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Abstract

Executive functions (EFs) are top down cognitive processes that are associated with the
regulation of behaviors as well as emotions. EFs include three core interrelated components:
working memory, inhibition, and cognitive flexibility. Among them, cognitive flexibility is
defined as the ability to flexibly switch between different perspectives and adjust to the
changing conditions. The present study investigated the magnitude of relationship between
cognitive flexibility and number sense as part of conceptual thinking. It was expected that
children will be affected by the age and the criteria used in the cognitive flexibility tasks. This
relationship was measured with Penn Conditional Exclusion Test (PCET) and Wisconsin Card
Sorting Test (WCST). The Early Numeracy Test (ENT) was used for number sense assessment.
One hundred and fourteen 5- to 8-year-old Turkish students attending preschool, first, and
second grade of elementary school participated in the study. Results suggested that the PCET
and the WCST have components in common: concept formation and perseveration. The concept
formation scores in two EF tests were correlated, but perseveration factors were distinct from
each other. ENT was also significantly correlated with 4 scores of the WCST and 5 scores of the
PCET, indicating a significant relationship between EF and number sense. Finally, age was a
significant covariate for only concept formation factors of both the WCST and PCET, in
addition to the ENT scores from age of 5 to 6. Effects of gender, years spent in pre-school, and
type of school were not statistically significant for any of the EF and ENT measures, except the
effect of preschool on the concept formation in the WCST. This finding point to a further need
to investigate the use of symbols in the task switching measures in pre-school period.

Key words: number sense, concept formation, cognitive flexibility, task-shifting,

Wisconsin card sorting test, Penn conditional exclusion test



Ozet

Meryem Sogiit, “5-8 Yas Tirk Cocuklarinda Say: Bilgisi ve Bilissel Esneklik*

Yonetsel beceriler davranis ve duygu diizenlemesi ile iliskili tepeden asagi bilissel
siireclerdir. Yonetsel beceriler isler bellek, ket vurma ve bilissel esneklik olmak tizere
birbiriyle iliskili {ic temel par¢adan olusmaktadir. Bilissel esneklik, farkli bakis agilari
arasinda esnek bir sekilde gidip gelebilme ve degisen durumlara uyum saglayabilme becerisi
olarak tanimlanmistir. Bu ¢alismada kavramsal diisiinme becerisi temelinde bilissel esneklik
ve say1 bilgisi arasindaki iliski incelenmistir. Yas ve bilissel esneklik testlerinde kullanilan
siralama Ol¢iitlerinin ¢ocuklarin performanslarini etkileyecegi dngdriilmiistiir. Bu iki
degisken arasindaki iligki Penn Durumsal Ret Testi ve Wiskonsin Kart Esleme Testi
kullanilarak 6l¢iilmiistiir. Say1 bilgisini 6lgmek i¢in Erken Say1 Bilgisi Testi kullanilmistir.
(Calismaya anaokulu, birinci ve ikinci sinifa giden 5-8 yas arasi yiiz on dort ¢ocuk katilmistir.
Bulgular WKET ve PDRT testlerinin “kavram formasyonu” ve “siirdiirme” olmak iizere iki
ortak bilesene sahip oldugunu gostermistir. Iki ydnetsel beceri testindeki kavram formasyonu
skorlar1 arasinda anlamli bir iligki varken siirdiirme faktorii skorlar1 arasinda anlamli bir iliski
olmadig: goriilmistiir. Erken Say1 Bilgisi Testi skorlarinin, 4 WKST ve 5 PDRT skoruyla
anlamli bir iligkiye sahip oldugu gosterilerek yonetsel beceriler ve sayi bilgisi arasindaki
anlaml iligki 6rneklenmistir. Son olarak, yas degiskeni kavram formasyonu ve Erken Say1
Bilgisi Testi skorlari iizerinde anlamli bir etkiye sahipken; cinsiyet, okul dncesi egitim
gecmisi ve okul tiirli degiskenlerinin higbir skor tizerinde anlamli bir etkiye sahip olmadig1
goriilmiistlir. Bu bulgu, erken yas donemi ¢ocuklar i¢in hazirlanan bilissel esneklik
testlerindeki sembol kullaniminin etkilerinin aragtirilmasi gerektigini ortaya koymaktadir.

Anahtar sozcukler: sayi bilgisi, kavram formasyonu, bilissel esneklik, WKST, PDRT
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Chapter 1. Introduction
Development of Executive Functions and Its Correlates

Executive functions (EFs) are defined as higher order mental processes used to
regulate cognitive processes such as attention, inhibition or flexibility in a controlled fashion
(Carlson, 2005; Diamond, 2013). EFs enable one to change perspective, focus on tasks, and it
is imperative in inhibition of maladaptive prepotent responses (Diamond, 2013; Lehto et al.,
2003). EF has been conceptualized as an umbrella term that includes cognitive flexibility,
planning, judgment, decision making, inhibition, and shifting (Miyake et al., 2000; Strauss,
Sherman, & Spreen, 2006). Various empirical studies suggest that these higher order
cognitive processes are significantly associated with various aspects of cognitive functioning
including problem solving (Ropovik, 2014), regulation of emotions, and avoidance of long-
term problems (Sulik et al., 2015), academic achievement (Best, Miller, & Naglieri, 2011),
and ability in mathematics and literacy (Bull & Lee, 2014; Clements et al., 2016; Verdine et
al., 2014) — specifically— cardinal number knowledge and print related skills (Purpura et
al., 2017). Executive functions are also associated with some environmental variables such
as parent’s level of education (Conway, Waldfogel, Wang, 2018). Other researchers also
provide evidence for the effect of socioeconomic status especially for language, reading and
executive functions (Noble et al., 2015). Because, the children of higly educated parents have
more likelihood to be raised in an intellectually stimulating environment (as cited in Ardila &
Roselli, 2005).

More recent work provides evidence for the multi componential nature of EF
(Miyake, Friedman, Emerson, Witzki, Howerter, & Wager, 2000). Miyake et al. (2000)
proposed a three-factor model of EF, conceptualizing EF as composed of independent
components that are still related to one another. Using a factor analytical approach, Miyake et

al. (2000) identified components of EFs as the shifting, inhibition, and updating of working



memory representations. Inhibition requires one to inhibit a pre-potent response and activate
a conflicting response, whereas updating is found to be load onto tasks such as track keeping,
tonemonitoring, and letter memory (Miyake et al., 2000). In other words, updating refers to
the coding of incoming information and keeping track of its relevancy by actively
manipulating the working memory (Miyake et. al, 2000). Lastly, shifting is defined as the
capacity for switching between different mental sets (Diamond, 2013), as compared to
inhibition, which requires one to ignore a single pre-potent response (Best & Miller, 2010).
Earlier studies have also obtained similar results with Miyake et al.’s model of unity and
diversity of EF (Hughes, 1998; Welsh, Pennington, & Groisser, 1991) and later studies (Senn,
Espy, & Kaufmann, 2004), and the same model was replicated with younger participants
(Lehto et al., 2003). EFs are also found to contribute to children’s numerical development
(Doebel & Zelazo, 2015). Because, understanding the distinction between conceptual
numerical relationships and procedural strategies require one to switch from one dimension to
another (as cited in Cragg et al., 2017).

It is very difficult to identify a general trajectory of EF development from the
literature, due to its multi-componential nature. That is, different components show a
tendency to follow their own developmental trajectories and reach maturity at different ages
(Brydges et al., 2014; Lerner & Lonigan, 2014). Specifically, cognitive flexibility shows a
rapid development between the ages of 2 and 5 in parallel with the improvements in other
cognitive processes such as inhibition and language (Deak, 2003). Once children start going
to school, they are subjected to complex environments to which they are expected to adapt.
Some situations require an efficient response to familiar problems whereas others require
flexible responses to novel problems and each child displays different levels of mastery in
these complex situations (Deak, 2003). Therefore, examining the development of flexible

cognition after 5 years of age through different measures is vital to understand the increased



variance among the children especially in transition to school period. Greater cognitive
flexibility is associated with favorable outcomes throughout the lifespan such as better math
abilities in school years (Bull & Scerif, 2001). However, a main challenge is the narrow age
ranges. Few studies have examined developmental sequences and mechanisms, although EFs
are found to develop most rapidly during infancy, preschool, and primary school years (Best,
Miller, & Johns, 2009; Davidson, Amso, Anderson, & Diamond, 2006). Therefore, the
present study examined the relationship between the EF and number sense during preschool
and early school years, with a specific focus on cognitive flexibility. Specifically, the study
investigated whether there were differences in specificity and sensitivity of two EF measures
in a Turkish sample depending on age and number sense.

1.1. Development of Cognitive Flexibility

Cognitive flexibility, also known as shifting, is one of the core components of EF
skills (Malooly et al., 2013; Miyake et al., 2000; Zelazo & Carlson, 2012). It is defined as the
ability to switch between two or more tasks (Miyake et al., 2000), thinking about multiple
things simultaneously (Cartwright, 2008) or modifying thought processes based on a change
in rules or demands in a task (Deak, 2003; Hund & Foster, 2008). Miller and Cohen (2001)
noted that this ability is vital for adjusting to new conditions in life. In other words, one of the
vital elements of success in life is the ability to replace habitual behaviors with the new ones,
an ability that develops gradually (Munakata et al., 2012).

The capacity to switch between different mental sets and flexibly shift the focus of
attention begins to develop in infancy (Anderson, 2008; lonescu, 2012). Starting from 4 to 6
months of age, infants can switch between two different objects. This ability transforms into a
more complex structure later during the preschool period, which enables children to shift
between internal and external stimuli (Ruff & Rothbart, 2001). The ability to shift between

internal stimuli in the mind and external stimuli in the environment is the core structure



allowing toddlers to have a knowledge of self in the mirror and to use pretend play between
18 and 24 months of age (Nielsen & Dissanayake, 2004). It is development of the anterior
attention system that allows the baby to gain control over attention at the end of 1% year. For
example, Garon et al. (2008) assessed cognitive flexibility of infants teaching them to reach a
certain location and then told them to switch to another location. Results showed that the
switching ability is evident early in infancy. However, an infant’s ability of switching
according to task demands is constrained by external factors such as novelty of the stimulus
cards (Garon et al., 2008). This ability to perform voluntary control over shifts of attention
starts to develop during the preschool period (Colombo, 2001; Johnson, Posner, & Rothbart,
1994). Thus, it is important to track the developmental changes in cognitive flexibility
capacity depending on the context and age (Anderson, 2002; Wecker & Kramer et al., 2005).
One widely cited example regarding the cognitive flexibility is the A-not-B error. In
the standard A-not-B task, a toy is hidden in the same location for several trials. Then, the
infant is expected to retrieve the place of the toy after it is hidden in another location. This
task requires infants to hold a certain response set in the memory (choose the A side) and
then shift to a new response set (switch to the B side). According to Piaget (2013), infants
between 8 to 10 months of age fail to search for an object whose place has been changed
from one location to another, although they see the person while changing its place. Piaget
explains this failure with the developmental pattern of object permanence. However, more
recent studies offered different explanations for this behavioral pattern. For example,
Diamond (1988) explained it as a consequence of difficulty in changing the already existing
motoric response style while thinking of the place of an object. In other words, this
behavioral pattern can be related to impairments in “representational flexibility,” which is an
EF component. Zelazo and Frye (1998) claimed it as a lack of ability to make comparative

relations that leads to failure in their switching flexibility in a single situation.



Recent research examining flexibility has also highlighted marked developmental
gains starting from infancy. Munakata et al. (2012) explained three key transitions in the
development of flexible behavior. Their main claim is that development of abstract goal
representation is the key factor in the development of more flexible behavior. In the first
phase, they argued that infants gradually become better at knowing the place of the hidden
toy in parallel with the improvements in abstract representation. In other words, they start
using flexible goal-oriented behaviors over habitual ones due to signals from the
environment. Adjusting the behavior to the changing situations in order to achieve a goal
requires the use of cognitive control. In the second phase, the use of cognitive control in
infants gradually become less externally driven. During the last stage, cognitive control
becomes less reactive providing the infant with an ability to maintain abstract goals over a
long period. Jacques and Zelazo (2001) have also further investigated the developmental
changes in cognitive control using the DCCS task in a cross-sectional sample of children
between the ages of 2 and 5 years. In the DCCS task, children sort cards based on one
dimension (color) and then switch to a second dimension (shape). The study revealed that
children do not develop the ability to represent the entire set and to understand the higher
order relations until the age of 5. The same improvement in cognitive flexibility was also
documented for 3 to 5 years of age on other tasks such as the Preschool Attentional Switching
Task (Chevalier & Blaye, 2008) and experimental versions of DCCS task (Doebel & Zelazo,
2015).

In an earlier study, Zelazo et al. (2003) revealed age related differences in cognitive
flexibility across nine different experiments using different versions of DCCS task in each
experiment. One of the experiments, called the Total Change Version, refers to using
different colors and shapes in pre and post switch trials. In this version, 3-year-old children

were much more likely to sort the new cards correctly on post switch trials compared to the



original version. When a 3-year-old child presented with a red truck and focused on the
“redness” in the pre-switch trial, it was very hard for the child to switch to another dimension
and evaluate if the same object presented as a truck in the post switch trial. Only by age of 4
to 5 years, most children can realize the existence of different dimensions and switch between
sorting dimensions on the DCCS task (Diamond, 2002). Thus, the results of the experiments
revealed that 3- and 4-year-olds can use different rules to sort cards unless there is a rule
conflict requiring formulation of a higher order rule. However, children develop the ability to
switch flexibly in each trial only after the age of 7 (Diamond, 2013). The findings indicate
that children's perseveration is not only related to limitations in children's memory capacity
but they experience difficulty while disengaging attention from a previous rule set (Kirkham
& Diamond, 2003).

Taken together, it seems that there are task and age-related differences in the
perseveration on the EF tasks (e.g., Zelazo, Frye, & Rapus, 1996). Therefore, tasks that differ
from one another in terms of stimuli, responses, number of switches, and goal-setting
determine the failure or success of the child in the EF test (Cragg & Chevalier, 2012).
Deficits in goal-setting capacity seem to increase the probability of failure for children
younger than 4 years of age. Some measures require the child to comprehend the task rule
and switching time without any reminder whereas some tasks explicitly define and remind
the rules to the child throughout the task.

Although there is extensive research showing age related differences in children
between ages of 3 and 5, fewer studies have been conducted with children older than 5 years
of age (Cragg & Chevalier, 2012; Garon, Bryson, & Smith, 2008; Isquith, Gioia, & Espy,
2004). Thus, based on the earlier findings regarding the description of EF components and
age differences (Garon, Bryson, & Smith, 2008; Lehto et al., 2003; Miyake et al., 2000;

Zelazo et al., 2001), the present study investigated the development of cognitive flexibility of



children between 5 and 8 years of age to see whether there was a significant change regarding
EF scores especially in the beginning of school years (Best & Miller, 2010). This age period
is extremely important from a developmental perspective because it marks the transition to
school age, where EF capacities become more important in keeping up with the school work
and function independently from the close control that was once provided by the parents and
teachers (Hughes, Ensor, Wilson, & Graham, 2011; Zelazo & Carlson, 2012). Moreover,
studies show that examination of some EF components in early childhood would not yield
accurate results using the current tasks. For example, Senn et al. (2004) reported that
differentiation of shifting is not evident in preschoolers, based on the findings of their study
that inhibition and WM were interrelated and predicted complex task performance; however,
shifting was unrelated to inhibition and WM. In other words, the currents tasks may not be
age appropriate to identify these non-differentiated components. Thus, it is assumed that
more complex tasks are suitable for older children and adolescents (Best & Miller, 2010).

