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Introduction

Mathematics is a very important subject, and it is used in various fields such as physics,
chemistry, biology, economics, engineering, but also in daily life. Although mathematics
is considered a crucial subject, it is perceived as a difficult, problematic subject among

many high school students (Dulaney, 1994).

Cenberci (2019) stated in his article that Many students have difficulty with mathematics
classes, and this creates increased levels of anxiety in them because they think they cannot
succeed in math. This anxiety and low self-efficacy lead to the development of negative
attitudes towards mathematics lessons. Such negative attitudes towards mathematics affect
negatively students' achievement in mathematics (Kurbanoglu & Takunyaci, 2012).

Students™ attitudes towards mathematics play a major role in the process of learning
mathematics. It has a great influence on the students’ achievements in mathematics, as
students’ positive attitudes lead to success in learning mathematics (Gallagher & De Lisi,
1994; Mechaels & Forsyth, 1978; Yasar, Cermik, & Giner, 2014). Students gradually
develop negative attitudes toward math lessons in the learning process from the elementary
school stage to the final grade of high school (Baykul, 1990). Generally, high-school

Students’ attitude towards mathematics is on a medium level (Yasar, 2016).

Thus, improving attitudes of students towards mathematics at a lower level provides a basis
for a higher level of mathematics studies and causes an impact on the achievements of high
school students in mathematics (Ma & Xu, 2004).

In addition, the attitude of mathematics teachers towards teaching mathematics is a very
important issue, as it influences the methods used by the teacher, which has impact on
pupils’ attitude towards mathematics (Relich & Way, 1994; Skemp, 1976; Tuimavana &
Datt, 2017) and their mathematics achievement (Relich & Way, 1994). Skemp (1976)
argued that the development of positive attitudes to mathematics is dependent on the type
of teaching. As well as attitudes of teachers have a big effect on their way of teaching
mathematics and on students™ attitudes towards mathematics. In particular, the positive
attitudes of teachers have a positive effect on teaching mathematics among students and

among attitudes of students towards mathematics (Moreira, 1992; Karp, 1991).



Mathematics applications and the teaching of mathematics applications are the subject of

international conferences and author articles (Stillman et al., 2013).

The present study aims to find out the effect of teaching applications of mathematics in
other disciplines on Israeli high school teachers and students’ attitudes towards
mathematics, students™ involvement in the class activity, and the students’ mathematical
achievement trough experimental research. There are only a few studies presenting
experimental research regarding teaching applications of mathematics (for example,
Kasmin, Othman & Syed Ahmad, 2019; Yildirim & Sidekli, 2018), and most of them for
higher education. Thus, this research tries to contribute to this subject filling in some gap

in the scientific literature.

Key Words: attitudes towards mathematics, mathematical achievement, applications of
mathematics, teaching applications of mathematics, teaching anxiety, confident and

enjoyment in teaching, teachers’ burnout, innovation in teaching.

The motivation of choosing this topic

- Mathematics is a difficult subject for many students, especially in high school. This
difficulty leads to anxiety about mathematics in a considerable percentage of the students,
and also creates boredom and failure in mathematics, the result of which is hatred of

mathematics and negative attitudes towards mathematics among students.

- Teaching methods have an effect on the difficulty in the students and their attitudes

towards mathematics.

Students don’t see the utility of mathematics in everyday life or other study fields, as
disciplines are taught separately. Also, in many cases, the application of mathematics in
other disciplines are difficult for students, in particular in the subject of maximum and

minimum problems, which pushed and motivated me to investigate this problematic.

-There are no mathematics teaching attitude questionnaires for post-primary school

teachers and there are limited papers addressing teachers opinion and practice on teaching



applications of mathematics. This research examines an important topic in teaching

mathematics with the aim of filling a gap in the scientific literature.

For this reasons, | am full of motivation, hope, and belief that | was able to develop a new
practical learning model in the field that combines mathematics with the various fields of
science, and | also believe that | was able to cause a positive change in teachers and
students, a change that led to more curious, motivated students, who have positive attitudes
towards mathematics, And an improved achievements. In addition, while teaching
applications of mathematics, teachers also developed a more positive attitude towards

teaching mathematics and their motivation to teach mathematics increased.

The structure of the thesis

The thesis contains five main chapters:

Chapter 1. Teaching applications of mathematics in other disciplines
Chapter 2. Attitudes toward mathematics and teaching of mathematics

Chapter 3. Preliminary studies on teachers attitudes toward teaching mathematics and
mathematics applications

Chapter 4. Research on teaching applications of mathematics in other disciplines for the
topic: maximum-minimum problems

Chapter 5. Summary and Discussion



Chapter 1. Teaching applications of mathematics in other disciplines

Mathematics is a very important subject in our daily lives in general and in the disciplines
studied in school in particular. It is used in many fields such as: physics, chemistry, biology,
economics, engineering, and other various fields. Mathematics is important for every

student and especially among high school students.

Mathematics has applications not only in the various fields of knowledge such as physics,
chemistry, economics, biology, etc., but in our everyday lives, such as in selling and
buying, in building, in business, in bank services, in salary calculations, in real estate and
more. The application of mathematics in our lives is considered an essential and very

important issue.

Also, in this chapter | showed the effect of the teaching methods of the mathematics
teachers on the students' learning of mathematics and | will focus on teaching applications

of mathematics in other disciplines and its effect on both teachers and students.

Students graduate from high school and yet are unaware that mathematical knowledge,
mathematical skills, and mathematical applications are necessary for success in life, in their
future studies, and in designating their careers. This can be explained by the teaching
strategies used which neither expose to the student the relevance of mathematics, nor
develop his thinking and understanding of the subject. By using these strategies, the student
learns in an algorithmic and procedural way of solving exercises from the textbooks. Many

students study math because they must study and pass exams.

Clark (1990) noted that mathematics for many students has a negative image. Well because
of this image, it is difficult for these students to improve their mathematical understanding
at the expense of their attitudes.

Then, the motive behind investigating the effect of teaching applications of mathematics
on the aforementioned factors was on the one hand that few studies have investigated this
phenomenon and secondly teaching applications of mathematics in other disciplines is
significant issue, it increase the motivation of students to learn mathematics, interest the
students and show them the importance of mathematics in the various fields of science and

in his daily life and so it helps the student to improve the mathematical understanding of



his environment and correlate mathematics to life and to the various fields of science, such
as physics, chemistry, technology, etc., which help many students for solve the problematic

in teaching mathematics and designate his future career (Asli & Zsoldos-Marchis, 2021).

As well as teaching applications of mathematics in other fields has many benefits and
advantages. It helps the student to improve the mathematical understanding of his
environment and to correlate mathematics to life and the various fields of science, such as
physics, chemistry, economics, technology and more. So that teaching applications of
mathematics allows the student to see the use of mathematics, and this allows the student
to visualize mathematics, to understand it and to see the beauty of mathematics (Asli &
Zsoldos-Marchis, 2021) which makes the student enjoy to learning mathematics, which

helps the student to designate his future career.

Many articles, like (Chick and Stacey, 2013; Asli & Zsoldos-Marchis, 2021; Asli &
Zsoldos-Marchis, 2022) showed positive effects and benefits of teaching applications of
mathematics in other disciplines: on students and teachers, on their attitudes toward
teaching mathematics and on teaching mathematics in general. For example, teaching
applications of mathematics enhances the learning atmosphere in math classes and turns a
routine atmosphere into an active one for both teachers and the students as well as students'
attitudes towards teaching mathematics have changed for the better and this led to a

significant improvement in student achievement (Asli & Zsoldos-Marchis, 2022).

As we mentioned above, several articles and studies, like: (Clark, 1990; Karp, 1991; Burton
& Shelton, 2010; Sweeting, 2011; Tabuk, 2018; Tuimavana & Datt, 2017) dealt with
teachers™ attitudes towards teaching mathematics and the importance of teaching
applications of mathematics in other disciplines, but none of them dealt with the relation
between teachers' attitudes and teaching applications of mathematics. This study is new in
the field because it examines the effect of a new factor “teaching applications of
mathematics in other disciplines” on students’ attitudes towards mathematics and teachers'

attitudes towards teaching mathematics.

