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Abstract. The aim of this study is to examine the relation between the statistical literacy skills
of pre-service mathematics teachers and their attitudes towards statistics. In the study, the relation
between pre-service teachers' statistical literacy levels and their gender, grade level, the courses
they have taken was also examined. Besides the correlation between pre-service teachers’
attitudes towards statistics and their gender, grade level, courses they have taken was examined.
The study group of the research consist of 138 pre-service math teachers studying at a state
university in Turkey. The study was designed quantitatively. Data in the study were collected
through the “Statistical Literacy Scale” and “Attitude Towards Statistics Scale” of which validity
and reliability studies have been completed. Criterion sampling method which is one of the
purposeful sampling methods, was used in the study. The data obtained in the research were
analyzed by using SPSS 28 Software. Normality of the distribution was examined. Independent
sample t-test, one-way ANOVA, and correlation tests were used. As a result of the study, it was
found that there was a weak positive correlation between statistical literacy and attitude towards
statistics. Other results of the study are as follows: When the statistical literacy levels of pre-
service teachers were analysed according to the courses they have taken related to statistics, it
was found that there is a significant difference between pre-service teachers taking all the courses
and taking none of the courses related to statistics and between pre-service teachers taking all
courses and taking only probability. Attitudes towards statistics according to the courses they
took, it was concluded that there was a significant difference between pre-service teachers taking
no courses related to statistics and taking all courses, and between pre-service teachers taking
only probability courses and taking all courses related to statistics.
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1. Introduction

Developing technology and the changing world order make it necessary to have the
skills to understand and correctly interpret the data coming from the environment (Aziz
and Rosli, 2021). These rapid advances in technology and science have made it easier
to access pure information and have made it worthless to have knowledge based on rote
learning about a subject without interpreting the information (Aziz and Rosli, 2021;
Sap, 2023). This has led to the emergence of new educational concepts in order to train
qualified people for the changing needs of today and society, as well as the traditional
education and training programmes that have been used for years (Sap, 2023). An
example of this is statistical literacy (Vural, 2020). When we look at the definition of
statistical literacy in the literature, there is no formal and specific definition (Ben-Zvi
and Garfield, 2004). Researchers such as Schield (1999), Wallman (1993), Lehohla
(2002), Gal (2002), Ben-Zvi and Garfield (2004), Carmichael (2010) have made their
own definitions. Gal (2004) defined it as people’s ability to interpret and critically
evaluate statistical information, arguments about data. Gal (2004) also states that this
concept includes the ability to analyse the acceptability of the results of statistical
information. Carmicheal (2010) utilised the dictionary definition for defining statistical
literacy and added “an ability to interpret statistical messages and where necessary
communicate such messages using the written or spoken word” (2010, p.9) expressions
to this definition. This view, although not wrong, is too limited for statistical literacy
(Carmichael, 2010). Based on the synthesis of the literature, Sahin (2012, p.5) used the
statistical literacy framework to define the content of statistical literacy as follows:

“understanding statistical concepts, and results; and critical
evaluation of information can be considered as the abilities necessary
to be statistically literate; where everyday life is the context of
statistical literacy; concepts, vocabulary, symbols of statistics and
some probability constitutes the content of statistical literacy”

In 2002, a statistical literacy model for adults was developed by Gal. The model
supposes that people's statistical literacy includes both a knowledge component and a
disposition component (Gal, 2002). One of the subcomponents of the disposition
element here is beliefs and attitudes (Gal, 2002). Therefore, according to Gal (2002),
attitude component is one of the factors affecting adult statistical literacy. Based on this
model, the aim of this study is to examine the statistical literacy levels of prospective
mathematics teachers and their attitudes towards statistics. Although attitude towards
statistics is considered to be very important, there is no precise definition of this concept
(Yolcu, 2012). Evans (2007) explained the attitude towards statistics as a measure of
students’ interest, values, challenge, and self-efficacy related to the subject of statistics,
encompassing both positive and negative feelings towards the subject. According to
Gal, Ginsburg, and Schau (1997), attitude towards statistics refers to the sum of feelings
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and emotions experienced during the process of learning mathematics or statistics. This
study adopts the definition of attitude towards statistics from Gal, Ginsburg, and Schau
(1997).

