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Abstract: Research on mathematics teaching and learning has
recently focused on affective variables, which were found to play an
essential role that influences behaviour and learning. Despite its
importance, problem posing has not yet received the attention it
warrants from the mathematics education community. Perceived
self-efficacy beliefs have been found to be a strong predictor of
mathematical performance, while problem posing is considered to
be a fundamental ability in mathematical learning. On the other
hand majority of research in this area present a positive relation
between attitude toward mathematics and success. Therefore, it is
shown that attitude toward mathematics is a determinative of
success or failure. In this respect this study examines the effect of
problem posing instruction on the attitudes toward mathematics and
mathematics self-efficacy of elementary prospective mathematics
teachers. The study wused a pre-test—intervention—post-test
experimental design. Quantitative research techniques were
employed to gather, analyze and interpret the data. The sample
comprised 82 elementary prospective mathematics teachers. In the
result of data analysis, it was determined that the effect of problem
posing instruction on the attitudes toward mathematics and
mathematics self-efficacy of elementary prospective mathematics
teachers was in a positive way and at significant level.

Introduction

Mathematics is a subject that is required by many university degrees, hence future
career opportunities largely depends on learning mathematics. This might motivate some
students to learn mathematics. Like motivation, attitude toward mathematics, self efficacy
might be good predictors of learning mathematics. In a similar vein, problem posing
encourages academic independency and increases possessiveness, emphasizes students’
responsibility in solving and posing problems. All of these as a result increase inner control
(Kliman and Richards, 1992; Silver, 1994).

Research show that when students pose problems they tend to be more motivated and
keen on searching answers to their problems (Silverman et. al, 1992). Since there is a strong
positive relationship between attitude toward mathematics and mathematics success, attitude
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toward mathematics is accepted as a strong determinant (or mediator) of success or failure
(Elderveld, 1983; Rives, 1992). In this respect, it is very important to improve students’
attitudes toward mathematics and self-efficacy beliefs.

Although problem posing oriented mathematics teaching is regarded as a reasonable
teaching strategy, there is little known about the effect of this teaching strategy on cognitive
and affective processes of prospective teachers. Moreover, the possible difficulties those
students might encounter are not well documented. In educational research since the focus is
on problem solving, problem posing become a neglected area (Dillon, 1988). Although it is
likely that students may like problem posing oriented teaching and this strategy may
positively affect their achievement and attitudes, there is hardly any study that examine the
use of problem posing in the classroom (Silver, 1994).

Some teaching associations e.g. NCTM emphasizes the importance of problem posing
in mathematics lessons, and recommends its usage in mathematics classrooms (NCTM, 1991,
2000).

On the other hand a teacher who is not proficient in subject matter could not give
confidence to the students and establish an authority in the classroom that is based on respect.
Since self-efficacy is the self-perception of an individual, it is expected from proficient
teachers that they have positive mathematics self-efficacy and attitude toward mathematics
(Umay, 2001). Therefore, it is beneficial to carry out research that determines teaching
strategies that positively affect prospective teachers’ mathematics self-efficacy and attitude
toward mathematics. Generally speaking, it is expected that prospective teachers who have
high mathematics self-efficacy will become persistent teachers who could solve encountered
problems. Therefore it should be interesting to see whether problem posing oriented
mathematics teaching has positive effects on prospective teachers’ attitudes toward
mathematics and increase their mathematics self-efficacy.

Theoretical Framework

Before presenting the analysis and synthesis of the research literature we present
definitions of some key terminology used in this paper.

Problem Posing

Problem posing is defined as occurring when students are engaged in reformulating
given problems and also when producing new problems or questions (Silver, 1994). Thus,
problem posing is not independent from problem solving (Silver, 1994; Cai & Hwang, 2002;
English, 2003; Silver & Cai, 1996; Lewis at al., 1998).

Attitudes Toward Mathematics

Aiken (1996) states that an attitude “consists of cognitive (knowledge of intellect),
affect (emotion and motivation), and performance (behaviour or action) components” (p.
168). Goldin (2002) distinguished between subdomians of affective representation as 1)
emotions, 2) attitudes, 3) beliefs and 4) values, ethics, morals. According to Goldin (2002)
attitudes implie “moderately stable predispositions towards ways of feeling in classes of
situations, involving a balance of affect and cognition” (p. 61). In mathematics education
literature, attitudes toward mathematics is operationally defined as enjoying mathematics or
not enjoying it, being or not being inclined to mathematical activities, considering oneself as
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successful or unsuccessful at mathematics and believing mathematics is useful or not useful
(Neale, 1969). This paper deals mainly with students’ level of interest and enjoyment with
mathematics.

