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1. Introduction

Statistics is a branch of mathematics that includes activities related to data collection, data processing, data
analysis, and drawing conclusions based on the results of data analysis (Nani, 2015). In the current era of
globalization, statistics plays an important role in our daily lives, not only in terms of knowledge and theory
Obrial & Lapinid (2020). This is in accordance with the statement Meletiou-Mavrotheris & Mavrotheris
(2007) that "Statistics education is the focus of reformers in mathematics education as an important aspect
of citizen education in a democratic society". Statistics is at the core of mathematics education reform.

In addition to the field of education, statistics also has an important role in human life to solve the
problems faced. Moore (1997) argues that statistics is considered a tool for solving problems in everyday
life, in the workplace, and in science. Almost all activities are related to statistics, for example, counting
population, using social networks, in the market, in the laboratory, and even in government. Therefore, a
basic understanding of statistics is very important and necessary to be able to solve the problems faced can
be resolved correctly and accurately.

In order to develop static thinking, careful consideration needs to be given to the way people learn
statistics. The thinking process is a learning activity that takes place by involving mental processes that
occur in the student's brain, thus learning becomes an activity that is always associated with the thinking
process (Darma, 2013). Martadiputra & Suryadi (2012) defines statistical thinking as the ability to
recognize and understand the entire statistical process and apply this understanding to everyday problems
by making judgments, analysis and generalizations involving the statistical thinking process. Several stages
of the statistical thinking process can be used as a reference to determine whether someone is able or
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accustomed to thinking statistically. These stages are: describing data displays, organizing and reducing
data, representing data, and analyzing and interpreting data (Jones et al., 2000; Mooney, 2002; Zahner &
Corter, 2010; Martadiputra & Suryadi, 2012).

Research on statistical thinking in solving problems has been done before. One of them is research
belonging to Naili et al. (2021), which observes about students' statistical thinking when solving descriptive
statistics problems in terms of personality type. Individuals who tended towards introversion scored higher
on all measures of statistical thinking, including those that measured their ability to describe data
presentation, organise and reduce data, represent data, and analyse and understand data. Contrarily, the
extroverted individual has failed to demonstrate all signs of statistical thinking, particularly when it comes
to understanding and analysing data.

Based on this description, the importance of statistical thinking in learning statistics, therefore it is
necessary to have statistical thinking skills at all levels of education in Indonesia. By knowing students'
statistical thinking skills, it is hoped that each student will be able to understand and interpret statistical
messages in various contexts and enable students to draw conclusions or make decisions accurately based
on information or data (Masjudin et al., 2020). Therefore, researchers need to analyze how the statistical
thinking process of high school students in solving data centralization poblems?

2. Methods

This type of research was descriptive and explorative with a qualitative approach. The main objective was
to describe the statistical thinking process of high school students in solving mathematics problems. This
research was conducted at Maarif Lawang High School. The subjects of this study were students in grade
X MIPA in the 2023/2024 school year who had taken statistics material. The subject selection process
began with giving a test on data centralization questions and was strengthened by verbal explanations
through interviews. There are 3 out of 24 students have solved the problem correctly, found 21 other
students are still wrong when doing calculations so that the final results obtained do not match the correct
answer.

Based on the stages of the statistical thinking process, it can be grouped into two groups, namely
complete and incomplete groups. The complete group is students who solve the problem correctly and
fulfill the 4 stages of the statistical thinking process. Likewise, the incomplete group is students who solve
the problem correctly but have not fulfilled the 4 stages of the statistical thinking process. Then one student
in each group was taken as a group representative and analyzed the statistical thinking process further. The
results of the grouping of subject work based on the stages of statistical thinking can be seen in the following
Table 1.

