YOUNG CHILDREN’S PROBABILISTIC AND STATISTICAL
REASONING IN THE CONTEXT OF INFORMAL INFERENTIAL
REASONING

GAMZE KURT
Mersin University
gamzekurt@mersin.edu.tr

ABSTRACT

This paper reports the statistical and probabilistic reasoning of young children in terms of
randomness, variability, and data representations in the context of informal inferential reasoning
(IR). Using the IIR approach, a task was designed and conducted one-on-one with 28 children
aged 5 to 6 years old, in a case study setting. The researcher used a voice recorder during
interviews, took photos, and recorded field notes. The data were analyzed according to the
principles of informal inferential reasoning, which are generalizing beyond the data, using data as
evidence for generalizing, and using probabilistic language to acknowledge the uncertainty
embedded in the data. The findings indicate that young children are capable of making informal
inferences from a sample space, describing event probability, and constructing bar graph and pie
chart data representations.
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1. INTRODUCTION

When | was discussing this study with Professor Katie Makar at the International Conference on
Teaching Statistics in 2018, she asked me a question. “Why do we need a bar graph representation (she
was showing bars and counts for categories)?” “We expect a bar graph to make data more
comprehensible and appreciable, as well as provide information about the data,” | replied. The ensuing
conversation made me wonder about other possibilities and motivated me to develop the research
reported in this paper. Makar’s perspective added a really nice influence on this study.

The very earliest years of a child’s life are filled with experiences that teach them what is possible,
what is not possible, and the degree to which something is possible. During this time, children begin to
learn about data handling and analysis, and they develop an understanding of certain statistical and
probabilistic concepts such as uncertainty, randomness, chance, or sample space (Nikiforidou, 2018).
Children’s ability to handle data, however, is largely undervalued and ignored (McPhee & Makar,
2018). Children are faced with working with data at all levels of their education, which means they need
to develop data sense early on. In the same way that they must develop number sense (Perry & Docket,
2008), children need to advance their ideas about data from an early age (e.g., Leavy, 2008;
Shaughnessy, 2010; Watson & Moritz, 2000). While reading, forming, and interpreting data, they must
also construct and interpret data representations in the early stages (Estrella, 2018). Friel et al. (2001)
defined an essential idea of graph comprehension as the ability to read graphs to draw meaning from
them in relation to data represented. There are few studies, however, that have explored children’s
interaction with data representations and it is unclear how the development of graph comprehension in
a statistical context is related to the creation of a data representation (Estrella, 2018).

Learning and teaching of data representations in school settings might be hindered because of the
lack of focus on how to work with data representations (diSessa, 2004). There are many curricular
guidelines to introduce graphs in the early years of education in many countries (Batanero et al., 2018).
For the most part, tasks used currently in statistics classes only expose children to calculations based
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on the data and ignore why we need data representations. Therefore, it is important to analyze how
young children interact with data representations.

One of the most important steps in data analysis is making inferences, which means making
judgments about the data set, within a statistical context. We need data representations for making those
inferences. An answer to a statistical problem can be arrived at through the process of inference, which
involves the interaction and coordination of real-world information with data structures and
representations (Lehrer et al., 2007). However, repeated observations reveal an unpredictable pattern
for the outcomes of uncertain events, and probability provides a mathematical basis for the
representation of uncertainty (Moore, 1990). While there is “certainty” in mathematical arguments,
children must deal with “uncertainty” in statistical arguments to reason meaningfully (Ben-Zvi, 2018;
Shaughnessy, 2010). Young children use probabilistic reasoning to decide whether certain events are
likely or unlikely (Nikiforidou, 2018). Children must experience the uncertain nature of data and must
be exposed to tasks that make them identify the variability in data while making inferences that forecast
the future or draw conclusions from the past (Borovcnik, 2011). Therefore, children must develop their
probability sense, which can be explained as developing a probabilistic language (Perry & Docket,
2008). Although, there is no international agreement on when to start teaching probability (Groth et al.,
2021), it is problematic to put off teaching probability concepts (Greer, 2014). Children’s probability
sense should be promoted while helping them realize the variability in a data set and interrogate that
variation (Reading & Shaughnessy, 2004) to make inferences about the data set, while constructing data
representations.

