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Abstract

The aim of this study was to examine the relationship among various aspects
of executive functions (inhibitory control, working memory, planning and
cognitive flexibility) and language comprehension in preschool children.
The final sample included 203 children, four or five years old, with average
nonverbal cognitive development. The measuring instruments for assess-
ment of the children’s executive functions were Grass/Snow task; Inhibition
task (NEPSY-II); Digit Span task; CANTAB tasks and Dimensional Change
Card Sort. The Reynell Developmental Language Scales were used for the as-
sessment of language comprehension. The results showed that the only signifi-
cant predictors of language comprehension were verbal working memory, as
measured by the Digit Span task, and inhibitory control, as measured by the
Grass/Snow task. This study emphasises the importance of inhibitory control
and working memory for language comprehension in preschool children.
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1. Introduction

Language comprehension has been studied considerably less than language
production. Studies dealing with language acquisition have been more focused
on language structure in children than on language comprehension. Moreover,
the “cognitive infrastructure”, included in both “breaking” the language code
and the comprehension of a complex symbolic system (like language), has been
largely understudied. Research has mainly focused on the influence of input fea-
tures, the sensory features of children, and general cognitive status (intelligence).
There have been almost no studies on the specific cognitive processes involved in
language comprehension development and the individual differences they can

create. Due to all of this, the fact that language is built through a complex inter-
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action of linguistic and non-linguistic cognitive processes has been neglected.
Executive functions are especially important in this respect, because they can be
considered organisational processes involved in many of levels of learning (Gu-
ralnick, 2011).

In the early days of research on executive functions, the focus was primarily
on their description, and these functions were investigated independently of
their relationships to other cognitive domains. Recently, the emphasis has
shifted to developmental relationships between executive functions, theory of
mind, and other cognitive domains (Carlson & Moses, 2001; Carlson, Mandell,
& Williams, 2004; Gordon & Olson, 1998).

Various authors define executive function differently, but most agree that the
executive functions include a range of interrelated processes that are responsible
for goal-directed behaviour. These functions represent a “guide” that controls,
organises and manages cognitive activity, emotional response and behaviour
(Gioia, Isquith, & Guy, 2001). In the literature, there are four different processes
that are commonly considered executive function processes: inhibitory control,
working memory, cognitive flexibility and planning (Best & Miller, 2010; Bier-
man, Nix, Greenberg, Blair, & Domitrovich, 2008).

Relationship between Executive Functions and Language

Despite the consensus in the developmental literature regarding the role of ex-
ecutive function (EF) skills in supporting the development of language skills
during the preschool years, we know relatively little about the associations be-
tween these EF skills, their components, and language skills among preschool-
aged children. The relationship between executive functions and language has
been researched (Weiland, Barata, & Yoshikawa, 2014; Welsh, Nix, Blair, Bier-
man, & Nelson, 2010), but this research is less intensive than research on the re-
lationship between executive functions and the theory of mind (and the theory
of mind and language). The direction of the developmental pathways between
EF skills and language skills is unclear. Some research shows that EF skills help
children focus on multiple streams of information at the same time, monitor er-
rors, and make decisions in light of available information, which is important in
children’s acquisition and development of initial language skills (Diamond,
2013).

Most studies have dealt with the relationship between language and working
memory (e.g., Adams & Gathercole, 1996; Baddeley, 2003; Daneman & Merikle,
1996). Most of the authors agree that working memory consists of various mu-
tually interacting components. Some of these components are responsible for
retaining information over a short time period (short-term memory), and others
are responsible for cognitive control, which regulates and coordinates the re-
ceived information (Engle, 2010).

For explaining the relationship between working memory and language com-
prehension, it is important to consider the role of the phonological loop in the

working memory model (Baddeley & Hitch, 1974). The phonological loop is re-
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sponsible for short-term retention of verbally received information while other
cognitive “tasks” are taking place, such as word retrieval or spoken message
comprehension (Baddeley, Gathercole, & Papagno, 1998). In most of the rele-
vant research on pre-school children, verbal working memory is operationalised
as nonsense-word repetition. Most studies confirm the positive relationship be-
tween working memory and language learning in pre-school children (Avons,
Wragg, Cupples, & Lovegrove, 1998; Gathercole & Baddeley, 1989). Addition-
ally, working memory is presumed to have an important role in the development
of language comprehension (Cain, Oakhill, & Bryant, 2004), grammar and
morphology acquisition (Plunkett & Marchman, 1993; Speidel, 1993), and read-
ing (Engle de Abreu, Gathercole, & Martin, 2011). However, it should be noted
that most studies on the relationship between working memory and language
comprehension have been performed on school-aged children.

