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Abstract

Objective: The aim of this study was to examine meta-systems of cognition and their development,and the
pattern of relationships between types of information processing, executive functions, mental ability, and level of
cognitive development in children.

Method: The sample consisted of 80 healthy children (39 female and 41 male). Meta-cognition was measured
with the Word List and Evaluation of the Degree of Correctness of Knowledge, Feeling of Knowing, and Criterion
Test. Executive functions were assessed using the Wisconsin Card Sorting Test (WCST) and the TBAG form of the
Stroop Test. Mental ability was assessed using Raven’s Standard Progressive Matrices (RSPM). Level of cognitive
development was assessed using the Logical Reasoning Test (LRT).

Results: MANOVA and correlation analyses showed that meta-memory, executive functions, mental ability, and
level of cognitive development increased up to the age of 11 years. There were low correlations between executive
function and meta-memory test scores, and LRT. There was a low correlation between meta-cognition score and
LRT score. There was a low to medium correlation between meta-cognition score and RSPM score. Principal
component analysis showed that by 11 years of age, cognitive patterns in the children began to resemble those
of adults.

Conclusion: The study showed that the cognitive structure of the children was different from that of adults, as
executive functions and meta-cognitive processes in children were similar, but not identical. These processes did
not entirely match the Piagetian stages of cognitive development. The results of this study are discussed within
the context of the related literature.
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INTRODUCTION

ability to maintain cognitive configurations, and learn-
ing (Heaton, 1981; Spreen and Strauss, 1991; Lezak,

An effective cognitive system is able to protect sche-
mata and related cognitive elements, and to change/ar-
range or recreate these elements as needed. It should be
resistant to the debilitating effects of the environment,
scan the memory and track memory cues and play a role
in planning cognitive processes (Karakas and Karakas
2000). All of these operations are a part of human infor-
mation processing, collectively referred to as executive
functions. Executive functions are involved in abstrac-
tion processes, such as conceptualization, perseveration,

Received: 23.03.2007 — Accepted: 04.12.2007

Kizbes Yalgin MD., e-mail: kyalcin2004@yahoo.com

1995).

A similar concept rooted in the cognitive-experimen-
tal literacure—meta-cognition—involves one’s awareness
of his/her mental operations and his/her ability to direct
them towards goals (Dienes and Perner, 1999; Crick,
2000). The target-level launches and completes the oper-
ations in meta-cognition. Meta-cognition is at the top of
the cognitive system hierarchy and monitors operations
in the target-level. This monitoring and awareness allow



individuals to “know what is known”. Meta-cognition
provides both retrospective monitoring and prospective
monitoring (Nelson and Narens, 1990). It consists of a
cognition type that is widely studied in the field of cog-
nitive psychology area—memory. Memory processes in-
volve retrospective monitoring, such as recognition and
recall, as well as prospective monitoring processes such as
feeling of knowing (FOK). The FOK paradigm is one’s
judgment about whether s/he can recall a memory in
some future memory test that s/he does not currently
recall.

According to Piaget’s theory of cognitive develop-
ment, the abstraction stage of development is marked
by cognitive abilities, such as cognitive flexibility and
abstraction, mentally testing hypotheses, reasoning, and
problem solving (Gander and Gardiner, 1998; Ergenc,
2001). Another characteristic of this stage is thinking for
the sake of thinking (Aydin, 1997). These characteris-
tics of abstract reasoning are involved in executive func-
tions and meta-cognitive processes. At a specific point of
cognitive development (which is adolescence according
to Piaget) it is possible one to process on what s/he is
thinking/processing mentally. This ability develops with
age and as age increases, meta-cognitive abilities evolve
(Koriat, 1993). Moreover, researchers indicate that FOK
judgment improves from childhood to adolescence (Za-
brucky and Ratner, 1986); however, some researchers
(Butterfield et al., 1988; Lockl and Schneider, 2002) ar-
gue that the quality of FOK judgment does not follow a
developmental trend.

It has been suggested that there is a relationship be-
tween performance in abstract operations and general
intelligence (Hooper et al., 1985), and working memory
(Taylor, 1998). Shute and Huertas (1990) reported that
there is a strong relationship between abstract operations
and executive functions.