Table 1. Grouping of Subjects Based on Statistical Thinking Stage

Statistical Thinking Subject 1 Subiject 2
Describe data presentation (DD) v v
Organizing and reducing data (OD) v v
Representing data (RD) v v
Analyzing and interpreting data (Al) v -—

The researcher acted as the main research instrument by collecting data, analyzing, interpreting, and
reporting the results of the study. The tools used in this research were data centralization test questions and
interview guidelines. The Statistical Thinking Test Instrument could be seen in the following figure:

Perhatikan tabel berikut!

Berat (kg) Frekuensi

31 —36 +
37— 42 f
43 — 48 9
49 — 54 14
55 — 6l 10
6l — 66 3
67 — 72 3

Tentukan nilai mean, median, dan modusnya!

Figure 1. Data Centralization Problem Test
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The data analysis technique referred to the point of view of Miles & Huberman (1994) that described
the interactive and ongoing nature of the actions involved in qualitative data processing. Data analysis
encompassed a wide range of tasks, such as data reduction, data display, conclusion formulation, and
verification.

Statistical thinking criteria, including data presentation description, data organisation and reduction,
data representation, and data analysis and interpretation, were used to examine the data (Mooney, 2002).
Technical triangulation, which comprises comparing written and interview test results, as well as analysing

data from the same source using multiple approaches, ensures the validity of the data utilised in this study
(Sugiyono, 2017).

3. Results & Discussions

Students of class X MIPA solve the problem procedurally. In more detail, the researcher will present the
results of students' answers in solving mathematics problems based on students' statistical thinking skills.
The following description aims to see the statistical thinking process of each student.

Result and Discussion of Statistical Thinking Process of Subject 1 (S1)

The first analysis is to analyze the statistical thinking process in subject 1 (S1). The results or answers to
data centralization questions can be seen at Figure 2.
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Figure 2. S1 Answer in Solving Data Centralization Problem

S1's statistical thinking process, starting from the stage of describing data presentation (DD) by being
able to understand the problem by reading, the subject describes the problem information according to the
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problem and the subject reveals starting from the data information in the problem in the form of a table
display and what is asked in the problem. This means that S1 students have the ability to describe data
presentation. The results of the work can be seen in Figure 2 with code DD. This is in accordance with the
snippet of the researcher's interview (P) with S1 in the DD stage as follows.

P © "What did you do after getting this problem?"

S1 : "Preceded by reading and understanding first what is meant in the problem, and rewriting
the known table"

P : "What do you know from this problem?"

S1 : "From the information in the problem, it is known that the lowest weight is 31 kg and the

highest weight is 72 kg. Then, what is asked in the question is the mean, median, and
mode values of the data"

P : "Then what are you doing?"

S1 : "Apart from writing the table as in the question, there is information in the question that
shows that the number of frequencies is 53 people.

P : "Inthe table, can you explain why it says that the score range for each class is 6 numbers?"

S1 : "VYes, because the difference between the highest and lowest weight is 72 — 31 = 41 .

Then | chose the number of classes as 7, so the length of the class is 41/7 = 5.86 and
rounded to6 . From there, the length of each class is made as many as 6 numbers, such as
the first class with a weight of 31 — 36 , meaning that the weight between 31 to 36 is
included in the first class. And don't forget to fill in the frequency, which is how many
people weigh in each class."

At the stage of organizing and reducing data (OD), S1 performs several stages, the first is to find and
determine the middle value of each class and written in the column (x;). S1 looks for and determines the
middle value of each class by sorting first. For example, the 1st class is 31 — 36 where the numbers consist
of 31,32, 33,34,35,36 . The median / middle value of the 1st class is between 33 and 34 , because there
are 2 numbers, then S1 does the sum of the two numbers and divided by two. So that the middle value of

the 1st class is 222 = 33.5. Likewise, in the next class, S1 determines the middle value in the same way
for each class. The second stage S1 calculates the multiplication between the frequency of the i-th class and
the middle value of the i-th class (f; - x;) . For example, in the 1st class with a weight of 31 — 36 kg there
is a frequency (f; ) of 4 and the middle value (x;) obtained is 33.5 , then the result of the multiplication is
f,-x, =4-33.5=134, as Well as in the next class. The results of the work can be seen in Figure 2 OD code,

and this is in accordance with the excerpts of the researcher's interview (P) with S1 in the OD stage as
follows.

