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ABSTRACT

This thesis examined the possibility of a relattopsbetween exploratory behaviour
and executive functions (i.e. cognitive developmémtl37 children (76 boys and 61
girls (Mpre = 5.3 yearsSD = .6; Myost = 6.3 yearsSD = .6)). Additionally, the effect
of an intervention, aimed at improving children’seeutive functioning, on their
exploratory behaviour was examined using a prgtesttest intervention design. This
question was tested on a sample of 247 childremagong 137 boys and 110 girls
(Mpre = 5.3 years;SD = .6; Myst = 6.3 years;SD = .6). Parents were randomly
assigned to the intervention- or control group.eRtx of forty children were trained
on how to stimulate their children’s social- andyitive functioning, with a major
focus on executive functioning, and parents of 2Biidren were not. Executive
functions are known to be trainable and believedeaelated to the development of
exploratory behaviour. Playhouse, a newly develofasit, assesses the quality of
exploration. The executive functions; inhibitionprking memory and attention, were
measured with the Amsterdam Psychological Task®e fésults suggest that a
relationship between children’s executive functignand their quality of exploratory
behaviour exists. However, these relationshipsehamhall effect. Additionally, it was
found that children’s executive functioning and ligyaof exploratory behaviour
depend on their age. However, it remains uncleagtindr the improved executive
functions with increasing age affect the increasijoglity of exploratory behaviour
with increasing age. Furthermore, the results im study suggest that training parents
to stimulate their children’s social- and cognitiumctioning, with a major focus on
executive functioning does not affect their quabfyexploratory behaviour. Further
research in this area is necessary in order t@a geore accurate understanding of the
relationship between children’s executive functignand their explorative behaviour,

and the psychometric properties of Playhouse.

Keywords cognitive development, exploratory behaviour,enive functions,

Amsterdam Neuropsychological Tasks (ANT), Playhouse



EXPLORATORY BEHAVIOUR AND EXECUTIVE FUNCTIONS 3

I ntroduction

As soon as babies are born, they begin to exph@aeéw world around them.
Using their senses they can explore new eventspl@eand things. As their
exploratory adventures continue and they discoverenthings, they become more
knowledgeable about the world, which influencesirtheognitive development
(Gibson, 1988). Some important cognitive processeslve the development of
executive functions (Geurts & Huizinga, 2011). iew of these findings, this study
believes that exploratory behaviour is related he development of executive
functions. Therefore, the present study will foars the exploratory behaviour of
children and its relationship to their executivadtioning. In addition, this study will
focus on the influence that parents have on thesldpment of their children’s
executive functioning and exploratory behaviourcénese of the assumption that
parents play a vital role in the development ofirtlehildren through scaffolding
(Bruner, 1975).

Exploratory behaviour

In former studies it becomes apparent that differ@erspectives on
exploratory behaviour exist. According to Gibsorbg§&), exploratory behaviour
becomes apparent through playful behaviour, cuyiosi reaction to strangeness.
Berlyne (1966) believes that exploration is motxhtby “a need to know”. In
addition, other researchers believe that curicsitgt exploration are used in order to
learn (e.g. Henderson & Moore, 1979; Lorenz, 1989 cited in Henderson,
Charlesworth & Gamradt, 1982). Furthermore, humases their sensory- and action
systems to gain knowledge from the environment $Gib 1988). Thus, in this study,
exploratory behaviour is believed to be the actigrerson undertakes in order to gain
information from the environment, motivated by a&ddo know. These actions can

manifest themselves as playful behaviour, curicsityeactions to strangeness.

Cognitive development

It is believed that exploratory behaviour is rethte cognitive development.
According to the cognitive theory of Piaget, scheraee used in order to explore and
understand the world (Verhulst, 2008). Schemascagmitive structures or mental
representations that form as people explore theiirenment. They are considered to

be the basic units of knowledge that children cwoms$tin order to adapt to their
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environment. Piaget describes adaptation as theepsoin which children change
their behaviour or thinking patterns (based on s@®) in order to function more
efficiently. In the development of exploratory betloar, adapting to one’s
environment can play a vital role. In order to stiate this process of adaptation, two
complementary processes influence the developnfesthemas. These processes are
assimilation (using existing skills and knowledge new situations) and
accommodation (adjusting existing skills and knagke to new situations)
(Bernstein, Penner, Clarke-Stewart & Roy, 2006;hést, 2008). The goal of these
complementary processes is to maintain a balandeeba behaviour and the
demands that the environment holds. This balancealed equilibrium, which
indicates that self-regulated processes are preSelitregulated processes are needed
for optimal adaptation and cognitive developmergv@opment of e.g. thinking,
language, attention and memory), which can playtal xole in the development of

exploratory behaviour (Verhulst, 2008).