Self-Efficacy

Self-efficacy is an attribute that is effective in forming behaviours; individual’s
judgement about own capacity of organizing and performing activities that are required for an
action. It is a key variable of Bandura’s Social Cognition Theory (Bandura, 1997). Perceived
self-efficacy is concerned with people's beliefs in their capabilities to exercise control over
their own functioning and over events that affect their lives (Bandura, 1994). Recently self
efficacy is closely related to task being performed. That is self efficacy is highly contextual
whereas self-concept is related to more general goals (Pajares, 2000). In this paper, we
examine “mathematics self-efficacy beliefs”. In this respect, mathematics self-efficacy belief
consists of 1. Mathematics self-perception 2. Awareness of behaviours about mathematical
topics 3. converting mathematics to survival abilities (Umay, 2001).

Theoretical Background

Problem posing helps students to gain control from others (e.g. teachers) and at the
same time this encourages them to create new ideas by giving them a more expanded view on
what can be done with problems (Brown & Walter, 1983). This process can also assist
teachers as problem posing opens a window in on students’ thinking (Silver, 1994). In this
way, teachers can better understand students’ cognitive processes; find out about possible
misconceptions early in the learning process and gather information about students’
achievement levels (Silver et al., 1990) As a consequence their program of study can be
tailored according to individual needs of students that is designed to enhance learning
(Dickerson, 1999).

Considering attitude toward mathematics as multi dimensional perspectives in
affective domain has been developed through the end of 1970s. As a result of recent research,
it 1s claimed that attitude towards mathematics is not just a concept that reflects affective
domain but includes more than this. For example, attitude toward mathematics can include
any of the perceptions about oneself, his/her mother, father or teacher (Hart, 1989).

There are a lot of studies on attitude toward mathematics. Majority of these studies are
carried out in various areas such as intelligent, race, teaching methods, and social-economical
background. There are some studies that have consistent results. Particularly there is a meta-
analysis of 113 attitude studies that deal with the relationship between attitude and success in
mathematics of 82.941 students (Maye & Kishor, 1997). This study shows a positive and
significant correlation between mathematics success and attitude toward mathematics.
Nevertheless, since this correlation is not so strong, it has no practical and educational value.

In recent years affective variables become very popular research variables among
mathematics education research community. It is most commonly agreed that these variables
have important roles in learning mathematics. Affective domain is a complex structured
system that includes emotion, attitudes, beliefs and values as four fundamental components
(Bandura, 1997; De Bellis & Goldin, 1997; Goldin, 2002; Pehkonen, 2001). In this respect
this study focuses on mathematics self-efficacy beliefs (or perceived self-efficacy) and
attitudes toward mathematics
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Self-efficacy belief is recently researched in several domains: teacher efficacy belief,
mathematics self-efficacy belief, problem solving and posing efficacy belief, computer usage
efficacy belief etc. It is obvious that persons who have high self-efficacy belief would be
more successful and get the result more quickly. From this perspective, students’, teachers’
and teacher candidates’ self-efficacy beliefs in affective domain are important concepts that
should be researched (Askar &Umay, 2001). In this respect, the studies that investigate
teachers’ behaviours emphasise the expectations and beliefs about teaching qualifications that
affect teachers’ and students’ success and motivation (Eshach, 2003; Wenner, 2001). While
some teachers advocate that “all students could learn”, other teachers don’t accept this.
Teachers with low self-efficacy tend to fail low achievers and don’t accept responsibility in
their academic achievements. These teachers regard themselves as authoritarian teachers and
negatively affect their students’ attitudes and make them unconfident. On the other hand
teachers with high self-efficacy regard low achievers as “accessible” and their learning
problems as ‘““solvable”. These teachers pride themselves because they help low achievers in
their learning. Furthermore, teachers with high self-efficacy could provide good teaching
because they don’t stress out (Schriver & Czerniak, 1999; Chan, 2003, cited in Altungekic et
al., 2005).

