Ullman & Pierpont, 2005). Verbal abilities are
essential for facilitating actions, reflecting on them, and planning
future actions (Kray et al., 2006). Complex cognitive processes,
including Executive Functions (EF), rely on the internalization
of actions (Ardila, 2012). According to Vygotsky (1978, 1987),
language is vital not only for communication but also for
thinking and supporting complex operations, such as learned
motor sequences and self-regulation. Thus, since children with
DLD struggle with language, they face challenges in regulating
their actions and thoughts. Additionally, untreated speech and
language delays can persist in 40-60% of children, leading
to further social, behavioral, emotional, and cognitive issues,
underscoring the need for early identification and intervention
(Kumar, Arya e Agarwal, 2022).

Executive functions (EF)

EF is a collection of complex cognitive processes linked to the
prefrontal cortex and associated subcortical systems (Diamond,
2013; Stuss, 1992). EF is essential for an individual’s ability to
plan, organize, control impulses, shift focus between tasks, and
use working memory (Zelazo & Muller, 2002). EF significantly
contributes to academic achievement and overall well-being in
children and adolescents (Zelazo, Blair & Willoughby, 2016;
Berthelsen et al., 2017; Stievano & Scalisi, 2016; Stievano et
al., 2016, 2018).

EF begins to emerge in early life, particularly by the end of
the first year, and it undergoes significant changes between ages
2 and 5 (Zelazo & Muller, 2002). The widely accepted model
of EF proposed by Miyake et al. (2000) highlights the relative
independence of three executive processes: updating, inhibition,
and shifting, which are foundational for higher-order EF skills,
such as planning and problem-solving (Shokrkon & Nicoladis,
2022). While studies on children aged 8-13 support this three-
factor model (Lehto et al., 2003), its applicability to younger
children remains a topic of debate. Working memory (WM) is

the first cognitive ability to develop, becoming functional around
9-12 months of age (Diamond, 1995), and is assessed through
tasks such as the A-not-B task. Inhibitory control develops by age
three and continues to improve into early adolescence (Shokrkon
& Nicoladis, 2022). The development of WM and inhibition is
essential for enhancing cognitive flexibility (Garon et al., 2008).

Relationships between language functioning and EF

Children with language disorders often exhibit atypical EF.
However, the extent of these deficits is still being determined,
as studies comparing children with DLD and Typically
Developing (TD) children have shown mixed results.

Pauls and Archibald (2016) performed a meta-analysis on
cognitive flexibility (set-shifting) and inhibitory control in
children aged 4-14 years and showed significant differences
between DLD and TD children on both measures; however,
Lukdcs et al. (2016) considering children aged 8 years found
no differences in cognitive flexibility and controversial results
for inhibitory control.

Studies on preschool children were limited, but deficits in
inhibition, planning, and problem representation have been
noted (Bishop & Norbury, 2005; Roello et al., 2015). In Roello
etal.’s (2015) study, younger preschoolers with DLD (average age
53.6 months) displayed significant atypicality in EE particularly
in inhibition and cognitive flexibility; older children with DLD
(average age 65.4 months) performed better than younger ones,
buct still showed impairments compared to controls. Marini et
al. (2020) reported that children with DLD performed worse on
inhibitory tasks and updating. However, Reichenbach (2016)
did not find significant group differences in EF scores.

More recently, Niu et al. (2024) conducted a meta-analysis
on cognitive flexibility, inhibitory control, and working
memory, finding that the results of comparisons between
DLD and TD groups depend on the age of the groups and
the type of task. Generally, verbal tasks are more effective at
discriminating between the two groups than visuospatial tasks.
Moreover, preschool children with DLD exhibited lower
performance than TD children in visuospatial WM tasks, but
in the school-aged subgroup, the difference was non-significant.
The authors hypothesize that at preschool age, the elements of
EF have yet to undergo complete differentiation, so other EF
elements may influence visuospatial WM performance in the
specific task. Another interesting result from Niu et al.’s (2024)
meta-analysis is that studies that administered the BRIEF-
parent behavioral measurement to assess the performance of
DLD and TD groups in everyday life found that children with
DLD markedly underperformed TD children on the three
main components of EE Niu et al. (2024) hypothesize that
the difference between neurocognitive and behavioral results
depends on the artificial difficulty of neurocognitive tasks.

