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Abstract
This intrinsic case study was conducted to investigate 5-years-old children’s thoughts about probability. In this context, children’s predictions about probabilistic 
trials, their choices on probabilistic trials, inferences about the consequences of probabilistic trials, reasonings about complementary events, considerations on the 
recurrence of trials, and mathematical appropriateness of children’s responses were detailly investigated. Twenty-four children (63- to 70-month-olds) participated in 
this study. A progressive game played with the help of wheel mechanisms, a short story about probabilistic situations, and a set having interview-based procedures 
(Probabilistic Trials for Five-Year-Old Children) were used as data collection tools. Summative content analysis was used to analyze the data. Children’s thoughts about 
probability were categorized under different categories. Coefficient of interrater reliability was found to be as .87 according to Miles and Huberman’s formula. The 
results of this study show us that 5-year-old children have mathematically appropriate understandings about uncertain events, probable events, other possible fac-
tors affecting probability, and quantifying probability. Besides, the children who participated in the study were having some misconceptions on probability, such as 
focusing on the consequences of events, “Emotional decision-making,” “Assuming previously observed outcome will repeat,” and “Assuming increased probability as 
certain event.” As another result, most of their inferences about probabilistic situations were not consistent.
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Introduction

Probability is a special tool for people to make reasonable decisions, 
to predict and infer about various probabilistic situations (Jones et al., 
2007). Probability is a branch of mathematics. It makes no claims to 
the real world and its conditions, although it originated from gambling 
problems. It has its own phenomenon and mathematical explanations. 
However, its phenomenon and explanations are applicable in the real 
world and in human life. Many real-world problems are applicable and 
explicable with the help of probability (Athreya, 2015). 

Probability is in everyone’s life, even though they do not know much 
about it. Somehow everyone encounters with probability, makes deci-
sions and reasonings about it. So how do they do this? At this point, the 
universal competencies of being human come into play. Everyone may 
experience the wetness of the rain, coldness of low temperature, or the 
force of gravity. Thus, anyone can predict the fate of an object in the 
rain or at low temperatures, or of an object thrown into the air, based on 
their past experiences. Everyone will probably infer it was wet, frozen, 
or dropped (Johnson-Laird, 1994). According to Piaget and Inhelder, 
children’s probabilistic thinking depends on combinatory operational 
systems. They assert that children should have an “anticipatory schema” 
to develop understanding of probability and chance. This schema means 
children’s going beyond the fact of previous events. And it allows chil-
dren to predict unexpected events or situations in the future (Piaget & 
Inhelder, 1951, as cited in, Carlson, 1970). Piaget and Inhelder define 
three developmental stages for probabilistic cognition. According to this 
definition, children up to 8 years (stage 1) do not have adequate knowl-
edge about the concept of probability. And they also cannot distinguish 

between casual and random events. Children between the ages of 8 and 
12 (Stage 2) can develop a basic understanding of quantifying prob-
ability. They realize the difference between certain and uncertain events. 
Children from 12 years (Stage 3) can make more accurate probabilis-
tic calculations, and they can make deductive reasoning on probability 
(Piaget & Inhelder, 1975, as cited in, Gong & He, 2017). On the con-
trary, Bryant and Nunes (2012) state that even very young children have 
some knowledge and understanding about probability. Preschool age 
children can develop understandings about randomness, consequences 
of events, the sample space, quantifying and comparing the probabili-
ties, and correlations. Their prior knowledge and experiences about 
probability are the foundation of probabilistic thinking.

There are relevant studies on different-age group-children’s under-
standing of probability and their probabilistic thinking skills in the 
current literature. Sari et al. (2017) studied with children attending ele-
mentary school by using wheels having two differently colored equal 
circle slices. This study revealed that children’s probabilistic thinking 
depends on their math abilities. And it also revealed that children are 
pretty good at sample spaces, probability of an event, and comparison of 
probabilities. In HodnikČadež and Škrbec’s (2011) study, 4- to 8-year-
old children’s understandings of the concepts related to probability were 
examined. Their study revealed that there was no statistically significant 
difference on children’s understanding of probability across different 
age levels, although it is more consistent at age 8. According to this 
study, children have some difficulties on predicting the equal probabili-
ties and probabilistic correlations of independent events. However, they 
stated that children may understand and recognize the certain events, 
possible events, and improbable events. Bayless and Schlottmann 
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(2010) played a task-based game with 5–7-year-old children to find out 
children’s thoughts on expected value and probability. They expected 
children to roll three marbles toward large-, medium-, and small-sized 
gates from three different distances. Their study reveals that children 
consider the possibilities in order to successfully accomplish the task. 
Children’s judgements depend on the difficulty level. In their study, 
children tended to choose the large and proximate gate to increase 
the possibility of winning the game. Vásquez-Ortiz and Alsina (2019) 
studied with 4–6-year-old children. Their study revealed that chil-
dren use simple mathematical language about probability. It was also 
revealed that children have some prior knowledge about sample space, 
possibility of an event, and comparison of possibilities. According to 
Girotto and Gonzalez (2008), 5-year-old children may revise their deci-
sions and judgments into probabilistically appropriate ones in the rep-
etition of probabilistic situations. Pange (2002) states that 5-year-old 
children develop appropriate understandings on the possible outcomes 
of probabilistic situations. Tatsis et al. (2008) discussed the fairness of 
probabilistic games with 5-year-old children. This study revealed that 
children are capable to overcome their intuitions about the fairness of 
the game. It also revealed that children’s thoughts about probability are 
mostly based on the counting strategy. Sánchez-Robayo and Wilkins’s 
(2020) case study, which was conducted with 4-year-old children, 
revealed that children have preoperational understanding against the 
changes of sample space in nonreplacement probabilistic situations. 
It also revealed that children partially understand independent events 
and their judgments related to probability are subjective, inconsistent, 
and based on quantity. Denison and Xu’s (2010) study revealed that 
12–14-month-old infants can predict single-event probability signifi-
cantly better than chance. Davis et al. (2011) studied infants by using 
the eye movement paradigm. Their study revealed that even 10-month-
old infants show evidence of probability. Xu and Garcia’s (2008) study 
revealed that 8-month-old infants can infer about which population the 
outcoming items belong to, in probabilistic trials.

Children may have some understanding and prior knowledge about 
probability, but they are dependent on their experiences, language, 
belief, culture, and individual differences (Amir & Scott-Williams, 
1999). Moreover, children may have misconceptions on probability 
because of their having limited experiences and perceptions. Jun and 
Pereira-Mendoza (2002) state that children have many misconceptions 
on probability such as “probability cannot be calculated,” “interpret-
ing the probability based on outcomes,” “considering probability as 
certainty,” “interpreting the probabilistic situations based on subjective 
judgments,” “ignoring the probabilistic correlations,” “the repetition of 
probabilistic situations will complicate the interpretation,” “the com-
plementary event will occur in the case of repetition of probabilistic 
situation,” “developing a subjective probability calculation method.” 
Primi et al. (2019) state that probabilistic thinking is related to many 
different learning areas and academic achievement. They emphasize 
that children’s having misconceptions on probability has negative 
effects on development of probabilistic thinking. They also state that 
educational implementations will contribute the development of chil-
dren’s probabilistic thinking. Therefore, they see determining chil-
dren’s thoughts, understanding and misconceptions on probability as 
important facts.

