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Abstract

The concept of probability is an important concept to learn in school. That is why teachers
and preservice teachers should learn how to teach this concept effectively. It is important and
necessary to know the attitudes of teachers towards the subject of and the teaching of
probability. For this reason, a scale related to the attitudes towards probability and probability
teaching is adapted in this study. A quantitative research model was adopted as the research
method, and data was collected from 265 prospective elementary mathematics teachers of
different grade levels. After language translation of the scale items, necessary statistical
analysis was conducted for the adaptation process. At the end of the study, a seven-factor scale
with 27 items was obtained. There were four items in all dimensions, as in the original scale,
but only three items in the behavioral component towards the teaching of probability dimension
remained after the adaptation process.
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1. Introduction

The concept of probability is frequently used during decision-making processes in our daily
lives, consciously and unconsciously. However, the subject of probability is one with which
people experience difficulties due to various reasons (Giirbiiz & Erdem, 2017). Unlike other
mathematical topics, understanding probability needs deep, careful, critical and intuitive
thinking, logical predictions, strong mathematical language, and rational reasoning (Giirbiiz,
Catlioglu, Birgin, & Erdem, 2010).

Batanero, Chernoff, Engel, Lee and Sanchez (2016) state that in many countries the concept
of probability is included in the curriculum of primary or secondary school mathematics.
However, the grade level that the concept of probability is introduced in varies from country
to country. For example, students in Turkey are first introduced to the concept of probability
in their eight-grade curriculum while students in the United States and Spain are introduced to
this topic at an earlier grade level. In Mexico, the introduction of probability is postponed in
secondary schools, since elementary school teachers have difficulty understanding probability
issues (Batanero et al., 2016).

Although the concept of probability is so important, it cannot be taught effectively in many
countries due to multiple reasons (Giirbiiz, Catlioglu, Birgin, & Erdem, 2010). That is why
understanding the attitudes that affect the teaching and learning of probability has become a
critical issue. Some studies have been conducted to answer that question. For instance,
Memnun (2008) investigated the factors affecting the learning of probability concepts and
observed that the negative attitudes of both teachers and students toward probability are two of
those factors. In addition to that, Bulut (2001) mentioned that negative attitudes towards
probability, as well as inadequate equipment for the effective teaching of it, may be obstacles
for successful learning and teaching of the subject. These findings demonstrate that the beliefs
and attitudes of students and teachers towards the subject may play an essential role in the
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teaching and learning of the concept of probability (Falk, 1989; Tversky & Kahneman, 1980).
If these beliefs and intuitions are compatible with the nature of probability, students can
develop their probability knowledge; otherwise, they may develop some misconceptions
(ilgiin, 2013).

There has been some research done on the teaching of probability and ensuring the
development of positive attitudes towards probability through different teaching methods. For
instance, there were studies conducted with elementary and high school students that found
that different teaching methods had no significant effect on the attitudes towards probability
(Bulut, 1994; Gegim, 2012; Tat, 2014; Yagci, 2010). In these studies, it was found that attitudes
towards the subject of probability do not differ according to different teaching methods.

When it comes to the teachers and prospective teachers and the concept of probability,
research has mostly focused on the evaluation of probability knowledge (Batanero, Arteaga,
Serrano, & Ruiz, 2014; Birel, 2017; Bulut, Yetkin, & Kazak, 2002; Kazak, & Pratt, 2017;
Chernoff & Russell, 2012; Dolland; 2001; Quinn, 1997; Stohl, 2005). It was found that
prospective teachers had some difficulties in teaching the concept of probability in school due
to their inadequate knowledge of the subject (Quinn, 1997; Stohl, 2005). As a result, having
insufficient and incorrect knowledge about the subject of probability may result in teachers and
prospective teachers developing a negative attitude towards it. In addition, they do not consider
probability a basic subject, although it is included in their curriculum and textbooks (Serrado,
Azcarate, & Cardefioso, 2006). This is thought to be due to the attitudes of teachers to
probability, since attitude affects the learning process, as well as the strategies used in the
teaching process (Aiken, 1976).

Attitude toward a concept may play an important role in the teaching process, especially for
teachers. In support of this, Vartuli (2005) emphasized that the behaviors teachers exhibit
during the teaching process are influenced by their thoughts and beliefs. Similarly, Heinz,
Kinzel, Simon and Tzur (2000) state that teachers may have a perception about a concept and
emphasize that perception to their students during the teaching process. That is why it is hardly
possible for students, whose teachers have a negative attitude toward a concept, to develop a
positive attitude towards that same concept (Kazemi, Shahmohammadi & Sharei, 2013).
Considering that this situation may be applicable to the subject of probability, it can be assumed
that teachers can transfer their attitudes towards probability to their teaching style. A teacher
who has a negative attitude towards a subject may either escape from the teaching of that
subject or may refer to it superficially, and as a result the students will have difficulty learning
it (Giirbiiz & Erdem, 2017).