The literature examined so far shows that deficits in
executive function often occur in preschool children with
DLD. However, more research is needed to shed more light on
the relative contributions of the three core EF components—
working memory, inhibition, and shifting—in discriminating
between DLD and TD groups. Moreover, in agreement with
the results of Niu et al. (2024), tasks specifically constructed
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for preschool age in terms of difficulty should be used, and
WM measures should be independent of the other EF tasks.

Relationships between EF and motor skills

Many studies emphasize the connection between motor skills
and EF, highlighting the interplay between brain development
and motor abilities (e.g., Diamond, 2000). The theory of
embodied cognition posits that cognitive processes, including
EE are rooted in motor development, facilitating cognitive
growth through active engagement with the environment (Foglia
& Wilson, 2013). The extensive literature review conducted by
McClelland and Cameron (2019) demonstrates that EF and
visuomotor integration are distinct constructs. However, EF
facilitates the acquisition of basic motor routines, enabling
cognitive resources to be directed toward more complex tasks.
Consequently, EF and motor skills are essential for early learning
in children. The authors state that reciprocity and automaticity
theories explain how EF and motor skills develop together
through environmental interactions, and a relative strength in
one may compensate for a weakness in the other (Cameron et
al., 2015). Moreover, the association between the two skills is
stronger among younger children (Becker et al., 2014).

Relationships between motor skills and language development

Research indicates that Broca’s area (Brodmann Area 44)
is significantly activated during manual actions and plays a
crucial role in understanding and mimicking actions, as well as
organizing sequential tasks (Binkofski et al., 1999; Corballis,
2003; Gerardin et al., 2000). This area is essential for both
speech and gesture production, highlighting the overlap
between motor and perceptual mechanisms in communication
(Brown & Yuan, 2018; Nishitani et al., 2005).

Motor and language development is facilitated through
social interactions, such as play, where children’s engagement
in physical activities enhances their language skills; the ability
to regulate behavior is linked to EF, which further supports
the development of language competencies (Leonard & Hill
,2015); Reikerss et al., 2020).

The relationship between EF and motor skills in children
with DLD has received limited attention in research so far;
further exploration is needed, as this neurodevelopmental
disorder may disrupt these connections.

Research goals and hypotheses

Our study’s primary objective was to deepen the relationship
between EF and DLD, investigating which core EF
components—specifically inhibition, working memory, and
cognitive flexibility (set-shifting)—contribute the most to the
discrimination between preschool children with and without
DLD and using age-appropriate tests. Moreover, it aims to
assess whether EF is independent of non-verbal intelligence
in the DLD population and explore the connections between
EE cognitive flexibility, motor skills, and planning abilities in
children with DLD. To our knowledge, prior research has not

consistently addressed all these relationships simultaneously in
a group of preschool children with DLD; thus, our study can
provide novel insights into the nature of DLD problems.

The study hypothesizes that children with DLD will show
significant deficits in EE particularly in cognitive flexibility
and inhibition, in line with most of the results on preschoolers
(Bishop etal., 2014; Roello et al., 2015), and that these deficits
will correlate with challenges in fine motor skills and planning,
in agreement with the literature on the relationship between
EF and motor skills examined in the introduction (e.g.,
McClelland & Cameron, 2019).

Before conducting hypothesis testing, we compared the
Performance IQ (PIQ) and Verbal IQ (VIQ) of the DLD
group using the Wechsler Preschool and Primary Scale of
Intelligence (WPPSI-III) (Sannio Fancello et al., 2008). This
comparison aimed to assess whether the PIQ was significantly
higher than the VIQ, as documented in the literature (e.g.,
Saar et al., 2023), thereby supporting the diagnostic criteria
used to select DLD children for our study.

Method
Participants

The study included 22 preschool children diagnosed with
Developmental Language Disorder (DLD), aged between
3:10 (years and months) to 5:6, consisting of 15 males
and seven females. Participants with a Performance IQ
(PIQ) of 85 or higher were recruited from an Italian Child
Neuropsychiatry Unit. A thorough screening was conducted to
exclude children who could not comprehend test instructions,
ensuring meaningful engagement with assessment tasks. The
DLD group was matched with a control group of typically
developing children, also comprising 15 males and seven
females, aged between 4:0 and 5:6, selected from a larger
pool of 346 typically developing preschoolers who had been
previously screened at school for EF and cognitive abilities.
None of the children in the control group had been diagnosed
with neuropsychological, sensory-motor, or language deficits,
nor with learning difficulties.