Probabilistic thinking has become an important thinking skill of this 
century. Nowadays, individuals should make choices between various 
types of information and opportunities. They also should consider the 
uncertainty, make predictions, and develop alternative ways or solu-
tions against various situations. For children, these situations occur 
in their daily life, especially in their play. Children use probabilistic 
thinking while they are choosing toys to play, determining the chance 
of winning a game, playing any conditional progressive game by using 
dice or wheels (Tatsis, Kafoussi & Skoumpourdi, 2008). According to 

the National Council of Teachers of Mathematics (2000) standards, 
probability is a subject area to be taught from pre-kindergarten level. 
Children are expected to be capable of understanding and using the 
basic concepts of probability.

Considering the importance of determining children’s thoughts 
and misconceptions on probability for their learning and achievement 
(Primi et al., 2019) and for planning educational applications (Vásquez 
Ortiz & Alsina, 2019), it is essential to determine children’s thoughts 
about probability. In this study, 5-year-old children were expected to 
reflect their thoughts by making predictions and choices, inferencing, 
reasoning, and considering the probabilistic trials.

Methods

This study was conducted as an intrinsic case study. An intrinsic 
case study allows researchers to gather deeper information about spe-
cific groups (Hancock & Algozzine, 2017). In this study, 5-year-old 
children’s thoughts about probabilistic trials were detailly investigated. 

Participants
Children of 63–70 months of age (mean age: 65.7 months) partici-

pated in this study. A total of 24 children (13 girls and 11 boys) were 
selected based on the convenience sampling method. This sampling 
method ensures researchers to practically reach the new or current 
groups. Also, it allows them to practically implement the research pro-
cedures (Creswell, 2012). In this study, choosing preschool educational 
institutions being so close and accessible to the researcher’s institution 
was decisive.

Data Collection Tools
A set titled “Probabilistic Trials for Five-Year-Old Children” was 

used as a data collection tool. This set was developed by the researcher 
of this study. This tool is for determining 5-year-old children’s thoughts, 
predictions, inferences, and considerations about probability. The com-
ponents of the set are listed as follows:

• Two different wooden wheels for experiencing the probabilistic 
situations

• A short story titled “Siyo & Beyo the Puppies” for explaining the 
rules

• A progressive game titled “Let’s Get the Puppies to the Bone”
• Five different semistructured interview questions
• A written record form

Four equal circle slices with wooden wheel mechanisms are placed 
on wooden platforms. Children would spin them by hand. An arrow 
would indicate which color has come out. Mechanism 1 has three white 
and one black-colored circle slices, while mechanism 2 has two white 
and two black-colored circle slices. The mechanisms are shown in 
Figure 1.

The short story is as follows: “There were two puppies. Black 
and white puppies. Do you know, puppies like bones so much? These 
two puppies, too. Let’s play a game and help them to reach the 
bone. You need to choose one of the puppies. You may explain your 
choice by selecting white- or black-colored paw. We will spin the 
wheel. The puppy of the color that comes out will advance one step. 
We will advance our puppies by using the paws. Let’s turn and see 
which color will come out. The puppy that leads gets the bone (wins 
the game). Let’s see which colored puppy will reach the bone. Are 
you ready?”

A symbolic presentation of the instruments of game is shown on 
Figure 2. This game is being played as reminded by short story. Each 
puppy follows its own way to reach the bone. Mechanisms 1 and 2 are 
separately used to advance in this game. (Game is played for twice)
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The semistructured interview questions are listed as follows:

• Which one of these puppies do you think would win the game if 
we use this wheel? Why?

• What colored puppy would you choose to win the game? Why?
• What colored puppy won the game? Why do you think such a 

result came out?
• Do you think the other puppy would have won the game, too? 

Why?
• What color puppy do you think will win the game if we play it 

again? Why?

A written record form in which children’s responses and progres-
sion of the game were recorded was used. An example of this form is 
presented in Appendix 1.

Data Collection Procedures
All the necessary permissions (legal and ethical) were obtained 

before conducting this study. Parents of children were enlightened 
about the content of the study and their approval were obtained. 
Children were also enlightened about the same and were expected to 
participate voluntarily. Children’s comfort and feelings of being secure 
were considered. To ensure that, they were offered several choices 
about where to hold the interviews. Choices were having the interview 
in waiting room, in classroom or in entrees. Interactions between other 
children during the interviews were prevented. Data collection tools 
were introduced to each child and children were free to try and experi-
ence them for a while. Children were told a story titled “Siyo & Beyo 
the Puppies” to remind the rules of implementations. Then the game 
titled “Let’s Get the Puppies to the Bone” was played by using mech-
anisms 1 and 2. Children’s responses were recorded on to the writ-
ten record form, before, during, and at the end of the game. Children 

were free to express as many opinions as they wish, to change their 
response, and not to respond. A total of 285 responses were recorded 
during procedures.

Data Analysis
Seven responses of children were about not having any idea; that 

is why only 278 responses out of 285 were analyzed by two different 
coders. Participants were given pseudonyms as participant numbers 
from P1 to P24. Summative content analysis was used to analyze the 
data. This technique allows researchers to examine written data more 
effectively in a simple manner. And it also allows to categorize the data 
clearly (Hsieh & Shannon, 2005; Rapport, 2010). Written record forms 
were examined, and children’s responses were categorized under dif-
ferent categories. All the categories were examined in the context of 
mathematical appropriateness. Categories and sample expressions of 
children are presented in Appendix 2. 

Miles and Huberman’s (1994) formula, mathematically represented 
as R = [Consensus/(Consensus + Dissidence)], was used to calculate the 
coefficient of interrater reliability. According to this formula, the coef-
ficient is expected to be at least .70. In this study, two different cod-
ers analyzed the data and the coefficient was calculated as R = [244/ 
(244 + 34) = .87.

Persuasiveness
Some measures were taken during all the steps of this study. Only 

one researcher implemented the data collecting procedures to ensure 
the consistency of the data. Children were let free to decide whether 
to participate. They were free to try, examine, and use the tools to 
eliminate their hesitations before the implementations. Children 
were offered several choices to make them feel secure. Interactions 
between peers were prevented to eliminate any influences. Children 

Figure 1. 
Wooden Wheel Mechanisms 1 and 2.

Figure 2. 
Paws and Tray of the Game Titled “Let’s Get the Puppies to the Bone.”
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were allowed to spin the wheel and to advance the paws on their own. 
Wheels were spun by hand to ensure the randomness, instead of the 
programmed mechanisms giving firm results. Two different mecha-
nisms with black and white circle slices of different proportions were 
used to ensure the chance of all probable sequences come out. Children 
were free to express as many opinions as they wish, to change their 
minds, to express their reasons, to return to previous questions, or not 
to express any idea. Two different coders analyzed the data to obtain 
interrater reliability.

Findings

Findings on children’s predictions about probabilistic trials, choices 
on probabilistic trials, inferences about the consequences of probabi-
listic trials, reasoning about complementary events, considerations on 
the repetition of probabilistic trials, and mathematical appropriateness 
of children’s thoughts in general manner are presented in this section.

Children’s Predictions About Probabilistic Trials
Children were expected to predict which colored puppy would win 

the game. Children’s thoughts for the events of mechanisms 1 and 2 
were categorized as presented in Table 1. According to this table, most 
of children’s responses for the events of mechanism 1 (45.83%) refer 
to “Quantifying the probability.” 16.66% of them refer to “Emotional 
decision-making,” while 12.50% of them refer to Expressing no idea. 
8.33% of them refer to “Assuming previously observed outcome 
will repeat” and “Emphasizing uncertain event.” Lastly 4.16% of 
them refer to “Assuming the higher probability as certain event” and 
“Emphasizing probable event.”