In that sense, WCST is one of the most widely used complex task of cognitive
flexibility that does not include any verbal command regarding the rule change (Heaton,
Chelune, Taley, Kay, & Curtiss, 1993). WCST was first generated as a task for adult
populations suffering from various psychological conditions. However, similarities between
the EF capacities of children and adults suffering from especially psychotic disorders made
clinicians and researchers use WCST as an assessment tool for younger populations.
Although certain researchers such as Heaton et al. (1993) and Ardilla et al. (2005) suggested
WCST to be suitable for populations as young as age 5 %, the tasks’ reliability in this age
group is still subject to discussion. Nevertheless, there are only a few studies conducted with
typically developing children in school age years (Yenigeri & Altan-Atalay, 2011; Best,
Miller, & Jones, 2009). The WCST requires participants to sort cards that are different from

each other based on a certain criterion (color, shape or number). The test-taker is shown four



cards and is expected to match one additional card to the main four cards. The participant is
not informed about the sorting rule, but only given feedback about the accuracy of the
responses. If the test taker achieves ten consecutive correct responses, the sorting category
automatically changes, without informing the test taker. After the change, the test-taker
should understand that the rule has changed and figure out the new sorting rule on his own,
based on the feedback presented following each trial. Willcutt and colleagues (2005) related
the performance on the WCST to the ability to keep a rule in memory and then display
cognitive flexibility while switching to a new rule after the incorrect feedback is given.
WCST taps onto different EF and non-EF processes such as response modality,
visuospatial demands, the need for timed responses or motor and perceptual ability (Hughes,
Ensor, Wilson, & Graham, 2011; Miyake et. al, 2000). For example, the WCST is used by
Levin et al. (1991) as a measure of "Perseveration/ Disinhibition" whereas Pennington (1997)
employed it to measure "Cognitive Flexibility” (as cited in Zelazo, David, & Miiller, 2002). It
is also a test of categorical thinking (Maruish & Moses, 2013). The use of WCST in the
assessment of other variables than cognitive flexibility stems from the fact that cognitive
flexibility (CF) is accepted as the most complex one of the EF components (Diamond, 2013;
Diamond, Carlson, & Beck, 2005). Response inhibition (RI) and working memory (WM) are
thought to be prerequisites for the development of CF. For example, inhibition of previous
rules (R1) and at the same time maintaining new information (WM) are basic steps needed for
a child to effectively shift between rule sets and tasks (CF) (Dajani & Uddin, 2015). This
problem of multidimensionality is defined as task impurity and results in complexity while
interpreting the data in terms of nonexecutive variance depending on only one EF task
(Miyake et. al, 2000). Many EF tasks including WCST might not be sensitive only to that
process, indicating the task impurity problem in nearly all measures of cognitive flexibility

(Snyder, Miyake, & Hankin, 2015). For example, Garon et al. (2008) states that many of the



complex response inhibition tasks also involve a shifting process between two different
response sets. Researchers apply different solutions regarding the problem of task impurity.
First, some suggest implementation of multiple assessment tools in the assessment of EFs
(Stuss & Levine, 2002). On the other hand, others prefer measuring only one construct for
convenience (Miyake et al., 2000), although EF tasks necessitate the coordination of multiple
processes (Asato, Sweeney, & Luna, 2006).

Although some studies indicate multidimensional nature of EFs, others show that EF
components can be partially distinct. More specifically, developmental studies provide
further evidence regarding the distinction between cognitive flexibility and other EF domains
(Dajani & Uddin, 2017). For example, Brydges et al. (2014) conducted a longitudinal study
to identify the critical ages when the changes in the structure of EFs take place. They found
that the structural changes were more pronounced between the ages of 9 and 10. Furthermore,
there was a change in the factor model as well, showing that memory has differentiated from
inhibition and shifting. They argue that it is not possible to differentiate individual EFs until
the age of 9. Thus, children mostly employ general executive abilities until the age of 9 rather
than specific executive abilities. Taken together, previous research reveal different findings
regarding the developmental trajectories of EF components, especially for cognitive
flexibility. Therefore, the degree of unity or diversity is subject to change based on the
developmental period (Goschke, 2000).

Another problem in the assessment of EF constructs is related to large age ranges.
Researchers employ different measures depending on the age of children (Hughes, 1998).
However, ensuring the uniformity of the tasks used across an age range seems crucial for the
comparisons across age groups (Klenberg, Korkman, & Lahti-Nuuttila, 2001). From this
perspective, WCST seems to be a suitable measure to document age related changes on

cognitive flexibility since WCST norms exist for children as young as age of 5 %2 (Heaton et



al. 1993). Although WCST was used with adults in earlier studies, researchers later focused
on revising the instrument for children (Roselli & Ardila, 1993). However, Chelune and Baer
(1986) suggested that children reach adult levels of performance in WCST only by age 10.
Supportingly, Yalcin and Karakas (2007) found that age 11 is where the significant
differences in terms of WCST performance emerge. Therefore, there is still controversy
regarding the use of revised and shortened versions for younger children (Fletcher & Taylor,
1984), since children are found to present different behavioral preferences depending on the
age and context in terms of dimension of sorting tests (Brown & Campione, 1974). For
example, 3- and 4-year-olds have more tendency to categorize food items on the basis of
color whereas they prefer categorizing the toys based on the shape (Macario, 1991). To put it
differently, task variations such as the order of the rules, stimuli, responses, number of
switches, and goal-setting affect the difficulty level of completing the task (Cragg &
Chevalier, 2012; Zelazo & Doebel, 2015). For example, Bujoreanu and Willis (2008) found
that WCST performance differed in each trial depending on the sequence of the number
sorting criterion and age. The completed number of categories would have increased for 6-
year-olds, if the number was presented as the last criterion in the test sequence. This finding
might stem from the fact that number dimension as compared to color or shape dimension on
WCST is a relatively abstract concept for younger children due to children’s numerical
inefficiency (Prevor & Diamond, 2005). Roselli and Ardila (1993) also found a
developmental change in terms of difficulty in understanding sorting criteria on the WCST.
Taken together, although WCST is a valid measure of set-shifting for older age
groups, presenting a “number” criterion in the test sequence transforms it into a task for
numerical abilities (Bujoreanu & Willis, 2008). In other words, the performance of the
children on WCST may confound with their numerical abilities. Thus, Senturk et al. (2014)

also emphasized the need for a developmentally appropriate cognitive flexibility task for
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children between ages 6 and 8. In this sense, various novel instruments have been developed
to assess children’s EFs (Diamond, Carlson, & Beck, 2005; Kurtz et al., 2004; Zelazo,
Miiller, Frye, & Marcovitch, 2003). The Penn Conditional Exclusion Test (PCET) is one of
the new measures of EF and proposed as a measure that can be used for assessing abstract
thinking and cognitive flexibility. To our knowledge, there is no study conducted with
children younger than 8 years old using PCET. PCET requires participants to sort cards based
on the odd man out paradigm. It shows correlation with total errors and categories achieved
on the WCST (Kurtz et al., 2004). Different than the WCST, it does not include number as a
sorting criteria. The use of number criterion on switching tasks is reported to lower the
performance of younger children due to their numerical inefficiency (Prever & Diamond,
2005). Thus, the present study included both PCET and WCST as a measure of cognitive
flexibility to be able to compare the results of the two tests and prevent the bias regarding
their multicomponential nature.

1.2 Development of Number Sense

The roots of symbolic number representation and mathematical concepts have been a
topic of interest for researchers (Starr, Libertus, & Brannon, 2013). Studies regarding the
number concept development throughout lifespan can be categorized under two major
theoretical backgrounds for the interest of the present study. First one roots back to the
studies of Piaget and Cook (1952), which claims that the numerical knowledge is not fully
developed until the concrete operational stage. According to Piaget’s logical foundation
model, the ability to classify, to conserve number, to make one to one correspondence,
seriation, and to succeed in asymmetrical relation operations are necessary components of
numerical concept development (Piaget, 1953). In other words, although a child might choose
the right answer in a number task, that does not indicate the existence of logical

understanding of the numbers. There are extensive critics of Piagetian understanding of
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number development in conjunction with logical reasoning, claiming that counting exists in
early childhood as an indicator of number sense (Gelman & Gallistel, 1978; Wynn, 1992).
Yet, the whole theory of constructivism is not refuted (Dehaene, 1997). The conservation of
number is defined as the ability to understand the stability in the quantity despite the change
in physical qualifications such as density, length row or shape. According to Piaget, 5-year-
old children succeed in primitive conservation tasks. However, the ability to understand more
advanced levels of conservation tasks, such as conservation of weight develops around 6
years of age. Moreover, one to one correspondence and seriation are reported to develop
starting from age 5 (Sophian, 1988), while classification ability is expected to improve from
age 6.

Second, theoretical background is mostly based on the innate and non-verbal
cognitive capacities of children as suggested by Dehaene (1997), rooted back in the Bayesian
approach. Dehaene (1997) began his attempts to identify the development of number sense
with the question of the way mind creates mathematics. He argues that the number sense is
evident both in animals such as chimps, rats, and newborn infants. The number sense is
defined as the ability to process, understand, and estimate numbers (Dehaene, 1997). The
term “number sense” not only includes the ability to subitize and count, but also to compare
and estimate quantities, to use derived fact strategy, to link abstract number knowledge with
real world quantities, and to switch between different numerical formats based on context and
purpose (Berch, 2005; Gersten, Jordan, & Flojo, 2005; Jordan et al., 2007).

It is claimed that the preverbal, non-symbolic numerical capacities exhibited by
human infants in the first year of life serve as a conceptual basis for learning to count and
acquiring symbolic mathematical knowledge (lzard, Sann, Spelke, & Streri, 2009). This idea
of innateness is mostly criticized by the constructionist perspective (Dehaene, 1997).

However, the innateness of the number sense is supported by the studies using infants’ gaze
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direction, gaze duration and brain waves (Hyde & Spelke, 2011; Libertus & Brannon, 2010).
For example, Libertus and Brannon (2010) conducted a study with 6-month-old infants. They
presented both pictures of changing and constant number of dots to the infants. They found
that infants pay more attention to the changing image.

The number sense includes both nonverbal and verbal understanding (Brannon &
Szkudlarek, 2017). Verbal understanding of number concept is not evident in infants and
young children and starts to develop later in life with the development of certain cognitive
and language mechanisms (Feigenson, Dehaene, & Spelke, 2004). However, preverbal
intuitive number sense is stated to be prevalent in the first year of life, before the
development of symbolic number understanding and counting (Starr, Libertus, & Brannon,
2013).

Dehaene and Cohen (1994) argued that there are two dissociable stages in the
development of nonverbal number concept. The existence of Approximate Number System
(ANS) and subitizing, two different innate non-symbolic number systems, both in human and
animal species are further shown in different studies (Cantlon, 2012; Cantlon & Brannon,
2006; Feigenson, Dehaene, & Spelke, 2004; Rugani, Vallortigara, & Regolin, 2014, 2015).
The subitizing system is responsible for the representation of small numbers up to 4, while
the ANS is involved only with numbers larger than 4 (Cantlon, Platt, & Brannon, 2009;
Dehaene, 1997; Feigenson et al., 2004). Small numbers are accepted as easily enumerated
without counting which is called subitizing. Subitizing derives from the Latin word “sudden”
and it is acknowledged in five or six tenths of a second (Dehaene, 1997). On the contrary,
larger numbers can only be approximated or estimated. Our perception of large numbers
relies on the density of items, the area they occupy, and the regularity of their distribution in
the space (Dehaene, 1997). This system of number sense is known as Approximate Number

System (Liberta, Feigenson, & Halberda, 2011). The Approximate Number System (ANS) is
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defined as the ability to approximately represent numbers without verbal counting or the
involvement of numerical symbols (He et al., 2016). The ANS is stated to act upon distance
and size effects. The distance effect is based on the idea that discriminating between two
numbers that are further apart in numerical distance (3 vs. 9) is easier compared to numbers
that are closer to each other (6 vs. 9). The size effect points to the fact that discriminating
between smaller numbers (3 vs. 9) is easier compared to larger numbers (33 vs. 39) at the
same distance. These effects are derived from Weber’s law which claims that the difficulty in
discriminating any two numbers is dependent on the ratio between them, rather than their
absolute difference.

There are several studies conducted to show the presence of ANS early in infancy.
The violation of expectancy paradigm suggests that infants also keep track of objects over
addition and subtraction events (Wynn, 1992). In another study conducted by McCrink and
Wynn (2004), infants were shown impossible events suchas5+5=50r5+5=10and it
was found that they looked longer to the impossible ones. Another study conducted by
Cordes and Brannon (2009) also suggest that infants selectively attend to the numerical
attributes. For a 7-month-old infant to display a novelty effect, there is a need for a 1:2 ratio
change in numerosity. Additionally, the ANS is stated not to only include the approximate
representation of numerical values, but also mental transformations across those
representations. These transformations include arithmetic operations, ordinal relationships,
and proportional reasoning in human infants and nonhuman primates. For example, McCrink
and Wynn (2007) examined the ratio differentiation of 6-month-old infants. They presented
the same ratio repeatedly to the infants in the first phase. After several trials, infants are
shown both new ratios and new examples of the old ratio. They had the ability to discriminate
ratios but only to a certain extent. For example, they were successful when two ratios differed

by a factor of 2, however failed in the ones which differed by a factor of 1.5. Therefore, it is
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concluded that infants are able to discriminate between ratios in different test trials through
the use of old information in the new conditions. However, there are susceptive findings
regarding the infant’s numerical abilities as well (Cohen, & Marks, 2002) claiming that
familiarization and the presence of numerical abilities are totally distinct processes.

There is extensive research showing that the ANS is positively correlated with later
mathematics achievement in different age groups, including adulthood (Agrillo, Piffer, &
Adriano, 2013; DeWind & Brannon, 2012); middle childhood (Geary, Hoard, Nugent, &
Rouder, 2015; Pinheiro-Chagas et al., 2014); early childhood (Gilmore et al., 2010), and
preschool children (Keller & Libertus, 2015, Chu, vanMarle, & Geary, 2015; Libertus,
Feigenson, & Halberda, 2013). Significant correlations between the ANS performance and
math ability are even more pronounced when recent meta-analytic studies are examined
(Chen & Li, 2014; Fazio, Bailey, Thompson, & Siegler, 2014; Schneider et al., 2016).
Additionally, the difference in ANS acuity of typically developing children and children with
dyscalculia also supports this notion (Bugden & Ansari, 2015; Mazzocco et al., 2011; Piazza
etal., 2010).

Landerl (2013) conducted a longitudinal study with 42 children with age-adequate
arithmetic development and 41 children with dyscalculia over a 2-year period from grade 2 to
grade 4 to examine the developmental trajectories of numerical processing. They found that
children with dyscalculia needs longer time to respond and have difficulty with placing
numbers in a line and solving problems using two-digit numbers. Nevertheless, there are also
conflicting findings (Gobel, Watson, Lervag, & Hulme, 2014; Kolkman, Kroesbergen, &
Leseman, 2013). That is, although developmental studies recently started to concentrate on
understanding this ability, studies regarding the development of ANS in different age groups

still are being debated.
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The difference in results stems from several reasons. First, the use of different tasks
both for within and between age groups makes the comparison of the data unlikely
(Sasanguie, Gobel, et al., 2013; Xu & Spelke, 2000). Second, the term “number sense” is
described differently by researchers based on their theoretical background (Berch, 2005;
Dehaene, 1997; Gersten, Jordan, & Flojo, 2005; Jordan et al., 2007; Piaget, 2013). For
example, Dehaene (1997) states it as an inborn capacity whereas Piaget rejects the possession
of number sense in children until age of 5 (Sousa, 2008). Also, previous studies show
variance in terms of the specific age groups they investigated. As an example of age
differences, in a study conducted by Halberda and Feigenson (2008), 64 children whose ages
range from 3 to 6 years and 16 adults were used to examine the developmental trajectory of
numerical acuity. They used a computerized numerical discrimination task where they
presented participants with a video screen showing two different items simultaneously. On
each trial, the participants were asked to press either a yellow or blue button based on the
quantity of pizzas in the both items. They also made a manipulation giving more total surface
area to the trials with larger numerosity which they named as area correlated trials in the first
half of the procedure, and they used a larger surface area for trials with smaller numerosity
which is called as area anti-correlated trials in the other half of the procedure.

