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ABSTRACT

INTEGRATION OF SCIENCE INTO MATHEMATICS IN THE HIGH
SCHOOL CURRICULUM: A DELPHI STUDY

Tugba Aktan

M.A., Program of Curriculum and Instruction
Supervisor: Asst. Prof. Dr. Minkee Kim

May 2012

The focus of this study is to examine opinions about the implementation of the
curriculum integration of mathematics and science (CIMAS). For this purpose, the
study aims to explore possible mathematics topics for CIMAS and reach a consensus
about advantages, disadvantages, and limitations of implementation of CIMAS. To
achieve the consensus, a Delphi study was conducted with experts with regard to
curriculum integration. The experts were university academics and school teachers in
Ankara. The research produced a number of key findings: almost each unit in
mathematics can be integrated with science; physics seems more feasible for
integration with mathematics; CIMAS is perceived to increase student motivation
and positive attitudes toward mathematics, to provide meaningful learning anda more

effective teaching environment for school teachers. Although CIMAS is not seen to



have disadvantages that hinder learning and teaching, the integration has limitations
related to curriculum, teachers, and facilities that are obstacles to effective
implementation. The main conclusions drawn from this study were that the
integration of mathematics and science curriculum is expected to provide advantages
and satisfy the psychological, pedagogical, and sociological needs of students. The
findings could be valuable for curriculum developers, teachers, and teacher

educators.

Key words: Mathematics education, science education, curriculum integration of
mathematics and science (CIMAS), alternative methods for teaching high school

mathematics



OZET

LISE MUFREDATINDA MATEMATIK VE FEN BILIMLERININ
ENTEGRASYONU: DELFi CALISMASI

Tugba Aktan
M.A., Egitim Programlari ve Ogretim Programi
Danigsman: Yrd. Dog. Dr. Minkee Kim

Mayis 2012

Bu calismanin odagi, matematik ve fen bilimleri miifredati entegrasyonunun
(CIMAS) uygulanmasi hakkinda uzman gortslerini incelemektir. Bu amagcla,
calisma entegrasyonun yapilabilecegi matematik konular1 ve entegrasyonun
uygulanmasinin avantajlari, dezavantajlar1 ve sinirliliklar hakkindaki diistinceleri
inceleyecektir. Uzmanlar arasinda uzlasma saglamak igin, bu ¢alisma Delfi yontemi
kullanilarak yiiriitilmiistiir. Ankara’da bulunan katilimcilar Universitelerdeki
akademisyenlerden ve lise matematik 6gretmenlerinden segilmistir. Arastirmada
onemli bulgulara ulagilmistir: Neredeyse matematikteki her {linite fen bilimleriyle
entegre edilebilir; fizik konulari matematik entegrasyonu igin daha uygundur.
CIMAS 6grenci motivasyonunu ve matematige karsi olumlu tutumu artiran, anlamli
O0grenmeyi ve d6gretmenler i¢in etkili 6gretim ortamini saglayan bir aragtir.
CIMAS’1n 6grenme ve dgretme siirecine engel olan dnemli dezavantajlar1 goriilmese
de, entegrasyonun etkili bir sekilde uygulanmasina engel olan miifredat, 6gretmen ve
olanaklar ile ilgili sinirliliklar vardir. Bu arastirmadan ¢ikarilan baslica sonug,

matematik ve fen miifredati entegrasyonun faydali bulunmasi ve miifredat gelistirme

Vv



stirecinde dikkate alinmasi gereken, 6grencilerin psikolojik, pedagojik ve sosyolojik
ihtiyaglara cevap veriyor olmasidir. Bulgular miifredat gelistiriciler, 6gretmenler ve

O0gretmen egitimcileri i¢in degerlidir.

Anahtar kelimeler: Matematik egitimi, fen bilimleri egitimi, matematik ve fen

.....

yontemler
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CHAPTER 1: INTRODUCTION

Introduction

In this information age, students are expected to produce new ways of thinking that is
different from traditional ways, and construct new relations between reasons and
results in understanding and dealing with phenomena. They need to know how they
are going to reach the information and think reasonably and critically to be ready to
have a valuable place in society. In the 21%century, people need to solve more
complex problems such as global warming or producing a multifunctional product
with the lowest price. Such problems have to be considered from more than one point
of view; and integrating the views of different disciplines is required to solve such
complex problems. In this light, the parallelism between the education in schools and
the expectation of society necessitates the changes and the developments in
curriculum (Numanoglu, 1999). In the globalizing world, current problems will be
solved with a multi-disciplinary approach that coordinates and combines the

information, concepts and ability in different disciplines (Balay, 2004).

Background

Integrating disciplines is not a newly emerging concept, but has become more
popular since the late 1980s (Drake, 2007). Its origins go back to ancient times. The
ideas of Aristotle, Pluto, Kant, Hegel and other historians, who have been known as
interdisciplinary thinkers, were the early pioneers of integrating disciplines. Until the
20"century in education, the concept was not frequently employed,despite its long
history(Klein, 1990).At the end of that century, curriculum integration started to

1



appear in education, in K-12 with different designs that linked more than one

discipline and integrated units, themes, and objectives(Klein, 2005).

According to historians, there were four important curriculum development efforts in
the history of Turkish education system. The first milestone was from Atatiirk’s
contribution to curriculum that was started with the revolution of the alphabet (1926).
The second milestone was John Dewey’s impact. The curricula of 1930 and 1938
were affected by the reports of Dewey. The effects of policy changes at both national
and international level were the third important milestone in curriculum
developments in history(Argiin, Arikan, Bulut, &Sriraman, 2010). Before World
War 11, educational studies were affected by the dominance of Germany. After the
war, the changing relationships between the countries and with the emergence of
USA, Turkey accepted USA, the most powerful country in the Western world, as a
model in its educational institutions (Under, 2008). The last milestone according to
Argln et al. was the increasing role of academics and MoNE (Ministry of National
Education). From the 1960s to the present, many changes have been implemented
with the increase of the number and quality of the research in education. However
according to public opinion, the attempts on curriculum improvement have not

produced sufficient results in Turkey yet (Argiln et al., 2010).

The great developments of science and technology in the last century direct the
country’s focus on mathematics and science education in their education policy. For
example, although there were important developments in mathematics and science
education in the twentieth century, the research about mathematics education in

Turkey has increased since the 1990s. This shows that the educational system in



Turkey is at the developing level in terms of the area of education and there should
be more empirical research about mathematics education across various grades(Tatar
& Tatar, 2008; Ubuz&Askar, 1999).For example, according to a document analysis
by collecting keywords from articles about the research on mathematics education in
Turkey, 221 different keywords were found and the keyword “modeling” was
encountered with a very low frequency of one percent(Tatar & Tatar, 2008, p. 100).
Modeling is a desired part of mathematics education. It provides students meaningful
understanding and is an important approach to integrate mathematics and science

(MONE, 2011).

Today, mathematics is perceived as a way of modeling reality with problem solving
and analysis rather than memorizing abstract terms and skills. There are two
emerging approaches in mathematics education, constructivist learning and the
realistic mathematics education. Both of them aim to make mathematics more
meaningful with understanding knowledge, and direct experiences and abilities
(Altun, 2006). Moreover, our National Mathematics Program for high school
(MoNE, 2005b) aims to teach mathematical thinking and reasoning skills such as
problem solving and apply these skills to real life problems. Mathematics is a part of
our culture and a social phenomenon in our society, nature, and other disciplines. In
this sense, mathematical modeling, especially in other disciplines, have an important
place as a means of providing students to learn constructing the logical relations and
gaining the abilities of related abstract thinking (MoNE, 2005b). However, a
centralized exam system is the main factor that is threatening for such desired
learning environments because of giving importance to results rather than

processes(Altun, 2006, p. 234). The university entrance exam at the end of the four



year-high school has unfortunately affected the secondary education in an adverse

way tremendously (Argin et al., 2010).

One of the major curriculum issues in Turkey is said to be curriculum integration
(Paykog et al., 2004). According to Costu et al.(2009, p. 1696), students in Turkey
believe that giving information about why they need to learn and where it is used
would be beneficial and helpful for them. The literature addresses constructing
relations between high school mathematics curriculum (see Table 1) and science

curriculum and accordingly developing curriculum and textbooks (MoNE, 2011).

Table 1
Turkish national high school mathematics curriculum
9" Grade 10™ Grade 11" Grade 12" Grade
-Logic -Polynomials -Complex numbers  -Functions
-Sets -Quadratic equations, -Logarithms -Limit and
-Relation, function, and inequalities, functions -Induction and series continuity
operation -Permutation, -Matrices, -Derivative
-Numbers combination, determinant and -Integral

probability, statistics  system of linear

-Trigonometry equations

Problem

The growth of knowledge requires more relations between mathematics and other
disciplines in mathematics education (Loepp, 1999); therefore, our curriculum should
meet the changing world’s expectations. In this light, one of the important
considerations that should be taken by educators is to be aware of the expectations of
society and the trends and innovations about curriculum development for the future

of Turkish high school curriculum. Curriculum, schools, classes, and teachers need to



reflect the changing world that is why our high school curriculum needs to be

improved to address the needs of the information age.

In the 21%century, although the Turkish students are expected to develop problem
solving skills within the light of the constructivist approach (Jacobs, 1989), students
have difficulties to understand mathematics because the textbooks and the teaching
techniques are not connected to its applications. A curriculum becomes more relevant
to everyday situations, if the mutual connections between subjects are integrated
(Hoaclander, 1999; Wicklein& Schell, 1995).Another important issue different from
the content of curriculum is the university entrance exam. This type of centralized
exam is a barrier to achieving the desired learning and teaching environment and it
causes creates a need for memorizing (Altun, 2006, p. 234). Curriculum integration
requires personal construction of knowledge instead of memorizing and following
specific steps to solve problems and it allows students to work together in a creative

and critical way (Ozdemir&Ubuz, 2006).

Purpose

The general aim of this study is to elicit experts’ opinions about the implementation
of the curriculum integration of mathematics and science (CIMAS). For this purpose,
this study aims to identify the appropriate high school mathematics’ topics for
integration with science according to experts’ opinions. For this, the study aims to
explore the relations between the sociological, psychological, and pedagogical needs
that should be considered in curriculum design with consequences of the curriculum
integration process. Moreover, the study aims to get possible reasons behind the

perceived limitations and disadvantages of integration. As a type of expert survey, a



Delphi study was conducted with university academics and school teachers,
concerning curriculum integration; their opinions contribute to this study with both a
theoretical approach provided by academics and practical approach provided by

teachers. The analysis employed both qualitative and quantitative approach.

Research questions

This study addresses the following questions:
How do academics and mathematics teachers perceive integration of science into the
mathematics curriculum in the Turkish context?
Sub-questions are as follows:
1. What could be the possible topics in mathematics that are appropriate for
science integration?
2. How do the experts perceive advantages, disadvantages, and limitations of

integration of science into mathematics?

Significance

Since the research aims to examine opinions of experts about the features of
implementation process of integrated curriculum by using the Delphi method and so
the experts’ opinion, the study is found valuable by teachers, administrations,
curriculum developers and teacher educators. By this way, they are aware of possible
topics that can be integrated with science; teachers can get benefit to prepare their
lesson in the lights of given examples. The perceived limitations of integration show
the important points that curriculum developers should be careful on. Moreover,
teacher educators can improve the teacher training programs by taking into
consideration of perceived advantages of integration. Therefore the study provides

benefits which aim to enhance the learning environment for students. Additionally,
6



this study is highlighted since that it is carried out in Turkey and presents the features
of implementation process of integrating curriculum under Turkish context. With the
results and discussion of this study, the consensus of experts contributes to the

developing education system in Turkey.

Limitations

The findings in this study are limited to participants who attend the rounds of the
series of surveys. Since the method of this study is the Delphi technique, the sample
is purposeful. This study collected the opinion of academics and teachers in Ankara.
Although this study reached a consensus among the participants, it is difficult to
make generalization with the limited sample. In addition, the quality of the responses
and the detailed qualitative analysis was important for the next panels’ survey. The
distribution of the number of academics and teachers in the sample were not even,
the teachers constituted approximately 70% of the experts. Therefore, the results can
be perceived as representative for the teacher’s opinion. In the same proportion, still
the results provide valuable information about the features of implementation process
of the curriculum. The last limitation concerns the grouping of suggested science
topics under each unit from a mathematics perspective. In fact, the main focus of this
study was to investigate the appropriate mathematical topics for science integration,

not to investigate the science topics for mathematics integration.

Definition of key terms

There are some key terms about degree of integration that should be examined
moreover analysis of the differences between disciplinary and non-disciplinary

approaches is required. In addition to this, there are two types of non-disciplinary



approached that are often confused with each other: multidisciplinary and

interdisciplinary.

Disciplinary approach as Piaget proposed, is a specific discipline taught based on its
own background knowledge, techniques, ways and content areas such as a classic
mathematics lesson (as cited in Jacob, 1989). Besselaar and Heimeriks (2001) define
disciplinary approach as “It is ‘normal problem solving’ within a ‘paradigm’, and
with hindsight we can define the boundaries of disciplinary fields.”(p.2). Therefore,
in this study, disciplinary approach is defined as a description of knowledge, skills,

problems, methods, and studies that is related to one academic area only.

Non-disciplinary approach, on the other hand, combines elements from various
disciplines and their interactions (communication and comparison of ideas, data,
procedures and methods), in order to solve practical problems
(Besselaar&Heimeriks, 2001).When learning activities are designed and
implemented by combining more than two concepts, their integration should be
considered. Non-disciplinary curriculum can contain both integration-based activities
and discipline-based activities (Lonning&DeFranco, 1997). Interdisciplinary and
multidisciplinary are two types of integrating knowledge that can be considered as
non-disciplinary approaches these approaches allow the interactions between

disciplines based on the common problems and issues.

Multidisciplinary approach is stated as “in multidisciplinary research, the subject
under study is approached from different angles, using different disciplinary
perspectives. However, neither the theoretical perspectives nor the findings of the

various disciplines are integrated in the end.”(Besselaar&Heimeriks, 2001, p. 2).This
8



approach concerns in a topic in more than one discipline. Put differently, although
the aim of this approach is limited to the framework of a disciplinary research, it is
more than the boundaries of one discipline (Nicolescu, 1999). It is not required to
integrate disciplines directly. Rather, these disciplines are used in sequential or
juxtaposed mode (Klein, 2006). Generally, multidisciplinary approach provides the
help of other disciplines by providing different perspectives without totally

integrating the principles of other disciplines.

Interdisciplinary approach is defined as a curriculum understanding that consciously
applies to the methodology and terminology from more than one area of science to
examine a specific topic, problem, issue, or experience. In contrast to discipline-
focused approaches, interdisciplinary approaches provide more connections (Jacob,
1989). Compared to such a disciplinary course, an interdisciplinary course can be
considered as application-oriented course. For example, discovering theoretical
knowledge about physical nature in a disciplinary field is not the general aim of a
interdisciplinary approach. Rather, studying applications as a production of
knowledge is its main interest. In this approach, various organizational structures,
problems, and research are involved. An interdisciplinary approach hints at the
significance of use importance to the usage of knowledge for the sake of society

(Gibbons, Limoges, &Nowotny, 1997).

Moreover, the goal of an interdisciplinary approach is different from a
multidisciplinary approach. The former aims to transfer instructional methods from
one discipline to another (Besselaar&Heimeriks, 2001; Nicolescu, 1999). In

summary, the interdisciplinary approach is beyond segmented interactions occurring



in different disciplines. The approach is an integration of the knowledge, methods,

and studies.

To summarize, there is considerable difference between non-disciplinary and
disciplinary approaches. In the latter category of non-disciplinary approaches, there
are interdisciplinary and multidisciplinary approaches. While the former is defined as
an integration of knowledge from different disciplines, the latter does not require as
much as integration. The relation between disciplines in the multidisciplinary
approach is not as much as interactive in the interdisciplinary approach. In the former
approach, students will be asked to consider views from different disciplines and not

to study too much on direct assembly of knowledge.

10



CHAPTER 2: REVIEW OF RELATED LITERATURE

Introduction

The literature review provides the background information about how integrated
knowledge has built its importance through previous studies in research literature.
First, common opinions about mathematics and science integration are given, and
then models for integration are discussed. Second, psychological, sociological, and
pedagogical factors that affect the curriculum are discussed. Lastly, possible
advantages and disadvantages with the limitations and barriers for applying in a non-
disciplinary approach are discussed in order to shed light into both positive and

negative aspects of the approach.