Considering the Table 1, most of children’s responses for the 
events of mechanism 2 (58.62%) refer to “Quantifying the probabil-
ity.” 13.79% of them refer to “Assuming increased probability as cer-
tain event.” After then, 6.89% of them refer to “Assuming previously 
observed outcome will repeat and assuming complementary events 
will occur in sequence.” Lastly, 3.44% of them refer to “Considering 
other possible factors affecting probability,” “Emphasizing probable 
event,” “Emphasizing uncertain event,” and “Expressing no idea.”

Children’s Choices on Probabilistic Trials
Children were expected to choose one of the puppies to win the 

game and also to explain the reason of their choice. Children’s thoughts 
for the events of mechanisms 1 and 2 were categorized as shown in 
Table 2. As we may see in Table 2, most of the children’s responses for 
the events of mechanism 1 (48.00%) refer to “Quantifying the prob-
ability.” 32.00% of them refer to “Emotional decision-making.” 8.00% 
of them refer to “Assuming the higher probability as certain event” and 
“Assuming previously observed outcome will repeat.” Lastly, 4.00% of 
them refer to “Expressing no idea.”

Considering the Table 2, most of children’s responses for the events 
of mechanism 2 (30.77%) refer to “Emotional decision-making.” After 
that “Quantifying the probability” and “Assuming previously observed 
outcome will repeat” come out in equal proportion (15.38%). Of them, 
11.54% refer to “Assuming increased probability as certain event” 
and “Emphasizing probable event.” As high as 7.69% of them refer 
to “Assuming complementary events will occur in sequence.” Lastly, 
3.85% of them refer to “Considering other possible factors affecting 
probability” and “Assuming previously observed outcome as certain 
event.”

Children’s Inferences About the Consequences of 
Probabilistic Trials

The children were asked the question, “Why do you think such a 
result came out?” Children’s inferences about the consequences of 
probabilistic trials were examined. Categories reached as result of the 
examination for mechanisms 1 and 2 were presented in Table 3. This 
table shows us that most of children’s responses for the events of mech-
anism 1 (51.72%) refer to “Quantifying the probability.” “Decision-
making based on the consequences of events” comes out in a proportion 
of 31.03%. Afterward 10.34% of them refer to “Considering other 
possible factors affecting probability.” Lastly, 3.45% of them refer 
to “Assuming the higher probability as certain event and emotional 
decision-making.” 

According to Table 3, most of children’s responses for the events of 
mechanism 2 (35.71%) refer to “Decision-making based on the conse-
quences of events.” This result is followed by “Considering other pos-
sible factors affecting probability,” “Quantifying the probability and 

Table 1. 
Children’s Predictions About Probabilistic Trials
Mechanism Categories f %
Mechanism 1 Quantifying the probability 11 45.83

Emotional decision-making 4 16.66
Expressing no idea 3 12.50
Assuming previously observed outcome 
will repeat

2 8.33

Emphasizing uncertain event 2 8.33
Assuming the higher probability as 
certain event

1 4.16

Emphasizing probable event 1 4.16
Total 24 100

Mechanism 2 Quantifying the probability 17 58.62
Assuming increased probability as 
certain event

4 13.79

Assuming previously observed outcome 
will repeat

2 6.89

Assuming complementary events will 
occur in sequence

2 6.89

Considering other possible factors 
affecting probability

1 3.44

Emphasizing probable event 1 3.44
Emphasizing uncertain event 1 3.44
Expressing no idea 1 3.44
Total 29 100

Table 2. 
Children’s Choices on Probabilistic Trials
Mechanism Categories f %
Mechanism 1 Quantifying the probability 12 48.00

Emotional decision-making 8 32.00
Assuming the higher probability as 
certain event

2 8.00

Assuming previously observed outcome 
will repeat

2 8.00

Expressing no idea 1 4.00
Total 25 100

Mechanism 2 Emotional decision-making 8 30.77
Quantifying the probability 4 15.38
Assuming previously observed outcome 
will repeat

4 15.38

Assuming increased probability as 
certain event

3 11.54

Emphasizing probable event 3 11.54
Assuming complementary events will 
occur in sequence

2 7.69

Considering other possible factors 
affecting probability

1 3.85

Assuming previously observed outcome 
as certain event

1 3.85

Total 26 100
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emphasizing probable event,” in a proportion of 14.28%. “Assuming 
increased probability as certain event” comes out in a proportion of 
10.71%. Lastly, 3.57% of them refer to “Emphasizing uncertain event,” 
“Emotional decision-making,” and “Expressing no idea.”

Children’s Reasonings About Complementary Events
Children were expected to reflect their ideas about whether the other 

puppy could have won. Children’s thoughts for the events of mecha-
nisms 1 and 2 were examined, and several categories were reached as 
shown in Table 4. Considering this, most of children’s responses for 
the events of mechanism 1 (30.43%) refer to “Decision-making based 
on the consequences of events.” “Emphasizing probable event” comes 

out second in a proportion of 26.09%. Following that, 17.39% of them 
refer to “Quantifying the probability,” 15.22% of them “Assuming the 
lower probability as improbable event,” and 6.52% of them “Assuming 
unobserved outcome as improbable event.” Lastly, 2.17% of them 
refer to “Considering other possible factors affecting probability” and 
“Expressing no idea.” 

According to Table 4, most of children’s responses for the events 
of mechanism 2 (42.85%) were categorized under the category of 
“Emphasizing probable event.” A quarter of the responds were catego-
rized under the category of “Quantifying the probability.” Following 
that, 7.14% of them were categorized under the categories of “Assuming 
previously observed outcome will repeat,” “Considering other possible 
factors affecting probability,” “Decision-making based on the conse-
quences of events,” and “Emphasizing the effects of recurrence of tri-
als.” Lastly 3.57% of them were under “Emotional Decision-Making.”

Children’s Considerations on the Repetition of Probabilistic Trials
The children were asked the question, “Who do you think would 

win the game if we played it again?” Children’s responses were ana-
lyzed. Children’s considerations on the repetition of trial with mecha-
nisms 1 and 2 were categorized as shown in Table 5. Considering the 
Table 5, most of children’s responses for the events of mechanism 1 
(36.00%) refer to “Quantifying the probability.” 28.00% of them refer 
to “Assuming complementary events will occur in sequence,” 12.00% 
of them refer to “Emphasizing probable event.” Following that 8.00% 
of them refer to “Emphasizing uncertain event” and “Assuming previ-
ously observed outcome will repeat.” Lastly, 4.00% of them refer to 
“Assuming the higher probability as certain event” and “Considering 
other possible factors affecting probability.”

