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Bu calismanin amaci kiiclik cocuklarn problem ¢6zme etkinliklerindeki iistbiligsel
diizenleme becerilerini incelemektir. Kiigiik ¢ocuklarin iistbiligsel diizenleme becerilerini
ortaya koymak igin, ¢ocuklar1 dogal ortamlarinda gézlemleme imkani sunan gézlemsel
metodolojiden yararlanilmistir. Caligmaya 43-73 aylik arasindaki 27 (15 erkek ve 12 kiz)
cocuk katilmistir. Bulgular, matematiksel problem ¢6zme etkinlikleri sirasinda ¢ocuklarin
bazi iistbilissel diizenleme becerilerine (planlama, izleme, kontrol ve degerlendirme) sahip
olduklarmi gostermistir. Bununla birlikte, amag ve hedeflerin belirlenmesi, hatalarin tespit
edilmesi ve ilerlemenin gézden gegirilmesi gibi istbilissel diizenleme gostergeleri daha
stk gbzlenmistir. Caligmanin sonuglari, kiigiik cocuklarin iistbiligsel diizenleme becerileri
ile problem ¢6zme becerileri arasinda olumlu ve gicli bir iligkinin oldugunu
gostermektedir. Kiiglik ¢ocuklara problem ¢ézme deneyimi yasatan etkinliklerin onlarin
iistbiligsel diizenlemelerini gelistirmeyi saglayan yollardan biri olarak ele alinmasinin
Onemi tartigilmustir.
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Investigation of Young Children’s Metacognitive
Regulatory Abilities in Mathematical Problem Solving
Tasks

ABSTRACT
The aim of this study is to investigate metacognitive regulatory abilities of young children
in mathematical problem solving tasks. To determine young children’s metacognitive
regulatory abilities, observational methodology, which provides opportunities to observe
children in their natural environment, is conducted. Twenty seven children (15 boys and
12 girls) aged between 43 and 73 months participated in this study. The findings show
that young children exhibit some metacognitive regulatory abilities (i. e. planning,
monitoring, control and evaluation) during mathematical problem solving tasks. However,
indicators of metacognitive regulation, such as setting goals and targets, detecting errors
and reviewing on progress are observed more frequently during the tasks. Results of the
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study show that there is a positive and strong association between problem solving skills
and metacognitive regulatory abilities of young children. The idea of using tasks that
engage young children in problem solving, is discussed as a means for promoting
children's metacognitive regulation.

Keywords: Early childhood education, self-regulation, metacognition, problem solving

INTRODUCTION

Early childhood education has influential effects on children’s social, behavioral,
emotional and cognitive development (Oktay, 2007). Besides, it offers
opportunities to decrease gaps among children from different backgrounds and to
prepare them for primary education. Recent investigations (e.g. Denham,
Warren-Khot, Bassett, Wyatt, & Perna, 2012) demonstrate that development of
effective self-regulation during early childhood period is a prerequisite for school
readiness and success. In this regard, developing overarching skills such as
awareness about self, task, and strategy; planning, monitoring, control and
evaluation (i.e. metacognition and self-regulation) are important in this period
(Perels, Merget-Kullmann, Wende, Schmitz & Buchbinder, 2009).

Metacognition and Self-Regulation

In the literature, metacognition and self-regulation are derived from two different
traditions. While the former depends on the early work of Flavell (1979) from a
cognitive information processing tradition, the latter is established on the works
of Vygotsky (1978) from a socio-cultural tradition. Both traditions assumed that
these abilities were age-dependent and children did not show these abilities until
the age of eight (Veenman, Van Hout-Wolters & Afflerbach, 2006; Winne,
1997; Zimmerman, 1990). Therefore, for many years, investigation of these
abilities in young children did not get adequate attention (Whitebread &
Coltman, 2010). For this reason, there was a lack of a framework of
metacognition and self-regulation, which was also appropriate for young
children. On the other hand, the framework developed by Whitebread, Anderson,
Coltman, Pino Pasternak and Mehta (2004) offered a brief description for
metacognition and self-regulation and defined their components for observing
and evaluating young children even at the age of three. Moreover, it is the only
framework providing indicators of self-regulatory abilities of young children in
their natural environment. In this study, the definition of self-regulation was
based on Whitebread et al. (2004) framework, which will be presented in detail
in the following section.

Assessment of Metacognition and Self-Regulation

While presenting their framework, Whitebread et al. (2004) also suggested the
use of a scheme for assessment of metacognition and self-regulation. The
scheme constitutes mainly of three parts of self-regulation: metacognitive
knowledge, metacognitive regulation, and emotional and motivational
regulation. Metacognitive knowledge refers to one’s general knowledge of self,
others and universals including capabilities, strengths, weaknesses or preferences
on cognitive tasks; or one’s own long term memory knowledge to compare and