Importance of mathematics and science integration

Generally, mathematics lessons seem detached from the connections between other
disciplines and real life; it is isolated with its own traditional textbooks, tests and
instructions different from many other subjects. Mathematics supported with
scientific concepts could increase the understanding of the physical universe
(Kleiman, 1991). In practice, science and mathematics are not only conceptually
interwoven but also feasibly complimentary to each other. The integration between
these disciplines concerns the real world applications and is believed to motivate

students (Frykholmé& Glasson, 2005).

11



Models for integration

There is more than one way to integrate curricula. Fogarty (1991) categorized
different approaches as sequence, shared, webbed, threaded, and integrated models
(Figure 1). Fogarty likens the sequence model to eyeglasses. There are two different
disciplines depicted as the lenses and the lenses are connected to each other with a
framework. For example, the biology unit, genetics, and the mathematics unit,
probability might be taught in different or linked classes when designed in the

sequenced model.

OO| QD |okfo

Sequenced  Shared Webbed  Threaded  Integrated

Figure 1.Five ways to integrate curriculum across several disciplines (Fogarty, 1991)

The shared model is likened to binoculars. Again, there are two different disciplines;
differently from the eyeglasses, the focus is just one. In terms of integration of
disciplines, a common unit is specified for more than one discipline and the
cooperative work between the teachers is necessary to point out the similar and
different views. The webbed model is similar to a telescope that supplies a broader
view of the constellations such as various elements are webbed to a theme. The
common theme is described by different disciplines. The threaded model is depicted
as a magnifying glass that helps to enlarge the ideas of the all the disciplines while it
is improving social skills, reading skills, thinking skills prediction skills etc. in all
other disciplines. Last, the integrated model likens to a kaleidoscope that symbolizes
overlapping the topics and concepts around an interdisciplinary unit (Fogarty, 1991;
Kysilka, 1998).

12



For science and mathematics integration, several integration models exist.
Huntley(1998) divides the integration into five categories; mathematics for the sake
of mathematics, mathematics with science, mathematics and science, science with
mathematics and science for the sake of the science. In line with this, Lonning and
DeFranco (1997) established another model for mathematics and science integration.
This continuum model of the integration presents five varied steps; independent
mathematics, mathematics focus, balanced mathematics and science, science focus,
and independent science. The independent mathematics and the independent science
models include integration only within disciplines. In a mathematics focus and a
science focus, science or mathematics is the focus; other discipline is the supportive
of the focus. The role of the disciplines is equally distributed in balanced

mathematics and science.

This study addresses the integration model science into mathematics where in
mathematics is located in the center and science is used to develop the meaningful
understanding of mathematics. This is similar to the models, the mathematics focus,
and mathematics with science. This integration can also find its relevance in the
multidisciplinary approach, while this approach provides students with two-
dimensional thinking. They need to work on two dimensions by simultaneously
focusing on the whole and the parts. The idea is in line with the idea of thinking

connections and distinctions (Drake, 2007).

Need for integrated curriculum

Curriculum is an essential and significant part of education. It is changed and

improved day by day based on research and is also affected by different trends and

13



conditions. Thanks to the previous studies, curriculum is considered with students’

needs and more attention is paid to integrated knowledge.

As an example of research, it is found that students in social studies have difficulties
in understanding, reading, interpreting and creating graphs; guessing or estimating
graphs. Therefore, to improve their academic achievement, social studies must
evaluate the mathematical issues that help to develop students’ competency in their
special area. Therefore, infusing mathematics into social studies could provide a

better understanding in that area (Mauney, 1998)..

Mauney (1998) chose two topics, geometry and statistics, that are related to real life
learning most. She prepared her lesson with the strong connections of social studies
that they could be mostly engaged with geometry and statistics. Preparing a lesson
with the help of mathematics to develop students’ competencies in social sciences is
very important because according to the multiple intelligence theory, one intelligence
can be improved by the development of other intelligences (Mauney, 1998). She
observed all these activities and discovered more ways to bring math into the social
studies classrooms. All these observations provide support for integrated curriculum.
The needs that should be met by school curriculum can be categorized as

sociological, psychological, and pedagogical needs (Robitaille and Dirks, 1982).

Sociological needs

Developments in modern society require connecting different disciplines. If the
education is considered within a sociological context, it can be contended that
education should be linked to expectations of society. Hence, the growth of
knowledge requires interdisciplinary approach in mathematics education in the

information age (Jacobs, 1989; Kaya, Akpinar, &Gokkurt, 2006).The problems that
14



citizens, workers, or family members face are not always similar tothe problems in
the textbooks from a discipline. Integrative thinking provides people with knowledge

in unexpected situations (Klein, 2005, p. 10).

The following metaphor summarizes society’s response to the fragmentation as a
need for non-disciplinary approach, “A doctor cannot be trained only in the
psychology and biology of the body; a doctor treats the whole human being.” (Jacob,
1989).1n addition, especially mathematics and science integration have a social
significance in today’s information age. It is claimed that the successes in
mathematics and science are accepted as an indicator of a success of the education

system and an indicator of development of the society (Cosentino, 2008).

Psychological needs

Students’ generally complaint about learning mathematics is that it is taught in a way
that is disconnected to the real world (Jacobs, 1989). Some general questions of
students are “Why do we need to learn mathematics?” and ‘Where will we use it?’
When they could not find answers to these questions, this situation might have
concluded with the lack of motivation in learning environment for them. Therefore,
the applications and the presented aims of scientific subjects are the primary
expectation of students when they have difficulty in learning them. Klein (2005)
emphasized the importance of integrating disciplines, “Students are engaged in
making meaning.” (p.10). When considered from this point of view, curriculum
should be developed with real life situations so as to increase students’ motivation
and the learning activities in mathematics should be related to other disciplines

(Hoaclander, 1999).The integration of science and mathematics, which contain more
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abstract concepts than other disciplines, provides students more chances for

applications of the concepts to be learned(Cosentino, 2008).

Pedagogical needs

Integrated curriculum provides opportunities for intellectual curiosity, critical
thinking, and problem solving skills with real world applications (Loepp,
1999;Wicklein& Schell, 1995). This approach has been discussed to require
constructivist instruction instead of memorizing and following prescribed steps

(Kaya et al., 2006; Klein, 2005; Loepp, 1999).

In addition to these, the non-disciplinary approach that can be accepted as an
innovation in curriculum design requires teachers’ effort in their teaching to be
creative. By this way, the students are able to achieve a higher level of learning and
develop appreciation of the topics to be learned (Wicklein& Schell, 1995).This
intersection of two disciplines provides students with the ability to overcome
complex issues and problems, to create a broader framework by comparing and
constructing the ideas and building connections from different perspectives (Klein,
2005, p. 10).In addition, mathematics and science integration can improve the

performance of students in open-ended tasks (Cosentino, 2008, p. 33).

Curriculum integration between science and mathematics in schools

Advantages
Different from a disciplinary approach, non-disciplinary approaches that highlight
curriculum integration, provide a learning environment that has a broader context of

student learning (Loepp, 1999), although some argue that the broader context may
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cause limitations of learning due to the difficulties for students to identify important
concepts listed in a curriculum (Wicklein& Schell, 1995). In various studies, such
difficulties have been overcome by carefully-designed lessons and learning

objectives.

Since mathematics and science are complimentary disciplines, their integration of
them is also feasible and their integration overlaps with real world applications and it
helps to motivate students (Frykholmé& Glasson, 2005).1n other words, it is good for
students to improve motivation to attend class because students will develop
awareness of the necessity and the importance of mathematics in real life (Loepp,
1999). Students often have difficulties understanding mathematics when textbooks
are isolated from its applications. As a non-disciplinary approach that offers
connections between subjects, the curriculum becomes more relevant to students
(Jacobs, 1989). In addition, a non-disciplinary approach is helpful to foster the

cooperation of teachers and the relationship between them (Wicklein& Schell, 1995).

Although integrated disciplines require extra effort, it has important benefits. It does
not only help students to motivate but also helps them get higher scores in
mathematics and science lessons (Cosentino, 2008, p. 72). According to some
research, this approach helps students to gain intellectual curiosity, critical thinking,
problem solving skills and academic achievement (Loepp, 1999). The integration
between science and mathematics not can help improve a notable achievement in
mathematics, but the approach can also improve recognizable evidence on students’
notable achievement in science. As a matter of fact, with the integrated design of
science and mathematics, students’ achievement in science was highest when it was
taught in conjunction with mathematics. Therefore, it can be said that the integration
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of mathematics and science has positive effects on the achievements of students in

science(Cosentino, 2008; Hurley, 2001; Mupanduki, 2009).

Moreover, non-disciplinary approach that integrates more than one discipline
provides the usage of teacher’s skill in a creative way (Wicklein& Schell, 1995).
Also, the cooperative works between teachers in the progress of integration enhance

their creativity of them and hence enriches the lessons.

Learning is not only a mental process but also a biological process. According to
Hebb, without knowing the workings processes and principles of the brain, the nature
of learning cannot be understood (as cited in Keles&Cepni, 2006). If biological
structure and working system of brain are understood, brain based education could
provide a step for meaningful learning instead of memorizing information (Caine &
Caine, 1990).Mapping between neurons is required in order for meaningful learning
to occur. It symbolizes the connections between knowledge that are already known
and newly known (Keles&Cepni, 2006). Enriching the environment with stimulus
helps to provide meaningful learning. Integration of schools curricula is important in
this sense; educators should integrate subjects such as mathematics, science, history,
and chemistry. As doing so requires, using both lobes of the brain increases the

learning capacity of brain more than twice (Caine & Caine, 1990).

In mathematics and science integration; students need to use not only the cognitive
knowledge to make logical order, decision, calculations and analysis but also the
attitudinal knowledge that performs creativity, interprets the visual with open-ended
ideas and uses intuitions which is controlled by different lobes of brain(Boydak,

2004). Therefore, integration is a valuable strategy to provide meaningful learning
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and increase the capacity of brain. While designing a curriculum, learning should
also be accepted as a biological process, and educators need to take into

consideration the structure, nature and processes of the brain.

Constraints on implementation

The approaches that integrate more than one discipline may also result in limited
learning (Wicklein& Schell, 1995). The students may not catch important points in
the lessons. In order to prevent these possible problems, the objectives of a lesson

should be directly related the topics that are connected and given clearly to students.

It is known that there is more than one definition for integration; therefore, their
multitude of approaches may cause difficulties and challenges while designing a
program that integrates science and mathematics (Cosentino, 2008). Planning lessons
in the light of integrated knowledge require much responsibility from teachers and
administrators. Teachers and administrators must effectively collaborate to design an
integrated curriculum. This collaboration is an essential factor. They should work
together to accomplish their aims. Since this type of collective work requires more
effort, the responsibility to create smooth coordination when both disciplines belongs
to the teachers and administration (Wicklein& Schell, 1995). That is, teachers need
to become more skilled and need to knowledgeable about multiple subjects (Loepp,
1999). It is expected that they are capable in different subject areas and use a
diversity of learning and teaching techniques within these areas. For example, using
technology in mathematical modeling of real life situations is an important

constitution.
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In general, due to the lack of planning time, evidence to support to teachers, and lack
of uniform definitions of integration, plus assessment issues are barriers to the
implementation of integrated knowledge(Cosentino, 2008; Satchwell&Loepp, 2002).
Therefore, to use integrated curricula effectively requires strong support from

administration (Satchwell&Loepp, 2002).

To summarize, the literature review addressed the importance of science and
mathematics integration, and the importance of the integrated knowledge from
different perspectives, such as sociologically, psychologically, and pedagogically.
Although integrated disciplines have an important place in education with
advantages such as in motivation and achievement, the literature review also
identifies the difficulties and barriers to integrate disciplines as well. The approach to
curriculum integration has been perceived as difficult for both students and teachers
(Wicklein& Schell, 1995). In order to overcome these difficulties, one of the most
important factors is cooperative work between teachers and administrators.
Generally, in this chapter, available research about the integration of mathematics

and science are summarized.

The purpose of this study is to investigate the importance and to examine the effects
of integrated disciplines on students learning and thinking processes as perceived by
experts. The research tries to provide an answer as to how mathematics can be made
more meaningfully and more effective for high school students if mathematics is
taught in scientific context. On that point, the literature review shows different ways
to understand different conceptions of integrated disciplines. Social, psychological,

and pedagogical perspectives help to see integrated knowledge from different angles.
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Moreover, attitudes from teachers, students and administrators help to see the
advantages and barriers while applying the integration. The last part of the literature
review summarizes findings about the integration of mathematics and science as
related to research questions. More specifically, the research is about curriculum
integration of mathematics and science (CIMAS) (Figure 2) in high schools.
Integrating disciplines has not been tried before in Turkey; the study looks into the

applicability of this idea in Turkish high schools.
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Figure 2. A model of curriculum integration for mathematics and science integration
(CIMAS)

21



CHAPTER 3: METHOD

Introduction

The purpose of this Delphi study was used to investigate the importance of the non-
disciplinary approach in mathematics curriculum as perceived by experts. The Delphi
approach, which is a group communication process with controlled feedback, was
appropriate for the purpose of the study to achieve consensus about the experts’
opinion about the process of integrated curriculum. Surveys, as given in Appendices
A through K, were used to seek possible topics for integration, advantages,
disadvantages, and limitations of an integrated curriculum. The study was based on

the opinions of academics and teachers in Ankara.

Research design

Developed by the Rand Corporation in the 1950s, the Delphi technique is a method
for “... systematic solicitation and collation of judgments on a particular topic
through a set of carefully designed sequential questionnaires interspersed with
summarized information and feedback of opinions derived from earlier
responses”’(Delbecq, Van de Ven, & Gustafson, 1975, p.10). Since the Delphi study
has plural rounds that consist of open-ended questions and surveys, in general, the
method is considered as both a qualitative and quantitative approach. Time
management is one of the possible constrains of this method because late responses

from panel members may slow down the entire process (Wiersma&Jurs, 2009).
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This study searched for the answer of the question “How do academics and
mathematics teachers perceive integration of science into mathematics curriculum in
Turkish context?” In this respect to get opinions and reach a consensus about the
features of implementation process of integration, this study addressed the following
sub-questions is as follows:

1. What could be the possible topics in mathematics that are appropriate for

science integration?
2. According to experts, what will be the advantages, disadvantages and

limitations of integration of science into mathematics?

Participants

The Delphi study required explicit criteria for choosing panel participants. The
participants in this study were academics and teachers who were knowledgeable and
experienced in teaching. Teachers at two private schools in Ankara with at least three
years of experience, and academics with a doctoral degree in mathematics education
and currently working in the Ankara region, participated in this study. A convenient
sample strategy was used to select academics in mathematics education with doctoral

degrees in the field from the Faculties of Education in Ankara.

It was important to get both teachers and academics’ opinions to examine both
theoretical knowledge and its practical classroom applications. The first round survey
aimed to reach 10 academics therefore first round survey was sent to 10 academics
by e-mail with a cover letter to give a brief information about the aim of this study
and its method (see Appendix A, B, and C). Only six academics responded the

survey. Since the number did not seem enough, then the survey was also sent to five
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more academics. The number of academics increased to seven; then again to increase
the number of sample, the first round survey e-mails were also sent to all academics
in Ankara who had a doctoral degree to increase sample size but there were no
additional responses. Some of them refused to complete the survey by stating that
they did not have detailed information about high school mathematics curriculum. At
the end of the communication process, seven academics voluntarily participated in

the survey.

After the first round survey was approved by The National Ministry of Education,
the survey was also approved by the two private schools. The first round survey was
e-mailed to all the teachers in these schools. 13 teachers from one of the schools and

three teachers from the other school responded to the first round survey.

The second round survey was created according to responses from the first round
survey (see Appendix D, E, F, and G) therefore the second round questionnaire was
sent to only the experts who responded to the first round survey. At the end of the
second round, all experts who attended the first round responded to second round
survey (see Appendix H, I, and J).As a result, 16 teachers and seven academics

participated in the research.

Instrumentation

First round open-ended survey
The aim of this study was to reach a consensus about the features of implementation
process of integrated mathematics and science curriculum, its advantages,

disadvantages, and limitations. To get detailed information about the implementation
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process, experts’ opinion on possible topics in mathematics were also researched. In
the light of this aim the first round survey contained five open-ended questions

(Table 2).

