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Students' statistical ability is needed to face the digital era in the 21st-century. The
pervasive role of statistics in the digital society asks for the ability to deal with data and chance,
encompassing big ideas such as variability, sampling, error, prediction, and the distinction
between signal and noise. Related aspects are data collection and data displays (graphs, frequency
tables, and pie charts) (Gravemeijer, Stephan, Julie, Lin, & Ohtani, 2017). The statistics material
that students must master is the measurement, data collection, variables and covariance, reading
and interpreting data, as well as graphs and charts (Gravemeijer et al., 2017; Hoyles, C., Wolf,
A., Kent, P., & Molyneux-Hodgson, 2002; Hoyles, Celia & Noss, Richard & Kent, Phillip &
Bakker, 2010). A good understanding of statistical concepts supported by adequate mathematical
skills is not sufficient without the ability to read and interpret statistical data. This ability is
known as statistical literacy skills.

Statistical literacy requires students to understand and interpret the statistical concepts they
have learned. It means that students must know the purpose of the statistical concepts rather than
just solving statistical questions and the implications of the conclusions obtained from statistical
information. Students should not only consider that statistics is merely a collection of data.

Students must master statistical literacy skills well to compete in the 21st-century. Being
the future generation of our community, students need to acquire statistical knowledge and its
applications to prepare for their future careers as well as to make more rational decisions in daily
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endeavors (Wing-yan, 2013). Students who have statistical literacy skills will be able to think
critically about the information or data they read. This ability is also necessary for students when
they are required to learn independently. Online learning requires students to understand and
interpret statistical data to carry out evaluations to master further statistics material.

Statistical literacy is a person's ability to understand; interpret; and represent data, either in
tables or graphs (Hafiyusholeh, 2015). A similar opinion is conveyed by (Ben-zvi &Garfield,
2014; Gal, 2002) that statistical literacy skills include students' ability to interpret information
related to statistical data, critically evaluate (based on the results of in-depth analysis) the
statistical information, and communicate statistical information and message. The statistical
literacy skills referred to in this study was the ability to interpret information or arguments related
to statistical data; understand statistical concepts, vocabulary, and symbols; critically evaluate
the statistical information or arguments related to data (based on the results of in-depth analysis);
and present the results of statistical data processing. Therefore, statistical literacy skills are very
important for students so that they can solve problems related to statistics.

Statistical literacy skills need to be developed. Several studies show that students' statistical
literacy skills are low and unsatisfactory (Maryati & Priatna, 2018; Mulya, Nurlaelah, &
Prabawanto, 2018). The results of the study by (Nishfani, Kusmanto, & Akbar, 2017) show that
most students are not familiar with statistical literacy questions that use narrative to describe
statistical problems. This is also supported by preliminary observations made at SMP Wonoasri
Madiun that students have not been able to solve statistical questions. Most students could not
understand the information contained in the questions presented in the form of a presentation of
statistical data, both in tables and graphs.

Early mathematical abilities support students' statistical literacy skills (Hartuti &
Widyasari, 2016; Takaria & Talakua, 2018). (Gal, 2002; Sharma, 2017) state that statistical
literacy is based on joint activation of five interrelated knowledge (literacy, statistics,
mathematics, context, and critical). Statistical literacy is needed when students are dealing with
information presented in the form of statistical data. Students must be able to interpret the
meaning of the information and evaluate the information critically as a basis for drawing
conclusions. Especially for junior high school students, statistical literacy skills are needed when
they want to study statistics at the next level of education. Statistical literacy includes basic and
important skills that may be used in understanding statistical information or research results
(Ben-zvi & Garfield, 2014; Hafiyusholeh, 2015). When students compile a study related to
statistics, they must understand and interpret the statistical concepts properly. This means that
students must have statistical literacy skills.

On the other hand, students as the future generation of modern society need to acquire
statistical knowledge and its applications to prepare for their future to make more rational
decisions in everyday life (Wing-yan, 2013). Statistical literacy is the ability to interpret
statistical data into information and knowledge and then apply it in everyday life. Statistical
literacy is important for students because, in the end, they will face their role as producers or
consumers of data (Hafiyusholeh, 2015). As the data producers, students must understand how
to present data so that the data presented can be easy to read and can be understood by others. As
the data consumers, students are required to read data as well as to understand the meaning
contained in the data, both implied and literal.