Ahi Evran Unv. Kirsehir Egitim Fakiltesi Dergisi (KEFAD), Cilt 18, Say: 2, Agustos 195

judge elements of tasks; or one’s knowledge to explain and evaluate their
strategies used in given cognitive tasks. Metacognitive regulation refers to
procedural verbalization and behaviors including planning, monitoring, control
and evaluation. It enables children to perform tasks in a structured way. Planning
is defined as selection of procedure and materials related to task demands and
goals. Setting or clarifying task demands and expectations, deciding on ways of
proceeding with the task and setting goals and targets are examples of indicator
of planning in the scheme. Monitoring means assessment of ongoing task
procedures related to determined task demands and goals. Control signifies
necessary intervention into the task procedure in relation to task demands and
goals as a result of monitoring. While “detection of their errors”, “self-
commentating” and “reviewing on their progress” are kinds of monitoring;
suggesting and using ways as results of their previous monitoring to solve the
task more effectively and helping or guiding another child are descriptive of
control. Evaluation is conceptualized as reviewing and evaluating the task
performance in relation to task demands and goals. Children’s “rating the quality
of performance” and “observing or commenting on task progress” after dealing
with tasks are considered as behaviors indicating evaluation. Emotional and
motivational regulation refers to monitoring and controlling of motivational and
emotional experiences about given tasks. While assessment of emotional and
motivational experiences during and after task is related to monitoring, necessary
intervention as a result of motivational and emotional assessment is related to
control (Whitebread et al., 2009).

Since the current study focused on metacognitive abilities of young children, the
last part of the scheme, emotional and motivational regulation, was excluded
during the efforts to code children’s metacognitive abilities. Subsequently, the
part of the scheme on metacognitive knowledge was excluded since initial
findings of the present study showed that while children displayed evidence of
metacognitive knowledge occasionally, they exhibited evidence of metacognitive
regulation continuously throughout the tasks. This situation was discussed in a
study (Robson, 2010). She concluded that metacognitive regulatory abilities are
observed more frequently than metacognitive knowledge during tasks. Since the
present study addresses metacognitive and self-regulatory abilities during tasks,
data analysis has been conducted by using the second part of scheme:
metacognitive regulatory abilities.

Metacognition and Self-Regulation in Early Childhood Education

Early childhood education has been shaped by Piaget’s theory of cognitive
development all over the world (Hinde & Perry, 2007; Ural & Ramazan, 2007).
Piaget introduced the notion of stage-wise development, which is central for
early childhood education. Research studies adopting ideas of Piaget and using
his tasks have supported his initial assumptions (Cavanaugh & Borkowski, 1980;
Fritz, Howie & Kleitman, 2010). According to these studies, abstract reflection
starts to emerge at the stage of formal operation; therefore, metacognitive
regulatory abilities cannot be observed before early adolescence.
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On the other hand, modern early childhood approaches bring new insights into
theory and practice of early childhood education (Copple, 2003; Hewett, 2001).
These approaches have advocated children’s independent and interdependent
learning where they are encouraged to have knowledge about and regulate their
own cognition. They have considered children more autonomous and encouraged
them to make choices, become decision makers, plan, initiate and reflect and
take responsibility on tasks. In this regard, learning is considered as a more
interactive, children centered and collaboratively occurring process (Bodrova &
Leong, 2007; Edwards, Gandini & Forman, 1993).

Metacognitive Regulation in Early Childhood Education in a Context of
Mathematical Problem Solving

Current early childhood curricula in various countries (e.g. Qualifications and
Curriculum Authority, 2000; National Council of Teachers of Mathematics,
2000) have specified which mathematics skills should be taught and how
teaching of these skills needs to be done in early childhood education. Similarly,
Ministry of Education (MoE) (2012) in Turkey determined which mathematical
skills should be developed during early childhood education. According to MoE
(2012), problem solving is an integral part of all mathematics learning;
mathematical knowledge is developed through problem solving. In this regard,
all the tasks children engaged in during the study were planned as problem
solving based mathematics tasks. Mathematical skills such as patterning,
measurement and classification were addressed during these problem solving
based tasks.

Problem solving is considered one of the most important skills that need to be
promoted in early childhood period in various countries as well as Turkey.
Besides, a number of studies (Lucangeli, Cornoldi & Tellarini, 1998; Teong,
2003) with older children have indicated that higher metacognitive ability
provides better problem solving in mathematics while others (Carr & Jessup,
1995; Desoete, Roeyers & Buysse, 2001) have shown that good problem solvers
exhibit more metacognitive abilities. These findings suggest that there is a link
between metacognitive abilities and problem solving skills. However, these
studies examined abilities of older children who were enrolled in primary
schools. Whitebread and Coltman (2010), on the other hand, investigated
pedagogies that support metacognitive and self-regulatory abilities in
mathematical learning of younger children. Yet, their work did not focus on the
link between metacognitive regulatory abilities and problem solving skills. In the
relevant literature, there is a lack of research on metacognitive regulatory
abilities of young children during problem solving tasks. The current study aims
to reveal metacognitive regulatory abilities of young children through qualitative
methodology during mathematical problem solving tasks. In this regard, the
research question of the present study is:

e which metacognitive regulatory abilities young children exhibit during

problem solving tasks?
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METHOD

Design of the Study

This work was designed as a qualitative study. The data were obtained through
observational methodology. Whitebread et al. (2009) argue that observational
methods have several advantages: (1) it does not rely upon children’s verbal
capability and working memory capacity, (2) it allows to gather information
about what children do rather than what they believe or recall they do, (3) it
allows to observe children in meaningful contexts to them, (4) it can provide
verbal as well as non-verbal indicators while examining self-regulated skills, (5)
it allows to determine social interactions supporting development of self-
regulated skills in young children. Using the observational methods is a
particularly good fit for a qualitative study with young children since it allows
capturing data in children’s natural settings by focusing on what children do.