Table 2
First round (open-ended) survey questions

1.Appropriate topics for integrating mathematics and science

e Which topics in mathematics high school curriculum can be considered as
appropriate for mathematics and physics integration? Please explain it with
examples.

¢ Which topics in mathematics high school curriculum can be considered as
appropriate for mathematics and chemistry integration? Please explain it with
examples.

¢ Which topics in mathematics high school curriculum can be considered as
appropriate for mathematics and biology integration? Please explain it with
examples.

2.Possible advantages

¢ What could be the possible advantages of integration of science to mathematics for
students’ learning process? Please explain your opinions with examples.

3.Possible disadvantages and limitations

e In Turkish context, what could be the possible disadvantages and limitations of
science to mathematics that affect students’ learning process? Please explain your
opinions with examples.

The questions for the first round attempted to get a wide range of opinions from
experts including positive and negative aspects of integrated curriculum. The first
three questions asked possible topics that were appropriate for the integration of
mathematics and physics, chemistry and biology. The other two questions sought
information about the advantages, disadvantages, and limitations in the Turkish
context. To avoid using improper wording and ambiguity, the pilot questionnaire was

administrated to two academics and five graduate students prior to actual. In this
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way, the need for validity of the questions was ensured and the time needed to

respond the survey was found to be approximately 45 minutes.

Second round Likert scale survey

All suggestions except the questions asking examples of topics (see Appendix D, E,
and F) from the first survey responses (see Appendix G, the results of which were
summarized in English in Figure 4 and Figure 6) were used to prepare the second
round Likert scale (see Appendix I).Opinions about advantages, disadvantages and
limitations of integration were listed to be ranked as agree, disagree and no opinion.
By the help of this Likert scale, rates of agreements on each statement were
identified. In the second round, the participants presented their agreements and
disagreements about opinions with the Likert scale by responding to the scale (agree-
disagree-no opinion). Before sending them to the participants, the Likert scale was
administrated to two academics and five graduate students again as in the first round,
and their opinions were taken to avoid using improper wording and avoid ambiguity.
By this way, the need for validity of the questions was addressed and also the needed

time was found to be approximately 10 minutes to respond to the survey.

Method for data collection and analysis

Data were collected electronically using the Delphi technique. The questionnaires
were prepared online and the link of the survey was sent by e-mail (see Appendix C
and J). The general process contained two steps; Table 3presents the summary of the

process.

First round survey. The first questionnaire contained five open-ended questions. The

survey, containing questions related to appropriate topics of integration, benefits and
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constraints of integration was created by using Google documents. The link of the
survey was e-mailed to the respondents (see Appendix A, B, and C) After a period of
time, they were reminded to complete the survey by phone. The responses were

obtained online. After the data were collected, they were analyzed qualitatively for

the themes.
Table 3
Summary of the procedure of data collection and analysis

Participants Instrument

1% round open-ended survey in December 2011

The survey was sent to e First round survey contained 5
e 44 academics in Ankara open-ended questions that address
e 33 teachers in the two private schools. the research questions.

Responses from 1% round in January 2012

The responses were collected from e Responses were analyzed using

e 7 academics frequency distribution and chi-
square test.

e Responses for advantages and
constraints were categorized and
determined to be used for Likert
scale survey

e 16 teachers in the schools

2" round Likert scale survey in February 2012

It was sent to e Second round survey contained 33
e 7 academics opinions with the scale (agree-
e 16 teachers in the schools disagree-no opinion)

¢ 16 of them mentioned advantages
under the subheadings
e 17 of them mentioned constraints

Responses from 2" round Likert scale survey in March 2012

The responses were collected from e By calculating mean, ratings the
e 7 academics degree of agreement on them was
e 16 teachers in the schools analyzed.

e Comparison between categories was
done by finding average mean
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Responses of the first three questions were analyzed differently from the fourth and
fifth questions which were used to create the second round Likert scale. All examples
and topics were listed and then categorized under common headings as numbers,
functions, trigonometry etc. (see Appendix D, E, and F). The title of topics counted
and a frequency of the appropriate topics were calculated. Moreover, the distribution
of the number of examples into physics, chemistry, and biology was analyzed to
compare by using the chi-square test to find out whether there was a significant

difference or not.

Responses of the fourth and fifth questions were also categorized under subheadings.
The opinions of advantages were divided into four subheadings which were directly
related to subtopics in the literature review. By the help of coding, all responses were
grouped as psychological needs (Ps), pedagogical needs (Pd), sociological needs
(SO) and other needs (Ot). After the general grouping of ideas, with two or more
steps, opinions were narrowed and similar ideas were combined as one opinion. At
the end of this analysis, six opinions under Ps, three opinions under Pd, four opinions
under SO and three opinions under Ot were created. From the question investigating
the advantages, 16 opinions were placed to be ranked in the second round Likert

scale (see Appendix G and I).

Opinions of disadvantages and limitations were also divided into four subheadings.
By the help of coding, all responses were grouped as constraints related curriculum
(Cc), constraints related teachers (Ct), constraints related students (Cs), and
constraints related facilities (Cf). After the general grouping of ideas, with two or

more steps, opinions were narrowed and the similar ideas were again combined into
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unitary themes. At the end of this analysis, four opinions under Cc, five opinions
under Ct, four opinions under Cs and four opinions under Cf were created as in Table
4. From the questions which investigated the disadvantages and limitations in the

Turkish context, 17 opinions were placed to be ranked in second round Likert survey.

Table 4
Categories under advantages and constraints and their frequency

Advantages Constraints
Ps Pd SO OT Cc Ct Cs Cf
6 3 4 3 4 5 4 4

Note. Ps, psychological needs; Pd, pedagogical needs; SO, sociological needs; Ot, other needs; Cc,
constraints related curriculum; Ct, constraints related teachers; Cs, Constraints related students; Cf,
Constraints related facilities.

Second round survey. The second questionnaire was developed from the responses
from the first questionnaire that were analyzed qualitatively. This second round
survey included Likert-scale items on the Google docs. The link to the survey was
emailed to the respondents, and responses were again obtained online (see Appendix
H, I and J). After that, the data were analyzed with the help of calculating mean of
each statement. The mean directly gave the percentages of experts who agreed with
the statements (see Appendix K).After calculating means, tables about the agreement

on sentences were constructed with charts.

Final analysis of data. Responses from round two were analyzed to determine if
there was a consensus by looking at the responses and their means. Means directly

showed the degree of agreement of experts by percentages.
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CHAPTER 4: RESULTS

Appropriate topics in high school mathematics curriculum for integration

The topics given by experts as appropriate for integration of science were listed in
Table 5 and Table 6. The findings of first three questions were not included in the

second survey to rate the opinions. Instead, the frequency of topics was calculated.

This study primarily aimed to seek information about possible mathematics topics for
integration. Most of the experts preferred also to support his or her thoughts with
science topics with some possible examples of ideas for integration (see Appendix D,
E, and F, the results of which are summarized in English in Table 5 and Table 6).
Therefore, given examples of topics in science were not ignored and the frequencies
of topics were calculated. Table 5 and Table 6 were constructed by examining the
responses and all examples and topics were categorized under common headings as
numbers, functions, trigonometry, etc. The title of topics counted and frequency of

the appropriate topics were calculated.

Topics for mathematics and physics integration

Derivative (f=16) was considered as the most common and popular topic in high
school mathematics (Table 5).This topic was commonly combined with velocity and
acceleration in physics which was probably why these topics mentioned most in
physics (Table 6). Although integral is reverse of derivative, 12 experts gave integral
as a common topic as well. Derivative was followed by trigonometry (f= 13).

Trigonometric ratios and periodic functions were especially given as examples under
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the topic trigonometry and generally they were combined with optics, projectile
motion, and force in experts’ responses. More than half of the experts thought that

trigonometry was a practical and suitable topic for M&P.

Table 5
Response frequency of mathematics topics for science integration

Mathematics and physics integration

Derivative 16  Area 2
Trigonometry 13 Volume 2
Integral 12 Triangles 2
Functions 7 Ratio and proportion” 2
Equations © 6 Matrices 2
Vectors 6 Geometry Of translation 1
Numbers® 5 Statistics 1
Limit 5 Periodic functions 1
Logarithm/Exponential func. 3 Differential equations 1
Analytical geometry of a line 3 Logic 1
Graphs 2 Coordinate plane 1
Complex numbers 2 Motion problems 1
Inequality 2
Mathematics and chemistry integration
Ratio and Proportion 12 Units 1
Logarithms/ Exponential func. 12 Angles 1
Numbers 10 Measurements 1
Equations 6 Inequality 1
Derivative 3 Statistics 1
Graphs 3 Operations 1
Geometry in 3-D 3 Integral 1
Function 2 Analytical geometry for lines 1
Polar coordinates 1 Logic 1
Mathematics and biology integration

Probability 13 Function 2
Logarithm/Exponential func. 10 Permutation 1
Statistics 9 Ratio and proportion 1
Derivative 5 Units 1
Numbers 5 Scientific form 1
Graphs 4 Operations 1
Equations 3 Integral 1
Sets 2 Logic 1
Combination 2 Series 1
Percentage calculation 2

*Functions: 1% and 2™ degree functions;’Ratio and proportion: mixture problems;
Equations: 1% and 2™ degree equations;"Numbers: exponential numbers, square roots,
very small and very large numbers, types of numbers
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Table 6

Response frequency of science topics for mathematics integration

Physics integration

Chemistry integration

Velocity

12 Mixture 7
Acceleration 11 Chemical reactions 5
Force 5 Acid-Base 5
Projectile motion 5 Radioactivity 4
Motion 5 Organic chemistry® 3
Optics 5 Compounds® 3
Free Fall 4 Experiments® 2
Mechanics 3 Heat in chemical reactions ' 2
Work 2 Oxidation 1
Circuits 2 Avogadro number 1
Electric 2 Physic-chemistry 1
Heat 2 Volume 1
Vectors 2 Biology integration
Kinetic energy 1 Genetic® 11
Harmonic motion 1 Population” 9
Angular velocity 1 Segmentation 3
Pressure 1 Experiments 2
Simple machine 1 Properties of creatures 1
Kinematics 1 Dose of medicine 1
Moment 1 Radiocarbon dating 1
Magnetic 1 Pollution 1
Waves 1 Recovery time 1
Sound intensity 1 Rate of growth 1

Mechanics of quantum

1

Note.?Genetic;pedigree tree, dna graph, Mendel-cross breeding.”Population; increase or
decrease in the amount of bacteria, number of people, reproductivity. “Organic chemistry;
structures of molecules, angles between chemical bonds. “Compounds; ratio and proportion,
distance between atoms. *Experiments; representation of results. Heat in chemical reactions;
Hess principle

Functions (f= 7), equations (6), vectors (6), numbers (5), limit (5), logarithm and
exponential functions (3), and analytic geometry for line (3) were also considered
suitable topics by the participants together with derivative, integral, and trigonometry
(Table 5).Graphs, complex numbers, inequalities, triangles, area, volume, ratio-

proportion, matrices, geometry of translation, statistics, periodic functions,
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differential equations, logic, coordinate planes, and motion problems were also

considered as topics for this kind of integration by one or two experts.

Topics for mathematics and chemistry integration

Ratio and proportion (f=12), logarithms and exponential functions (12) were
considered as the most common and popular topics in high school mathematics
(Table 5).In the responses, ratio and proportion were commonly associated with
mixture problems, compounds and equilibrium in chemical reactions in chemistry.
Also, logarithms and exponential functions were considered together with ph-
measurements and radioactivity. This is why; these topics, mixture, chemical
reactions, acid-base and radioactivity were considered as appropriate topics of

integration with chemistry (Table 6).

Ratio-proportion and logarithms-exponential functions were suggested next in
frequency (f = 10). Especially, exponential numbers, radical numbers, numbers in
scientific notation were given as examples and mostly, they were associated with
chemical reactions, Avogadro numbers, compounds and mixtures. In addition to the
topics given earlier, equations (6), derivative (3), graphs (3), and 3-D geometry (3)
were considered as suitable topics by the academics and teachers (Table
5).Moreover, functions, polar coordinates, units, angles, measurements, inequalities,
statistics, operations, analytic geometry for line and logic were given sample topics

by fewer experts.

Topics for mathematics and biology integration
Probability (f=13) was considered as the most common and popular topic in high

school mathematics for integration in biology. In the responses, probability was
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commonly associated with genetics in biology. Which may be why, genetics were
considered the most common topic in biology (Table 6).Probability was followed by
logarithms and exponential functions (10). Especially, logarithmic and exponential
functions and their graphs were associated with the increase or decrease in

population. Statistics (9) was also another common response for genetics in biology.

Derivative (5), numbers (5), graphs (4), equations (3) were offered as suitable topics
by the academics and teachers in addition to probability, logarithm, and statistics.
Moreover, sets, combination, percentage calculation, functions, permutation,
proportion, units, scientific form, operations, integral, logic, and series were given by

fewer participants (Table 5).

Chi-square test

For mathematics and physics integration, 25 topics in mathematics and 24 topics in
physics were illustrated as suitable topics. For mathematics and chemistry
integration, 18 topics in mathematics and 12 topics in chemistry were considered as
suitable topics. For mathematics and biology integration, 19 topics in mathematics
and 10 topics in biology were offered as appropriate topics (Table 5 and Table 6).
The Chi-square test was used to determine whether there was a significant difference
between the expected frequencies and the observed frequencies of the topics in
physics, chemistry and biology. According to the results of the test given as Figure 3,
topics for the integration in each of the three discipline were not equally distributed
in the population, X* (2) = 7.48, p< .05.Physics had more topics that were suitable for

mathematics integration than biology and chemistry topics.
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Physics (52%) Chemistry (26%) Biology (22%)
| m Frequency 24 12 10

Figure 3.Graphs of distribution of science topics for mathematic integration (N=46,
v*(2)= 7,48, p<.05)

In addition to comparison of the distribution among topics in different science
subjects, the commonality of topics in mathematics for physics, chemistry, and
biology integration was analyzed. According to experts’ opinion, derivative and
integral, functions, equations, numbers, logarithms and exponential functions,
graphs, ratio and proportion, statistics and logic were suggested for physics,
chemistry, and biology integration. These topics in mathematics were considered as

adaptable for each branch of science integration.

Degree of consensus on advantages

After collecting first round data, all experts rated the second round Likert scale.
According to responses, Figure 4 was constructed to illustrate the degree of
agreement and disagreement. In the Likert scale, 16 opinions about advantages of
mathematics and science integration took place and there were 4 categories for
opinions: psychological needs (Ps), pedagogical needs (Pd), sociological needs (SO),
and other needs (Ot) that contained opinions that did not fit the first three needs. The

first six opinions were analyzed under Ps; the next three opinions were analyzed
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under Pd; the next four opinions were analyzed under SO and the rest of the opinions

were analyzed under Ot.

Experts reached a consensus with the items Ps3, each expert believed that integration
provides students to see how mathematics is used in everyday life. In the responses
(see Appendix G), they supported this idea by saying that it was easier to make real
life connections with science rather than mathematics therefore integration provides
students to see the place of mathematics in real life. The overwhelming majority of
participants (91%) agreed with the idea, Ps1. Similar explanations for Ps3 were given
for Ps1, integration makes mathematics more concrete. They believed that science

topics make mathematics more concrete in students’ minds cognitively.

So3 is another opinion that all participants reached a consensus on that integration
helps students realize the importance of integration by the way they look at the
problems in real life with a wider perspective. Moreover, there was strong agreement
with the items in Pd1 (96%) which suggested that integration accelerates the learning
of a topic with the help of discussions in more than one course. In addition to this
advantage, the great majority of experts agreed that information is recorded within a

network in students’ minds cognitively (91%).

Most of the participants in this study agreed that students saw the place of
mathematics in the development of technological tools (87%) and also integration
allowed them to see mathematics as a necessary language for all sciences (87%).
Moreover, 87% of the experts in this study supported the item Pd2; integration
affects students’ perception of similar concepts. They thought that their perceptions

of similar concepts in mathematics and science as different topics were minimized.
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Questions

MAgreement N Disagreement B Noopinion

A. Psychologicalneeds (Ps) M 20,% o o 80.%

100%

Ps3. It* helps Ss** to see that math in everyday life.
Ps1. It makes math more concrete.
Ps2. It highlights math for technology development.

Ps4. It helps Ss to see math is necessary for sciences.