Executive functions

An important process involved in the cognitive depenent entails processing
information from the environment, in which execetifiunctions are involved (Geurts
& Huizinga, 2011). Executive functions involve adeirange of (complex) cognitive
processes, which are believed to be related tooeadplry behaviour in this study.
Executive functions are required cognitions to faguone’s own behaviour (Geurts
& Huizinga, 2011; Verhulst, 2008). Moreover, thesecutive functions are processes
that, in cooperation with each other, lead to goaénted behaviour (Geurts &
Huizinga, 2011; Monette, Bigras & Guay, 2011). @atty, many articles describe
different cognitive processes being part of the caige functions. The most
recognized cognitions that are defined as execttimetions are inhibition (skill to
stop or suppress behaviour) and working memory ritivg processes making it
possible to temporarily access information in orterperform mental tasks) (e.g.
Calkins & Marcovitch, 2010; Diamond & Lee, 2011; @bes & Huizinga, 2011;
Pennington, Bennetto, McAleer & Roberts, 1996). o twelve months of age these
executive functions can be assessed and theilgtoécomes more distinguished at
the ages of seven or eight (Case, Kurland & Golglbé©82; Dempster, 1993).
Numerous studies show that these executive furetimprove with age, each at a
different pace (e.g. Bédard et al., 2002; Cepedami¢r & Gonzalez de Sather, 2001,
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De Luca et al. 2003; Gathercole, Pickering, Amieid§y Wearing, 2004; Luna,

Padmanabhan & O’Hearn, 2010). Children show lefferdnces between ages in
performance on inhibition tasks, after the age ighte(Bédard et al., 2002). Also,
performance on working memory tasks improve sigaifitly between the ages of four
and fifteen (e.g. Gathercole, Pickering, Ambridge \&earing, 2004; Luna

Padmanabhan & O’Hearn, 2010).

Some researchers also include attention when @é@sgrexecutive functions
(e.g. Alvarez & Emory, 2006; Anderson, Levin & Jasp2002; Geurts & Huizinga,
2011). Attention consists of several processesrttaatage information that is picked
up through the senses from the environment. Inghidy two kinds of attention are
assessed: arousal and sustained attention. Arousértness indicates that the brain
is ready to receive information from the environm&ustained attention is the ability
to concentrate for a longer period of time. Thedenséion processes become faster
and more accurate with age. Also, the ability tmaamtrate increases (Geurts &
Huizinga, 2011).

The previously mentioned executive functions operaigether in order to
process information from the environment (see HRgu). According to the
information processing theory (Verhulst, 2008)pmfiation is picked up through the
senses. Before sending this information to the wmgrkmemory (part of short term
memory), attentional processes seek out relevdotnration. The working memory
processes this information by withdrawing inforroat{using schemas) from the long
term memory. After working memory has processed ittiermation, part of the
information is stored in the long term memory (Mddh, 2008). Information
processing is also needed in order to attain cegaals, by which inhibiting certain
inefficient behaviours plays an important role (&Wa& Noordam, 2012). This
processing of information becomes faster and miiirgient due to the utilization of
more efficient strategies (based on schemas) aptbirad executive functioning that

comes with age (Verhulst, 2008).
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Generally speaking, parents play a major role mirtlehild’s development
through scaffolding. Scaffolding is the processahych parents support their children
in novice situations (Bruner, 1975). In the reskadone by Hammond, Miller,
Carpendale, Bibok & Liebermann-Finestone (20123ffetding had a direct effect on
children’s executive functioning a year later (afgar). It was also found that
scaffolding could indirectly affect children’s exdive functioning two years later
(age four), depending on their verbal ability a¢ digree. According to these findings,
children’s executive functioning can be stimulatecbugh external resources. Other
research supports this notion as well. For exanfipknond and Lee (2011) reviewed
many interventions that addressed improving childrexecutive functioning. They
concluded that children’s executive functioning noyed most through repeated
training focused on their emotional-, social,- ghgsical development.

It is important to keep in mind that Gibson (19&8ated that exploration
facilitates knowledge, which influences the cogmtidevelopment. According to
Piaget’s cognitive theory, schemas facilitate esqtion through adaptation. Due to
these findings, it is believed that exploratory é&abur and cognitive development are
related. Executive functions are cognitions that artertwined in the cognitive
development. Therefore, it is believed that exeeutfunctions are related to

exploratory behaviour, however an explicit linkweén these two aspects has to our
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knowledge not yet been made in other studies. limportant to know which
processes are involved in cognitive developmentexploration and if they can be
manipulated. Manipulation of these processes cta#ld to various ways of training
and stimulating cognitive development. Numerouglis&l have already shown that
executive functions can be trained, however itsati@hship with exploratory
behaviour has not yet been studied. This thesi$ imilestigate the relationship
between exploration and executive functioning. Aglhas the possibility to influence
exploratory behaviour through training parents timslate their child’s social- and

cognitive development, with a major focus on tleiecutive functioning.