1.1. Aim of the Study

Attitudes have a profound effect on the behavior of teachers and their positive attitudes may
have a positive effect on their students' lives (Gourneau, 2005). That is why, beliefs and
attitudes are important in the process of being an effective teacher (Wilkerson & Lang, 2007).
The results of related studies support that view. For instance, Ozaytabak (2004) conducted a
study related to the attitudes of prospective teachers towards the subject of probability and
found that their attitude toward probability is a factor that affects their decisions regarding the
teaching of it. Kazemi et al. (2013) report that Kazemi et al. (2013) reports that there is a
positive relationship between mathematics teachers’ attitudes and the academic achievements
of their students. These findings indicate that the attitudes of prospective teachers towards the
teaching of probability are important since they are the teachers of the future. Having a positive
attitude towards the subject of probability is important for teachers and prospective teachers to
help students develop positive attitudes as well. Due to this, it is obvious that examining the
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attitudes of prospective teachers towards the subject of and the teaching of probability is
becoming necessary and important. To examine this, a valid and reliable scale is required.

In review of the literature, there are studies in which the attitudes of students (Bulut, 1994;
Gegim, 2012; Tat, 2014; Yagci, 2010) and prospective teachers (Bulut et al., 2002; Kazemi et
al., 2013; Ozaytabak, 2004) towards the subject of probability are examined. However, in those
studies, general attitudes towards the subject of probability were measured with one-
dimensional scales. In this study, it was determined that a scale was needed not only to measure
the attitudes towards the concept of probability, but also to measure the attitudes towards the
teaching of probability. A suitable scale, developed by Estrada et al. (2016), was utilized. They
developed the scale for prospective teachers from all departments, rather than specifically for
prospective mathematics teachers. Therefore, the findings obtained from this study should
contribute to the literature.

2. Method
The scale, adaptation process and participants are discussed in details below.
2.1. Scale and Adaptation Process

For this research, a data collection tool developed by Estrada et al. (2016) was used to detect
the attitudes of prospective elementary mathematics teachers towards the subject of and the
teaching of probability, and the value they gave to these topics. Necessary permission to adapt
the scale was received via e-mail. The scale is a Likert-type (one means strongly disagree and
five means strongly agree) and consists of 28 items with seven dimensions (four items in each
dimension). The first dimension is titled “affective component towards probability (AP)” rand
is related to feelings about probability (items 1, 5, 16, and 27). The second dimension is titled
“cognitive competence towards probability (CCP)” and is related to self-perception of
probability (items 6, 8, 17, and 22). The third dimension is titled “behavioral component
towards probability (BP)” and is related to inclinations to use or learn probability (items 2, 7,
15, and 18). The fourth dimension of the scale is titled “affective component towards teaching
probability (AT)” which measures personal feelings related to probability teaching (items 9,
21, 26, and 28). The fifth dimension of the scale is titled “probability teaching competence
component (CT)” which is about the perception prospective teachers have of their ability to
teach probability (items 3, 10, 14, and 23). The sixth dimension is titled “behavioral component
towards probability teaching (BT)” which measures the didactic action related to probability
teaching (items 11, 20, 24, and 25). The final dimension is titled “value component towards
probability and its teaching (VPT)” which is about the importance, relevance, appreciation, and
usefulness of the subject of probability in addition to its teaching (items 4, 12, 13, and 19). In
their pilot study, Estrada et al. (2016) calculated the reliability of the scale as .934. In their later
study, Estrada et al. (2018) calculated the reliability of the whole scale as .892, in addition to
the reliability values of the dimensions (AP =.759, CCP = .637, BP = .537, AT =.713, CT =
.612, BT =.584, and VPT =.599) and noted that those values are at acceptable levels according
to Nunnally (1978).

According to Hambleton and Patsula (1999, as cited in Giilbahar & Biiyiikoztiirk, 2008)
three stages were carried out throughout the process of adapting the scales which were cross-
cultural. This study was carried out taking those stages into consideration. First, the scale items
were translated from English to Turkish by the researcher, and the accuracy of the translation
was evaluated by three experts in mathematics education who are studying both languages.
Next, a reverse translation was done by two experts and the items were examined in terms of
matching the meaning of the original ones. Second, expert opinions were taken and the
consistency of the meanings of the translated scale with the original scale were examined. Due
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to this examination, item 11 was omitted from the scale (according to the opinions of the
experts) and the draft form of the adapted scale now consisted of 27 items. In the third and final
stage, the draft form of the adapted scale was applied to preservice mathematics teachers for
validity of factor structure, and the results are presented in the following section.