Participants and Their Settings

Two classes in the same preschool of a public university in Istanbul were chosen
for the study. Each class had a teacher and an assistant teacher. Twenty seven (15
boys, 12 girls) out of 34 students in these two classes participated in this study.
Seven children could not participate in any tasks due to their absence on the days
data were collected. Ages of the children varied between 43 and 73 months
(Mean: 60 months, Standard deviation: 8.2). Children came from various family
backgrounds. Thirty percent of children’s parents worked as faculty members or
staff at the university where the preschool was located. Teachers asserted that
children were generally from middle and upper income families.

The school was chosen in terms of its cooperation for video recording and its
sufficient age range; therefore, the study was conducted in the most convenient
school for the researchers. Rapport established between the first researcher and
participants can be considered as evidence of validity of the study. However, no
claims are made about such a small sample being in any way representative of
the students of this age group.

Ethics Concern of the Study

Before conducting the present study, institutional approval was obtained from
Bogazici University Ethics Committee. Subsequently, consent forms were sent to
parents. Twenty seven children whose parental consents were obtained,
participated in the study. In order to ensure children’s privacy, video episodes
recorded during the data collection were watched only by the authors of this
study. Children’s names were replaced with pseudonyms.

Design of Tasks

This study focused on young children’s metacognitive regulatory abilities during
three problem solving tasks involving mathematics concepts. These tasks were
used in order to examine whether metacognitive regulatory abilities of young
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children were revealed in mathematical problem solving. At the beginning of the
tasks, children were informed about the problem that they were expected to work
on. During the tasks, children tried to solve the problem through a collaborative
work. They confronted aspects of problem solving suggested in the literature:
devising their plans, carrying out their plans, and reflecting upon works (Polya,
1957). Patterning, measurement and classification were mathematical skills that
children were expected to use during the three tasks. These skills were
determined since they are important for early mathematical development of
young children (MoE, 2012; NCTM, 2000).

Patterning Task: This task was adapted from Bryce and Whitebread (2012).
Children were presented with several train track pieces and a pattern printed on a
sheet of paper. Children were asked to work in groups of three to construct the
given pattern on the sheet using the train track pieces on the table. Therefore,
children not only match a given pattern but they also identified the pattern and
followed on with this pattern.

Measurement Task: This task was adapted from Whitebread and Coltman
(2010). In the task, children were expected to identify attributes of measurement
concepts, namely length. Children were involved in constructing a house for a
giraffe by using blocks. Since they were not provided standard measurement
tools such as a ruler, they decided on the length of the house by using non-
standardized measures. Children worked in groups of three on preparing the
house for a giraffe with the given pieces.

Classification Task: This task was adapted from Larkin (2006). Children were
involved in a classification task of vehicles and animals. All toys were given at
the same time to children and they were asked to divide them into two, three and
four categories respectively after a brief discussion on nature of animals and
vehicles. At the beginning of the task, the researcher showed animals and
vehicles to children one by one and discussion on names and features of animals
followed. Children made the decisions about when the tasks were completed.

Data Collection

After the tasks were designed, children were randomly assigned and allowed to
collaborate in groups of three during the tasks. Nine groups of three children
were involved in the patterning task (27 children), and five groups of three
children took part in the measurement task (15 children) and the classification
task (15 children). Some of the children could not participate in measurement
and classification tasks since they were not present on the days scheduled for
data collection. Tasks lasted between 10 minutes and 30. Total duration for all
the groups working on patterning, measurement and classification tasks were 161
(mean: 17.9), 74 (mean: 14.6) and 80 (mean: 16) minutes respectively. Data
were collected over an eight-week period during the spring semester.

Data Analysis
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After a total of 315 minutes of video episodes were transcribed, children’s
metacognitive regulatory abilities were coded according to the coding scheme
developed by Whitebread et al. (2009). Code descriptions and indicators of the
codes are presented in Table 1. In order to exercise triangulation as a means to
ensure validity, multiple data were obtained through video-recording of children,
watching the videos with children and watching the videos with the teachers.
Since teachers know the children better and have insights about their behavior,
they can help researchers to interpret children’s behaviors (Yildirim & Simsek,
2005). Ten percent of video episodes were watched by two raters and coded
according to the framework. Findings showed that there was a high correlation
between the coding of the two raters (r= 0.84). Then, discussion on the nature of
the components of metacognition they embodied was conducted. Consensus was
reached on the items that were coded differently.