Unlike verbal tasks, spatial tasks for testing working memory have not dem-
onstrated this relationship, and it has been found that such tasks have low cor-
relations with tests of comprehension (Swanson & Howell, 2001).

Research that investigates the relationship between language and inhibitory
control, as well as cognitive flexibility or planning is less common than is re-
search on the relationship between language and working memory. Inhibitory
control allows the listener to choose one of various possible interpretations of a
single message (Ye & Zhou, 2008) and can potentially be related to language
comprehension. However, most studies investigating the relationship between
inhibitory control and language have dealt with the role of inhibitory control in
either secondary language acquisition (bilingualism) (Verhoef, Roelofs, &
Chwilla, 2009) or the role of inhibitory control in conflict sentence comprehen-
sion in school children and adults (Ye & Zhou, 2008).

Inhibitory control may have an important role in language comprehension
development for the following reasons:

1) In early childhood, children most frequently acquire language through
communication with their caretaker, i.e., the caretaker shows the child an
object and names it. Children with typically developed inhibitory control will
more easily focus on the object and thus more easily and quickly learn the
meaning of new words. Additionally, these children will more quickly reallo-
cate their mental resources and will be better synchronised in their interac-
tions.

2) In older children, inhibitory control enables children to focus on the choice
of the right word among a number of alternatives and on the choice of one of
various possible interpretations of a single message (Levelt, Roelofs, & Meyer,
1999).

3) Inhibitory control is also important in communicative perspective-taking
(Brown-Schmidt, 2009; Nilsen & Graham, 2009) and allows children to in-
hibit their own perspective and make use of their communicative partner’s
perspective. This is especially important in verbal reasoning and the com-

prehension of spatial language and pronouns, which are determined by
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someone’s perspective.

Furthermore, cognitive flexibility is also considered to play a certain role in
language development. As their vocabulary increases, children develop various
expressions to describe various aspects of events, objects and persons. Moreover,
due to inhibitory control and cognitive flexibility, children between three and
five years old have an increased ability to adapt descriptive locutions to changing
(linguistic) task cues, and the ability to adapt to changing meanings of successive
verbal messages (Deak, 2004). Those abilities allow children to use language in a
more flexible way.

To the best of our knowledge, there has been no research on the relationship
between planning and language comprehension development. Research on chil-
dren with specific language impairment has shown that they have worse plan-
ning abilities (Henry, Messer, & Nash, 2012), even when adjustments are made
for their verbal abilities. Although no conclusions could be drawn on the rela-
tionship between language and planning, these studies indicate that planning
could be involved in the development of some aspects of language, e.g., its pro-
duction and use (narration, conversation, persuasion). It should be noted that
planning is the most complex executive function, and those tasks are saturated
by inhibitory control and working memory (Senn, Espy, & Kaufmann, 2004).
Therefore, there is a distinct possibility that the relationship between planning
and language comprehension is indirect. This relationship should be researched
further.

It is also possible that this developmental pathway could be reversed and that
language skills developed in preschool could support the acquisition and devel-
opment of EF skills. It may be that better receptive vocabulary could build EF
skills by enhancing children’s outer and then inner speech, and this improved
self-talk may then improve EF, as children become better able to plan and
monitor their behaviour (Fuhs & Day, 2011).

Generally speaking, the aforementioned research implies a connection be-
tween executive functions and language. Most research is conducted on certain
aspects of executive functions (e.g., working memory), although few studies have
focused on children of preschool age. This is the period of significant changes in
executive functions and language comprehension. There is less research on the
other aspects of executive functions. Considering the importance of inhibitory
control and cognitive flexibility in language development, establishing the rela-
tionships in the preschool period can provide us with an insight into mecha-
nisms that have not been widely studied, and might prove important for gaining
understanding of children’s language developmental features, in both early and
later age.

This study aims to examine the relationships among various aspects of executive
functions (inhibitory control, working memory, planning, and cognitive flexibil-
ity) and language comprehension. It is assumed that all aspects of executive
functions will be significant predictors of language comprehension and that

working memory will be the strongest predictor.
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Table 1. Sample features (N = 203).