The present study

Considering the findings mentioned above, it itielved that a relationship
between exploratory behaviour and executive funstiexists. In order to investigate
this relationship, the following research questwill be examined:Is there a
relationship between exploratory behaviour and exige functions of children
between four and eight years old?

Exploratory behaviour is believed to be the actigrerson undertakes in order
to gain information from the environment, motivatby a need to know. These
actions can manifest themselves as playful behaviouriosity or reactions to
strangeness. Furthermore, the following cognitiaresdefined as executive functions:
inhibition, working memory and attention. Childrbatween four and eight years old
are chosen for this investigation, because childtart attending school at the age of
four in the Netherlands. Also, children’s performaron executive functioning tasks
improves rapidly before the age of eight. Thusfed#nces in task performance
between measurements will be clearer.

Additionally, executive functions can be traineadat is believed that this
affects exploratory behaviour. Thus, the next daastxamined isDoes a parental
training on stimulating their child’s social- andgnitive functioning, with a major
focus on executive functioning also affect thedthiéxploratory behaviour?

Based on the theories and studies already meutianeelationship between
children’s exploratory behaviour and their exeaaitiunctioning is expected. As well
as the hypothesis, that training executive funetiamill affect exploratory behaviour.
Another expectation of this study is that childseréxploratory behaviour and

executive functioning will improve with increasingge. Coupled with these
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predictions, it is expected that children will imope in their exploratory behaviour
over a one year period due to a parental trainmgtionulating their children’s social-

and cognitive development, with a major focus @irtbxecutive functioning.

M ethods

Participants

The sample in this investigation was derived fromoagitudinal Dutch
government project called the Curious Minds Programmich focuses on the
development of beta skills of primary school cheldr Participants in this program
were selected on a voluntary bases from variousatshn the province of South-
Holland in the Netherlands (for specific towns, se@pendix A). Participants had to
meet the following criteria: 1. being between fand eight years old; 2. attending the
school for at least two months; 3. speak Dutch; 4&nitheir parents had to be able to
read Dutch. Parents were selected to participatéraiming sessions on how to
stimulate their child’s social- and cognitive fuiecting, with a major focus on
executive functioning, based on how they ratedrthbbkildren on the Social Skills
Rating System (SSRS; a parent-questionnaire thasunes the social skills of their
child). Parents of children with the 10% highestd dowest SSRS scores were
randomly assigned to the intervention- or controlug. The groups were matched on
age and sex. The selection was based on the asenntpat social skills are
important for exploring the environment: better iabcskills help to create a
stimulating learning environment, which will supptre child’s learning process.

There were originally 471 participants of which tgixparents received a
training. Some participants dropped out betweensomeanents due to moving house
or changing their mind about participation. Thigdst utilized two different sample
sizes, one for answering each research questiadh.gmples are described below.

To determine whether a relationship between exmoyabehaviour and
executive functions exists, quality of explorape@stpostest and executive
function$yretest-postedf the control groumvere used in a correlational design. A sample
size of 137 participants was used containing 7&l@nd 61 girls. The mean agest
was 5.3 yearsSD = .6), ranging from 4.2 to 6.4 years old. Addiadip, the mean
agostestvas 6.3 yearsSD = .6), ranging from 4.8 to 7.5 years old.

To determine if training parents to stimulate thehildren’s social- and

cognitive functioning, with a major focus on thekecutive functioning affects their
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exploratory behaviour, data was examined in a prgtesttest intervention design. A
sample size a?47 participants was used of which 137 were boysId) were girls.
The mean aggwstwas 5.3 yearsSD = .6), ranging from 4.1 to 6.4 years old. The
mean ag®stestvas 6.3 $D = .6), ranging from 4.8 to 7.5 years old. Fortytjggpants
remained in the intervention group and 207 paricip were included in the control

group.

Instruments

Exploratory behaviourThis variable was measured using a new instrument
called Playhouse. Playhouse was developed at theetdity of Leiden. It was a
coloured touch screen (llyama ProLite T1930SR-11,.Bxk 376.3 millimetres) that
showed a playroom with toys and other objects. dljjective of the task was that the
participant explored the room for four minutes,tbyching the different objects and
discovering what happened. Before the game stattegarticipant was shown by the
examiner how the touchscreen worked using threenpbes. The three examples
showed a red ball, a red square and a rocket isecoive order. These objects
changed when touched; the ball turned green, tharedoecame a green triangle and
the rocket flew off. The first example of touchitige screen, was demonstrated by the
examiner. With the second and third example thenix@r encouraged the participant
to touch the screen. The validity and reliabiliffPbayhouse are unknown to this date.