Looking at the literature, it is seen that different researchers have conducted studies
on this subject. A study on assessing the level of statistical literacy among
undergraduate students was conducted in Thailand by Yotongyos, Traiwichitkhun and
Kaemkate (2015). In this study, Gal (2004)'s two-component (knowledge component-
dispositional component) statistical literacy model was used. Data were collected from
103 students in the faculty of education by survey. Participants were selected by a
purposive sampling method. As a result of the research, students had high levels of
literacy skills and mathematical knowledge, moderate levels of statistical knowledge
and critical questions, and low levels of contextual knowledge, however in the
disposition component, students had moderate levels of critical stance and beliefs and
attitudes. A study in this content was conducted by Yolcu (2012) for 8th grade
secondary school students. In the study, Yolcu (2012) examined the students’ statistical
literacy levels, their attitudes towards statistics and the relationship between them.
Quantitative methods were used. 1074 students participated in the study and the study
group was obtained through cluster random sampling. The data were collected through
statistical literacy test and attitude toward statistics questionnaire. Results of the
research showed that there is a positive and significant relationship between students'
statistical literacy and their attitudes towards statistics. Giindiiz (2014), in her study,
examined the relationship between statistical literacy of pre-service mathematics
teachers and their attitudes towards statistics. The study was designed quantitatively.
The sample of the research, determined by criterion sampling method, consisted of 382
fourth grade prospective mathematics teachers who had taken the statistics and
probability course. Data were collected through questionnaires and scales. In the study,
it was found that there were significant relationships between pre-service teachers'
statistical literacy levels and their attitudes towards statistics. Repedro Jr. and Diego
(2021) concluded that attitudes towards statistics significantly affect statistical literacy.
Their study employed a quantitative and descriptive correlational research design,
involving 200 senior high school students selected through stratified random sampling.
Data were collected using questionnaires. Similarly, Cimpoeru and Roman (2018)
conducted research on the statistical literacy and attitudes towards statistics of
Romanian undergraduate students. They collected data from students in the ‘Applied
Modern Language’ program using questionnaires. However, unlike other studies
mentioned above, Cimpoeru and Roman (2018) found no correlation between attitude
and belief level and statistical literacy scores.
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Looking at the related literature, it is seen that there are researches performed with
different age levels examining the relationship between statistical literacy and attitude
towards statistics. Although most of the results of these studies show that there is a
positive relationship between attitude and statistical literacy, it can be seen that there
are also studies with different results.

The research question of this study, aiming to examine the relationship between pre-
service mathematics teachers' statistical literacy skills and their attitudes towards
statistics, is as follows:

e I[s there a relationship between pre-service mathematics teachers' statistical
literacy levels and their attitudes towards statistics?

There are also sub-research questions examined in the study:

e s there any relation between gender and statistical literacy?

e s there any relation between gender and attitude towards statistics?

e Is there any relation between statistical literacy and grade level of pre-service
teachers?

e Isthere any relation between attitude towards statistics and grade level of pre-
service teachers?

e Is there any relationship between the courses taken by pre-service teachers
about statistics and their statistical literacy?

e Is there any relationship between the courses taken by pre-service teachers
about statistics and their attitude towards statistics?