By focusing on children aged 3:10 to 5:6, we aimed to
capture a critical developmental window during which EF
begins to show substantial growth while remaining highly
malleable. Children’s language skills develop rapidly, enabling
the detection of subtler differences between those with and
without DLD. Preschoolers in this age range also possess
sufficient cognitive and attentional capacity to complete
standardized tasks, such as the BAFE battery, which is normed
for ages 3—6, while still being young enough that their EF skills
are not influenced by formal schooling.

Material

Cognitive level assessment:
The control group’s Performance 1Q (PIQ) was assessed using
the non-verbal Leiter-R test (Roid et al., 2013) based on school
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screening. The Leiter-R was not administered to the DLD
group to prevent test overload, as the PIQ was only needed for
inclusion criteria.

The WPPSI-III is an intelligence test aimed at assessing
the cognitive abilities of children aged 2:6 to 7:7. For children
aged 4:0 to 7:3, the test includes indices for Verbal 1Q (VIQ),
Performance IQ (PIQ), Full-Scale IQ (FSIQ), General
Language Composite (GLC), and Processing Speed Quotient
(PSQ). For the younger age range of 2:6 to 3:11, the test
includes indices for Verbal 1Q (VIQ), Performance 1Q (PIQ),
Full-Scale IQ (FSIQ), and Language Composite (GLC).

The reliability indices for Performance I1Q (PIQ) and
Verbal IQ (VIQ) in children aged 3 to 6 years range from .88
to .94 (Sannio Fancello et al., 2008). The WPPSI-III manual
reports construct and convergent validity data, indicating that
the test measures a single factor related to general cognitive
intelligence with strongly related subtests.

The Leiter-R (Roid et al., 2013) is a non-verbal test designed
to measure IQ and cognitive ability, particularly for children
and adolescents aged 2 to 20 years with cognitive delays and
verbal disorders. It focuses on fluid intelligence, reducing
susceptibility to linguistic, cultural, social, and educational
influences. The manual reports internal consistency reliability
ranging from 0.88 to 0.93, along with extensive evidence of
the test’s validity since its initial version (Leiter, 1979).

Executive functioning assessment

The BAFE Test, developed by Valeri et al. (2015) and Stievano
etal. (2017), is an Italian neuropsychological battery designed
to assess executive functioning in preschoolers aged 3 to 6 years,
with tasks specifically tailored to their age and comprehension
level. Each subtest targets a specific subdomain of executive
function. The standardized sample for the test included 210
children, evenly distributed by gender, and represented various
socioeconomic backgrounds from different regions in Italy.

The Day and Night task is a Stroop-like assessment that
evaluates inhibition. The examiner engages the children in
conversation about when the sun rises (during the day) and when
the moon and stars appear (at night). He then presents a white card
with a drawing of a yellow sun and a black card with a drawing of
a white moon and stars. Children are told that this game requires
them to say “night” for the sun card and “day” for the moon/stars
card. There are 16 items, and the score range is 0-16.

Card sorting assesses set-shifting (cognitive flexibility) and
is related to a Shift type in which conflict occurs at the response
stage. Children sort cards into two boxes based on shape and,
after five correct trials, on color. Set-shifting is examined
through the children’s ability to switch from one categorization
criterion to another during the test. Scores range from 0 to 5.

The Pattern Making lést assesses attentional flexibility
related to a Set-shifting type in which conflict occurs at the
perceptual stage rather than the response stage. The child is
first shown a long strip of 18 cards formed by six triplets of
colored circles that repeat in the same sequence (blue, blue,
red). The examiner asks the child to name each color in turn
and, after, says, “Yes, you see, it makes a pattern: blue-blue-
red, blue-blue-red,” emphasizing the words rhythmically. The

examiner then instructs the child to try and make exactly the
same pattern on a steel rule using a set of red and blue magnets.
Scoring is based on the number of correct triplets (0-6).

Spin the Pots evaluates visuospatial working memory. The test
is administered using a rotating tray with eight different colored
cups. A red ring is placed under each cup, and a cloth covers the
game. After the tray is rotated, the child is asked to lift the cloth
and choose a cup to find a red ring. The child must recover all
the rings, and the position of the cups changes each time. This
procedure is repeated until eight rings have been found or after
15 trials have been conducted (according to which was completed
sooner). An error score is calculated by subtracting the maximum
correct score (8) from the number of attempts the child makes to
find the objects (max 15). The error score ranges between 0 and 7.