P : "After that, what did you do?"

S1 : "First find the middle value of the i-th class and then calculate the frequency of the i-th
class multiplied by the middle value of the i-th class(f; - x;) , and do not forget to write it
in the table"

P : "Then, what are you doing?"

S1 . "Because | knew it was group data, and what was asked was the mean, median, and mode,

so | worked according to the formula™

At the stage of representing data (RD), S1 performs the calculation process of mean, median, and mode
according to each formula for group data. In the process of calculating the mean, S1 calculates the formula

X = Zf} L. By first finding the sum of the calculation of the frequency of the i-th class multiplied by the
middle value of the i-th class (3 f; - x;) and the sum of the frequencies of each class (3 f; ), S1 found the

—Fk
7 ) P
First, S1 looks for the lower edge of the mode class (tb), the number of frequencies (n), the amount of data
before the median class (Fk), the amount of data in the median interval class (f), and the length of each class
(p) which will be used in the median calculation process. So that the final result of S1 in the median
calculation process is Me =51.71.

Furthermore, in the process of calculating the mode S1 performs calculations with the formula Mo =

th + (d ‘ild ) - p. Before doing the calculation, S1 first looks for the values to be used, such as the value of
1 2

n
mean X =51.7264 . In the median calculation process, S1 calculates the formula Me = tb + (

Unnes J. Math. Educ. 2025, Vol.14, No. 1, 1-11



S. F. Muazarah, T. Nusantara, Sisworo 5

the lower edge of the mode class (tb), the frequency value of the mode class to the frequency of the class
before the mode (d, ), the frequency value of the mode class to the frequency of the class after the mode
(d,), and the class interval (p). After finding these values, S1 did the calculation, and found the mode result
Mo = 51.8. The results of the work can be seen in Figure 2 RD code, and this is in accordance with the
excerpts of the researcher's interview (P) with S1 in the RD stage as follows.

P : "What formula did you write?"

S1 : "Mean, median, and mode formulas for group data"

P . "Explain the process of calculating the median in group data"

S1 : "The median calculation process is that the lower edge value (tb) is summed with the

result of the number of frequencies (n) divided by two and then subtracting the amount of
data before the median class (Fk) and then divided by the amount of data in the median
interval class (f) and the result is multiplied by the length of each class (p)."

P : "What about the mode formula for group data?"

S1 : "The mode formula is the lower edge of the mode class (tb) plus the result of the
frequency of the mode class to the frequency of the class before the mode (d,) divided by
the sum of the frequency of the mode class to the frequency of the class before the mode
and the frequency of the mode class to the frequency of the class after the mode (d; — d,)
then multiplied by the class interval (p)."

At the stage of analyzing and interpreting data (Al), S1 draws conclusions from the results that have
been obtained, by writing "So, X =51.7264 ", then "So, Me =51.71 ", and "So, Mo = 51.8". In addition,
S1 has also checked the answers first before submitting them, so S1 already knows that the results in the
calculation process are correct or not. The results of the work can be seen in Figure 2 Al code, and this is
in accordance with the excerpts of the researcher's interview (P) with S1 in the Al stage as follows.

P : "Did you double check your answers?"

S1 : "l checked my answers before submitting them"

P : "Did you make the conclusion correctly?"