The basic display showed 32 objects. The objeetsadbuld be touched each
represented a different level of exploration. Soobgects showed no effect when
touched (level ON = 16), while other objects revealed a hidden dbjemduced a
sound or transformed (level i = 16). Also, revealed objects (level 1) were &ble
reveal another object, produce a sound or transtanen touched again (level R;=
8). Lastly, level three itemsN(= 4) could only be seen after level one and twoewe
reached. These items produced a sound or transfioasievell. In total there were 44
objects to be discovered.

In this study thequality of the child’s exploratory behaviowas assessed.
This variable was measured using the percenta@gvef three items discovered. The
following formula was used to calculate this petege: sum of clicks on all four
level three items divided by the sum of clicks dhit@ms excluding missed and

persevered clicked items (continuance of clickimgne item), multiplied by 100.
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Participants showed more quality during exploratiamen they discovered more
objects, especially more level three objects, mindt get stuck on them.

Executive functions.These were measured using the Amsterdam’s
Neuropsychological Tasks (ANT; De Sonneville, 198Fhis instrument was
developed in order to evaluate the basic procetsdsunderlie complex cognitive
processes, like executive functions (De Sonnevil@g9). The ANT is a set of 38
computer based tasks that measure speed, stahitity accuracy of response
behaviour through auditory and visual processess@&parameters reflect the quality
of executive functions of the subject. Studies stwhat the ANT was valid and
(test-retest) reliable (De Sonneville, 2005). lis $tudy a selection of ANT-tasks was
used to measure various executive functions, agites below.

Inhibition. Inhibition was measured with the Go-No Go task (&NDuring
instruction, two objects were shown on the scréle®,Go stimulus (square with an
opening at the bottom) and the NoGo stimulus (sguafhe participant was
instructed to press the button when the Go stim(if&86) was shown and to wait
until the next object appeared, when the NoGo stim(25%) was shown. The task
took about four minutes. The participant receivestructions through an example and
had the opportunity to practice. The percentagefatde alarms was recorded,
indicating the amount of impulsive behaviour. Lésgpulsive behaviour signified
more inhibited behaviour (De Sonneville, 2011).

Working memory Working memory was measured with the Spatial Te=dpo

Span task (STS). This task displayed a three ethratrix on the screen containing
nine squares that had to be clicked in the coomtgr. This task had two parts. In the
first part, participants had to click a series guares in the exact order as the
computer had done. In the second part, participaatsto click the squares in the
opposite order as indicated by the computer. Iin ¢éa&l more squares were added to
the sequence, thus increasing difficulty. When meany mistakes were made, the
computer stopped the task automatically. Eachgtarted with instruction through an
example and practice trials. Each part took abalite¢o ten minutes to complete.
Working memory was measured by averaging the surth@fcorrectly identified
squares clicked in the correct order in both testsp A higher average of correctly
clicked squares indicates a better working membey $onneville, 2011).

Attention: arousalArousal was measured using the Baseline SpeedB&k

With this task the button had to be pressed asamgiossible when a cross on the
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computer screen changed into a square. The taslexexsited twice (2 x 32 trials),
using the finger of the non-dominant hand firstildiwed by the finger of the
dominant hand to press the button. Before the thskparticipant was instructed with
an example and had the chance to practice. Thageeeaction time of both hands
was recorded. A lower reaction time indicated it subject was more alert (De
Sonneville, 2011).

Attention: sustained attentiolhe Sustained Attention Objects 2 keys task

(SAO2) was used to assess sustained attention.td$ksdisplayed on the screen a
house with three windows and a door. The partidipaal to press the “yes” button,

when the target animal appeared in one of the wisddoNVhen another animal

appeared in one of the windows, the participanttbgatess the “no” button. This task
also started with an example and practice triak Tdsk took about nine to twelve

minutes to complete. There were twenty series todmpleted. The average time to
complete all series (overall tempo) was recordetaster overall tempo (shorter time
to complete the series) indicates being able ttasuattention for a longer period of

time (De Sonneville, 2011).

Procedure

In 2009, schools in the Netherlands were contalsyestudents to see whether
they were interested in participating in the Cusiddinds Program. If they were
interested, a letter with information about thejgcowas sent to them. Consent was
asked from the parents through a letter. In 20@huydry through April) trained
Master students tested all the participants. Plagacand the ANT were part of a
larger test battery that was implemented duringdtsessions of an hour with a fixed
order of tasks on different days. The tasks wereed school in quiet testing areas.
Before executing the tasks, the participants reckiglear instructions. After test
completion, the participants were rewarded withoenitho game. In the same year, a
random sample of parents attended six sessionshipanos each) focused on how to
stimulate their children’s social- and cognitivenétioning, with a major focus on
their executive functioning (intervention groupladd session introduced a different
theme and all parents received an instruction katokith tasks they could practice
with their child at home. The themes covered topics exploration, executive
functions, emotional perception and Theory of MiA@proximately one year later, in

2010, posttest measurements were completed iname snanner as in 2009. This
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exploratory study, including both a correlationaésdjn and pretest posttest
intervention design, focused on pretest and pdstieasures of exploratory behaviour

and of executive functions of children.