According to Table 5, most of children’s responses for the events 
of mechanism 2 (24.00%) refer to “Assuming complementary events 
will occur in sequence.” Following that 20.00% of them refer to 
“Assuming previously observed outcome will repeat,” 16.00% of them 
“Quantifying the probability,” and 12.00% of them “Emotional deci-
sion-making.” Equally, 8.00% of them refer to “Emphasizing probable 

Table 3. 
Children’s Inferences About the Consequences of Probabilistic Trials
Mechanism Categories f %
Mechanism 1 Quantifying the probability 15 51.72

Decision-making based on the 
consequences of events

9 31,03

Considering other possible factors 
affecting probability

3 10.34

Assuming the higher probability as 
certain event

1 3.45

Emotional decision-making 1 3.45
Total 29 100

Mechanism 2 Decision-making based on the 
consequences of events

10 35.71

Considering other possible factors 
affecting probability

4 14.28

Quantifying the probability 4 14.28
Emphasizing probable event 4 14.28
Assuming increased probability as 
certain event

3 10.71

Emphasizing uncertain event 1 3.57
Emotional decision-making 1 3.57
Expressing no idea 1 3.57
Total 28 100

Table 4. 
Children’s Reasonings About Complementary Events
Mechanism Categories f %
Mechanism 1 Decision-making based on the 

consequences of events
14 30.43

Emphasizing probable event 12 26,09
Quantifying the probability 8 17.39
Assuming the lower probability as 
improbable Event

7 15.22

Assuming unobserved outcome as 
improbable event

3 6.52

Considering other possible factors 
affecting probability

1 2.17

Expressing no idea 1 2.17
Total 46 100

Mechanism 2 Emphasizing probable event 12 42.85
Quantifying the probability 7 25,00
Assuming previously observed outcome 
will repeat

2 7.14

Considering other possible factors 
affecting probability

2 7.14

Decision-making based on the 
consequences of events

2 7.14

Emphasizing the effects of recurrence of 
trials

2 7.14

Emotional decision-making 1 3.57
Total 28 100

Table 5. 
Children’s Considerations on the Repetition of Probabilistic Trials
Mechanism Categories f %
Mechanism 1 Quantifying the probability 9 36,00

Assuming complementary Events Will 
Occur in Sequence

7 28,00

Emphasizing probable event 3 12,00
Emphasizing uncertain event 2 8,00
Assuming previously observed 
outcome will repeat

2 8,00

Assuming the higher probability as 
certain event

1 4,00

Considering other possible factors 
affecting probability

1 4,00

Total 25 100
Mechanism 2 Assuming complementary events will 

occur in sequence
6 24,00

Assuming previously observed 
outcome will repeat

5 20,00

Quantifying the probability 4 16,00
Emotional decision-making 3 12,00
Emphasizing probable event 2 8,00
Emphasizing uncertain event 2 8,00
Considering other possible factors 
affecting probability

2 8,00

Assuming unobserved outcome as 
improbable event

1 4,00

Total 25 100
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event,” “Emphasizing uncertain event,” and “Considering other pos-
sible factors affecting probability.” Lastly, 4.00% of them refer to 
“Assuming unobserved outcome as improbable event.”

Mathematical Appropriateness of Children’s Thoughts
In general manner, all the children’s responses for mechanisms 1 

and 2 were categorized as they are mathematically appropriate or not. 
Five different categories for mathematically appropriate ones, and nine 
different categories for inappropriate ones were reached. As we may 
see in the Table 6, most of the children’s responses (55.39%) were 
mathematically appropriate ones. Besides 44.60% of them were math-
ematically inappropriate, that is, they carry misconceptions.

Considering the Table 6, most of children’s mathematically appro-
priate responses (59.09%) were categorized under the category of 
“Quantifying the probability.” As high as 24.67% of them were cat-
egorized under the category of “Emphasizing probable event, 9.74% 
of them “Considering other possible factors affecting probability,” 
and 5.19% of them “Emphasizing uncertain event.” Lastly, 1.29% of 
them under “Emphasizing the effects of recurrence of trials.” As we 
may see in Table 6, most of children’s mathematically inappropriate 
responds (28.22%) were categorized under the category of “Decision-
making based on the consequences of events.” As high as 20.96% of 

them were categorized under the category of “Emotional decision-
making,” 15.32% of them “Assuming previously observed outcome 
will repeat,” 13.70% of them “Assuming complementary events will 
occur in sequence,” 8.06% of them “Assuming increased probability 
as certain event,” 5.64% of them “Assuming the lower probability as 
improbable event,” 4.03% of them “Assuming the higher probability as 
certain event,” and 3.22% of them “Assuming unobserved outcome as 
improbable event.” Lastly, 0.80% of them under “Assuming previously 
observed outcome as certain event.”

Discussion

In this study, children were expected to predict the possible out-
comes of the trials, to make choices against the trials, to express their 
inferences about the consequences of trials, to make reasonings about 
complementary events and to express their considerations about rep-
etition of probabilistic trials. Trials consisted of two different wooden 
wheel mechanisms having black and white circle slices in different 
ratios, and a progressive game played by the help of wheel mechanisms. 
Children’s responses were categorized under different categories. The 
categories emerged in this study also reflect children’s strategies to 
understand and explain the probabilistic situations. It was seen that 
children were trying to compare the probabilities by counting the num-
bers of circle slices (P2: Black does not seem to come out much. There 
are one black and three white parts). Children emphasized the concept 
of probability by considering the chance of both colored circle slices 
because of at least one circle slice’s presenting (P20: Because one of 
them should have won. Black or white). Children considered other pos-
sible factors affecting the spinning of the wheel, as wind coming from 
the window, spinning too slow or too fast (P22: Windows are wide 
opened. The wind from the window may have turned it even more). 
They emphasized the concept of uncertainty because of its being so 
difficult to predict the outcoming color, until they examine the con-
sequences of trials (P8: We can’t know. We need to try and wait for 
consequences). Even they considered the recurrence of trials effecting 
the probability (P1: It could come out much if we turned it for more 
times). Similarly, Way (2003) states that children ratiocinate against the 
probabilistic situations, they have some understanding about random-
ness, and they develop some strategies to understand, and to explain 
the probabilistic situations.

For each mechanism, the children were asked the question, “Which 
one of these puppies do you think wins the game, if we use this wheel? 
Why?” This question was asked to elicit children’s predictions about 
the consequences of probabilistic trials. The results show us that most 
of children’s justifications (64.15%) about their predictions were math-
ematically appropriate. Their predictions were based on “Quantifying 
the probability,” the concept of uncertainty, probable events, and other 
possible factors affecting probability. Similar to emergence of the cat-
egory of “Considering other possible factors affecting probability,” 
Lamprianou and Lamprianou (2003) state that primary school students 
consider the length of the alternative ways as a factor to reach the tar-
get, regardless of the possibilities of the ways’ to reach the target. In 
Pratt and Noss’s (2002) study, children state that it is not possible to 
predict which numbered circle slice of the wheel will come out whether 
it turned slowly or quickly. But in this study, some of the participants’ 
responds were about the effects of the speed of the wheel on probabil-
ity. For example, P3 stated that “I didn’t turn it slowly. Black would 
always come out if I turned it slowly,” and P12 stated that “Black won, 
may be because I turned it speedily.” Similar to this result Van Dooren 
et al. (2003) state that 10–12 -year -old- child ren have misconception as 
“assuming that variables in probabilistic situations are linked by a lin-
ear relationship.”