The relationship between self-efficacy beliefs and success is studied by many
researchers, and it is reported that self-efficacy might have positive effects on students’
success and attitude; furthermore it is found that it has direct relationship with teacher’s in
class behaviours, being open-minded, and developing positive attitudes for teaching (Gibson
and Dembo, 1984; Tschannen-Moran & Woolfolk, 1998). On the other hand, problem posing
ability, attitudes towards mathematics and mathematics self-efficacy belief are considered as
three fundamental concepts among the most important features of mathematics learning and
teaching and have close relationships with success in mathematics (English, 1998; Silver,
Mamona-Downs, Leung & Kenney, 1996; Brown & Walter, 1993; Nicolaou & Philippou,
2004). Klassen (2004) asserted that between mathematics self-efficacy and mathematics
success had a strong correlation. The students who have higher success in mathematics
lessons are reported to have higher self-efficacy beliefs (Pajares & Kranzler, 1995;
Zimmerman, Bandura & Martinez-Pons, 1992). English (1998), Leung & Silver (1997) and
Silver & Cai (1996) have reported a positive relation between problem posing and problem
solving abilities in common between problem posing abilities and mathematics success
(Nicolaou & Philippou, 2004). Mathematics self-efficacy belief is a good predictor of
mathematics performance (Bandura, 1986). It was observed that efficacy in problem solving
had a casual-effect on students’ rating (Pajares & Miller, 1994). Many researchers have
reported that problem posing activities not only help to lessen students' anxiety and foster a
more positive disposition towards mathematics, but also they may enrich and improve
students' understanding and problem solving (Brown & Walter, 1990; NCTM, 2000; Silver,
1994; cited in Cai & Hwang 2003). In this respect, this study focuses on prospective primary
mathematics teachers’ attitude toward mathematics and their perceived self-efficacy toward
mathematics (self-efficacy beliefs of mathematics) together with problem posing oriented
instruction.

To sum up, the research so far cited show that problem posing and self-efficacy beliefs
of mathematics, mathematics success, problem solving ability and attitude toward
mathematics are closely related to each other (Klassen, 2004; Pajares & Miller, 1994;
Nicolaou & Philippou, 2004; English, 1998; Silver & Cai, 1996; Leung & Silver, 1997).
There is a positive relation among problem posing ability and mathematics achievement
(English, 1998; Leung & Silver, 1997). Furthermore this relationship also exists between
problem posing and problem solving ability (English, 1998; Silver & Cai, 1996).
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Therefore, determining the level of self-efficacy beliefs of mathematics of prospective
teachers and factors that affects these beliefs is a problem worth studying. In addition,
students’ understanding of mathematics, their ability to use this in problem solving, self-
confidence, and attitude toward mathematics is shaped with the teaching they get from
schools (NCTM, 2000). Otherwise, there is almost no systematic and experimental study that
deals with application of problem posing-oriented instruction in different classrooms and
teaching of different topics (Dillon, 1988; Silver, 1994). Furthermore, to the best of our
knowledge there are not any studies that investigate elemantary school teachers’ attitudes
towards mathematics and the relation between this construct and the ability to pose problems.
In this respect, the main purpose of this study was to explore the effect of problem posing
instruction on the attitudes toward mathematics and mathematics self-efficacy of elementary
prospective mathematics teachers.

The Problems of the Research

The main problem of the study reads as “What is the effect of problem posing on
students’ attitudes toward mathematics and mathematics self-efficacy when problem posing
oriented approach is used to teach the Integral concept in Analyses-II Course to first grade
prospective teachers who are enrolled to Education Faculty Primary Mathematics Teaching
Program?”

In this study the following 2 sub-problems are stated:

P1.What are pre-test and post-test scores of experimental and control group
prospective teachers in Mathematics Attitude Scale (MAS)?

P2.What are pre-test-post-test scores of experimental and control group prospective
teachers in Mathematics Self-Efficacy Scale (MSES)?

Method

Sample and Population

Participants in this study included 82 first year students who were enrolled in one of
two classes at a Primary Education Mathematics Teaching Program of a Faculty of Education
during the 2005-2006 academic year spring term. One classes was assigned randomly to be
the control group, the other became the experimental group. The control grop and the
experimental group consisted of 40 and 42 prospective teachers, respectively.