S1 : "I have listed the conclusions obtained, namely the mean value of 51.72, for the median

value is 51.71, while the mode value is 51.8"
Based on the analysis of the answers and also the results of the interview, it can be concluded that S1

already understands the concept and can find the solution of the problem given. In general, S1's thought
process is presented in Figure 3.
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Figure 3. S1 Statistical Thinking Process

For clarity, a description of the coding for S1's thought process when solving problems based on the
stages of statistical thinking will be presented in Table 2.
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Table 2. Description of Figure 3. S1 Statistical Thinking Process
Code Description

DD Describe the data presentation. Characterized by mentioning known data information
and written in the form of a table (D,). The table consists of 2 columns, the first is the
weight column (kg) with the range of values for each class predetermined (DD, ). The
second column is the frequency or the amount of data for each class (DD,).

oD Organizing and reducing data. Marked by answering (D), namely determining the
middle value of the i-th class (OD,) and calculating the multiplication between the
frequency of the i-th class and the middle value of the i-th class (0D,).

RD Representing data. This activity is characterized by the process of calculating the mean
(RD;), median (RD,), and mode (RD3) according to the respective formulas on group
data.

Al Analyzing and interpreting data. Marked by checking back and mentioning the

conclusions obtained that the mean value is 51.72 (A1), the median value is 51.71
(AL), while the mode value is 51.8 (Al).

Result and Discussion of Statistical Thinking Process of Subject 2 (S2)

The second analysis is to analyze the statistical thinking process in subject 2 (S2). The results or answers
to data centralization questions can be seen at Figure 4.
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Figure 4. S2 Answer in Solving Data Centralization Problem

S2's statistical thinking process when solving the problem starts from the stage of describing data
presentation (DD) by being able to present data in the form of tables, understanding the problem by reading,
the subject describes the problem information according to the problem and the subject reveals starting
from the data information in the problem in the form of a table display. Besides that, S2 also wrote what
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was asked in the question. The results of the work can be seen in Figure 4 DD code. This is in accordance
with the snippet of the researcher's interview (P) with S2 in the DD stage as follows.

P : "What did you do after getting this problem?"

S2 . "What | do after getting the problem is to read and understand first what is meant in the
problem, and rewrite the known and questioned tables"

P : "From the problem presented, what information did you find?"

S2 . "The amount of data in the problem table is 53 patients. The lowest weight is 31 kg and
the highest weight is 72 kg. For the question is what is the mean, median, and mode of
the data"

P : "Are there any steps that you know to solve the problem? If so, what are the steps?"

S2 : "There is sis, first we write back the known data in tabular form, then determine the

highest weight and lowest weight, and don't forget to write back what is asked in the
question. Then do the calculation process with each formula"

P : "Let me ask you, what do you know from the table in the question about the value range?"

S2 . "The value range in the table is used when it is known that the data is group data. many
classes and the range of each class. The value range is known by calculating the difference
between the lowest and highest body weight, which is 41, and in the problem you want to
take many classes of 7, then the value range of each class can be found from 41/7 = 5.86
and rounded up to 6. Which makes each class with a range of 6 numbers. For example, at
a body weight of 31 — 36, because there are 4 patients between 31 and 36, the frequency
written is 4, and so on until the body weight of 67 — 72 ."

At the stage of organizing and reducing data (OD), S2 did first to find the middle value of each class
and listed in the column (x; ). Then, S2 calculated the multiplication between the frequency of the i-th class
and the middle value of the i-th class (f; - x;) , and the results of each class are listed in the column(f; - x;)
. The results of this work can be seen in Figure 4 OD code. In this case S2 did the same OD stage as S1 did,
besides that it was also in accordance with the excerpts of the researcher's interview (P) with S2 in the OD
stage as follows.

P . "After that, what did you do?"

S2 : "Find the mean value of each i-th class (x;) and calculate the multiplication between the
frequency of the i-th class and the mean value of the i-th class
(fi - x)"

P : "What kind of calculations are you doing?"

S2 . "Because the data is group data, | continue the calculation according to the mean, median,

and mode formulas for group data"

At the stage of representing data (RD), S2 calculates the mean, median, and mode according to each
formula for group data. In the process of calculating the mean, S2 calculated the formula X = sz—}xl . By

L

first finding the sum of the calculation of the frequency of the i-th class multiplied by the middle value of
the i-th class (¥ f; - x;) and the sum of the frequencies of each class (¥, f; ). In the process of calculating
the mean, S2 found the mean result X =51.72 . In the median calculation process, S2 calculated with the
formula Me = th + (TfF
frequencies (n), the amount of data before the median class (Fk), the amount of data in the median interval
class (f), and the length of each class (p) which will be used in the median calculation process. Then, S2
found the median result Me = 51.71.