Despite the importance and benefits of learning applications of mathematics, studies have
shown that there are some obstacles in learning applications of mathematics; some of these

obstacles are related to the teachers, some to the students, and some to the organizations



and administrators. Some of the obstacles are related to lack of preparedness of the teachers
and students. Students have poor background in sciences thus they do not appreciate or
understand the applications (Pinker, 1978; Clark, 1990; Asli & Zsoldos-Marchis, 2021).

In this regard, the present study intends to reveal students and teachers’ opinion and practice
on teaching applications of Mathematics in other disciplines. The research focuses on
students and teachers’ view about the benefits and obstacles of teaching applications of
mathematics, plans to find out if teachers use applications of mathematics in their teaching,

and to collect those teachers’ methodological ideas, who use applications.



Chapter 2. Attitudes towards mathematics and teaching of mathematics

2.1. Attitudes. Definition and Concept clarification

There are many definitions of the concept “attitude” in the literature. For example, Eagly
& Chaiken (2007) defined an attitude as “a psychological tendency expressed by evaluating

a certain entity to a certain degree positively or negatively.

Bizer, Barden & Petty (2003) in their article “Attitudes” they said: attitudes are considered
one of the foundational concepts of psychology because they help explain human actions

and decisions. An attitude is an ongoing evaluation of the person or any other object.

Also, attitude is defined as an individual's evaluation for or against a certain object (Zeiv,
2001). The object to which attitude refers may be of different types - a specific object such
as a mathematics lesson that was conducted today, a general one such as the subject of

mathematics in general, an abstract object such as the subject of education.

As well as, there are several definitions of the attitude towards mathematics in literature.
In this study the multidimensional definition of Neale (1969) was selected, based which
attitude towards mathematics is “a liking or disliking of mathematics, a tendency to engage
in or avoid mathematical activity, a belief that one is good or bad at mathematics, and a

belief that mathematics is useful or useless” (p. 632).

As seen from the above definition, attitude towards mathematics has several components.
In some literature three components are identified: enjoyment of mathematics, value of
mathematics, and confidence in mathematics (Mullis et al., 2020). Other research identified
four components: motivation, enjoyment, self-confidence, and value (Davadas & Lay,
2017; Tapia, 1996).

2.2. Attitudes of teachers towards teaching mathematics

Attitudes of mathematics teachers towards teaching mathematics are very important issues
and greatly affect the quality of teaching mathematics, affects the student and his attitudes
towards mathematics. Students' attitude towards mathematics is in correlation with their
mathematical achievement. Also, different teaching methods have different impacts on the

learning outcomes.



Attitudes of mathematics teachers and students is a common issue in the literature of
mathematics education. many studies, like: (Moreira, 1992; Baturo & Nason, 1996; Keller,
2001; Marchis, 2014; Tuimavana & Datt, 2017) have investigated the attitudes of
mathematics teachers and students and the effect of the attitudes of the teachers and
students towards teaching mathematics among teaching methods of the teachers and the
motivation and achievements of the students. These studies have shown that attitudes
towards teaching mathematics have a tremendous effect on teachers and students alike, so
positive attitudes of teachers towards teaching mathematics have a positive effect on the
teachers themselves, on the teaching methods of the teachers, in addition the teachers will

be highly motivated to teach mathematics.

As well as positive attitudes of teachers affect the students positively, so that the motivation
of the students towards learning mathematics increases, the self-confidence of the students

increases and their success in mathematics increases, and the opposite is true.
2.3. Attitudes of Students towards mathematics

The attitudes of students towards mathematics have a great influence on the learning
process for the students and on the students’ achievements, and in particular the influence

is greater for the students' attitudes on the achievements.

So positive attitudes have a positive effect on learning mathematics among students and
among attitudes of students towards mathematics (Skemp, 1976; Ernest, 1989; Karp, 1991;
Moreira, 1992; Wilkins, 2002; Tuimavana & Datt, 2017).

There are many reasons why students show negative attitudes towards math lessons, such
as: students can’t understand mathematics, students are insecure, students feel anxiety
about mathematics and teachers are one of the most important factors. Teachers are actually
amajor reason that causes students to exhibit negative attitudes toward mathematics (Clark,
1990; Dulaney, 1994; Nkhase, 2002; Peker, 2016).

Positive attitude towards mathematics has many benefits for learning, it decreases anxiety
(Aiken, 1976), ensures active involvement in the learning process (Singh, Granville &
Dika, 2002).



It has long been known that there is a connection between successes in mathematics and
students' attitudes towards mathematics. Studies in the field so far have shown that
students with a highly positive attitude towards mathematics also have higher levels of
success (Yasar, Cermik & Guner, 2014).

Aysun (2017) said that students who are successful in mathematics with high scores have

positive attitudes towards mathematics and vice versa.

Also, students” attitudes towards mathematics has a great influence on the achievements of
the students in mathematics, So that positive attitudes of students towards mathematics
lead to successes of students in mathematics. Improving attitudes of students towards
mathematics at a lower level provides a basis for a higher level of mathematics studies and
also causes an impact on the achievements of high school students in mathematics (Ma &
Xu, 2004).



Chapter 3. Preliminary study on teachers' attitudes towards teaching

mathematics and mathematics applications.
The aims of this research are the following:

1. Developing post-primary school teachers' attitudes toward teaching mathematics
scale and teaching applications of mathematics (by questionnaire that examines

teaching applications of mathematics).

2. ldentifying the factors which are assessed by the teachers' attitudes toward

teaching mathematics scale.
3. Investigating post-primary school teachers' attitudes toward teaching mathematics.

4. Investigating post-primary school teachers' opinion and practice regarding

teaching applications of mathematics.

3.1. Development of a teachers’ attitudes toward teaching mathematics scale and
teaching applications of mathematics (by questionnaire that examines teaching

applications of mathematics).

The research instrument was a questionnaire developed for this study based on scientific
literature like: Muthohir, Lowrie and Patahuddim (2018), Moreira (1992), Tuimavana and
Datt (2017) and Mofet Institute in Israel (1999).

The questionnaire is designed for the purpose of surveying teachers' opinions and practice

on teaching and integrating applications of Mathematics in other disciplines.

The questionnaire consists of two main parts: a demographic part and questions related
with the research topic. The demographic part contains 10 questions, most of them closed.
The second part consists of two groups pf items. The first group contains of 31 closed
items, with the aim of assessing post-primary school mathematics teachers’ attitudes
towards teaching mathematics. These 31 items are affirmations measured on a 5-level
Likert scale from 1 = strongly disagree to 5 = strongly agree. The second group contains

18 questions on teaching applications of Mathematics in other disciplines, from which 15



are closed questions (multiple choice, check box, scale, affirmations measured on a 5-level

Likert scale) and 3 open questions.

The questionnaire developed uses items from the scales of Nisbet (1991) and Relich, Way
and Martin (1994), but also some items from the mathematics anxiety scale presented by
Hunt and Hari (2019). There are also some items formulated by the author based on surveys

related to instructional practices or attitude towards teaching practices.
The scale is included into Annex Number 6
3.2. Data collection and participants

The scale was filled out in 2021 by 221 mathematics teachers from post primary schools
from Israel. The scale was sent as a Google Form to participants. The participation was

voluntary. All participants answered all questions of the questionnaire.
The mean age of the participants was 41.1 years and the mean teaching experience 16 years.

The demographics of these participants are listed in Table 1.

Table 1. Demographic characteristics of participants

Variable Frequency  Percent

Gender Male 82 37%

Female 139 63%

Nationality Arab 201 91%

Jewish 20 9%

Degree BSc degree 99  44.8%

MSc degree 119 53.8%

PhD degree 3 2.4%

Level of class they teach Middle school teachers 99  44.8%
High school teachers 122 55.2%

Type of school in which they Theoretical 183 82.8%
teach Religious 3 1.4%

Technology 23 10.4%

Private 12 5.4%




3.3. Factor analysis for the post-primary school mathematics teachers’ teaching
mathematics attitude scale

Methodology

The research was conducted in 2021 in Israel. It focuses on the 2" aim: Identifying the
factors which are assessed by the teachers' attitudes toward teaching mathematics scale.
The research instrument used is the post-primary school mathematics teachers’ teaching
mathematics attitude scale presented in subchapter 3.1 and in Annex Number 6 The

participants are described in subchapter 3.2.
Results

Initially, the scale consisted of 31 items.