Research Model

In this research experimental methodology is used. Pre-test post-test control grouped
experimental design is used. In this kind of design where an experimental and control group
exist is called a “quasi-experimental” design (Linn & Gronlund, 2000). This method is
commonly used when the variables of focus are measured quantitatively and where there is
the assumption of a cause-effect relationship (Cepni, 2001). Since the groups were assigned
randomly, but not the individuals within them, this method is called a non-equivalent control-
grouped design (Karasar, 1999). However some variability between the groups was reduced
by assigning equal numbers of students from the same department that have similar
qualifications to each group.
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Data Collection Tools, Reliability and Validity Studies

In this study two different data gathering instruments were used.

Mathematics Attitude Scale (MAS)

This scale was developed by Askar (1986). It consisted of 10 positive and 10 negative
items about attitude toward mathematics. They were in five-point Likert-type scale: Strongly
Agree, Agree, Undecided, Disagree, Strongly Disagree. Positive items were coded starting
from Strongly Agree as 5 to Strongly Disagree as 1. Negative items were coded as from 1 to
5. The alpha reliability coefficient was found as 0.96 (Askar, 1986). The items of the scale are
mostly related to “mathematics is interesting or not” and “like or dislike mathematics”. The
followings are examples of some positive and negative items:

1. Negative Items

I don’t like mathematics

Being a student would be more amusing without mathematics lessons

2. Positive Items

1 study mathematics more fondly than other lessons

I wish lesson hours devoted to mathematics would be more

The reliability of the scale is calculated again by the researchers using alpha reliability
coefficient as 0.82. The item-total correlation of 20 different items in the scale was changed
between 0, 41 and 0, 81.

Mathematics Self-Efficacy Scale (MSES)

In order to measure prospective teachers’ self-efficacy beliefs of mathematics
“Mathematics Self-Efficacy Perception Scale (MSES)” developed by Umay (2001) was used.
The alpha reliability coefficient of this 5 optioned Likert type scale that consists 14 items is o
=0, 88. The average of validity coefficients of items is found as 0, 64 and this can be
considered as a sign of validity of the whole scale. There are three factors in the scale, these
factors and example items are as follows:

1. Factor: Mathematics self-perception

If I tried hard enough I could solve every kind of mathematics problem.

1 realize that my confidence is decreasing while studying mathematics.

2. Factor: Perception about behaviours related to mathematical topics.

1 feel like I am going wrong while solving mathematical problems.

1 could discover small things by browsing around mathematical structures and
theorems.

3. Factor: Turning mathematics into survival skills

While I am planning my time/ day I think mathematically.

1 could suggest solution to every kind of real life problems by thinking mathematically.

The validity and reliability analyses are performed again by researchers. The results
of these analyses showed validity coefficients for three sub-dimensions as o= 0, 70, a= 0, 71
and o= 0, 75 respectively, and alpha reliability coefficient for the whole scale as a =0, 85.
Item-total correlation for 14 items of the scale ranges from 0, 30 to 0, 61.
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Analysis of Data

In this research effect of problem posing oriented Analyses-II course on experimental
group and effect of traditional teaching on control group are analysed separately. That is the
pre-test post-test MAS and MSES scores of experimental and control group students are
compared within groups and between groups (Cohen, Manion & Morrison, 2000). For this
reason in order to compare the data gathered from control and experimental group before and
after the experimental study “t-test for independent groups” and in order to compare the data
gathered from the same group at different times “t-test for dependent groups” was used (Mc
Millan, 2000). The descriptive statistical information was presented using tables of arithmetic

mean (X ), standard deviation (S.D.), degree of freedom (dF), level of significance(p) and
number of subjects(N) . Although it might be thought here that ANCOVA could be used, we
should emphasize that there is no significant group differences in terms of pre-test scores.
Thus they could be regarded as equivalent groups and t-test seems more suitable.

Experimental Research Design

In this section we will present the strategy that was followed by the researcher in the
experimental and control groups. The strategy that was followed in quasi-experimental study
is organized according to learning and teaching activities. The experimental study was carried
out by the researcher and assistant instructors during spring term of 2005-2006 academic year
in Integral Unit of Analyses II course. The study lasted for 10 weeks 6 lesson hours being in
each week (6x10=60 hours) simultaneously in both groups. For both groups, two lesson hours
(2x50=100 minutes) were devoted on Monday, Tuesday and Wednesday in every week. The
lessons for the control group were held between 08:00 and 17:00 and experimental group’s
lessons were during the evenings between 17:30 and 22:30. The lessons were given by the
same instructor to both groups during study. At the beginning and end of the study MSES and
MAS tests were applied to both groups at the same time. The participants were not informed
about whether they were in the control group or in the experimental group. In order to prevent
bias the tests were checked when the study was completed.