During memory performance, 2 potential responses
are possible: remembering and not remembering, in other
words, knowing (K+) and not knowing (K-). One’s eval-
uation of his/her memory performance (meta-memory)
has 3 possible responses in retrospective meta-cognition.
In retrospective memory, there are two components: one
is the evaluation of the correctness of responses (correct
or incorrect or undecided) and other is the correctness of
the responses based on reality (correct or incorrect).

In this way, if a person is confident of what s/he
knows, s'he might know what s/he knows (K+ K+) (1).
If not confident, this means s’he does not know what
s/he knows(K+ K-) (1). If one cannot evaluate what s/he

knows, but provides a correct response, then it means s/
he cannot accurately judge his/her knowledge, (K+ KO0)
(1). If one is confident of his/her answer, which is actu-
ally incorrect, this means s/he does not know what s/he
knows, (K- K-) (1). If not confident with the accuracy
of the response, it means s/he knows what s/he does not
know (K- K+) (1). If a person does not evaluate his/her
knowledge and gives an incorrect response, then it is (K-
Ko0) (1).

Prospective meta-cognitions are presented in Table
I1. During memory performance there can be 2 potential
responses: knowing (K+) and not knowing (K-). FOK
judgment involves 3 responses: the first 2 are decisions
about whether the response is correct or incorrect and
the other is lack of an evaluation of one’s own knowl-
edge. These response probabilities make a 2 x 3 matrix.
The correctness of the response involves correct or in-
correct responses, while the judgement of FOK involves
participant’s reactions in test of feeling of knowing in the
recognition test.

In this way, if one reports a high degree of FOK and
gives a correct response on CT, s/he knows what s/he
will know (K+ K+) (2). If one reports a low degree of
FOK and gives an incorrect response on CT, s/he knows
what s/he will not know (K- K+) (2). If one has no judg-
ment about whether s/he will give correct information,
but gives a correct response, s/he cannot evaluate what
s'he knows (K+ KO0) (2). If one reports a low degree of
FOK, but gives a correct response, then s/he does not
know what s/he knows (K + K-) (2). If one reports a
high degree of FOK, but gives an incorrect response, s/
he does not know what s/he will not know (K- K-) (2). If
one has no judgment about FOK and gives an incorrect
response, s’he does not evaluate what s/he can know and
gives an incorrect response (K- K0) (2) (Karakas et al.,
2003; Bekci and Karakas, 20006).

A search of the literature did reveal any studies that
focused on both executive function and cognitive devel-
opment in addition to meta-cognition in children. The
sub-types of meta-cognition were previously studied in
adults (Karakas et al. 2003, Bek¢i and Karakas 2006),
but the development of these sub-types has not been
studied in children. The present study aimed to exam-
ine the cognitive meta-systems and their development in
children, and to investigate the pattern of relationships
between the types of information processing, executive
functions, and level of Piagetian cognitive development
in children.



Table 1. Conditional combination of meta-cognitive reactions and
correctness of the recalled information (retrospective meta-cog-
nition).
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METHOD

Participants

The study included 84 children (42 female, 42 male)
aged between 8 and 14 years. They were selected from
among students attending primary schools in Mamak
and Cankaya in Ankara, Turkey. The outliers were ex-
tracted from the study and, thus, the sample consisted
of 80 children (39 female and 41 male). There were 11
children in 2™ grade (13.8%), 9 in 3" grade (11.3%),
12 children each in 4™, 5™, 6, and 7™ grades (15%),
and 12 children in 8" grade (15%). The socioeconomic
level (SES) of the participants was determined with the
codes that reflected the socioeconomic status of the dis-
tricts in which they lived (DIE, 2000). There were 27
children (33.8%) with a high SES, 26 children with a
medium SES (32.5%), and 27 children (33.8%) with
a low SES.

Participants were selected from among children that
had no psychiatric or neurological disorder, no visual,
auditory,or speech impairment, and those that did not
use any medication that might have affected their cog-
nitive ability. Students that had these qualities and at
least average academic performance were included in the
study.

INSTRUMENTS
Wisconsin Card Sorting Test (WCST)

WCST measures the ability to deduce a classification
principle based on ongoing feedback about the correct-

ness of the responses, and the abilility to dismiss this
principle when it leads to aversive behavioural conse-
quences. Moreover, it assesses the ability to selectively
attend to 1 part of a stimulus and to abandon the prin-
ciple when receiving feedback about the incorrectness of
his/her responses (King and Snow, 1981; Pendleton and
Heaton, 1982; Karakas and Basar, 1993).