2. Methodology
2.1. Participants

The study included 222 children between 46 and 68 months of age. The parents
gave their consent and provided anamnestic data. The data were collected in five
Zagreb kindergartens. Five children were excluded from further analysis because
of their health issues or involvement in some form of therapy. Fourteen children
participated only in one stage due to various factors (motivation, absence from
kindergarten, tiredness during testing) and were therefore excluded from further
analysis. The final sample included 203 children with average nonverbal cogni-
tive development (represented by their scores on Matrix Reasoning subscale-
WPPSI-III; Wechsler, 2002). The sample features are presented in Table 1.

2.2. Measuring Instruments

2.2.1. Intellectual Abilities

The Matrix Reasoning subtest (part of The Wechsler Preschool and Primary
Scale of Intelligence—Third Edition; Wechsler, 2002) was used as a measure of
nonverbal or general cognitive ability due to its high correlations with nonverbal
(r=0.82) and full (r= 0.74) IQ scales (Wechsler, 2002). To ensure the sample of
typically developing children, the average result on the test was used as an entry

criterion.

2.2.2. Executive Functions

The children’s executive functions were assessed by the Cambridge Neuropsy-
chological Test Automated Battery— CANTAB) and individual tasks. CANTAB
is a neuropsychological battery of tests comprising a number of touch screen
computer tasks.

The children’s inhibitory control was assessed by the inhibition subtest of the
NEPSY-II neuropsychological battery of tests (Korkman, Kirk, & Kemp, 2007)
and by the Grass/Snow task (Gerstadt, Hong, & Diamond, 1994). The inhibition
subtest (NEPSY-II) assesses a child’s ability to inhibit automatised responses and
to form a new response (the child needs to say “circle” when a square is pre-
sented and “square” when a circle is presented). For the purposes of this study,
the score was expressed as the number of correct responses. The Grass/Snow
task requires the child to point at the white card when the experimenter says
“grass” and at the green card when the experimenter says “snow.” There are 16
trials in this task, and the experimenter must not remind the child of the task

rules. For the purposes of this study, the score was expressed as the number of

Gender Birth order Mother’s education Father’s education
3rd - High High
N=203 Boys Girls 1Ist 2nd ..  Unqualified '¥% " BA  MA/PhD  Unqualified '#%  BA  MA/PhD
5th school school
Frequency 101 102 114 60 29 5 86 94 16 11 93 79 17
% 49.8 50.2 56.2 29.6 14.2 2.5 42.4 47.3 7.9 5.4 45.8 38.9 8.4
231
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correct responses.

Working memory was assessed by the Digit Span task (Davis & Pratt, 1995).
The Digit Span task is a measure of verbal working memory where a child re-
peats the numbers in a reverse sequence. The experimenter starts with two digits
and increases the digit number until the child makes a mistake twice in a row.
The longest memorised sequence is recorded.

Cognitive flexibility was assessed by the CANTAB Intradimensional/Ex-
tradimensional Set Shift and by the Dimensional Change Card Sort task (Zelazo,
Reznick, & Pinon, 1995). The Intradimensional/Extradimensional Set Shift task
is a computerised form of the Wisconsin Card Sorting Test (Heaton, Chelune,
Talley, Kay, & Curtiss, 1993). It consists of nine different levels. Simple stimuli
are made up of just one of these dimensions, whereas compound stimuli are
made up of both, namely white lines overlying colour-filled shapes. The partici-
pant starts by seeing two simple colour-filled shapes, and must learn which one
is correct by touching it. Feedback teaches the participant which stimulus is cor-
rect, and after six correct responses, the stimuli and/or rules are changed. These
shifts are initially intra-dimensional (e.g., colour filled shapes remain the only
relevant dimension), then later extra-dimensional (white lines become the only
relevant dimension). For the purpose of this study, the result is expressed as the
number of completed levels within which the child shifts the cognitive set. In the
Dimensional Change Card Sort task (Zelazo et al., 1995), children are required
to sort a series of bivalent test cards, first according to one dimension (e.g., col-
our), and then according to another (e.g., shape). For the purpose of this study,
the result is expressed as the number of correct answers following cognitive set
shift.