-Performing factor analysis and analyzing the reliability of the obtained factors, a
solution of 5 factors containing 20 items was created.

The obtained factors are the following:
-Mathematics teaching anxiety.

-Confident and enjoyment of teaching mathematics.
-Burnout as a mathematics teacher.

-Innovation in teaching.

-Confidence in mathematics.

3.4. Israeli post-primary teachers' attitude towards teaching mathematics

Methodology

The research was conducted in 2021 in Israel. It focuses on the 3 aim: Studying post-
primary school teachers' attitudes toward teaching mathematics. The research instrument
used is the post-primary school mathematics teachers’ teaching mathematics attitude scale
described in subchapter 3.1 and presented in Annex Number 6. The participants are
described in subchapter 3.2.

For the data analysis only those 20 items were taken into consideration, which was obtained
by the factor analysis presented in subchapter 3.3. (see Annex Number 7) with the
following factors: Mathematics teaching anxiety, Confident and enjoyment of teaching

mathematics, Burnout as mathematics teacher, Innovation in teaching, Confidence in



mathematics, and Feeling Support. The obtained data were quantitatively analyzed using
SPSS program. The results include descriptive statistics (frequency, percentage, mean (M),
and standard deviation (SD)), comparisons and correlations between the factors. Statistical
test that are use: T test, F test, One Way ANOVA, and correlations.

Results

The results showed in table number 2 indicate that teachers are confident in mathematics
and in teaching. The highest mean is for confident in mathematics and confident and
enjoyment in teaching (the means are 4.75, respectively 4.61), from which can be

concluded that the attitudes of most teachers in Israel to mathematics teaching are positive.

It could be observed that the highest mean (4.75) is for confidence in mathematics and the
lowest mean is for burnout (2.45). The mean for mathematics teaching anxiety is quite high
(3.43).

Table 2. Descriptive Statistics of the six factors

N Minimum Maximum  Mean  Std. Deviation
Anxiety 221 1.17 5.00 3.4382 .89397
confident and enjoyment
in teaching 221 3.00 5.00 4.6161 41541
Burnout 221 1.00 5.00 2.4525 98771
Innovation in teaching 221 1.00 5.00 4.1109 73247
confident in mathematics 221 2.00 5.00 4.7579 46122
Feeling Support 221 1.00 5.00 4.0837 .85467
Valid N (listwise) 221

There are also correlations between the age and teaching experience variable with the
anxiety and feeling support factors. The older teachers are more experienced in teaching
mathematics, also they feel more supported. Teachers with little experience and young age
feel more anxiety in teaching math than teachers with greater experience and older age.

Younger teachers are more innovative in teaching mathematics than older age teachers.

In addition, there are some correlations between the factors of the scale:



- Teachers with more teaching anxiety are feeling more burnout.

- Teachers with less teaching anxiety are feeling more support and they are more

innovative in teaching mathematics.

- Teachers with confidence and enjoyment in teaching mathematics are confident in
mathematics, more innovation in teaching mathematics, feels more supported, also

teachers with little confident and enjoyment in teaching mathematics feels more burnout.

- Teachers with excellent level of computer and technology control are more confident and
feel more enjoyment when teaching mathematics than teachers with middle and low level

of computer control.

- Teachers with excellent level of computer and technology control are more confident in

mathematics than teachers with middle and low level of computer control.

- Teachers with excellent level of computer and technology control are more innovative in

teaching than teachers with middle and low level of computer control.

3.5. Preliminary study on teachers™ opinion and practice on teaching applications of

mathematics in other disciplines.

The present study intends to reveal the teachers' opinion and practice on teaching
applications of Mathematics in other disciplines. The research focuses on teachers’ view
about the benefits and obstacles of teaching applications of mathematics, plans to find out
if teachers use applications of mathematics in their teaching, and to collect those teachers’

methodological ideas, who use applications.
Methodology

The research was conducted in 2021 in Israel. This study focuses on the 4™ aim: studying
post-primary school teachers' attitudes toward teaching applications of mathematics. More
precisely, the aim is to find out teachers' opinions and practice regarding teaching
applications of Mathematics in other disciplines. The research instrument used is the
teaching application of mathematics questionnaire developed for this study, described in
subchapter 3.1 and presented in Annex Number 6, The participants are described in

subchapter 3.2.



Research instrument and participants

The research instrument was a questionnaire as described in subchapter 3.1 (see
subchapter 3.1).

Data Analysis
The closed questions were quantitatively analyzed using SPSS program. The results

include frequency, percentage, mean (M), and standard deviation (SD).

Open-ended questions were qualitatively analyzed using categorical data analysis.
Results

Teachers’ opinion about the benefits of teaching applications of Mathematics

Teachers consider important the teaching applications of Mathematics (M = 4.24, SD =
0.52). They were asked to measure on a 5-level scale some benefits of teaching applications
of Mathematics (Table 3). All the listed benefits are considered valid by the participants:
the mean for each one is above 4 and the standard deviation is below 0.80. The highest
mean was obtained for expanding students’ horizon and showing students the importance

of Mathematics.

Table 3. Teachers’ perception about some benefits of teaching applications of Mathematics

Benefit Mean Standard deviation

arising students' interest for Mathematics 4.16 0.72
motivating students for learning mathematics 4.19 0.69
showing students the importance of mathematics 4.33 0.66
exercising mathematical knowledge 4.20 0.70
developing competency of using a mathematical 4.31 0.60

knowledge in different context

improving achievement of students in mathematics 4.10 0.72
expanding the horizon of the student 4.34 0.63
developing a positive attitude towards mathematics 4.26 0.72

In another closed questions respondents were asked to select the most important two
advantages of teaching applications of Mathematics from a given list. The three most

selected advantages where the following: arising students' interest for Mathematics (98



participants - 44.3%), motivating students for learning mathematics (77 participants -

34.8%), and showing to students the importance of mathematics (21 participants - 9.5%).
Teachers’ practice in teaching applications of Mathematics
42.5% of the participants teach applications of Mathematics.

Table 4. Comparing age, teaching experience and computer user skills of those don’t teaching

applications with those teaching applications according T test by SPSS program.

) Don’t teach applications Teach applications
Variable t p
M df SD M df SD

Age 40.3 208 96 421 219 8.9 1.3 .170
Teaching 15.4 207 9.6 16.9 219 9 1.1 .230
experience

Computer 1.9 203 0.66 15 219 0.64 -3 .002
user skills

Note: computer user skills measured on 4-level scale (1=Excellent, 2= Good, 3=Medium, 4=Low).

The conclusion drawn from table number 4 above is that teachers who teach applications
of mathematics in other disciplines have a higher skill of computer than teachers who do
not teach applications of mathematics in other disciplines.

Also, Physics is the discipline in which applications are mostly integrated (47% of those
respondents who teach applications). Almost half of the respondents who teach

applications (47,9%) integrate them in their lessons a few times a semester.

asked how they teach applications Participants were. Half of the surveyed teachers present
it to their students (52.1%), the other half give students some tasks through they discover
how they can apply the mathematical knowledge (45.7%).

Obstacles of teaching applications of Mathematics
Teachers who are not integrating applications in their lessons, were asked in an open

question the reason why they not. The responses were qualitatively analyzed, and
categories were identified in table 5 below.