TBAG Form of Stroop Test

The Stroop Test assesses the ability to flexibly direct
attention to the presence of a distraction, inhibit a habit-
ual behavioral pattern, and display non-usual behavior
(Spreen and Strauss ,1991).

Raven’s Standard Progressive Matrices Test
(RSPM)

RSPM measures non-verbal analytical thinking,
working memory, analytical investigation, problem
solving, systematic thinking, abstraction, and speed of
mental operations. As such, it measures some aspects of
executive functioning (Karakas, 2004).

Logical Reasoning Test (LRT)

LRT was developed by Burney (1974) based on orig-
inal questions of Piaget and his colleagues. It is a self-re-
port paper and pencil test. The level of cognitive devel-

opment can be predicted from the total score obtained
(Ardag, 1984).

Functions of Meta-cognition

Word List and the Evaluation of the Degree of Cort-
rectness of Knowledge (EDCK): We utilized a list that
consisted of word pairs, each of which was presented to
participants for 2 seconds (Bekgi, 2004). After a practice
session, the first words were given orally and subjects
were requested to provide the second words. Subjects
were required to verbally evaluate the correctness of each
of their responses (i.e. word) on a 5-point-Likert-type
scale.

Feeling of Knowing (FOK): The first words on the
word list were presented to the participants on a sheet.
They were then asked to make a verbal judgment about
their FOK for each non-remembered word on a 5-point
Likert-type scale.

Criterion Test (CT): In accord with the literature
(Tekcan and Akeiirk, 2001), we provided participants
with a multiple choice recognition test (CT). This test
measures the ability to recognize the second word of each



Table Il. Conditional combination of meta-cognitive reactions
and correctness of the information that will be recognized (pros-
pective meta-cognition).
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word pair on the list. It consists of 1 correct answer (i.e.
second word on the word list) and 3 incorrect answers.

All the participants were also evaluated with the In-
formation Form on Healthy Child Sample (Karakas,
2004).

PROCEDURE

One researcher administered all the tests to each child
individually in 3 sessions. In 1 session, RSPM and LRT
were administered, WCST in another session,and in the
third session Stroop Test TBAG form, Word List, FOK,
and CT were administered in a counter-balanced order.
The order of the sessions was also counter-balanced.

Considering that 11-12 years of age marks the be-
ginning of the abstract operation stage, we conducted
separate analyses for children younger than 11 years
and for those older than 11 years. The first group con-
sisted of 40 children (17 female, 23 male) aged 90-132
months (mean: 100.85 + 13.10 months, 8-11 years old).
The second group included 40 children (22 female, 18
male) aged 132-172 months (mean: 152.70 + 12.13
months, 11-14 years old). We conducted independent
sample t-tests to examine the differences between males
and females, in terms of each test score. We utilized mul-
tivariate analysis of variance (MANOVA), Pearson’s cor-
relation analysis, and principle component analysis to
investigate the relationships between the test scores.

RESULTS

As presented in Table III, we observed that some cog-

nitive test scores increased and reaction times decreased
as age increased.

As given in Table IV, we observed that recognition
performance of the girls was better than that of the boys,
whereas, boys gave fewer incorrect responses than the
girls and had better judgment of their performance.

Participants in the medium SES group had better test
scores than those in the high and low SES groups (Table
V).

Relationship Between Age and Test Scores

There were significant relationships observed be-
tween age, and K+ K+ (1) (r = 0.30, P< .01), K- K- (1)
(r =-0.30, P<0.01), and K- K- (2) (r = —0.26, P<0.05).
Age had a significant positive correlation with the total
number of correct recallson the Word List Test and the
number of words that were phonetically/semantically
similar to correct words.