Planning ability was assessed by the Stockings of Cambridge task (CANTAB),
which measures spatial planning and spatial working memory. The touch screen
is divided into two parts, and there are three coloured balls in each part. The
participant is supposed to rearrange the balls in the bottom part of the screen so
that they match the balls at the top part of the screen. The balls may be moved
one at a time by touching the required ball, then touching the position to which
it should be moved. The participant has to complete the task in a limited num-
ber of moves ranging from one to five. The time taken to complete the pattern
and the number of moves required are taken as measures of the participant’s
planning ability. For the purpose of this study, the result is expressed as the

minimum number of moves used to complete the task.

2.3. Language Comprehension

Language comprehension was assessed using the Language comprehension
scale A of the Reynell Developmental Language Scales (Reynell & Huntley,
1995). It assesses single words, relating two named objects, agents and actions,
clausal constituents, attributes, noun phrases, locative relations, verbs and the-
matic role assignment, vocabulary and complex grammar and inference. The

child should respond on the verbal order by pointing or replacing the figures. It
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Table 2. Measuring instruments.

consists of 67 items in total. Every successfully completed item awards one point,
and the scale total represents the final result. The scale has been translated and
adapted for Croatian speakers (Reynell & Huntley, 1995, translated by Nada
Lovrié).

The list of the tests and tasks used in this study is presented in Table 2.

2.3.1. Procedure

All of the participants were assessed individually. The research was conducted in
five kindergartens in Zagreb between April 2010 and April 2011. The children’s
parents filled in sociodemographic questionnaires and signed informed consent
forms. Each child was assessed twice with a short interval in between (two to
three days).

To ensure that only children with typical cognitive development were in-
cluded, the Matrix Reasoning nonverbal subtest (Wechsler Preschool and Pri-
mary Scale of Intelligence—Third edition; Wechsler, 2002) was used before the
basic assessment. The sequence of tests and tasks in the sample was varied ran-
domly to control the effect of training and tiredness on the test scores.

The first part of the assessment took approximately 40 min. The children were
assessed using the Reynell Developmental Language Scales (Reynell & Huntley,
1995) and tasks for executive function assessment (the Grass/Snow and Dimen-
sional Change Card Sort tasks). In the second part of the assessment, the chil-

dren underwent the executive function assessment tasks of the CANTAB

Min - Cronbach’
Task or subscale (Scale) Author(s) Scoring criteria 0 ronbach s
Max alpha
Matrix Reasoning (The Wechsler
. R Number of correct
Intellectual abilities Preschool and Primary Scale of Wechsler, 2002 0-29 0.78
answers
Intelligence, 3rd Edition)
L Korkman, Kirk, & Number of correct
Inhibition subtest (NEPSY-II) 0 - 40 0.93
Kemp, 2007 answers
Inhibition
Gerstadt et al., Number of correct
Grass/Snow task 0-16 0.93
1994 answers
. . Number of items in the
Working . Davis & Pratt, X
Digit Span Task longest sequence child 0-5
memory 1995 .
memorized
i Cambrid
I;erc:nve Intradimensional/Extradimensional Ci)rfglnirtl‘of Number od 1-9 0.72
unctions . i - .
Cognitive Set Shift (CANTAB) CANTAB Tests completed stages
flexibility
. . Number of correct
Dimensional Change Card Sort Zelazo et.al., 1995 . 0-6 0.65
answers after set shifting
Number of task:
Cambridge Hmer o ‘as y
. . . N copmleted with a
Planning Stockings of Cambridge (CANTAB) Cognition .. 0-12 0.77
minimum number of
CANTAB Tests
moves
. Reynell &
Language comprehension scale A
. Huntley, 1995 Number of correct
Language comprehension (Reynell Developmental Language . 0-67 0.75
(Croatian answers
Scales) .
adaptation)
233
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neuropsychological battery of tests (Intradimensional/Extradimensional Set Shift

and Stockings of Cambridge tasks). This part took approximately 40 min.

2.3.2. Statistical Analysis

In order to meet the goal of the research the correlation analysis and hierarchical
regression analysis were conducted. To determine the relationship between ex-
ecutive functions and language comprehension hierarchical regression analysis
were conducted, and the variables were introduced in two stages. In the first
stage, the contribution of the control variables (age, gender, mother's education)
to the explanation of variance of language comprehension were introduced;
and in the second stage, the various aspects of executive functions were

introduced.

2.3.3. Results

The analyses conducted to address the aim of the research included the statistical
control of variables, besides the independent variables, that might affect de-
pendent variable. Age control was performed in accordance with theoretical as-
sumptions on the factors related to executive function (Fuster, 2002) and lan-
guage comprehension (Berk, 2006). Research shows that as the child grows, it
develops executive functions and language comprehension abilities.