According to the results, age differences were evident in the findings including that a
major part of the discriminations were not age appropriate for 3- and 4-year- olds. Thus, they
used a higher percentage of guessing. However, 5- and 6-year-olds were found to correctly
respond to even to the most difficult discrimination tasks. Nevertheless, Lee and Sarnecka
(2010) proposed a theory known as number knower-levels theory which is composed of three
basic assumptions. First assumption is that cardinal meanings of the numbers are learned by

children one at a time in order. Secondly, learning the cardinality principle enables children
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to understand all higher number word meanings and thirdly, children do not know the
meaning of numbers before they learn the cardinality principle.

Based on this theory, in a study examining the age ranges for the number sense,
socioeconomic background explained a higher proportion of the variance compared to age
(Negen & Sarnecka, 2012, Sarnecka & Gelman, 2004). Although a positive correlation was
found between level of number knowledge and age, individual variation was so pronounced
that level of the same age group children ranged from pre-knower to CP knower (Sarnecka,
Goldman & Slusser, 2015). The effect of several different variables on the development of
ANS acuity continues until early adolescence (Halberda & Feigenson, 2008). Specifically,
changes in executive functioning affect numerical abilities. There are improvements in both
inhibition and cognitive flexibility in the preschool and early elementary school years
(Happaney, Zelazo, & Stuss, 2004). These variables are associated with math performance in
tasks which require symbolic reasoning (Espy et al., 2004; McClelland, Acock, & Morrison,
2006; McClelland et al., 2007). Therefore, it is vital to investigate the potential sources of
ANS acuity development during early childhood.

Furthermore, several studies were conducted on the development of numerical
conceptualization in Turkish children in line with the evolutionary view on the number sense.
The studies are mostly focused on the educational programs that are implemented with the
purpose of improving numerical conceptualization ability which contradicts with the
Piagetian view of number sense. For example, Onkol (2012) reviewed several studies
conducted in Turkey and indicated that majority of such studies have used an experimental
design with only 20 to 60 numbers of students between ages of 4 to 7 years. Thus, no study
has examined the process following the transition to elementary school and during the first
few years of elementary school where the children get exposed to more complicated tasks

that require them to engage in computations. Given the paradoxical findings regarding the

17



developmental trajectory of ANS acuity (Libertus & Brannon, 2010; Sasanguie et al., 2014;
Sasanguie, Gobel, et al., 2013; Xu & Spelke, 2000), the current study attempted to identify
the developmental trajectory of number sense between ages of 5 to 8 by applying a wide
measure of number sense (ENT) to identify both the specific strengths and weaknesses.

1.3 The Current Study

There is variation in terms of children’s knowledge of numbers. Since several
research yielded important findings related to the predictive role of number knowledge to
later school achievement (Duncan et al., 2007; Jo Van Hoof et al., 2017; Razza & Blair,
2007), the primary aim of the present study was to investigate the variables affecting the task
performance in executive functioning measures, specifically cognitive flexibility.

Previous research found a positive association between children’s EF skills and
mathematics performance (Bull & Scerif, 2001; Clark, Pritchard, & Woodward, 2010; Clark
et al., 2013). Deficits in EFs are shown to hinder children’s numerical development (Steele et
al., 2012). In other words, EFs are shown to account for the differences in numerical skills of
children (Friso-van den Bos, Kolkman, Kroesbergen, & Leseman, 2014; Navarro et al.,
2011). Because, as Siegler and Araya (2005) stated, understanding the distinction between
conceptual numerical relationships and procedural strategies requires one to switch from one
dimension to another using EF skills (as cited in Cragg et al., 2017). Thus, EF deficits might
have negative effects on children’s numerical development (Doebel & Zelazo, 2015). Cragg
et al. (2014) stated the lack of research which examines the role of shifting in numerical
performance although a meta-analysis of Yeniad et al. (2013) reveals a positive relationship
between shifting ability and performance in numeracy problems. On the contrary, Mazzocco,
Chan and Bock (2017) argued that positive correlations between arithmetic ability and EFs
do not guarantee concordance among all members. Instead, it is possible that a small but

meaningful number of children may have good mathematical ability regardless of EF skills.
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Therefore, the present study also examined the performance of children in a numeracy
measure in addition to their cognitive flexibility performances. History of psychological
research examining the relationship between numerical skills and EF mostly dates back to the
last ten years (Clark et al., 2010) and empirical research on the developmental relations
between cognitive flexibility and its correlates stated in the literature during pre and primary
school years remains sparse (Cragg et al., 2014). Hence, the present study specifically aimed
to investigate the relationship between EF and number sense in children between ages 5 and 8
using two different EF tasks to see whether task related differences have an effect on their
performance.

Heaton et al. (1993) implemented the WCST only to children younger than 5.5 years
of age. However, the study conducted by Best, Miller, and Jones (2009) revealed
controversial results regarding the WCST performances of children between ages of 6 and 7.
It is also claimed that there is no proper measure to assess cognitive flexibility between ages
of 5 and 7 (Carlson, 2005; Garon et al., 2008). Therefore, WCST may not be an appropriate
assessment task for this age group despite what the early studies indicated. The present study
aimed to examine whether the depressed performance presented by this age group was
associated with numerical thinking ability or not and identify the possible reasons of poor
performances in the 5- to 8-year-old children.

Next, based on the literature related to the effects of sorting criteria and sorting order
on the performance scores, it seems that the use of number as a sorting criterion in the WCST
makes the task extremely difficult for specific age groups, and thus the sensitivity of the test
for this specific age group is questionable (Prevor & Diamond, 2005). To address this issue,
the present study employed a measure of EF (PCET) that did not include number as a sorting

criteria in addition to WCST that requires numerical conceptual thinking abilities. In other
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words, this study examined the extent to which differences in number sense accounts for the
differences in cognitive flexibility for the specific tasks. In the light of available literature,

1- Itis expected that significant improvements will be observed in children’s
performances on cognitive flexibility and number sense tasks with increasing age.

2- Itis predicted that individuals’ scores on numeracy test and EF tests will be
associated with one another providing support for a role of EF in the development of
numerical knowledge.

3- It is expected that both EF tests will composed of different components which may be

correlated with one another.
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Chapter 2. Method

2.1 Participants

One hundred and fourteen Turkish students from 2 public schools and 2 private
schools in Istanbul participated in the present study. 38 of them were preschoolers, 30 of
them were first grade students, and 46 of them were second graders. The participants’ ages
ranged from 5.0 to 8.2 years (M= 77.48, S.D= 10.44). As reported by their parents, none of
the participants had any diagnosis of a psychological or neurological disorder. This age group
was chosen for the present study based on the following reasons. First, at this age, there is
evidence of a significant developmental improvement in terms of EF (Chan & Morgan,
2018). Second, studies mostly focus on children between ages of 3 and 5 years, which
indicates a lack in the examination of EF and number sense for older children (Blair & Razza,
2007; Zelazo, Miller, Frye, & Marcovitch, 2003). Eleven children were not included in the
data analysis due to missing information.

2.2 Measures
2.2.1 Cognitive flexibility.

The child’s ability to shift was assessed through the Wisconsin Card Sorting Test
(WCST) and Penn Conditional Exclusion Test (PCET).

2.2.1.1 Wisconsin Card Sorting Test (WCST).

Participants were assessed through the computerized WCST test (WCST-CV4) with
the standard administration procedure (Heaton et al., 1993). The basic idea of the WCST is
that participants match response cards to key cards according to a non-specified matching
rule (number, shape or color), which changes every time when 10 (out of a maximum of 128)
response cards have been sorted correctly in each category.

Several studies have found no differences between the manual and computer-based

versions of the WCST in their sample in the neuropsychological assessment of EFs (Schatz &
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Browndyke, 2002; Tien et al., 1996). Therefore, we used the Berg Card Sorting Test, which

is one of the tests in The Psychology Experiment Building Language Battery for the

computerized version with a few syntax changes regarding the randomized order of the rules

as number, shape, and color.

The standard order of the rules was ensured to achieve the same test conditions for all

participants. Several variables were included for the data analyses:

1.

Perseverative errors occur when the participant persists in responding to a stimuli
characteristic that is incorrect (Heaton et al., 1993).

Perseverative responses are defined as a response that has been correct in the
previous category, but it is no longer correct in the current category.
Non-perseverative errors occur when there are incorrect responses that do not match
the perseverated-to principle (Heaton et al., 1993).

Failure to maintain the set occurs when a client makes five or more consecutive
correct matches but then makes an error before successfully completing the category
(Heaton et al., 1993).

Number of Categories Completed (NCC) is the number of categories client
successfully completed during the test (Heaton et al., 1993).

Trials to Complete First Category (TFC) represents the total number of trials a person
required to complete the first sorting rule and gives an indication of the initial
conceptualization a person gained of the sorting (Heaton et al., 1993)

Conceptual Level Responses are defined as consecutive correct responses occurring in
runs of three or more (Heaton et al., 1993).

Unique Errors refers to errors that are not correct by another rule (Heaton et al.,

1993).
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Greve, Stickle, Love, Bianchini, and Stanford (2005) reviewed 17 explanatory factor
analytic (EFA) studies of the WCST and results indicated that it was best represented by a
three-dimensional model including the response inflexibility (factor 1), ineffective
hypothesis-testing strategy (factor 2), and set maintenance (factor 3).

2.2.1.2 Penn Conditional Exclusion Test (PCET).

The PCET is a measure of abstraction in EF related to the WCST scores of categories
achieved and total errors. It is a computerized test battery where participants must decide
what object out of four objects does not belong to the other three. There are three criteria
given in standard order for choosing an object: line thickness, shape, and size. The criterion
change is based on achieving 10 consecutive correct answers for each principle. The
participant is not informed about the sorting principle and has to determine the unrelated card
on his own. After clicking on the card, there is an automatic feedback indicating whether the
decision is correct or not. The feedback that appears on the screen provided orally in Turkish
since the test instructions are in English. On average, each version of the PCET takes 10
minutes to complete. If the participant is unable to achieve a single category, the test ends
after 144 trials.

The test is scored based on the number of correct or incorrect responses as well as the
accuracy and efficiency scores. Accuracy score in the PCET is defined as the proportion of
correct responses compared to total scores in each category (Gur et al., 2010), whereas
efficiency score is to be able to give accurate responses as fast as possible. Additionally,
perseverative errors and perseverative correct responses scores were included for the data
analysis. Perseverative Errors occur when 3 consecutive incorrect responses based on a
previous criterion are made without any intervening responses in between that match any
other criterion. Correct Perseverative Responses are responses based on a perseverative

criterion but which also match the correct sorting principle for the trial.
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Positive correlations between the PCET and a measure of abstraction, abstraction
subtest of the AIM, was evidence of the convergent validity. Divergent validity was
confirmed by low, nonsignificant correlations between the PCET and measures of facial
emotion recognition, word and face memory, visuospatial function, and verbal reasoning
(Kurtz et al., 2004).

2.2.2 Number sense.

The Early Numeracy Test-Revised is a task-oriented test which attempts to measure
the level of early mathematical competence. The test was developed for preschoolers, first
and second graders. The ENT-R consists of two parallel versions (Version A and version B)
of 45 items each. The test consists of in total of nine components: comparing, linking
quantities, one to one correspondence, arranging, using numerals, synchronous and shortened
counting, resultative counting, applying knowledge of numbers and estimating.

We used the Turkish adaptation of Early Numeracy Test (Onkol, 2012) to measure
level of early mathematical competence of children between ages of 5 to 8. Onkol (2012)
used 768 children from 25 public and private primary schools in different regions of Istanbul.
After the translation of the original forms, reliability coefficients were found to range from
.84 t0 .93.

The raw total score refers to the total number of correctly answered items in the test.
The test score of the child was converted in a standardized score. This competence score
indicates the level of child’s early mathematical competence. The meaning of the competence
score was derived by comparing it with the scores of children in the sample. Sample items are

presented in Appendix C.
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2.2.3 Demographic information form.

A Demographic Information Form (DIF) was prepared for this study. Participants’
birthdate, number of siblings, current medical condition, and parental educational level and
occupation were asked in this form (Appendix B).

2.3 Procedure

The official permission from the Ministry of the National Education of Turkey was
obtained in order to conduct this research in the selected elementary schools in Istanbul.
Afterwards, the examiner contacted with the principals of elementary schools. Finally, the
present study was conducted in 4 elementary schools, of which 2 are public schools, and 2 are
private. All of the administrations were held on school grounds during children’s class time.

A consent form, explaining the aim and the procedure of the study, and the DIF were
sent to the parents at least one week before the administrations. The ones who agreed their
child to participate in the study filled out both the consent form and the DIF. Copies of the
consent form and the DIF were presented in Appendix A and Appendix B, respectively.
Later, the preschool background was added to the information taken from the parents.

Four undergrad students from psychology and education departments of Bogazigi
University collected the data from different schools simultaneously. All of them were trained
in terms of test implementations to ensure the reliability of the results. First of all, they
received a theoretical training from the researcher of the present study. In addition, they had a
whole day implementation process under the supervision of the researcher. Individual
administrations included the Penn Conditional Exclusion Test (PCET), the Wisconsin Card
Sorting Test (WCST), and the Early Numeracy Test (ENT), which were applied one by one
to each child separately. The order of all measures was counterbalanced. Participants were

informed that none of these tests had time limits. The necessary instructions were provided in
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the beginning of each test, and no further information or guidance was given. Individual
administrations lasted at most 45 minutes with each child.

2.4 Analyses

The relationships among EF and number sense were explored through Pearson
product-moment correlations among scores of the WCST, PCET, and ENT. Multivariate
analysis of variance (MANOVA) was applied to examine whether there was a statistically
significant difference between the mean scores of WCST, PCET, and ENT scores depending
on the age factor. In addition, post hoc analyses were performed using Bonferroni test to
make comparisons among the age groups for significant F values (p < .05). Two exploratory
factor analyses (EFASs) were conducted for the PCET and WCST scores separately in order to
investigate the internal structures of two EF tests. In this regard, principal components
analysis (PCA) command of SPSS 23.0 was used. In each EFA, direct oblimin rotation with a
criterion of eigenvalues greater than 1.0 was used. Rotated factor solution and the total
variance explained with the observed factors were indicated in results. Variance proportions
and eigenvalues for each factor were illustrated.

In order to detect changes with respect to age between indicated factors, three sets of
one-way ANOVAs for the WCST and two sets of one-way ANOVAs for the PCET were
performed. The univariate F values and partial eta squares (12) were illustrated in the results.
Finally, hierarchical multiple regression analyses were conducted to examine which ENT
variables predicted the WCST and the PCET scores, when the impact of demographic (age,
sex, and maternal education) variables were controlled. Before the regression analyses, factor
scores for each factor in WCST and PCET were derived through the Bartlett, a method of

estimating factor score coefficients. (Bartlett, 1935).
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Chapter 3. Results

3.1 Descriptive Statistics
3.1.1 Descriptive statistics for the sample

The ages of the participants ranged from 5 to 8 years. The sample was categorized
into 3 categories based on their ages (5-year-old, 6-year-old and 7-year-olds) (Table 1). Thus,
the first group included children aged between 5.0 and 5.11, (M=5.6, SD=3.23). The second
group (6-year-old children) included children aged between 6.0 years and 6.11 years, (M=6.6,
SD=3.69). The third group (7-year-old children) consisted of those aged from 7.0 to 7.9

years, (M=7.7, SD=4.08). Frequencies in terms of ages and gender are presented in Table 1.