There was a significantly positive relationship be-
tween age, and WCST 3 (r = 0.33, P<0.01), WCST 4
(r = 0.47, P<0.01), WCST 10 (r = 0.36, P<0.01), and
WCST 11 (r = 0.42, P<0.01), whereas there was a signif-
icant negative correlation between age, and WCST 1 (r
=-0.38, P<0.01), WCST 2 (r = —0.46, P<0.01), WCST
5 (r=—-0.39, P<0.01), WCST 6 (r = —0.40, P<0.01), and
WCST 8 (r = -0.39, P<0.01). Age had significant nega-
tive correlations with duration of the Stroop Test TBAG
form section 1 (r = —0.54, P<0.01), section 2 (r = —0.34,
P<0.01), section 3 (r = —0.49, P<0.01), section 4 (r = —
0.59, P<0.01), and section 5 (r = —-0.50, P<0.01). We ob-
served significant negative correlations between age and
the number of errors in section 5 (r = —=0.23, P<0.05),
and the number of corrected responses in section 5 (r =
—0.23, P<0.05) of the Stroop Test TBAG form.

There were also significant positive relationships be-
tween age, and RSPM A (r = 0.39, P<0.01), RSPM B (r
- 0.50, P <0.01), RSPM C (r = 0.40, P <0.01), RSPM
D (r=0.55, P <0.01), and RSPM E (r = 0.49, P <0.01).
Age was negatively correlated with RSPM duration (r =
—0.79, P <0.01). We also observed asignificant relation-
ship between age and LRT score (r =0.47, P <0.01).

Relationship Between Executive Functions and
Meta-Cognitive Functions

We observed significant relationships between
WCST 4 and K- K- (1), between WCST 7 and K- KO

(1), between WCST 5 and K+ KO0, and between WCST
8 and K+ KO. There were significant relationships be-



Table Ill. The effect of age (younger than 11 years and older than 11 years) on tests scores: Results of multivariate analysis of variance

(MANOVA).

Tests Total squares SD Average squares F Significance level Post Hoc Analysis
Stroop 1. 80.4 1 80.4 18.30 0.000 Older< Younger***
section duration

Stroop 2. 472 1 472 6.52 0.013 Older< Younger*
section duration

stroop3. 85.2 1 85.2 7.93 0.007 Older < Younger**
section duration

stroopd. 336.7 1 336.7 8.44 0.005 Older < Younger**
section duration

stroop 5. 1298.3 1 1298.3 10.36 0.002 Older < Younger**
section duration

RSPM B 58.6 1 58.6 7.92 0.007 Younger < Older**
RSPM C 69.3 1 69.3 9.92 0.003 Younger < Older**
RSPM D 59.4 1 59.4 7.67 0.008 Younger < Older**
RSPM E 38.77 1 38.77 7.52 0.008 Younger < Older**
RSPM Duration 1301.4 1 1301.4 51.6 0.000 Older < Younger***
WCST 1 825.1 1 825.1 5.5l 0.022 Older< Younger*
LRT 81.8 1 81.8 6.56 0.013 Younger < Older*
K- K- (2) 69.2 1 69.2 4.09 0.048 Older< Younger*

tween K+ KO, and WCST 1 (r=-.36, p<.01), WCST 2 (r
— _0.24, P <0.05), and WCST 4 (r = 0.23, P <0.05)(2).
The number of correct and incorrect responses to the
Word List Test had significant but weak relationships
with WCST 1, WCST 2, WCST 4, WCST 7, WCST 9,
and WCST 11 scores.

Some relationships were observed between correct
and incorrect responses to Word List Test, and the dura-
tion of time and error scores of the first 5sections of the
Stroop Test TBAG form. There were significant relation-
ships between duration of section 2 of the Stroop Test
and K- K+ (2) (r = 0.24, P <0.05), between error score of
section 4 and K- KO (2) (r = 0.26, P <0.05), and between
correction scores of section 4 and K- KO (2) (r = 0.24, P
<0.05). We observed a weak significant correlation be-
tween CT score and Stroop Test score.

Relationship Between RSPM and Meta-Cognitive
Functions

There were significant relationships between K+ K

+ (1), and RSPM A (r = 0.29, P<0.05), RSPM B (r =
41, P<0.01), RSPM C (r = 0.35, P< .01), RSPM D (r =
0.36, P<0.01), and RSPM E (r = 0.41, P<0.01). Simi-
larly, we observed significant relationships between cor-
rect and incorrect responses on the Word List Test, and

between RSPM sub-test score and K- K- (1).