Ps6. It provides intrinsic motivation for Ss interested in science. m\-
| |
Ps5. It helps Ss to show positive attitude towards math. V#\_

B. Pedagogicalneeds (Pd)

Pd1. It accelerates the learning of a topic #
1 [ | |

Pd2. It makes knowledge more permanent and conceptual. m‘
Pd3. It develops Ss' cognitive skills at a higher level. m\\_l

C. Sociologicalneeds (SO) | |
| | | |
|

So03. Ss look at the problems in life in a wider perspective. #
S02. It helps Ss to perceive math and science as similar. #\_

So1. Integration provides to improve Ss' science process skill. #
So4. Ss will see a place of math in their career plans. Vm\\\\_

D. Otherneeds (Ot)

Ot1. It helps teachers to have interested and curious students.

Ot3. It helps to save time #\ _
Ot2. Starting with integration to lessons helps easier #‘\\\\\_

concentration.

Note. *Integration, **Students.

Figure 4.Degree of consensus on the advantages of CIMAS

The great majority of experts agreed that integration allows students to develop

positive attitudes toward mathematics (74%) and an intrinsic motivation for students

who are especially interested in science (83%). There is strong agreement that it
develops students’ higher level cognitive skills (analyze, synthesize, and interpret)

(83%) and science process skills (strategy development, independent thinking, the

use of scientific language, etc) (78%). Also the majority of participants agreed on the

idea of a relationship in the career plans of students and integrated curriculum. They
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agreed that students could see the place of mathematics in their career plans as an

advantage of integrated curriculum (61%).

The experts thought that integration had advantages not only for students but also for
teachers. The participants agreed that integration helps teachers in the
implementation process of the course with interested and curious students (78%) and
it also provides to save time by not discussing same or similar topics over and over
again in both mathematics and science lessons (70%). Additionally, some experts
shared their opinions about the sequence of lessons; the majority of participants
agreed that examples of integration which are given at the beginning of the subject

enable to get students’ attention easier (61%).

100% 87% 90%

82%

80%

70%

60%
40%

20%

0%

Agreementon Ps ~ Agreementon Pd  Agreement on So Agrement on Ot

Note. Ps, psychological needs; Pd, pedagogical needs; SO, sociological needs; Ot, other needs
Figure 5.Distribution of consensus among the categories
After the degree of agreements were calculated, also the mean of agreements for the
categories Ps, Pd, SO and Ot were analyzed and they are given in the Figure 5.
According to findings, the overwhelming majority of experts agreed that the
integration of mathematics and science provides advantages in terms of Ps (87%), Pd

(90%), and SO (82%).
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Degrees of consensus on disadvantages and limitations

In this study, in addition to the advantages of the integration of mathematics and
science, the disadvantages and limitations were also researched. Similar to the first
16 opinions about advantages, 17 opinions about disadvantages and limitations were
placed in the Likert scale and they were categorized under four different categories
constraints related to curriculum (Cc), constraints related to teachers (Ct), constraints
related to students (Cs), and constraints related to facilities (Cf). Figure 6 was
constructed to illustrate the degree of agreement and disagreement on constraints in
the Turkish context. The first four opinions were analyzed under Cc, the next five
opinions were analyzed under Ct, the next four opinions were analyzed under Cs and

the last four questions were analyzed under Cf.

The overwhelming majority of the participants agreed that integration leads to loss of
time if it is planned without a holistic view (91%) and also if mathematics and
science topics don’t synchronize, there will be trouble during the integration process
(87%). Moreover, most of the experts agreed that the lack of communication
between teachers prevents the integration from occurring in a healthy way (87%).
Other opinions about the role of the teachers which had strong agreement are that
teachers who don’t have a deep knowledge in science can cause lots of confusion
(87%) and reluctance of teachers because activities required time and effort created
limitation for the integration (83%). The majority of participants agreed that
mathematics teacher training programs which do not give enough place to science

makes integration difficult (78%).
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Questions

Constraints related curriculum (Cc)

Cc3. Integration leads to the loss of a lot of time.

Cc2. Unsynchronized curricula may cause problems.
Cc4. New additions increase the rush to finish the topics.
Cc1. Ts* and Ss** don't find integration useful.

Constraints related teachers (Ct)

Ct2. Ts can create lots of confusion without correct links.
Ct3. Lack of communication among Ts damages integration.
Ct4. Reluctance of teacher creates limitation.

Ct1. Mttp*** doesn't give enough place for science courses.

Ct5. Math ideas are ignored because of more than one focus.

Constraints related to facilities (Cf)

Cf4. There are limited resources for integration.

Cf1. Integration is not possible for each topic.

Cf3. Unequal conditions in the country create challenges.
Cf2. It will be unfunctional without enough equipment.

Constraints related students (Cs)

Cs1. It causes Ss to show negative attitudes to math and sci.
Cs4. It prevents Ss to develop the ability to prove.
Cs3. It prevents Ss’ abstract thinking.

Cs2. It makes learning difficult.

Bigreement  WDisagreement  Mhoopinion
i 0% 0% 0% B0 100%

RN
S I

L ]
AW

ANARERAARARRARANAANANAAN

AN
AN
AR RRARAY

INUATIRN VA VAR NANA VAR
ANAAATARRRARRRVAARRRRARR R
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ALUTAR AT TN AR N AARARRAARARARAARY

Note.*Teachers, **Students, ***Mathematics teacher training programs.

Figure 6.Degree of the agreement on constraints in CIMAS

There was also strong agreement with the item Cf4, curriculum is not regulated for

the integration therefore there are limited resources (83%) for teachers and students.

Moreover, the great majority of participants agreed that integration was not possible

for each topic in mathematics (70%). The majority of the experts agreed that a new

addition to Turkish mathematics curriculum, which is already very dense, increases

the rush to complete the topics (61%) although there were experts who disagreed

(35%) with this opinion. Challenges in the integration process occur because of the

different conditions all over the country was another opinion that the majority of
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experts agreed upon (57%). Almost half of the experts agreed that if there was not
enough equipment (such as the use of technology) in the schools, it made integration

nonfunctional (52%) while many of them (39%) disagreed with this idea.

The same number of experts (43%) agreed and disagreed that teachers don’t find the
integration useful since integration does not overlap with the format of university
entrance exam. Although 39% of the experts agreed that mathematical ideas are
ignored by putting science and real life situations to the focus of students instead of
mathematics, the rest of them, 61% of experts, disagreed with this opinion.
Moreover, only 22% of the participants agreed that integration causes students who
don’t like science or mathematics to exhibit negative attitudes towards other
disciplines; on the other hand, almost half of the participants (52%) disagreed with
this opinion. Similarly, number of people who disagreed with the item Ct4, the
experimental method used in science causes students to think the method can be also
used in mathematics to prove the theorems and so integration prevents to develop the
ability to prove mathematical statements, was more than the number of people who
agreed (17%).There was strong disagreement with item Cs3 which says integration
prevents students’ abstract thinking (74%). Only 9% of experts agreed with this
opinion. Finally, great majority of participants disagreed with the item Cs2

integration attracts students’ focuses to other points so it makes learning difficult

(78%).

After the degree of agreements and disagreement were calculated among
disadvantages and limitations, the mean of agreements for the categories Cc, Ct, Cs

and Cf were analyzed and they are given in the following Figure 7. According to
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findings, the majority of experts agreed that integration of mathematics and science
has disadvantages or limitations in terms of Ct (75%), Cc (71%), and Cf (66%). Few

of them agreed on the disadvantages about Cs (12%).

80% 75%
70%
60%
50%
40%
30%
20%
10%

0%

71%
66%

12%

Agreement on Ct Agreement on Cc Agreement on Cf Agreement on Cs

Note. Cc, constraints related curriculum; Ct, constraints related teachers; Cs, Constraints related
students; Cf, Constraints related facilities.

Figure 7.Distribution of agreement among categories

When the data about the disadvantages and limitations in Turkish context were
analyzed, most of the responses related to limitations. From the 17 opinions in the
Likert scale survey, six of them (Cc4, Ct5, Csl, Cs2, Cs3, Cs4) mentioned the
possible disadvantages and the rest of them mentioned the possible limitations during
the implementation process. Table 7represents the mean of the degree of agreement
among limitations and disadvantages. It indicates that participants mostly agreed on

limitations of CIMAS more than the disadvantages of CIMAS.

Table 7
Distribution of agreement among limitations and disadvantages
Category Questions Degree on agreement
Limitations Ccl,Cc2, Cc3, Ct1, Ct2, Ct3, Ct4, 74%
Cf1, Cf2, Cf3, Cf4,
Disadvantages Cc4, Ct5, Csl, Cs2, Cs3, Cs4 25%
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CHAPTER 5: DISCUSSION

Introduction

This study aimed to answer two research questions: ‘What could be the most
appropriate topics in mathematics for curriculum integration of mathematics with
science?’, and ‘What are the advantages, disadvantages and limitations of integration
of science into mathematics?’. The discussion of the findings is organized according

to following outline.

1. Mathematics and science topics for integration
2. The needs in CIMAS

3. Constraints of integration in CIMAS

4. Implications for practice

5. Implications for research

Discussion of the mathematics and science topics for integration

What could be the possible topics in mathematics for integration with science?
Examples were categorized under each unit heading and counted. According to the
frequency of the given examples for mathematics and science integration, the most
common topics in mathematics are derivatives for mathematics and physics, ratio-
proportion and logarithms-exponential functions for mathematics and chemistry,
probability for mathematics and biology (Table 5). Moreover, some mathematics
topics stood out for physics, chemistry, and biology integration. These common

topics are derivative and integral, functions, equations, numbers, logarithms and
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exponential functions, graphs, ratio and proportion, statistics, and logic. The list of
the topics would be beneficial for mathematics teachers to enrich their lessons by

integration with the different branches of science.

The participants gave examples for each unit in all high school mathematics
curriculum except for polynomials (Table 1and Table 5). Therefore, almost each unit
in high school can combine at least one of the three branches of science by the help
of activities, problems, examples although the great majority of participants (70%)
agreed that integration was not possible for each topic (Figure 6). One inference for
this argument could be that individually people are not capable on making
integration for each topic in mathematics and with an effective cooperation; changes
in the mathematics curriculum can be practiced successfully. This addresses the
reason why teachers in schools must work cooperatively during the integration

process for a successful integration program (Wicklein& Schell, 1995).

Appropriate science topics were analyzed in addition to mathematics topics. When
the number of examples in each branch of science is calculated, the number of
physics topics is significantly more than the number of topics in chemistry and

number of topics in biology. Therefore, physics seems more feasible for integration.

Discussion of the needs in CIMAS

What will be the advantages, disadvantages, and limitations of integration of science
into mathematics? The Delphi method was used to indicate the degree of agreement
about advantages and disadvantages of integration of science into mathematics. First,

the degree of agreement on advantages is discussed by considering psychological,
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pedagogical, sociological and other needs. There was not significant disagreement

about advantages as elicited in the second Likert survey.

Psychological needs

According to the findings, the integration of science and mathematics allows students
to see the place of mathematics in everyday life (Figure 4). This analysis can be
supported with the idea: mathematics and science are complementary to each other
and the integration of them is highly feasible and overlaps with the real world
applications (Frykholm& Glasson, 2005). This is why the overwhelming majority of
participants believe that integration makes mathematics more concrete and provides
students the ability to see mathematics as a necessary tool for science. Therefore, it
can be inferred that science allows mathematics to be more concrete and to be in
relation with everyday life. In this light, integration helps students to find the answer
of why they need to learn mathematics and where they will use it. Also, students in
Turkey believe that giving information about these question would be beneficial and

helpful for them (Costu, Arslan, Catlioglu, &Birgin, 2009).

Since these kinds of questions are answered by the help of integration, expectedly, it
increases the positive attitudes toward mathematics and provides intrinsic motivation
especially to students who are interested in science according to the findings (Figure
4). Jacob’s (1989), Hoaclander’s (1999) , Klein’s (2005), Cosentino’s (2008)
opinions have parallelism with the findings; integration of science and mathematics
helps to increase real life examples and mathematics curriculum should be developed
with the real life situations to increase students’ motivation and positive attitudes

toward mathematics. These findings indicate that integration covers psychological
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needs of students that should be considered while developing curriculum. Since our
Ministry of National Education aims to increase students’ motivation in high school
(MoNE, 2011), curriculum integration of mathematics and science is an effective
tool to increase motivation and positive attitudes towards mathematics according to
the findings of the study. In summary, the psychological needs can be presented in

the flow list below:

Math&Sci integration—> increases real life connections in math - makes
mathematics more concrete (e.g., usage in technological and scientific

developments)—>increases motivation & positive attitudes towards math

Pedagogical needs

A topic is discussed in mathematics or science and used in other courses. Such kind
of review provides the integration of mathematics and science to support and
accelerate the learning of the topic according the findings. Also this study shows that
information takes place as a network in the mental processing more permanently and
conceptually by the help of connections between the knowledge (Figure 4). Since,
integration allows students to compare and contrast the ideas and to construct the
connections from different views, it helps students to be better on complex problems
(Klein, 2005, p. 10) and it helps to get higher scores in mathematics and science
lessons (Cosentino, 2008, p. 72). Parallel with the findings, this study indicates that
integration of science and mathematics develops students’ higher level cognitive
skills such as analyzing, synthesizing and interpreting (Figure 4). This findings can

be supported by the idea that the integrated curriculum approach requires
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constructivist instruction instead of memorizing and following prescribed steps

(Kaya et al., 2006; Klein, 2005; Loepp, 1999).

Meaningful learning is directly related with making connections and applying
knowledge in a different idea (MoNE, 2011). In the light of these findings, CIMAS
provides learning to be more permanent, conceptual and also more meaningful.
These all indicate that integration covers essential pedagogical needs of students that
should be considered while developing curriculum. Since our Ministry of National
Education seeks meaningful learning (not only remembering or identifying the
knowledge but also understanding the underlying meaning of it) (MoNE, 2011),
curriculum integration of mathematics and science is an effective tool that leads to
meaningful learning in keeping with the constructivist approach. In summary, the

pedagogical needs can be presented in the flow list below:

Math&Sci integration = increases connections & applications - develops cognitive
understanding and makes learning long-lasting, conceptual and meaningful

—>students’ higher scores in mathematics

Sociological needs

This study found that integration helps students to approach problems in real life
with a wider perspective. They can understand the importance of interdisciplinary
studies. They may perceive science and mathematics as different disciplines however
integration helps to minimize this perception (Figure 4).

Since we live in society, education should respond to the expectations of the society.
In this information age, society expects us to solve complex problems.

Correspondingly, previous research indicates that the growth of knowledge requires
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the integration of knowledge in mathematics education as a requirement for this
scientific age (Jacobs, 1989; Kaya et al., 2006).This study also indicates that
integration of science and mathematics improve students’ science process skills such
as developing strategies, independent thinking, using scientific language etc. (Figure

4).

Our National Curriculum of Mathematics aims to allow students to realize the
widespread area of usage of mathematics in real life and in the fields of their
occupation. This goal makes educational attainments more meaningful (MoNE,
2011). Thanks to the integration of science and mathematics, the majority of
participants agreed that students realize the place of mathematics in their career plans
(Figure 4). In this way, students are aware of the mathematics usage in their
occupation would be happy with their profession in the long run. In the light of the
findings, CIMAS provides a response to the basic expectations of the society. These
all indicate that integration covers essential sociological needs of societies that
should be considered while developing curriculum. Curriculum integration of
mathematics and science is an effective tool to move with the times. In summary, the

sociological needs can be presented in the flow list below:

Math&Sci integration—>solve the problems with wider perspective (such as
minimization of difference between science and mathematics) and improve science

process skills—> satisfies the necessities of the modern society

Other needs
The integration of science and mathematics also indicates important advantages for

the teaching process of a course by setting interested and curious students, saving
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time, and taking their attention easily (Figure 4).Lonning’s and DeFranco’s (1997)
study have parallelism with the findings of this study. They found that if some topics
can be taught together, they will be more meaningful than if they were taught
separately. By this way, integration helps to save time. In the light of these findings,
during instruction, there are also important advantages of integration science and
mathematics. Since curriculum should be developed by considering the learning
objectives, instructional activities, assessment together, integration of mathematics
and science can be accepted as one of the effective tools for the instructional process.

In summary, the other needs can be presented in the flow list below:

Math&Sci integration—>increases student curiosity->saves time & takes students’

attention easier-> provides the effective environment for instruction

Discussion of the constraints of the integration in CIMAS

Although this study found that experts think that integration of mathematics and
science should be used as an effective tool for the learning process, it also indicates
that there are important constraints that should be considered during curriculum

development process.