2.2. Participants

According to Fraenkel and Wallen (2006), it is not always possible to study samples
determined by random or systematic means, so in these cases, researchers study the samples
they can reach. In this study, a convenience sampling method was used. Data was collected
from prospective elementary mathematics teachers from two public universities in the middle
region of Turkey. The demographic information of the sample is given in Table 1.

Table 1. Demographic information of the sample

Variables n %
female 199 80.57
Gender male 48 19.43
total 247 100
freshmen 86 32.45
Grade level sophomores 43 16.23
juniors 71 26.79
seniors 65 24.53
Total 265 100

As is shown in Table 1, the total number of samples differ in terms of demographic features.
Some participants did not mention their genders or their grade levels. Approximately 81% of
the sample is female, since females make up a large percentage of the students in education
facilities in Turkey. Additionally, as participation in the study was voluntary, the lowest rate
of participation came from sophomores while the highest participation rate came from
freshmen.

3. Results

For the adaptation process of the scale, the first confirmatory factor analysis was conducted
through the linear structural relations program. Once the data was collected, the original seven-
factor structure was tested through confirmatory factor analysis and the values obtained are
presented in Table 2.

Table 2. Confirmatory factor analysis results

x2/sd p NNFI AGFI GFlI CFI RMSEA
Model 1 2.82 .00 94 .80 .85 .95 077
Model 2 2.98 .00 94 81 .85 .95 072

As is demonstrated in Table 2, the values of model 1, (which are the same as the original
scale apart from item 11), such as AGFI (.80), GFI (.85), and RMSEA (.077) are calculated.
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Since the RMSEA value is higher than the accepted value, a second model was conducted in
order to reduce the RMSEA value. Due to this, an error covariance was applied between item
1 and item 5 in model 2. VValues for model fit are found to be sufficient in model 2 according
to related literature (Anderson & Gerbing, 1984; Cole, 1987; Kline, 2011; Marsh et al., 1988).
The structure of model 2 is given in Figure 1.

The calculated reliability of the scale is .92. That is higher than the original scale, and most
of the dimensions are also higher than the original scale (AP = .85, CCP = .60, BP = .68, AT =
.74, CT = .69, BT = .54, and VPT = .61). When the reliability values are examined in detail,
they are noted to be at appropriate levels per Nunnally (1978). However, the BT dimension,
which had the lowest reliability value in the original scale, was observed to be even lower here.
Nunnally and Bernstein (1994) mention that if the test is too short, the Cronbach alpha value
will be lower. This may be due to the omission of item 11 from the scale, as it belonged to the
BT dimension in the original scale. After the adaptation process, there were four items in all
dimensions (like the original scale) except the BT dimension, which only had three. After the
adaptation process was completed, the distribution of scale items to factors was calculated and
the results are shown in Table 3.

Table 3. Items and factors of adapted scale

Factors Items
Affective component towards probability (AP) 1,5, 16, 27
Cognitive competence towards probability (CCP) 6, 8, 17, 22
Behavioral component towards probability (BP) 2,7,15,18
Affective component towards teaching probability (AT) 9,21, 26, 28
Teaching probability competence component (CT) 3, 10, 14, 23,
Behavioral component towards teaching probability (BT) 20, 24, 25
Value component towards probability and its teaching (VPT) 4,12,13,19
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Figure 1. Confirmatory factor analysis model for the structure of model 2
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4. Discussion and Conclusions

Although the subject of probability is intertwined with daily life, there are various problems
in the learning of and the teaching of it. For example, teacher-centered education and the lack
of using materials in classes (Pijls et al., 2007) are two of those problems. Additionally, Gal
and Garfield (1997) state that negative attitudes and beliefs have an impact on learning and
teaching processes, and this may partially be the reason why probability is confusing and
complicated for students and teachers. Due to this, determining the attitudes of prospective
elementary mathematics teachers (who are the teachers of the future) towards probability and
its teaching has become an important issue. To determine these attitudes, it was necessary to
develop a scale that could be used in the teachers’ native language.

Although there is some research related to attitudes towards probability, it is limited. This
is especially true regarding studies about the attitudes of prospective teachers towards teaching
probability. This is why determining the attitudes towards teaching probability, in addition to
attitudes about the concept of probability, will strengthen related literature and assist with
teacher self-development. For both current and prospective teachers, being aware of their own
attitudes towards a concept will support their professional development. However, the number
of measurement tools available to detect attitudes towards teaching probability was not
adequate. With the scale adapted within the scope of this study, it is now possible to measure
the attitudes teachers have towards the teaching of and the subject of probability.

Determining the attitudes of current and prospective teachers towards the teaching of
probability is important since they can affect the attitudes and the learning of students. To assist
with improving attitudes in the future, seminars could be arranged for teachers, and courses
related to probability and probability teaching could be added to the undergraduate curriculum
for prospective teachers.
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