It should also be noted that despite the fact that much of the current re-
search ’does not support gender differences in either executive functions or lan-
guage comprehension tasks, some research has found that girls scored higher on
language tests (Hyde & Linn, 1988). The data analyses on gender differences
confirm a statistically significant difference between boys and girls on certain
variables. Consequently, gender is also a controlled variable. Research also shows
that the mother’s education is moderately correlated with executive functions
(Sarsour et al., 2011) and has low to moderate correlation with language compe-
tence tasks (Foy & Mann, 2003). For these theoretical reasons, the mother’s
education is also controlled. Research has not clearly established the role of the
father’s education in predictors and criterion variables, and given that the
mother’s education is highly correlated with father’s education ((r = 0.5; p <
0.01), the father’s education variable is removed from further analyses.

When analysing the missing values, we did not find a systematic pattern in the
participants’ failure to reply. Relatively few of the missing values were removed
from analyses.

The descriptive statistics for each of the measures are shown in Table 3.

The correlations between all variables included in the study are shown in Ta-
ble 4. The correlations between executive function tasks and language compre-
hension were all significant (low to moderate correlations), except for the cor-
relation between the Intradimensional/Extradimensional Set Shift and lan-
guage comprehension. In addition, the correlations among the executive func-
tions tasks were also low to moderate. The lowest correlations with other vari-
ables of executive functions have been recorded for Intra/Extradimensional Set
Shift subtest.
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Table 3. The descriptive statistics for nonverbal cognitive ability, executive functions and language comprehension
(CA = cognitive ability; IN = inhibitory control; WM = working memory; CF = cognitive flexibility; PL = planning; LC

= language comprehension).

Test/task N M SD Min Max
CA Matrix Reasoning subtest 203 14.4 3.75 7 26
IN Inhibition subtest 196 28.83 9.68 0 40
IN Grass/Snow 203 12.53 4.53 0 16
WM Digit Span 202 0.89 1.16 0 4
CF Dimensional Change Card Sort 203 5.21 1.23 0 6
CF Intra-/Extradimensional Set Shift 201 7.29 0.94 2 9
PL Stockings of Cambridge 203 4.07 2.89 0 10
LC Reynell Developmental Language Scales 203 57.86 4.53 44 67

Table 4. The correlation between all variables included in study (IN = inhibitory control; WM = working memory; CF

= cognitive flexibility; PL = planning).

IN

IN

WM

PL

CF

CF

2 3 4 5 6 7 8 9 10
1. Age - - 0.31%*  0.32**  0.51**  0.51** 0.28%* - 0.42**
2. Gender* - - 0.18* - - 0.14* - 0.14*
3. Mother’s education® - - - - - - 0.21**
4. Inhibition subtest 0.40** 0.32** 0.38** 0.25%* 0.19* 0.42**
5. Grass/Snow task 0.32%*  0.42**  0.36** - 0.48**
6. Digit span 0.46** 0.25%* 0.17* 0.54**
7. Stockings of Cambridge 0.36** - 0.47**

8. Dimensional Change

Card Sort

0.17* 0.33**

9. Intra/Extradimensional

Set Shift

10. Language comprehension

*p<.05; ** p<.01; * 1 = Male, 2 = Female; ® from 1 (unqualified) to 4 (MA/PhD).

Table 5 shows the results of the hierarchical regression analysis. The control
variables explained 25% of the criterion variance, and all of these variables were
significant predictors. Introducing the executive function tasks in the second
stage explained an additional 21% of the criterion variance. The Digit Span and
Grass/Snow tasks were the only significant predictors of language comprehension.
It is apparent that control variables are significant variables in the first stage,
whereas in the following stage the variables of age and gender become statistically
insignificant. This may lead to the conclusion that impact of those variables can
be seen through executive functions variables. f8 coefficient for the mother’s
education variable retained statistical significance, even after the introduction of

executive function tasks into the regression equation.
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Table 5. The relationship between executive functions and language comprehension-the
results of a hierarchical regression analysis.