Teaching Strategy that is Employed in the Experimental Group:

At the beginning of the course the terminology “problem posing” was not used rather
more informal terminology like “problem producing”, “problem constructing”, “problem
writing”, “asking question” or “changing the expressions of a problem” was used. This
caution is suggested in order to prevent negative connotations of the term “problem posing”
(Owens, 1999).

In the first week of the study, the researcher gave a presentation to the participants in
the experimental group and the instructor in order to explain problem solving and posing. In
this presentation, the essence of problem solving and posing oriented teaching, its strategies
and techniques and the planned problem posing activities were described. The students in the
experimental group were firstly introduced with problem solving strategies and problem
posing techniques based on Polya’s 4 steps in integral unit of Analyses II course. The
instructor followed the 20 minutes of each lesson to present information about the topic. In
the remaining 30 minutes, after the problems were solved by the instructor, the students were
given a group of problems and asked to solve these problems by explaining what they did at
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each step and produce new problems. In this way, a fifth step involving posing a related
problem was added to Polya’s 4 steps. In order to accomplish this, activity examples of the
action plan proposed by Gonzales (1998) that includes development of mathematical
communication, questioning techniques and generalizing problems were used as the guidance
of the instructor.

The textbook used in the course was Turkish translation of Edwards and Penney’s
(2001) titled “Calculus and Analytic Geometry”. This textbook was suitable to standards of
NCTM and American Mathematical Association of Two-Year Colleges (AMATCY) because
it aims to relate mathematics to daily life rather than rote learning. Furthermore, a webpage
titled “visual calculus” (URL—-1, 2004) that contains lesson modules related to Integral and
visual activities and flash animations was used in the lessons. Teacher candidates frequently
wrote questions with the instructor and solved them by discussing with their friends.
Secondly, teacher candidates in the experimental group were presented with problem posing
activities in which they could use several problem-posing strategies and techniques generally
last 30 minutes of lessons.

Systematic structure about problem posing tasks presented in the literature about
problem posing reflects experiences and situations that provide opportunities to the students
engaged in mathematical activities. Therefore in this research, the classifications of problem
posing tasks suggested by Stoyanova (1998), Silver (1995) and Ambrus (1997) were used to
carry out activities about Integral concept in the classroom. Three classification of
Stoyanova(1998), Silver(1995) and Ambrus(1997) involve five categories of problem posing
tasks, used throughout the studies reviewed so far: tasks that merely require students to pose
(a) a problem in general(free situation), (b) a problem with a given answer, (c) a problem that
contains certain information, (d) questions for a problem situation, and (e) a problem that fits
a given calculation (Constantinos et al, 2005).

In this phase, framework of these problem posing activities was developed and the
participant instructor by considering the “what if not” strategy (Brown & Walter, 1983, 1993),
“semi-structured problem posing situations”, “structured problem posing situations” and
“free problem posing situations” (Stoyanova & Ellerton, 1996; Stoyanova,1998).

Furthermore, “Mathematical situations” (Gonzales, 1996), “open-ended problem-
posing situation” (Silver & Adams, 1987; Silver, 1995; Gonzales, 1998; Lowrie, 1999, 200,
2002; Ellerton, 1986; Hashimoto & Sawada, 1984; Nohda, 1986, 1995; Shimada,1977;
Pehkonen, 1995; Dickerson,1999) “acting-out problem-posing situation” (Brown, 1983;
Burns & Richards, 1981; Walter, 1992; cited in Dickerson,1999) and “missing data problem
posing situation” (Van Den Heuvel-Panhuisen, 1996) were included in the study and these
activities were considered as semi-structured problem posing situations.

Some of the problem posing activities related to “Integral” selected from 30 different
ones applied to the prospective teachers was presented below:

A. Free Problem Posing Situation

Here making use of given mathematical expressions
Activity 1. Write a fractional function of at least third | and writing a novel problem before solving is at
degree and which has three different roots and has | issue. There is mathematical scenario but
nominator degree greater than its denominator degree | mathematical components and expressions are not
then find its indefinite integral. given. In order to pose a problem according to the
given scenario, mathematical components and
expressions that are left free can be used.
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Activity 2. Provided that you are free in choosing a
function, can you write an integral problem that you can
solve by using consecutive partial integration and then
generalise your solution? Discuss your answers with
underlying reasons.