2. Method

The main purpose of this study is to examine the attitudes of pre-service mathematics
teachers towards statistics, their statistical literacy skills, and the correlation between
them. For this purpose, the research was designed quantitatively. Most quantitative
research aims to generalize that transcend the immediate situation or particular setting
(Fraenkel, Wallen, Hyun, 2011). The quantitative data in the study collected through
the “Statistical Literacy Scale” (Sahin, 2012) and “Attitude Towards Statistics Scale”
(Yasar, 2014) whose validity and reliability studies have been completed. Statistical
Literacy Scale (Sahin, 2012) includes 17 multiple-choice questions with 4-choice and
2-choice to measure statistical literacy. Attitude Towards Statistics Scale (Yasar, 2014)
consists of 33 questions and is applied as a 5-point likert scale. The data obtained from
these scales analyzed by using SPSS 28 program.
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The study group of the research consist of 138 pre-service mathematic teachers, 111
female and 27 male studying at a state university in Turkey. The pre-service teachers'
distribution according to their grade levels is as shown in Table 1.

Table 1. Distribution of the participants based on their grade levels

Grade 1 36
Grade 2 45
Grade 3 35
Grade 4 22

Therefore, some information about the courses related to statistics in the curriculum
of mathematics teaching programmes in Turkey will be given. In Turkey, mathematics
teacher candidates must take 3 compulsory courses. These are “statistics” (it’s in first
grade and first term course), “probability” (it’s in second grade and second term course)
and “teaching statistics and probability” (it’s in third grade and second term course)
courses. The contents of the courses are shown in Table 2 (YOK).

Table 2. The contents of the courses related to statistics taken by prospective
mathematics teachers

Sampling, organisation and analysis of data; sampling
distribution and estimation, the concept of confidence
interval; interval estimation for the difference of two

Statistics Course  population means, interval estimation for the ratio of
two population variances, interval estimation for
binomial p-meter; hypothesis testing, correlation and
regression.

Principle of counting; permutation and applications;
combination and applications; binomial theorem,
probability, basic concepts of probability and
probability axioms; conditional probability and Bayes
theorem; geometric probability problems; random
variable concept; probability function, probability
density function; expected value and variance of
random variables; moment generating function and

Probability
Course
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moments; some discrete probability distributions,
Bernoulli, binomial, geometric, hypergeometric,
Poisson distributions; some continuous probability
distributions,  uniform  distribution,  exponential
distribution, normal distribution and their properties

Basic concepts of probability, types of probability,
probability simulations and probability distributions;
data collection, organisation, representation and
analysis of data, the concept of distribution, frequency
distributions, measures of central tendency and

Teaching . . ..
. measures of dispersion (organising course content -
Probability and using appropriate teaching materials and strategies
Statistics £ approp £ BICS,

etc.); student knowledge of these topics (understanding
and interpreting student thinking about concepts,
knowing students' difficulties, errors, misconceptions
and their causes); the relationship of these topics with
daily life and other courses.

In this study, we categorized these courses into 3 groups as those who take probability
course, who take all courses related to statistics and who haven’t taken any of these
courses. Table 3 shows the distribution of pre-service teachers based on the courses
they took.

Table 3. Distribution of participants based on the courses they took
Probability 45

Statistics, Probability, Teaching 57
Statistics and Probability

None 36

This study was performed in the second semester and since the statistics course was
a first semester course, there was only 1 student taking the statistics course. Therefore,
those who took the statistics course were not given in a separate group.

Before starting the statistical tests, normality of the distribution was examined. Since
the skewness and kurtosis values are in the [-1,1] range, as seen in Table 4, it can be
assumed that the distribution shows normal distribution characteristics. The following
statistics are based on this situation.
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Table 4. Skewness- kurtosis values of statistical literacy and attitude towards statistics
Standard

Min. Max. Mean . L. Skewness  Kurtosis
Deviation
Statistical
Literacy 1 15 9,09 2,70 -,504 ,049
Attitude
Towards 80 150 112,91 15,565 ,079 -213
Statistic

3. Findings

In this section, the analyses for the research question and sub-research questions in
this study, conducted to examine the statistical literacy levels of pre-service
mathematics teachers and their attitudes towards statistics, are presented. Simple linear
correlation test was applied to examine the answer to the main research question “Is
there a relationship between the statistical literacy levels of prospective mathematics
teachers and their attitudes towards statistics?”” The result obtained in the correlation
analysis is the result of a two-way relationship (Can, 2023).