As reported in the battery manual (Valeri et al., 2015), the
Kuder-Richardson 20 (KR-20) reliability indices are 0.77 for
the Card Sort, 0.92 for Night & Day, and 0.92 for the Pattern
Making test. The K-R20 index is not applicable to the Spin
the Pots test, as it yields a single score; however, this test has
been shown to correlate with the TOL test significantly and
to be independent of the other EF tests included in the BAFE
battery (Stievano et al., 2017). A Confirmatory Factor Analysis
revealed significant factorial loading, confirming the battery’s
construct validity (Valeri et al., 2015).

Motor skills assessment

The Movement Assessment Battery for Children’s Second
Edition (MABC-2; Henderson et al., 2007) is a standardized
test that can be administered to children aged 3:0 to 16:11. The
test accommodates four age bands, with items differing for each
age band that cover the same types of skills. The MABC-2 also
includes an observational checklist. The test consists of eight
items that evaluate fundamental movement skills grouped under
the headings of manual dexterity (posting coins in a bank box,
threading beads, drawing a line into a trail), ball skills (catching
a bean bag, rolling a ball into a goal), and balance (standing on
one leg, jumping over a cord, walking heels raised on a line).
Test administration can take 20-30 minutes. Each item score
was converted to a scaled score (0-5). The total impairment
score is the sum of eight individual scores, resulting in a score
between 0 and 40. Subscores were calculated by adding the
three scores for manual dexterity (range: 0-15), two ball skill
scores (range: 0-10), and three balance items (range: 0-15).
Lower scores indicated better performance. The total motor
impairment score was converted to a percentile score.

The reliability indices for age groups 2:6-2:11, 3:0-3:5, 3:6-
3:11, 4:0-4:5, 4:6-4:11, 5:0-5:5, 5:6-5:11, 6:0-6:7, and 6:8-7:3
are .89, .90, .88, .94, .92, .92, .89, .90, and .89, respectively
(Brown & Lalor, 2009). MABC-2 provides evidence of the
ability to discriminate between particular ages or diagnosis
groups, which can be considered to support its content validity
(Griffiths et al., 2018).

Planning and problem-solving assessment

The Tower of London Test (ToL Test; Sannio Fancello et. al.
2006) is a neuropsychological assessment tool used to measure
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executive planning and problem-solving abilities. The ToL Test
can be administered to subjects aged 4 to 13 years. In this test,
participants were presented with a set of three distinct pegs of
varying heights and a series of colored beads placed on these
pegs. The objective was to rearrange the beads to match the
target configuration while adhering to specific rules. Participants
must plan and execute a series of moves to reach the target
configuration in as few steps as possible, which requires higher-
order cognitive processes such as WM, cognitive flexibility, and
strategic planning. The test outcome provides valuable insights
into an individual’s executive and frontal lobe function.

This task is a simplified adaptation of Shallice’s (1982) disk-
transfer task, originally designed to assess planning abilities
in individuals with brain damage. It involves higher-order
cognitive skills, such as goal recognition and plan generation
(Shallice, 1982). Hughes et al., (1998) modified this task to
make it suitable for children by using the same-sized colored
sponge balls instead of differently-sized disks and reducing the
number of possible moves. Performance was coded based on
the number of problems solved at each level, which ranged
from zero to three.

The TOL test-retest reliability coeflicient reported in the
NEPSY manual for children aged 3-6 years is approximately
.89 (Korkman et al., 1998). Moreover, Unterrainer et al.
(2020) administered different versions of the TOL to 178 TD
children aged 6 to 13 years, finding that the reliability indexes
“greatest lower bound estimates of reliability” ranged from .76
and .80. Employing the framework of factor analysis and item
response theory Debelak et al. (2016) evidenced the TOLs
construct validity as measuring planning ability in terms of an
unidimensional cognitive function.

Language comprehension assessment

The Assessment of Language Comprehension Test (Prove di
valutazione della comprensione linguistica - PVCL; Rustioni,
1994) is a widely used test to assess language comprehension
in Italian children aged 3 to 8 years. It evaluates an individual’s
ability to understand spoken language. The test involved
presenting the subjects with 78 pictorial boards, each composed
of four options, and asking them to select the target image
based on the sentence they had heard. Sentences contain salient
morphosyntactic cues, such as gender and number agreement,
conjunction, negation, and different types of phrasal structures
(i.e., relative, passive, temporal). One point was credited for
each correct answer. Raw scores can be converted into weighted
scores ranging from 0 to 100.

The test-retest reliability was .93 (Nicastri et al., 2021).
The test validity is demonstrated by the significant correlations
with other linguistic measures found in different studies (e.g.,
Florit et al., 2011).