Here posing problems before or during the solution
of the original problems that would be posed
depending on mathematical expressions and
components is at issue. That is, problem posing is
made before or during the solution of problems.
There is no limitation or obligation on
mathematical components that would be chosen to
pose problems suitable to required mathematical
expressions.

B. Semi-Structured Problem Posing Situations

a. Mathematical situations

Activity 3. As can be seen in the figure below there is
a region bounded by the parabolas f{x) and line g(x)
and the axes. Pose a problem related to this figure.

y
()
At S 2 g

=
\.

Activity 4. As can be seen in the figure below
there is a region bounded by the parabolas f{x)
and g(x) and the axes. Pose a problem related to
this figure.

=~

In activities 3 and 4 the students were provided with semi-structured mathematical expression. In this
expression the actual component is not certain. That is, actual problem root is not given here, it is required to

pose a problem suitable to “Mathematical Situation”.

b. Open-Ended Problem-Posing Situation

Activity 5. In order to compute the volume of a solid
figure that is not surface of a revolution, try to pose an
Integral problem. Then discuss whether or not you can
approximately compute the volume of an item or an
object you use in daily life. Explain!

There is a scenario which is semi-structured, and
which has mathematical components related to real
life. Since there is not any restriction on the
components that constitutes the scenario there is
“open-ended problem posing” situation. The
student could pose problems according to the
structure and conditions that he/she prefers.

¢. Acting-Out Problem-Posing Situation

Activity 6. You will get engaged when you graduated
from the university. If you are going to design your
engagement ring, how would you design the ring and
determine its cost?

There is semi-structured mathematical situation
which is rich content in terms of creativity. A
scenario that leads students to concretize and
envisage real life situations is given here.

d. Missing Data Problem Posing Situation

Activity 7: Compute anti-derivative of =Sin(x)dx ="?
and after you check your answer could you find anti-
derivative of =sin(x’)dx=?by using change of

variable method? If your answer is no can you rearrange
it in order to solve the problem?

The
ofisin(xz )dx =? could not be found by using

student who saw that anti-derivative

change of variable method would complete the
missing data and reformulate the problem. In this
process s/he would realize that the given data and
some structures conflict each other and question
the situation.

Activity 8: The volume of an area that is bounded by
various lines, x-axis and a non-linear function is rotated
about y=5 is approximately 9,3 u’. Find this non-linear
function and various lines. With these compute the

There is a problem with missing data here. In order
to get arguments that were not given at the
beginning the answer of the problem and the
knowledge about volume can be used. Therefore,
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volume and ascertain the answer. the missing data will be completed by using
constant questioning.

C. Structured Problem Posing Situations

Activity 9. mne Z compute | Here without changing mathematical components,
. ” _ by changing the integers m and n new problems can
=sin"(x)cos” (x)dx =7 “Pose different problems | pe posed. That is, in order to criticise the
depending on the integers 71 and 7. Later try to solve | conditions on the general structure of the given
expression, new problems can be posed from
structured problem posing situation by using What-
if & what-if-not strategies.

each problem you posed. By looking at your solutions
can you get a generalization?”’

x Here, there is a problem posing situation in which
Activity 10: The function F'(x)= =fan( x2 )dx is | it is required to change the aims and conditions of
0 the problem that has solution. Furthermore, after
problem solving there is problem posing. Here,

, Q;\ problem there !
given. Show that Z = 1. Later by making some What-if & what-if-not” strategies would be useful.

modifications on this problem write a different integral
problem that has solution 2 and check your solution.

Figure 1. Some problem posing activities used in the experimental group

Teaching strategy that is followed in the control group

In the control group, the lesson was given as the instructor’s plan by using traditional
teaching methods (teacher centred; lecturing, question and answer, problem solving etc.). The
same textbook was used in the control group (Edwards & Penney, 2001). The same topics
were covered in this group however problem posing activities were not applied. Most of the
problems in the textbook were solved by the instructor. The students were checked whether or
not they understood. The related problems were given as homework at the end of topics. The
students were provided with opportunities to ask about the problems they could not solve.
However the problems were not opened to discussion in the classroom.