Table 1
The Frequency Distribution According to Age Groups and Gender
Gender
Female Male Total
Age 5-year-olds 15 21 36
6-year-olds 26 20 46
7-year-olds 13 19 32
Total 54 60 114

The information regarding parental education was obtained from the Demographic
Information Form (DIF). To begin with the years spent in preschool, sample of the present
study included 8 participants who did not have any preschool experience. Additionally, there
were 47 children with one year of experience, 47 children with 2 years of experience, and 12
children with 3 years of experience (M=1.55, SD=.77). Secondly, parents were categorized
into low, middle, and high education groups according to their education level. Parents who
gave up their education before completing the primary school (literate parents) and those who
completed primary education of 8 years were grouped into low education group. Middle
education group includes parents with a high school degree and high education group

involves parents with a university or graduate degree (master or doctorate) (Maternal,
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M=2.27, SD=.85, Paternal, M=2.46, SD=.90).The number of siblings for this sample of
children range from 0 to 3 (M=1.04, SD=.72). The frequency distributions in terms of

mothers, father’s education, school type, grade, and number of siblings are presented in Table

2.
Table 2
Cross tabulation
Age
5 6 7 Total
Maternal Low 8 8 9 25
Education
Middle 9 20 9 38
High 19 18 12 49
Paternal Low 5 4 10 19
Education
Middle 11 17 7 35
High 20 25 13 58
Number of No sibling 11 7 9 27
Siblings
1 sibling 19 23 12 54
2 or more 6 16 9 31
siblings
School Type Private 30 35 11 76
State 6 11 19 36
Grade Preschool 32 6 0 38
1st Grade 3 25 2 30
2nd Grade 1 15 28 44
Years Spent 0 year 3 2 3 8
in Preschool 1 year 19 17 22 58
2 years 14 20 6 40
3 years 0 6 2 8
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3.1.2 Descriptive statistics for the test variables.

Participants’ performances on the Wisconsin Card Sorting Test (WCST), the Penn
Conditional Exclusion Test (PCET) and the Early Numeracy Test (ENT) are observed with
respect to the specific scores of the test variables. The raw scores were used in the statistical
analyses. The mean scores, standard deviations, and minimum and maximum values for the

test variables are presented in Table 3.
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Table 3
Means, Standard Deviations, Minimum and Maximum Values

Test Variables N Minimum Maximum M SD
WCST-PE 114 0 37 9.2 6.17
WCST-NPE 113 0 50 115 104
WCST-CC 114 0 5 2.05 1.3
WCST-CLR 113 0 65.6 36.01 13.2
WCST-T1stC 113 0 60 16.2 12.7
WCST-FMS 113 0 10 1.3 1.4
WCST-UE 113 0 23 24 4.4
PCET ACC2 113 .08 3.6 1.6 11
PCET EFF 113 0 3 A2 12
PCET CAT1 70 10 46 18.3 9.6
PCETCR 113 4 84 37 16.5
PCETER 113 3 88 28.6 18.1
PCET PER_ER 113 0 43 8.6 10.5

Note. WCST: Wisconsin Card Sorting Test, PE: Perseverative Errors, NPE: Nonperseverative Errors, CC:
Categories Completed, CLR: Conceptual Level Responses, TC1stC: Trials to Complete the First Category,
FMS: Failure to Maintain Set, UE: Unique errors, PCET: Penn Conditional Exclusion Test, ACC2: Accuracy 2,
EFF: Efficiency, CAT1: Number of Trials in PCET Using Sorting Principle 1, CR: Correct Responses, ER:
Incorrect Responses, PER_ER: Perseverative Errors
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3.2 Zero-Order Correlations

The Pearson product-moment correlation coefficients were calculated to examine the
relationships between the WCST, PCET and ENT scores. The correlation coefficients are
displayed in Tables 4, 5, and 6. Additional correlation analysis were conducted to examine
the relationship between the ENT scores and Bartlett scores as shown in Table 7. Lastly, the
relationship between the demographics and test variables were examined as presented in
Table 8.

First, all variables in the ENT significantly correlated with 4 scores of the WCST, which are
WCST-NPE, WCST-CC, WCST-CLR, and WCST-UE. In addition, four scores of WCST
correlated with none of the variables in the ENT, which are WCST-PE, WCST-PR, WCST-
FMS, and WCST-T1stC. Correlation coefficients regarding the ENT and WCST scores are
given in the Table 4.

Second, considering correlations among the WCST and the PCET scores, the total
correct score of the PCET significantly correlated with only one score of the WCST, that is
unique errors (WCST-UE) [r = -.30, p <.01]. In addition, ACC2 score of the PCET
significantly correlated with 4 scores of the WCST, that are nonperseverative errors (WCST-
NPE) [r = -.35, p <.01], conceptual level responses (WCST-CLR) [r = .43, p <.01],
categories completed (WCST-CC) [r = .45, p < .01], and unique errors (WCST-UE) [r =-.31,
p < .01]. Furthermore, efficiency score of the PCET also significantly correlated with 4
scores of the WCST, that are nonperseverative errors (WCST-NPE) [r = -.34, p < .01],
conceptual level responses (WCST-CLR) [r = .41, p < .01], categories completed (WCST-
CC), [r = .43, p <.01], and unique errors (WCST-UE) [r =-.28, p < .01]. On the other hand,
none of the variables in the PCET significantly correlated with 4 scores in the WCST that is

perseverative errors (WCST-PE), perseverative responses (WCST-PR), trials to complete the
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first category (WCST-T1stC), and failure to maintain set (WCST-FMS). The correlation
coefficients regarding the PCET and WCST scores can be seen the Table 5.

Finally, regarding the correlation between the ENT and the PCET, incorrect responses
(ER) score of the PCET significantly correlated with 7 scores in the ENT, which were
comparison (ENT-COM) [r = -.24, p < .05], classification (ENT-CLASS) [r =-.26, p < .01],
seriation (ENT-SER) [r = -.26, p < .01], using numerals (ENT-NUM), [r =-.31, p <.01],
synchronous and shortened counting (ENT-SS_C) [r = -.22, p < .05], applying knowledge of
numbers (ENT-APP_N) [r = -.25, p < .01], estimation (ENT-EST) [r =-.18, p <.05]. High
number of incorrect responses was associated with lower performance in the ENT. The
number of Trials Using Sorting Principle 1 (CAT1_TR) score of the PCET was found to be
correlated with 3 scores in the ENT that are classification (ENT-CLASS) [r =-.32, p <.01],
seriation (ENT-SER) [r = -.42, p < .01], applying knowledge of numbers (ENT-APP_N)
[r =-.24, p <.05]. Lower performance in the ENT was associated with more trials to
complete the first category. Correlation coefficients regarding the ENT and PCET scores are

presented in the Table 6.
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3.3 Age Related Differences in the WCST, PCET and ENT Scores

A series of Multivariate Analysis of Variances (MANOVA) were conducted to
examine whether there was a statistically significant difference between the mean scores of
the WCST, PCET, and ENT depending on the demographic variables (age and sex). First
MANOVA was conducted using age (5-, 6- and 7-year-olds) and sex (males and females) as
independent variables, and 8 scores of the WCST (PR, PE, NP, CLR, UE, CC, FMS and
TCl1st) as dependent variables. The main effect of the age was found to be significant,
F(8,100) = 1.73, p < .01 n?=.121. F values and partial eta squares (1) for the multivariate

tests are presented in Table 9.

Table 9

Multivariate Tests Results of MANOVA for the WCST

Variables Pillai’s Trace F df Error df n?
Age .002** 1.73 8 100 121
Sex 101 2.52 16 202 .166
Age*Sex 754 73 16 202 .055
Note. *p < .01.

Additionally, univariate ANOVAs were used to interpret the significant main effects
for each dependent variable. Tests of between subjects effects revealed that age had a
significant main effect for CC, UE, and CLR scores of the WCST, F(2,107) =7.02, p < .01
n=.116; F(2, 107) = 10.34, p <.001, n?= .162; F(2,107) = 7.77, p < .01, n%= .127,

respectively. The details are presented in Table 10.
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Table 10
Age-related differences in the children’s WCST performances

WCST 5 Years 6 years 7 years F P
Mean S.D Mean S.D Mean S.D

CcC 1.33 .89 2.28 1.45 2.53 1.36 8.69 .000**
PR 18.36 11.67 17.39 8.51 17.5 7.68 12 .88

PE 11.11 7.88 8.43 5.31 8.25 4.77 2.5 .08
NPE 14.82 10.74 10.56 10.33 9.43 9.74 2.6 .07
T1st 17.54 13.93 14.93 11.73 16.68 13.06 .43 .64
FMS 1.22 1.23 1.58 1.80 1.28 1.05 72 48
CLR 28.87 12.60 38.07 12.42 40.84 1232 87 .000**
UE 5.17 5.85 1.60 3.58 .84 1.66 11.2 .000**

Note. WCST: Wisconsin Card Sorting Test, CC: Categories completed PR: Perseverative responses, PE:
Perseverative errors, NPE: Nonperseverative errors, TC1st: Trials to complete the first category, FMS: Failure
to maintain set, CLR: Conceptual level responses, UE: Unique errors.

Post hoc analyses were performed using Bonferroni tests to make comparisons among
the variables for significant F values (p< .05). Post hoc comparisons regarding the age using
the Bonferroni test indicated that the mean scores for the 5-year-olds (WCST-CC, M = 1.33,
SD =.88, WCST-UE, M =5.17, SD =5.85, WCST-CLR, M = 28.87, SD = 12.6) was
significantly different than 6-year-olds (WCST-CC, M = 2.28, SD = 1.45, WCST-UE,
M=1.60, SD = 3.58, WCST-CLR, M = 38.07, SD = 12.42). However, 6-year-olds did not
significantly differ from 7-year-olds (WCST-CC, (M = 2.53, SD = 1.36, p =1), WCST-UE,
(M =.84, SD = 1.66, p=1), WCST-CLR, (M= 40.84, SD = 12.32, p =1)). Another MANOVA
conducted with grades rather than age acting as the dependent variable. Similar results were
achieved when grade was used as the factor variable. The mean scores of preschool children
(WCST-NP, M =15.49, SD = 1.68, WCST-UE, M =5.18, SD = .64, WCST-CLR, M =
29.28, SD = 2.04) were significantly different from 1st graders (WCST-NP, M = 10.64, SD =
1.88, WCST-UE, M = 1.67, SD = .73, WCST-CLR, M = 36.94, SD = 2.29). But there was no
statistical difference between 1st graders and 2nd graders for any of the scores, p >.05. Table

11 show the results of the post hoc analyses in greater detail.
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Table 11
The results of Post-hoc Bonferroni Analyses for WCST

WCST 5and 6 Years 6 and 7 years Post-Hoc (Bonferroni)
Mean S.D Mean SD 5and 6 6and 7
Years years
CcC -94 .28 -.24 29 .003* 1
PR .96 2.09 -.10 2.16 1.000 1.000
PE 2.67 1.36 18 1.40 155 1.000
NPE 4.26 2.31 1.12 2.37 204 1.000
T1lst 2.60 2.87 -1.75 2.95 1.000 1.000
FMS -.36 .32 .30 .33 .826 1.000
CLR -9.20 2.79 -2.76 2.86 .004* 1.000
UE 3.56 91 76 .93 .001* 1.000

Note. WCST: Wisconsin Card Sorting Test, CC: Categories completed PR: Perseverative responses, PE:
Perseverative errors, NPE: Nonperseverative errors, TC1st: Trials to complete the first category, FMS: Failure
to maintain set, CLR: Conceptual level responses, UE: Unique errors.

Overall, children’s performance on the test improve as the age increases. The means
and standard deviations for significant F values of age groups are displayed in Table 7. In
sum, 6 and 7-year-olds made more conceptual level responses, completed more categories,
and made less unique errors on the WCST than 5-year-olds. However, there is no statistical
difference between 6- and 7-year-olds on any of these scores. In terms of PE, PR, FMS and
T1stC scores, results of post-hoc analyses showed that there were no age differences between
the three age groups. 5-year-olds did not differ significantly from both 6 and 7-year-olds. In
addition, no significant difference was found between 6- and 7-year-olds on these scores.

Another MANOVA, using age and sex as independent variables was performed for
the PCET scores. Results indicated that the main effect of age was significant,

F(2, 45) = 3.37, p < .05, n?= .091. However, other main effects and interactions were not
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significant. F values and partial eta squares (n?) for the multivariate tests are illustrated in

Table 12.

Table 12

Multivariate Tests Results of MANOVA for the PCET

Variables Pillai’s Trace F Df Error df n?
Age .000** .4.89 14 204 251
Sex .065 1.98 7 101 121
Age*Sex .540 .92 14 204 .059
Note. *p < .01.

Finally, since the main effect of age was significant in the multivariate test results
(p = .000), the univariate test results for this interaction were considered. The main effect of
age was statistically significant for PCETCR, F(2, 107) = 9.58, p < .001, n?>=152; PCET-ER,
F(2, 107) = 10.48, p < .001, n’= .164; PCET_CAT, F(2, 107) = 20.9, p < .001, n?= .281;
PCET_ACC2, F(2, 107) = 24.35, p < .001, n?= .313; PCET_EFF, F(2, 107) = 21.18, p <

.001, n?= .284. Univariate ANOVA results are presented in Table 13.

Table 13

Univariate ANOVA Results for the PCET

P-CET 5 Years 6 years 7 years F p
Mean S.D Mean S.D Mean S.D

CR 27.52 16.84 40.68 13.44 42.53 15.91 10.3  .000

ER 38.66 19.46 25.57 16.80 21.65 13.58 9.8 .000

CAT A7 81 191 1.20 2.06 1.29 22.1 .000

PER_ER 7.11 12.50 9.80 9.51 8.65 9.67 .64 527

PER_RES 7.6 13.3 10.6 10.3 9.7 10.88 .67 514

ACC2 .65 .60 2 1.11 2.18 1.13 25,5 .000

EFF .02 .05 .16 A1 18 12 22.2  .000

Note. PCET: Penn Conditional Exclusion Test, CR: Correct Responses, ER: Incorrect Responses, CAT: Number
of Categories Achieved, CAT1_TR: Number of Trials in PCET Using Sorting Principle 1, PER_ER:
Perseverative Errors, PER_RES: Perseverative Responses, ACC2: Accuracy 2, EFF: Efficiency

Post hoc analyses were performed using Bonferroni test to make comparisons among
the variables for significant F values (p < .05). Table 14 shows the results of the post hoc
analyses in greater detail. Post hoc comparisons using the Bonferroni test indicated that the
mean scores for the 5-year-olds (PCET-CR, (M=27.52, SD=16.8), PCET-ER, (M=38.6,

SD=19.4), PCET-CAT, (M=.47, SD=.81), PCET-ACC2, (M=.65, SD=.60), PCET-EFF,
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(M=.02, SD=.05) was significantly different than 6-year-olds (PCET-CR, (M=40.68,
SD=13.44), PCET-ER, (M =25.5, SD =16.8), PCET-CAT, (M=1.9, SD=1.2), PCET-ACC2,
(M =2, SD=1.11), PCET-EFF, (M=.16, SD=.11)). However, 6-year-olds did not significantly
differ from 7-year-olds (PCET-CR, (M=42.5, SD=15.9, p =1), PCET-ER, (M=2.06,
SD=1.29, p=1), PCET-CAT, (M=40.84, SD=12.32, p=1), PCET-ACC2, (M=2.18, SD=1.13,

p=1), PCET-EFF, (M=.18, SD=.12, p=1)).