Table 1

Code Descriptions and Indicators of the Codes

Metacognitive Descriptions Indicators

Regulation

Abilities

Planning Refers to the selection e Setting or clarifying
of  procedure and  task demands and

materials related to task  expectations

demands and goals
o Deciding on ways of
proceeding with the task

Monitoring Refers to the o Error detection
assessment of ongoing
task procedures related o Reviewing on ongoing

to determined task  progress
demands and goals

Control Refers to necessary e Suggesting and using
interventions into the  ways as results of their

task  procedure  in  previous monitoring
relation to task demands

and goals as a result of e Helping or guiding
monitoring another child
Evaluation Refers to reviewing and e Assessing the quality

evaluating the task  of task performance after

performance in relation  dealing with tasks

to task demands and

goals o Observing or
commenting on task after
dealing with tasks
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RESULTS

Findings showed that problem solving based mathematical tasks created a
medium for young children to exhibit metacognitive regulatory abilities.
Descriptive data about manifestations of these abilities during tasks used in the
study are shown in Table 2. Averege occurrences of incidents showing children’s
metacognitive regulatory abilities are standardized for 10 minutes. For example,
in the pattern construction task planning incidents occurred 2.55 times in average
per group during every 10 minutes spent on the task while these averages per
group per 10 minutes were 3.00 and 4.22 in measurement and classification
tasks, respectively. In what follows, these abilities of children are presented in
detail through the lens of the scheme developed by Whitebread et al. (2009).
Results are reported according to metacognitive regulatory abilities. Therefore,
examples in contexts of several mathematical skills are presented together for
each metacognitive regulatory ability.

Table 2

Average Occurrence of Young Children’s Metacognitive Regulation per 10
Planning Monitoring Control Evaluation

Pattern 2.55 15.85 9.59 3.06

Measurement 3.00 5.57 5.00 2.71

Classification 4.22 511 3.88 0.44

Minutes per Group for Each Task

All groups of children exhibited evidence of planning throughout each task
because problems presented to them were not straightforward in any of the
problem solving tasks. When these plans of children were examined according to
the scheme of Whitebread et al. (2009), their metacognitive regulatory abilities
were revealed. A typical example of such ways of operation occurred when
children said “we’ll make a circle” or “we’ll make octopus” as soon as they saw
the picture of patterns in the patterning tasks. Whitebread et al. (2009) mentioned
this type of planning as child “sets or clarifies task demands and expectations.”
Groups of children “setting goals and targets” presented another way of planning
mentioned in the scheme of Whitebread et al. (2009). One example came from a
group working on measurement task, when a child expressed his plan with the
following words: “the wall should be longer than the giraffe.” Deciding on ways
of proceeding with the task, another description of behavior for planning
(Whitebread et al., 2009) prevailed throughout the tasks. “Firstly, let’s allocate
animals to this side and vehicles to other side; therefore...” or “we could classify
animals as wild or not” were examples of children explaining their opinions
about how to proceed. These verbalizations of children during the tasks indicated
that they articulated their ways of solution to their friends. Therefore, making
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children engage in problem solving tasks could create an environment supporting
them to devise plans. Coming up with a plan and articulating the ways of
solution, can further support children’s thinking through the task and provide
them with criteria to compare their progress against.

Findings of the study also showed that these plans established grounds for
children to monitor and control their progress while carrying out their plans. For
example, while a group was working on measurement task, after the aim of the
task was given to children, one of them said: “We should measure the length of
the giraffe.” She said this at the beginning of the task while they were at a
preparation stage of construction. During the task, this group of children
continuously monitored whether length of their wall was appropriate for the
giraffe. While proceeding with problem solving, children who came up with
these plans exhibited monitoring and control abilities of metacognition as well.
Therefore, problem solving tasks provided opportunities not only for planning
but also monitoring and control. In the following dialogue, Ayse, Isa and Musa
were working on the measurement task:

Ayse: We need to measure the length of the (1) sets or clarifies task demands
giraffe (1) and expectations

Isa: | measured (2) (2) self- commentates

Ayse: No, I think this length is ok (3) (3)- checks behaviors or

Musa: | did it very long (4) performance, including detection of

Ayse: I think this length is enough (5) (pointing  errors

her length of wall) (4) self-commentates

Musa: Look, mine is longer than the giraffe (6) (5)-(6) rates effort on-task or rates

Ayse: Let’s measure the length of the wall (7) actual performance

Musa compares lengths of his walls and the (7) suggests and uses strategies in

giraffe (8) and shortens his wall by subtracting order to solve the task more

pieces from his wall (9) effectively

(Measurement task) (8) reviewing progress on task

(9) changing strategies as a result
of previous monitoring

While carrying out their tasks, children exhibited evidence of monitoring as
described by Whitebread et al. (2009). They categorized children’s reviews co-
occurring during their performance as monitoring. During problem solving tasks,
frequently observed indicators of monitoring were self-commentating, detection
of own errors, and reviewing on own progress. Therefore, it could be claimed
that involving children in problem solving tasks fosters children’s monitoring
ability, through self-commentating, detection of their errors, and reviewing on
their progress.
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Self-commentating was one of the most frequently observed indicators of
monitoring during tasks. In a group, while children worked on house
constructing for giraffe, two children had already started building their house
together. At that moment, the third child brought blocks box, got out some more
blocks and said: “I have struck upon an idea.” Then, he started to build the back
of the house. At the end of the task, they combined their construction and ended
up with a very comfortable house for the giraffe. It can be claimed that he
monitored what his friends did and as result of his monitoring; he self-
commentated that he had an idea.