In the process of calculating the mode, S2 calculates with the formula Mo = tb + (

) -p . S2 first looks for the lower edge of the mode class (tb), the number of

dildz) -p . Before
doing the calculation, S2 first looks for the values that will be used, such as the value of the lower edge of
the mode class (tb), the frequency value of the mode class to the frequency of the class before the mode
(d,), the frequency value of the mode class to the frequency of the class after the mode (d,), and the class
interval (p). After finding these values, S2 did the calculation, and found the mode result Mo =51.83 . In
the process of calculating the mean, median, and mode S2 did not make any mistakes, so the results found
were correct. The results of the work can be seen in Figure 4 RD code, and this is in accordance with the
excerpts of the researcher's interview (P) with S2 in the RD stage as follows.

Unnes J. Math. Educ. 2025, Vol.14, No. 1, 1-11
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"Then, what did you do after that?"

"Write down the mean, median, and mode formulas for group data first, then do the
calculation process"

"In the median calculation process, | would like to ask in the formula you wrote, what are
p and th?"

"For p is the length of each class, or the number of numbers in each class. For example,
in class 31 — 36 , which means there are 6 body weights 31,32,33,34,35,36 . If Th is
the lower edge, to find it we are told to find from the existing data, where is the median?
Knowing that the number of data is 53, the median is in the 27th data. Judging from the
number of frequencies, we can find that the 27th data is in the 49 — 54 class. Then the Th
used is the lower edge of the class 49 — 54 which is 48.5 "

"Explain the process of calculating the mean?"

"The mean formula is the sum of the middle values of the i-th class divided by the number
of frequencies of the i-th class. because the sum of the middle values of the i-th class is
2741.5 and the number of frequencies of the i-th class is 53, the mean of the data is
2741.5/53 = 51.72 "

At the stage of analyzing and interpreting data (Al), S2 has checked the answers first before submitting
them. On the other hand, S2 did not write the conclusion of the results obtained because he forgot. This is
in line with research conducted by Martadiputra & Suryadi, (2012) which states that students' statistical
thinking skills with a focus on analyzing and interpreting data are still not optimal. In addition, this study
is also in line with research by Masjudin et al. (2020) which states that 70.8% of class VIII students have
low statistical thinking skills, especially in the process of analyzing and interpreting data in the low level
category. However, during the interview S2 could express the conclusion of the results that had been
obtained. This is in accordance with the excerpt of the researcher's interview (P) with S2 in the Al stage as

follows.
P
S2
P
S2

P
S2

"Are you sure you've done the calculations correctly?"

"Are you sure sis?"

"Have you checked your answer again? And have you written the conclusion correctly?"
"I didn't check my answer first because | was in a hurry to submit it, and | didn't write the
conclusion because | forgot"

"Can you read out the conclusion of your results?"

"I can, sis. So, from the questions that have been given, the mean value is 51.72 while the
mode value is 51.83 and the median value is 51.71"

Based on the analysis of the answers and also the results of the interview, it can be concluded that S2
has understood the concept and can find the solution to the problem given. In general, S2's thinking process
is presented in Figure 5.

Figure 5. S2 Statistical Thinking Process

For clarity, a description of the coding for S2's thought process when solving problems based on the
stages of statistical thinking will be presented in Table 3.
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Table 3. Description of Figure 5. S2 Statistical Thinking Process
Code Description

DD Describe the data presentation. Characterized by mentioning known data information
with a presentation in the form of a table (D,). The table consists of 2 columns, the
first is the weight column (kg) with the range of values for each class predetermined
(DD,), and the second column is the frequency or amount of data for each class (DD,).
In addition, S2 also mentioned what was asked (D).

oD Organizing and reducing data. Marked by answering (D5), namely determining the
middle value of the i-th class (0D;) and calculating the multiplication between the
frequency of the i-th class and the middle value of the i-th class (0D,).