Table 14
The results of Post-Hoc Bonferroni Analyses for the PCET
PCET 5and 6 Years 6 and 7 years Post-Hoc (Bonferroni)
Mean S.D Mean SD 5and 6 Years 6 and 7 years
CR -13.16 3.42 -1.84 3.53 .001 1.000
ER 13.08 3.77 3.92 3.90 .002 953
CAT -1.43 .25 -15 .25 .000 1.000
CAT1_ TR 7.85 3.20 -4.44 2.45 .050 224
PER_ER -2.68 2.36 1.14 2.45 J77 1.000
PER_RES -2.95 2.57 .93 2.66 761 1.000
ACC2 -1.34 .22 -.18 .22 .000 1.000
EFF -13 .02 -.01 .02 .000 1.000

Note. PCET: Penn Conditional Exclusion Test, CR: Correct Responses, ER: Incorrect Responses, CAT: Number
of Categories Achieved, CAT1_TR: Number of Trials in PCET Using Sorting Principle 1, PER_ER:
Perseverative Errors, PER_RES: Perseverative Responses, ACC2: Accuracy 2, EFF: Efficiency

Post-hoc analyses showed that children’s performance on the test improve, as the age
increases. In sum, 6 and 7-year-olds made more total correct responses, more, completed
more categories, made fewer errors on the PCET than 5-year-olds. However, there was no
statistical difference between 6- and 7-year-olds on any of these scores.

Another MANOVA, using age and sex as independent variables, was performed for
ENT scores. Results indicated that main effect of age was significant, F(18, 200) = 5.26,

p <.01 n?=.322. However, other main effects and interactions were not significant F values

and partial eta squares (n?) for the multivariate tests are illustrated in Table 15.
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Table 15
Multivariate Tests Results of MANOVA for the ENT

Variables Pillai’s F Df Error df n?
Trace

Age .000** 5.26 18 200 322

Sex .667 74 9 99 .063

Age*Sex .902 .59 18 200 .051

Note. **p <.01.

Univariate ANOVAs were used to interpret the significant main effects for each
dependent variable. Results revealed significant differences among age groups for 9 scores of
the ENT, ENT-COM, F(2,107)=6.95, p < .01, n?=.115; ENT-CLASS, F(2,107)= 13.91,

p <.001, 1?=.206; ENT-COR, F(2,107)= 18, p < .001, 1?=.252; ENT-SER, F(2,107)= 29.49,
p <.001, n2=.355; ENT-NUM, F(2,107)= 31.51, p < .001, n? =.371; ENT-SS_C,
F(2,107)=28.71, p < .001, n?=.35; ENT-RES_C, F(2,107)=21.1, p < .001, n?=.283;
ENT-APP_N, F(2,107)=30.1, p < .001, n?=.36; ENT-EST, F(2,107)=8.19, p < .001, n?
=.133. The means and standard deviations for significant F values of age groups are displayed

in Table 16.
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Table 16
Univariate ANOVA Results for the ENT

ENT 5 Years 6 years 7 years F p
Mean S.D Mean S.D Mean S.D
COM 4.31 .63 4.67 A7 4.71 45 6.95 .001
CLASS 2.74 .88 3.71 1.22 4.09 1.11 13.91 .000
COR 3.37 1.08 441 .83 4.46 71 18 .000
SER 2.51 1.29 4.28 1 4.18 .96 29.49 .000
NUM 1.85 1.33 3.47 1.37 4.25 .95 31.51 .000
SS C 2.31 1.15 3.80 1.14 4.28 .99 28.71 .000
RES C 2.82 1.50 4.04 1.09 4.65 .65 21.1 .000
APP_N 2.28 1.54 3.73 1.18 4.53 67 30.1 .000
EST 2.14 151 2.89 1.35 3.53 1.01 8.19 .000

Note. ENT: Early Numeracy Test, COM: Comparison, CLASS: Classification, COR: One to One
Correspondence, SER: Seriation, NUM: Using Numerals, SS_C: Synchronous and Shortened Counting,
RES_C: Resultative Counting, APP_N: Applying Knowledge of Numbers, EST: Estimation.

In addition, post hoc analyses were performed using Bonferroni test to make
comparisons among the variables for significant F values (p < .05). Table 17 show the results
of the post hoc analyses in greater detail.

Post hoc comparisons using the Bonferroni test indicated that the mean scores for the
5-year-olds (ENT-COM, ENT-CLASS, ENT-COR, ENT-SER, ENT-NUM, ENT-SS_C,
ENT-RES_CC, ENT-APP_N, ENT_EST) was significantly different than 6 year-olds. Six-
year-olds significantly differ from 7-year-olds on only two scores (ENT- NUM, (M=4.25,

SD=.95, p =.026), ENT-APP_N, (M=4.53, SD=.67, p=.015).
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Table 17
The results of Post-Hoc Bonferroni Analyses for the ENT

ENT 5and 6 Years 6 and 7 years Post-Hoc (Bonferroni)
Mean SD Mean SD 5and 6 Years 6 and 7 years
COM -35 A1 -.044 12 .008 1.000
CLASS -.97 24 -.37 .25 .000 419
COR -1.04 19 -.05 .20 .000 1.000
SER -1.76 24 .09 .25 .000 1.000
NUM -1.62 .28 =77 .28 .000 .026**
SS C -1.49 24 -47 .25 .000 193
RES_C -1.21 .25 -.61 .26 .000 .066
APP_N -1.45 .26 -.79 27 .000 .015**
EST - 74 .29 -.63 .30 .039 114

Note. ENT: Early Numeracy Test, COM: Comparison, CLASS: Classification, COR: One to One
Correspondence, SER: Seriation, NUM: Using Numerals, SS_C: Synchronous and Shortened Counting,
RES_C: Resultative Counting, APP_N: Applying Knowledge of Numbers, EST: Estimation.

In sum, the results showed that children’s performance on the test improves as the age
increases. Six- and 7-year-olds had higher scores on all of the categories than 5-year-olds.
There was a statistically significant difference between 6- and 7-year-olds only in two scores,

ENT-NUM, M=-.77, SD=.28, p < .01, ENT-APP_NUM=-.79, SD=.27, p < .01.

3.4 Principal Components Analyses

The Principal component analyses were conducted to explore the factor structure of
the WCST and PCET and to identify the different dimensions of these tests for a group of
Turkish children between the ages 5 and 8 years.

3.4.1 Wisconsin card sorting test.

WCST provides 15 scores, and some of them are redundant in the presence of others.
Because some of the scores are derived from other scores (Greeve et al., 2005). Therefore, 8
scores of the WCST, which are categories completed (CC), perseverative responses (PR),
perseverative errors (PE), nonperseverative errors (NPE), conceptual level response (CLR),

unique errors (UE), trials to complete first category (TC1st), and failure to maintain set
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(FMS), were chosen. Greeve et al. (2005) stated that use of orthogonal rotation instead of
oblique rotation bias the results since major variables in the WCST are interrelated.

Eight scores of the WCST subjected to principal components analysis (PCA) with a
direct oblimin rotation for a sample of 114 participants. With a criterion of eigenvalues
greater than 1.0, there found a three-factor solution explaining 77.5% of the variance. The
first factor, accounting for 42.5% of the variance, had loadings from CC, NPE, UE, and CLR
scores. This factor refers to the concept formation. The second factor, explaining 21% of the
variance, consisted of PE and PR scores, representing the perseveration tendency. The third
factor, explaining the 14% of the variance had loadings from TC1st and FMS scores. This

factor is named as “Set Maintenance”. Factor loadings are displayed in Table 18.

Table 18
Principal Components Analysis of the WCST
Factor

1 2 3
ccC .822 104 -.340
PR 210 911 -.051
PE -.152 1.013 .009
NPE -771 -437 -.130
UE -724 .000 -122
CLR 953 -.205 .063
T1stC .003 129 .740
FMS .035 -.169 732
Variance Proportion 42 21 14
Eigenvalue 3.40 1.76 1.12

Note. The extraction method was principal component analysis. The rotation method was direct oblimin with
Kaiser normalization. WCST: Wisconsin Card Sorting Test, CC: Categories completed PR: Perseverative
responses, PE: Perseverative errors, NPE: Nonperseverative errors, TC1st: Trials to complete the first category,
FMS: Failure to maintain set, CLR: Conceptual level responses, UE: Unique errors.

3.4.2 Penn Conditional Exclusion Test (PCET).

Seven scores of the PCET, which are correct responses, categories achieved,
perseverative errors, perseverative responses, incorrect responses, accuracy and efficiency,

from all 114 subjects were entered into a PCA with varimax rotation. Two factors, explaining
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93.2% of the variance, emerged with eigenvalues greater than 1.0. The first factor accounted
for 51.9% of the variance, and had loadings from categories achieved, accuracy 2 and
efficiency scores. Low scores on these variables indicate inefficient rule-use, which is related
to the poor concept formation. Therefore, this factor is called concept formation. The second
factor explained 41.2% of the variance, and had loading from correct responses, incorrect
responses, perseverative errors and perseverative responses, representing poor set shifting.

Hence, the second factor is considered as the perseveration tendency (Table 19).

Table 19
Principal Components Analysis of the PCET

Factor

1 2
CR .539 .618
CAT .963 145
PE 077 977
PR .087 976
ER -.537 .837
ACC2 .998 -.081
EFF 991 -.056
Variance Proportion 52 41
Eigenvalue 3.63 2.885

Note. The extraction method was principal component analysis. The rotation method was direct oblimin with
Kaiser normalization. PCET: Penn Conditional Exclusion Test, CR: Correct Responses, ER: Incorrect
Responses, CAT: Number of Categories Achieved, CAT1_TR: Number of Trials in PCET Using Sorting
Principle 1, PER_ER: Perseverative Errors, PER_RES: Perseverative Responses, ACC2: Accuracy 2, EFF:
Efficiency

3.4.3 Group comparisons with factor scores.

To detect changes with respect to age between indicated factors, three one-way
ANOVAs for the WCST and two one-way ANOVAs for the PCET were performed. Before
the ANOVAs, scores for each WCST and PCET subscales were converted into Bartlett factor
scores. First ANOVA was conducted with WCST-Concept Formation serving as dependent
variable and age as the independent variable. Second ANOVA was performed for WCST-

Perseveration as outcome variable and age as the predictor. Third ANOVA included WCST-
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Set Maintenance as outcome variable and age as the predictor. The same procedures were
repeated separately for PCET-Concept Formation and PCET-Perseveration as outcome
variables and age as the predictor. Results showed a lack of significant difference among age
groups in Perseveration in both the WCST, F(2.110)=1.71, p=.185, and the PCET,
F(2,110)=.643, p=.528. In addition, no significant difference was found between age groups
in the Set Maintenance of the WCST, F(2,110)=.035, p=.965, factors. However, ANOVA
performed with Concept Formation factor as the dependent variable yielded significant
results, both in the WCST F(2,110)=12.08, p=.000, and the PCET, F(2,110)=23.83, p=.000.
As can be seen in Figure 6, concept formation improves with increasing age whereas

perseverative tendencies decrease.

0.6
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-0.2

0.4 *+ 4@ ++ Perseverative tendencies
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= @ = Set maintenance

-0.8
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Figure 1. The Standardized Bartlett scores of CF, PSV, and FMS as a function of age
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Figure 2. The Standardized Bartlett scores of CF and PSV as a function of age

3.5 Association of ENT Sub-scores with Concept Formation, Perseveration, and Set

Maintenance in the WCST

Hierarchical multiple regression analyses were conducted to examine which ENT
variables predicted the WCST and the PCET component scores, when demographic (age, sex
and maternal education) variables were controlled. Before the regression analyses, factor
scores for each factor in the WCST and PCET were derived through the Bartlett
(Bartholomew, Deary, & Lawn, 2009). The predictor variables were entered into the equation
for the first step as follows: mother’s education, age, grade, preschool background, type of
school and sex. For the second step, ENT variables were entered into the equation.

First, a series of hierarchical regression analyses were conducted using the first
principal component as the criterion variable, which included the WCST-CC and WCST-UE
and WCST-CLR scores. The results of step 1 indicated that the variance accounted for (R?)
with the first six independent variables (age, sex and maternal education, grade, preschool
background, type of school) was .28, F(6,205)= 6.70, p <.001). Grade, = .31, t =2.06,

p < .05, and preschool background, p= .28, t =2.4, p < .05, were the only statistically
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significant independent variables, indicating a positive relationship. In other words, as grade
and years spent in preschool increase, there was an increase in the scores of WCST-Concept
Formation as well. In step 2, ENT variables were entered into the regression equation. The
change in variance accounted for (AR?) was equal to .19, which was significantly different
from zero, F(9,96)= 3.83, p <.001). Comparison, p= 2.3, t =2.70, p < .05, classification,
B=.29,t=3.11, p < .05, and estimation, = 2.2, t =2.33, p < .05, were only statistically
significant variables. In sum, only two of the demographics and three of the ENT scores
contributed significantly to the explanation of Concept Formation in the WCST. There was a
positive relationship between the concept formation and all other variables except maternal
education (B=-.17) which was not a significant predictor.

The second dependent variable was the perseveration factor of the WCST which
includes WCST-PR and WCST-PE scores. The results of step 1 indicated that six variables
(age, sex and maternal education, grade, preschool background, type of school) entered on
the first step explained 4 % of the variance, which was not significantly different from zero
F(6.205)=.653, p=.688). None of the predictors in Step 1 significantly contributed to the
regression model. In step 2, ENT variables were entered into the regression equation. The
change in variance accounted for (AR?) was equal to .08, which was not significantly
different from zero, F(9,96)= .47, p=.890). Neither the first model (demographic variables)
nor the second model (demographics plus ENT variables) predicted scores on the
Perseveration in the WCST to a statistically significant degree. In addition, all of the
variables were positively related to Perseveration except type of school (f=.047). However,
none of them was significant.

The third dependent variable was the set maintenance factor of the WCST which
includes WCST-FMS and WCST-T1stC scores. Variables entered on the step 1 (age, sex,

maternal education) did not predict the scores on the set maintenance factor of the WCST to a
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statistically significant degree, F(6,105)= .64, p=.697. Introducing the ENT variables
explained an additional 6% of variation in Set Maintenance and this change in Rz was
significant, F(9,96) = 2.22, p < .05. Estimation was the only statistically significant predictor,
B=.30,t=2.57, p <.05. In addition, all of the variables were negatively related to
Perseveration except type of school (B=.21, t=.64, p >.05) and preschool background

(B=.19, t=1.09, p >.05). The unstandardized regression coefficients (B) and intercept, the

standardized regression coefficients (), for the full model are reported in Table 20.
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Table 20
Hierarchical Regression Analyses for the WCST Scores

WCST Scores B S.E-B BT p Rsquare Fchange

Concept Formation

Step 1 .000** .28 6.7
Demographics

Sex 27 A7 14 1.62 .108

Age .01 .01 A1 .65 514

Maternal Education -.20 .10 -17 -1.85 .066

Grade .36 A7 31 2.06 .041*

Preschool .36 A5 .28 2.4 .018*

Background

Type of school .30 .28 14 1.09 277

Step 2 .000** A7 3.83
ENT variables

Comparison 42 .156 2.3 2.70 .008*

Classification 24 .08 .29 3.11 .002*

Estimation .16 .07 2.2 2.33 .022*

Perseveration

Step 1 .688 .04 653
Demographics

Sex -.099 19 -.05 -51 611

Age -.004 .019 -.04 -.22 .828

Maternal Education -.18 A2 -.16 -1.52 130

Grade -.063 .20 -.05 -31 754

Preschool -.001 A74 -.001 -.007 .99

Background

Type of school .047 .32 .022 146 .88

Step 2 .89 .08 472

ENT variables

Set Maintenance

Step 1 697 .035 .64
Demographics

Sex -.083 A9 -04 -43 .670

Age -.03 A2 -.30 488

Maternal Education 097 12 .082 .79 430

Grade -24 .20 -.20 -1.19 236

Preschool 19 A7 14 1.09 277

Background

Type of school 21 .32 .098 .64 520

Step 2 027* .20 2.22
ENT variables

Synchronous -.23 A2 -31 -1.88 .062

Counting

Estimation 21 .08 .30 2.57 .012*

Note. * p< .05, ** p< .01 (two tailed).
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3.6 Association of ENT Sub-scores with Concept Formation and Perseveration in the

PCET

The same analyses were conducted this time with concept formation and
perseveration factors of the PCET serving as the dependent variable. The first dependent
variable was the concept formation factor of the PCET which is composed of PCET-CAT,
PCET-ACC2, and PCET-EFF scores. The results of step 1 indicated that the variance
accounted for (R?) with the first six independent variables (age, sex and maternal education,
grade, preschool background, type of school) equaled .26.4, which was significantly different
from zero, F(6,105)=6.29, p < .001). Grade was the only statistically significant independent
variable, p=.32,t =2.13, p < .05. In step 2, ENT variables were entered into the regression
equation. The change in variance accounted for (AR?) was equal to .21, which was
significantly different from zero, F(9,96)= 4.24, p < .001). Comparison, = .25,t=3.01, p <
.05, and classification, f=.20, t =2.23, p < .05, were only statistically significant variables. In
addition, age, (B=.024), maternal education, (f=.024), and grade, (f=.37), were positively
related to PCET-Concept Formation whereas preschool background, (=-.033), type of
school, (B=-.30), and sex, (f=-.08), were negatively associated. Overall, only one of the
demographics (age) and two of the ENT scores (ENT-COM and ENT-CLASS) contributed
significantly to the explanation of Concept Formation in the PCET.