The children were asked the question, “What color puppy would 
you choose to win the game? Why?” This question was asked to elicit 

Table 6. 
Mathematical Appropriateness of Children’s Thoughts
MA Categories f % cf cp
Appropriate Quantifying the 

probability
91 59.09 154 55.39

Emphasizing probable 
event

38 24.67

Considering other 
possible factors affecting 
probability

15 9.74

Emphasizing uncertain 
event

8 5.19

Emphasizing the effects of 
recurrence of trials

2 1.29

Total 154 100
Inappropriate Decision-making based on 

the consequences of 
events

35 28.22 124 44.60

Emotional decision-
making 

26 20.96

Assuming previously 
observed outcome will 
repeat

19 15.32

Assuming complementary 
events will occur in 
sequence

17 13.70

Assuming increased 
probability as certain 
event

10 8.06

Assuming the lower 
probability as improbable 
event

7 5.64

Assuming the higher 
probability as certain 
event

5 4.03

Assuming unobserved 
outcome as improbable 
event

4 3.22

Assuming previously 
observed outcome as 
certain event

1 0.80

Total 124 100 278 100
Note: MA, mathematical appropriateness.
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children’s choices about the probabilistic situations. According to the 
results of this study, most of children’s justifications (60.00%) about 
their choices were mathematically inappropriate. Their choices were 
mostly based on “Emotional decision-making” (P25: Black will win. 
Because I like it more). Other underlying justifications of children’s 
choices were based on “Assuming previously observed outcome will 
repeat” (P18: Black wins. Because it all came out black), “Assuming 
increased probability as certain event” (P4: I’m sure that black will 
win now. Because it had only one part before but has two parts now), 
“Assuming complementary events will occur in sequence” (P24: Black 
will win now because it couldn’t win before), assuming the highest 
probability as certainty (P17: White comes out every time. Because 
white is more than black) and “Assuming previously observed out-
come as certain event” (P1: Definitely, it will win again. Because it 
won just before). In this study most of children’s justifications related 
to their choices against probabilistic situations, were found to be as 
they are mathematically inappropriate. Children thought that the color 
more times or all times coming out is more likely to happen or a cer-
tain event. The expressions of P17 and P1 are examples of “positive 
recency effect” which is stated in Bryant and Nunes’s (2012) study too. 

Contrary to these results, Bayless and Schlottmann’s (2010) study 
revealed that 5–7-year-old children may choose mathematically appro-
priate choices by considering the possibility of winning the game. 
Falk et al. (2012) studied with 4–11-year-old children. They examined 
children’s inferences about probability by offering binary choices. 
Although their study shows an increasing rate according to age, it has 
been revealed that children generally make choices with a high prob-
ability of winning regardless of the chance. But in this study children’s 
justifications about their choices for winning the game were out of 
mathematically appropriate explanations.

The children were asked the question, “What color puppy won the 
game? Why do you think such a result came out?” This question was 
for eliciting the children’s inferences about the consequences of proba-
bilistic events. As a result of this study most of children’s inferences 
(55.35%) were mathematically appropriate. Their inferences were 
mostly based on “Quantifying the probability” (P2: Black does not 
seem to come out much. There are one black and three white parts). 
Others were “Considering other possible factors affecting probability” 
(P12: Black won, may be because I turned it speedily), “Emphasizing 
probable event” (P25: Black may come out, white one, too. It may 
be like that) and “Emphasizing uncertain event” (P16: Whatever I say 
may be the opposite. It is so hard to guess). Besides considerable ratio 
of children’s inferences (44.65%) were mathematically inappropriate 
ones. Their mathematically inappropriate inferences mostly based on 
“Decision-making based on the consequences of events” (P3: Both 
were on the same line. Black came out last, and it won). Others were 
“Assuming increased probability as certain event” (P23: Now black 
has multiplied. Of course, it would win), “Emotional decision-making” 
(P12: Now black will win. Because it was upset that it just couldn’t 
win), “Assuming the higher probability as certain event” (P18: White 
always come out. Because it has three parts, other has one part). In this 
study winning the game depends on how many times the color came 
out. This situation may be the reason of children’s mathematically 
inappropriate responses. “It is easy to predict the possible outcomes 
of single events for children but, aggregated ones are not” (Jones, 
Langrall and Mooney, as cited in Abrahamson, 2000).

 The children were asked the question, “Do you think the other 
puppy would have won the game, too? Why?” This question was 
for eliciting the children’s reasonings about complementary events. 
According to the results of this study, most of children’s reasonings 
(60.27%) were found to be mathematically appropriate. Their rea-
sonings about complementary events were based on emphasizing the 

probability, “Quantifying the probability,” “Considering other possible 
factors affecting probability,” and “Emphasizing the effects of recur-
rence of trials.” Similarly, the study by Tatsis et al (2008) reveals that 
5-year-old children may overcome their basic intuitions related to the 
fairness of probabilistic games, by using counting strategy. And Pratt 
and Noss’s (2002) study reveals that children may have judgments 
about the fairness of a probabilistic game by comparing the amounts 
of variables. Similarly, P6 stated that “Actually, it could come out, but 
it is so hard. Because there is only one black part” and P23 stated that 
“White one wins. Because white and black are different. Black has one 
but white has three,” in this study. 

Lastly, the children were asked the question, “What color puppy 
do you think will win the game if we play it again? Why?” This ques-
tion was asked to elicit children’s considerations on the repetition of 
probabilistic events. Surprisingly, 50.00% of children’s consider-
ations were found to be mathematically appropriate, and 50.00% of 
them were mathematically inappropriate. Children’s mathematically 
appropriate considerations were based on “Quantifying the probabil-
ity,” “Emphasizing the probability,” “Emphasizing uncertain event,” 
and “Considering other possible factors affecting probability.” Besides, 
children’s mathematically inappropriate considerations were based on 
“Assuming complementary events will occur in sequence,” “Assuming 
previously observed outcome will repeat,” “Emotional decision-
making,” “Assuming the higher probability as certain event,” and 
“Assuming unobserved outcome as improbable event.” In this study 
it seems children to infer the consequences of the trials based on per-
sonal beliefs or misconceptions, not on data (P13: White wins. Because 
white won just now. P21: White won just before. Now black will win. 
P4: I feel that black will be more successful. P7: No, it would not have 
won. Because white came out for three times, but no black came out). 
In this study children showed examples of “negative recency effect” 
as stated in Bryant and Nunes’s (2012) study. They ignored the prob-
ability of complementary event. Because their decisions were based on 
their experiences of previous trial. Children saw that the same color 
came out for more times, sometimes for all times. Therefore, children 
thought the complementary one is improbable or less likely to hap-
pen. They ignored the independence of the probabilities of possible 
outcomes.

Similar to the results of this study, Kinnear and Clark’s (2014) study 
reveals that 5-year-old children make predictions about the probabilis-
tic situations based on their personal experiences, not based on the data 
they have gathered. From another perspective, Girotto and Gonzalez 
(2008) state that 5-year-old children revise their judgments and deci-
sions appropriately, based on the data they have gathered, in repetition 
of probabilistic events.

In general manner, most of the children’s responses (55.39%) were 
found to be as mathematically appropriate. Besides 44.60% of them 
were mathematically inappropriate, that is, they carry misconceptions. 
In this study misconceptions were emerged as they are; “Decision-
making based on the consequences of events” (P11: Black came out 
three times, and it won. But white were behind), “Emotional decision-
making” (P24: Isn’t it a pity for black, let it win too), “Assuming 
previously observed outcome will repeat” (P7: White wins. Because 
white came out when I turned it before), “Assuming complementary 
events will occur in sequence” (P2: I think white will win. Because 
they win in turn), “Assuming increased probability as certain event” 
(P8: I’m sure that black wins. Now black has multiplied. It had one 
part before), “Assuming the lower probability as improbable event” 
(P16: No, it can’t win. How many times should I tell you? This color 
has only one part), “Assuming the higher probability as certain event” 
(P9: Since there is a lot of white, it’s certain that white will come out 
a lot), “Assuming unobserved outcome as improbable event” (P19: 
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Black can never win. Because white won twice. Black couldn’t win), 
and “Assuming previously observed outcome as certain event” (P16: 
White just won. Now for sure, white wins). 