One strategy for improving young learners’ statistical and probabilistic reasoning is to provide rich
learning tasks that help them see the connection between variation, chance, and uncertainty. This can
be accomplished by providing appropriate contexts for emphasizing fundamental stochastic concepts,
such as randomness and chance. Children’s intuitions should also be developed since probability
requires more than the application of procedures to find solutions, “[r]ather, it requires a way of thinking
that is genuinely different from that required by most school mathematics. In learning probability,
students must create new intuitions” (Fischbein & Schnarch, 1997, p. 104), which means establishing
“a feeling of obviousness, of intrinsic certainty” (p. 96). As a strategy to enhance children’s statistical
and probabilistic reasoning, research with students engaged in statistical and probability tasks has been
proposed. (Shaughnessy, 1992). These suggestions pave the way for research on children’s informal
inferential reasoning within a context.

Recent research also suggested analysis of data visualizations focus “not just beneath the data, but
also beyond the data, towards thinking and reasoning inferentially with data” (Makar & Rubin, 2009,
p. 83). As well. there is a need to analyze children’s probabilistic and statistical reasoning in contextual
settings (Langrall et al., 2006). According to Makar (2018), young children may be exposed to statistical
and probabilistic ideas before they are formally taught. However, instruction often focuses exclusively
on procedural comprehension using computational skills, rather than conceptual comprehension (Sorto,
2006). Additionally, the activities to which children are exposed encompass a greater number of
directions than expected, hindering children’s ability to think creatively, even when they are capable
(McPhee & Makar, 2018). Overall, one could argue that this method of instruction reduces statistics
and statistical reasoning to a limited mode of comprehension, which is underpinned by the notion that
“any phenomenon can be captured by a bar chart” (Ben-Zvi & Sharett-Amir, 2005, p. 1).

The purpose of the study reported in this paper was to examine young learners’ statistical and
probabilistic reasoning using a task that was designed to foster their data and probability sense while
forming data representations. The aim was to provide the opportunity for the children to connect
randomness and uncertainty, with a particular emphasis on informal inferential reasoning. The research
questions for this study are:

1) How do young children make informal inferential reasoning through a task designed to improve
their data and probability sense while creating a bar graph and a pie chart representation?

2) How do young children build evidence through the task?

3) How do young children reason about sample space and probability of an event, while forming a
bar graph and a pie chart representation?
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1.1. THEORETICAL FRAMEWORK

Informal inferential reasoning (1IR) was defined as “the way in which students use their informal
statistical knowledge to make arguments to support inferences about unknown populations based on
observed samples” (Zieffler et al., 2008, p. 44). That is, IIR does not use formal hypothesis testing to
evaluate arguments based on collected data; rather, it allows students to reason intuitively about the
data. As a result, IR aims to provide children with a basic understanding of fundamental statistical
concepts without looking deep into their formal applications (Makar & Rubin, 2009). Ziefller et al.
(2008) defined the IIR framework as consisting of three major components: (1) making inferences
without using formal statistical procedures, (2) utilizing prior knowledge (formal knowledge of
descriptive statistics, but informal knowledge of making inferences about different samples, and use of
statistical language), and (3) making arguments, which include claims about populations while utilizing
evidence gathered from samples belonging to those populations (Zieffler et al., 2008, p. 45). Makar and
Rubin (2009) used the IIR framework to “broaden accessibility to inferential reasoning with data” by
emphasizing three fundamental principles: (1) generalization that extends beyond describing the given
data through predictions, estimations, and the like, (2) the use of data as evidence for making a
generalization, and (3) use of probabilistic language in describing the generalization drawn and
articulating the level of certainty (p. 85). The authors viewed these three components as observable
abilities that comprise young children’s informal inferential reasoning.