The findings also showed that children detected errors since their reviews on
their performance occurred continuously during the tasks. While the children
worked on the classification task, they tried different ways of classification to
reach a right conclusion. Therefore, there were wrong attempts, which were
eliminated. In a session of the classification task, they had again such a situation
and they started to find out another way. However, one of the children again
suggested a previously discarded way of classification. At that moment, one of
his friends warned him: “We already tried it”. Obviously, the child monitored
their progress, she also suggested that they should try another strategy as a result
of previous monitoring (Whitebread et al., 2009). Children like the one in these
examples not only monitored their progress but also controlled their strategy
according to their previous monitoring.

Some of the children made mistakes, instantly noticed their mistakes and fixed
them while carrying out their plans. This was another important part of problem
solving (Polya, 1957). While constructing a house for giraffe, a girl stopped her
friend who tried to extend the length of the house and said: “No, I think this
length is enough.” Another example from the classification task was that while
children were categorizing animals in terms of where they live, a boy mentioned
that there was a mistake because a particular animal was miscategorized and it
actually lived in water. Whitebread et al. (2009) describe this type of monitoring
as “checks and/or corrects performance of peer” which was one of the commonly
observed metacognitive regulatory abilities throughout the tasks. In some cases,
children did not notice their mistakes instantly and they had to review what they
had done after a while. Therefore, it was clear that children’s monitoring and
control of their solution steps continued constantly during carrying out their
plans. Towards the end of a group’s work on patterning task, one of the children
who lead the construction realized that they were mistaken: “Erm, we did it
wrong, it should look like women’s waist” and he supported his verbalization by
showing with his hands. Problem solving tasks in this study created rich
opportunities for children to reflect upon their work, not only after they
completed the tasks but also during the tasks through reviews of their progress.

According to Whitebread, et al. (2009) control as a metacognitive regulatory
ability means suggestions and/or changes of strategy in an ongoing task as a
result of cognitive monitoring. Findings showed that throughout all three tasks,
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children suggested and used ways as results of their previous monitoring.
Control as metacognitive regulation occurred in two ways. First of all, children
changed their own way of proceeding according to their review of own progress.
In one of the examples, while children were constructing the pattern in the
patterning task, one of them, who monitored the ongoing progress, said: “There
will be a cambered (rail).” The interesting point of that extract was that he said
his sentences after looking at the pattern given in the paper. He obviously kept
track of the ongoing process and changed strategies as a result of the previous
monitoring. According to the findings, children also guided their friends with
their strategy suggestions. For example, while constructing the rail track, one
child suggested a strategy to construct the given pattern: “Look Harun! We
should first start on this side and then we should do its head.” Everyone might
have a strategy while solving problem. But this particular child also tried to show
and therefore helped his friend about how to solve this type of problem by using
gestures, which are evidence for metacognitive regulation. As children come up
with plans for problem solving tasks and monitor their progress while carrying
out the plans; they not only control their own way of progress but also their
friends’. Therefore, problem solving tasks could also be considered as a way of
promoting control abilities of children, in more than a single way.

When children’s reviews take place after their performances, these are described
as evaluation (Whitebread et al., 2009). Results showed that this metacognitive
regulation was obtained in a manner where children commented on their work
and mentioned their flaws on it. According to results, at the ends of tasks,
children applied the last part of problem solving through looking back and
reflecting upon their work. Children’s evaluation was more evident when they
continuously monitored and controlled their progress during the tasks. These
children monitoring and controlling their tasks, verbalized phrases such as: “it is
done” at the end of the tasks. Therefore, it can be claimed that monitoring and
control of progress while carrying out tasks also enable children to evaluate their
work once it was completed. The following episode is an example of “it is done”
moments after monitoring and controlling the progress. Ali, Yusuf and Hasan
were working on the patterning task and they had the following dialogue:

Ali: I was doing the head (1), Yusuf did it (1) reviewing progress on
wrong. (2) task

(Yusuf is fixing a right curved piece to the wrong  (2) checking behaviors or

direction) performance, including

Ali: (changing the direction of the piece) detection of errors

Yusuf, Yusuf like that. (3) (3) changing strategies as a

Hasan: (by showing the given pattern to Yusuf) result of previous monitoring
Just like that, like that. (4) (4) using nonverbal gesture

Ali: (to Hasan) is it done, what do you as a strategy to support own

think? (5) cognitive activity

Hasan: No, no. (6) (5) seeking help

Yusuf: Itis done. (7) (6) reviewing progress on

Ali: No, itisn’t done. (8) task

Hasan: Just leave it like that, it is enough. (9) (7) - (10) rating the quality of

Ali: Enough, enough. (10) performance

(Patterning task)
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Children also mentioned deficiencies of their works, suggesting that they were
aware of them even if children did not correct their mistakes or even if there is a
child claiming that “it is done.” They reviewed their tasks and at least suggested
ways of enhancing their activities. For example, one of them said by pointing
where they made a mistake: “I think we had a problem at this side” while a
group of children completed and started to check out whether their construction
of the rail tracks was correct. In another example, after a group of the children
completed their house for the giraffe, one of them said “we could construct a
better door for him”. Although they did not fix the door of the giraffe afterwards,
she was aware of and mentioned their construction’s shortcomings.