Students’ characteristics differ from one another. This difference also occurs when they
receive, process, and present information. This kind of difference is called cognitive style. The
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cognitive style will continue to be attached to a high level of consistency so that it affects student
behavior and activities, both directly and indirectly (Suryanti, 2014). Students can be
differentiated into reflective and impulsive styles. The student with the impulsive cognitive style
responds (answer) briefly and quickly by choosing what they think is right while the student with
the reflective cognitive style considers the answers before responding and carefully conceptualize
each alternative (Rozencwajg & Corroyer, 2005). The different characteristics of the two types
of students’ cognitive styles may affect their statistical literacy skills. Most students with the
reflective cognitive style are better at completing tasks that require analysis whereas the students
with the impulsive cognitive style are better at completing tasks that require holistic or global
thinking.

Statistical literacy has been a topic of research in recent years. Among them is research
conducted by (Maryati & Priatna, 2018; Mulya et al., 2018; Nishfani et al., 2017). Research on
statistical literacy skills and cognitive styles has been carried out by (Amalia, Wildani, & Rifa’i,
2020). which discovered that the statistical literacy skills of students with field independent (FI)
cognitive style are different from the field-dependent (FD) students. The reflective-impulsive
cognitive style is a cognitive style that shows the tempo or speed of thinking while the FI-FD
cognitive style differentiates more about how a person's psychological state and how a person
interacts with their environment (Azhil, Ernawati, & Lutfianto, 2017). Reflective-impulsive
cognitive style is a person's way of thinking based on tempo, namely how much time a student
takes to respond to information received. Research by (Nurdianasari, Rochmad, & Hartono,
2015) examines the mathematical literacy abilities of students with the reflective-impulsive
cognitive style. This study focuses on the literacy abilities of students with the reflective-
impulsive cognitive style related to statistical data which is better known as statistical literacy.
Statistical literacy skills are the initial stage of mastering statistical material, especially for junior
high school students. This research needs to be done considering the importance of statistical
literacy skills in mathematics learning (Mulya et al., 2018). Students will use the statistical
concepts not only within the school but also in a wider environment.

This study employed descriptive exploratory with the qualitative approach. The research
subjects were the seventh-grade students of SMP Negeri 1 Wonoasri in the 2018/2019 academic
year. The subjects were based on the results of the Matching Familiar Figure Test (MFFT)
designed by Warli (2010) and data on solving statistical questions. The MFFT test was used to
classify students into reflective and impulsive cognitive styles. The results of the MFFT test
showed that students' tendencies were related to their thinking styles when facing statistical
questions. The instrument used to reveal students' statistical literacy skills was in the form of
statistical questions that contain complex problems related to the context of everyday life
(Callingham & Watson, 2017). Figure 1 displays the instrument used in this study.
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The result of the daily test of students in class VIIC is presented in the following table:

Score Number of Students
5 3
6 4
7 10
8 7
9 4
10 2

a.

Based on the data, answer the following questions:
The class president said that the average score of the class was 7 since many students
got that score. Is that statement correct? Explain your answer!

A student is said to pass the test if he gets a score of more than or equal to 6. What

b. What are the median and mode of data?
c.
percentage of students who did not pass?
d. Present the data on the question in another form!

Figure 1. The Statistical Literacy Questions
(As’ari, Tohir, Valentino, Imron, & Taufiq, 2017)

First, students were given the MFFT test to determine whether they have a reflective or
impulsive cognitive style. Second, the students were asked to answer the statistical questions.
These two tests were conducted so that data of students' thinking styles and their literacy skills
can be obtained at the same time as a consideration in determining the research subjects. The
results of the analysis of the test were then used to determine the research subjects which
consisted of 2 subjects, namely 1 subject with the reflective cognitive style and 1 subject with
the impulsive cognitive style. Besides, the subjects were also decided based on the ability to solve
statistical questions. The analysis of data from the written test results and interviews was carried
out by reducing data, presenting data, and drawing conclusions. Figure 2 shows the process of
analyzing the written test data and interviews.

