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Abstract: Probabilistic reasoning needs careful consideration for the development of the child’s
ability to interrogate and predict the likelihood based on the findings from the evaluation of various
situations or events. Children, hence, will begin to experience metacognitive skills such as
considering different causes and effects, decision-making and interpreting. This study aims to
explore the probabilistic reasoning skills of preschool children according to the influential variables
of gender and age. Typically developing 123 children who are enrolled in the city-centre preschools
in Ankara constitute the study group. In the study, five questions were asked in the probability
section of the Evaluation Instrument for the Early Mathematical Reasoning Skills developed by
Ergiil (2014) were posed to identify the probabilistic reasoning skills of the children. Each child was
treated individually to gather detailed findings. Children’s explanations to the probability questions
were evaluated in detail through the use of rubrics. Findings reveal that girls and boys do not differ
significantly in their probabilistic reasoning skills; but, in line with the recent literature, these skills
improve as they grow up.
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Oz: Olasiliksal akil yiiriitme, ¢ocuklarin farkli durum ya da olaydaki verileri degerlendirme,
degerlendirme sonucu elde edilen veriye gore olabilirlik durumunu sorgulama ve tahminlerde
bulunma becerilerinin gelisimi i¢in dikkatle ele alinmalidir. Bu sayede ¢ocuklar farkli nedenleri ve
sonuglari gérme, karar verme ve yorumlama gibi {ist zihinsel becerileri yasama gegirmeye
baglayacaktir. Bu c¢alismanin amaci, okul 6ncesi donem c¢ocuklarinin olasiliksal akil yiiriitme
becerilerinin incelenmesidir. Bu becerilere etki edebilecegi diisiiniilen cinsiyet ve yas degiskenleri
de incelenmistir. Arastirmanin ¢aligma grubunu, Ankara sehir merkezindeki okul oncesi egitim
kurumlarina devam eden ve normal gelisim gosteren 123 ¢ocuk olusturmaktadir. Calismada
cocuklarin olasiliksal akil yiiriitme becerilerini belirlemek i¢in, Ergiil (2014) tarafindan gelistirilen
Erken Matematiksel Akil Yiiriitme Becerileri Degerlendirme Araci’nin olasilik bdliimiinden bes
soru sorulmustur. Ayrintili veriler elde edebilmek icin her cocukla bireysel olarak uygulama
yapilmustir. Cocuklarin olasilik sorularina getirdikleri agiklamalar, rubrikler araciligryla ayrintili
olarak degerlendirilmistir. Bulgulara gére kiz ve erkek cocuklarin olasiliksal akil yiiriitme
becerilerinde anlamli bir fark bulunmazken, son yillardaki alan yazina paralel olarak bu becerilerin
yasla birlikte gelisme gosterdigi ortaya ¢ikmustir.
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INTRODUCTION

Each and every thing and event that children encounter, provides them who are motivated to
explore the life, an opportunity to experience trial-error. Within this process, they progress in
their developmental stages while making decisions in line with the environmental stimuli.
These stimuli, which may be physical, social, and cognitive, offer many option, probability- to
reach a decision. A baby throwing a grape into a bottle can judge whether the grape can be
removed or not by evaluating the properties of the bottle. A child observing the behaviour of
the parent may act by considering the possibility of getting chocolate. He might prefer a big
box that he thinks it could have more toys in it. All these, and many more examples show that
children encounter ideas and concepts of probability from the very earliest stages of their life

and at any time.

Chance, randomness and probability are statistical concepts that relate to each other and define
the logic-mathematical thinking of children. Traditional theories argue that probabilistic
thinking develops after the age of seven. However, recent research shows that children can
develop basic concepts through mental mechanisms and / or intuitive processes starting from

the age of four (Nikiforidou & Pange, 2009, 2010b).

It is viewed that evaluating the probability lies beneath the trial-and-error, one of the basic
exploration and learning methods of the children. In each trial, a different probability situation
is enthusiastically considered and applied. Due to the early characteristics of reasoning, children

consider the probability situations in terms of their own developmental level.

The relationship between probability and intuition begins to develop from very early years on.
It is noteworthy that in many studies with infants and very young children, they are found to
make the right decisions in tasks and games based on the concept of probability even though
they are quite young (Teglas, Girotto, Gonzalez & Bonatti, 2007; Bonatti, 2008; Xu & Garcia,
2008; Denison & Xu, 2010a).