The second dependent variable was the perseveration factor of the PCET which
includes PCET-PER_ER and PCET-PER_RES scores. The results of step 1 indicated that the
variance accounted for (R?) with the first six independent variables (age, sex and maternal
education, grade, preschool background, type of school) equaled .088, which was not
significantly different from zero, F(6,105)=1.68, p > .05). None of the predictors in Step 1
significantly contributed to the regression model. In step 2, ENT variables were entered into

the regression equation. The change in variance accounted for (AR?) was equal to .075, which
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was not significantly different from zero, F(9,96)= .96, p > .05). Lastly, age, (p=-.002), and
type of school, (B=-.42), were negatively related to PCET-Perseveration whereas maternal
education, (p=.08), sex, (B=.34), grade, (B=.13), preschool background (p=.04), were
positively related. In other words, more years spent in preschool and being in a higher grade
make a non-significant increase in the PCET-Perseveration scores. However, neither the first
model (demographic variables) nor the second model (demographics plus ENT variables)
predicted scores on the Perseveration in the PCET to a statistically significant degree.

The unstandardized regression coefficients (B) and intercept, the standardized

regression coefficients (f), for the full model are reported in Table 21.
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Table 21
Hierarchical Regression Analyses for the PCET Scores

PCET Scores B SE-B B t p Rsquare Fchange
Concept Formation

Step 1 .000** .26 6.3
Demographics

Age .024 .016 .25 1.49 138

Maternal Education .024 A0 .020 22 .823

Sex -.08 A7 -.04 -.46 .643

Grade 37 A7 .32 2.13 .035*

Preschool -.033 A5 -026 -21 .828

Background

Type of school -.30 .28 -14 -1.07 .283

Step 2 .000** A7 4.24
ENT Variables

Comparison .46 A5 .25 3.01 .003

Classification A7 .078 .20 2.23 .028

Perseveration

Step 1 132 .09 .1.68
Demographics

Age -002  .018 -016  -.086 931

Maternal Education .08 A2 072 .705 482

Sex .34 19 17 1.8 .075

Grade 13 .20 A1 .69 492

Preschool .04 A7 .03 24 .810

Background

Type of school -42 31 -.20 -1.35 179

Step 2 476 .16 .96

ENT Variables

Note. * p< .05, ** p< .01 (two tailed).
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Chapter 4. Discussion

The present study aimed to investigate the nature of and the relationship between two
tests of cognitive flexibility and developmental trends in cognitive flexibility in a group of 5-
to 8-year-old children as measured by these tasks. The study also aimed to examine the two
cognitive flexibility tasks in terms of their appropriateness for this developmental period as
well as their association with developments in the ability to quickly understand, approximate,
and manipulate numerical quantities. The major goals of the study can be examined under
four headings, (a) the factor structures of the two EF tests to explore children’s
developmental trajectories on each indicated executive domain, (b) the extent of relationship
between the two EF tests, (c) the relationship between executive functioning and number
sense, and (d) grade and age-related differences in children’s EF and numerical
performances. Results will be discussed by addressing these main targets of the study.

4.1 Developmental Trends in Cognitive Flexibility Tasks

One of the primary aims of the present study was to track the developmental
trajectories of two EF tests namely the WCST and PCET in a sample of 5- to 8-year-old
children. The results in our sample show a regular improvement in performance in each of the
most relevant variables of the WCST and PCET with an increasing age. However, the general
trend in both tasks indicated a significant improvement only in concept formation scores
between ages 5 and 6, but this trend is less sharp after age of 6. In other words, finding that 5-
year-old participants completed fewer categories than 6- and 7-year-old participants supports
previous research on the WCST performance across different developmental levels and ages
(Chelune & Baer, 1986; Heaton et al., 1993; Roselli & Ardila, 1993; Seidman et al., 2005;
Shu, Tien, Lung, & Chang, 2000; Willcutt et al., 2005). In fact, significant changes in

cognitive flexibility ability with an increasing age was also documented when cognitive
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flexibility capacity was assessed with other tasks (Blaye & Bonthoux; 2001; Chen, 1999;
HermerVazquez, Moffet, & Munkholm, 2001; Zelazo, Frye, & Rapus; Deak, 2003).

These age-related changes might originate from several reasons. First, the age related
difference may be related to a general immaturity of different perceptual systems (Benedek,
et al., 2003; Jeon, et al., 2010; Skoczenski & Norcia, 2002), attentional mechanisms
(Johnson, 2002; Farzin, et al., 2010, 2011), inhibitory capacity (Diamond, 2002) or visual
working memory capacity (Cowan, et al., 2011; Simmering, 2012; Wilson, et al., 1987), and
multiple object tracking (O’Hearn, Landau, & Hoffman, 2005). However, none of these areas
were the topic of interest in the present study. It is not possible to conclude whether the poor
performance was related with a general immaturity or immaturity specific to cognitive
flexibility.

In support of this argument, studies show that regarding the specific ages at which
cognitive flexibility capacities show a rapid improvement. Although the ability to generate
concepts and classify objects appears between the ages of 3 and 4, these abilities manifest a
significant progress around the ages of 4 and 5, which enables children to observe two sorting
criteria in the same group of objects (Smidts, Jacobs, & Anderson, 2004). However, the
ability to define a third classification criterion improves only after ages of 5 (Luciana &
Nelson, 1998; Smidts, Jacobs, & Anderson, 2004). Children younger than age of 7 years still
experience difficulties in more complex tasks that require identification of categories (Smidts
et al., 2004). All in all, the present study reveals that 5 to 6 years of age is the period when a
significant improvement occurs for this specific sample of children. To be able to fully
understand the underlying mechanisms of this age group, there is a need for studies with
larger sample of children in the future.

Second, lower scores of younger children may be related to task characteristics, more

specifically the cognitive demands of tasks and younger children’s inability to meet even the
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basic demands of these tasks. The WCST require participants to sort cards based on three
different criteria (color, shape, and number respectively) and flexibly adapt when the sorting
rule is changed without being informed. However, PCET applies an odd man out paradigm
where the child has to choose one card that does not belong to other three cards based on
three different criteria (line thickness, shape and size). For a successful performance in these
tests, there might be a threshold for the maturation of the required cognitive capacities
regarding the concept formation between ages of 5 and 6. In other words, although there is a
consensus regarding the developmental changes in the executive function (Bujoreanu &
Willis, 2008; Kohli & Kaur, 2006; Somsen, 2007), critical ages at which these changes occur
are still a matter of debate. The significant difference between 5- and 6-year-olds obtained
from the current study might indicate a differential maturation process of certain brain
regions for this sample of children.

Third, additional regression analyses with age and grade being included revealed that
the grade is able to predict the changes in the concept formation scores of both the PCET and
WCST over and above age. For this sample of children, 5-year-old children were the ones
who attend to preschool whereas 6- and 7-year-olds were in formal schooling. Thus, the
difference might be related with the effects of formal schooling in addition to age. The
performances of first and second graders did not differ on any of the measures in the present
study except the two scores in the ENT while there was a significant difference between
preschoolers and first graders for concept formation scores in both the WCST and PCET but
not for perseveration or set maintenance. In line with this argument, it was claimed that
children of similar ages might vary in their skills, strategies and cognitive structures
employed during the EF tasks due to malleability of the brain (Segalowitz & Davies, 2004).
In other words, depending on the age, children have the chance to improve the required skills

needed in the EF tasks which creates variability among same age children. Other researchers
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also provide evidence for the vital effect of intervention programs and experience with
problem solving in real-world situations while interpreting the results of card sorting tests in
addition to age and general intelligence (Chan, Lam, Wong, & Chiu, 2003; Olesen,
Westerberg, & Klingberg, 2004; Rueda, Rothbart, Saccamanno, & Posner, 2005; Zelazo,
Miiller, Frye, & Marcovitch, 2003). An earlier study by McCrea, Mueller, and Parrila (1999)
found that children between ages of 7 to 9 years who attend to school perform better on the
executive function tasks, revealing a small to moderate effect of schooling experiences on
executive function. A more recent study with preschool children in transition to school
examined schooling and age effects on inhibition and working memory (Burrage et al., 2008).
They revealed that there was a significant influence of school related experiences on the
memory whereas these effects were not significant for inhibition. Hence, these studies
provide evidence for related but separable influences of age and formal schooling on the
development of executive function in preschool and early elementary school children.
Furthermore, for the sake of the present study, the significant effect of grade on the concept
formation rather than perseveration and set maintenance might be related to the fact that each
subfactor in the EF tasks follows a different developmental trajectory.

Moreover, the present study also made a crucial contribution to the literature by
providing evidence for the view that years spent in preschool is a significant predictor for
concept formation scores. Researchers also highlighted the difference between the children
who attend to preschool to those who did not. They emphasized that children who have a
preschool background have higher scores on concept formation tests compared to others who
have no preschool background (Akman et al., 2000; Celik, 2005; Hayran, 2010; Schwartz et
al., 1975). Education might have a positive effect on the performance of children through
providing them with better working memory, verbal reasoning and spatial processing skills,

as well as better memory accuracy and faster motor speed (Moore et al., 2015). Hence, the
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preschool background might be one of the factors that may have contributed to EF
development.

Further analyses did not reveal any significant differences between public and private
school children. These results may stem from several reasons. First, the number of children in
the present study was small. Second, the public schools that were used for the data collection
were not in a deprived socioeconomic status and they had good physical conditions as well.
However, this finding might be a hint for the effect of several different variables related with
the schooling on children’s performance such as teacher quality, curriculum and materials.

Consistent with the previous findings on the WCST (Ardila et al., 2005; Patterson,
Bock, Pasnak, 2015; Shu et al., 2000; Yeniad, 2009), the current study did not reveal any sex
difference on the PCET and WCST scores. Nevertheless, literature lacks studies on the PCET
regarding the sex difference. Hence, further studies should explore these effects on the PCET
performances of children.

Moreover, the current results showed no significant effect of parental education level
on variables related to both conceptual thinking and perseveration. This result is in contrast
with the literature indicating a strong association between parents’ educational level and
children’s cognitive performances (Ardila, Roselli, Matute, & Guajardo, 2005; Gur et al.,
2010; Kagitcibasi, Bekman, & Goksel, 1995; Klenberg, Korkman, & Lahti-Nuuttila, 2001).
In addition, the present study did not reveal any effect of maternal education on the ENT
scores as well, which is consistent with the previous research (Onkol, 2012). These results
suggest that the difference in the PCET and WCST scores depended on some conditions other
than maternal education. Several studies emphasize the role of maternal depression (Hughes,
Roman, Hart, Ensor, 2012), affective quality of the mother—child relationship (Bernier et al.,
2010; Estrada, Arsenio, Hess, & Holloway, 1987), general environmental stress and chaos

(Rhoades, Greenberg, Lanza, & Blair, 2011) on executive functions. However, why the
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education level of mothers did not predict the WCST and PCET scores still needs to be
investigated.

4.2 Assessment of Executive Functions: Internal Structures of Measures

Another goal of the present study was to explore the relationship between the scores
of two EF tests namely as the the Wisconsin Card Sorting Test and the Penn Conditional
Exclusion Test. It was expected that both EF tests will composed of different components
which may be correlated with one another. The results of the study showed that both
executive function (EF) measures, the WCST and the PCET, have two overlapping factors,
namely concept formation and perseveration (or cognitive inflexibility) in a sample of 5- to 8-
year-old children. However, the WCST has an additional factor named as set maintenance in
the present study. Hence, the results are in line with the argument that some of the EF
measures requires more than one cognitive capacity (Baron, 2004). To be more specific, the
present study supports previous findings that indicated specific WCST scores load on
different factors rather than being categorized under a single factor (Greve et al., 1998; Greve
et al., 2002; Greve et al., 2005; Koren et al., 1998; Lee et al., 2004; Yeniceri & Altan Atalay,
2011). The internal structures of these tests are discussed here separately with respect to
consistencies and inconsistencies with the previous research.

4.2.1 Factor structures of the executive function tests.

Despite the controversy in the previous research, the results of this study support
three factor structures (Greve et al., 2005). Additionally, the present study is the first study
investigating the factor structure of the PCET in children younger than 8 years old and
revealed a two factor structure tapping on to concept formation and perseveration. This
finding is in line with the study conducted by Silver and Bilker (2013) who examined the
factor structure of the PCET in a group of adults. Nevertheless, there is a need for further

studies conducted with children to be able to make better comparisons.
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The first factor, named concept formation, was composed of conceptual level
responses (CLR), categories completed (CC), nonperseverative errors (NPE), and unique
errors (UE) scores for the WCST whereas it included accuracy, efficiency and categories
completed scores for the PCET. Similar names have been used in previous studies such as
conceptualization, concept formation, learning, reasoning, and problem solving (Senturk,
Yeniceri, Ercan, Altan-Atalay, 2014; Yal¢in & Karakas, 2008; Karakas, 2004; Yenigeri,
Altan-Atalay, 2011). The scores on the WCST reflect the ability to recognize the possible
sorting concepts and problem solving (Greeve, Kevin, Bianchini, 1998) and poor
performance on the WCST in this specific factor may implicate the difficulties in task
conceptualization. However, it reflects an underlying process of abstraction, taking the speed
and accuracy trade off into consideration for the PCET. In other words, for the WCST, error
number may increase as a result of difficulties in generating a new conceptual pattern.
Specifically, lower scores on the number of categories completed score is accepted as an
indicative of conceptual problems. Different than the WCST, accuracy score of the PCET is
related with correct responses achieved in each category whereas efficiency includes both
accuracy and speed scores. Specifically, high speed and less errors (accuracy) mean that the
child has correctly understood the rule of the task and is working on the task efficiently.
Thus, it is not surprising that both the WCST and PCET scores are an indicator of concept
formation for the present study.

The second factor, perseveration (or cognitive inflexibility), is comprised of scores
that seem to measure the inability to shift from an incorrect response set. This factor includes
perseverative responses and perseverative errors (PE) scores for the WCST whereas it is
composed of correct responses, incorrect responses, perseverative errors and perseverative
responses scores for the PCET. This factor reflects deficiencies in mental set shifting (Kongs,

Thompson, Iverson, & Heaton, 2000). Perseverative performance on the WCST can be
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explained in relation to problems in cognitive flexibility (Zelazo, 2006) which is also called
as set shifting (Davidson et. al, 2006). Zelazo and Muller (2002) distinguished two types of
cognitive inflexibility as the root of the perseverative behavior in children. One is related
with the concept formation while the second one concerns the failure to inhibit the
inappropriate responses. Consistent with the second argument, set-shifting process is claimed
to better function if one is able to inhibit the old rule (Dillon & Pizzagalli, 2007) and this
ability of set shifting makes a robust development after age of 8 (Crone et al., 2006). In sum,
inhibition of irrelevant responses and the ability to flexibly shift to a new context
significantly determine the number of perseverations in the WCST.