Data-analysis

The analyses were executed in SPSS 20 (IBM SPS&tissg 20 Student
Version, 2011). Assumptions of normality, lineariand homoscedasticity were
tested. Data was considered normal when the kertoxl skewness lay between -2.5
and 2.5. Linearity and homoscedasticity were sthidigh scatterplots. If assumptions
were not met, non-parametric tests and sample siweee considered for
interpretation purposes. Extreme outliers (quarlile- (3 x interquartile range) >
values > quartile 3 + (3 x interquartile range); D&cht, 2007) were removed if they
had an impact on the assumptions (see “Resultatjidipants with missing values for
exploration, executive functioning, interventiordaage were excluded.

To determine whether a relationship between exmoyabehaviour and
executive functions existed, a correlational desias applied. Correlational tests
were applied to the following variables: quality @fploratioRetest-posttest €XECULIVE
function$yretest-postes{Working memory, inhibition, arousal and sustaiagtention) and
ageretest Of the control group, using a Pearson correlafignnormal distributions)
and/ or Spearman correlation; (non-parametric distributions). Effect sizes oéda
correlations were considered to be snma# (100 - .242), mediunt € .243 - .370) or
large ¢ > .371) (Cohen, 1988).

To examine whether the intervention affected exitmy behaviour, a pretest
posttest intervention design was used, by applgin@eneral Linear Model (GLM)
procedure of a repeated measures analysis of cariduality of exploratiQfetest-
posttestWas the dependent variable, the within-subjectsofawas Time (pretest and
posttest) and the Intervention was the betweerestbjffactor (control group versus
intervention group). Also, ageestwas added as a covariate in order to assess the
influence of age on quality of exploration. Theldaling effects were examined: 1.
the main effect of the intervention, in order ttabsish whether or not a difference in
the quality of exploration between the control- antkrvention group exists; 2. the
main effect of Time, to see whether or not particis exploratory behaviour
improves over a one year period; 3. the main efbécggews: in order to establish

whether or not exploratory behaviour is dependenage, because of the assumption
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that exploratory behaviour and executive functiomprove with age; and 4. the
interaction effect between Time and Interventionpider to establish whether or not
exploratory behaviour improves over a one yearopediue to the Intervention. Effect
sizes of these main- and interactions effects werssidered to be small (partig =
.04), medium (partiaj®= .25) or large (partia}’= .64) (Ferguson, 2009).

Results
Relationship between exploratory behaviour and executive functions

Descriptive statisticsA detailed report of the descriptive statisticsqoflity
of exploration and executive functions of the cohgroup are depicted in Appendix
B. All participants with any missing values werstWise deleted. This was done in
order to maintain a large enough sample size wattiggpants having complete data
on both pretest and posttest. In addition, fiveeare outliers were removed, further
reducing the sample size to 137 participants. Atiogrto the skewness and kurtosis,
only quality of exploratory behavigyiestwas not normally distributed.

Correlations: exploratory behaviour, executive ftios and ageSignificant
correlations were found between the quality of esgtion, executive functions and
age (see Table 1). However, working memory didsimw a significant correlation
with exploratory behaviour. Also, a significant aation between quality of
exploration,e and quality of exploratiggsiwas not found in the control group.

Significant, but small, positive correlations wéoeind between the quality of
explorationeest and the pretest measure of inhibition and thetesistmeasure of
inhibition. These correlations suggest that pg#ots with a higher quality of
exploration show less inhibition, also a year later

A significant and small negative correlation wasrfd between the quality of
explorationreest @and level of arousglbes: This correlation suggests that children
showing a higher level of arousal (lower reactione) have a higher quality of
exploration.

Also, a significant small negative correlation viagnd between the quality of
exploration and the pretest measures of sustaitiedtian. This correlation shows
that participants with a higher level of sustairaténtion (faster tempo overall of

completing a task) show a higher quality of expiora
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A significant and small positive correlation wasufol between quality of
explorationeest and age. This correlation suggests that olderiggaahts have a
higher quality of exploration.

Also, a significant and large positive correlatwas found between age and
working memoryetest-postiest 1 N€SE correlations show that older participarsgeha
higher capacity of working memory, also a yearrlate

Significant, medium to large negative correlatiamsre found between age
and arousgletest-postes@Nd sustained attentigfest-postest These correlations suggest
that older participants have a higher level of aabwand sustained attention, also a

year later.

Table 1.
Correlations between children’s Quality of Explacst and age and their Executive

Functions.

Quality _of Inhibition Working Arousal Sustal_ned
exploration memory attention

pre post pre post pre post pre post pre  post

- n.s. .17* .22* n.s. n.s. -.20* n.s. -.24** n.s.