Table 5. Categories analysis about the reasons why responses not integrating applications in their

lessons
Category Frequency for Subcategory Frequency
the Category for the
Subcategory
Time-related issues 33% -There is no time for it in the 70%
classroom. 30%
-Time for preparing lots of study
materials.
Problems related to the 31% - Students have a poor background in 36%
background of the the sciences to understand the
teachers and the applications. 20%
students. - Students have a poor background in
the sciences to appreciate the 40%
applications.
- Teachers are unable or have no skills
to teaching mathematical applications 4%
in other disciplines.
- Teachers have no confident in
teaching it.
Problems related to the 30% - Itis notincluded in the curriculum of 79%
curriculum. Mathematics.
- Applications of math not required in 21%
the exams.
Planning and budget 6% - Some applications require equipment 83%
related issues and demonstrations.
- Applications a number of 17%
mathematical  skills  which are

normally attained at the end of the

mathematics program.

Also, participants had to select from a given list the two main important obstacles of using

applications in teaching Mathematics. The 3 most frequently selected obstacles are the



following: time constraints (30.8%), lack of methodological or pedagogical content

knowledge of the teachers (24.6%), and curriculum constrains (15.5%).



Chapter 4. Experimental research on teaching applications of
mathematics in other disciplines for the topic: maximum-minimum

problems.

Research Methodology
The research was conducted in 2021-2022 in Israel.
Aim of the research

This study aims to check the effect of the intervention with teaching applications of
mathematics on:

-Students mathematics achievement and their attitudes towards mathematics.

-Teachers™ attitudes towards teaching applications of mathematics.

The Research instruments

The research instruments are: Questionnaire, Observation criteria, Mathematics Tests and

Interviews.

The questionnaire developed for this study is based on the scientific literature. The
questionnaire is designed for the purpose of surveying students' attitudes towards

teaching mathematics and teaching applications of mathematics in other disciplines.

The questionnaire contains 40 questions, all of the questions are closed questions
(affirmations measured on a 5-level Likert scale, from 1 = strongly disagree to 5 =

strongly agree).
Observation criteria

Observations were made during four months before and after the intervention with
documentation and description of the teaching methods of the teachers, the atmosphere in

the classroom and the learning motivation of the students.
Mathematics Tests

- For pretest and posttest;



- were constructed together with the teachers.
- The Interviews: The Interviews include 16 questions about teachers™ attitudes
- toward teaching mathematics.

- The teachers in the control group were only interviewed once before the

intervention.

- The teachers in the experimental group were interviewed three times, the first was
before the intervention which is the same interview as the control group that

included 16 questions.

- The second interview was during the intervention and the last one was after the

intervention.

- The interviews during and after the intervention were different from the interview

before the intervention;

- They consisted of five questions related to teaching applications of mathematics

in other disciplines.

Participants

The study involved 4 classes and 4 teachers from Israel high school. two 11th classes and
two 12th classes, each class is divided into two groups: a control group and an

experimental group.

The experimental group included 50 students, 25 students from 11-1 and 11-2 classes and
25 students from 12-1 and 12-2 classes

The control group included 51 students, 25 students from 11-1 and 11-2 classes and 26
students from 12-1 and 12-2 classes.

The division of classes and teachers as in table 6 follows:



Table 6. The division of participants classes and teachers in the research.

Teacher Class Group type
R 11-1 first half Control
E 11-1 second half Experimental
K 11-2 first half Control
E 11-2 second half Experimental
R 12-1 first half Control
Re 12-1 second half Experimental
K 12-2 first half Control
Re 12-2 second half Experimental

Data Analysis

- Questionnaire data: the questions were quantitatively analyzed using SPSS program.

The analysis includes Descriptive, frequency, percentage, mean (M), and standard

deviation (SD), comparisons and correlations between the factors.
The Statistical test that are use: T test, F test, One Way ANOVA

and correlations.

- Observations’ data: Qualitatively analyzed by categorical analysis.

- Mathematics Tests’ results: comparison was made between the Scores of the students

in the two groups at pretest and posttest.

The Interviews: The data obtained with the interviews before the intervention were
analyzed identifying categories and themes (Shkedi, 2007).

In the case of the teachers who participated in the intervention, their answers at the three

interviews (before, during, and after intervention) were presented as case studies.

intervention program



The intervention program focuses on maximum and minimum problems and teaching the
applications of maximum and minimum in other disciplines such as: Physics, Construction,
Economics, and everyday life. Problems from daily life were illustrated through drawings
and sometimes through videos or computer simulations. The intervention program given
to teachers contained the proposed examples of applications of mathematics in other
disciplines for the taught topic. The program also gave the recommendation to use active

teaching methods.

For more detail, the material studied during the research period (during the observations
before, during, and after the intervention) is “differential and integral calculus”, in
particular the following subjects: the equation of the tangent of functions, extreme points,
sketching graphs of various functions, as well as maximum and minimum problems. It is
important to note that the same subjects were taught in both groups (control and
experimental) for 11th and for 12th grades were the same subjects and in full coordination
between the teachers. The 11th and 12" grades studied the same topics of differential and
integral calculus, but for different types of functions: 11" grades for polynomial, rational,
and root functions, and 12th grades for logarithmic, trigonometric, exponential, and power

functions.

During the intervention both groups studied maximum and minimum problems, but the
students in the control groups just solved mathematical problems (i.e. calculation of
minimum and maximum points of different functions), while the students in the
experimental group also solved applications of maximum and minimum in other disciplines
(they got a problem from another discipline or everyday life, they had to model the problem

by a function, then to calculate the minimum or maximum points of that function).

The intervention program was built in coordination and agreement with the teachers
involved in the experimental research. The program took in consideration the study topics
before, during and after the intervention, the curriculum requirements, and the
matriculation exam requirements. The aim was to achieve the maximum in teaching
applications of mathematics that do not interfere with the exams and not to waste too much

time and lessons.



The intervention program contains three stages:
1. Observation period (before the intervention)

This period is for one month whose purpose is to observe and document the teaching
methods of the teachers, the learning atmosphere in the classes, the students' motivation to
learn mathematics, the students' participation in the lessons, about the activity of the
students in the lessons, whether the teacher is the central figure in the class or the students,

etc.
2. Intervention period for two Months

It was decided together with the teachers that the intervention period would be for two
months and that the teachers would teach the subject of maximum and minimum problems.
This subject was determined because it is perceived as difficult by many students and the
teachers are interested in checking whether the intervention will have an effect and help
them in solving the students' difficulties in the subject of maximum and minimum

problems.
3. After the intervention for one Month

The goal of this period is to continue for observation and documentation of the teachers
and students in both groups on the topic of maximum and minimum problems and to
continue comparing the two groups with practices and marathons in preparation for the
matriculation exams. In addition to check the effect of the intervention and whether the
students in the experimental group continue to solve maximum and minimum problems in
a better way as a comparison before the intervention and with comparison the control

group.

Results

The questionnaire analyzed using SPSS program according to four categories. the

categories are:
1. Self_confidence (Self_confidence in mathematics).
2. Value (The value of mathematics).

3. Enjoyment (Enjoyment in mathematics).



4. Motivation (Motivation to learning mathematics).

The results in table 7. showed that in the control group the attitudes of the students
towards teaching mathematics and teaching applications of mathematics in other

disciplines did not improve (see table No.7 below).

Table 7. Descriptive statistics of the control group: before and after the intervention (PREPOST)

Control group, before N Before After Mean Std.
and after the

intervention

Min Max Min Max Before After Before  After
Self_Confidence 51  1.60 5.00 1.73 4.93 3.8120 3.7767 93660  .86919
(self confidence in
math)
Value 51  2.00 5.00 2.00 5.00 3.7824 3.6980 .74772 71568
(The value of math)
Enjoyment 51  2.00 5.00 2.00 5.00 3.6804 3.6314 .82000 .79536
(Enjoyment in math)
Motivation 51 1.20 5.00 1.20 5.00 3.5333 3.4824 85573  .79416
(Motivation to learn
math)
Valid N (listwise) 51

As a comparison between the control and the experimental groups:
In the experimental group:

-There was a difference in the students’ attitudes towards teaching mathematics and it's

applications before and after the intervention.



-There was a significant improvement in students' attitudes towards teaching mathematics

and it's applications after the intervention.

-While in the control group there is no improvement (see tables No.8 and No.9 below).

Table 8. Descriptive statistics of the experimental group: before and after the intervention (PREPOST)

Experimental group,
before and after the

intervention

N

Min

Before

Max

Min

After

Max

Mean

Before

After

Std.