RD Representing data. This activity is characterized by the process of calculating the
mean (RD,), median (RD,), and mode (RD;) according to the respective formulas on
group data.

Construction of references

Based on the research results that have been presented, there are some similarities and differences in the
statistical thinking process of the two subjects. Similarities and differences in the stages of students'
statistical thinking are as follows:
e Stages of Describing Data Presentation

Relatively the same ability in constructing their understanding of the data given. Furthermore, the
subject is able to read the data completely and mention the components of the data completely. This is in
line with the opinion of Jones et al. (2000) that students show statistical thinking in terms of understanding
and describing diverse data presentations, students are able to read data and show complete awareness in
the aspect of describing data presentations.

e Stages of Organizing and Reducing Data

At the stage of organizing and reducing data, both subjects showed many similarities. Both subjects
fully explained the grouping and sorting of data, fully explained the general steps of data centralization
measures, and fully explained the description of valid measures. In terms of determining the measures of
data centralization, both subjects shared the same understanding of mean, median, and mode. In general,
both subjects have fulfilled all indicators in the aspect of organizing and reducing data. This is in accordance
with the results.

e Stages of Representing Data

At this stage, S1 and S2 are able to implement the plan by performing systematic calculations and steps.
This is in line with research by Yuwono et al. (2018), which states that it is very important to think about
the steps to be taken in solving problems to improve students' mathematical problem solving skills. In
addition, research Wilujeng dalam Darmawan & Ramlah (2021), states that having accuracy and correct
calculations is also very important in this stage, because the errors that occur are caused by errors in the
calculation process and lack of accuracy of students in solving problems.

o Stages of Analyzing and Interpreting Data

In terms of analyzing and interpreting data, students can draw conclusions and re-check all calculations
and solutions that have been obtained. This is in line with Zulfitri (2019) research, which found that the
indicator of checking back was the least frequent. This indicator only appeared in S1, while S2 did not
perform the checking-bank stage. This was shown in S2’s answer, which only provided the final solution
to the question. This indicated that the student did not check their answer by substituting it into the original
equation and did not draw a conclusion. The student only reached the solution, that the indicator of checking
back is the least frequent indicator. This indicator only appeared in S1, while S2 did not perform the
checking back stage. This is shown in S2's answer which only writes the final solution of what is asked.
This shows that students do not recheck their answers by substituting into the initial equation and also do
not make conclusions. Students can only get to the solution. This causes students to find a solution but not
the right solution. This is in line with Puspita (in Faturrochmah et al., 2021) said that students make mistakes
by not writing conclusions or writing conclusions but wrong.

All student activities will affect the development of students' way of thinking. Therefore, students need
to develop statistical thinking skills which are the focus of the development of mathematics learning.
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4, Conclusion

The conclusion of the research which aims to describe the statistical thinking process of high school
students in solving mathematics problems is that there are differences in the statistical thinking process of
each student. In subject 1, in solving mathematical problems on statistics material, the subject carried out
the stages of the statistical thinking process completely, namely the stage of describing data presentation;
the stage of organizing and reducing data; the stage of representing data, as well as the stage of analyzing
and interpreting data. Whereas in subject 2, when solving the problem the subject performed the stages of
the statistical thinking process incompletely, namely: the stage of describing the data presentation; the stage
of organizing and reducing the data; and the stage of representing the data. From the conclusions presented,
there are several suggestions for further research, namely: Further research is needed on students' statistical
thinking in solving problems by considering more varied review variables. In addition, based on the
findings in this study, students tend to forget the fourth stage in the statistical thinking process, namely data
analysis and interpretation. Therefore, teachers or readers may be able to emphasize students to familiarize
with this stage.
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