Together with IR, randomness, variation, distribution, and expectation are the big ideas in
elementary statistics and probability education (Watson et al., 2018). Researchers try to connect these
important concepts to give purpose to learning about statistics at the elementary level of the curriculum.
The second critical big idea is randomness, which is defined as “a phenomenon in which the outcome
of a single repetition is uncertain, but a regular distribution of relative frequencies exists over a large
number of repetitions” (Watson & Fitzallen, 2019). Watson and Fitzallen (2019) extended the
connection between randomness and variation (defined as observed differences) and expectation
(defined as summarizing data while incorporating variation, for example, when determining the chance
of an event), observing that children frequently ignore the expectation while overthinking over the
variation when determining the chance of an event. As a result, students must first grasp the relationship
between variation and expectation before diving into randomness. Finally, distribution serves as the
lens through which variation is identified in data representations. Watson and Fitzallen (2019)
suggested that these are the overarching concepts on which statistics and probability education should
center learning efforts.

Most of the research on children’s understanding of statistics has focused on their everyday
probabilistic judgments rather than on fundamental statistical concepts, such as data handling or
distribution (Leavy, 2008), or on the relationship between some statistical and probabilistic concepts.
Because the literature undervalues uncertainty, variability, and distribution as important concepts,
particularly at the elementary level, and underestimates the value of their teaching, probability concepts
have been removed from some curricula (Groth et al., 2021). For instance, Turkey’s elementary
mathematics curriculum has neglected key probability concepts in the first seven grades of schooling
for nearly nine years (Ministry of National Education.[MoNE], 2004; 2005; 2013). Although Turkey
was one of the first countries to incorporate statistics and probability into elementary mathematics
curricula, the concepts of likely and unlikely events are now introduced in eighth grade, in contrast to
countries such as Australia or the United States (Argiin et al., 2010; Batanero et al., 2018; Makar, 2018).

The most frequently used data representations are bar graphs and pie charts, which can be presented
in a variety of ways (Spence & Krizel, 1994). Additionally, these graphs are one of the first data
representations taught in data handling. However, their inclusion is at the level of descriptive statistics,
focusing exclusively on the frequencies and categories visible on them. Even so, the courses in Turkey
addressed the differences in frequency distributions, which should not be the primary focus of statistics
instruction. Rather, students should be introduced to probability using probabilistic language while
collecting data with inherent variability, focusing on expectation beyond the data, and then organizing
and inferring about the data collected.

The purpose of this study was to make the connection between probabilistic and statistical reasoning
visible through experimenting with different colored balls drawn from a bag. The task was intended to
demonstrate the competencies of the young children about the concepts of sample space and probability
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of an event in terms of probabilistic reasoning, as well as to focus on children’s data sense about
describing data and organizing and reducing data in terms of informal inferential reasoning. One of the
parts of the tasks entailed drawing a ball from a box twenty times and recording the results on a sheet
of paper using the colored cards provided. Additionally, the task included several questions for children,
such as, “What color ball do you expect drawing?”, “How can we record the outcomes (while drawing
the balls)?”, and “How can we organize the data records?”

2. METHOD

This study employed qualitative methods based on the paradigms of an exploratory case study
design, as the primary objective was to investigate children’s experiences while completing the task,
which was developed from an IIR perspective (Yin, 2014). The study’s main objective was to explore
those experiences within the framed theoretical basis summarized above. Case study entails the analysis
of in-depth data gathered through specific cases (Patton, 2014). This method allowed for an in-depth
analysis of the rich data collected to determine how young children reason statistically and
probabilistically concerning IIR. The study described here used the IIR theoretical framework to
descriptively analyze young children’s statistical and probabilistic reasoning. A goal of the study was
to generate novel approaches to young children’s statistics and probability reasoning, resulting in the
development of learning tasks that effectively foster young children’s IIR.