Before

After

Self_Confidence
(self confidence in
math)

50

1.67

4.69

3.33

5.00

3.6600

4.4707

78295

.38413

Value

(The value of math)

50

1.00

4.90

3.40

5.00

3.4140

4.3120

.83520

40287

Enjoyment

(Enjoyment in math)

50

1.00

5.00

3.20

5.00

3.4900

4.2480

.93049

49041

Motivation
(Motivation to learn
math)

50

1.00

5.00

3.20

5.00

3.4680

4.1840

.92812

45327

Valid N (listwise)

Table 9. comparison of the results of the control and experimental groups by categories on the POSTTEST

According T test.

Comparison

between control
groups on the

prepost

Pretest Posttest Results
N Mean  Std. Mean  Std. df P t
value




Self_confidence 51 3.8/3.6 .90/.70 51 3.7/44 .86/.38 51 0.036 214

Value 51 3.7/34 .74/80 51 3.6/43 .71/40 51 0.00 4.86
Enjoyment 51 3.6/34 .82/.90 51 3.6/42 .79/49 51 0.012 259
Motivation 51 35/34 .85/.90 51 3.4/42 79140 51 0.079 1.79
Valid N (listwise) 51 51

About the observation:

The teachers in both groups (control and experiment) before the intervention learned

without applications in other disciplines of the studied mathematical content.
This method also continued in the control group after the intervention.

Many students had boring and mathematics lessons were routine and they are passive ,
which caused them boredom and hatred of mathematics and even they have negative

attitudes towards mathematics.
As a comparison with the experimental group:

During and after the intervention, there are significant differences in the learning

atmosphere and in the motivation of the students.

Students love to learn mathematics, Students active in classes, more interesting, with high

motivation to learn and The atmosphere of the lessons more active

The teaching method of the teachers changed and there is a positive effect on the teachers

and students.

The attitudes of the teachers and students changed positively towards teaching

mathematics.

About Mathematics Tests: The results showed that teaching applications of

mathematics in other disciplines led to an improvement in students' achievements.

in the control group (did not teaching applications of mathematics) there was no

improvement in the achievements.



in the experimental group (teaching applications of mathematics) there was great

improvement in the achievements of the students.
About The Interviews:
The main conclusion that can be drawn is that:

-Teaching applications of mathematics in other disciplines have a positive effect on

teachers.
-Before the intervention the teachers used to teach according to the standard methods.
-Most of the teachers didn't teach applications of mathematics.

-After the intervention, an important change was noticed in teachers’ attitudes and

teaching.

-Teachers have positive attitudes towards mathematics and teachers became well

qualified and were able to teach applications of mathematics.

-The level of confidence of the teachers to teach applications of mathematics increased

significantly.



Chapter 5. Summary and Discussion

5.1. Summary and main findings

Teachers considered valid all of the listed benefits of teaching applications of Mathematics,
as the mean for each one of the possible benefits is above 4 on a 5-level scale and the

standard deviation is below.

The three most benefits and advantages of teaching applications of mathematics in

teachers’ view are:

1. Arising students' interest in Mathematics.

2. Motivating students for learning mathematics.

3. Showing students the importance of mathematics.

In addition to the benefits and advantages of teaching applications of mathematics, there
are also some obstacles. The participants selected from a given list the main important
obstacles of using applications in teaching Mathematics. The most three frequently selected
obstacles are the following:

1. Time constraints - not enough time to teach applications of mathematics in other
disciplines.

2. Lack of methodological or pedagogical content knowledge of the teachers.

3. Curriculum constrains - the teachers must be taught the material required for the

matriculation exams in Israel.

According to the results of the research that conducted on the effect of an intervention with
teaching applications of mathematics in other disciplines on the attitudes and achievements

of students, the main findings can be summarized as follows:

1. Teaching applications of mathematics in other disciplines develops a positive attitude
of students towards mathematics.

2. Teaching applications of mathematics in other disciplines makes students more
motivated for learning and students become an active participant of their learning.
Also, the students enjoy learning mathematics and learn with fun and love of the

subject.



3. Teaching applications of mathematics in other disciplines led to a significant

improvement in students’ mathematics achievement.

And according to the results of the research that conducted on the effect of an

intervention with teaching applications of mathematics in other disciplines on the

participating teachers, the main findings summarized as follows:

1.

2.

The interviewed teachers reported advantages and benefits, difficulties and

obstacles in teaching applications of mathematics in other disciplines.

All the interviewed teachers reported that there is difference between lessons with
teaching applications of mathematics and lessons without teaching applications of

mathematics (in favor of lessons with teaching applications of mathematics).

The confidence of the interviewed teachers for teaching application of mathematics
in other disciplines has significantly increased after the intervention compared to

before the intervention

Teachers' attitudes towards teaching mathematics and its applications changed for
the better, teachers became more self-confident to teach mathematics and their
success in teaching applications of mathematics rose from a mediocre level to very
good.

5.2. Conclusions

The findings of this study showed that teaching applications of mathematics in other

disciplines has a great effect on several points and levels on both students and teachers.

Teaching applications of mathematics enhances the learning atmosphere in mathematics

classes and turns a passive atmosphere into an active atmosphere for both teachers and

students, rising the motivations of the students for learning mathematics. And also teaching

applications of mathematics in other disciplines led to a better change in: the methods of

teaching mathematics, on the attitudes of both teachers and the students towards

mathematics and what is very most important is that the method led to a significant

improvement in the students' achievements.



We can conclude and say that the intervention and the method in general was successful.
The goals of the research were achieved, and the research produced very good and new

results in the field of teaching mathematics.



References
AAMT Position Statement, (2015). Promoting positive attitudes towards mathematics.
The Australian Association of Mathematics Teachers Inc. AAMT Student Activities.

http://www.aamt.edu.au/Student-activities

Abosalem, Y.M. (2015). Khalifa University Students™ Attitudes Towards Mathematics in
the Light of Variables Such as Gender, Nationality, Mathematics Scores and the
Course they are Attending. Khalifa University, Educational Journal, 4(3), 123-131.

Aiken, L.R. (1976). Update on attitudes and other affective variables in learning
mathematics. Review of Educational Research, 46(2), 293-311.
https://doi.org/10.3102/00346543046002293

Asli, A., & Marchis, I. (2021). Teaching applications of Mathematics in other disciplines:
teachers' opinion and practice. ACTA DIDACTICA NAPOCENSIA, 14(1), 142-150.

https://doi.org/10.24193/adn.14.1.11

Asli, A., & Marchis, 1. (2022). "Teacher's attitudes towards teaching mathematics” scale:
factor analysis, Proceedings of the 16" International Technology, Education and
Development Conference, 10190-10197.
https://doi.org/10.21125/inted.2022.2680.

Asli, A. (2022). ISRAELI POST-PRIMARIY TEACHER'S ATTITUDES TOWARDS
TEACHING MATHEMATICS. PedActa, 12(1).
Asli, A., & Zsoldos-Marchis, 1. (2023). The effect of an intervention with teaching

applications of mathematics on students' attitudes and achievement. Review of
Science Mathematics & ICT Education, 17(2).

Asli, A., & Zsoldos-Marchis, 1. (2023). Teaching applications of Mathematics: the effect
of the intervention on the participating teachers. Studia Psychologia-Paedagogia,
68(1), 95-110.

Akinsola, M.K., & Olowajaiye, F.B. (2008). Teacher Instructional methods and Student
Attitudes towards Mathematics. International Electronic Journal of Mathematics
Education, 3(1), 60-73.

Alkhateeb, H. M. (2014). Elementary education student attitudes to teaching
mathematics. Comprehensive Psychology, 3, 10-IT.


https://doi.org/10.3102/00346543046002293
https://doi.org/10.24193/adn.14.1.11
https://doi.org/10.21125/inted.2022.2680

Amato, S.A. (2004). Improving student teachers™ attitudes to mathematics. Group for the

Psychology of Mathematics Education, 2, 25-32.