In Denison, Reed and Xu’s (2013) research, 6 months appear to understand something about
the predictive relationship between samples and populations; by the end of the first year, infants
can compute probabilities in looking-time studies and the output of these computations can
guide their action. Infants, who are expected to estimate the numerical ratio, make correct
probability predictions despite the increasing number of objects (Denison & Xu, 2010b). As the

babies’ perceptions of the object numeracy evolve, they are able to make their preferences
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appropriately even during the period of pre-verbal conversation (Téglas, Ibanez-Lillo, Costa &

Bonatti, 2015).

It is an important feature that babies and children have probabilistic reasoning skills related to
different situations or events as stated in the literature. Even though reasoning seems to be
limited to more intuitive and simple perceptions in the preschool period, evaluating the data,
data-driven questioning of the probability and making estimations provide an important
infrastructure for such a skill development. Probability studies should further be conducted in
line with children’s developmental stages to engage them in metacognitive thinking while
children constantly make predictions about different situations and try to improve their
knowledge through trial-error. Probabilistic reasoning skills must be practised during the

preschool period- a critical time for the acquisition of thinking habits.

Intuitive ideas about chance and probability appear in young children who use qualitative
expressions (such as terms “probable” or “unlikely”) to express their degrees of belief in the
occurrence of random events. These intuitive ideas can be used by a teacher to help children
develop a more mature understanding and use probability as a tool to compare likelihood of

different events in a world filled with uncertainty (Batanero, Chernoff, Engel, Lee & Sanchez,

2016).

Surveys indicate that the concept of probability has more of an intuitive nature and may vary
for children younger than six years old (Way, 2003; Nikiforidou & Pange, 2010a). Intuitions
may emerge in both formal and informal contexts, but in the case of early years in terms of time
intuitive thinking is mainly associated with informal knowledge. Under this perspective, young
children are expected to estimate odds and unpredictability and therefore make probability
judgments at a certain level, prior to formal learning (Nikiforidou, Pange & Chadjipadelis,

2013).

Observation of the children's games in the preschool period suggests that they have an untrained
vision of the probability concepts and the related situations. Especially, if there is any unfairness
between the groups in competitive games, they will immediately express this. In the case of
fewer balls, smaller basket or a further distance that can lead to the winning of the other group,
unfairness is immediately recognized and they may make comments such as “impossible", “we
cannot win, it is not possible" or vice versa "they will definitely win", "they always win as they
have more people”. Tatsis et al. (2008) have designed games including concepts of probability

for 5-year-old-children to have them evaluate the status of fairness. According to findings, most

of the children are found to make the right decisions about the fairness of games and that these
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games are important to understanding the concepts of probability. By evaluating the likelihood
of the wheels used in children's games, they correctly predicted the group that would finish the

cherries in the tree earlier.

The theoretical basis of the child's informal information about the probabilities, the relevant
research results and the current probabilistic tasks should be considered when designing a task
or a set of probability tasks. The application of the experiment and the use of dice and wheels
have a critical position in the development of children's probabilistic thinking. Especially the
children in kindergarten have significantly improved their probabilistic thinking ability when
given simple and meaningful probabilistic tasks. They can simply discard their subjective
interpretations and develop a more basic and quantitative thought. There is evidence that
probabilistic reasoning is influenced by the nature and function of the task or problem in
question. Tasks that focus on the child's attention to results and on the long-term view of random

events help children to develop comprehension skills (Skoumpourdi, Kafoussi & Tatsis, 2009).

According to Van de Walle, Karp and Bay-Williams (2014), it is imperative that a significant
preliminary development of realistic concepts of chance is necessary before children are ready
to construct formal understandings of the likelihood of a future event. Most likely, this
development will take place as children study and discuss a large number of possibilities with
their peers. Children's insights into the likelihood of a future event are quite surprising. For
example, they were convinced that the next time the dice is thrown it will definitely show three;
"Because I am sure about it!" or "Because three is my lucky number!". This first concept is a
good starting point to change their misconceptions, concepts of "possible" or "not possible" and

nmn

then of "impossible", "possible" and "definite" can be emphasised.

The concept of probability can only exist within a framework of random events. Therefore,
constructing the mental model of probability runs into significant difficulties when a child is
unable to recognise the randomness that characterises a probabilistic situation and instead
believes, for example, that the outcome of rolling a dice depends on the ability of the person

rolling it (Antonopoulos & Zacharos, 2013).