Ist stage 2nd stage
Predictors Standardized Coefficients Beta
Age 0.17* 0.10
Gender* 0.15% 0.08
Mother’s education® 0.27** 0.19**
IN Inhibition subtest 0.12
IN Grass/snow task 0.22%%
WM Digit span task 0.27*%*
PL Stockings of Cambridge 0.12
CF Dimensional Change Card Sort 0.09
CF Intra-/Extradimensional Set Shift —-0.02
Model summary:
R 0.52** 0.70**
R’kor (Adjusted R Square) 0.25%* 0.46**
A R* (R Square Change) 0.25%* 0.21**

*p<0.05;** p<0.01;°1 = Male, 2 = Female; "from 1 (unqualified) to 4 (MA/PhD).

3. Discussion

Studies that investigate the relationship between executive functions and lan-
guage have focused mostly on the relationship between language abilities and
verbal working memory (Avons et al., 1998). Other executive functions have
been examined sparsely and specifically in some populations, e.g., inhibitory
control (Verhoef et al., 2009) and cognitive flexibility (Deak, 2003), which have
been predominantly examined in bilingual populations.

Accordingly, the aim of our study was to determine the relationship between
various aspects of the executive functions (inhibitory control, working memory,
cognitive flexibility and planning) and language comprehension in preschool
children.

The investigation of the relationship between executive functions and language
showed that the most significant predictors of language comprehension were
those aspects of executive functions: verbal working memory, as assessed by the

Digit Span task, and inhibitory control, as assessed by the Grass/Snow task.

3.1. Language Comprehension and Inhibitory Control

Inhibitory control, as assessed by the Grass/Snow task, was a significant predictor
of language comprehension. This result was expected because inhibitory control
as assessed by conflict tasks was presumed to have an important role in language
comprehension development. If we consider the variable of language compre-
hension, we can see that at this age it integrates semantic and morphosyntactic

knowledge, as well as the comprehension of role attribution, adjective gradation,
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spatial relations, quantifiers and verbal deduction. Because all of these are con-
text-dependent, inhibitory control has an important role in focusing on a new
context and in inhibiting the previously correct answer and the previous context.
Additionally, while using the Reynell Developmental Language Scale, we noticed
that children who had less mature inhibitory control, despite the experimenter’s
instruction, reached for an object from the test material that they found attrac-
tive or interesting, which is why they achieved a lower result in the language
comprehension domain. Accordingly, we can conclude that inhibitory control is
an important ability and has an important role in the relationship between ex-
ecutive functions and language comprehension.

In this study, two tasks were used for assessing inhibitory control: the Inhibi-
tion Subtest and the Grass/Snow task. The correlation between these tasks was
moderate. The difference between the two inhibitory control tasks used in this
study is that the input in the Grass/Snow task is verbal and the child’s output is
nonverbal (showing), but the input in the Inhibition subtest is visual (nonverbal)
and the child’s output is verbal. We believe that the Grass/ Snow task is a signifi-
cant predictor of language comprehension because the mechanisms needed to
resolve this task are similar to the mechanisms and networks involved in a lan-
guage comprehension task—one needs to comprehend linguistic input, consider
among possible alternatives, inhibit inappropriate (conflicted) semantic item(s)
and give nonverbal (hand motor) output. Previous studies have already shown
that, although the inhibition of spoken and manual responses share common
neural substrates (Xue, Aron, & Poldrack, 2008), specific cortical areas have dif-
ferent contributions to cognitive control, which is based on the source of conflict
(Nelson, Reuter-Lorenz, Sylvester, Jonies, & Smith, 2003) and the characteristics
of the task itself (verbal vs. visuospatial) (Stephan et al., 2003).

3.2. Language Comprehension and Working Memory

Verbal working memory, as assessed with the Digit Span task, was a significant
predictor of language comprehension. Working memory has also been shown to
be an important predictor of language development in toddlers (Stokes & Klee,
2009) and a relevant factor involved in language acquisition (Avons et al., 1998;
Gathercole & Baddeley, 1989) and reading (Goft, Pratt, & Ong, 2005). In the
preschool period, working memory is involved in the comprehension of longer
utterances and structurally and semantically complex sentences. While listening
to instructions, the listener must decode the words, understand the syntax, re-
tain the words in memory, take context into consideration, and have typically
developed receptive vocabulary. The listener has to do all of this simultaneously
in order to understand the entire sentence. Because phonological working
memory is important for the short-term retention of verbally received informa-
tion while other cognitive “tasks” are taking place (e.g., comprehension of words
or spoken messages) (Baddeley et al., 1998), it is clear that verbal working memory
has an important role in language comprehension development. A meta-analysis

of 77 studies that investigated the association between working-memory capacity
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and language comprehension ability showed that the results on verbal working
memory tasks were good predictors of language comprehension and that meas-
ures that tap the combined processing and storage resources of working memory
(e.g., reading span) are better predictors of comprehension than measures that
tap only the storage resources (e.g., digit span) (Daneman & Merikle, 1996).