Similar to the results of this study, Ang and Shahrill (2014) stated 
that even secondary school students have some misconceptions on 
probability. Their study reveals that students may have misconceptions 
such as representativeness, probabilistic judgments based on beliefs, 
human control is decisive on the sequences of probabilistic trials, and 
equiprobability bias. Similarly, Jun and Pereira-Mendoza (2002) stated 
that secondary school students have some misconceptions on prob-
ability. They defined them as “probability is unquantifiable,” “infer-
encing probabilistic situations based on the consequences of them,” 
“probability is certainty,” “probabilistic judgments based on personal 
beliefs,” “ignoring the correlations on probability,” “the recurrence of 
probabilistic makes predictions difficult,” “complementary event will 
occur by recurrence of trial, for sure,” and “developing a method for 
Quantifying the probability.” According to Amir and Scott-Williams’ 
(1999) study, 11–12-year-old children’s inference about probability are 
based on the consequences of events.

Considering the table presented in Appendix 2, which shows the 
emerging categories and explanations, we may see that children’s 
thoughts about probability are not consistent, in the context of math-
ematically appropriateness. Of course, many participants demonstrated 
some mathematically appropriate understandings but many of them 
have some misconceptions, at the same time. Abrahamson (2009) 
state that children’s inferences about probabilistic situations may be 
affected by graphical representations. According to the results of this 
study, children’s mathematical appropriate responses may be besed on 
the visual characteristics of wheels, instead of mathematical calcula-
tions. Especially for the category of “Quantifying the probability” (P6: 
Actually, it could come out, but it is so hard. Because there is only 
one black part. P12: White one wins. Because it has more places. P23: 
White one wins. Because white and black are different. Black has one, 
but white has three). Considering these responses, we may assume that 
children decided by counting the numbers of circle slices, not by con-
sidering the sample space, or the ratios of probability. 

We may assume that children’s inferences about probabilistic events 
depends on the conditions of each probabilistic situation (not consis-
tent). For example, P2 and P23 both represented understandings about 
“Quantifying the probability,” and misconception as “Assuming com-
plementary events will occur in sequence.” As another example, P4 and 
P8 both represented understandings about the concept of uncertainty, 
and misconceptions as “Emotional decision-making” and “Assuming 
increased probability as certain event.” As a final example, P12 and 
P25 both represented understandings about “Emphasizing probable 
event,” and misconceptions as “Emotional Decision Making.” These 
results are parallel to those of HodnikČadež and Škrbec’s (2011) study, 
where 4–8-year-old children’s understandings of the concepts related to 
probability were examined. Their study reveals that, children’s under-
standing about probability become more consistent, by age. However 
children may have some mathematical appropriate understandings 
from the age of four.

Implications
According to the results of this study, children have both mathemat-

ically appropriate and inappropriate understandings about probability. 
Besides some participants responses were not consistent, on their own. 
On the other hand, some participants’ decisions were based on their 
emotions. In this study puppies as characters of the story and the game 
were used. The thought of hunger and the color of puppies affected 
children’s responses. Psychologically affective factors such as color, 
living things may be avoided from the probabilistic further studies with 

children. Additionally, the underlying psychological factors may be 
investigated in further research. Some other tools such as flash cards, 
dice, random generators, or vending machines may be used as alter-
native tools to bring children’s thoughts out. Activities addressed to 
children’s probabilistic thinking may be designed and implemented by 
using these kinds of tools mentioned earlier. 

Ethics Committee Approval: Ethical committee approval was received 
from the Social and Humanity Sciences Ethics Committee of Ege University 
(Approval no: 15/10, Date: 28/11/2019).

Informed Consent: Written informed consent was obtained from the par-
ents of children who agreed to take part in the study.

Peer-review: Externally peer-reviewed. 

Acknowledgements: I am grateful to Ege University Planning and 
Monitoring Coordination of Organizational Development and Directorate of 
Library and Documentation for their electronic sources.

Declaration of Interests: The author has no conflict of interest to declare.

Funding: The author declared that this study has received no financial 
support.

References

Abrahamson, D. (2009). A student’s synthesis of tacit and mathematical knowl-
edge as a researcher’s lens on bridging learning theory. International Elec-
tronic Journal of Mathematics Education, 4(3), 195–226. [CrossRef]

Amir, G. S., & Williams, J. S. (1999). Cultural influences on Children’s Proba-
bilistic Thinking. Journal of Mathematical Behavior, 18(1), 85–107. 
[CrossRef]

Ang, L. H., & Shahrill, M. (2014). Identifying students’ specific misconceptions 
in learning probability. International Journal of Probability and Statistics, 
3(2), 23–29. [CrossRef]

Athreya, K. B. (2015). What is probability theory? Resonance, 20(4), 292–310. 
[CrossRef]

Bayless, S., & Schlottmann, A. (2010). Skill-Related Uncertainty and Expected 
Value in 5-to 7-Year-Olds. Psicologica: International Journal of Methodol-
ogy and Experimental Psychology, 31(3), 677–687. https ://ww w.uv. es/re 
visps i/art iculo s3FM. 10/15 Bayle ss.pd f

Bryant, P., & Nunes, T. (2012). Children’s understanding of probability: A lit-
erature review (full report). The Nuffield Foundation. https ://ww w.nuffi eld 
found ation .org/ sites /defa ult/fi les/ files /NUFF IELD_ FOUND ATION _CUoP 
_SUMM ARY_R EPORT .pdf

Carlson, J. S. (1970). The development of probabilistic thinking in children: A 
comparison of two methods of assessment. Journal of Genetic Psychology, 
116(2), 263–269. [CrossRef]

Creswell, J. W. (2012). Planning, conducting, and evaluating quantitative and 
qualitative research. Boston: Pearson

Davis, S., Newport, E., & Aslin, R. (2011). Probability-matching in 10-month-
old infants. In Proceedings of the annual meeting of the Cognitive Science 
Society (Vol. 33, no. 33). https ://es chola rship .org/ conte nt/qt 8t79q 5rc/q t8t79 
q5rc_ noSpl ash_b ab1ee c2df6 f77a0 0f50a b629a fd815 0.pdf ?t=op 2mpi

Denison, S., & Xu, F. (2010). Twelve‐to 14-month-old infants can predict 
single‐event probability with large set sizes. Developmental Science, 13(5), 
798–803. [CrossRef]

Falk, R., Yudilevich-Assouline, P., & Elstein, A. (2012). Children’s concept of 
probability as inferred from their binary choices—Revisited. Educational 
Studies in Mathematics, 81(2), 207–233. [CrossRef]

Girotto, V., & Gonzalez, M. (2008). Children’s understanding of posterior prob-
ability. Cognition, 106(1), 325–344. [CrossRef]

Gong, Z., & He, S. (2017). Developmental stages and important periods of 
probability cognition in 6 to 14 year-old students. Avances de Investigación 
en Educación Matemática, 11(11), 47–68. [CrossRef]

Hancock, D. R., & Algozzine, B. (2017). Doing case study research: A practical 
guide for beginning researchers. Teachers College Press.