The findings indicated that children reviewed their activities and suggested ways
of enhancing their activities. While a group of children almost finished the house
for giraffe, one of them realized that they constructed one wall smaller than the
other: “we should have made this wall taller too.” Another example from the
patterning task was that one of the children expressed the deficiencies of the
product by saying “this side should be taller like in the picture but let it be...”
although children considered it was done as a group decision. Since children had
the intention to evaluate their progress, they continued to look at the given shape
and reflect upon their work. Children’s awareness of mistakes and incompletions
on patterns indicated their good performance on comparisons of patterns as well
as their high metacognitive regulatory abilities. As seen in the examples,
evaluation after problem solving tasks had different outcomes. If children
monitor and control their progress effectively during tasks, they generally
conclude that their works are done. On some occasions, they mention
deficiencies of their work, which indicates that they are aware of their work’s
shortcomings. In some of the occasions where deficiencies are elaborated on,
they also suggest ways of improving their works. Whatever outcome they have,
evaluation of current tasks provide students with information about how their
performance is and have the potential to inform how they deal with similar tasks
in the future.

DISCUSSION

Results of this study indicated that children exhibited metacognitive regulatory
abilities in problem solving based mathematics tasks they dealt with. Although
early studies (Desoete, Roeyers & Buysse, 2001; Lucangeli, Cornoldi &
Tellarini, 1998) on older children have indicated the association between
problem solving skills and self-requlatory abilities; the current study has
revealed that young children display these abilities during problem solving tasks.
Based on these findings, teachers working with preschool-age children should
take into account the possible contribution of supporting metacognitive
regulatory abilities through problem solving tasks.

In the scheme of Whitebread et al. (2009), a detailed description of
metacognitive regulatory abilities was presented. Findings of the present study
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showed that some indicators of these abilities mentioned in the scheme were
observed more frequently during tasks. Setting or clarifying task demands and
expectations, deciding on ways of proceeding with the task and setting goals and
targets were most frequent types of planning abilities children exhibited. While
“detection of their errors, “self-commentating” and “reviewing on their progress”
were kinds of monitoring that were observed more frequently during tasks;
children generally suggested and used ways as results of their previous
monitoring, so-called control, as one of the metacognitive regulatory abilities in
the scheme (Whitebread et al., 2009). As a result of evaluation of their tasks,
children verbalized phrases such as: “it is done” at the end of the tasks. They did
this when they continuously monitored and controlled their progress during the
tasks. Yet, there were some children who were aware of mistakes and
incompletions on their tasks and reflected on their works and performances.

As targeted by this study, work with children and through analysis of the
collected data revealed indicators of metacognitive regulatory abilities of young
children during mathematical problem solving tasks. Manifestations of these
abilities also pointed to potential interactions among various abilities,
particularly planning-monitoring and monitoring/control-evaluation. Such
interconnections among metacognitive regulatory abilities require further
exploration for better understanding the complexities of children’s
metacognition. Moreover, the findings of this study showed that observational
approach is an effective method to obtain metacognitive and self-regulatory
abilities of young children (Perry, 1998; Whitebread, et al., 2009). Observations
of teachers on metacognitive regulatory abilities of young children in their
settings can be the first step in understanding and supporting these abilities of
young children.

Findings of this study have important implications for preschool teachers and
those involved in development of preschool tasks. Teachers’ use of problem
solving tasks, especially those giving students the time and opportunities for
engagement could enable teachers to address development of students’
metacognitive regulatory abilities. More frequent use of such tasks can support
students’ exercising of multiple abilities (e.g. planning, monitoring, control, and
evaluation) in a context of mathematics tasks. Creating such opportunities
addressing various abilities is a key target for many preschool teachers.

Although there are limitations of observational methods, in the present study, a
variety of techniques such as inter-rater consistency within researchers’ coding,
triangulation between coding of the researcher were conducted to assure validity
and reliability of the study as suggested in the literature (Veenman, 2005).
Hence, findings of the present study can be considered as contributing to a
preliminary knowledge base for preschool and mathematics educators.

Despite the evidence of relation between problem solving skills and
metacognitive regulatory abilities of young children, this study had some
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limitations. This study points out that problem solving tasks create a medium for
young children to exhibit their metacognitive regulatory abilities. However, no
claims can be made about effects of problem solving tasks on metacognitive
regulatory abilities of young children. Further research is needed for examining
casual relations between these variables.

The current study was conducted with children from middle and upper income
families. Therefore, results of the study might not reflect the case for children
from lower income families. Further studies should also include children from
lower income families. Moreover, the present study did not aim to determine
effects of age on metacognitive regulatory abilities. Studies investigating
possible difference between age groups can be considered as a future step.