Verbal working memory capacity shows a positive correlation with language
production (Adams & Gathercole, 1995, 1996) and language comprehension
(Montgomery, 1995) in both typically developing children and children with
language impairments.

When commenting on our results, we should also consider that two executive
function tasks that were associated with language comprehension, Digit Span
Backward and Grass/Snow task, are both verbal tasks. Thus, the association be-
tween these EF domains and language comprehension could be due to the
shared verbal demands of the different tasks, rather than an actual association
between inhibition and working memory on the one hand and language com-

prehension on the other.

3.3. Language Comprehension and Cognitive Flexibility

Cognitive flexibility, as assessed with the Intradimensional/Extradimensional Set
Shift and Dimensional Change Card Sort tasks, was not a significant predictor of
language comprehension. This can be partly explained by the executive func-
tions model, which views executive function as a supervisory attentional system
(Norman & Shallice, 1986). According to this model, if we are solving a
non-automatised problem, mental activity has to be wilfully directed. Shallice
and Burgess (1996) believe that the supervisory system consists of three phases.
In the first phase, a new cognitive pattern for a new situation is created, and new
strategies are created, most frequently by a problem-solving technique. In the
second phase, the created pattern is applied. In the third phase, this pattern is
supervised and rejected if shown to be inappropriate. All of these processes take
place when the child is faced with a new activity or task. Cognitive flexibility
tasks have not been found to be significant predictors of language comprehen-
sion because children of this age have already acquired the names of colours,
prepositions and pronouns; their knowledge has been automated; and cognitive
patterns have been formed and activated to help perform the automated activity
and inhibit other conflicting cognitive patterns (Norman & Shallice, 1986). At
this age, the processes of cognitive flexibility are no longer “crucial” for success-
ful performance on complex language comprehension tests. If we look at table 3,
it is obvious that for both tasks that measure cognitive flexibility children
achieved, on average, almost maximum results. That means that in our sample,
those tasks did not have good sensitivity and that may be why we did not find
any relationship between cognitive flexibility and language comprehension. In
addition, cognitive flexibility may be important for communication skills and for
situations when a person has to adjust to different communicative partners, but

if we look clearly at how children adopt the meaning of the words, cognitive
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flexibility may not be a crucial mechanism.

3.4. Language Comprehension and Planning

Planning, as assessed with the Stocking of Cambridge (CANTAB) task, was not a
significant predictor of language comprehension. To the best of our knowledge,
there has been no research on the relationship between planning and language
comprehension development. Considering the fact that planning ability is the
most complex executive functions task and is saturated by inhibitory control and
working memory (Senn et al., 2004) we assumed that planning ability would be a
significant predictor of language comprehension; however, that assumption has
not been confirmed.

The analyses may suggest that task impurity could account for the stronger
relations between Grass/Snow and Digit Span task with comprehension, with all
the tasks involving some aspects of language ability. Therefore, we performed
further analyses by removing the language assessments from the regression
analysis and determining whether the non-verbal executive functions measures
were significant predictors. The results show that Dimensional Change Card
Sort (cognitive flexibility) and Stocking of Cambridge (planning) tasks were sig-
nificant predictors of language comprehension, so the non-significant relations
in our results may be explained by task impurity. This task impurity problem af-
fects all studies of children’s EF and is further compounded by the fact that the

construct validity for most EF tasks has not been well established.

3.5. Limitations and Future Directions

Before drawing any conclusions, it is necessary to view the obtained results in
the light of certain limitations that reduce their generalisability and point to the
need for further research of the relationships between executive functions and
language comprehension.