Procedure

Both groups were evaluated on EF using the BAFE battery,
with cognitive levels measured using the WPPSI-III for the
DLD group and the Leiter-R for the control group. The DLD

group also completed additional assessments, including the
MABC-2, PVCL, and Tower of London tests. Data collection
took place in a single session lasting 30-60 minutes for the
control group and 60-90 minutes for the DLD group, with
breaks as needed. Trained psychologists tested children in the
DLD group at a national health system outpatient facility,
while the control group was assessed in a quiet school area.
The scoring was verified for accuracy by the administering
psychologist, two trained psychology students, and a research
team leader.

Ethical statement. Parental consent was requested for the
children’s participation in the research, and ethical approval
was obtained from the health service to which the first
author belongs (ASL Roma 2). According to this institutional
procedure, a formal review with a registered protocol number
is mandatory only for clinical trials or other interventional
studies. As the present investigation did not constitute a
clinical trial and relied exclusively on retrospective data
from existing medical records and routine school screening,
no official protocol registration was required. Nevertheless,
this study complied fully with all relevant legislation, data
protection regulations, and ethical standards, including the
principles outlined in the Declaration of Helsinki. All patient
data and school-screening data were anonymized and handled
in accordance with national privacy laws.

Statistical analyses

We did not conduct a priori power analysis to determine
the sample size, as the selection was motivated by practical
considerations rather than statistical methods. Specifically,
recruiting children with Developmental Language Disorder
(DLD) who share similar characteristics, such as age,
Performance 1Q (PIQ), and other relevant criteria, poses
significant challenges in a public clinical setting. Some
authors (e.g., Bacchetti et al., 2011) argue that the need for
large sample size to achieve high statistical power can dampen
innovation, as studies exploring new concepts often start
with a small number of cases (sometimes just one), and the
effort to obtain large samples entails costs that many clinical
services cannot afford. Given these concerns, we chose not
to implement stringent corrections, like the Bonferroni
method, to the p-value in the correlational analysis to prevent
further reducing statistical power. Instead of relying only on
p-values, we also considered effect sizes, as they offer a better
indication of the strength of associations, especially in small
samples, and are less influenced by sample size fluctuations
(Bakker et al., 2019). Cohen (1988) proposed r = .10, r = .30,
and r = .50 as benchmarks for small, medium, and large effect
sizes, respectively, to interpret the strength of a correlation
and estimate its power; however, these benchmarks were not
derived from a systematic, quantitative analysis of data. More
recently, Gignac and Szodorai (2016) analyzed 708 meta-
analytically derived correlations from individual differences
research and found that the normative guidelines for small,
medium, and large effect sizes should be r = .15, r = .25, and
r = .35, respectively.
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A repeated-measure one-way ANOVA assessed the
difference between PIQ and VIQ in the DLD group.

The EF performance of the DLD and Control groups
was compared using Discriminant Analysis, which verifies
whether some predictor variables, considered simultaneously,
significantly discriminate between groups (by a significant
Wilks' Lambda value) and determines which predictor variables
uniquely contribute to group differences (by significant Partial
Lambda coefficients). All the BAFE battery (EF) test scores
were transformed into error scores to ensure consistency, as one
of the tests (Spin the Pots) only considers the error score. A
low range of errors (from 0 to 3) was observed for both set-
shifting tests, namely the Card Sort and the Pattern Making
Task. Consequently, we decided to calculate a single set-
shifting score by summing the errors made by each child in
these two tasks, which results in an error score ranging from
0 to 6. Thus, the EF predictors in the Discriminant Analysis
were as follows: Inhibition (Night & Day errors), Set Shifting
(summed errors from the Card Sort and Pattern Making Task),
and Visuospatial WM (Spin the Pots errors).

Given the limited sample size of the DLD group, the
correlations between EF (BAFE), PIQ, motor coordination
(MABC-2), and planning (Tower of London) were calculated
using the non-parametric Spearman’s rank test.

Results
Comparison of PIQ and VIQ in DLD Children

The skewness values for PIQ and VIQ in DLD children were
-0.32 and 0.23, respectively, while the kurtosis values were
-0.75 and -1.09. The repeated measures ANOVA conducted on
the two scores revealed a significant difference, /(1, 21) = 9.59,
p < .01 (partial n2 = 0.31), with PIQ being greater than VIQ
(M =109.7 and 101.4; SD = 11.8 and 13.2, respectively). This
finding supports existing literature regarding the discrepancy
between PIQ and VIQ in DLD children (e.g., Saar et al.,
2023) and aligns with the diagnostic criteria used in this scudy
to select the DLD group.