Table 5. The relationship between statistical literacy level and attitude towards

statistics
Attitude Stz.ltlstlcal
Towards Literacy
Statistic Score S
core
Attitude Pearson‘ | 273
Towards Correlation
Statistic
Score Sig (2-tailed) ,001
N 138 138
St.atistical Pearson’ 273% 1
Literacy Correlation
Score Sig (2-tailed) ,001
N 138 138

** Correlation is significant at the 0.01 level (2-tailed)
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The simple linear correlation procedure applied to determine whether there is a
relationship between pre-service mathematics teachers' statistical literacy skills and
their attitudes towards statistics shows that there is a positive and weak relationship
between the two variables. For the question “Is there any relation between gender and
statistical literacy?”, independent sample t-test was applied. The unpaired sample t-test
shows whether there is a statistically significant difference between the two means
compared (Can, 2023).

Table 6. The relationship between statistical literacy and attitude towards statistics

and gender
— t
Gender N X S ar-ld&{rd df t p
Deviation
Statistical Female 111 9,09 2,440
Literacy 31917 ,022 983
Male 27 9,07 3,637
Score

Attitude Female 111 111,95 15,038

Towards

Statistic
Score

136 -1,475  ,142
Male 27 116,85 17,313

The independent sample t-test showed that there was no significant difference
between the statistical literacy scores of females ( X = 9,09) and males ( X = 9,07).
Accordingly, it can be stated that gender has no significant effect on statistical literacy
levels and attitudes towards statistics [piiteracy = ,983], [Pattiude = ,142]. For the questions
“Is there any relation between statistical literacy and grade level of pre-service
teachers?”, “Is there any relation between attitude towards statistics and grade level of
pre-service teachers?” One Way ANOVA test was used. It reveals whether there is a

significant difference between the means of more than two independent groups (Can,
2023).

Table 7. ANOVA test results of statistical literacy and attitude towards statistics

(for grade levels)
Sum of Mean P significant
Squares Square difference
Between 5,50 Ist-4 ™
Statistieal  Grogps 109659 3 36553 270 001wy
Literacy —
With
Score - 889,297 134 6,637

Groups
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Total 998,957 137
s rd
Between 103486 3 2061162 102 <po1 1M-3
Attitude Groups 26 I5t_ 4 th
Towards Within 2 nd_3rd
Statistics  Groups 27008290 134 201554 "
Score
Total 33191,775 137

According to the significance test result of F value, since Psuatistical titeracy and Patitude
towards statistics Values (Psatistical literacy = ,001 < 0,05 and Pagtitude towards statistics = <,001< 0,05)
are less than 0,05 there is a significant difference between the averages of at least two
of the groups compared for statistical literacy levels and attitude towards statistics
variables. Based on Tukey's test, it is concluded that there is a significant difference
between 1% - 4t 2nd _4th orade levels for statistical literacy and between 15t — 3™, 15t —
4th pnd _3rd ond _4th orade levels for attitude towards statistics.

For the questions “Is there any relationship between the courses taken by pre-service
teachers about statistics and their statistical literacy?”, “Is there any relationship
between the courses taken by pre-service teachers about statistics and their attitude
towards statistics?” One Way ANOVA test was used. It reveals whether there is a
significant difference between the means of more than two independent groups (Can,
2023).

Table 8. ANOVA test results of statistical literacy and attitude towards statistics
(for courses taken by pre-service teachers related to statistics)

Sum of df Mean significant
Squares Square difference
Statistical Between probability-
Literacy Groups 84,730 2 42,365 6,256 ,003  all courses
Score all courses-
Within 914227 135 6772 none
Groups
Total 998,957 137
Attitude .
Towards Lo™M 5726718 2 2863359 14,074 <001 Probavility-
. Groups all courses
Statistics
Score Within all courses-
27465,057 135 203,445 none
Groups
Total 33191,775 137
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According to the significance test result of F value, since Psuatistical literacy and Pagitude
towards statistics values (Pstatistical literacy = ,OO3 < 0,05 and Pattitude towards statistics = <,001< 0,05)
are less than 0,05 there is a significant difference between the averages of at least two
of the groups compared for statistical literacy levels and attitude towards statistics
variables. Results of Tukey test showed that there was a significant difference between
pre-service teachers who have taken only the probability course- taken all the courses,
pre-service teachers who have taken all courses related to statistics - not taking any of
them related to statistics for statistical literacy and between pre-service teachers who
have taken only the probability course- taken all the courses, pre-service teachers who
have taken all courses related to statistics - not taking any of them for attitude towards
statistics.