The tasks in this study involve three mathematical skills emphasized in the
current preschool curriculum in Turkey (MoE, 2012). However, they are limited
to patterning, measurement and classification. Similarly, metacognition and self-
regulation abilities encompass various dimensions as represented in the scheme
of Whitebread, et al. (2009). Yet the focus of the study was on metacognitive
regulation, i.e. planning, monitoring, control and evaluation. In future studies,
scope can be widened to investigate metacognitive knowledge and motivational
and emotional regulation as well as metacognitive regulation of young children.
Research investigating metacognitive regulatory abilities of young children has
been conducted in various studies. In addition to the replication studies
investigating these abilities of young children, intervention programs for teachers
as well as children can be considered as a future step.
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OZET

Giris

Okul oOncesi egitimi, cocuklarin sosyal, duygusal, davramigsal ve biligsel
gelisimlerini etkileyen en oOnemli donemlerden biridir. Bu egitim farklhi
kesimlerden gelen gocuklarin aralarindaki farki kapattigi gibi onlarin ilkokula
hazir hale gelebilmeleri icin firsat sunmaktadir. Bu donemde cocuklarmn farkli
alanlardaki becerilerini gelistirmek okul 6ncesi egitiminin énemli bir parcasidir.
Bununla birlikte, g¢ocuklarin plan yapma, izleme ve kontrol etme ve
degerlendirme gibi {istbilis ve Ozdiizenleme becerilerinin gelistirilmesi de
gerekmektedir.

Ustbilis ve 6zdiizenlemenin iki farkli teoriden geldikleri gériilmektedir. Ustbilis,
bilgiyi isleme teorisine, Ozdiizenleme ise sosyal-kultlirel ve sosyal-bilissel
teoriye dayanmaktadir. Bu iki kavram yillar iginde dyle i¢ ice gegmistir ki
koklerinin birbirinden ayrilmasi neredeyse imkansiz hale gelmistir. Giiniimiizde
okul 6ncesi ¢ocuklarinin 6zdiizenleme becerilerini ortaya koyan en énemli teorik
cergevede de dzdiizenleme becerilerinden bahsedilirken biligsel boyutun altinin
cizilmesi bu durumun géstergelerindendir. Bu teorik gergceveye gore okul dncesi
cocuklarinda 6zdiizenleme becerilerinin {i¢ boyutu bulunmaktadir. Bunlar,
iistbiligsel bilgi, istbiligsel diizenleme ve duygu/motivasyon diizenlemedir. Bu
calismada ¢ocuklarin iistbilissel diizenleme becerileri incelenmistir.

Problem ¢ozme erken cocukluk doneminde gelistirilmesi gereken Onemli
becerilerden biridir. Problem ¢6zme etkinlikleri matematiksel becerilerin
gelistirilmesine zemin hazirlamaktadir. Ote yandan, problem ¢dzmede iyi olan
ilkokul 6grencilerinin {istbilis ve 6zdiizenleme becerilerinin daha iyi oldugu ve
iistbilis ve 6zdiizenleme becerilerini gelismis olan ¢ocuklarin problem ¢dzmede
daha basarili oldugu farkli ¢calismalarda ortaya konulmustur. Bu ¢alisma, benzer
bir iligkinin okul 6ncesi ¢ocuklarinda da olup olmadigim tespit etmek icin
tasarlanmigtir. Calismanin amact okul oncesi ¢ocuklarinin problem ¢dzme
etkinliklerindeki iistbilissel diizenleme becerilerini incelemektir. Bu baglamda,
okul dncesi ¢agindaki gocuklar problem ¢6zme etkinlikleri {izerinde g¢aligirken
hangi {istbiligsel diizenleme becerilerini kullanmaktadir sorusunun cevabi
aranmistir.

Yontem

Bu ¢alismaya bir okul dncesi kurumuna devam eden 27 gocuk (15 erkek, 12 kiz)
katilmistir. Calismanin yiriitiildigi okul oncesi kurumu, video ¢ekiminde
sergiledigi isbirligi ve kurumdaki cocuklarin ¢alisma ig¢in uygun olmasi
nedeniyle se¢ilmistir. Cocuklar 43 ile 73 ay araligindadir (AO: 60, SS: 8,2).
Ogretmenler gocuklarin genellikle orta ve iist diizeyde gelire sahip ailelerden
geldiklerini belirtmislerdir. Ayrica 6grenci velilerinin %30’u anaokulunun bagl
oldugu iiniversitede caligmaktadir.

Arastirmaya baslanmadan 6nce Bogazigi Universitesi Etik Komitesi’nden gerekli
onaylar alinmigtir. Ayrica, velilere onay formu gonderilmis ve onay formunu
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dolduran velilerin ¢ocuklar1 ¢aligmaya dahil edilmistir. Video kayitlar1 sadece
aragtirmacilar tarafindan izlenmistir.

Calismada kullanilmak {izere uyarlanan 3 matematik etkinligi Oriintii olugturma,
O0lecme ve siniflama becerilerini ortaya g¢ikarmaya yonelik problem ¢dzme
etkinlikleridir. 27 ¢ocuk tgerli gruplar halinde etkinliklerde yer almiglardir.
Oriintii olusturma etkinligine 27 ¢ocugun hepsi katilirken, 6lgme ve smiflama
etkinliklerinde 15er cocuk yer almistir. Etkinlikler en az 10 dakika siirerken
cocuklar etkinlikleri en fazla 30 dakikada tamamlamiglardir. Toplamda tiim
gruplarin 6riintii olusturma etkinligi 161 (AO:17,9), dlgme etkinligi 74 (AO:
14,6) ve siniflama etkinligi 80 (AO: 16) dakika stirmiistir.