Age and cognitive level of the DLD and Control groups

Table 1 shows descriptive data on the age and Performance
IQ of the DLD and Control groups, whose mean ages were
about equal (59.18 and 59.13 months). The cognitive tests
(WPPSI-III or Leiter-R) revealed that the cognitive levels of
the two groups (DLD and Control) were very similar, with A/
= 109.72 and 109.50, respectively, and SD = 11.78 and 9.66,
respectively.

Tab. 1. Age and Performance IQ (PIQ) of DLD and Control groups.

Age (months) PIQ
Sample M SD M SD
DLD group 59.18 5.14 109.72 11.78
Control group 59.13 4.96 109.50 9.66
All groups 59.15 4.99 109.61 10.64

Verifying the assumptions of Discriminant Analysis

Descriptive statistics for EF variables indicated that Inhibition
(Night & Day errors) and Set-shifting (Card Sort and
Pattern Making Task summed errors) exhibited relatively
high kurtosis values (5.07 and 3.38, respectively), suggesting
departure from normality. Tabachnick & Fidell (2013) state
that Discriminant Analysis is robust against violations of
normality and homoscedasticity, provided there are equal
sample sizes with at least 20 cases per group and no more
than five predictors. However, they warn that this analysis
is sensitive to outliers. As the authors suggest checking for

outliers with z scores greater than |3], we created a Box Plot
for the raw EF scores, setting the Box at Means + SE and the
Whisker at Means + 3SD. The Box Plot is shown in Figure 1,
which denotes the presence of outliers in the Control group

for Set-shifting.
Fig. 1. Box Plot of EF raw scores by Groups. The asterisk denotes the
presence of one or more outliers (z > 3) among the Set-shifting scores of
the Control group.

Box Plot of multiple variables: Raw scores
Mean; Box: Mean+SE; Whisker: Mean+3*SD

>
o—o—]

b & A Mo N B O ®

. B Innibition
B Set-shifting
Visuospatial WM

= 7

DLD Control
Group

An inspection of Set-shifting z-scores revealed only one
outlier with z = 3.7. Given the relatively high kurtosis values
and the presence of this outlier, we decided to transform
the EF raw scores into square root (sqrt) scores, which is a
common method for normalizing data (Tabachnick & Fidell,
2013). After the transformation, the three kurtosis values
ranged from -1.12 to -0.15, while the skewness values ranged
from -0.74 to 1.10. An inspection of sqrt scores identified
an outlier in the Control group for Set-shifting, with a sqrt
z score of 3.1, corresponding to a sqrt score of 1.9. Following
the suggestions of Tabachnick & Fidell (2013) to mitigate the
impact of outliers, we assigned the outlying case a sqrt score
that was one unit higher than the next smallest sqrt score
that was not an outlier (1.4), thus reducing the outlier’s score
from 1.9 to 1.5. Figure 2 shows the Box Plot of the sqrt EF
measures, demonstrating that no outliers were present after the
transformations applied to the EF scores.

Table 2 presents the means and standard deviations of both
the raw and square root transformed EF error scores for the
DLD and Control groups, indicating that the EF error scores
were higher in the DLD group, except for the Visuospatial
WM task.
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Tab. 2. Group means and standard deviations of EF raw and squared root (sqrt) error scores

Raw error scores

Sql't error scores

Groups Inhibition Set-shifting Visuospatial WM Inhibition Set-shifting Visuospatial WM

M SD M SD M SD M SD M SD M SD
DLD group 4.23 4.36 1.41 1.94 3.36 2.57 1.67 1.23 .80 .90 1.54 1.03
Control group 1.23 1.51 41 .96 3.64 2.57 .76 .82 27 .52 1.61 1.04
All groups 2.73 3.57 91 1.60 3.50 2.55 1.22 1.13 .53 77 1.57 1.02

Fig. 2. Box Plot of EF sqrt scores by Groups. The absence of asterisks
denotes the lack of outliers.