—~
=3
V(D

Quality of
exploration
Ee)
(@]
9

n.s. -- n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

‘-~
°

Q
(@)} pre (rs) *% *%x  _ *% ** _— %
< () .22~ ns. ns. ns. .46 45 .53 .37 .26 31

(n.s. = not significant; * = significant at .01 leV/ (2 tailed); ** = significant at .05
level (2 tailed))

I nter vention and exploratory behaviour

Descriptive statisticsAnother sample was used to test the second rdsearc
question. The details of the descriptive statisticguality of exploration are reported
in Appendix C. Participants with missing values fquality of exploration,
intervention and age were removed, as well as)x@neme outliers. This resulted in a
sample size of 247 participants of which 40 pagvdots were included in the
intervention group (207 participants in control gpd According to the skewness and
kurtosis, only quality of exploratigris: was not normally distributed. However,
analysis of variance is robust to moderate deviataf normality.
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Main- and interaction effects: quality of explo@ii Main- and interaction
effects were examined with quality of exploratigmetest and posttest), Intervention
(intervention versus control group) and Time (diigces between pretest and
posttest) with and without age as a covariate {Gaade 2 and Table 3). No main
effect was found for the intervention, with or witht age as a covariate. This effect
suggests that the control- and the interventiomgdid not differ significantly from
each other in their quality of exploration.

A small main effect was found for Time, without age a covariate. This
result shows that children’s quality of exploratimereased significantly over a one
year period, regardless of their intervention sat@ihis main effect for Time
disappeared when age was added as a covariate.

No interaction effect between Time and Interventiwas found, with or
without age as a covariate. These results suggasthanges in the children’s quality
of exploratory behaviour over a one-year period rahd differ significantly between

the intervention and the control group.

Table 2.
Means, standard deviations (SD) and partjélof significant effects on Quality of

Exploration without age as covariate.

Mean SD p Partiaj’
" Intervention
o Control group 12.9 6 s 3
5 Intervention group 9.9 1.4 B
.% Time
= Pretest 10.1 11 04 02
Posttest 12.7 .9
« Intervention x Time
é Control group
2 Pretest 11.4 .9
2 Posttest 14.4 7
O ] n.s. --
g Intervention group
€ Pretest 8.8 2.0

Posttest 11.0 1.7
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Table 3.
Means, standard deviations (SD) and partjélof significant effects on Quality of

Exploration with age as covariate.

Mean SD p Partiaj’
" Intervention
o Control group 12.9 6 s 3
5 Intervention group 10.0 1.4 o
.% Time
= Pretest 10.2 11 n.S -
Posttest 12.8 9 o
Age 5.3 6 .01 .03
«» Intervention x Time
©
2 Control group
g Pretest 11.4 9
£ Posttest 14.4 7
|5} . n.s. --
g Intervention group
< Pretest 9.0 2.0
Posttest 111 1.7

Conclusion and Discussion
This thesis explored the possibility whether atreteship between exploratory
behaviour and executive functions exists. As welltle hypothesis that training
parents to stimulate their children’s social- amgjrative functioning with a major
focus on their executive functioning, affects theixploratory behaviour. Two
research questions addressed these hypothesesraamliseussed in the following
paragraphs.

Relationship between exploratory behaviour and executive functions

In order to explore whether or not a relationsiéists between exploratory
behaviour and executive functioning, the followiegearch question was examined:
Is there a relationship between exploratory behaviand executive functions of
children between four and eight years ol@Ris study showed that children with a
higher quality of exploration showed less inhibiticalso a year later, and higher
levels of arousal and sustained attention. Theseltsesupport the hypothesis of a
relationship between the quality of exploratory &abur and the level of executive

functioning in young children. These findings sugipghe notion that more curious
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and playful children gain more information and kedrom their environment (e.g.
Gibson, 1988; Henderson & Moore, 1979; Lorenz, 1989cited in Henderson,
Charlesworth & Gamradt, 1982), which has to be @seed in the brain. High levels
of arousal indicate that the brain is ready to ikecanformation from the environment
through the senses and a high level of sustairtedtatn allows for the ability to
concentrate for a longer period of time (Geurts &izihga, 2011). Both attentional
processes seek out relevant information to be peazkin the brain (Verhulst, 2008),
which enables quality of exploratory behaviour. Whaore information has to be
processed, the brain might have more trouble itihthbehaviour, and this might also
result in getting more easily distracted from dergoals (Swaab & Noordam, 2012).
These distractions, could however, also lead toemdiscoveries, thus gaining
information from the world, which is an importartaj of exploratory behaviour. It
remains unclear what the optimal balance betwegiomtory behaviour, level of
inhibition and attentional processes is to crelagedpportunity for optimal adaptation
and cognitive development (Verhulst, 2008), whiculd lead to optimal learning
strategies. The effect sizes of these relationsig® in this study, however, small.
Future research needs to address the relationsityweén children’s executive
functioning and their quality of exploratory behawi, in order to get a more accurate
understanding of the nature of the relationshipwahith processes are involved.
Also, no relationships were found between the iguabf exploratory