4. Results, Conclusions and Recommendations

As a result of the research aimed at examining the relationship between the attitudes
of prospective mathematics teachers towards statistics and their statistical literacy
levels, a weak positive relationship was found between the two variables. This result is
parallel to the statistical literacy model has developed by Gal (2002) for adults.
Furthermore, although the result of this research is like the studies of Yolcu (2012),
Yotongyos, Traiwichitkhun, and Kaemkate (2015), Giindiiz, (2017), and Repedro Jr.
and Diego (2021), a different result was obtained in the study by Cimpoeru and Roman
(2018).

Considering the study, in terms of gender variable, it is concluded that there is no
significant difference for statistical literacy levels and attitudes towards statistics. The
statistical literacy levels and attitudes towards statistics of female and male pre-service
teachers were found similar. Yolcu (2014), different from this study, found that female
students performed better in statistical literacy in terms of gender. A similar result was
also found by Kurnia, Lowrie, and Patahuddin (2023) for attitude and it was concluded
that the mean scores of female students' attitude towards statistics were slightly higher
than male students.

It was observed that the mean scores for statistical literacy increased regularly as the
grade level increased and there was a significant difference between the 15-4 and 2"-
4 grade levels. Yolcu (2014) found that there were non-significant mean differences
between the statistical literacy scores of sixth, seventh and eighth grade students.
Attitude towards statistics scores increased from the 1st to the 3rd grade for pre-service
mathematics teachers with increasing grade levels but decreased last year. There is a
significant difference between 1st-3rd, 1st-4th, 2nd-3rd and 2nd-4th grade levels about
attitude towards statistics.
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In this study, different from the other studies, pre-service mathematics teachers’
statistical literacy scores and their attitudes towards statistics were also analyzed based
on the courses they took about statistics. When the number of courses related to
statistics taken by pre-service mathematics teachers have increased, their mean scores
of statistical literacy has also increased. In the concept of statistical literacy, a
significant difference was found between pre-service teachers who have taken only
probability course- all courses and between pre-service teachers who have taken all
courses related to statistics - not taken any of them. The attitude towards statistics scores
also increased with the number of courses taken. There was significant difference
between pre-service teachers who have taken only probability course - all courses and
between pre-service teachers who have taken all courses related to statistics - no
statistics related course in terms of attitudes towards statistics. Since the content of the
‘Teaching Statistics and Probability’ course is more related to the concept of statistical
literacy, these two results can be related to the ‘Teaching Statistics and Probability’
course taken in the 3rd grade. These findings suggest that both statistical literacy and
attitudes towards statistics improve with increased exposure to statistics-related
courses, highlighting the importance of comprehensive statistical education in
enhancing pre-service mathematics teachers' competency and confidence in statistics.

With the increasing importance of interpreting data, the importance given to statistics
teaching is also increasing. Based on this, researches to improve attitudes towards
statistics whose effect on statistical literacy is also supported by other researches, can
be organized. According to the results of the study, the content of the ‘Teaching
Statistics and Probability’ course, which has the highest effect on the statistical literacy
levels of prospective mathematics teachers, can be examined and similar courses can
be created and added to the programme. In this way, if the statistical literacy levels of
pre-service teachers are supported and studies are carried out to support them, this can
indirectly contribute to the statistical literacy level of the society.

Disclosure of Interests. As authors of the study, we declare that we do not have any declaration
of interest / conflict.
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