Box Plot of multiple variables: sqrt scores
Mean; Box: Mean+SE; Whisker: Mean+3*SD
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DLD Control Visuospatial WM

Group

Results of the Discriminant Analysis on EF sqrt error scores

The set of EF variables (Inhibition, Set-shifting, and
Visuospatial WM) significantly discriminated between DLD
and Control groups (Wilks' Lambda = .75; approximated
F(3, 40) = 4.47; p < .01), accounting for 25% of the total
variance. The tolerance values ranged from .90 to .99, thus
excluding multicollinearity problems (Tabachnick & Fidell,
2013). The classification matrix revealed that 70.5% of the
cases were correctly classified based on the three EF scores
(64% of the DLD group and 77% of the control group). The
unique contributions of the three EF scores are presented in

Table 3.

Tab. 3. Contributions of the EF sqrt error scores to the discrimination
between DLD and Control groups

Wilks Partial F-remove Al ?tand. Co.el:l.
Lambda  Lambda  (1,40) PTY¥ue forcanonmie
variable
Inhibition .88 .85 7.06 .01 .81
Set-shifting .83 .90 4.27 <.05 .62
Visuospatial
WM .76 .99 43 .52 22

The variable that contributed most to group discrimination
was Inhibition, which had the highest standardized coefficient
for the canonical variable (.81). The Inhibition error scores
significantly differentiated the two groups independently of
the other variables, as evidenced by the lowest Partial Lambda
(.85) and the significant F value (F(1, 40) = 7.06; p = .01).
The second variable that contributed significant variance was
Set-shifting, which had a standardized coefficient of .62 and a
unique contribution (Partial Lambda) of .90, with A(1, 40) =
4.27 and p < .05.

Correlations between measures in the DLD group

Table 4 shows Spearman’s rank correlations in the DLD group of
the three EF variables with Performance IQ, motor coordination,
verbal comprehension, and planning scores. According to
Gignac and Szodorai’s (2016) guidelines, some “large” effects (r
> .35) are present in Table 4. Specifically, these effects pertain to
the correlation between Inhibition and PVCL (r = -.45), as well
as the correlations of Set-shifting with PVCL, MABC-2, and the
Tower of London (r = -.44, = -.39, and r = -.44, respectively).
All of these correlations were significant at p < .05, except for the
one between Set-shifting and MABC-2, which only approached
significance (p < .08). The correlations between the EF error
scores and the Performance subtest of the WPPSI-III (PIQ) were
low or medium and statistically non-significant, showing that
the EF variables considered in the present work are independent
of the non-verbal intelligence level of DLD children.

Since EF scores reflect the errors made by children in
these tasks, the results in Table 4 suggest that children in the
DLD group with lower levels of verbal comprehension face
the greatest challenges with inhibition and cognitive flexibility.
This effect is evident in increasing errors in Inhibition (Night
& Day task) and Set-shifting (Card Sort and Pattern Making
Task combined score) in children with lower performance
in the PVCL test. Moreover, weak set-shifting was linked to
inadequate planning abilities (Tower of London) and poor
motor coordination (MABC-2).

Tab. 4. Spearman correlations of EF sqrt error scores with Performance
IQ (PIQ), verbal comprehension (PVCL), motor coordination (MABC-
2), and planning scores (Tower of London) in the DLD group

Variables Inhibition Set-shifting Visuospatial WM
PIQ -29 -26 10
PVCL - 45 -.44* .32
MABC-2 -19 -39 -.18
Tower of London -.05 -.44* .26
p<.05
Discussion

The present study examined core executive functions (EFs)—
specifically inhibition, working memory, and cognitive
flexibility—and their relationship with planning and motor
skills in preschool children with Developmental Language
Disorder (DLD). Unlike previous studies mainly focusing
on isolated domains, our work uniquely integrates executive,
motor, and planning dimensions in preschoolers with DLD,
providing a multidimensional developmental profile.
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Our main finding indicates that the full set of EF scores
accounted for significant variance in the discrimination between
children with DLD and their typically developing peers. Among
the individual EF measures, inhibition was the strongest
contributor to group differentiation, consistent with previous
research on preschool populations (Bishop et al., 2005; Marini
et al., 2020; Roello et al., 2015). This finding is particularly
relevant, as inhibitory control plays a crucial role in early
verbal development, by regulating conversational turn-taking,
suppressing irrelevant linguistic responses, and supporting
syntactic processing (Marini et al., 2020). Regarding Set-shifting,
we found that this measure explained significant variance in
group discrimination and was lower in DLD children with poorer
language comprehension (PVCL). Interestingly, Oshchepkova et
al. (2021) found that a set-shifting measure based on a card sorting
task was significantly correlated with language production ability
in typically developing children aged 5 to 6 years. This pattern of
results emphasizes the importance of cognitive flexibility in the
development of various language domains.