How children think probabilistically, their awareness of the causes of their thoughts and their
proper explanations form the scope of reasoning. The development and exploitation of existing
potentials for children's probabilistic reasoning requires simple but purposeful physical and

verbal arrangements in the child's settings and activities.
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This paper considers whether and how preschool children are able to reason about probability.
Examination of the probabilistic reasoning skills used by children, it is important to increase
the number and quality of the activities. While creating activities that lead children to think
about possibility, what are the skills to be developed in the sense of recognizing the existing

educational conditions and materials is necessary.

METHOD

This survey was conducted to examine the probabilistic reasoning skills of children by
investigating the effect of gender and age variables on the specified skills. The survey method
aims to determine a sample’s attitudes, behaviors and opinions numerically within a specified

scope (Creswell, 2013).

The research group of the study was 123 children of typical development, aged between 43-78
months who are enrolled in preschools and independent kindergartens of the Ministry of

National Education.

Convenience sampling was used for the selection of participants. It is a non-probability
sampling technique in which participants are selected due to their accessibility to the researcher.
Also it can be used to obtain information relatively quickly and cheaply (Bryman, 2015;

Webster, Lewis & Brown, 2014 )

To conduct the study, permission was received from the Ministry of National Education. The
school principals and teachers were offered this permission. Who had previously been granted

permission from the parents for such studies, participated to the research in willingly.

Of the children in the working group, 52.8% were boys and 47.2% were girls. 16.3% of the
children were in the range of 43-54 months, 31.7% were in the range of 55-66 months and 52%
were in the range of 67-78 months. Taking into consideration the groups determined by the

participating preschools and independent kindergartens these groupings were formed.

Data Collection Tool

In the research, the probability section of the "Evaluation Instrument for the Early Mathematical
Reasoning Skills" developed by Ergiil (2014) was used to determine the level of knowledge
about the concept of probability of children. The demographic information about the children

was gathered from the children’s information forms.
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This instrument was prepared with 40 questions in the field of Measurement, Data Analysis and
Probability. In order to ensure the reliability of the data obtained from the instrument, the test-
retest method was applied. Test-retest reliability coefficient is .98. The findings of the item
analyses demonstrated that all of the items in the scale were discriminatory. Feedback from the
experts was gathered to ensure validity. Kripendorft’s alpha was analyzed for the reliability of

the rubric. The results showed that (.91) the interrater agreement were very good (Ergiil, 2014).

A task-based rubric was used in the evaluation of the questions. For each question, the children's

comments were evaluated according to the criteria and scored between 0 and 5.

Rubrics are tools that contain explicit criteria and rules that enable the evaluation of complex
performance. Also they provide systematic and rapid recording of opinions, conclusions and
evaluations (McAfee & Leong, 2012). Rubric, in other words rating scale is a form
completed by an evaluator to make a judgment of relative standing with regard to a specified

variable or list of variables (Cohen & Swerdlik, 2013).

The literature names two types of rubrics- holistic and analytical. In a holistic rubric, an overall
assessment is made while taking into account all of the criteria for the whole performance, in
the analytical rubric, each dimension of the task being assessed is scored by the scorer
(Brookhart, 2013). In this study, holistic rubric type was preferred because of the age of the

children and the aim of identifying the probabilistic reasoning skills.

The holistic assessment rubric is a scoring tool used for the qualitative evaluation of authentic
or complex student studies. It also sets the standards for achieving these scores as well as

important dimensions of performance (Jonsson & Svingby, 2007).

Pictures were used in the first and second questions. In the first picture, there is a four-colored
circle with slices of different sizes and a black arrow. The most dominant colour in circle slices
is yellow, followed by red, blue and green. In the second picture, there are four transparent bags
with coloured beads inside. There are four beads in three bags and eight beads in the last. In the
other three questions requiring the dice, the same dice was used. There are two number sets of

1, 2 and 3 on this dice.

Data Collection Procedure

The researcher worked with children individually, in a separate area different from their class

and with the minimum stimulus. A table and chair suitable for the child's height have been
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provided to make the children physically comfortable. Children have been invited to the room
to look at the pictures together. Only volunteer children participated in the study. The questions
were asked to all the children in the same order and manner. Responses, comments and
observed behaviours were recorded in writing. After all the questions were directed to the child,
they were thanked and brought to the child's class. Each application lasted between 25 or 30
minutes. After the researcher worked with all the children who participated in the study at the

school, the teachers were informed about the process and the results.