A considerable methodological problem in studying executive functions is the
lack of solid evidence on the validity and reliability of the tasks used. In the ex-
ecutive functions assessment, two types of “errors” are encountered. One type of
error is related to the multifactorial nature of executive tasks, so it is not clear
which aspects of the executive functions the tasks measure (e.g., most of the
tasks that measure inhibitory control also measure working memory) or to what
extent the success on a certain task is influenced by a certain aspect of executive
functions. The second type of “error” is related to the fact that the task per-
formance can depend not only on executive functions but also on other abilities
and other levels of information processing skills and response making. There-
fore, a successful performance on such tasks might include the processes of vis-
ual perception, motor skills, processing speed, etc. For all of these reasons, poor
task performance can be a consequence of executive functions impairment or
can have a contributing cause in the impairment of some other function.

It is important to note that the assessment of executive functions at an early

age mostly includes specifically designed but non-standardised tasks. Even today
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there are only a few standardised instruments for assessing executive functions
in children, e.g., the computerised CANTAB test and the Attention and Executive
Functions domain in a Neuropsychological Assessment-II (NEPSY-II). The lack
of standardised tests has long prevented researchers from identifying individual
differences and detecting deviations in the development of executive functions
and following their developmental trajectories by longitudinal research. Addition-
ally, some of the limitations are related to CANTAB. Although CANTAB can be
used during the entire life-span (four to 90 years), we noticed that some of the
tasks were difficult and/or boring for the four-year-old children, and sometimes
it was hard to say whether the task performance was actually the result of a
child’s capability or of motivation and fatigue. Additionally, the four-year-old
children had greater difficulties in working with the touch screen. Although the
measuring instruments using touch screen are considered to be reliable, some
children have problems due to their lack of experience with this type of response
making. In such cases, we cannot say whether the child did not understand the
instruction or whether the screen is not sensitive enough to detect the child’s
touch or hand temperature (Luciana & Nelson, 2002). Furthermore, the
four-year-old children sometimes had difficulties in understanding the instruc-
tions, especially in the Cambridge Stockings task. The study by Luciana and
Nelson (1998) showed that approximately 50% of the four-year-old children had
difficulties in understanding the instruction in this task. All of the mentioned
limitations related to CANTAB might have caused lower reliability coefficients
than expected.

Additionally, we used the Reynell Developmental Language Scale as a measure
of language development. However, this scale is a “broad” measure of language
comprehension. Thus to determine more precise relationships further research
should use more specific scales that assess one language segment, i.e., assess as-
pects of language development that are strictly defined.

Due to all of the listed factors that can influence the final score on the execu-
tive functions assessment tasks in children, it is advisable to consider both quan-
titative (e.g., percent correct, time taken) and qualitative measures of the per-
formance (e.g., frequency of rule-violations, displays of frustration or distracti-
bility) when analysing and interpreting the results. In most executive functions
assessment tasks, performance is evaluated as the sum of all accurately solved
items. In this way, the total final quantitative result is affected by a range of both
executive and non-executive abilities. The control of such factors, i.e., at least
those that are reflected in the child’s behaviour and are visible to the experi-
menter, could contribute to a better interpretation of the obtained results.

Despite the listed limitations, the strength of this research lies in the fact that
it determines the relationships between various aspects of executive functions
and language comprehension in typical Croatian pre-school children. This study
confirmed the important role of inhibitory control and verbal working memory
for the development of language comprehension. Additionally, this research has

numerous practical implications. Understanding the relationship between ex-
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ecutive functions and language comprehension in children with typical devel-
opment is a necessary prerequisite for understanding some developmental dis-
orders. Developmental disorders with recorded impairments in at least one de-
velopmental domain are: autism spectrum disorder, attention deficit and hyper-
activity disorder, and specific language impairments (Bishop & Norbury, 2005;
Corbett, Constantine, Hendren, Rocke, & Ozonoff, 2009; Girli & Tekin, 2010;
Robinson, Goddard, Dritschel, Wisley, & Howlin, 2009; Hill, 2004; Tirosh &
Cohen, 1998).

Understanding these relationships is important for the diagnostics and treat-
ment of developmental disorders. The authors’ clinical experience shows that it
is important to consider this relationship in children’s assessment and treatment
planning. For example, when using the Language Comprehension Scale, the cli-
nician has to be able to discern whether the child is making a mistake because he
or she has primary problems with working memory and/or inhibitory control
and consequently in language understanding or due to some other cognitive dif-
ficulties (e.g., perceptive). It is clear that good developmental assessment influ-
ences the choice of treatment procedures and the planning of individualised
programs for children with developmental difficulties, both of preschool and
school age. The practice so far has shown that the relationship between executive
functions and language has (unreasonably) been given too little attention in the

planning of treatment procedures.
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