Participants. Twenty-eight young children (25 children aged 6-years-old, and three 5-years-old)
were enrolled in this study from four different classes at a public kindergarten school on my university
campus. Academic and administrative staff at the university send their children to this kindergarten
school. Most parents whose children were enrolled were public servants, such as teachers, doctors, and
police officers. Because I, as a researcher, was unfamiliar with the children, the class teachers selected
the children who would likely be interested in participating in the study.

Data collection procedure. The research task completed by the children was carried out in a small
room that was used for chess classes. The school’s directors offered the chess classroom in response to
my request for a quiet place for voice recording. | introduced myself and asked for each child’s name
in the first minutes of the interview, while wearing much more colorful clothing than | normally do, to
appear friendly and to make the participants feel comfortable. The participants were interviewed one-
to-one. Each participant was interviewed across a table while holding the box of balls and using a mat
and colored cards. The interviews were audiotaped. It took about 20 minutes for each participant to
complete the tasks. By using a pre-prepared interview protocol, | was able to ask the same questions of
each of the participants during the interviews. Each participant was asked the questions, and his or her
oral responses were audio-recorded. Throughout the interview, the researcher took several photographs
to document each participant’s progress through the activities. The children were asked a variety of
questions, such as, “What color ball do you expect to draw?”, “How can we record the outcomes (while
drawing the balls)?”, and “How can our records (the colored cards) be organized?”

Data collection tool and data analysis. The children’s data collection tool was a task that involved
drawing balls from a box. Given that one of the study’s objectives was to investigate probabilistic and
statistical reasoning with an IIR approach, the task required the children to create a random sample of
drawings from a box of colored balls. It was comprised of two parts with questions, which were
organized with the assistance of IIR to establish a connection among the concepts of sample space,
probability of an event, and bar graph and pie chart representations, in terms of probabilistic and
statistical reasoning. The design of the task was based on the premise that children can list the possible
outcomes of a one-stage experiment (e.g., Borovcnik & Bentz, 1991; English, 1993; Piaget & Inhelder,
1975). Also, according to the literature on probability of an event, children’s understanding of
probability is based largely on their understanding of part-whole relationships. (e.g., Piaget & Inhelder,
1975).

I began by showing the children a box containing six balls (three yellow, two blue, and one red). |
then asked the children to draw a ball from the box twenty times, with replacement. Following their
viewing of the color, the researcher asked them to record the colors drawn using the similarly colored
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rectangular cards on a mat. | then inquired as to whether there was another way to arrange the cards to
see the least or greatest number of the colors drawn from the box. The second part of the task involved
drawing eight balls from the box, which contained only red and yellow balls. At this point, cards
resembled sectors of a circle, eight of which formed a circle). At the end, | inquired whether there was
a need to organize the cards to better reason about the data, that is, create a data representation to
distinguish data drawn. Throughout this task, | examined young children’s informal inferential
reasoning about sample space by asking them, “Which colors could appear while drawing the balls
from the box?” | asked some questions regarding the probability of an event which were, “Which color
is most likely to appear after twenty drawings?”, and “Which color is least likely to appear?”

Interview data were transcribed verbatim from audio recordings and data were analyzed
descriptively. With the help of several photographs taken during the interview, the responses of each
participant to the interview questions were classified and organized. The gathered data analyzed
holistically to examine the participants’ statistical and probabilistic reasoning with an 1IR perspective.
The researcher classified the data into four categories: (1) how sample space was perceived, (2) how
probability of an event was explained, (3) how the data obtained in the task was organized, and (4) how
and to what extent the data representation looked (to a bar graph or a pie chart). The participants’
responses were analyzed to determine how many of them represented the data as expected and how
many responded appropriately to interview guestions.