Data Analysis

The frequency and percentage of correct responses were examined. At the same time, the
question averages were evaluated. Comparisons were made with Mann Whitney U and Kruskal
Wallis H tests of non-parametric tests to examine the effects of the variables on the performance
of children in probabilistic reasoning skills examined in the study. The evaluation tool used in
the research is at the level of the rating scale therefore, non-parametric tests have been taken
advantage.

FINDINGS

The following tables show the results of the analysis of whether the gender and age variables

have an effect on the children's scores.

Table 1. Mann Whitney U-test results of probabilistic reasoning skills according to gender

Gender n Mean rank Sum of ranks U p
Male 65 63.57 4132.00
Female 58 60.24 3494.00 1783.0 60

As Table 1 displays scores by male and female, it does not indicate any significant difference

(U=1783.0, p>.05).

Table 2. Kruskal Wallis H-test results of probabilistic reasoning skills according to age

Age (mos) n Mean rank sd x? p
43-54 20 26.13
55-66 39 50.76 2 40.76 .000
67-78 64 80.06

It is seen that the interval of the month leads to a significant difference in the scores gained

from the data collection instrument (x2=40.76, p<.05).
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After examining the effect of the variables on probabilistic reasoning skills, the percentages of
the correct responses to the five questions were organised according to their order of practice

in the following five tables.

Table 3. Criteria, score, and percentages of the question "Which colour might the arrow hit when the
circle swings fast?”

Response  Score CRITERIA %
Predicted 5 S/he provided a a full explanation. Eg. “Most probably yellow”. 27.6
the 4 S/he provided an incomplete explanation. Eg. “Possibly it hits when it swings”. 1.6
possibility 3 S/he did not explain at all or provided an unrelated explanation. Eg. “If swings 114
correctly fast, I don’t know”. )
Predicted S/he knows a little about the concepts/has conceptual confusion/misuses the
2 (13 . .9 0.8
the concept. Eg. “Red is big”.
possibility 1 S/he did not provide any explanation or the explanation was incorrect. Eg. “Red 56.9
incorrectly is in the middle, on the right, because it hit red, I don’t know”. )
No 0 S/he did not pay any interest at all. 1.6
response

When the children are asked the question, the first picture is shown. 27.6% of the children
correctly guessed the possible colour and explained it well. 56.9% of them wrongly predicted

and could not explain or wrongly explained.

Table 4. Criteria, score, and correct response probability percentages of the question "From which bag
is it more likely to choose red beads?"

Response  Score CRITERIA Y%
Predicted S/he provided a full explanation. Eg. “Because there are 2 reds”. 50.4
rethl: ¢ 4 S/he provided an incomplete explanation. Eg. “All of them have it, reds in here 16
P is possible”. ’
possibility - - - - m ;
S/he did not explain at all or provided an unrelated explanation. Eg. “I don’t
correctly 3 . . ' 12.2
know, red might jump”.
Predicted 2 The explanation was incorrect. Eg. “There are many balls here, many beads”.  21.1
t!le. . S/he did not explain at all or provided an unrelated explanation. Eg. “I chose this
possibility 1 v 114
. one, they need to share”.
incorrectly
No S/he did not pay any interest at all. 3.3
response

The second picture was shown while questioning. 50.4% of the children correctly predicted the
possibility of choosing the red ball and could provide a complete explanation. 21.1% of them

estimated wrongly and explanation was wrong.

The questions that dice were used begin with "Is there a chance of five when I throw it?", which
includes the notion of being (existence-non-existence) as it is thought to be easily understood
by the children. Before asking this question, the researcher showed the dice to the child. The
numbers on it were examined together to ensure that the child knew the numbers on the dice.

When the children requested, the dice were given and taken back without asking questions.
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Table 5. Criteria, score, and correct response probability of the question, "Is there a chance to get five
when [ throw the dice?"

Response  Score CRITERIA %
Predicted 5 S/he provided a full explanation. Eg. “There is not any 5, it is impossible”. 45.5
the 4 S/he provided an incomplete explanation. Eg. “It is likely”. 1.6
possibility S/he did not explain at all or provided an unrelated explanation. Eg. “/
3 , » 9.8
correctly don’t know, 5 makes more”.
Predicted The explanation was wrong. Eg. “If is sometimes possible, it can, yes it is
2 ) ” 29.3
the possible-chance”.
.poss1b111ty 1 S/he did not provide any explanation. Eg. “I don’t know”. 12.2
incorrectly
No response 0 S/he did not pay any interest at all, just looked at the dice. “/ don 't know.” 1.6

45.5% of the children correctly guessed the probability of the number five and could provide a
complete explanation. 29.3% of them wrongly predicted and could not make a correct

explanation.