Limitations versus disadvantages

Responses from the second round Likert survey can be categorized into two parts;
limitations that are obstacles of effective implementation of integrated curriculum
and disadvantages that hinders the instruction and learning process. This study
indicates low agreement (25%) for the disadvantages of curriculum integration, while
showing higher agreement (75%) for the limitations. From the findings, it can be

inferred that integration of mathematics and science did not have critical
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disadvantages that hinder the learning and teaching process. Rather the experts listed

the constraints: curricula, teachers, facilities, and students.

Success in the implementation process of integrated curriculum is directly related to
how much curriculum re-design is successful and innovative (Wicklein& Schell,
1995). Correspondingly, this study indicates that CIMAS leads loss of time if it is
planned without holistic approach although the findings also indicate that it allows
saving time for learning process. Unsynchronized curricula of mathematics and
science are accepted as a critical problem that is mostly originated from the absence
of a holistic approach (Figure 4&Figure 5). Therefore, it can be inferred that the
absence of a holistic approach can be the most important limitation in curriculum
design. Such kind of coordination should be considered with the context of not only

curricula but also the teachers and administration (Wicklein& Schell, 1995).

Lack of communication between teachers is another important constraint during the
implementation process of CIMAS (Figure 5). This result is consistent with the
previous results, teachers and administration’s effective collaboration to design an
integrated curriculum is an essential factor. Lack of teacher coordination of
curricular content causes important problems (Wicklein& Schell, 1995). The
concerns about the communication and holistic approach can be combined under the
planning process of integrated curriculum and so it can be easily understood that

planning has a significant role in developing an integrated curriculum.

Moreover, in the context of constraints related to teachers, this study indicates the
importance of additional background knowledge to communication between

teachers. Mathematics teacher training programs are not sufficient in terms of
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teaching science. For this reason, teachers who may not have deep knowledge on
science can lead to confusion (Figure 5). Correspondingly, teachers’ background
knowledge of the commonalities between mathematics and science placed significant
constraints in previous research. Although experienced teachers believed they had
more background knowledge than pre-service teachers, still the great amount of
experienced teachers that felt they had sufficient knowledge is not enough (Lehman,
1994). As this study indicates teacher training programs do not give enough
importance to science and mathematics integration in Turkey. Since the importance
of integrating knowledge increases day by day in a globalized world, universities
need to revise teacher training programs(Balay, 2004) and the teachers need to be

experienced over multiple subjects (Loepp, 1999).

This study also found that there exist limited resource that can be used by teachers
and students, since curriculum is not regulated according to mathematics and science
integration. Planning lessons in the light of integrated knowledge demands more
responsible collaboration, effort, and time (Wicklein& Schell, 1995).Reluctance of
teachers can create another limitation for integration process in the schools as it is
found in this study. Moreover, for integration, this study indicates that there is no
critical prerequisite needed in terms of extra facilities such as technology although

these facilities can ease and enrich the integration (Figure 5).

This study indicates that there are no critical constraints related to the students’
learning process. Although some previous research indicates that integration may
cause limited learning (Wicklein & Schell, 1995) and students may have difficulties

to catch important points in the lessons (Cosentino, 2008), this study does not point
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significant agreement about these constraints. Integration does not make learning
difficult, does not prevent student’s abstract thinking or ability to prove, and does not

cause negative attitudes toward mathematics according to experts.

Implication for practice

In the Turkish context, there have been reported significant limitations in
mathematics education. The findings emphasize the importance of planning an
integrated curriculum, improving teacher training programs, and developing sources
for integration. For effective implementation, these barriers can be eliminated with

careful planning to improve current situations.

Mathematics curriculum can be developed using topics and examples of integration.
While developing curriculum for science into mathematics integration, the
synchronization between science and mathematics curriculum should be ensured. By
this way, repetitions or reminders can be minimized and so integration helps to save
time. This is why such kind of mathematics curriculum must be redesigned with the
collaboration of mathematics curriculum developers and science curriculum

developers.

Although the curriculum can be redesigned with the collaboration of both science
and mathematics curriculum developers, it may not produce sufficient collaboration
for the implementation process of this curriculum. Teachers’ collaboration is also
essential because the lack of communication between teachers prevents effective
integration. At this point, administrators should take an important role and organize

regular meetings between teachers from different disciplines. Since there are limited
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resources about integration, administrators must provide support for teachers. For
this purpose, professional meetings can be organized and teachers should be

encouraged to attend conferences on the topic.

One of the significant limitations of integration is the background information of
teachers since mathematics teacher training programs do not give enough importance
to science and mathematics integration. Therefore, teacher educators must inform
pre-service teachers about implementation process of integration in their
methodology classes. Possible topics, advantages, and constraints should be
discussed and they should be encouraged to plan interdisciplinary units with the

collaboration of their peers.

Implication for research

This study presents the perceptions of experts who are teachers and academics in
education faculties about the implementation process of integrated mathematics and
science curriculum. Since the commonality of perceptions of experts is presented
without any comparison between teachers and academics in this study, further
research could focus on the differences on how teachers and academics perceive
science and mathematics integration. Comparison of theoretical perception of
academics and practical perception of teachers about integration may be resulted
with valuable findings. Moreover, pre-service teachers’ opinions can be added to this
comparison. Background knowledge about the integration of experienced and pre-
service teachers can be compared. Comparisons of pre-service and experienced
teachers’ opinions may indicate some implications for improvement of teacher

training programs.
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The topics, which are appropriate for mathematics and science, can be also analyzed
with the collaborative work of mathematicians and scientists. New units can be
constructed and implemented with an experimental study to test the ideas in this
study. Such a study would present the practical consequences of integrated
curriculum as opposed to the theoretical consequences of integration of mathematics

and science.

Due to their commonality of addressing conceptual understanding, it has been
regarded as being feasible to integrate mathematics and science. In order to satisfy
social needs, however, further researches should be carried out to explore opinions
about the features of implementation process of integrated curriculum between
mathematics and the social studies. Possible topics could be appropriate in
mathematics for the social sciences integration can also be researched. The results of
such a study would be valuable for curriculum developers, teachers, and

administrators.
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APPENDICES

APPENDIX A: Cover letter for the first round survey

Mr «TITLE» «<KNAME» «SURNAME»,

As a graduate student in Bilkent University, Institute of Education Sciences, | am
planning to collect experts’ opinion about my thesis topic, "Integration of High
School Mathematics and Science Curriculum ". I would like to request you to attend
my survey with your valuable and useful knowledge in mathematics education.

The first round survey consists of open-ended questions on the link given below. It
will take approximately 15-20 minutes to answer.

As a continuation of this stage, Likert-type questionnaire will be prepared in the
lights of answers given at the first round and you will be asked to rate this. It will
take again approximately 15 minutes to answer. In Delphi technique, second survey
can be sent only the participant who participated to previous round. Therefore, the
continuity of participation to surveys is very important.

Moreover, the exact identities of the participants will be kept confidential.
Please fill out the questionnaire for the continuation of the study within 5 days.
Thank you in advance for your participation and support.

This study has necessary permission for the Ankara Provincial Directorate of
National Education. If you have questions, you can contact me or my supervisor with
e-mail.

Click here for survey: http://t4.ed.or.kr

Sincerely yours,

Tugba Aktan (aktan@bilkent.edu.tr)

Masters in Curriculum and Instruction with Teaching Certificate in Mathematics
Asst. Prof. Dr. Minkee Kim (Supervisior; minkee@bilkent.edu.tr)
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APPENDIX B: The first round open-ended questions

. Which topics in mathematics high school curriculum can be considered as
appropriate for mathematics and physics integration? Please explain it with
examples.

. Which topics in mathematics high school curriculum can be considered as
appropriate for mathematics and chemistry integration? Please explain it with
examples.

. Which topics in mathematics high school curriculum can be considered as
appropriate for mathematics and biology integration? Please explain it with
examples.

. What could be the possible advantages of integration of science to mathematics
for students’ learning process? Please explain your opinions with examples.

In Turkish context, what could be the possible disadvantages and limitations of
science to mathematics that affect students’ learning process? Please explain

your opinions with examples.
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APPENDIX C: Screen shot of the online first round survey

Matematik Egitiminde

Delphi Anket Calismasi

Bu anketin cevaplanmasi vaklasik 15-20 dakikariz alacakor. Yaninda vildizisaret olan sorulann cevaplanmasi gerekli alup,
gerekli bAtAn alanlar doldurulduktan sonra formun ginderilmesi mimkindar.

Lise Mafredannnda Maremarik ve Fen Bilimlerinin Enregrasvonu

Bu anketts amag, peikolojik, pedagojik ve sosvolojik fakirler gz oninds bulundurularak TArkive kagullan gergevesinds lise
matematik mfredanna fen bilimleri entegrasvonun avantajlan ve dezavanmajlar konusunda bir fikir birligine varmakor. Buna
ek alarak stz konusu girisler dofruliusunda, entegrasvona uvgun matematik konularing belirlemek amaglardan bir digeridir.

Tugha Akran
Dr. Minkee Kim (Danisman)
Egirim Bilimleri Ensrirfisfl

Bilkent Universiresi

* Required

[sim, Sovisim

I

Lise Miifredatinda Matematik ve Fen Bilimlerinin Entegrasyonu

Bilim ve teknolojidekd gelismeler, iginde vasadifirniz bilgd cagivla bir paralellik kurmas apsandan, matemartik ve fen efitminin
snemini arnrmaktadr. Bu baglamda matematik ve fen konulanmn entegrasvonunun midfredata vansinlmast wrosilan bir
konudur.

Entegrasvon deizik sekillerds perqeklestrilebilmekoedir, Asabidald sorularda bahsl gegen entegrasyon, matsmarid merkezs
kovarak fen bilimlerinden vardin altay amaglamasnr. Matemarikieki konulara ve va problemlere farklaglardan vaklagmar ve

fen bilimlerinden vardim almay amaglayan bu vaklasim, matematik igin fen bilimleri entegrasyvonu olarak adlandirdrmsor,

Alla. Hangi lise matemarik konular fizik entegrasvonuna uygun clarak dadg@adlebilir? Lacfen Graeklerle

agiklavimez *

AQZa. Hangi lise matemarik konular: kimya entegrasyonuna uygun clarak dds@nflebilir? Lacfen

Sroeklerle agiklavingz. *
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APPENDIX D: Responses for the first open-ended question

The results of the table below were summarized in Table 5 and Table 6.

[
®©
j§' Responses M-Iz;?r?elr(':r?alt?cs Topics in Physics

o

1 | Aklima ilk gelen Trigonometri ve eTrigonometri eSerbest atig
serbest atislar oldu. Veya Tiirev ile (Trigonometry) (Projectile motion)
Integral hiz-zaman, ivme-zaman eTurev (Derivative) | eHiz (Velocity)
grafikleri ile iliskilendirilebilir. Yol- eintegral (Integral) | eivme
zaman grafigindeki egim hizi verir gibi (Acceleration)
veya hiz zaman grafigin altindaki alanin
yol vermesi gibi...

2 | Esitsizlik, denklemler, karekok, mutlak oEsitsizlikler
deger, uislii ifadeler, fonksiyonlar, (Inequalities),
trigonometri. Bunlar aklima gelenler, eDenklemler
temel ilgi alanim lise matematigi (Equations),
olmadigt i¢in ¢ok ilgilenmiyorum ve eKarekok (Root
size de 6rnek veremiyorum. numbers),

eUslu ifadeler
(Exponential
expressions),
eMutlak deger
(Absolute value) ,
eFonksiyonlar
(Functions),
eTrigonometri
(Trigonometry)

3 | Konular: Cebir, vektorler, koordinat «Cebir (Algebra), eHiz (Velocity)
sistemleri, fonksiyon, grafik, ikinci eVektorler efvme
dereceden denklemler, Uslii sayilar (Vectors), (Acceleration)
(Exponential numbers) ve temel dik eKoordinat eis (Work)
Uicgen trigonometrisi, trigonometri, sistemleri eKuvvet (Force)
limit, tirev, integral (Coordinate
Fen bilimleri arasinda, lise diizeyi systems),

dikkate alindiginda, en ¢ok “fizik
dersinde matematige gereksinim
duyuldugu kaginilmazdir. Fizikte, hiz,
ivme, i, kuvvet ve daha bir¢cok konuda
matematige gereksinim duyulacagi
soylenilebilir.

eFonksiyonlar
(Functions),
oGrafik (Graphs),
eikinci dereceden
denklemler (Second
degree equations),
oUslii sayilar
(Exponential
numbers)
eTrigonometri
(Trigonometry),
eLimit (Limit),
eTlrev
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(Derivative),
eintegral (Integral)

Mantik (devre tasarimi)

Trigonometri (birgok fiziksel durum
trigonometrik bagintilar icerebilmekte.
Bu cergevede 6grenilen konularin
giinliik hayat baglaminda nerede nasil

kullanilacagindan bahsetmek bile 6nemli
olabilir.)

Karmasik sayilar (karmagik sayilar,
eslenik vb. kavramlar fizikte elektrik
konularinda kullanilmakta.)

Limit-Turev-Integral (anlik hiz vb.
hareket ve atisla ilgili fizik konulari ile
cok kolay iligkilendirilebilir. Bu
baglamdaki grafikler--hiz-zaman,
konum-zaman okuma ve bunlarla ilgili
¢ikarimda bulunma iligkileri kurulabilir)

Ikinci dereceden denklem ve
fonksiyonlar (parabolik path ler fizikte
onemli bir yere sahip Egik atig, serbest
diisme vb. olaylarla ilgili problemler
¢ogu zaman ikinci dereceden denklem
ve fonksiyonlari igeriyor.)

eMantik (Logic)
eTrigonometri
(Trigonometry)
eKarmagik sayilar
(Complex numbers)
eikinci dereceden
denklemler (Second
degree equations)
eikinci dereceden
fonksiyonlar
(Second degree
functions)

eLimit (Limit)
eTurev (Derivative)
eintegral (Integral)

eDevre tasarimi
(Design of circuits)
oElektrik (Electrics)
eHiz (Velocity)

eEgik atis (Projectile
motion)

eSerbest diisme
(Free fall)

Tiirev, integral ve bunlara baglh konular.
Fizikte (elektrik, mekanik, vb.)
Pre-calculus konular1 da bu ¢ergevede
diisiiniilebilir.

eTlrev (Derivative)
eintegral (Integral)

oElektrik (Electrics)
eMekanik
(Mechanics)

Tiirev: Hareket, 1s1 degisimi konulari ile
iliskilendirilerek

2. dereceden denklemler: Serbest diisme,
kinetik enerji konulart ile
iliskilendirilerek

Fonksiyonlar ve grafikleri: hiz-zaman-
ivme konulari, sarkacin periyodunun
bulunmasi, basit harmonik hareket
konulart ile iligkilendirilerek

Basit trigonometrik esitlikler: Kuvvet
konusu, agisal hiz konusu ile
iligkilendirilerek

Sayilar (iislii-kokli sayilar, oran-orantt,):
Kuvvet, basing, kaldiragta denge
olusturma, 1s1 6l¢ii birimleri arasinda
dontstim.

eTlrev (Derivative)
eikinci dereceden
denklemler (Second
degree equations)
eFonksiyonlar
(Functions)
eTrigonometri
(Trigonometry)
eSayilar (slii-
kokld)

eQOran-oranti
(Ratio-proportion)
oEsitsizlikler
(Inequalities)

eHareket (Motion)
oIs1 degisimi (Heat)
eSerbest diisme
(Free fall)

oKinetik enerji
(Kinetic energy)
eHiz (Velocity)
efvme
(Acceleration)
eBasit harmonik
hareket (Harmonic
motion)

eKuvvet (Force)
eAgisal hiz (Angular
velocity)

eBasing (Pressure)
eKaldirag (Simple
machine)

els1 doniistimleri
(Heat in chemical
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Esitsizlikler reactions)

7 | Fizik bilimini doganin matematikle eTiirev (Derivative) | eKinematik
tanimlanmasi olarak kabul edersek eintegral (Integral) | (Kinematics)
iy olabir, Newtonan irov ve | (oo e o

: Trigonometr eKuvvet (Force
integrali sirf klasik mekanigi gelistirmek ELogaritma V) oMoment( (Monzent)
icin kesfettigini diisiintirsek lise (Logarithm)
kinematik konulariyla entegre «Ustel fonksiyon
edilebilirler. Optikte birgok yerde (Exponential
trigonometri kullanilir. Logaritma ve function)
tslii fonksiyonlar yar1 omiir konulariyla | o Geometri
entegre edilebilir. Geometri de birgok (Geometry)
fizik konusuyla (optik, kuvvet, eistatistik
moment...) entegre edilebilir. Deneysel (Statistics)
caligmalara istatistik iyi bir sekilde oAlan (Area)
entegre edilebilir. .