https://doi.org/10.29333/iejme/237
https://doi.org/10.1016/S0732-3123(99)00018-8
https://doi.org/10.5923/j.ijps.20140302.01
https://doi.org/10.1007/s12045-015-0186-3
https://www.uv.es/revispsi/articulos3FM.10/15Bayless.pdf
https://www.uv.es/revispsi/articulos3FM.10/15Bayless.pdf
https://www.nuffieldfoundation.org/sites/default/files/files/NUFFIELD_FOUNDATION_CUoP_SUMMARY_REPORT.pdf
https://www.nuffieldfoundation.org/sites/default/files/files/NUFFIELD_FOUNDATION_CUoP_SUMMARY_REPORT.pdf
https://www.nuffieldfoundation.org/sites/default/files/files/NUFFIELD_FOUNDATION_CUoP_SUMMARY_REPORT.pdf
https://doi.org/10.1080/00221325.1970.10533928
https://escholarship.org/content/qt8t79q5rc/qt8t79q5rc_noSplash_bab1eec2df6f77a00f50ab629afd8150.pdf?t=op2mpi
https://escholarship.org/content/qt8t79q5rc/qt8t79q5rc_noSplash_bab1eec2df6f77a00f50ab629afd8150.pdf?t=op2mpi
https://doi.org/10.1111/j.1467-7687.2009.00943.x
https://doi.org/10.1007/s10649-012-9402-1
https://doi.org/10.1016/j.cognition.2007.02.005
https://doi.org/10.35763/aiem.v1i11.194


Korkmaz. An Investigation of 5-Year-Old Children’s Reasoning About Probability

239

HodnikČadež, T., & Škrbec, M. (2011). Understanding the concepts in probabil-
ity of pre-school and early school children. Eurasia Journal of Mathematics, 
Science and Technology Education, 7(4), 263–279. [CrossRef]

Hsieh, H. F., & Shannon, S. E. (2005). Three approaches to qualitative content 
analysis. Qualitative Health Research, 15(9), 1277–1288. [CrossRef]

Johnson-Laird, P. N. (1994). Mental models and probabilistic thinking. Cogni-
tion, 50(1–3), 189–209. http: //www .mode ltheo ry.or g/pap ers/1 994pr obabi 
listi c.pdf . [CrossRef]

Jones, G. A., Langrall, C. W., & Mooney, E. S. (2007). Research in probability: 
Responding to classroom realities. In F. K. Lester Jr. (Ed.). Second handbook 
of research on mathematics teaching and learning. The National Council of 
Teachers of Mathematics.

Jun, L., & Pereira-Mendoza, L. (2002). Misconceptions in probability. In Pro-
ceedings of the sixth international conference on teaching statistics, devel-
oping a statistically literate society. http: //ias e-web .org/ docum ents/ paper s/
ico ts6/6 g4_ju n.pdf 

Kinnear, V., & Clark, J. (2014). Probabilistic reasoning and prediction with 
young children. (ED572623). https ://er ic.ed .gov/ ?id=E D5726 23

Lamprianou, I., & Lamprianou, T. A. (2003). The probabilistic thinking of pri-
mary school pupils in Cyprus: The case of tree diagrams. International 
Group for the Psychology of Mathematics Education, 3, 173–180. https ://fi 
les.e ric.e d.gov /full text/ ED501 002.p df

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An 
expanded Sourcebook (2nd ed). Sage.

Pange, J. (2002). Can we teach probabilities to young children using educational 
material from the Internet. In Proceedings of the sixth international confer-
ence on teaching statistics. http: //ias e-web .org/ docum ents/ paper s/ico ts6/1 
0_81_ pa.pd f?1402524959

Pratt, D., & Noss, R. (2002). The microevolution of mathematical knowledge: 
The case of randomness. Journal of the Learning Sciences, 11(4), 453–488. 
[CrossRef]

Primi, C., Donati, M., Massino, S., Borace, E., Franchi, E., & Morsanyi, K. 
(2019). Measuring probabilistic reasoning: The development of a brief 

version of the Probabilistic Reasoning Scale (PRS-B). In Eleventh Congress 
of the European Society for Research in Mathematics Education (CERME11) 
(No. 31). Freudenthal Group; Freudenthal Institute; ERME. https ://ha l.arc 
hives -ouve rtes. fr/ha l-024 12835 /

Rapport, F. (2010). Summative analysis: A qualitative method for social science 
and health research. International Journal of Qualitative Methods, 9(3), 
270–290. [CrossRef]

Sánchez-Robayo, B. J., & Wilkins, J. L. M. (2020). Conditional probability in 
early childhood: A case study. In A. I. Sacristán, J. C. Cortés-Zavala & P. 
M. Ruiz-Arias (Eds.). Mathematics education across cultures. Cinvestav, 
1331–1335. [CrossRef]

Sari, D. I., Budayasa, I. K., & Juniati, D. (2017). Probabilistic thinking of 
elementary school students in solving probability tasks based on math abil-
ity. In AIP Conference Proceedings (Vol. 1867, No. 1, p. 020028). AIP Pub-
lishing LLC. [CrossRef]

Tatsis, K., Kafoussi, S., & Skoumpourdi, C. (2008). Kindergarten children dis-
cussing the fairness of probabilistic games: The creation of a primary dis-
cursive community. Early Childhood Education Journal, 36(3), 221–226. 
[CrossRef]

Van Dooren, W., De Bock, D., Depaepe, F., Janssens, D., & Verschaffel, L. (2003). 
The illusion of linearity: Expanding the evidence towards probabilistic reason-
ing. Educational Studies in Mathematics, 53(2), 113–138. [CrossRef]

Vásquez Ortiz, C., & Alsina, Á. (2019). Intuitive ideas about chance and prob-
ability in children from 4 to 6 years old. Acta Scientiae, 21(3), 131–154. 
[CrossRef]

Way, J. (2003). The development of children’s notions of probability (Unpub-
lished Doctoral Dissertation). University of Western Sdney. https ://re searc 
hdire ct.we stern sydne y.edu .au/i sland ora/o bject /uws% 3A358 1/dat astre am/
PD F/vie w

Xu, F., & Garcia, V. (2008). Intuitive statistics by 8-month-old infants. Proceed-
ings of the National Academy of Sciences of the United States of America, 
105(13), 5012–5015. [CrossRef]

https://doi.org/10.12973/ejmste/75203
https://doi.org/10.1177/1049732305276687
http://www.modeltheory.org/papers/1994probabilistic.pdf
http://www.modeltheory.org/papers/1994probabilistic.pdf
https://doi.org/10.1016/0010-0277(94)90028-0
http://iase-web.org/documents/papers/icots6/6g4_jun.pdf
http://iase-web.org/documents/papers/icots6/6g4_jun.pdf
https://eric.ed.gov/?id=ED572623
https://files.eric.ed.gov/fulltext/ED501002.pdf
https://files.eric.ed.gov/fulltext/ED501002.pdf
http://iase-web.org/documents/papers/icots6/10_81_pa.pdf
http://iase-web.org/documents/papers/icots6/10_81_pa.pdf
https://doi.org/10.1207/S15327809JLS1104_2
https://hal.archives-ouvertes.fr/hal-02412835/
https://hal.archives-ouvertes.fr/hal-02412835/
https://doi.org/10.1177/160940691000900303
https://doi.org/10.51272/pmena.42.2020-204
https://doi.org/10.1063/1.4994431
https://doi.org/10.1007/s10643-008-0283-y
https://doi.org/10.1023/A:1025516816886
https://doi.org/10.17648/acta.scientiae.v21iss3id5215
https://researchdirect.westernsydney.edu.au/islandora/object/uws%3A3581/datastream/PDF/view
https://researchdirect.westernsydney.edu.au/islandora/object/uws%3A3581/datastream/PDF/view
https://researchdirect.westernsydney.edu.au/islandora/object/uws%3A3581/datastream/PDF/view
https://doi.org/10.1073/pnas.0704450105


Appendix 1. 
Written Record Form
P Q1: Which puppy do you think 

would win if we played the game 
using this wheel? Why?