The task dealt with the statistical reasoning of young children in terms of collecting, describing, and
organizing data, with the question “How do we organize the cards to understand what the data tells us?”
Additionally, the task provided for the representation and interpretation of data following the
completion of the drawing balls and the collection of cards on the mat with the matching colors. Finally,
each child was expected to create a bar graph (using colored cards to represent 20 balls) and a pie chart
(using colored circle sectors to represent eight balls). While interpreting the data, participants were
expected to recognize the frequency of the colors. As a result, the task aided in the exploration of young
children’s statistical reasoning.

3. FINDINGS

This study’s findings are divided into two parts. First, the data were quantitatively summarized in
Table 1. Second, the data were summarized according to the task-related issues, with examples provided
in the form of photographs. For reporting purposes, each child was assigned an alphanumeric identifier
to maintain privacy and anonymity (e.g., P52). All 28 children completed the task and demonstrated
competence in organizing data using bar graphs and pie charts. The following table summarizes the
number of correct responses, the number of children who grouped the data collected, and the number
of children who formed bar graphs and pie charts.

Table 1. Quantitative results obtained from the task implementation

Bar Graph Pie Chart Sample Probability
Grouped  Formed CUsed Formed Space  of an Event
enter
14 5 24 16 22 10

After making 20 draws from the box, each participant was asked to rearrange all the cards on his/her
board. Participants were expected to group/categorize the cards according to their colors and arrange
them side by side, resulting in a bar graph. As a result, | labeled the responses either “grouped” or
“formed”. In relation to the second part of the task, after eight draws, each participant was asked to
reorganize the cards on her/his board to forma pie chart. Children were expected to first identify a center
for placing the cards on the mat. They were then expected to organize the cards by color whether they
arranged identically colored cards side by side, creating a pie chart. As a result, I labeled the responses
“used center” and “formed”.

In terms of sample space, | asked each child if she/he could draw a green ball from the box. A
correct response indicated that the child realized the potential outcomes of drawing a green ball from
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the box was zero. When | asked a child if she/he could draw a green ball from the bag, she/he replied,
“No.” When I inquired as to why, the child stated, “There is no green ball.” According to Table 1, 21
children correctly answered this question, which is a high number. Concerning the probability of an
event, a correct response indicated that the child explained why yellow appeared to be the most
prevalent color based on the number of yellow balls in the bag. Ten children reasoned about the
probability of the event.

3.1. SAMPLE SPACE

Most of the children (n = 22 of 28) responded that they would draw red, yellow, or blue balls from
the bag, but were unable to draw green or pink balls. When the researcher questioned as to the reason,
they stated that the green ball was not in the bag. The rest of the children stated that they were unaware
of how to draw a green ball. They stated that they are unaware of the reason. Several of them responded
that it might have something to do with magic. The following are some responses to the question, “Do
you think we can draw a green ball from the bag?”

P3: I don’t know.
P5: Yes, | can.
P15: Yes, | can draw a green ball, if this bag has magic.

Some examples for the question, “Why can’t we draw a green ball from the bag?” were:

P6: Because there is not any green ball.
p22: There is no green ball here.
P7: I don’t know. (Although, she responded, “We can’t draw a green ball.”).

Based on the findings here, it could be claimed that young children intuitively know about the
sample space. Twenty of the 22 children could reason about the possible outcomes.

3.2. PROBABILITY OF AN EVENT

After completing all draws, either 20 or eight balls, the researcher posed the question, “Why did we
end up with more yellow balls?” Alternatively, “Why did the red ball occur less?” Nearly half of the
children (n = 10 of 28) responded that they drew the most yellow balls because the bag contained the
most yellow balls. The following are some of the children’s responses:

P18: Because there are 3 of the yellow.

P17: I don’t know.

P15: Because | closed my eyes and chose [the balls]. Even if the balls weren’t yellow, there would
never have been so many yellows.

P10: There are a few red (balls) because. There are 3 yellow balls

The remainder of the participants indicated that they were unsure. When the researcher repeated the
question, “Is this related to the number of balls in the box?”, they responded that they were unsure. P14,
for example, explained that she “primarily caught the yellow ones,” while focusing on the outcomes
she obtained.