In  contrast, visuospatial working memory (WM),
assessed through the “Spin the Pots” task, showed comparable
performance across groups. This result diverges from the findings
by Niu et al. (2024), who reported impairments in both verbal
and visuospatial WM in preschoolers with DLD. However,
their study also emphasized that verbal WM deficits are more
consistent and age-independent, while visuospatial WM may be
more sensitive to task demands and developmental stage. Future
studies should include a broader range of visuospatial WM tasks
to better characterize potential domain-specific deficits in DLD.

Importantly, no significant correlations were found between
EF scores and nonverbal intelligence (Performance 1Q, PIQ)
in the DLD group. In contrast, a lower Verbal 1Q, consistent
with previous findings (Saar et al., 2023), was confirmed. This
supports the hypothesis that EF difficulties in DLD are not
simply attributable to general cognitive delay and underscores
the value of independently assessing EE even in children with
average PIQ scores.

A particularly novel contribution of this study is the
positive associations observed in children with DLD between
cognitive flexibility, motor abilities, and planning. These results
align with the findings of Becker et al. (2014) and Cameron
et al. (2015), who observed strong relationships between
EF measures and visuomotor skills in typically developing
children. Specifically, visuomotor skills and inhibitory control
were found to interact, proposing a reciprocal developmental
relationship between motor and executive systems, and
suggesting that early motor experiences may contribute to
the maturation of cognitive control networks. This opens
promising directions for intervention programs that integrate
motor and cognitive training in early childhood settings. Our
findings also point to a potential overlap in neural networks
supporting language, fine motor coordination, and balance,
highlighting the importance of assessing EF in early childhood.

Limitations

The primary limitation of our study was the small size of the
DLD group, which resulted from practical constraints. In our

service, families voluntarily bring their children for assessment,
and the availability of cases that meet strict inclusion criteria is
inherently limited, as research must rely on naturally occurring
patient flows. Consequently, gathering a large, homogeneous
sample requires significant time. Among the study’s limitations,
we also highlight the cross-sectional design, which prevents
causal inferences, and the use of two different tests for PIQ
assessment.

Despite these limitations, the large screening sample used
to select the TD group allowed for effective matching in
terms of PIQ, age, and gender, which supports the validity of
our group comparisons. Additionally, our results align with
previous findings in the literature, further supporting their
validity.

It is essential to emphasize that the correlational analysis
conducted in this study is exploratory and preliminary.
Therefore, we recommend interpreting significant correlations
with caution, pending replication in larger samples. Since
this is the first study to examine these relationships within
this specific age range and population, our objective was not
to draw definitive conclusions but to provide a foundational
basis for future longitudinal research aimed at clarifying the
directionality of the observed associations and assessing their
changes with development.

Conclusion and clinical implications

The results of this study extend the existing literature by
employing multiple EF measures instead of isolated tasks,
offering a more comprehensive view of executive dysfunction
in children with DLD and reinforcing the need for a deeper
understanding of the role of EF in early language development,
consistent with the perspectives proposed by Shokrkon and
Nicoladis (2022). The weaknesses in inhibition and cognitive
flexibility observed in children with DLD suggest a broader
profile of executive vulnerability that may amplify existing
linguistic challenges. This makes these functions a crucial
target for early intervention.

Our findings highlight the importance of considering
executive functioning, particularly inhibition and cognitive
flexibility, as central components in the developmental profile
of preschool children with DLD. These functions should
not be addressed in isolation but rather embedded within a
comprehensive educational and rehabilitative framework
that integrates language support with neuropsychological
intervention.

From an educational perspective, fostering EF can
enhance children’s ability to manage classroom tasks, follow
instructions, and regulate behaviour, ultimately improving
learning outcomes. Interventions should include structured
routines, visual supports, and metacognitive strategies to
strengthen self-regulation and planning.

On the rehabilitation side, combining language therapy
with activities that promote motor coordination and executive
planning—such as play-based tasks, problem-solving games,
and sequential motor routines—may amplify therapeutic
effects. An integrated model that links linguistic stimulation
with executive and motor training leverages shared neural
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pathways and developmental synergies, promoting more
robust and generalized improvements.

This integrative approach underscores the need for
interdisciplinary  collaboration among educators, speech-
language pathologists, neuropsychologists, and occupational
therapists, with individualized programs grounded in a dynamic
understanding of each child’s cognitive-linguistic profile.
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