Table 6. Criteria, score, and correct response probability of the question, "Is there a chance to get two
when [ throw the dice?"

Response Score CRITERIA Y%
S/he provided a full explanation. Eg. “It is possible but not much, there is

5 o 28.5

Predicted the maybe 2, possibly”.

ossibili 4 S/he provided an incomplete explanation. Eg. “2 is probably less likely, 203
pcor:eé tllty because it must be very little”. '
y S/he did not explain at all or provided an unrelated explanation. Eg. “Idon’t
3 . ” 40.7
know, one is followed by two”.

Predicted the 2 The explanation was incorrect. Eg. “It is not possible, it might always be”. 4.9
.poss1b111ty 1 S/he did not provide any explanation. Eg. “I don 't know”. 4.1
incorrectly

No response 0 “I don’t know”. S/he did not pay any interest at all, just looked at the dice. 1.6

The proportion of children who can tell and explain the probability is 28.5%. 40.7% of the
children knew the correct answer but could not give a correct explanation. The proportion of

children who wrongly predicted and wrongly explained the probability is 4.9%.

Table 7. Criteria, score, and correct response probability question, "Is there a chance to get numbers
smaller than four when I throw the dice?"

Response  Score CRITERIA %
5 S/he provided a full explanation. Eg. “All of them are smaller than 4, it is highly 3.9
Predicted likely thereis 3 2 1. :
the S/he provided an incomplete explanation. Eg. “Smaller than 4 is possible,
o 4 " 5.7
possibility because there are not many 4s”.
correctly 3 S/he did not explain at all or provided an unrelated explanation. Eg. “If I throw 50.4
it is possible, if you shake it fast there is a chance”. )
Predicted 5 The explanation was incorrect. Eg. “It is not possible as there is not a 4, it is less 244
the likely because it is bigger than 1, 2, 3 . ’
possibility 1 S/he did not provide any explanation. Eg. “I don’t know, it is less likely because 6.5
incorrectly 4 is a big number”. )
No 0 S/he did not pay any interest at all, just looked at the dice. 4.1
response

Erken Cocukluk Calismalart Dergisi 2018 Journal of Early Childhood Studies
4 C

Cilt 2 Say1 1 - Nisan Volume 2 - Issue 1 April



77 | ERGUL Maybe, maybe not:Probabilistic reasoning in preschool period

Children were asked to respond by taking into account the numbers on the dice. The percentage
of children responding wrongly is 50.4%. 24.4% of the children wrongly stated the probability
and wrongly interpreted the possibility.

CONCLUSION AND DISCUSSION

In this study, it is aimed to examine the probabilistic reasoning skills of the children in the
preschool period. Therefore, 123 children who were attending preschools were asked five

probability questions. The answers were evaluated by using rubrics.

There was no significant difference in the mean scores of probabilistic reasoning skills of boys
and girls. In addition, there was no gender-related difference in the explanations of the children.
Similarly, there are many studies claiming that gender-based differentiation in different math
skills did not occur significantly in the pre-school period and begins after 7-8 years of age
(Williams, White & MacDonald, 2016; Merkley, Thompson & Scerif, 2016; Purpura, Reid,
Eiland & Baroody, 2015)

The effect of age-related development in assessing the probabilistic reasoning is also seen in
this study - as in many different types of research (Gonzalez & Girotto, 2011; Ergiil, 2014; Liu
& Chou, 2015). Even the youngest children in the study group were found to have intuitive
probability considerations, but the correct response rates of older children were found to be

higher. Parallel to this, differences in the nature of the question explanations were observed.

While predicting the probability, younger children have resorted to many subjective judgments
such as "I know, I like red". Similarly, they viewed the questions as a problematic situation and
tried to find a solution rather than evaluate the possibility. In the case of the older children,
although they gave correct answers, their explanations were inadequate. The words such as "I
understand these things, I understood in my mind, my father said it, I grew up, [ witness it with
eyes" are explanations made without using the concepts of probability. Another case observed
in the older children is that they have to struggle to explain the questions with other concepts
they know. "I understand it from the colours, I know the colours and numbers, and when it is

red we stop" are examples of these explanations.