K- K- (2) was significantly correlated with RSPM A (¢
=—-0.25, P<0.05), RSPM B (r = -0.28, P<0.05), RSPM
C (r=-0.43,P<0.01), and RSPM D (r =—0.24, P<0.05).
There were significant relationships between the number
of correctly recognized words on CT, and RSPM B (r =
0.26, P<0.05), RSPM C (r = 0.33, P<0.01), RSPM D (r
= 0.24, P<0.05), and RSPM E (r = 0.26, P<0.05).

Relationship Between Cognitive Development
and Meta-Cognitive Functions

We observed significant relationships between LRT,
and K+ K+ (1) and the number of correct and incorrect
responses on the Word List Test (r = 0.23, P<0.05).



Table IV. The effect of gender on test scores: Results of multivariate analysis of variance (MANOVA).

Tests Total squares SD Average squares F Significance level Post Hoc Analysis
STROOP section 2 ERROR 0.680 1 0.680 4.451 0.039 BOY < GIRL*
STROOP section 2 CORRECTION 0.680 1 0.680 4.451 0.039 BOY < GIRL*
K- K+ (2) 36.363 1 36.363 4.287 0.043 GIRL< BOY*
K+ KO (2) 38.428 1 38.428 4.005 0.050 BOY < GIRL*
correct irrelevant recall 12.422 1 12.422 4.014 0.050 BOY < GIRL*
incorrect irrelevant recall 13.143 1 13.143 4.177 0.046 GIRL < BOY*

Factor Structures

Principle component analysis of the scores of the chil-
dren younger than 11 years revealed 6 factors with Eigen-
values >4, which explained 63.24% of the total variance.
WCST scores (except WCST 7 and WCST 9) and K- K+
(2) loaded on the first factor, which explained 15.82% of
the total variance. The number of correct and incorrect
phonetic, semantic, and total words on the Word List
Test, and K+ K+ (1), K- K- (1), WCST 7, and RSPM C
scores loaded on the second factor. The number of errors
and corrections in section 2 of the Stroop Test, scores
on some components of meta-cognition for recalled and
recognized words, Word List Test recall score,and rec-
ognition performance on CT loaded on factor 3. Some
Stroop Test scores and all RSPM scores, except RSPM
A, LRT, FOK, and correctly and incorrectly recalled ir-
relevant words on the Word List Test loaded on factor 4.
Some Stroop Test scores, K+ K- (1), correctly and incor-
rectly recalled semantic words, and WCST 9 loaded on
factor 5. Some Stroop Test scores, K- K+ (1), and K- KO
(1) loaded on the sixth factor.

A second principle component analysis of the scores
of the children that were older than 11 years indicated
6 factors with Eigenvalues > 4, which explained 62.56%
of the total variance. Duration of section 1 of the Stroop
Test, all RSPM scores, except RSPM A, LRT, K+ K+ (1),
and correct and incorrect responses on the Word List
Test loaded on the first factor. All WCST scores, except
WCST 9 and WCST 12, and K- KO (2) loaded on the
second factor. K- K- (1), K- KO (1), K+ K- (2), and the
number correct and incorrect phonetic responses of ir-
relevant and total words on the Word List Test loaded on
the third factor. Duration of sections 2, 3,4, and 5 of the
Stroop Test, error score on sections 3 and 4 of the Stroop
Test, correction score on section 3 of the Stroop Test,

duration of RSPM, and K- K+ (2) loaded on the forth
factor. Correction score of sections 1 and 2 of the Stroop
Test, K+ KO (1), and the number of correct and incorrect
semantically related words on the Word List Test loaded
on the sixth factor. When the factor structures for the
scores of the 2 age groups were examined, the factor
structure of the scores of the older group resembled the
pattern seen in adults.

DISCUSSION

Some studies indicate that there are age-related dif-
ferences in FOK performance among children; however,
in line with previous findings (Butterfield et al., 1988;
Lockl and Schneider, 2002), the present study showed
that age had no significant effect on FOK test scores.
When retrospective and prospective meta-cognitive
components were examined, knowing what one really
knows increased with age and knowing what one cannot
know decreased with age. This finding indicates that the
effectiveness of meta-cognitive systems increased with
the level of cognitive development, as reported in other
studies (Koriat, 1993).