behaviour and the capacity level of working memdyg.well as that no relationship
was found between the pretest and posttest measaterof quality of exploratory
behaviour. In previous studies, it was found thegcetive functions (e.g. working
memory), can be assessed around twelve monthseofaad form a distinguished
profile at the ages of seven or eight (Case, Kdrl&nGoldberg, 1982; Dempster,
1993). With this in mind, it could be assumed tifw children’s working memory in
this study (ages four to eight) was developed tchsan extent that it could be
efficiently utilized in processing information. Tl&ount of working memory needed
to perform the Playhouse task might have been guiteémal, resulting in a lack of
association. The exploration tasks might not hasenbchallenging enough for the
working memory. In upcoming research on this aspeis advised to further analyse
and adjust the exploration task in order to makentlchallenging enough for children,
so that the level of children’s optimal performanicerelation to their working

memory can be better established. Also, no relatignwas found between the pretest
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and posttest measures of children’s quality of epgtion. This outcome might be

explained by the children’s task approach not bemsistent, or by the design of the
task, as children were asked to explore without @meget goal(s), which might have
increased more random behaviour. However, in tloersk part of this study, using

both the control and the intervention group, a ificgnt increase in the level of

exploratory behaviour between pre- and posttest fwaed. So, sample bias also
partially explains this finding. For future resdaio which Playhouse will be used, it
is important to determine the validity and reli#iilof this instrument to be certain

that all aspects of quality of exploration are nuead accurately.

Furthermore, this study showed that older childhetve a higher level of
quality of exploration, a higher capacity of worimemory, and higher levels of
arousal and sustained attention. These relatiogshigre also found a year later.
These results support the hypotheses that chilslrgumlity of exploratory behaviour
and executive functioning depend on their age. 8ffect sizes of these relationships
were small, medium or large. No relationships wetsd between children’s age and
their level of inhibition. These results suppore thotion that children’s executive
functioning improves with age (e.g. Bédard et2002; Cepeda, Kramer & Gonzalez
de Sather, 2001; De Luca et al. 2003; GathercatdkeRng, Ambridge & Wearing,
2004; Geurts & Huizinga, 2011; Luna, Padmanabhad’@earn, 2010). However, it
remains unclear whether the improved executivetfans with increasing age affect
the increasing quality of exploration with increapsiage. Further research in this area
is needed in order to get a more accurate undelistaiof the relationships between
children’s executive functioning, quality of expdtion and their age.

As previously mentioned, no relationship was folredween children’s level
of inhibition and their age. As well as working meny, according to previous
studies, children’s level of inhibition can be as®x around twelve months of age
and form a distinguished profile at the ages ofesewr eight (Case, Kurland &
Goldberg, 1982; Dempster, 1993). With these findjnig could be assumed that
children’s level of inhibition in this study (agémsur to eight) was developed sufficient
enough in their processing of information, such thdhin the relatively small age
range in this study no age differences in the le¥@hhibition could be detected.

To summarize, the results suggest a relationsetfveen children’s quality
of exploratory behaviour and some aspects of ekerfiinctioning exists. However,

these relationships had a small effect. In additibwas found that children’s quality
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of exploratory behaviour and their level of exeestfunctioning, are age depended,
except for level of inhibition. In this study it m&ains unclear, however, whether
improved executive functions with increasing agtedfthe increasing quality of
exploratory behaviour with increasing age. It iportant to do more research in this
area in order to get a more accurate understandlintpe relationships between
children’s executive functioning and their qualdf exploratory behaviour and how

these affect their learning.

I ntervention and exploratory behaviour

The second research question, using a larger sashglaldren, explored the
hypothesis that training parents to stimulate thehild’s social- and cognitive
development, with a major focus on executive fumgtig, might affect their
exploratory behaviour. It was found that childreqisality of exploration increased
over a one year period, regardless of their inteiga status. This was different from
the analysis of association in the control groupicv showed no significant pre- and
posttest correlation for exploratory behaviour.sTmight suggest a possible sample
bias. It was also found that children’s qualityexfploration was dependent on their
age. A difference in the quality of explorationween the control- and intervention
group was not found. These results support the thgsis that children’s quality of
exploration increases with age. However, they dosapport the hypothesis that the
study’s training affects the quality of exploratiohyoung children over a one year
period. It remains unclear whether children’s iase in exploratory behaviour with
increasing age, is due to improved executive fanatig with increasing age (e.g.
Bédard et al., 2002; Cepeda, Kramer & Gonzalez athe®B, 2001; De Luca et al.
2003; Gathercole, Pickering, Ambridge & Wearing020Luna, Padmanabhan &
O’Hearn, 2010). In addition, according to the reskadone by Diamond and Lee
(2011), executive functions could improve most tigio repeated training focused on
the emotional-, social and physical developmenttofdren. However, this study’s
training did not seem to affect exploratory behaviorhe current training was not
specifically developed to stimulate children’s expkory behaviour only, as many
more subjects were taught. This could have mad®moite difficult to detect an
intervention effect. Also, other studies (e.g. Diand & Lee, 2011) trained children’s
executive functioning directly, instead of trainitigeir parents to stimulate their