The third factor, set maintenance, emerged as a factor only in the WCST and it is
composed of trials to complete first category (TC1st) and failure to maintain set (FMS)
scores. FMS was emerged as a distinct factor in several studies (Greve, Bianchini, Hartley, &
Adams, 1999; Yeniceri & Altan-Atalay, 2011). The present study provides partial evidence
for this finding. Although T1stC was found to load onto concept formation factor in several
studies (Heaton, 1981; Sing, Aich, Bhattarai, 2017; Yeniceri & Altan-Atalay, 2011), the
present study made a contribution by showing that T1stC might be related with a process
other than concept formation in this age group of children. Not being able to maintain the set
might stem from a loss of focus on the task due to boredom, mind wandering, or an inability
to maintain task relevant goals (Figueroa & Youmans, 2013). Hence, failure to maintain set
may result in failures while completing categories. This argument is consistent with the
research showing that the ability to maintain a set might be largely related with distractibility
rather than cognitive flexibility (Barcel6 & Knight, 2002) and this ability reaches adult levels
of performance around age of 13 (Crone, Ridderinkhof, Worm, Somsen & van der Molen,

2004).
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The current findings revealed that the WCST and PCET are assessing various
components of EF rather than being limited to one single domain. Thus, they can be
considered valuable tests, enabling the researchers to gain insights into some executive
cognitive processes. However, it is difficult to identify the specific cognitive process of the
participant which leads to failure in these tasks. Thus, there is a need for more specific and
less-complex tasks, which will provide researchers with more reliable data (Stuss, 2006).

4.2.2 The internal structures of the EF tests.

In the present study, similar factorial components were observed for two EF tests, the
WCST and the PCET, in a sample of 5- to 8-year-old children. By comparing the internal
structure of the PCET with internal structure of the WSCT, the present study indicates that
the PCET is valid instrument in the assessment of EF of 6- to 8-year-old Turkish students but
not for 5-year-olds. The present data showed that 5-year-olds had significantly different
scores in concept formation of both the PCET and the WCST and regression analysis yielded
significant findings only for the two concept formation scores. It is observed that concept
formation scores of the PCET is significantly correlated with the concept formation scores of
the WCST. In this regard, intelligence was found to be related to concept formation
proficiency in earlier studies (e.g., Baggaley, 1955; Gridley, & Barnes, 1995). Some accepted
the capacity for learning concept-formation habits as a component of intelligence (Denny,
1966; Kagan, 1966). Furthermore, concepts were accepted as essential while perceiving
classroom conversations and teacher directions (Bracken, 1986), the administrative
instructions of intelligence tests (Bracken, 1986) and academic achievement (Cummings &
Nelson, 1980; Panter, 2000). Given that the present study did not include a measure of
intelligence due to time constraints, it is not possible to draw a conclusion regarding the

relationship between concept formation and intelligence. On the other hand, the present study

claims that the concept formation factors of both tests are associated with each other. This
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argument is also consistent with studies underlying the role of abstraction in developing
cognitive flexibility (Jacques and Zelazo, 2005; Rougier et al., 2005; Wallis et al., 2001;
Vygotsky, 1962; Zelazo et al., 2003). However, it cannot be suggested that these factors are
almost identical since correlations among those scores are at the moderate level (r=.40). In a
study, Perrine (1993) suggested that similar tests utilized to measure concept formation might
reflect different components of the construct such as rule learning or identification of
stimulus attributes. Based on this evidence, such a difference in the meaning of factors for
WCST and PCET may be due to the calculation and evaluation of the subscores. Considering
the components of concept formation factor in the PCET, a principal component analysis
with a direct oblimin rotation revealed three scores namely CAT, ACC2 and EFF. Accuracy
score in the PCET is defined as the proportion of correct responses compared to total scores
in each category (Gur et al., 2010), whereas efficiency score is to be able to give accurate
responses as fast as possible. For example, if an individual had an accuracy score of 2.50
(very accurate) and a speed score of —2.50 (very slow), his/her efficiency score would be 0.
High speed and accuracy mostly require identification of stimulus. However, the WCST does
not include a speed variable in the calculation of concept formation.

Moreover, this moderate correlation might stem from the fact that stimulus
attributions such as shape, size, number or line thickness require a certain level of conceptual
reasoning. Conceptual reasoning has been accepted as part of executive functions in earlier
studies. Because, executive functions in general are related with one’s ability to evaluate the
accuracy of their own performance which requires metacognition (Roebers et al., 2012).
Moreover, metacognitive skills are reported to be related with conceptual reasoning and thus
may contribute to cognitive flexibility (Bilalic, McLeod, & Gobet, 2008). Confirming
Bujoreanu and Willis (2008) who showed that although young children might complete some

categories in card sorting tests, this might not be an indicator of their conceptual reasoning.
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Because, Lezak (1983) stated that most of the tests such as the WCST and Object
Classification Test measure conceptual function in relation with mental flexibility.
Confirmingly, Greve et al. (2000) found that the development of concept recognition
precedes sorting ability. The present study revealed that 5-year-old children have a significant
difference not just in the concept formation of the WCST but also the PCET. Hence not just
the number criteria in the WCST but also the line thickness, size or configurational
differences in the PCET may confound the performance of younger children. In support with
this argument, Grant and Curran (1952) concluded that abstraction of different concepts such
as number, form and color does not have the same effect on the performance of children.
Because, children’s perception of color, depth, shape and spatial features are reported to
exhibit different developmental patterns (Johnson & Hannon, 2015). Perception of
dimensions is vital in the sense that conceptual structure is based on the perception (Smith &
Heisse, 1992). In line with this argument, the tasks used in the present study includes
different dimensions such as color, shape, number, thickness and size. Thus, it is meaningful
that the findings of the present study has provided a moderate correlation only between the
concept formation scores of the PCET and WCST. Regarding the development of the
dimensions, research shows that terms such as color or size are acquired in different ways.
Although size terms such as big and little are used starting from early childhood, children
treat them as categorical terms rather than relative terms (Sandhofer & Smith, 2001). Thus, it
might be hard for a child to think of an object as smaller compared to another one when it is
labeled as big. Because, size words are fully comprehended around age of 5. And children’s
criteria that define size become fixed by age of 6 (Sandhofer & Smith, 2001). This applies to
perception of shapes as well. Although children start to identify the shapes as circle, or
triangle around age of 3, they have problems with categorizing these shapes based on the

non-integral attributes of size, orientation, aspect ratio (i.e., the ratio of side lengths)
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(Hannibal, 1999) and spatial segregation of different dimensions (Kloo & Perner, 2005;
Zelazo et al., 2003). Thus, the present study made a crucial contribution by showing that the
scores achieved on the WCST and the PCET might be affected by the conceptual deficits
rather than solely cognitive inflexibility in this sample of children (Cinan, 2006).

In addition to moderate correlations between the two tests, group comparisons with
factor scores also revealed different developmental trajectories for the Perseveration in the
WCST and PCET. The PCET-Perseveration score is found to increase from 5- to 6-year-olds
while starting to decrease from 6-to 7-year-old. However, it was the opposite for the WCST.
Cognitive flexibility is a multidimensional concept and the way it is assessed by WCST and
PCET may be completely different from each other and this can explain the lack of
correlation between these two measures of perseveration. Besides, correlations among
perseveration scores of the tests revealed that perseveration factors of the PCET and the
WCST are not statistically related to each other although these tests have a perseveration
component. The most prominent reason for this insignificant relation would be the different
variables included in their perseveration factors. For instance, although WCST has
perseverative errors and responses in the perseveration factor, the PCET includes one
additional score that is number of incorrect responses, which is not included in the
perseveration factor of the WCST.

Similarly, Cinan (2006) argued that there are two kinds of cognitive inflexibility
named as “representational inflexibility”, and “switching inflexibility” (p. 378).
Representational inflexibility stems from the improper forming of the rule or concept whereas
switching inflexibility refers to a problem in flexible application of the rule due to the failure
of inhibiting the prepotent response. For this specific sample, it might be the case that
instruction given in the PCET (find the one that does not belong to the others) is hard to

understand for younger children compared to the instruction given in the WCST (match with
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the similar one). Because, finding the similar card with another card and finding the different
card among the whole cards might be related with different conceptual levels (Ravizza &
Carter, 2008). Deak (2003) also noted that perseverating on a rule might be due not to general
inflexibility but rather to poor comprehension of a cue or rule. Or the materials used in the
educational settings in Turkey mostly include the similarity activities rather than the latter.
However, this claim needs further investigation of the results in a larger sample of children
attending several different schools.

In sum, younger children might have problems in comprehending the rule in the
PCET whereas they have difficulties in inhibiting the previous response in the WCST. Hence,
the perseveration scores in the two tests are not correlated with each other. Nevertheless,
further investigation is necessary for a comprehensive understanding of similarities and
differences of perseverative behaviors measured by these tests since the PCET is a newly
adapted EF measure for children.

A crucial question regarding these EF tests would be whether or not these tests can be
used as an alternative to the other. Regarding this question, the present study investigated the
internal structure of both tests and the statistical correlations among their scores in a sample
of 5- to 8-year-old Turkish children. Results suggest that although the PCET and the WCST
provide assessment of similar components (i.e., concept formation and cognitive
inflexibility), these capacities do not refer to identical constructs. More specifically, the
concept formation scores of the PCET and the WCST are moderately related, whereas the
perseveration factors are not significantly related to each other. In this regard, present study
cannot claim that the PCET and the WCST can be used as an alternative to each other, but
both tests have some advantages and disadvantages in comparison to the other.

Considering all, it is claimed that the PCET and the WCST are not used

interchangeably, but they are valid screening instruments for measuring executive
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functioning for children older than 6-year-old for the present sample of children. Finally,
given concerns of possible developmental discontinuities, it seems that the use of complex
concepts as a sorting criteria in the sorting tasks requires further study at least for children
younger than 6 year old. Considering all these findings, the differences in the factor loadings
might be evaluated critically in order to understand the mechanisms of executive functions in
this specific developmental period of time.

4.3 Development of Number Sense

Another focus of interest in the current study was to investigate the developmental
process of number sense in this specific sample of children. The results of the present study
showed that there was an overall improvement in children’s performances between 5 and 6-
year-olds in terms of numerical knowledge which may be indicative of a critical period for
the development of this capacity. Secondly, the only significant difference between 6 and 7-
year-olds were in using numerals and applying knowledge of number scores for the present
study. This indicates that not just age but the effect of grade should not be disregarded since
ENT items are mostly related with the skills that are learned in the first grade. The
standardization study of the ENT with 6-year-old Turkish children revealed significant
differences between all age groups (4-, 5-, 6-, and 7-years-old). In partial contrast with this
finding, the present study could not find any significant differences between 6- and 7-year-
olds. This difference might stem from the fact that Onkol (2012) used 6-year-old children
who attend to pre-school in her study. However, in the sample of the present study, 6 years-
olds were mostly compromised of children who attend to first grade. Thus, the difference
may be due to schooling factors and changes in Turkish educational curriculum, resulting in
an earlier ceiling in this sample of children. The impact of environmental factors and
schooling on ENT scores likewise, had also been demonstrated by Onkol (2012), Sirin (2011)

and Yalim (2009).
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Considering all the questions together it was concluded that ill skills examined in the
study there was a development by age. Increase in the ENT scores with age seemed to be the
result of both cognitive development and the experiences gained with the attendance to
primary school.

4.4 The Relationship between Executive Functions and Number Sense

Another purpose of the present study was to investigate the relationship between the
EF and number sense. Concept formation and flexible use of sorting rules have a vital impact
on the development of academic skills (VVan der Sluis, de Jong, & Van der Leij, 2007). It was
found that poor mathematical skills in early years of education is related with difficulties in
tasks that require inhibition of inappropriate responses and flexible use of previously existing
strategies (Bull & Scerif, 2001). In addition, Van der Sluis et al. (2007) emphasized the
important role of EFs for numerical problems which require use of reasoning instead of
memorization. Current results demonstrated that some sub-scores of ENT are correlated with
the PCET and WCST at a moderate level. In addition, regression analysis results show that
only comparison, classification, and estimation scores of the ENT significantly account for
21% of the variation in the concept formation scores of the PCET and 19% of the concept
formation scores of the WCST but none of the predictors significantly predicted
perseveration and set maintenance factors. Thus, the findings of the current study seem to be
compatible with the view that executive function (PCET and WCST) and numerical
knowledge (ENT) instruments measure somewhat related constructs (Van der Sluis et al.,
2007). Yet, it is impossible to make a claim regarding the association between cognitive
flexibility and number sense for the specific instruments without examining the possible
confounders.

Taken the factorial structure of the WCST and PCET into consideration as mentioned

above, it is clear that the WCST and PCET scores that were correlated with the ENT scores in
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fact reflect the concept formation factor of the WCST and PCET. In light of the findings
mentioned above, the inter-correlations among the certain scores of the WCST, PCET and
ENT in this study can be explained by the fact that all these tasks require conceptual thinking
ability in common. Firstly, regarding the EF tasks, it is difficult to understand whether the
performance is related with the conceptual knowledge or flexible thinking itself when
different sorting criteria such as number, shape, size and density is included. A few studies
(Frye, Zelazo, & Palfai, 1995; Zelazo et al., 2003) have explored size- and number-based
rules. They found that prior difficulty of the rules is one of the factors affecting the
performance of preschool children in EF tasks (Deak, 2003). Also called as subtask difficulty,
it is stated to be a vital factor while comparing flexibility across tests. The present study also
supported the finding that children’s ability to comprehend and make use of the task rules
affect their overall flexibility in a test. Likewise, numerical competence also requires the use
of abstract thinking capacity, since the essence of mathematics is dependent on concepts and
relationships as well as symbols (Jovanova-Mitkovska, 2014). Thus, from this point of view,
it is not surprising that the most robust correlations of the ENT were found with the Concept
Formation scores of the WCST and the PCET. Overall, the present study provided data on the
relationship between children’s EF performances and their numerical knowledge scores.

4.5 Limitations and Future Directions

The main limitation of this study is that the participants were selected through
convenience sampling, resulting in a non-representative sample. Larger sample size would
have allowed for examining factorial structure of the WCST and PCET for this age group,
which will contribute to establish construct validity. Second, the test battery did not involve
scales assessing WM and fluid intelligence due to the time constraints of administration. In
this regard, further studies should include WM and fluid intelligence measures in order to

obtain more comprehensive conclusions. Third, since the PCET is a new task, further
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investigations on the PCET are required with different clinical and non-clinical samples, with
different EF measures, and for other age groups.

Finally, a recent study emphasized the importance of enhancement programs for pre-
school children in order to improve their performance on two EF measures, DCCS and task
orientation (Bierman et al., 2011). Nevertheless, further studies should employ different
measures of multiple executive function components to see which executive function
processes is influenced by school-related experiences. It would add considerably to our
understanding of early executive development to know whether environmental effects

account for individual differences in EF skills.

Chapter 5. Conclusion

The current study was the first study conducted with 5- to 8-year-old Turkish children,
which examines the factor structure of not just the PCET but also the WCST. Additionally, a
comparison of the WCST scores with the PCET revealed a common factor, concept
formation, which might be affected by the difficulty level of the sorting dimensions for
children 5 to 6-year-old. However, further research should be conducted with other computer
based tasks for executive functioning skills, adequate sample size and participants that are

seemingly heterogeneous.
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AYDINLATILMIS ONAM FORMU

Sayin Veli,

Kog Universitesi Psikoloji Boliimii 6gretim iiyesi Ayse Altan Atalay ve tez dgrencisi Meryem
Sogiit tarafindan “sayi bilgisi ve yonetsel beceriler” konusunda yiiriitiilen aragtirmaya
¢ocugunuzun katilimi rica olunmaktadir. Bu ¢alismada katiliminiz tamamen gonalliilik
esasina dayanir. Liitfen asagidaki bilgileri okuyunuz ve katilmaya karar vermeden 6nce

anlamadigimiz her hangi bir sey varsa ¢ekinmeden sorunuz.