Data

Data

Collection

v

Display

Data
Reduction

Figure 2. Data Analysis
(Miles & Huberman, 2007)
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The analysis of research data was carried out on the results of the written test and
interviews. The data analysis was carried out on students with reflective and impulsive cognitive
styles respectively. The student with the reflective cognitive style was able to interpret the data
in the table and connected them to previous knowledge. Based on the questions, the student was
able to understand the data presented in the table. He wrote that the mean or average value was
equal to each value multiplied by the frequency and then divided by the number of frequencies.
Figure 3 shows his answer.

A Mean Znilal 1ata-rata = (6x2)3 (bx )€ (1p) +(Fx72+(9X D +LiDxp
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Figure 3. The answer to question (a) by a Student with the reflective Cognitive Style

The results of interviews related to problem-solving (a) by the student with the reflective
cognitive style can be seen below:

P(27): "How did you find the mean value?”

R2.27: "5 multiplied by 3, 6 multiplied by 4, the result of the multiplication of frequencies
is divided by the number of frequencies. ”

P(28): "So, how many frequencies??”

R2.28: "30."

P(29): "What about your answer?”’

R2.29:"7,36.”

P(30): "Did you round-up the value?”

R2.30: "Yes, | did.”

P(32): "What can you infer from the class president’s statement?”’

R2.32: "Can be right and can be wrong. ”

P(33): "How, can you elaborate your answer?”

R2.33: "It was correct if it was rounded-up and it was wrong if it was not rounded-up. ”
P(34): "If the statement was wrong, then what should be the answer?”

R2.34: 7,36

The result of the interview showed that the student was able to understand the concept that
the average score is the total value divided by the frequency, the median is the middle value, and
the mode is the value that often occurs. This was also shown in the written results. Also, the
student with the reflective cognitive style was able to evaluate based on the arguments obtained
from the calculation results by constructing solutions that can be applied to the average score
formula. This indicated that the student with the reflective cognitive style was able to critically
evaluate statistical information.

The student transformed the group data into single data by rewriting the scores from
smallest to largest to determine the median. He eliminated the pairs of large and small values in
order until the last two values were found. Figure 4 is a written result of the student’s work.
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Figure 4. The Answer to Question (b) by Students with Reflective Cognitive Style

P(24): "Next, how did you determine the median?”
R2.24: "First, | arranged the numbers. Then, I eliminated the smallest and largest values to
find the last two values. ”

The student was able to interpret the data presented in tabular form. He was able to explain
that three students failed because students who scored below 6 were those who got a score of 5
which had a frequency of 3. In the questions, he was asked to determine the percentage of
students who did not pass. The student with the reflective cognitive style can perform the
calculations to determine the percentage by dividing the students who did not pass and the
number of frequencies which then the result was multiplied by one hundred percent.

P(5): "How did you solve the question ¢?”

R2.5: "The score of students who passed was equal to or more than 6. So, if the score was
lower than 6 could not pass. ”

P(6): "What was the point of question c?”

R2.6: "The percentage of students who did not pass. ”

P(7): "How did you find the answer?”

R2.7: "Students who did not pass were added up. ”

P(8): "How many students who did not pass?”

R2.8: "There were 3. Those who scored below 5”

P(9): "Why 5? Explain your answer!/”

R2.9: "Because students who scored 6 or more.”

P(10): "Then, how did you calculate the percentage?”

R2.10: "The number of students who did not pass was divided by the total frequency and
then multiplied by 700.”

P(11): "And the result?”

R2.11: "10%.