Alan ve hacim konulari fizikte *Hacim (Volume)
kullanildigindan entegrasyon i¢in uygun
olabilir.

8 | Tum say1sal islem becerileri (dort islem, | eSayilar (Numbers)
kesirli sayilar, oran-oranti, ondalikli eOran-oranti
sayilar, kokli ve sl sayilar, ...). (Ratio-proportion)

Trigonometri, turev, vektorler, hacim eTrigonometri

hesaplama, karmasik sayilar, (Trigonometry),

diferansiyel denklemler, matrisler gibi oTiirev

konular fizik derslerinde aktif olarak (Derivative),

kullanilmaktadir. e\Vektorler
(Vectors),
eHacim (Volume),
eKarmagik sayilar
(Complex
numbers),
eDiferansiyel
denklemler
(Differential
equations),
eMatrisler
(Matrices)

9 | Tirev ve integral konusu ile fizik eTurev (Derivative)
entegrasyonu diisiintilebilir. Bunun yani | eintegral (Integral)
sira fizigin pek ¢ok konusunda
matematiksel metotlara ihtiyac
oldugundan matemtiksiz fizik
diisiiniilemez.

10 | Vektorler, yansima-simetri ve hareket oVektorler oVektorler (Vectors)
problemleri 6rnek olarak verilebilir. (Vectors)

eYansima
(Reflection)
eSimetri
(Symmetry)
eHareket
problemleri

(Motion problems)
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11

1) Tiirev ve Integral konulari, fizikteki
hareket ve manyetik konularina entegre
edilebilir. Ornek: Fizikteki yol-zaman
grafiklerinde 1. tlirevin hizi 2. tiirevin ise
ivmeyi vermesi. Ayrica hiz-zaman
grafiginde grafigin altinda kalan alanin
yolu vermesi gibi.

2) Geometrideki vektorler konusunun da
Fizikte kuvvetlerle ilgili konularda
uygulamasi olabilir.

3) Trigonometrik oranlarin Fizikteki
Optik konusunda ¢ok fazla uygulamasi
var, 15181n kirilmastyla ilgili.

4) Analitik Geometrideki dogru
grafiklerinin Fizikteki benzer grafikleri
aciklamaya yardim etmesi miimkiin.

o\ektorler
(Vectors)

eTurev (Derivative)
eintegral (Integral)
eTrigonometri
(Trigonometry)
eAnalitik geometri
(Analytic
geometry)

eHareket (Motion)
eManyetik
(Magnetics)

eHiz (Velocity)
eivme
(Acceleration)
eKuvvet (Force)
oOptik (Optics)

12 | Hiz problemleri, Tiirev oTlrev (Derivative)

13 | Ikinci Dereceden Fonksiyon ve Parabol | eikinci dereceden eEgik atis (Projectile
konusunun egik ve yatay atis konularma | fonksiyonlar motion)
gondermeler yapilarak anlatilabilecegine | (Second degree eHareket (Motion)
diistiniiyorum. Egik ve yatay atis hareket | functions) eKuvvet (Force)
formiillerinin ikinci dereceden olmasi, eLineer eDalgalar (Waves)
egik atis1 sekilsel ifade ettigimizde fonksiyonlar eHiz (Velocity)
parabole benziyor olusu kullanilabilir (Linear Functions) | ejyme
diye disiiniiyorum. oGrafik (Graphs) | (Acceleration)
Lineer fonksiyonlar ve grafikleri eTirev (Derivative)
konusunda, diizgiin dogrusal hareket i¢in e Trigonometri
konumun zamana bagli degisimi 6rnek (Trigonometry)
olarak verilebilir. .Periyodik
Yine hareket konusunu disiiniirsek eger, fonksiyonlar
tiirev konusunda ani ivme ve ani hiz (Periodic functions)
hesapl_a;n?}grlmn kullanildig1 o\Vektorler
gosterilebilir.

Bunlarin disinda geometride vektorler (Vectors)
konusu da fizikteki kuvvet konusuna

gondermeler yapilarak iglenebilir.

Trigonometri konusunda periyodik

fonksiyonlar islenirken fizikteki dalgalar

ve periyotlari kavramlarina vurgu

yapilabilir.

14 | Vektorler, trigonometri, ondalik sayilar, | e\Vektorler
reel sayilar, iislii sayilar, 1. ve 2. (Vectors),

dereceden denklemler

eTrigonometri
(Trigonometry),
eSayilar
(Numbers),

1. dereceden
denklemler (First
degree equations)
2. dereceden
denklemler (Second
degree equations)

15

Fonksiyonlar, trigonometri, limit, tlrev,

eFonksiyonlar
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integral 6rnek sinis cosinus grafikleri
integralde alan parcaciklari.

(Functions)
eTrigonometri
(Trigonometry),
eLimit (Limit),
eTlrev
(Derivative),
eintegral (Integral)

16

Trigonometri, tlirev, integral, egim
hesaplama, hiz, ivme bulma

eTrigonometri
(Trigonometry),
eTlrev
(Derivative),
eintegral (Integral)

eHiz (Velocity)
eivme
(Acceleration)

17

-Turev konusunda fizikteki mekanik
(yolun zamana gore tiirevi hizdir
-Limit, optik kosunda

-Integral, fizikteki is, mekanik konulari

eLimit (Limit)
eTurev (Derivative)
eintegral (Integral)

eMekanik
(Mechanics)
eHiz (Velocity)
oOptik (Optics)
eis (Work)

18

Ikinci derece denklemler konusu
ozellike atislar ve ivmeli hareketler
basliklariyla zenginlestirilebilir.

2. Dereceden
denklemler (Second
degree equations)

e Atiglar (Projectile
motion, free fall)
eivme
(Acceleration)

eHareket (Motion)
19 | Tirev ve integral, vektorler 6rnegin iz | eTilrev (Derivative) | eVektdrler (Vectors)
problemlerinde hizin tiirevinin ivmeyi, eintegral (Integral) | eHiz (Velocity)
ivmenin integralinin hizi vermesi. efvme
Hiz ivme ve konum vektorleri. (Acceleration)
20 | Dogrunun analitigi: yer, yol, hiz, ivme eLimit(Limit) eHiz (Velocity)-

grafikleri, dogru ve ters orantili degerler
2. dereceli denklem ve fonksiyonlar:
egik atis, serbest diisme

Trigonometri: grafik hesaplamalarinda
Logaritma-Ustel Fonksiyonlar:
hesaplamalarda

Limit, tlirev, integral: mekanik
problemlerinde

eTurev (Derivative)
eintegral (Integral)
eDogrunun
analitigi (Analytic
geometry for lines)
eTrigonometri
(Trigonometry)
eLogaritma
(Logarithm)-Ustel
fonksiyon
(Exponential
function)

Ivme (Acceleration)
eEgik atis (Projectile
motion)

eSerbest diigme
(Free fall)

eMekanik
(Mechanics)

21

-Optik bir fizik konusudur. Uggenle
ilgili benzerlik, oklit, dik U¢gen
ozellikleri kullanilir.

-y=ax+Db, a and b are elements of R
dogrusal bir fonksiyondur. Bunu fizikte
diizgiin dogrusal hareket olarak
kullaniyorlar. Yol, hiz, zaman iligkisini
bu fonksiyonlarla agikliyorlar. (iki
fiziksel degiskenin birbirine gore
durumlarr)

-tiirev konusu fizikte hiz ve ivme
hesaplarinda

eUcgenler
(Triangles)

el ineer
fonksiyonlar
(Linear Functions)
eTurev (Derivative)
eintegral (Integral)

*Optik (Optics)
eHareket (Motion)
eHiz (Velocity)
eivme
(Acceleration)
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-Integral ve diferensiyel hesaplarda
fizigin konular1 icinde kullanilmaktadir.
(dy/dx) yolun zamana gore tlrevi vs.

22 eTirev (Derivative) | eHareket (Motion)
eintegral (Integral) | eOptik (Optics)
eTrigonometri
(Trigonometry)

Tiirev, integral (Birgok konusu, 6zellikle | ®Analitik geometri
hareket) (Analytic
Trigonometri (6zellikle optik) geometry)
Analitik geometri (grafik okuma, eGeometri
dogrunun analitigi...) (benzerlik, alan)
Benzerlik- Alan (Hareket problemleri ) (Geometry)
Mantik (tiim konular) eMantik (Logic)

23 | Logaritma: Ses siddeti birimi desibel el_ogaritma oSes siddeti (Sound
logaritmiktir. Optik konusunda da (Logarithm) intensity)
kullanilir. eMatris (Matrices) | eOptik (Optics)
Matris: Elektrik devreleri, optik ve eLimit (limit) oElektrik devreleri

kuantum mekaniginde kullanilir.
Limit: Limit kavraminda ortaya ¢ikan
diferansiyel hesap, pek ¢ok fizik
probleminin ¢6ziimiinde kullanilir.
Tiirev: Hareket, 1s1 problemlerinin
¢cozlimiinde kullanilir. Dogru boyunca
hareket eden bir cismin, t zamani iginde
aldig1 yol ile t anindaki hiz1 ve ivmesi
arasindaki iliski tiirev ile bulunur.
Integral: Integral yardimyla fizikteki
dogrusal hareket problemlerini
cozebiliriz.

eTurev (Derivative)
eintegral (Integral)

(Circuits)
eKuantum mekanigi
(Mechanics of
guantum)

eHareket (Motion)
eHiz (Velocity)
eivme
(Acceleration)

oIs1 (Heat)
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APPENDIX E: Responses for the second open-ended question

The results of the table below were summarized in Table 5 and Table 6.

kimyayla iliskilendirebiliriz belki.
Molekiillerin yapisi gibi vs vs

c
8 ResDoNSes Topics in Topics in
= P Mathematics Chemistry
&

1 | Burda da yine tiirev aklima geliyor. eTurev (Derivative) | eKimyasal
Tiirevi anlik hiz degisimi olarak ePolar coordinates | tepkimeler
tanimlarsak belki kimyasal (Polar coordinates) | (Chemical
reaksiyonlarda etkilesim hizi- rate of reactions)
change le ilgili konularla *Organik kimya
iligkilendirilebilir. Ya da polar (Organic
coordinate gibi konular1 organik chemistry)

(e.g.molekiil yapist
(structure of

molecules))

2 | Denklemler, Gslu ifadeler, karisim eDenklemler
problemleri. (Equations)

oUslii sayilar
(Exponential
numbers)
eKarigim
problemleri
(Mixture
problems)/Oran-
orant1 (Ratio-
proportion)

3 | Konu Basliklari: Sayilar, Oran-orantt, eSayilar (Numbers) | eDeney sonuglari
Yuzde, Birimler, Fonksiyon ve eQOran-oranti (Results of
fonksiyon grafikleri, Logaritma... (Ratio-proportion) | experiments)
Ornegin; fonksiyon grafiklerinin ne eBirimler (Units)
ifade ettiklerinin daha kolay anlagilmast | ¢Fonksiyonlar
bakimindan “Kimya” dersinde deneyler | (Functions)
sonucu elde edilen veriler koordinat eFonksiyon
sistemi {izerine yerlestirilerek grafikler grafikleri (Graphs
cizilebilir. Ve ilgili grafigin bir of functions)
fonksiyon gosterip gostermedigi ve eLogaritma
fonksiyon gosteriyorsa bunun hangi (Logarithm)
fonksiyon olabilecegi 6grencilerle
tartigilabilir.

4 | 9. sinif Sayilar (s6zel problemlerde eSayilar (Numbers) | eCozelti
¢Ozelti problemleri bu baglamda eKarisim problemleri/Karis
diisiiniilebilir.) problemleri m problemleri

(Mixture problems) | (Mixture problems)
Logaritma (kimyada ograitmik 6lcekler eLogaritma epH olcumii
kullanilmakta. Bir¢ok kimyasal baginti (Logarithm) (Measuring pH)

da logaritma igermete. Ornegin, hidrojen
atomu sayisi ve pH olgiisii gibi)
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Kimya konusunda bilgim yok.

Fonksiyonlar ve grafikleri: Kimyasal
denklemlerin dengelenmesi, asit-baz
konusu, oksitlenme gibi konularla
iligkilendirilerek.

Sayilar (islii sayilar, oran-oranti):
karigim, ¢ozelti, bilesikler, kimyasal
reaksiyonlar konular ile
iliskilendirilerek

Geometrik sekiller, A¢1 ve Uzaklik
Olciimii: Baglar arasindaki ac1 ve
molekiildeki atomlar arasindaki uzaklik

Logaritma: pH degeri hesaplamalar1

2. dereceden denklemler, esitsizlikler

eFonksiyonlar
(Functions)
eFonksiyon
grafikleri (Graphs
of functions)
oUslii sayilar
(Exponential
numbers)
eOran-oranti
(Ratio-proportion)/
Karigim
problemleri
(Mixture problems)
eAcilar (Angles)
eUzaklik 6l¢limii
(Distance
measurements)
eLogaritma
(Logarithm)

2. Dereceden
denklemler
(Second degree
equations)
eEsitsizlikler
(Inequalities)

eKimyasal
denklemlerin
dengelenmesi
(Balancing
chemical reactions)
e Asit-baz (Asid-
Base)
eOksitlenme
(Oxidation)
eKarisim
problemleri
(Mixture problems)
(e.g. gozeltiler
(solutions) )
eBilesikler
(Compounds)
eKimyasal
reaksiyonlar
(Chemical
reactions)

eBaglar arasindaki
ac1 (Angles
between chemical
bonds)
eMolekildeki
atomlar arasi
uzaklik (Distance
between the atoms

in molecules)

epH Slcimi

(Measuring pH)
Matematikteki problemler konusu eKarisim eKarigim
kimyayla entegre edilebilir. Ornegin problemleri problemleri
karisim problemleri (Mixture problems) | (Mixture problems)
Deneysel galismalara istatistik iyi bir elstatistik eDeneyler
sekilde entegre edilebilir. (Statistics) (Experiments)
Sayilarin kullanimi kimyayla entegre eSayilar (gok e Avagadro sayis1
edilebilir (Avagadro sayisi) buytik cok kiigiik (Avagadro number)

sayilar)(Scientific
notation)

Tiim sayisal islem becerileri (dort iglem,
kesirli sayilar, oran-oranti, ondalikl
sayilar, kokli ve isli sayilar,...).

Fizik dersinde oldugu gibi yukarida
saydigim tiim islem becerileri kimya
dersinde de kullanilmaktadir.