Andreescu, T., Mushkarov, O., & Stoyanov, L. (2005). Geometric problems on maxima

and minima. Birkhauser, Boston.

Arbabifar, F. (2021). Transfer of learning in a mathematical methods in physics course
for undergraduate students of physics. European Journal of Physics, 42(4).
Aysun, N.E. (2017). Students' Attitudes towards Mathematics and the Impacts of

Mathematics Teachers' Approaches on It. Acta Didactica Napocensia, 10(2), 99-
108.

Ball, D. (1990). The mathematical understanding that prospective teachers bring to
teacher education. Elementary School Journal, 90(4), 449-466.
Baykul, Y. (1990). Changes in attitudes towards Mathematics and Science lessons from

the fifth elementary school to the last classes of high schools and balanced
schools. Ankara: Osym publications.

Baykul, Y. (1992). Success in Mathematics, Hacettepe University Journal of Education,
2, 87-95.

Bayturan, S. (2004). Attitudes towards Mathematics of Mathematics Achievement of
Secondary School Students, its relationship with psychosocial and sociodemographic
characteristics. (Unpublished Master Thesis) Dokuz Eylul University, Izmir.

Becker, H., Levenberg, I, & Israel. (2003). Selection of Mathematics Teaching

Specialization in a Multicultural College.

Bell, M. (2001). Supported reflective practice: A programme of peer observation and
feedback for academic teaching development, International Journal for Academic
Development, 6(1), 29-39.

Ben-Sabar, Y.N. (2016). Traditions and Genres in qualitative research: Philosophies,

strategies and advanced tools. Tel Aviv University, Israel.

Bizer, G., Barden, J., & Petty, R.E. (2003). Attitudes. In L. Nadel et al. (Eds.)
Encvclopedia of comitive science. (Vol. 1, pp. 247-253). Hampshire, England:
MacMillan.



Boaler, J., & Staples, M. (2008). Creating Mathematical Future Through an Equitable
Teaching Approach: The Case of Railside School. Teachers College Record,
110(3), 608-645.

Burgess, R.G. (2005). The Ethics of Educational Research. Social research and

educational studies, series 8.
Burton, S., & Shelton, N. (2010). Practical Math Applications. Texas University.

Bingolbali, E., Monaghan, J., & Roper, T. (2007). Engineering students’ conceptions of
the derivative and some implications for their mathematical education.
International Journal of Mathematical Educationin Science and Technology, 38(6),
763-777.

Cenberci, S. (2019). The Examination of Prospective Mathematics Teachers’
Mathematics Teaching Anxiety Levels. Journal of Theoretical Educational
Science, 12(4), 1193-1208.

Chick, H., & Stacey, K. (2013). Teachers of Mathematics as Problem-Solving Applied
Mathematicians. Canadian Journal of Science Mathematics and Technology
Education, 13(2), 121-136.

Cinari, S., Pirasai, N., Uzun, N., & Erenler, S. (2016). The Effect of Stem Education on

Pre-Service Science Teachers’ Perception of Interdisciplinary Education. Journal
of Turkish Science Education.

Clark, M. (1990). Applications—handle with care. Teaching Mathematics and its
Applications: An International Journal of the IMA, 9(1), 33-34.

Clarke, D., & Hollingsworth, H. (2002). Elaborating a model of teacher professional
growth. International Centre for Classroom Research, Faculty of Education,
University of Melbourne, Victoria 3010, Australia. Teacher Learning, LessonLab
Inc., 3330 Ocean Park Boulevard, Santa Monica, CA 90405, USA. Teaching and
Teacher Education, 18, 947-967.

Creswell, J.W. (2012). Educational Research: Planning, Conducting, and Evaluating
Quantitative and Qualitative Research. University of Nebraska—Lincoln, Fourth
Edition.



Dahaf Institute in Israel, (2012). Perceptions, attitudes and willingness to behave towards
the teaching profession in general and the teaching of mathematics and science in

particular. Israel.

Davadas, S.D., & Lay, Y.F. (2017). Factors affecting students’ attitude toward
mathematics: A structural equation modeling approach. Eurasia Journal of
Mathematics, Science and Technology Education, 14(1), 517-529.
https://doi.org/10.12973/ejmste/80356.

Drigas, A.S., & Pappas, M.A. (2015). A Review of Mobile Learning Applications for
Mathematics. NCSR  DEMOKRITOS, Institute of Informatics and

Telecommunications, Net Media Lab, Athens, Greece.

Dulaney, C. (1994). Racial and gender gaps in achievemnt. Raleigh, NC: Wake County
Public Schools System Department of Evaluation and Research. (ERIC Document
Reproduction Service No. ED 380198).

Eagly, A.H., & Chaiken, S. (2007). The advantages of an inclusive definition of
attitude. Social Cognition, 25(5), 582—
602. https://doi.org/10.1521/s0c0.2007.25.5.582

Elci, A.N. (2017). Students' Attitudes towards Mathematics and the Impacts of
Mathematics Teachers' Approaches on It, Acta Didactica Napocensia, 10(2), 99-
108.

El-Deghaidy, H., & Mansour, N. (2015). Science teachers’ perceptions of STEM

education: Possibilities and challenges. International Journal of Learning and
Teaching, 1(1), 51-54.

English, L. D. (2016). STEM education K-12: Perspectives on integration. International
Journal of STEM education, 3, 1-8.

Ernest, P. (1989). The Knowledge, Beliefs and Attitudes of the Mathematics Teacher: a
Model, Journal of Education for Teaching, 15(1), 13-33.

Ertekin, E. (2010). Correlations between the mathematics teaching anxieties of pre-service
primary education mathematics teachers and their beliefs about mathematics.
Educational Research and Reviews, 5(8), 446-454.


https://psycnet.apa.org/doi/10.1521/soco.2007.25.5.582

Fennema, E., & Sherman, J. (1976). Fennema-Sherman mathematics attitude scales:
Instruments designed to measure attitudes toward the learning of mathematics by
females and males. Psychological Documents (Ms No. 1225). Washington, DC:
American Psychological Association.

Frisch, R. (in collaboration with A. Nataf) (1996). Maxima And Minima. Theory and

Economic Applications. Sprjnger-Science & Bussness Media, B.V.

Galili, 1., & Hazan, A. (2000). The influence of an historically oriented course on
students’ content knowledge in optics evaluated by means of facets-schemes
analysis. Science Teaching Center, Phys. Educ. Res., Am. J. Phys. Suppl. 68(7), 3-
15.

Galili, I, & Hazan, A. (2010). Learners’ knowledge in optics: interpretation
structure and analysis. Science Teaching Department, International Journal of
Science Education, 22(1), 57-88.

Gallagher, A.M., & De Lisi, R. (1994). Gender differences in scholastic aptitude test-
mathematics problem, solving among high-ability students. Journal of Educational
Psychology, 84, 204-211.

Gao, X., Li, P., Shen, J., & Sun, H. (2020). Reviewing assessment of student learning in

interdisciplinary STEM education. International Journal of STEM Education.

Gliner, J.A., & Leech, N.L. (2009). Research methods in applied settings: an integrated
approach to design and analysis. New York: Routledge.

Guskey, T.R. (1986). Staff development and the process of teacher change. Educational
Researcher, 15(5), 5-12.

Harpaz, Y. (2009). The third model: description, analysis, reference. Teaching-Learning-
Assessment Processes. Israel, 20, 177-202.
Hiebert, J., & Grouws, D. A. (2007). The effects of classroom mathematics teaching on

students’ learning. Second handbook of research on mathematics teaching and
learning, 1(1), 371-404.



Hunt, T.E., & Sari, M.H. (2019). An English Version of the Mathematics Teaching
Anxiety Scale, International Journal of Assessment Tools in Education, 6(3), 436—
443. https://dx.doi.org/10.21449/ijate.615640

Israel Institute for Academic Research, (2004). Ubank. Israel. https://www.ubank.co.il

Ingvarson, L., Beavis, A., Bishop, A., Peck, R., & Elsworth, G. (2004). Investigation of
effective mathematics teaching and learning in Australian secondary schools.

Australian, Council for Educational Research.