Findings and Interpretation
Findings regarding the first research question (P1)

Group Test N } S.D df t p

Experimental Pre-test 42 3,70 0,52 41 -2,542 ,015
Post-test 42 3,86 0,56

Control Pre-test 40 3,71 0,54 39 1,875 ,068
Post-test 40 3,54 0,64

Table 1. t-test results for dependent groups related to experimental and control group students’ MSES
pre-test post-test scores

As can be seen in Table 1, there is statistically significant difference between MSES
pre-test and post-test scores of experimental group prospective teachers [t(41)= -2,542; P <

.05]. Their pre-test arithmetic average score is (X =3, 70) and post-test arithmetic average

score is (X =3, 86). This shows that the difference is in positive way. Therefore, problem
posing oriented course might have an effect on this increase. When we look at MSES pre-test
score and post-test scores of control group students, we see that there is not a statistically
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significant difference [t(39)=1,875; P > .05]. As a matter of fact their arithmetic average
scores show a decrease from pre-test (X =3, 71) to post-test (X =3, 54). This shows that
traditional teaching does not positively affect development of mathematics self-efficacy
beliefs. In fact, there is a decrease in their average scores. To sum up, it can be said that
problem posing oriented teaching and traditional teaching have different affects on developing
experimental group students’ and control group students’ mathematics self-efficacy beliefs.

Test Group N X S.D dF t p

Pre-test Exp. 42 3,70 0,52 80 -0,111 0,912
Control 40 3,71 0,54

Post-test Exp. 42 3,86 0,56 80 2,337 0,022
Control 40 3,54 0,64

Table 2. t-test results for independent groups related to experimental and control group students’ MSES
pre-test post-test scores

As can be seen from Table 2, there is no statistically significant difference between
MSES pre-test scores of experimental group prospective teachers and control group
prospective teachers [t(80)= -,111; P > .05]. This implies that two groups are equivalent in
terms of their MSES pre-test score. This result might be of use to compare two teaching
methods. In this respect when we look at MSES post-test scores of experimental group
students and control group students, we see a statistically significant difference [t(80)= 2,337,
P< .05]. The arithmetic average MSES post-test score of experimental group students ( X =3,
86) is higher than of control group students (X =3, 54). As a result, when we compare the
effects of traditional teaching method and problem posing oriented on improving mathematics
self-efficacy beliefs, we can say that problem posing oriented method is more effective.

Findings regarding the second research question(P2)

Group Test N } S.D dF t p

Experimental Pre-test 42 4,02 0,66 41 -2,086 ,043
Post-test 42 4,15 0,60

Control Pre-test 40 4,03 0,65 39 3,306 ,002
Post-test 40 3,78 0,76

Table 3. t-test results for dependent groups related to experimental and control group students’ MAS
pre-test post-test scores

As can be seen from Table 3 there is a statistically significant difference between pre-
test MAS score and post-test MAS score of experimental group students [t(41)=-2,086; P <
.05]. Their pre-test arithmetic average score is (X =4, 02) and post-test arithmetic average
score is (X =4, 15). This shows that the difference is in positive way. Therefore, problem
posing oriented course might have an effect on this increase. Therefore, it can be said that
problem posing oriented teaching strategy is effective in improving students’ attitudes toward
mathematics. However, when we look at MAS pre-test score and post-test scores of control
group students, we see that there is a statistically significant difference in a negative way
[t(39)=-3,306; P < .05]. In fact it is interesting to note that their arithmetic average MAS
scores show a decrease from pre-test (X =4, 03) to post-test (X =3, 78). That is after using
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traditional teaching strategy, their attitude toward mathematics deteriorates. In summary,
experimental group students’ attitudes toward mathematics are improved whereas control
group students’ attitudes toward mathematics are deteriorated.

Test Group N X S.D dF t p

Pre-test Exp. 42 4,02 0,66 80 -0,002 0,999
Control 40 4,03 0,65

Post-test Exp. 42 4,15 0,60 80 2,473 0,016
Control 40 3,78 0,76

Table 4. t-test results for independent groups related to experimental and control group students’ MAS
pre-test post-test scores

As can be seen from Table 4, there is no statistically significant difference between
MAS pre-test scores of experimental group prospective teachers and control group
prospective teachers [t(80)= -,002; P > .05]. This implies that two groups are equivalent in
terms of their MAS pre-test score. This result might be of use to compare two teaching
methods. In this respect when we look at MAS post-test scores of experimental group
students and control group students, we see a statistically significant difference [t(80)= 2,473;
P< .05]. The arithmetic average MAS post-test score of experimental group students ( X =4,

15) is higher than of control group students (X =3, 78). As a result, when we compare the
effects of traditional teaching method and problem posing oriented on improving attitudes
toward mathematics, we can say that problem posing oriented method is more effective.