The answer of a student with the reflective cognitive style on point (c) can be seen in Figure 5.
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Figure 5. The Answer to Question (c) by a Student with the Reflective Cognitive Style

At point (d), the student was asked to transform the data in the table into another form. The
students with the reflective cognitive style were able to transform the data into a bar chart. The
chart was accompanied by information on the total number of students in the vertical axis and
scores on the horizontal axis. Figure 6 displays the result of the student's work.
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Figure 6. The Answer to Question (d) by a Student with the Reflective Cognitive Style

Another thing that can be analyzed was that the student with the reflective cognitive style
performed the calculations in great detail. It was shown in determining the average value where
he wrote down the scores of the students and the number of students in parentheses and then
added them up (Figure 3). The student with the reflective cognitive style worked the analytics in
determining the median. He sorted the data in the table into a single data based on the frequency.
To make the data visible, he crossed out the pairs of values from the left and right sides so that
two middle values were obtained. The two values were added up and the result was divided by
two to obtain the median (Figure 4).

The student with the impulsive cognitive style determined the average value by multiplying
each value by its frequency, adding it up, and dividing the result by the number of frequencies.
Meanwhile, to determine the median, he immediately wrote that the median was equal to 7.
Figure 7 shows the results of the questions (a) and (b) by students with the impulsive cognitive
style.
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Figure 7. The Answer to Questions (a) and (b) by a Student with the Impulsive
Cognitive Style

P (29): "How did you find the average score?"

12.29: "First, | added up the data, 5 multiplied by 3 plus 6 multiplied by 4 plus 7 multiplied
by 10 plus 8 multiplied by 7 plus 9 multiplied by 4 plus 10 multiplied by 2 divided by the
numbers of data so that 221 divided by 30 equals 7, 36 became 7.4 if it is rounded.

P (30): "What can you conclude from the statement of point a?"

12.30: "Wrong statement."

P (31): "Why was it wrong? Explain the reason! "
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12.31: "Because it was stated that the average score of class VIII C’s science exam was 7
whereas after calculating the result, it was 7.4."

The answer to point (b) by a student with the impulsive cognitive style is displayed in Figure 8.

6) Naedian = 7.

~ Modus = toO.

Figure 8. The Answer to Question (b) by a Student with the Impulsive Cognitive Style

In determining the median, the student with the impulsive cognitive style was able to explain
how the median is defined.

P(16): "What about point b?”

12.16: "I determined the mean value. ”

P(26): "How?”

12.26: "If the number is odd I can directly find the mean. If the number is even, | determined
the 2 numbers in the middle. Based on the table, the frequency is 30, so the answer is the 15th
number ”

P(27): "Why 152"

12.27: "Because 30 divided by 2 equals 15 and the 15th value is 7.

The results showed that the student with the impulsive cognitive style was able to
understand the concept of the median. He was also able to explain how to determine the median
of even and odd data. However, he was unable to carry out the calculation process correctly.
Also, he was able to interpret the data in the table and explain how to determine the median. The
student with the impulsive cognitive style wrote that the mode of the data was 7. He explained
that the mode was a value that often appears.

P(18): "Then, what is the meaning of mode?”

12.18: "The most frequently appears value.”

P(19): "What is the frequently appear value in the data?””
12.19: "10."

P(20): "Why 10? Can you explain it?

12.20: "Sorry, I mean 7.”

P(21): "So, your answer was wrong?”

12.21: "I think yes.

In determining the mode, the student understood the concept of mode. He was able able to
determine the mode of the data in the table, thus he can interpret the statistical data. At point (c),
the student completed the answer sheet as can be seen in Figure 9.

c) 3— X\lﬁg = %
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Figure 9. The Answer to Question (c) by a Student with the impulsive Cognitive Style
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The results of the interview related to question (c) are as follows:
12.6: "For point c, the frequency is 3."
P (7): "Where did you get 3?"
12.7: "From the least value."”
P (8): "What was the smallest score in the question?"
12.8: "Value greater than or equal to 6."
P (9): "So which value to use?"
12.9: "Score below 6."
P (10): "What was the value below 6."
12.10: "5 ma‘am."
P (11): "Then what was the frequency of value 5?"
12.11: "3."
P (12): "After that, how did you solve the question c."
12.12: "The 3 frequency was divided by the number of students."
P (13): "After that, what are the next steps?"
12.13: "Multiplied by 100."