CALISMANIN ADI: Sayi Bilgisi ve Yonetsel Beceriler Arasindaki Iliskinin 5-8 Yas
Grubu Cocuklarinda Incelenmesi

CALISMANIN AMACI

Bu calismanin amaci, okul 6ncesi ve okul ¢agindaki ¢ocuklarin say1 bilgisi ve yonetsel
becerileri arasindaki iliskiyi arastirmaktir.

PROSEDURLER

Bu calismaya goniillii katilmak istemeniz halinde yiiriitiilecek ¢aligmalar soyledir;

S6z konusu calisma icin zihinsel esneklik ve soyut diisiinebilme testleri olan Wisconsin Kart
Esleme Testi ve Penn Durumsal Ret Testi kullanilacaktir. Bu testlere ilave olarak, say1
bilgisini 6l¢gmek i¢in Erken Say1 Testi uygulanacaktir. Okul miidiirliigiiniiziin uygun buldugu
saatler igerisinde yliriitiilecek olan ¢alismada testler egitilmis arastirmacilar tarafindan
ogrencilere teker teker uygulanacaktir. Testlerin tiimiiniin tamamlanmasi her ¢cocukla yaklasik
60 dakika surmektedir.

OLASI RISKLER VE RAHATSIZLIKLAR

S0z konusu Olgeklerin ¢cocuklar tizerinde olumsuz bir etkisi yoktur.
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TOPLUMA VE/VEYA DENEKLERE OLASI FAYDALARI

Bu ¢alismanin amaci, ¢alismaya katilan Tiirk ¢ocuklarindaki say1 bilgisinin gelisimsel
stirecinin ve bu silirecin yonetsel becerilere katkisinin tanimlanmasidir.

GIZLILIK

Bu calismayla baglantili olarak elde edilen ve sizinle 6zdeslesmis her bilgi gizli kalacak, 3.
kisilerle paylasilmayacak ve yalnizca sizin izniniz ile ifsa edilecektir. Gizlilik tanimlanmis bir
kodlama prosediiriiyle saglanacak ve kod ¢oziimiine erisim yalnizca ¢alismanin sorumlusu
aragtirmaciyla sinirli kalacak ve diger arastirmacilara agik olmayacaktir. Tiim veriler, sinirh
erisime sahip gilivenli ve sifreli bir veritabaninda tutulacaktir.

KATILIM VE AYRILMA

Bu calismanin i¢inde olmak isteyip istemediginize tamami ile bagimsiz ve etki altinda
kalmadan karar verebilirsiniz. Arastirmaya yalnizca velisinin izni olan dgrencilerin
alimacagin belirtir, cocugunuzun katilimi i¢in izninizi rica ederim. Bu ¢alismaya goniillii
olarak katilmaya karar vermeniz halinde dahi, sahip oldugunuz her hangi bir hakki
kaybetmeden veya herhangi bir cezaya maruz kalmadan istediginiz zaman ¢ekilebilirsiniz.
Calismadan ¢ekilmek isterseniz bir cezas1 yoktur ve sahip oldugunuz faydalar
kaybetmezsiniz.

ARASTIRMACILARIN KiMLiGi

Bu arastirma ile ilgili herhangi bir sorunuz veya endiseniz varsa, liitfen iletisime geginiz:
Meryem Sogiit

Kog Universitesi

Psikoloji BolUimu

E: msogutl6@ku.edu.tr
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Yukarida agiklanan prosediirleri anladim. Sorularim tatmin olacagim sekilde yanitlandi ve
diledigim zaman ayrilma hakkim sakli kalmak kosulu ile bu ¢alismaya katilmay1

onayliyorum. Bu formun bir kopyas1 da bana verildi.

Veli Kodu

Veli imzasi Tarih

Arastirmacinin Imzasi Tarih
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APPENDIX B

Demographic Information Form
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DEMOGRAFIK BiLGi FORMU

COCUGUNUZUN isMi

COCUGUNUZUN DOGUM TARIHI (giin/ay/y1l)

VELININ YAKINLIK DERECESI (anne, baba, vs.)

Annenin meslegini yaziniz:

Annenin egitim seviyesini isaretleyiniz:
a) Lisanstistii (yiiksek lisans ve/veya doktora) b) Universite mezunu c) Lise mezunu

d) ilkogretim mezunu e) Okuryazar

Babanin meslegini yaziniz:

Babanin egitim diizeyini isaretleyiniz:
a) Lisanstistii (yiiksek lisans ve/veya doktora) b) Universite mezunu c) Lise mezunu

d) ilkogretim mezunu e) Okuryazar

Cocugun bakimini kim saglamaktadir? (Bakici, anneanne, babaanne, vs.)

Ailedeki ¢ocuk sayis1 kagtir?

Evinizde kimler yasamaktadir? (¢ekirdek aile yahut dede, hala, vs.)

Evinizdeki ortami nasil degerlendirirsiniz? (sakin, yogun, kalabalik vs. )

Cocugunuzla evde oyun oynar misiniz?

Cevabiniz evetse, ne gibi oyunlar

oynarsiniz?

Cocugunuzun belirtmek istediginiz bir saglik sorunu var m1?

Cocugunuzda renk korliigii var m1?
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Early Numeracy Test
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Versivon A icin Yonerge Aciklamalari

Kavramlarin Karsilastirilmasi

Materyal: Yok

YONERGE Al: Burada mantarlar goriiyorsun. Hangi mantarin bu ¢icekten daha uzun
oldugunu gosterebilir misin?

YONERGE A2. Burada tahtalar var. Bu tahtan daha kisa olan tahtayi isaretle. (Sayfanin
sol iistiinde kare icerisindeki tahtay1 gosteriniz.)

YONERGE A3: Burada adamlar gériiyorsun. Hangi adam bu adamdan daha sigsmandir?
(g6sterebilir misin?)

YONERGE A4: Burada Kizilderililer var (gdriiyorsun). Elinde yay ve ok olan Kizilderililin
basindaki tiiylerden daha az tiiyli olan Kizilderili’yi gdsterebilir misin?

YONERGE A5: Burada birbirine benzeyen kediler gériiyorsun. Buradaki kedilerin icinde en
az bry1g1 olan kediyi gosterebilir misin?

Siniflandirma

Materyal: Yok

YONERGE A6: Resimde bir balik, bir inek, bir yunus ve bir képek balig1 var (goriiyorsun).
Sence bunlardan kag tanesi ytizebilir onlar1 bana gosterir misin? (balik, yunus ve kdpek
balig1)

YONERGE A7: Buradaki adamlara bak. Sakali olmayan adamlar1 gésterir misin?

YONERGE A8.Buradaki resimlere bak. Resimlerden 5°li olmayanlari bana gdsterir misin?

(3-7).
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YONERGE A9: Bu resimde i¢inde 8 ¢igek olan bir vazo goriiyorsun. Resimlere bakip bana
icinde 8 tane ¢igek olan diger vazolar1 da gostere bilir misin? (f-g)

YONERGE A10: Bu resimde 10 noktas1 olan yesil sapl bir semsiye var (gdriiyorsun). Diger
semsiyelerin i¢cinden, bu resimdeki ile tamamen ayn1 olan semsiyeleri bana géstermeni
istiyorum. (b-d)

Eslestirme

Materyal: Yonerge 11 ve 15 i¢in bloklar, yonerge 13 ve 14 i¢in iki ¢alisma sayfas1 ve bir
kursunkalem.

YONERGE A11: Cocuga 10 blok verilir. Buraya bir zar atilmis ve “4” gelmis. Elindeki
bloklarin i¢inden ayni sayida blogu buraya koyabilir misin? (ayirabilir misin?).

YONERGE A12: Burada 3 tane otobiis gériiyorsun. (Uygulayic sayfanin sol iistiindeki
kareyi gosterir.) Otobiislerin sayis1 kadar noktas1 olan kutuyu isaretler misin?

YONERGE A13: Cocuga bir ¢aligma sayfas1 ve bir kursun kalem verilir. Burada mum ve
mumluklar (samdan) gériiyorsun. Mumlarin mumluklarin (samdanlarin) i¢ine koyulmast
gerekiyor. Hangi mum, hangi mumlugun igine koyulmali, ¢izgilerle ¢izerek gosterebilir
misin?

YONERGE A14: Cocuga bir ¢alisma sayfas1 ve bir kursun kalem verilir. Burada tavuklar ve
yumurtalar goriiyorsun. Her tavugun altina bir yumurta gelen resmi bulup, ¢izgilerle ¢izebilir
misin? (birlestirebilir misin?)

YONERGE A15: burada bir abakiis goriiyorsun. (Elinizle resmi gosterin ve elinizi resmin
tzerinde gezdirin). Sonra masaya 20 adet piyon koyun, ve abakusteki kadar piyonu
ayirmasini isteyin( piyonlar1 nasil koydugu 6nemli degil. Abakiisteki sira ile ayn1 olmasi

gerekmiyor. 17 piyonu ayirmasi yeterli)
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Serileme

Materyal: Yonerge 18 igin bir ¢alisma sayfasi ve bir kursun kalem verilir.

YONERGE A16: Buradaki kutularm iginde elmalar goriiyorsun. Hangi kutuda elmalar
biiyiikten kii¢iige dogru siralanmis. Gosterebilir misin?

YONERGE A17: Burada sayilar gériiyorsun. Bu sayilar1 1’den baslayarak dogru bir sekilde
siralayabilir misin? (bunu bir kere de yapmasi gerekli).

YONERGE A18: Cocuga bir ¢alisma sayfasi ve bir kursun kalem verilir. Burada ayakta
duran insanlar ve ekmek dilimleri gériiyorsun. En uzun boylu olan daha fazla dilimli ekmegi,
en kii¢iik olanda en az dilimli ekmegi yiyecek. Bu insanlarin yiyecekleri ekmekleri ¢izgiler
cizerek gosterebilir misin?

YONERGE A19: Bu kutularda bazi esyalar goriiyorsun. Bu kutulardaki esyalardan hangileri
hafiften agira dogru siralanmustir.

YONERGE A20: Burada bir futbol topu gériiyorsun. Bu top ile dort arkadas futbol
oynuyorlar ve gol atiyorlar. Oyunculardan Emre 2 gol atti, Hakan 3 gol atti, Arda 4 gol att1
ve Ali 5 gol att1. Burada gordiigiin sayilardan hangisi gol sirasin1 dogru gostermektedir?
Say1 Sayma

Materyal: Yok

YONERGE A 21: “20” ye kadar sayar misin?

YONERGE A22: Cocuga resim gosterilir ve 15. Yilan1 gdstermesi istenir.

YONERGE A23: “Birden baslayarak, 2’ser 2’ser 19’a kadar sayar misin? Uygulayici 1-3-5
diyerek cocuga ipucu verir.

YONERGE A 24: Bana buradaki “18.” Laleyi gdsterir misin?

YONERGE A 25: “14” ten geriye 2’ser 2’ser sayar misin? Cocuga kolaylik olmasi agisindan

29 ¢ 9% ¢

uygulayict “ondort 7, “oniki”, “on”, “sekiz”, "alt1” diye saymay1 baslatabilir.
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YONERGE A25: Simdi sana bir resim gosterecegim. Bu resme kisa bir siire dikkatle
bakmani istiyorum.( resim 2 saniye gosterilir ve kaldirilir) Zarin iizerinde kag (tane) nokta
vardi1?

Yapisal Sayma (Eszamanh sayma ve Kisaltilmis sayma)

Materyal: 27. ve 30. Yonergeler icin bloklar
YONERGE A26: Simdi sana bir resim gosterecegim. Bu resme kisa bir siire dikkatle
bakmani istiyorum.( resim 2 saniye gosterilir ve kaldirilir) Zarin iizerinde kag (tane) nokta
vardi1?
YONERGE A 27: Aralarinda az mesafeler olan “8” blok masa iizerinde bir daire igine
konulur. Bu bloklar1 sayar misin? (¢cocuklarin sayarken bloklart ayirmasina veya gostererek
saymasina izin verilir.)
YONERGE A28: Bagparmaklar saklanarak 8 parmak masa iizerine konulur. Cocuktan
ellerimize dikkatlice bakmasi istenir ve 2 saniye siire sonra eller masadan kaldirilir. Cocuga
kac parmak sayabildin? diye sorulur.
YONERGE A29: Burada 6 adet 2’li zar grubu gériiyorsun. bu zar gruplarindan hangisinde
“10 nokta” vardir? (e)
YONERGE A30: Aralarinda az mesafeler olan “20” blok dizilerek masaya konulur. Burada
kag blok oldugunu sdyleyebilir misin? (Cocuklarin gostererek saymasina izin verilir).

Sonucsal Sayma

Materyal: 31- 33- 34- 35. yonergeler i¢in bloklar kullanilir.

YONERGE A31: Masaya 3 adet blok konulur ve Burada “3” blok var denir. Bu bloklar
elimin altina itiyorum diyerek {izeri elimiz ile kapatilir. (sonra “3” blogu elinin altina dogru
iter ve bunu yaparken ¢ocuklara gosterir). Elimin altina “2” blok daha ekledim. Elimin

altinda kag tane blok var? (oldu) (5)
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YONERGE A32: Burada 1°den 10’a kadar dizilmis kartlara bakmani istiyorum.(Cocuktan
kartlara asagidan yukariya dogru, sira ile bakmasi istenir ve sonra kartlar kaldirilir.) bu
kartlardan biri eksikti, eksik olan kart1 fark edebildin mi? (4)

YONERGE A33: ¢ocuga “15” adet blok verilir ve cocuktan bu piyonlardan “11” tanesini
siralamasi istenir.(nasil siralandiginin 6nemi yok).

YONERGE A34: Aralarinda kiiciik mesafeler olan “9” blok masa iizerinde bir daire icine
konulur. Bu bloklar1 sayar misin? (¢cocuklarin gostererek saymasina izin verilmez)
YONERGE A35: Aralarinda az mesafe olacak sekilde masaya “14” blok konulur. Bu
bloklardan 5 tanesini alsam (¢ikarsam) geriye kag blok kalir?

Genel Sayi Bilgisi

Materyal: Yok

YONERGE A36: Burada “2” kutu gériiyorsun. Siyah kutunun iginde “onsekiz” seker var.
Beyaz kutunun icinde “onalt1” seker var. Hangi kutunun i¢indeki seker daha az? (B)
YONERGE A37: Burada “13 “ ve “15” rakamlarini griiyorsun. Bu rakamlarimn arasina
asagida gordiigiin rakamlardan hangisi girmelidir?

YONERGE A38: Resimdeki zar gosterilerek, “Bu bir zar, sen bu zarlar1 atiyorsun” denir ve
iki zar gosterilir. Simdi bak attigin zarlarin tizerinde kag tane nokta var ve sen piyonunu
nereye koymalisin?

YONERGE A39: Dokuzlu ve yedi noktal1 resim gosterilir. Yedi ve dokuz arasinda kag tane
nokta olmalidir? Dogru noktalar1 olan kutuyu bana gosterir misin?

YONERGE A40: burada 12 kek var (gdriiyorsun). Bu keklerin “7” tanesi yesem geriye kag

kek kalir?1 Buradaki kek resimlerinden hangisi kalan kekleri gosterir soyler misin?

Tahmin Etme Sol iist kdsedeki rakam gosterilerek “ bu sayiyr goriiyor musun? Bana kag

oldugunu sdyleyebilir misin? — eger ¢ocuk dogru cevabi verirse — peki simdi, bu say1
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gordiiglin ¢ubuk iizerinde hangi tarafa yakin olmali ve sence say1 bu ¢ubuk iizerinde nerde

durmali?
(Yonerge tiim sorular igin ayni. Cocuk sol iistteki say1y1 dogru bilemezse diger
soruya gecilir.)

YONERGE A41:

YONERGE A42:

YONERGE A43:

YONERGE A44:

YONERGE A45:

116