WCST performance (an executive function test) in
children older than 11 years was previously reported to
be similar to the adult profile (Yal¢in and Karakas, 2007)
and the present study showed that executive functions
increased with age after the age of 11 years. Moreover,
previous findings indicate that the interference effect
on the Stroop Test decreases with age in children un-
til the age of 18 years (Comalli et al., 1962; MacLeod,
1991), which is in line with our findings. Jorgenson et
al. (1981) reported gender differences in performance
on the Stroop Test and, similarly, we observed that girls
had more incorrect responses than boys. Girls also made
more corrections than boys on this test.



Table V. The effect of socioeconomic level (low, medium, and high) on test scores: Results of multivariate analysis of variance (MANOVA).

Tests Total squares SD  Average squares F Significance level Post Hoc Analysis
RSPM B 46.91 2 23.46 3.13 0.051 Low < high< medium*
Logical reasoning test 152.46 2 76.23 6.87 0.002 Low < high<medium**
Knows what S/HE knows (K+ K+) 214.45 2 107.23 6.77 0.002 Low < high< medium**
Correct semantic recall 43.52 2 21.76 3.94 0.025 Low < high< medium*
Correct irrelevant recall 7.79 2 3.89 5.72 0.005 Low < high< medium**
Total correct recall 215.13 2 107.56 6.18 0.004 Low < high< medium**
Total correct recognition 85.33 2 42.67 3.54 0.036 High<medium< Low*

In a study of college students (Cesur, 1997) there
was no significant relationship observed between age and
LRT score. The present study indicates that the level
of cognitive development increased with age. We sug-
gest that cognitive abilities develop from childhood to
adolescence and stabilize during the young adulthood
period.

When the literature was examined we could find no
study that investigated all the tests utilized in the current
study; thus, we could not discuss the combined results of
meta-cognition, executive functioning, cognitive devel-
opment, and mental ability in relation to the literature.

We observed non-significant relationships between
cognitive development and meta-cognition scores, in
contrast to previous findings (Koriat, 1993). Irak (2004)
posited that meta-cognitive processes and executive
functions might involve similar processes. We, however,
observed a weak relationship between meta-cognition
and executive functions. These results suggest that meta-
cognitive operations and executive functions might not
be similar processes in children.

Our findings point to significant relationships be-
tween executive functioning and cognitive development
test scores, as previously reported (Emick and Welsh,
2005). According to the cognitive performance of the
children between 8 and 14 years of age, the extent of the
understanding of what one knows and the number of
correctly recalled words increased with age. The extent
of the knowledge of what one did not know, as well
as will not know, and the number of correctly recalled
semantic words decreased with age. The retrospective
monitoring performance of the children was better than
their prospective monitoring performance. Accordingly,

the children had more knowledge about what they did
not know compared to their sense of what they would
remember.

We found that preservative performance of the chil-
dren and the number of repeated errors decreased after
the age of 11 years. Children can inhibit usual behavio-
ral patterns and can perform non-usual behavior. The
executive functions of the children that were older than
11 years were enhanced. Children aged above 11 years
demonstrated shorter reaction times for non-verbal rea-
soning, abstraction, increased mental ability, compre-
hension of knowledge, usage of acquired knowledge,
and the generation of new knowledge. They exhibited
the beginnings of a scientific thinking style and, thus,
they could generate hypotheses and examine possible so-
lutions in a systematic way.

The examination of children’s cognitive functioning
is generally a part of psychiatric and neurological exami-
nations. We need to understand the cognitive mecha-
nisms of the child’s mind for effective examination, di-
agnosis, and intervention. The cognitive profile of the
children in our community sample provides a critical
baseline for the cognitive examination of children that
present to psychiatric and neurological clinics, because
in order to understand the cognitive processes of abnor-
mal children, the cognitive processes of normal children

should be known.

The cognitive profile of children specific to differ-
ent age groups highlights the most appropriate learning
method for academic settings and provides information
about the appropriate content of academic material and
academic plans based on student age. We suggest that ac-
ademic concepts and subjects that could be understood



in the abstract operational stage should be presented to
children above 11 years of age.

Our findings can contribute to the forensic use of
children’s testimony in courts. According to our find-
ings, information obtained from children older than 11
years is more reliable than that obtained from children
younger than 11 years, in terms of their realization and
distinction abilities.
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