3.3. STATISTICAL REASONING - BAR GRAPH

Prior to drawing the balls from the box, the children were told to record the colors drawn by
matching them with the colored cards, which were to be collected on the mat. Finally, the researcher
requested that they rearrange the cards so that they could more easily see the number of each color
without counting. Half of the children (n = 14 of 28) grouped the cards by color, and five reorganized
them to represent a bar graph. Examples of the children’s representations are presented in Figure 1.
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Figure 1. Examples of children’s bar graph representations

Another observation concerns the “back and forths” between data and graph (or shape, display, or
representation). When the children were unable to answer questions about analyzing the data or
interpreting the data, they often to returned to their representation and reorganized the data, sometimes
three or four times. For instance, P13 (Figure 2) and P14 (Figure 3) constructed a variety of
organizations. Overall, the children were able to respond to the questions in this part of the task and

showed their performance in bar graph representations.

P13’s first representation P13’s second representation P13’s third representation

TRTIINY

Figure 2. P13’s bar graph representations

Tl U

P14’s first representation P14’s second representati_on

Figure 3. P14’s bar graph representations

3.4. STATISTICAL REASONING - PIE CHART

To create a pie graph, children were expected to locate the center point, arrange the cards on the
circle, and finally group the cards by color. It appeared the children found it easier to create a pie chart
than it was to create a bar graph. Like the bar graph task, the children were asked: “How can we easily
determine which color is the most and which color is the least?”” Unexpectedly, most children (n = 24
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of 28) were aware of the circle’s center. Furthermore, they likened the cards to pizza slices. Many of
them asked, “Will we play a pizza game?” Sixteen of them further classified the cards by color. Figure
3 contains several examples of children’s pie chart representations. Unlike the children who struggled
with bar graphs, more than half (n = 16 of 28) of the children formed a pie chart and could explain that
when the colors were side by side, the groups could be easily compared in terms of magnitude.

P5
Figure 4. Examples of children’s pie graph representations
To make the children think about their pie graph representation, the question, “How can we re-

organize the cards to show which color is the most and which is least?”” was asked. The following
examples illustrate several of their subsequent representations (Figure 5 & 6).

L
P24’s first representation P27’s first representation P10’s first representation

Figure 5. Examples of children’s pie chart representations
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P24’s second representation P27’s second representation ~ P10’s second representation
Figure 6. Examples of children’s pie chart representations

Additionally, the pie chart representations reflected some pattern thinking. Some children arranged
the cards in a repeating pattern, as illustrated in the examples in Figure 7.

P15 p27 P22

Figure 7. Pattern examples of children’s pie graph representations
4. DISCUSSION AND CONCLUSION

The overall findings are discussed with an emphasis on three principles of informal inferential
reasoning concerning the sample space, probability of an event, and bar and pie graph representations.
The findings provided an explanation for how young children’s probabilistic and statistical reasoning
develops while creating data representations through informal inferential reasoning. Additionally, how
young children construct evidence during the task is discussed.

4.1. SAMPLE SPACE

Shaughnessy (1992) asserted that the concepts related with probabilistic reasoning such as sample
space, probability of an event, or conditional probability, were not studied together and there is not a
consensus regarding their influence on children’s probabilistic reasoning. Accordingly, how the
instruction of these concepts should be delivered in which environment using which tasks are not clear.
This study proposes that children can be observed within a probability context. From this perspective,
this study discusses significant findings.

Six children were unable to explain what might happen if they drew a ball from the bag. They
mostly replied that they were unaware of the reason or that it was due to magic. Two children were
unable to explain the reasoning despite being aware of the possible outcomes, implying that they were
incapable of reasoning about this. Twenty children in total could list the possible outcomes. These
findings could be explained by the fact that young children intuitively understand the sample space.
When children participate in such an experiment, it is possible to assert that they are aware of the
possible and impossible outcomes. They were able to use probabilistic language with an emphasis on
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possible and impossible (Kazak & Leavy, 2018). Additionally, they were able to explain the
impossibility with the absence of green or pink ball in the box.