The student with the impulsive cognitive style determined the percentage using prior
knowledge. Based on the results of the interview, it can be seen that the student was unable to
provide logical arguments. The answers given were unreasonable, so it is necessary to provide
scaffolding or questions that lead him to the solution (P (10), P (11)).

He the data into a bar chart. He completed the chart by writing the frequency on the vertical
side and the values on the horizontal side. However, on the vertical line, he did not write the same
scale. Figure 10 is the answer to question (d).
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Figure 10. The Answer to Question (d) by a Students with the impulsive Cognitive Style

Besides the results of the test and interview, the results of the observations on the working
duration of the two subjects were also noted. The results of the observation showed that there
was a difference in the duration of the problem solving between the students. The student with
the reflective cognitive style worked on the questions within 28 minutes while the student with
the impulsive cognitive style worked on the same questions within 15 minutes. The student with
the reflective cognitive style needed a relatively long time.

The indicators of statistical literacy skills consist of the ability to interpret or argue related
to statistical data, understand concepts, understand the vocabulary and symbols of statistical
information, critically evaluate statistical information or arguments related to statistical data
(based on in-depth analysis results), represent the data into other forms, communicate the data
processing, and to present the results of data processing.

Based on the results of the research, each student's statistical literacy skills can be identified.
The student with the reflective cognitive style was able to interpret the statistical data. The student
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with the reflective cognitive style was able to interpret the data in the table and then grouped
them to obtain the mean, median, and mode. The student with the impulsive cognitive style, on
the first indicator, showed an ability to interpret statistical data and determined the mean, median,
or mode. The results showed that there was no difference in the ability to interpret statistical data
between the reflective and impulsive cognitive styles. This is in line with (Shabani, Ramazani,
& Alipoor, 2017; Sulisawati, Lutfiyah, & Murtinasari, 2019) that students with the reflective and
impulsive cognitive styles do not differ significantly in understanding a problem.

In the second indicator, namely understanding statistical concepts, students with the
reflective and impulsive cognitive style were able to understand the concepts of mean, median,
and mode. They were able to explain the definition of mean, median, and mode in their own
words. This is in line with (Shabani et al., 2017) that students with reflective and impulsive
cognitive styles do not differ significantly in understanding a problem. After they were able to
understand the concept of mean, median, and mode, they determined each value. They were able
to communicate the data processing process, namely the process of determining the mean,
median, and mode. In the data processing, the student with the reflective cognitive style was
more careful and thorough.

The third indicator was evaluating information or arguments critically. This indicator
required the students to provide answers accompanied by deep consideration and not only
random answers. The student with the reflective cognitive style evaluated the statistical
information more critically than the student with the impulsive cognitive style. The student with
the reflective cognitive style provided answers based on the results of analytical calculations so
that the arguments given were logical. In contrast, the student with the impulsive cognitive style
could not evaluate information critically. When answering questions during the interview, the
student with the impulsive cognitive style answered spontaneously without considering the
answers. This is relevant to the result of research by (Aprilia, Sunardi, & Trapsilasiwi, 2017)
which state that students with the impulsive cognitive style answered without analyzing the
existing data. They tend to think globally and lack detail. These results also reinforce the results
of research by(Rozencwajg & Corroyer, 2005) that students with the reflective cognitive style
tend to think analytically and cognitively while students with the impulsive cognitive style tend
to think holistically or globally.

Students with a reflective cognitive style can evaluate information critically. The ability to
evaluate information critically is related to their ability to think critically. The results of this study
are in line with (Rahayu & Winarso, 2018) that students with a reflective cognitive style have
better critical-thinking skills than students with the impulsive cognitive style. However, these
results contradict the research results by (Rochika & Cintamulya, 2017) that reflective and
impulsive cognitive styles do not differ in critical-thinking abilities. This research (Rochika &
Cintamulya, 2017) focuses on the critical-thinking ability of students in biology subject with the
Mean End Analysis (MEA) model while this study was focused on students' ability in statistical
literacy.