Jurdak, M. (2016). Learning and Teaching Real World Problems Solving in School

Mathematics. American University of Beirut. Beirut, Lebanon.
Kaplan, W. (1999). Maxima and minima with applications: practical optimization and

duality. John Wiley & Sons, INC., New York, Chichester, Weinheim, Brisbane Singapore,

Toronto.

Karp, K.S. (1991). Elementary school teachers™ attitudes towards mathematics: the impact
on students Autonomous learning skills. School of Education Adelphi University.
Garden City, New York.

Kasmin, F., Othman, Z., & Syed Ahmad, S.S. (2019). Improving Students’ Perception
Towards Learning Mathematics: Impact of Teaching Application of
Mathematics. EDUCATUM  Journal  of  Science,  Mathematics and
Technology, 6(1), 29-34. https://doi.org/10.37134/ejsmt.vol6.1.4.2019

Keller, C. (2001). "Effect of teachers' stereotyping on students’ stereotyping of
Mathematics as a male domain”. The Journal of Social Psychology, 141(2), 165-
173.

Khine, M.S., & Afari, E. (2014). Psychometric properties of an inventory to determine the
factor that affect students™ attitudes towards mathematics. Psychology Society and
Education, 6(1), 1-15.

Khoo, S.T., & Ainley, J. (2005). Attitudes, intentions and participation: Longitudinal
survey of Australian youth. Victoria: Australian Council for Educational Research.


https://dx.doi.org/10.21449/ijate.615640
https://doi.org/10.37134/ejsmt.vol6.1.4.2019

Kirikkaya, E.B., Iseri, S., & Vurkaya, G. (2010). A board game about space solar system
for primary school students. The Turkish online journal of educational technology,
9(2), 1-13.

Klymchuk, S., Zverkova, T., Gruenwald, N., & Sauerbier, G. (2010). University Student’s
difficulties in solving application problems in calculus: Students perspectives.

Mathematics Education Research Journal.

Kolovou, A.; van den Heuvel-Panhuizen, M. & Bakker, A. (2009). Non-Routine Problem
Solving Tasks in Primary School Mathematics Textbooks — A Needle in a Haystack,

Mediterranean Journal for Research in Mathematics Education, 8(2), 31-68.

Kurbanoglu, N.I., & Takunyaci, M. (2012). An investigation of the attitudes, anxieties and
self-efficacy beliefs towards mathematics lessons high school students’ in terms of
gender, types of school, and students’ grades. Journal of Human Sciences, 9(1),
110-130.

Lin, S. H., & Huang, Y. C. (2016). Development and application of a Chinese version of

the short attitudes toward mathematics inventory. International Journal of Science
and Mathematics Education, 14, 193-216.

Ling, Y. (2005). Application of Modern Teaching Strategies in Physics Teaching.
Department of physics, Tsinghua University, Beijing 10084. People’s Republic of
China.

Ma, X. (1997). Reciprocal relationships between attitude toward mathematics and
achievement in mathematics. The Journal of Educational Research, 90(4), 221-
229.

Ma, X., & Xu, J. (2004). Assessing the relationship between attitude towards mathematics
and achievement in mathematics: A meta-analysis. Journal for Research in
Mathematics Education, 28(1), 26-47.

Maass, K., Geiger, V., Ariza, M. R., & Goos, M. (2019). The role of mathematics in

interdisciplinary STEM education. Zdm, 51, 869-884.
https://doi.org/10.1007/s11858-019-01100-5.

Maddena, M.E., Baxtera, M., Beauchampa, H., Boucharda, K., Habermasa, D., Huffa,
M., Ladda, B., Pearona, J., & Plague, G. (2013). Rethinking STEM education: An
interdisciplinary STEAM curriculum. Procedia Computer Science, 20, 541-546.


https://doi.org/10.1007/s11858-019-01100-5

Majeed, A.A., Darmawan, I.G.N., & Lynch, P. (2013). A Confirmatory Factor Analysis
of Attitudes Towards Mathematics Inventory (ATMI). The Mathematical
Educator, 15(1) 121-135.

Marchis, 1. (2009a). A Comparison of the National Tests on Mathematics for 12-13 Years
Old Pupils in Romania and Singapore. Studia Universitatis Babes-Bolyai
Psychologia-Paedagogia, 54(2), 177-184.

Marchis, 1. (2009b). Comparative analysis of the mathematics problems given at
international tests and at the Romanian national tests. Acta Didactica Napocensia,
2(2), 141-148.

Marchis, 1. (2012). Non-routine problems in primary mathematics workbooks from
Romania. Acta Didactica Napocensia, 5(3), 49-56.

Marchis, I. (2013). Relation between students’ attitude towards Mathematics and their
problem solving skills. PedActa, 3(2), 59-66.

Marchis, 1. (2014). Self-regulation during pre-service primary school teachers’
mathematical problem solving. Proceedings of the 6™ International Conference on

Education and New Learning Technologies, pp. 5503-55009.

Masanja, V.G, (2008). Mathematics and other disciplines-The impact of modern
Mathematics in other Disciplines. University of Dar es Salaam Mathematics
Department.

Mathers, N., Fox, N., & Hunn, A. (2007). Surveys and Questionnaires. Trent RDSU,

National Institute for Health Research.

Memnun, D.S., & Akkaya, R. (2012). Pre-Service teachers™ attitudes towards
mathematics in Turkey. International Journal of humanities social science, 9(2),
90-99.

Michaels, L.A., & Forsyth, R.A. (1978). Measuring attitudes toward mathematics? Some

questions to consider. Arithmetic Teacher, 26, 22-25.



Miteva, M., Zlatanovska, B., & Kocaleva, M. (2022). Some examples for teaching
mathematics in STEM context. STEM Education Notes, 1(2), 31-39.
https://doi.org/10.37418/stem.1.2.1

Mofet Institute in Israel, (1999). Questionnaire of students' attitudes towards mathematics.
The National Institute for Research and Development in Teacher Training and

Education.

Moreira, C. (1992). Primary Teachers™ attitudes towards mathematics and mathematics
teaching with special reference to a logo-based in-service course. Institute of

Education, University of London.

Mullis, I.V.S., Martin, M.O., Foy, P., Kelly, D.L., & Fishbein, B. (2020). TIMSS 2019
international results in mathematics and science. Paper presented at the TIMSS &
PIRLS International Association for the Evaluation of Educational Achievement.

Muthohir, T.C., Lowrie, T., & Patahuddim, S.M. (2018). The Development of A Student
Survey on Attitudes Towards Mathematics Teaching-Learning Processes. Journal
on Mathematics Education, 9(1), 1-14.

Neale, D. (1969). The role of attitudes in learning mathematics. The Arithmetic Teacher,
16(8), 631-641.

Neumeier, M. (1996). Meetings with Psychology. Even Yehuda, Israel.

Nisbet, S. (1991). A new instrument to measure pre-service primary teachers™ attitudes
to teaching mathematics. Mathematics Education Research Journal, 3(2), 34-56.

Nkhase, S.C. (2002). Teaching the relevance of mathematics. Rand Afrikaans University.

Oonk, W., Verloop, N., & Gravemeijer, K.P.E. (2020). Analyzing student teachers’ use
of theory in their reflections on mathematics teaching practice. Mathematics
Education Research Journal, 32, 563-588.

Pallant, J. (2001). SPSS survival manual. A step-by-step guide to data analysis using
SPSS. Buckingham: Open University Press.


https://doi.org/10.37418/stem.1.2.1

Panero, M., Castelli, L., Di Martino, P., etal. (2023). Preservice primary school teachers’
attitudes towards mathematics: a longitudinal study. ZDM Mathematics
Education, 55, 447-460. https://doi.org/10.1007/s11858-022-01455-2

Patten, M.L. (2009). Understanding research methods: an overview of the essentials.

Glendale, Calif: Pyrczak.

Peker, M. (2016). Mathematics teaching anxiety and self-efficacy beliefs toward
mathematics teaching: A path analysis. Educational Research and Reviews, 11(3),
97-104.