Summary and Recommendations

The purpose of this study was to investigate the effects of problem posing oriented
course on elementary prospective mathematics teachers’ attitudes and self-efficacy in
mathematics. In this respect, two different strategies were employed in teaching Analysis 11
course for Primary Mathematics Teaching Program students. Experimental group students are
taught by using problem posing oriented course and control group students are taught by
traditional teaching methods. There are some limitations that need to be addressed. First of all
the same teacher (researcher) taught for both groups. This might increase the validity of the
study. However, although every caution was taken to prevent bias, it might be tought that if
the teacher is the researcher and is motivated/keen to find a group difference then there would
be a tendency to not teach and care for the students learning in the control group as much
compared to the intervention group. Although the students in the control group are allowed to
interact and discuss their problems together, traditional teaching context might limit their
interaction. In addition, elementary teacher candidates have to take calculus course which
covers topics that might be un-related to elementary mathematics. Furthermore it should be
noted again that self-efficacy is task related.Therefore the participants might have difficulties
in considering that the problem posing that they were engaged in could be used in elementary
teaching. The questions were presented in Turkish to the students. These questions and
students’ responses were translated into English. Although every care is taken to prevent
losing of meaning in this translation process, this might be considered as a limitation of this
study.

The pre-test results show that both of the groups have similar scores from MAS and
MSES. Such a result inevitably helps to judge the effectiveness of both methods on improving
students’ attitudes toward mathematics and mathematics self-efficacy beliefs. As a matter of
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fact, there are statistically significant differences between MSES and MAS post-test scores of
experimental and control group students. Furthermore the improvement of experimental group

students’ MAS scores (X X =0, 13) is in positive direction and this is statistically

post-test - pre-test
significant. On the other hand improvement of control group students’ MAS scores (X

post-test -
X pre-test — =05 25) 1s in negative direction for control group students, this difference is also
statistically significant. Similarly, the improvement of experimental group students’ MSES
scores (X et = X pretest — 0> 16) 1s statistically significant. However, the difference in control

X
significant. Consequently, it can be claimed that problem posing oriented Analysis II course
has positive effects on improving students’ attitudes toward mathematics and mathematics
self-efficacy beliefs. On the other hand traditional teaching oriented Analysis II course has
negative effects on improving students’ attitudes toward mathematics and mathematics self-
efficacy beliefs. Thus, analysis of this quantitative data implies that problem posing oriented
Analysis II course is more effective than traditional teaching in improving prospective
teachers’ attitudes toward mathematics and mathematics self-efficacy beliefs.

Our results are parallel to results of some research in the literature. Our results confirm
the findings of Brown and Walter (1983,1993), Winograd (1990) English (1997), Moses et
al.(1990), Silver at al.(1990), Silver(1994) and Nicolaou & Philippou (2004) who stated that
problem posing might reduce common fears and anxieties about mathematics and foster a
more positive attitude towards mathematics. Furthermore, our results are consistent with
findings of Brown & Walter (1993), English (1997) and Silver, Mamona-Downs, Leung &
Kenney (1996) that report problem posing activities improve prospective teachers’ attitude
toward mathematics, alleviate misunderstandings about the nature of mathematics and since
they begin to believe that mathematics would be useful for their job, they begin to feel more
responsibility.

Since problem posing activities are used first time in prospective teachers’ Analysis I1
course, their attendances to classes are better than previous terms. As we presented in Akay,
H.& Boz, N. (2009) particpants enjoyed the course. The qualiatative data was used in Akay,
H.& Boz, N. (2009) to examine how participants found the course. In this respect, since
problem posing provides active involvement of students, it reduces anxiety, by motivating
even students that do not have much knowledge about the topic it ensures optimistic
atmosphere and hence the students who focus on activities try to think critically move away
from negative behaviours.

To sum up, problem posing oriented course has positive effects on mathematics self-
efficacy beliefs and attitude toward mathematics. Therefore, we suggest that such a teaching
approach could be used in mathematics courses of Primary Mathematics Teaching Programs.
In order to strengthen this suggestion this study might be replicated with different sample of
prospective teachers across Turkey.

group students’ MSES scores (X -0, 17) is negative and statistically

post-test ~ “* pre-test
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