The individualised implementation and argumentation with children especially with the
younger provides rich and detailed information as seen in the reasoning skills analysis. In this

study, during the individual practice, the children were observed to focus on the correct answer
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and try to answer quickly. Although it was emphasised by the researcher that it was a game, the

tendency to focus on the correct answer was often observed.

As mentioned in many research (Webb, Whitlow and Venter, 2017; Brey, 2017; Zacharos, et
al, 2016), to analyse and to develop children’ reasoning skills, there should be more

argumentation, explanation and exploratory talk in child’s life.

Probabilistic reasoning skills can be evaluated in more detail by examining the questions
separately. The answers given to the questions were extended by the researcher and especially
the possibility words were used to help children explain. No feedback was provided to the

child's answers and explanations as to whether they are true or false.

In practice, when the responses to the first question are examined “Which colour might the
arrow hit when the circle swings fast?", it is seen that 40.6% of the children correctly estimated
the probability. The percentage of children who can give a complete explanation to the right
answer is 27.6%. When the rate of correct and incorrect answers is roughly analysed, the total
rate of the incorrect answers is identified as more than half. Although rest of the children
correctly predicted the likelihood, they could not explain the reasoning. For this question,
57.7% of the children guessed the answer wrongly. Within this ratio, it is seen that most of them
not only predicted the possibility incorrectly but also provided incomplete explanations. The
correct answer to this question, as reported in Table 4, is to predict that the chance of yellow
colour is higher. The most comprehensive explanation children are expected to give is that

colour has the largest area on the circle.

To the second question, 50.4% of the children accurately predicted the possibility of hitting a
red ball and could provide a complete explanation. Predictions and explanations of 21.1% are
wrong. These children who misinterpreted showed the bag with the most balls, and they
emphasised this in their explanations. They have interpreted the concept of multiplicity as
increasing the probability, ignoring the variable of colour. This problem can lead to different

results if asked without the bag with an extra ball that acts as a distractor.

Kafoussi (2004) conducted an empirical study to determine the skills regarding the concept of
probability of five-year-old children. Before the training, children's answers were recorded in
the experiments including coloured ball or card selection about the predictions of which one
would be picked. When asked about their answers, children often stated that they made these
choices because "It was their favourite colour" or simply "Because it is possible". However,

during the second round of talks on the same experiments after the training, improvements were
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observed in the basic quantitative reasoning of the children. As a result, children used the
concepts of "less/fewer" and "more" when describing the probability of collecting balls or cards

from the boxes.

Following these two picture questions in the survey, questions were asked about the dice, which
could be more challenging in terms of probabilistic reasoning. While estimates in the first two
questions lead to relatively more accurate answers, more abstract probabilistic estimates need
to be made to the three questions about the dice. Children were asked to run predictions without

rolling the dice and to explain their rationale.

45.5% of the children correctly guessed the probability of the number five and could provide a
complete explanation. 29.3% of them could not predict and explain correctly, though they were
shown the numbers on the dice. The children considered having faced a problem, and they

produced a solution like "five comes after four, five dices are needed".

The proportion of children who say the probability of the number two and who are able to
explain it with "maybe-sometimes" is 28.5%. 40.7% of the children provided the correct answer
but could not give a proper explanation. These children, who cannot explain well, have followed
a disconnected and partly problem-solving approach, such as "I might throw them in the air,
keep two upside, the least we get is two". As a result of intuitive thinking, 20.3% of the children
explained the correct answer incompletely. To exemplify, they utter statements like "It is
sometimes possible, because every time I throw, it is different as there are a lot of numbers".
The proportion of children who wrongly predicted and wrongly explained the probability is
4.9%.

The last question was "Is there a chance to get numbers smaller than four when I throw the
dice?". The proportion of children who answered correctly, but could not explain was 50.4%.
8.9% of the children answered correctly and were able to make the expected full explanation.
The percentage of children who answered incorrectly to this question and whose explanation is
wrong 1s 24.4%. A problem encountered in the comments made for this question during
implementation is because some children have not acquired the concept of "smaller than four".
After the implementation is over, the children giving the answers such as "There are no numbers
here smaller than four, here we have only one-two- three", were asked the numbers smaller than
four". These children were struggling to count consecutive big or small numbers while they did
not have any problems with counting starting from one. As can be seen, children who cannot

acquire the number conservation might have problems in probabilistic reasoning situations.
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When these three questions asked by using dice are evaluated together, it is thought that the
concepts of probability such as "never-ever, maybe-sometimes and always" do not take much
place in the children's life. It has been observed that children who tend to focus on the correct

answer avoid using such ambiguous expressions.