Peker, M., & Ertekin, E. (2011). The Relationship between Mathematics Teaching
Anxiety and Mathematics Anxiety. The New Educational Review, 23(1), 213-226.

Peker, M., & Mirasyedioglu, S. (2008). Pre-Service Elementary School Teachers’
Learning Styles and Attitudes towards Mathematics. Eurasia Journal of

Mathematics, Science and Technology Education, 4(1), 21-26.

Perry, B., Way, J., Southwell, B., & White, A. (2006). Mathematical Attitudes, Beliefs
and Achievement in Primary Pre-service Mathematics Teacher Education, 7, 33—
52.

Philippou, G.N., & Christou, C. (1998). The effects of A preparatory mathematics
program in changing prospective teachers™ attitudes towards mathematics.
Educational Studies in Mathematics, 35, 189-206.

Pinker, A. (1978). On the Teaching of Applications of Mathematics to Students Who
Aspire to Major in the Biological, Behavioral and Social Sciences. School Science
and Mathematics, 78(8), 635-642.

Puteh, M. (2002). Techniques For Developing Positive Attitudes Towards Mathematics.
Conference: Persidangan Kebangsaan Pendidikan Matematik 2002, v(1).
Available

from:https://www.researchgate.net/publication/301781345 Techniques For Dev

eloping Positive Attitudes Towards Mathematics



https://www.researchgate.net/publication/301781345_Techniques_For_Developing_Positive_Attitudes_Towards_Mathematics
https://www.researchgate.net/publication/301781345_Techniques_For_Developing_Positive_Attitudes_Towards_Mathematics

Redfors, A., Hansson, L., Hansson, O., & Juter, K. (2014). The role of mathematics in the
teaching and learning of physics. Kristianstad University, Kristianstad, Sweden.

Learning Science: Cognitive, affective and social aspects.

Relich. J., Way, J., & Martin, A. (1994). Attitudes to Teaching Mathematics: Further
Development of a Measurement Instrument. 1(6), 56-69. University of Western

Sydney, Nepean.

Reyes, L.H. (1984). Affective variables and mathematics education. The Elementary
School Journal, 84(3), 558-581.

Sevimli, E., & Unal, E. (2022). Is the STEM Approach Useful in Teaching Mathematics?
Evaluating the Views of Mathematics Teachers. European Journal of STEM
Education, 7(1), 01. https://doi.org/10.20897/ejsteme/11775

Sherman, H.J., & Christian, M. (1999). Mathematics Attitudes and Global Self-concept:
An Investigation of the Relationship. College Student Journal, 33(1), 95.

Shkedi, A. (2007). Words of meaning, qualitative research-theory and practice. Tel Aviv

University, Israel.

Singh, K., Granville, M., & Dika, S. (2002). Mathematics and Science Achievement:
Effects of Motivation, Interest, and Academic Engagement. The Journal of
Educational Research, 95(6), 323-332.
http://doi.org/10.1080/00220670209596607

Skemp, R.R. (1976). Relational Understanding and Instrumental Understanding.
Mathematics Teaching, 77, 20-26.

Skilling, K., Bobis, J., Martin, A., Anderson, J., & Way, J. (2008). Teachers’ Perceptions
of Student Engagement and Disengagement in Mathematics. University of Sydney.

Stillman, G.A., Blum, W., Kaiser, G., & Brown, J.P. (2013). Mathematical Modelling:
Connecting to Teaching and Research Practices-The Impact of

Globalisation. International Perspectives on the Teaching and Learning of

Mathematical Modelling.

Strike, K.A. (2006). The Ethics of Educational Research. Syracuse, Syracuse University.


http://doi.org/10.1080/00220670209596607
https://link.springer.com/bookseries/10093
https://link.springer.com/bookseries/10093

Ministry of Education in Israel, (2023). The curriculum and matriculation exams in

mathematics. https://edu.gov.il/special/Curriculum/High-School/Pages/High-

School-List-of-subjects-per-grade.aspx

Sweeting, K. (2011). Early Years Teachers™ Attitudes Towards Mathematics. Centre for

learning Innovation, Faculty of Education, Queensland University of Technology.

Tabuk, M. (2018). Prospective Primary School Teachers’ Attitudes Towards Teaching
Mathematics. Journal of Education and Learning, 7(4).

Tall, D.O. (1990). Cognitive Difficulties in Learning Analysis. Mathematics Education

Research Centre, Warwick University.

Tambychika, T., & Meerah, T.S.M. (2010). Students’ Difficulties in Mathematics
Problem-Solving: What do they Say? International Conference on Mathematics
Education Research.

Tapia, M. (1996). The Attitudes toward Mathematics Instrument. the Mid-South

Educational Research Association.

Tapia, M., & Marsh 1I, G. (2000). Attitudes toward Mathematics Instrument: An
Investigation with Middle School Students. the Mid-South Educational Research

Association.

Tapia, M., & Marsh Il, G. (2004). An Instrument to Measure Mathematics Attitudes.
Academic Exchange Quarterly, 8(2), 16-21.

Tapia, M., & Marsh, G. E. (2004). The relationship of math anxiety and
gender. Academic Exchange Quarterly, 8(2), 130-134.

Tarmizi, R.A. (2010). Visualizing student’s Difficulties in Learning Calculus. Procedia-

social and behavioral sciences, 8, 377-383.

Terwilliger, J., & Titus, J. (1995). Gender differences in attitudes and attitude changes
among mathematically talented youth. Gifted Child Quarterly, 39(1), 29-35.

Tikhomirov, V.M., & Shenitzer, M. (2001). Stories about maxima and minima. USA: The
American Mathematical Society.


http://rapidintellect.com/AEQweb/

Titu, A. (2005). Geometric problems on maxima and minima. The University of Texas,
USA.

Tuimavana, R., & Datt, N. (2017). Teachers’ Attitude Towards Teaching Mathematics at
Upper Primary Levels in Fiji’s Primary Schools: A Case Study of the Western
Primary Schools. International Journal of Humanities and Cultural Studies, ISSN
2356-5926.

Wang, X. (2013). Why students choose STEM majors: Motivation, high school learning,
and postsecondary context of support. American Educational Research Journal,
50(5), 1081-1121. https://doi.org/10.3102/0002831213488622.

Watson, J. (1987). The attitudes of pre-service primary teachers toward mathematics:
Some observations. Research in Mathematics Education in Australia, August
(1987), 48-56.

Wilknis, J. (2002). The impact of Teachers content knowledge and attitudes on
instructional  beliefs and practices. Retrieved October 19, 2009 from Electronic
Resources Information Centre (ERIC) database (ERIC document No ED471775).

Wood, D. (2008). Problem-based learning. BMJ, Clinical Research Education, p. 336-
971. 10.1136/bmj.39546.716053.80.

Woolnough, J. (2000). How do Students learn to apply their Mathematical Knowledge to
Interpret Graphs in Physics? Research in science educations 30(3), 259-267.

Yasar, M. (2016). High school students’ attitudes towards mathematics. Eurasia Journal
of Mathematics, Science, and Technology Education, 12(4), 931-
945. https://doi.org/10.12973/eurasia.2016.1571a

Yasar, M., Cermik, H., & Guner, N. (2014). High school students' attitudes towards
mathematics and factors affect their attitudes in Turkey. Egitim Bilimleri Fakultesi
Dergisi, 47(2), 41-64.

Yee Lim, S., & Chapman, E. (2013). Development of a short form of the attitudes towards

mathematics inventory. Educational Studies in Mathematics, 82, 145-164.


https://doi.org/10.12973/eurasia.2016.1571a

Yehiali, T. (2016). What is meaningful learning? Can face-to-face teaching be

meaningful? Science Education and Teaching. Israel, 23, 33-46.

Yenilmez, K. (2007). Attitudes of Turkish high school students toward mathematics.
International Journal of Educational Reform, 16(4), 318-335.

Yildirim, B., & Sidekli, S. (2018). STEM Applications in mathematics education: The
effect of STEM Applications on different dependent variables. Journal of Baltic

Science Education.

Zeiv, A. (2001). Psychology in Education. Tel Aviv, Israel.