Q2: Which one would you 
choose to win the game? 
Why?

Q3: Who won the game? 
Why do you think such a 
result came out?

Q4: Do you think the other 
puppy could have won the 
game too? Why?

Q5: Who do you think 
would win the game if we 
played again? Why?

1
2
3
4
5
6
7
8
9

Appendix 2. 
Categories and Examples
Categories Examples Mathematically Appropriateness
Quantifying the 
probability

P2: Black doesn’t seem to come out much. There are one black and three 
white parts.
P6: Actually, it could come out, but it is so hard. Because there is only 
one black part.
P12: White one wins. Because it has more places.
P23: White one wins. Because white and black are different. Black has 
one, but white has three.

Children decided, responded, chose, predicted, inferred by 
quantifying the probability. Although children were 
focusing on appearance of wheels, their responds were 
including the amounts or ratios of elements to be occur as 
sequences of events. (Mathematically appropriate)

Emphasizing probable 
event

P3: Both can win. Both can come out much.
P8: It could win. Because it could come out.
P12: Sometimes black comes out, sometimes white.
P13: It doesn’t matter. White could win if white came out.
P14: Both can come out. Both can win.
P15: May be black comes out, may be white.
P20: Because one of them should have won. Black or white.
P25: Black may come out, white, too. It may be like that.

Children’s responses included some expressions about the 
nature of the concept of probability. They considered each 
element to be likely to come out. (Mathematically 
appropriate)

Considering other 
possible factors affecting 
probability

P2: I turned the wheel with all my power. That’s why white came out.
P3: I didn’t turn it slowly. Black would always come out if I turned it 
slowly.
P10: White won. Because I turned it speedily.
P12: Black won, may be because I turned it speedily.
P22: Windows are opened. The wind from the window may have turned 
it even more.

Mechanisms were run by spinning the wheels by hand. 
That is why children considered the power, speed, and 
wind which would affect the rotation of wheels. These 
factors may eliminate randomness. (Mathematically 
appropriate)

Emphasizing uncertain 
event

P1: We can’t know which one will win. Both can win.
P4: We can’t know everything. We can’t know which color will come 
out.
P8: We can’t know. We need to try and wait for consequences.
P12: We can’t know. We didn’t turn it yet.
P16: Whatever I say may be the opposite. It is so hard to guess.
P18: I don’t know. May be white, may be black.

Children’s responses were including some expressions 
about the nature of the concept of uncertainty. They 
considered obscurity of events and hardness of predicting 
the events not occurred yet. (Mathematically appropriate)

Emphasizing the effects 
of recursion of trials

P1: It could come out much if we turned it for more times.
P22: White could win if we turned it for more times.

Children considered the wheels’ running by hand power 
and other factors’ possibly effecting the rotation of wheels 
and outcoming colors. (Mathematically appropriate)

Decision-making based 
on the consequences of 
events 

P2: White came out most.
P3: Both were on the same line. Black came out last, and it won.
P5: It all came out white.
P11: Black came out three times, and it won. But white were behind.

Children focused only on the consequences of events 
rather than underlying causes of outcomes. 
(Mathematically inappropriate)

Assuming previously 
observed outcome will 
repeat 

P4: White wins. Because white came out while I was playing just before.
P7: White wins. Because white came out when I turned it before.
P13: White wins. Because white won just now.
P18: Black wins. Because it all came out black.
P24: White wins. Because white won the previous game.

Children considered their previous experiences and 
observations, and they assumed as they are decisive on the 
outcomes of events. (Mathematically inappropriate)

Assuming complementary 
events will occur in 
sequence

P2: I think white will win. Because they win in turn.
P5: White will win. It lost before and will win now.
P21: White won just before. Now black will win.
P23: White won for one time. Now black will win.
P24: Black will win now because it couldn’t win before.

Children expressed ideas such as, complementary events 
will occur in sequence regardless of probability. 
(Mathematically inappropriate)

Emotional decision-
making

P4: I feel that black will be more successful.
P8: I’m bored of black. White wins.
P12: Now black will win. Because it was upset that it just couldn’t win.
P24: Isn’t it a pity for black, let it win too.
P25: Black will win. Because I like it more.

Children expressed their thoughts about probability based 
on their emotions, such as personal beliefs, admirations, 
and personal conviction.
(Mathematically inappropriate)

(Continued )



Categories Examples Mathematically Appropriateness
Assuming increased 
probability as certain 
event

P4: I’m sure that black will win now. Because it had only one part before 
but has two parts now.
P8: I’m sure that black wins. Now black has multiplied. It had one part 
before.
P23: Now black has multiplied. Of course, it would win.

Children considered that black one lost the game because 
of its having only one circle slice against white one. 
Children ignored the equilibrium and probable event in the 
new case, that is, both black and white ones having two 
circle slices. (Mathematically inappropriate)

Assuming the lower 
probability as improbable 
event

P7: No, it couldn’t have come out. Because black has only one part but 
white has three parts.
P12: No, it doesn’t come out. It has one part.
P16: No, it can’t win. How many times should I tell you? This color has 
only one part.
P22: No, it couldn’t have come out. Because whites are three and black 
is one.
P23: It couldn’t reach before white one. Because there is very little 
black.

Children focused on the ratios of circle slices, but they 
ignored the probable event. Children expressed such an 
idea that black ones having only one circle slice makes it 
improbable. (Mathematically inappropriate)

Assuming the higher 
probability as certain 
event

P9: Since there are a lot of white, it’s certain that white will come out a 
lot.
P17: White comes out every time. Because white is more than black.
P18: White always come out. Because it has three parts, other has one 
part.

Children focused on the ratios of circle slices, but they 
ignored the probable event. Children expressed such an 
idea that white one will always win the game because of 
white ones having more circle slices than other one. 
(Mathematically inappropriate)

Assuming unobserved 
outcome as improbable 
event

P5: No, it wouldn’t have won. Because no white came out.
P7: No, it wouldn’t have won. Because white came out for three times, 
but no black came out.
P19: Black can never win. Because white won twice. Black couldn’t 
win.

Children focused only on the consequences of events. 
Children expressed such an idea that an event is probable 
only if it occurs. They ignored the probable event and the 
concept of sample space. (Mathematically inappropriate)

Assuming previously 
observed outcome as 
certain event

P1: Definitely, it will win again. Because it won just before.
P5: White always wins. Because every time white one came out.
P16: White just won. Now for sure, white wins.

Children focused only on the consequences of events and 
their previous experiences. Children expressed such an 
idea that if an event occurred for one time, then it is a 
certain event. They ignored the probable event and the 
concept of sample space. (Mathematically inappropriate)

Expressing no idea P14: Don’t know.
P15: I don’t know
P18: Actually, I don’t know.

Children expressed no idea.

Appendix 2. 
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