During the preschool period, the use of dice often takes place in games. However, as can be
understood from the limited number studies on probability, its use is in the form of assessing
more numerical knowledge (Park, 2013; Rohmah & Waluyo, 2014), queuing in games,
advancing by the rolled number, adding (Moomaw & Dorsey, 2013; , 2016) or selecting cards
(Cho, Choi & Lee, 2015) according to many different conventions on the dice (colors, animals,
shapes, etc.). Regardless of the form of use in games, dice are of interest and are used with
enthusiasm by children (Kotsopoulos & Lee, 2013). In this study, too, the children approached
dice with interest and talked about the games they usually play with their parents with dice.

Using boxes or bags where there are coloured objects and dice, wheels that may contain
different concepts in games will provide significant opportunities for the development of
probability concepts. Children should be encouraged to play with these materials individually
or as a group and dialogues in this process should be observed. In a study by Giirbiiz, Erdem
and Uluat (2014), the positive effect of the game-based approach for the fourth-year primary
school students, the level at which the probability issue was officially addressed, was put
forward. In their study, it is proposed to use computer games related to probability in addition

to games performed in class. Games for all ages are important and make a difference.

In daily life, parents should also be provided with the necessary guidance to have their children
meet the concepts of probability through various competitions and suitable table games.
Families want to learn about the possibilities of transferring information while they are having
quality time with their children. With the help of educational and entertaining home games, the
knowledge that children have gained at school will be supported and the family will be an
effective part of this developing effort. In families where children play games that allow the
development of various concepts and skills, significant progress has been made in terms of
parents (Skwarchuk & LeFever, 2015; Niklas, Cohrssen & Tayler, 2016; Streit-Lehmann &
Peter-Koop, 2016) and siblings (How et al., 2015).

In other activities or situations within the classroom, the teacher should use the concepts of
probability and the children should be encouraged to adopt this approach. Opportunities should
be created for children to "think" about the possibilities in games and other activities. For

example, to draw the probabilities in the learning centre participation, to discuss the possibilities
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of weather forecasts and to record forecasts, to discuss situations and events that may or may

not happen in various environments we live in (such as summer snow, the speech of bees).

Teachers need guidance on getting such activities and concepts into the curriculum and
implementing them. According to Shiakalli, Zacharos & Lavidas (2017), firstly it is important
to identify and comprehend the pre-school teachers’ beliefs about probability. Scientific
background and required professional abilities related to probability concepts should be
developed both pre and in service programs. Efforts should be focused on extracting
mathematical content from everyday practices which appear in a pre-school classroom as well
as the inclusion of mathematical activities within a meaningful context in order to facilitate

effective teaching.

In the study by Nikiforidou and Pange (2009), children evaluated new information given in
probability tasks (probability of finding toy animals depending on the number of boxes) and
responded differently in each condition depending on the nature and amount of information
given. These findings suggest that probabilistic tasks should be designed based on the cognitive

capacities of children and their probabilistic conception.

Grotzer, Solis, Tutwiler and Cuzzolino (2017), found that most of the students held a generally
deterministic stance despite their ages in their study group. However, repeated opportunities to
engage with probabilistic causal tasks enabled some students to realize the probabilistic causal
schema. Their results show that probabilistic causal reasoning is not beyond their

developmental reach even as kindergartners.

The fact that the underlying cause of the right or wrong answer is perceived and explained by
the children and that the reasoning levels of the children can be evaluated more meaningfully
with these explanations are realised by the time spent with the children individually. It is
believed that more emphasis should be given to the individual evaluation method, especially if

the studies planned in the preschool period aims deeper than the "yes-no" answers.

In addition, rubrics preferred for evaluation of children's explanations in terms of probabilistic
reasoning help determine both the current developmental levels of the children and the
necessary educational steps to be taken for improvement. It is important that the educators who
will work with children should be aware of the rubric usage and preparation so that they can
plan in detail both the level of skill they want to examine and the training activities they will be
doing. Thus, development-based practices emerging directly from the child's needs can be

achieved.
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Current research provides a summary of the probabilistic reasoning of children. Longitudinal
studies based on observations are recommended to examine the use of cases of probability

concepts in everyday life.
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