Ayrica karigim problemleri, ¢ok biiyiik
cok kiiciik sayilar, gibi konular kimya
derslerinde kullanilmaktadir.

eSayilar (Numbers)
eQOran-oranti
(Ratio-proportion)
eKarigim
problemleri
(Mixture problems)
oUslii, koklii sayilar
(Exponential and
root numbers)
oCok kiglk ve ¢ok
blyuk

eKarisim
problemleri
(Mixture problems)
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sayilar(Scientific

notation)

9 | Kimyasal tepkimelerde ve ayrica Asit- eL_ogaritma eKimyasal
Baz konusunda pH ve pOH" bulurken (Logarithm) tepkimeler
logaritma kullanildig1 i¢in logaritma (Chemical
konusu kimya entegrasyonuna uygun bir reactions)
konudur. e Asit-baz (Asid-

Base)
opH dl¢limii
(Measuring pH)

10 | Denklemler, hacim hesaplari ve karisim | eDenklemler
problemleri 6rnek olarak verilebilir. (Equations)

eHacim (Volume)
eKarigim
problemleri
(Mixture problems)
/ Oran-oranti
(Ratio-proportion))

11 | 1) Logaritma konusu, radyoaktivite el ogaritma eRadyoaktivite
konusuna entegre edilebilir. (Logarithm) (Radioactivity)

12 | Logaritma eLogaritma

(Logarithm)

13 | Oran-oranti konusunda bilesikleri eQOran-oranti eBilesikler
olusturan elementlerin veya atomlarin (Ratio-proportion) | (Compounds)
oranlari ile ilgili 6rnekler verilebilir. eKarisimlar

(Mixtures)

14 | Ondalik sayilar, reel sayilar, Gslii sayilar, | eSayilar (Numbers)
1. ve 2. dereceden denklemler oUslii sayilar

(Exponential
numbers)

1. Dereceden
denklemler (First
degree equations)
e2.dereceden
denklemler
(Second degree
equations)

15 | Islemler konusu eislemler

(Operations)

16 | Lise 1 de cok biytik ve ¢ok kiiglik oCok blyiik ve ¢ok
sayilarla slem yapabilme. kiiciik sayilar
11. simif (IB) logaritma uygulamalari (Scientific

notation)
el ogaritma
(Logarithm)

17 | Logaritmik ve ustel fonksiyonlar el ogaritma eRadyoaktivite
kimyada half life, radioactive decay (Logarithm) / Ustel | (Radioactivity)
konular1 ile baglantili fonksiyon

(Exponential
function)
18 | Birinci dereceden ¢ok bilinmeyenli eBirinci dereceden | eHess yasasi

denklemler hess yasasini kullanarak

denklemler (First

(Hess principle)
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kimyasal tepkimelerde 1s1 hesaplarina
uygulanabilir.

degree equations)

19

Logaritma ve Ustel fonksiyonlar
Ornegin radyoaktif ¢iiriime, yar1 dmiir
gibi kimya problemlerinde bu konularin
bilinmesi gerekmektedir.

eL_ogaritma
(Logarithm) / Ustel
fonksiyon
(Exponential
function)

eRadyoaktivite
(Radioactivity)

(e.g yar1 6miir (half
life))

20

Oran-orant1: Karisim-bilesim
problemlerinde

Logaritma: Atomik yarilanma
problemlerinde, hesaplamalarda
Turev-integral: Fiziko kimya
problemlerinde

eOran-oranti
(Ratio-proportion)
/ Karigim
problemleri
(Mixture problems)
el ogaritma
(Logarithm)
eTlrev (Derivative)
eintegral (Integral)

eKarisim
problemleri
(Mixture problems)
eRadyoaktivite
(Radioactivity)
ofiziko kimya
problemleri
(Physics-
chemistry)

21

Matematiksel islemler, 6zellikle islii
sayilar, ondalik sayilarla ilgili denklem
cozumleri.

Oran-orant1 konusu oldukga fazla
kullanilmakta.

Logaritma ve kati cisimlerin hacimleri
(gazlar ve sivilarla ilgili olarak)

eSayilar (Numbers)
oUslii sayilar
(Exponential
numbers)
eQran-oranti
(Ratio-proportion)
el ogaritma
(Logarithm)

o Kati cisimlerin
hacimleri (Volume)

eGazlarin ve
stvilarin hacimleri
(Volumes of gase
and liquids)

22 | Oran-Oranti (Tepkime hseaplari) eQran-orant1 eKimyasal tepkime
Analitik geometri (Grafik okuma, (Ratio-proportion) | (Chemical
yorumlama) eAnalitik geometri | reactions)
Denklem cozimleri(Her konu) (Analytic eOrganik kimya
Geometri (kati cisimler, organik) geometry) (Organic
Mantik (tiim konular ) Grafik (Graphs) chemistry)
Logaritma (Radyoaktivite) e1. ve 2. Dereceden

denklemler (First
and second degree
equations)
eGeometri
(Geometry)
eMantik (Logic)
el ogaritma
(Logarithm)

23 | Logaritma: PH hesaplamalarinda el ogaritma epH dlcimi
Elektrokimya’da kullanilir. (Logarithm) (Measuring pH)
Oran Orantt: ve Uslii sayilar kimya eQOran-oranti eKarisim
problemlerinin ¢oztiminde kullanilir. (Ratio-proportion) | problemleri

Tirev Is1 konusunda kullanilabilir.

oUslii sayilar
(Exponential
numbers)

eTirev (Derivative)

(Mixture problems)
eTepkime 1s1s1
(Heat of reactions)
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APPENDIX F: Responses for the third open-ended question

The results of the table below were summarized inTable 5 and Table 6.

c

S o

;g Responses Mzﬁr?elgwsalt?cs Topics in Biology
&

1 | Aklima ilk gelen iislii sayilar ve de hiicre | eUslii sayilar eMitoz bolinme
bélinmesi geldi. Mitoz béliinme. Yine (Exponential (Mitosis)
Turev ve rate of reaction olabilir. numbers)

eTlrev
(Derivative)

2 | Denklemler, uislii ifadeler. Bunlar aklima | eDenklemler
gelenler, temel ilgi alanim lise (Equations)
matematigi olmadigi igin ¢ok oUslii sayilar
ilgilenmiyorum ve size de 6rnek (Exponential
veremiyorum. numbers)

3 | Konu Bagliklari: Kiimeler, Sayilar, eKumeler (Sets) eCanlilarin
Permiitasyon, kombinasyon ve olasilik, eSayilar (Numbers) | Ozellikleri
Oran-oranti, Yiizde, Birimler, Fonksiyon | ePermiitasyon (Properties of
ve fonksiyon grafikleri, Logaritma... (Permutation) creatures)
Ornegin kiimeler konusuna Biyolojiden; | eKombinasyon
ornegin “CANLILARIN ORTAK (Combination)

OZELLIKLERI nelerdir?” seklinde bir eOlasilik

soru ornek olarak verilebilir. (Probability)
eOran-orant1
(Ratio-proportion)
eYiizde hesaplari
(Percentage)
eBirimler (Units)
eFonksiyonlar
(Functions)
eFonksiyon
grafikleri (Graphs
of functions)
el ogaritma
(Logarithm)

4 | Olasilik-Istatistik (genetik arastirmalarda | eOlasilik oGenetik
olasilik ve istatistik kullanilmakta, (Probability) (Genetics)
Ornegin hastaliklarin nesiller aras1 gegis | eistatistik (e.g pedigri agac1
ve goriilme olasiliklari. Bu baglamda (Statistics) (pedigree tree))
iligki kurulabilir.)

5 | Olasilik ve istatistik genetikte ¢Olasilik oGenetik
kullanilabilir. (Probability) (Genetics)

eistatistik
(Statistics)

6 | Olasilik ve istatistik: Genetik yap1 ve eOlasilik oGenetik

kalitim konulart ile iligkilendirilerek (Probability) (Genetics)
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Tdirev, Fonksiyonlar, 2. dereceden
denklemler: Popiilasyon artisi-azalisi,
popiilasyonu sabitleme, viicuda alinan
ilacin seviyesinin zamanla degisimi,
karbon miktar 6l¢iimii ile madde yaginin
tespiti konular ile iliskilendirerek

Tiirev, limit: Cevre kirliligi konusu ile

eistatistik
(Statistics)

eTlrev
(Derivative)
eFonksiyonlar
(Functions)

2. Derece
denklemler(Second
degree equations)

ePopulasyon artig
ve azalig1 (Increase
and decrease in
population)

eila¢ dozu (Dose of
medicine)

eKarbon yas1
(Carbon dating)
eCevre kirliligi

iligkilendirilerek (Pollution)

7 | Olasilik konusuyla genetik konulari eOlasilik oGenetik
entegre edilebilir (Probability) (Genetics)
Grafik yorumlamalar bir ok konuyla Grafik (Graphs) eDeneyler
entegre edilebilir eistatistik (Experiments)
Deneysel calismalara istatistik iyi bir (Statistics)
sekilde entegre edilebilir.

8 | Biyolojide bilimsel gésterim, usli oBilimsel gosterim | eGenetik
sayilar, genetikte kullanilan olasilik ve (Scientific (Genetics)
ylizde hesaplama ve dort islem becerisi | notation)
kullanilmaktadir. oUslii sayllar

(Exponential
numbers)
eOlasilik
(Probability)
eYiizde hesaplama
(Percentage)
eislem
(Operations)

9 | Istatistik konusun biyoloji efstatistik eDeneyler
entegrasyonuna uygun bir konu (Statistics) (Experiments)
oldugunu diigiiniiyorum. Pek ¢ok eOlasilik eGenetik
deneyin yapildig1 biyoloji alaninda (Probability) (Genetics)
cesitli istatiksel metotlar
kullanilmaktadir. Bu metotlar yardimiyla
verilerin toplanmasi, analiz sonuglarinin
degerlendirilmesi, ¢esitli dagilimlarin
kullanilmasi gerektiginden istatistik
konusu ile yapilacak entegrasyon faydali
olacaktir. Ayrica genetik ve olasilik
konulu bir biitiinlesmenin de uygun
oldugunu disiiniyorum.

10 | Kumeler, olasilik ve denklemler 6rnek eKumeler (Sets)
olarak verilebilir. eOlasilik

(Probability)
eDenklemler
(Equations)

11 | 1) Olasilik konusu, Genetik konusuna eQlasilik eGenetik

entegre edilebilir. (Probability) (Genetics)

2) Ustel ve logaritmik fonksiyonlar,

popiilasyon artis1 konusuna entegre
edilebilir.

eUstel fonksiyon
(Exponential
function)

el ogaritma
(Logarithm)

ePopilasyon
(Population)
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12 | Logaritme el ogaritma
(Logarithm)
13 | Katilimda olasilik teorisinden eOlasilik oGenetik
yararlanilarak 6ngoriiler yapilabilecegi (Probability) (Genetics)

ornek olarak verilebilir.

Popiilasyon artiglart ve belli zaman
araliklarinda bir popiilasyona ait canli
sayisin1 bulmada matematiksel
modellemeden yararlamlabilir. Ustel
fonksiyon konusu bu tarz 6rnekler icin
kullanilmaktadir.

eUstel fonksiyon
(Exponential
function)

ePopilasyon
(Population)

14

ondalik sayilar, reel sayilar, iislii sayilar

eSayilar (Numbers)
oUslii sayilar
(Exponential

numbers)
15 | fonksiyonlarda grafik ¢izimleri dna eFonksiyonlarda oGenetik
grafikleri ile baglastirilarak. grafik (Graphs) (Genetics)
(e.g. DNA
grafikleri (DNA
graphs))
16 | IB smiflarinda istatistik anlatiliyor. efstatistik
Biyolojide bu konudan faydalaniyor. (Statistics)
17 | Bakterilein ¢ogalmast, niifus problmleri, | eUstel fonk ePopiilasyon

ustel ve logaritmik fonksiyonlar
p(t)=50.2"t Kag saat sonra su kadar

(Exponential func)
eLogaritmik fonk

(Population)
(e.g Bakteri artig1

bakteri olur etc. (Logarithmic (Bacterial
functions) population
growth))
18 | Tiirev ve integralin yara kapanma hizin1 | eT{rev elyilesme siiresi

belirlemede kullanilabildigini s6ylemek
ve bir érnekle bunu géstermek biyoloji
matematik isbirligine katkida
bulunabilir.

(Derivative)
eintegral (Integral)

(Recovery time)

19 | Populasyon artis1 gibi problemlerde eUstel fonksiyon ePopiilasyon
tistel fonksiyon ve logaritma (Exponential (Population)
bilinmelidir. function)

Ayrica istatistikte de biyoloji ile ilgili el ogaritma

konularda kullanilir. (Logarithm)
eistatistik
(Statistics)

20

Ustel-logaritma fonksiyonlari: niifus
artiglar1 problemlerinde
Kombinasyon-olasilik: aile gogalmalari,
hiicre bolinmeleri problemlerinde

eUstel fonksiyon
(Exponential
function)

el ogaritma
(Logarithm)
eKombinasyon
(Combination)

ePopiilasyon
(Population)
eHiicre bolinmesi
(Segmentation)

¢Olasilik
(Probability)
21 | Istatiksel analizler. eistatistik eHiicre bolinmesi
Grafik cizimleri (hiicrelern artis, azalis (Statistics) (Segmentation)
hizlarin1 gosterirken grafik gizimleri oGrafik (Graphs) Popllasyon(Popul

yapilir ve yorumlanir)
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olasilik (genetik konusu, mendel eOlasilik ation)
caprazlamast) (Probability) eGenetik
Logaritma (hiicre artig, azalis ve ya el ogaritma (Genetics)
bakterilerin tireme hiz1) (Logarithm) (e.g Mendel
caprazlanmasi
(Mendel-cross
breeding))

22 | Olasilik (Genetik) oOlasilik oGenetik
Istatistik (Genetik ) (Probability) (Genetics)
Tlrev (Daha ileri diizey igin) eistatistik ePopiilasyon
Mantik (Tiim konular ) (Statistics) (Population)
Logaritma (lreme) eTlrev (e.g.ureme

(Derivative) (reproductivity))
eMantik (Logic)

eLogaritma

(Logarithm)

23 | Turev, diziler (Geometrik diziler), oTlrev eBiiyiime hizt
Logaritma. (Derivative) (Rate of growth)
Biyolojide bakterilerin biiylime hizi, eDiziler eNiifus artis1
maksimum bilyime hiz tiirev ile (Sequences) (Increase in
bulunur. Niifus artig1 yine tiirevle eLogaritma population)
hesaplanabilir. (Logarithm) eBakteri artist
Bakteri artig miktar1 yine geometrik dizi (Bacterial

ile iligkilendirilebilinir.
Yillik niifus artis hizi niifusun yillar

icinde ne kadar artacaginin buldurulmasi

icin Uslu ve logaritmik denklemler

yardimiyla bir matematiksel modelleme

yapilabilir.

population growth)
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APPENDIX G: Responses for the fourth and fifth open-ended questions

The results of the table below were summarized in Figure 4 and Figure 6.

4. Sizce matematik icin fen bilimleri
entegrasyonunun 6grencinin 6grenim

5. Tiirkiye kosullar: cercevesinde
diisiiniildiigiinde, matematik icin fen

g siirecine katki saglayacak olan bilimleri entegrasyonunun égrencinin
K | avantajlari neler olabilir? Litfen o6grenim siirecinde etkili olabilecek

:g fikirlerinizi 6rneklerle aciklayimz. dezavantajlar: ve simrhiliklar: nelerdir?

= Latfen fikirlerinizi orneklerle

o aciklayiniz.

1 1) Kismen de olsa "bunlar bizim ne Herhangi bir dezavantaj getirecegini
isimize yarayacak" sorusuna cevap diisiinmiiyorum. Sadece Fen grubu
verebilir. derslerinin iglenmesinde karsilagilan, yani
2) Matematigin soyut diinyasindan ¢ikip, |zaten var olan dezavantajlarin yansimalari
elle tutulur sonuglara ulasmasini saglar. | olabilir.

2 Ogrencinin 6grenme istegi ve Ogretmen yeterince bilgili olamazsa,
motivasyonu artar. Ogrenciye yetersiz kalabilir.

Daha kolay ve kalic1 6grenir Teknolojinin kullanimi entegrasyonu daha
kolay saglayacagindan, teknolojinin
saglanma sikintis1 yaganabilir.

3 * Fen bilimlerine ilgi duyan 6grenciler * Ogretmenlerin esnek olmayan ve
icin, matematik ve fen bilimleri oldukga yogun bir miifredat1 6grencilere
entegrasyonu, matematiksel kavramlari | aktarma ¢abasi sirasinda,gerek zaman
ve uygulamalar1 6grenmelerinin ne kadar | gerek emek isteyen farkli uygulamalara
yararli olacagi konusunda i¢sel bir yer verme konusundaki isteksizlikleri, s6z
motivasyon saglayabilir. konusu entegrasyon i¢in bir sinirlama
* Ogrenilen bir kavramin farkl getirebilir.
baglamlar iginde kullanildigin1 gormek, | *Matematik ve fen bilimleri
kavramin daha derinlemesine entegrasyonunun saglanabilmesi adina,
anlasilmasina ve i¢sellestirmesine fayda | matematik 6gretmenlerinin, fen
saglayabilir. bilimlerinden yardim alacaklar1 konularda
*Matematigin tiim bilimler i¢in gerekli dogru baglantilar1 yapabilmeleri ancak bu
bir dil oldugunu gormelerini saglayabilir. |alanlarda derin bir bilgi birikimine sahip
Bu dili kullanmanin, gelecek akademik | olmalariyla miimkiindiir. Aksi takdirde
yasantilar1 i¢in ne denli 6nemli oldugu eksik ya da yanlis baglantilar,
konusunda farkindalik yaratabilir. Ogrencilerde kavram kargasasina yol

acabilir

* Ogrencilerin fen bilimlerindeki eksik
bilgileri, entegre edilen konuyu anlamayi
desteklemekten ¢ok giiclestirebilir. Bu
noktada 6gretmenin, sinifin yapisina gore
farkli yollar tercih etmesi gerekir.