The fourth indicator of statistical literacy is the ability to represent statistical data in
different forms. Students with the reflective and impulsive cognitive style were able to represent
data in tables into bar charts. This result is in line with (Nurdianasari et al., 2015) that students
with reflective and impulsive cognitive styles have the same ability in the aspects of representing
data and using mathematical tools in mathematical literacy. However, these results are
contradictory with the research by (Mulya et al., 2018). which discovered that students are good
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at understanding the data but they have a limited understanding of the data presentation concept.
They face difficulty in using the principle of presenting the data into the pie chart. They can
understand the data well, but unable to understand the concept of presenting the data well. In this
study, students presented the data in the form of tables into a bar chart while in Mulya's research,
students represented the data into a pie chart. This difference differs this research from Mulya's
research.

Another thing that can be observed was that in the presentation, the student with the
reflective cognitive style made a much more detailed bar chart by making the same scale in
addition to writing the size of the frequency. Meanwhile, the student with the impulsive cognitive
style only wrote the frequency. This shows that the student with the reflective cognitive style
represented statistical data analytically compared to the student with the impulsive cognitive
style. The student with the impulsive cognitive style only presented an outline of the bar chart by
writing down the frequency regardless of whether the scales were the same or not.

The results of this study indicated the tendency of students with the reflective cognitive
style to work analytically. They were able to control and implement the knowledge properly. It
was in contrast to the student with the impulsive cognitive style who tend to work holistically or
globally and showed less analytical completion processes. The student with the impulsive
cognitive style was cognitively less mature so they need scaffolding in responding to answers.
These results reinforce the opinion of (Nurdianasari et al., 2015; Rozencwajg & Corroyer, 2005)
that student with the impulsive cognitive style is not cognitively mature. The tendency to think
analytically supports the research by (Sulisawati et al., 2019) that students with the reflective
cognitive style make fewer mistakes in problem-solving compared to a student with the impulsive
cognitive style. The student with the reflective cognitive style only makes mistakes because of
careless calculations while the student with the impulsive cognitive style makes mistakes in
determining problem-solving strategies.

The student with the reflective cognitive style had the same statistical literacy skills as the
student with the impulsive cognitive style, namely the ability to interpret statistical information
or data, understand statistical concepts, and represent statistical data in different forms. This
strengthens the results of research by (Amimah & Fitriyani, 2017) that reflective and impulsive
cognitive styles have the same cognitive level in terms of geometry. The students with the
reflective and impulsive cognitive styles are at the second level of cognitive level according to
van Hiele's theory, namely being able to identify traits and determine the relationship between
properties in geometry. This allows students to have the same thinking ability in statistics. Also,
the results of research by (Nurdianasari et al., 2015) state that both reflective and impulsive
cognitive styles have outstanding mathematical literacy skills in the aspects of representing data
and using mathematical tools.

Reflective and impulsive cognitive styles differentiate students' ability to evaluate
information critically in the aspect of statistical literacy. Research by (Amalia et al., 2020) shows
that differences in cognitive styles also differ in statistical literacy abilities. This study (Amalia
et al., 2020) is in line with the results of this study. Amalia's research was focused on students
with field-dependent and a field-independent cognitive style while in this study was focused on
reflective and impulsive cognitive styles. According to (Riding & Cheema, 1991), students with
a reflective cognitive style are more likely to be field independent than the student with the
impulsive cognitive style.
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The differences between reflective and impulsive cognitive styles generally do not affect
students' statistical literacy skills because the conclusions drawn were the same. The students'
statistical literacy skills did not differ significantly. However, the student with the reflective
cognitive style think more analytically and able to evaluate statistical information critically. The
student with the reflective cognitive style was the same as the student with the impulsive
cognitive style who tend to be holistic and unable to evaluate information critically. Students'
statistical literacy skills and their cognitive styles did not affect decision-making in solving
routine questions which only require general or holistic understanding. However, if they are faced
with a problem that requires analytical processes, their cognitive styles may affect decision-
making. This is consistent with research by (Azhil et al., 2017; Ulya, 2015) that students with the
reflective cognitive style have different problem-solving abilities compared to the students with
the impulsive cognitive style.

Students with reflective and impulsive cognitive styles possess statistical literacy skills in
the form of the ability to interpret statistical information or data, understand statistical concepts,
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