As Nikiforidou (2018) concluded, subjective intuitions can be used to grasp probabilistic concepts.
This conclusion implies that probability experiments should be conducted with young children in a
classroom setting. These experiments may also reveal information about uncertainty and randomness,
which could be discussed further here, given the drawing ball experiment’s findings regarding young
children’s uncertainty comprehension.

Borovcnik (2011) asserted that the relationship between data and probability undervalues
probability as a statistical sub-concept. For this study, the participants generated their data set by
drawing balls from a box, which was unique for them. The task could easily be replaced by simply
presenting a suitable data set. However, the task based on an experiment, served to highlight the basic
concepts of data and probability within a more meaningful context. Additionally, the assumption was
made that young children could intuitively construct the link between the two concepts through data
generation and interpretation.

4.2. PROBABILITY OF AN EVENT

Regarding the concept of the probability of an event, nearly half of the children (n = 10 out of 22)
used subjective thinking and the understanding of part-whole relationships (Piaget & Inhelder, 1975).
This finding showed that they had difficulty explaining the reason for drawing yellow colors more in
both parts of the task. Other participants explained the reasons for drawing yellow the most, such as
their unluckiness and loving yellow the most as a color. While they were drawing the balls, they
expected mostly a color pattern, for example, Yellow, Red, Blue, Yellow, Red, Blue. This color pattern
expectancy was also apparent in their efforts to form a bar graph of the first 20 draws. This finding
could be explained by their need “to make sensible decisions in situations of uncertainty” (Borovcnik
& Peard, 1996, as cited in Perry & Docket, 2008, p. 95). Therefore, although this task could be an
effective example of making children think about uncertainty, more than half of the children could not
make a connection between the experiment results and the uncertain nature of such an experiment.
Besides, this conclusion strengthened the call to provide children with instances where they can carry
out probability experiments with a focus on chance (Lopes & Cox, 2018). With sufficient experience,
children could start to think about randomness.

The findings obtained through the question of “Why did yellow appear the most?” could also be
discussed regarding likely or unlikely events, since children pointed out that the presence of yellow,
blue, and red balls in the box made the drawing of one of those colors a likely event and drawing a
green or pink ball an unlikely event. They explained that they came up with the colors because they
were drawn to them since the colors were in the box. Moreover, they were also aware that drawing a
yellow ball was more likely than drawing a red or blue ball, since they explained this result was because
there were more yellow balls in the bag. It could be concluded that children think that “the more
something is, the more often we meet,” in general. This explained their understanding of the likelihood
of an event as likely, less likely, or more likely. However, it was not possible to conclude whether the
children were aware that this experiment had random results.

As Nikiforidou (2018) concluded, children from an early age begin to think probabilistically. They
may develop a prior understanding of probability if given a probabilistic context in a preschool setting.
Thus, a task like the one used in this study could serve as a foundation for children’s intuitive
probabilistic understanding and provide teachers with pedagogical ideas.

4.3. BAR GRAPH REPRESENTATION

The most frequently seen graphs are bar graphs and pie charts, which can be displayed in a variety
of ways and with a variety of shapes (Spence & Krizel, 1994). In statistics education in Turkey, these
graph-types are often the first concepts taught. As a result, I assigned tasks such as creating a bar graph
and a pie chart. The tasks used in this study focused on organizing and reducing the data. Nevertheless,
I analyzed two distinct data visualization techniques: bar graphs and pie charts.

The findings in this section indicated that, while all the children were unable to create a regular
appearance for the bar graph at the conclusion, they grouped the cards according to their colors.