children’s executive functioning. This study didtressess how much the parents
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practiced at home with their children, what theyrevéaught. As well as what the
quality of their interaction with their child waSuture research needs to address these
aspects in order to gain a clear understandingnefrélationship between children’s
executive functioning and their exploratory behavioAs well as the affect this
parental training has on children’s executive fiomihg. The task to measure
exploration, Playhouse, might also be too limited assess different aspects of
exploration and might also have limited externdidity. More research is needed to
better understand the psychometric properties isfabsessment tool for exploratory
behaviour.

To summarize, it remains unclear whether childseimcreasing quality of
exploration with increasing age, is due to improv@decutive functioning with
increasing age. In addition, the results in thiglgtsuggest that training children’s
executive functioning does not affect their explorg behaviour. It is important to do

more research in this area to get a more accunakerstanding of these aspects.

Strengths and limitations of this study

StrengthsThis is one of the first studies to research exgttmy behaviour in
young children in relationship to their executivendtioning. It consisted of a
sufficient sample size and sufficient pretest msstintervention design with random
assignment to intervention conditions. To assesswdive functioning, standardized
and psychometrically sound tasks were used

Limitations. The validity and reliability of the instrument Rlouse is
unknown, due to its fairly new development. Therefthe construct and content
validity are unknown and an uncertainty exists \wketthe instrument measures of
the quality of exploration are sufficient. It is portant to assess measures of validity
and reliability for Playhouse in the near futureprder to know how well it measures
different aspects of exploration. Furthermore,rthture of how children’s exploration
and executive functioning were assessed might haeea negative impact on the
results. Both instruments required a certain dtigkor touching behaviour, which
might lead to similar results. Therefore, it is on@ant to add other types of
instruments to the study of exploratory behaviond a&xecutive functioning. In
addition, the impact of the parental training om tthildren’s level of executive
functioning was unknown. The training was not sfpeally designed to only train

executive functioning and or exploratory behavioitr;also addressed emotion
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recognition, social cognition, and planning. Alsmcertainty exists whether parents
actually followed through with practicing with tmechildren at home. Also, it is
unknown what the quality of the parent-child intdi@n is. These are important

aspects to study in future research.

This exploratory study shed some light on the @sses involved in the
development of executive functions, changes inaspive behaviour and the effect
of a parental intervention on exploratory behaviddore research is needed in this
area to improve the assessment of exploratory hedvasnd to get a more accurate
understanding of what processes are involved irctgnitive development and how

these can be manipulated in order to improve atildrcognitive development.
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Appendix A

Towns of schools involved in study.

1.

© N o g bk~ wDd

Capelle aan den IJssel

Delft

Den Haag
Katwijk aan Zee
Leiderdorp
Leidschendam
Naaldwijk
Noordwijk

Appendix B

9. Oegstgeest
10.Rhoon
11.Rotterdam
12.Sassenheim
13.‘s Gravenzande
14.Wateringseveld
15.Zoetermeer

16. Zwijndrecht

Descriptive statistics: quality of explorati@est-postestNd €xecutive functiopigest-

posttestOf control group.

attention

Attribute/ Standard

task Meandeviation Minimum Maximum SkewnessKurtosis
@ Quality of g g 11.4 0 62.5 1.8 4.5
c exploration
e
© 2 Inhibition 33.3 22.3 0 100.0 1.1 1.0
> (@)
(7] =]
© &} .
o < Working
£ 3 memory 13.5 9.8 5 43.0 1.0 A4
2 2
‘dj ‘g Arousal 633.0 176.8 347.0 1183.0 1.0 7
a £ .

i

Sustained o 3.2 85 275 8

attention
2 Quality of 157, 159 0 43.5 4
S exploration
=
g 2 |nhibiton  21.5 14.0 0 66.7 1.0 1.0
n O
c B )
£ 5 Wokng 541 108 30 520 -3
D o y
3 2
7 3 Arousal 5404 125.7 341.0 1013.0 1.1 1.2
(@) [O)
o X .

i
Sustained 5, 2.7 7.9 21.4 2
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Appendix C
Descriptive statistics: quality of explorati@&est- posttest

Standard

Attribute Mean ..~ Minimum Maximum SkewnessKurtosis
deviation

Qualityye 11.0 12.5 0 62.5 1.7 3.3
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