Toplam 315 dakikalik video kaydinin desifre edilmesinden sonra gocuklarin
Ustbiligsel diizenleme becerileri kodlanmis ve analiz edilmistir. Kodlayicilar arasi
giivenirlik ¢alismasi1 yapilarak ¢alismanin gegerlik ve giivenirligi saglanmustir.

Bulgular

Arastirmada elde edilen bulgular, problem ¢6zmeye dayali matematik
etkinliklerinin  kigiikk c¢ocuklarin istbilissel diizenleme becerilerini ortaya
¢ikarmak i¢in uygun bir ortam olusturdugunu gostermistir. Arastirma, dnceki
caligmalarda ilkokul 6grencilerinde tespit edilen iliskiye benzer sekilde, okul
Oncesi ¢agindaki ¢ocuklarin tstbiligsel diizenleme becerileri ile problem ¢tzme
becerileri arasinda bir olumlu ve giiglii bir iliskinin oldugunu géstermistir. Ancak
bu arastirma, nedensel iliski bulmak igin tasarlanmadigindan, matematik
becerilerinin mi istbiligsel diizenleme becerilerini etkiledigi yoksa bunun tersi
yonde bir etkinin mi var oldugu konusunda bir yargiya varmak miimkiin degildir.

Bulgulara gore, etkinlikler sirasinda bazi istbiligsel diizenleme becerilerinin daha
stk gortldigi ortaya ¢ikmustir. Etkinlik beklentilerinin belirlenmesi, etkinlikte
takip edilecek yollara karar verilmesi, ama¢ ve hedeflerin belirlenmesi planlama
becerisine dair en fazla tespit edilen gostergelerdir. Hatalarin tespit edilmesi ve
ilerlemenin gdzden gecirilmesi en fazla ortaya ¢ikan izleme becerisi
gostergeleriyken, yapilan izleme sonucunda ¢6ziim yollart nerilmesi ve bunlarin
kullanimi istbiligsel diizenlemenin kontrol alt boyutuna dair en sik rastlanan
davranis olarak goze carpmaktadir. Degerlendirme yaparken, ¢cocuklarin en ¢ok
etkinliklerindeki eksiklerden ve yanliglardan bahsettikleri ve performanslarin
nasil gelistirebileceklerine dair yorumlar yaptiklart gézlenmistir.

Sonuclar ve Tartisma

Arastirmada elde edilen bulgular, gesitli listbiligsel diizenleme becerileri arasinda
muhtemel bir iligkinin varhigimni igaret etmektedir. Etkinliklerine planlama
yaparak baglayan ¢ocuklarin bu planlarinin etkinlik sirasinda izleme yapmalarina
zemin hazirladigr goriilmiistiir. Ayrica, ¢ocuklarin etkinlik esnasinda siirekli
etkinligi ve performanslarini izliyor ve kontrol ediyor olmalari degerlendirme
yapmalarint kolaylastirmistir. Bu iligkilerin gelecekteki calismalarda ele alinip
incelenmesi kiiciik ¢ocuklarin {istbiligsel diizenleme becerilerinin karmagik
yapisini anlamak icin faydali olacaktir.
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Gozlemsel yontemin sinirliliklart olmasina ragmen kodlayicilar arasi tutarhilik ve
iicleme gibi cesitli teknikler kullanilarak calismanin gegerlik ve giivenirligi
saglanmigtir. Bu dogrultuda, calismanin okul dncesi ve matematik egitimcilerine
katk1 saglayacag: disiiniilmektedir. Ayrica, bu g¢alisma g¢ocuklarin istbiligsel
diizenleme becerileri ve matematiksel problem ¢dzme becerileri arasindaki
iliskiyi ortaya koymasma ragmen, problem c¢ozme etkinliklerinin stbiligsel
diizenleme becerilerine etkisinin oldugu iddia edilemeyecektir. Bu iki degisken
arasindaki neden-sonug iliskisini inceleyecek ¢alismalara ihtiyag bulunmaktadir.
Bununla birlikte, bu c¢aligmada ¢ocuklarin etkinlikler sirasindaki Tstbilissel
diizenleme becerileri incelenmistir. Ilerideki ¢aligmalarin kapsamu iistbilissel
bilgi ve motivasyon ve duygu diizenlemesini igerecek sekilde genisletilmelidir.

Kiigiik bir katilimer grubuyla yapilan bu ¢aligmanin bulgularindan bir genelleme
yapilmast uygun olmayacaktir. Kiigiik c¢ocuklarin {istbiligsel diizenleme
becerileri hakkinda daha genis bilgi edinebilmek igin ¢alismanin farkli
katilimcilarla tekrar edilmesi gerekmektedir. Bunun yani sira, bu alanda ileride
cocuklara ve dgretmenlere yonelik iistbiligsel diizenleme becerileri baglaminda
miidahale ¢aligmalarinin yapilmasinin gerektigi de ortaya ¢ikmaktadir.