10
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Additionally, they stated, “I can easily determine which is the most and which is the least.” P9 (Figure
8), for example, organized the cards similarly to P8 (Figure 1), stating, “I put the yellow ones here, and
the blue ones here. It might be better to put in double as there is a lot of yellow.” This means that when
the purpose of the display is to show the most and least one, children create the bar graph representation.
Thus, the children who organized the cards according to their colors, the task’s objective could easily
be said to have been accomplished, creating a bar graph. Graphs or data visualizations serve the purpose
of illustrating an important concept. As Friel et al. (2001) stated, each graph or data representation has
its own language that enables it to perform its intended function.

Figure 8. P9’s representation of bar graph

This research demonstrates that young children can form data representations when they have
meaningful purposes without any boundaries. They can explain the story the data has to tell with
language unique to them. Therefore, it could be concluded that young children can start to develop
graph comprehension early in their education, which Friel et al. (2001) explained as “graph readers’
abilities to drive meaning from graphs created by others or themselves” (p. 132).

4.4. PIE CHART REPRESENTATION

The data indicate that more children could form and group the colored cards to form a pie chart
compared to the ones to form a bar graph. It may be because of identifying the center of the circle before
beginning the task or likening the task to a pizza. Another reason could be the number of cards or the
number of colors used in this task. There were eight draws in this part, which is fewer than the ones in
the bar graph part. This could be the reason for constructing the representation easily.

Children’s pattern recognition can also be seen in this task, as the examples in Figure 8 demonstrate
that children used pattern thinking to organize the cards. According to Friel et al. (2001), graph
comprehension is also associated with pattern perception. As a result, children pattern the visualized
the information collected on the mat. They were placing the cards on the mat as they drew the balls
from the box. The circle sector cards were primarily used by children as if they were pizza slices. As a
result, they were not observed to have difficulty creating a pie chart. Placing the cards in drawing order
may compel them to think of them in a pattern, impairing their ability to organize the cards according
to color. According to Friel et al. (2001), there is no obvious connection between pattern recognition
and graph comprehension. Due to the small number of draws, we cannot conclude that children’s pattern
recognition ability prevents them from creating a pie chart. This part of the task could be repeated with
additional draws to demonstrate the relationship between the two ideas.

4.5. OVERALL DISCUSSION

Makar (2018) asserted that students may become acquainted with statistical and probabilistic
concepts prior to formal instruction of these concepts. The findings of this study, which included young
children exposed to a task in which statistical and probabilistic concepts were not previously introduced,
demonstrated that children could complete the task with an intuitive and informal understanding of
statistics and probability concepts. As a result, the study’s findings indicate that young children can
complete tasks designed from the perspective of informal inferential reasoning (Makar & Rubin, 2009).

Another conclusion is that children could use this task to develop an intuitive understanding of the
big ideas of statistics outlined by Watson et al. (2018). For instance, when children drew balls from the
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bag, they encountered randomness. Although they anticipated a pattern or magic from the draws, they
observed that neither occurred. The participants in this study were also able to consider randomness
during an experiment, as they anticipated the colors of the balls in the box prior to drawing out the balls.
From this viewpoint, the task at hand incorporates the concept of variation as well (Watson, 2009). The
children began to consider variation intuitively within a likely range, and thus encountered an aspect of
variation that aided the construction of their data representations. The children were free to organize
their data in any way they desired, most notably in their bar graph representations. This resulted in the
conclusion that children can engage with the big ideas of statistics in a way that allows them to think
about them informally (Watson, 2009) in meaningful and contextual settings (Langrall et al., 2006).

The study presented here contributes to the early statistics and probabilistic education literature by
demonstrating that when children are given meaningful teaching environments, such as well-designed
course tasks and experiments that require them to collect, organize, reduce, and infer data, they can
informally develop an understanding of and reason about fundamental statistical and probabilistic
concepts that are also evident in everyday life. Although the early stages of education do not always
include explicitly teach probability concepts, young children’s experiences embedded in productive
tasks that foster institutions have a significant impact on their probabilistic reasoning (Nikiforidou,
2018). One could argue that such tasks, including experiments, expose young children to the concept
of randomness. Additionally, such tasks help children develop their sense of expectation.
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