4 1) Dersler arasinda iliskilendirme yapar | 1) Ulkenin her yerinde aym kosullar
2) Neden 6greniyorum sorusuna bazi olmadig1 i¢in bazi zorluklar yasanabilir,
cevaplar bulur iliskilendirmeler istenilen sekilde
3) Neden 6grendigini anlarsa 6grenmeye | yapilamayabilir
daha istekli olur 2) Ogretmenler bu sekilde egitilmedigi
4) iliskilendirme yaparak daha kolay icin iliskilendirmeler istenilen sekilde
Ogrenir yapilamayabilir

5 Matematik konularinin soyut Dezavantaj saglayacagini diisiinmiiyorum.

kalmasindan kurtulmasini saglayacagim
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diisiiniiyorum

6 Ogrenci zor bir konuyla karsilastiginda | Fen derslerinden énce konuyu matematik
"Hocam bu ne isimize yarayacak? Nerede | dersinde goriip, uygulamasini fen
kullanacag1z?" diye sorular sorarlar. derslerinde yapabiliyorsa bilgi pekisir.
Ogrencinin konuya hakim olabilmesi, Ancak ¢ogu konu 6nce fen derslerinde
EZBERLEMEMESI i¢in o konunun ezbere kullaniliyor, daha sonra
giincel yasantiya uygulanmasini da matematikte detaylandiriltyor
gormesi konuyu etkili bir sekilde (trigonometri, tirev gibi)
kavramasini saglayacaktir.

7 -Ogrencilerin genellikle sordugu bu konu |-Konu sayisi, ders sayist ¢ok fazla
ne isimize yarayacak sorusuna cevap -Her konunun baglantis1 kurulabilir ancak
Verir. stire ve kosullar yetersiz
-Fen bilimlerindeki konularin daha ¢gok | -Avrupa’daki egitim 6gretim bizden en
Oziimlememizi saglar. temel farki uygulamaya daha fazla agirlik
-Derse olan ilgisi artar. verilmesi

-Bizde teori ve "find x" tipi sorular
agirlikta

8 1. Ogrenci deyimiyle; fen bilimleri 1. Soyut diistinmeden uzaklasilabilir
giindelik hayatla daha i¢ i¢e oldugu i¢in | 2. Fen bilimlerinde ¢ok kullanilan deney
matematigin de glindelik hayatta yonteminin matematikte de islerligi
kullanilir bir bilim oldugunun oldugu yanilgisina diisiiliip tutarl ispat
anlagilmasinda yardimeci olur. yapma yeteneginin gelismesi zora
2. Fiziksel, kimyasal ve biyolojik sokulabilir.
slireglerin incelenmesinde matematigin | 3. Elle tutulur bir ise yararlik bulma istegi
vazgecilmez bir ara¢ oldugunun fark daha da artabilir ve "4 islemden baskasi
edilmesiyle 6grencilerin edinecekleri gereksizmis benim i¢in" noktasina
mesleklerde gdsterecekleri basarinin donilebilir
matematik bilgisiyle iligki icinde
oldugunu fark etmelerine katkida
bulunur.

3. Ogrencilerin vazgegilmezi olan
teknolojik araglarin gelistirilmesinde
matematigin roliiniin biiyiik oldugunu
fark etmeleri saglanirsa matematik
diismanhigmin giderilmesinde ufak da
olsa bir adim atilabilir.

9 Fen bilimlerindeki konularin gérsel Miifredat bu tiir konular dikkate alinarak
materyallerle desteklenmesi daha rahat | hazirlanmadigindan sikint1 yaganabilir.
oldugundan konuyu soyut olmaktan Yeterli kaynak bulmak zor olabilir.
¢ikarip daha somut bir hale getirir. Okullarda verilen egitin genelde
Ogrencinin gercek yasamla konu arasinda | {iniversiteye giris snavina ydnelik
bag kurmasini kolaylastirir. oldugundan ve dgrencilerin beklentisi ve
Matematigin ise yaramadigi talepleri bu yonde oldugundan dolay1 bu
yanilsamasini ortadan kaldirmaya tarz bir yaklagim 6grencilere ¢ok hitap
yardimce1 olur. etmeyebilir.

Ogretmenlerinde fen bilimleri alan
hakkinda bilgi sahibi olmalar1 gerekir.

10 |-Matematigin soyut yapisinin yagamla Matematigin, fen bilimleri egitimine

bag1 oldugunu gosterir.

-Fen bilimlerinin daha iyi anlagilmasini
grafikle anlayip, hesaplamalarin
kolaylagmasini saglar.

dezavantaj sagladigini diistinmiiyorum.
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-Fen bilimlerinin ezber kismin1 kaldirip
anlamlarin tam anlagilmasini saglar.

11 |-Ogrenilen matematik konularinin diger | -Matematik eksik olursa diger derslere
alanlarda kullanim bilginin kalict uygulamasi tekrar sorun yaratabilir.
olmasinda yarar saglar. -0nemli bir dezavantaj olusturacagini
-Kullanim alanlarin1 6grendikge bilgiye | diisiinmiiyorum.
daha ¢ok ihtiyaci oldugunu anlar.

-Ogrendigi matematik konularimin
somutlagsmasini saglar.

12 |- 6grendigi konularin yasamin hangi -okullarda yeterli donanim olmadig1
alanlarinda kullanilabilecegini gérmesine | takdirde islevsizlesecek ve daha da
yardimci olur (6grencilerimizin derslerde | kotiisii, 6grencilere daha agir yiik
genellikle sorguladiklar1 ve iyi yanit getirmekten baska bir seye
almadiklarinda konuyu sadece not almak | yaramayacaktir.
icin ezberledikleri gorilmektedir) -Ogretmenlerin yetistirilmesinin tamamen
-Disiplinler arasi ¢alismanin 6nemini farklilasmasi gerekecektir ki tilkemiz
kavrar ve bu duruma yatkinlasir. kosullarinda ¢ok kolay goriilmemektir.
-Yasamdaki problemlere daha genis Donanimsiz 6gretmenlerle mevcut durum
perspektifle bakmaya aligir. iyilesecegine kotiiye gider.

-Bilimsel ¢alismalara yatkinlig artar. -Ulkemiz kosullarinda, bir 6grencinin
-lleride segecedi meslegin ne olacag bilim insan1 olmaya karar vermesini
konusunda kafasinda daha belirgin ve zorlagtirabilir.

dogru yargilar olusur.

13 |1 Bilimsel disiinceyi gelistirir. Fen bilimleri entegrasyonunun 6grencinin
2 Disiplinler arasindaki iliskiyi arttirir. Ogrenim siirecine katkisinin olabilmesi
3 Analiz, sentez ve yorum yetenegini icin matematik, fizik, kimya ve biyoloji
gelistirir. derslerini okutan 6gretmenlerin kendi

aralarinda iletisim igerisinde olmalar1
gerekir.

Fikir birligi icinde olarak ayni diisiince ile
hareket etmeleri gerekir. Birbirlerinden
yardim almalar1 ve entegrasyonun
gerceklesmesini birlikte saglamalilar.
Aksi takdirde dersler arasinda iletisim
kopuklugu olursa entegrasyon saglikli bir
sekilde gerceklesmez.

14 | 4aGiinliik yasam orneklerinin onlarin iki dersin entegrasyonun dezavantaji soyle
daha cok ilgisini ¢ekecegini olabilir. Ogrenci fen bilimlerini
diistintiyorum. Sayilar-semboller yerine | sevmiyorsa matematikten de soguyabilir.
bu da burada kullaniliyormus Bunun terside miimkiin. Ogrenci fenle
diyebilecek. Terside dogru olabilir. ilgili konuya asina degilse oradaki
Aslinda fen dersinde de matematigin matematigi yapmak istemeyebilir.
faydasini gorebilecek. Ogrenilenin Ogrencilerin adaptasyonu zorlasabilir.
kalicilig1 artacak. Disiplinler arasi Odaklanmalar1 gereken degisken sayisi
iligkiler 6grencilerin iliski kurmalarini arttiginda ilgi ve motivasyonlar1 azalabilir.
saglayacagindan kavramsal 6grenmenin
de artacagimi diistiniiyorum..

15 | Matematigin farkli bilim dallarinda En basta, hali hazirda yogun olan

uygulandigini gézlemlemek 6grencilere
matematigin dnemini vurgulayabilir.
Ayrica 6grencilerin bizlere siklikla
sordugu "Simdi bu konu ne igimize
yarayacak? Nerede kullanacagiz bu

matematik miifredatina yeni eklemeler
yapilmas1 konularin yetigsme telagini
artirabilir.

Ayrica fen alani derslerinden
hoslanmayan 6grencilerin matematige
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bilgileri?" gibi sorularina ¢ok giizel cevap
olmus olur.

yaklagimini da olumsuz yonde
etkileyebilir.

16 | Konular arasinda yapilacak Ogrencinin konuya kars1 dnyargi
iliskilendirmeler sayesinde bir derste olusturarak 6grenmeye yonelik algilarin
Ogrenilenlerin diger derste de kapatmasina neden olabilir. Ornegin,
kullanilmasiyla 6grenme hizlandirilabilir. | vektorler konusunu matematik dersinde

anlamayan bir 6grenci fizik dersinde ayni
konuyla karsilastiginda bu konu zor
diyerek dinlemeyi ve 6grenmeyi
reddedebilir.

17 | 1. Matematik icin fen bilimleri Matematik icin fen bilimleri entegrasyonu

entegrasyonu sayesinde 6grenciler
disiplinler arasi iligkinin neminin
farkinda olurlar.

2. Ornegin;biyoloji, fizik ve kimya
disiplinlerinde gergek hayat
problemlerini géstermek daha kolaydir.
Bu nedenle 6grencilere, matematik
dersinde konulara uygun biyoloji, fizik ve
kimya konularindan drnekler verilerek
Ogrencilere matematik konularinin
Ogrenilmesinin gerekliligi ve 6nemi
benimsetilebilir.

3. Ogrencilerin matematik dersinde
ogrendikleri formiilleri fen bilimlerinde
kullanmalarini saglayarak,
ogrendiklerinin kalicilig1 saglanabilir
(Not: Ogrencilerin dgrenirken formiilleri
ezberleme seklinde degil de anlayarak
Ogrenmeleri saglanabilir).

4. Matematik igin fen bilimler
entegrasyonunun ogrencilere avantaj
saglamasinin yaninda, bunu
uygulayabilen 6gretmenler igin de
avantaj saglayabilecegi kaginilmazdir.
Ornegin dgrencilere, tiirev konusu
ogretilirken fizik dersindeki hiz konusu
ile baglant1 kurularak, tiirev hakkinda
Ogrencide merak uyandirilabilir. Bir
baska drnek olarak biyolojide bakterilerin
¢ogalma hizi, niifusun artmasi gibi
ornekler verilebilir( Not: Her ne kadar bu
ornek bir diferansiyel denklemle ifade
edilse de burada sadece birinci
mertebeden tiirevin bilinmesinin yetecegi
unutulmamalidir. Yani 6grencilerin basit
formiillerle sonuca ulagmalarinin yerine,
Ogrencide matematiksel diigiinmenin ve
sorgulamanin gelistirilmesi igin
yukaridaki gibi 6rnekler verilebilir.
Ancak bu bicimdeki 6rneklerin konu
baslangicinda verilmesi, konunun

cok 6nemli olacaktir. Ancak Tirkiye’deki
tiim ortadgretim kurumlari dikkate
alindiginda, baslangicta 6gretmenlerin fen
bilimlerini matematige entegre
edebilmelerinde sikintilar yagsanabilir.
Ornegin; Ortadgretim kismi igin
matematik 6gretmeni yetistirme
programlari incelendiginde programlarda
“Kimya ve Fizik” derslerinin yer aldig,
ancak “Biyoloji” dersinin yer almadig1
goriiliir. Bu da bu matematik 6gretmeni
yetistiren programlardan mezun olan
Ogretmenlerin matematik dersinde
biyolojiyi kullanmalarini giiclestirir. Bu
ancak 6gretmenlerin kendi ilgi ve
cabalariyla gergeklesebilir. Ortadgretim
kurumlarinda genel olarak, farkli
disiplinler arasinda, bilgi aligverisinin de
etkin olarak kullanilamiyor olmasi bir
baska dezavantaj olarak gosterilebilir.
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genelinin daha kolay algilanmasi i¢in
daha etkili olabilir.

18 | Matematik ve fen bilimlerinin birbirleri | Ben en biiyiik dezavantajin sinav sistemi
ile ilgileri oldugunun 6grenciler ile ilgili olabilecegini diisiiniiyorum.
tarafindan anlagilmasi saglanabilir, bunun | Entegrasyonun sinav sistemindeki soru
daha motivasyon yoniinden bir avantaji | ¢esitleri ile ortiismedigini noktada
olabilir. Birindeki kavram bilgisi ve Ogretmen ve 0grencilerin bdyle bir
becerilerin digerinde de kullanildiginin | 6gretimi benimsemeyeceklerini ve
farkina varilmasi, boylece hem olumsuz bir tutum gelistireceklerini
kavramlarin 6rneklendirilmesi ve daha diisiiniiyorum. Buna ek olarak
somut hale getirilmesi, hem de bilginin | 6gretmenlerin entegrasyon i¢in yeteri
bir ag seklinde zihinsel siireclerde daha | kadar hazir olduklarini sanmiyorum,
kalic1 olarak yer edinmesi de bilissel Ogretmen egiten programlar da hazir degil
olarak bir avantaj olabilir. Matematik bence. Bu da entegrasyonun etkisini
kavramlart ile fen alanlarindaki azaltacaktir.
kavramlarin entegrasyonu ayni zamanda
ogrencilerin bu disiplinlerdeki kavram ve
stirecleri ifade ederken daha dikkatli ve
daha bilimsel bir dil kullanmalarina
yardimci olabilir.

19 | Oncelikle fen bilimleri ve matematikte En 6nemli sorun miifredatlarin (veya
ortak olabilecek konular tematik bir Ogretim programlarinin) senkronize
yaklasimla programlarda senkronize bir | olmamasi. Ortak (veya iliskilendirilecek)
sekilde verilebilir. Bu sekilde 6grenciler | bir konu fizikte 9. simifta gegerken,
ayni/benzer kavramlari farkli matematikte 12. sinifta olabilmekte.
baglamlarda gordiiklerinde bunlar ayri
konular gibi gérme egilimleri minimize | Sorun olusturabilecek diger bir durum
edilebilir. Bu sekilde 6gretim giinliik hayat baglantisinin nerede ve ne
programlarinda ayni konular tekrar tekrar | amagla yapilacagi konusunda farkliliklar
ayr1 konularmig gibi ele alinmaz. Bu ogrencilerin odaklarim farkli noktalara
sekilde zamandan da kazanim olacaktir. | ¢ekebilir. Buda ilgili konunun 6grenimini

sekteye ugratabilir, kafa karigikligt
Ote yandan daha soyut bir yapis1 olan yaratabilir. Diger taraftan bu tiir seyler
matematigin konu ve kavramlarinin kisith olan ders siirelerini iyi
glinliik hayatta veya gergekci durumlarda | kullanamama yoéniinde de dezavantaj
ne sekilde kullanildig: gosterilebilir, bu | olusturabilir.
sekilde 6grencilerin "bunu neden
Ogreniyoruz? nerede nasil, kimin isine
yarayacak?" gibi sorularina bir 6l¢iide
cevap bulabilir ve 6grenmeye
ilgili/motivasyon artirilabilir.
20 | Farkh disiplinleri entegre Tiirkiye kosullarinda matematik icin fen

etmenin,egitimde anlamli 6grenmenin
gergeklesebilmesi ve farkli bakis agilari
yaratmak adina 6nemli oldugunu
diisiiniiyorum. Ozellikle fen matematik
entegrasyonu, problem ¢6zmedeki
bilimsel yaklagimlarin anlagilmasi ve
anlatilmasi, d6grencilerin farkll
problemlerin ¢ziimii karsisinda fen ve
matematiksel yeteneklerini
kullanabilmeleri, strateji gelistirme,
bagimsiz olarak ¢aligabilmeleri agisindan

bilileri entegrasyonunun sinirliliklarmin
mevcut oldugu kanisindayim. Soyle ki;
« Ogretmenlerin istekliligikonu ile ilgili
yeterliligi cok dnemlidir.

* Entegrasyonun her asamasinda
Ogretmenlerin igbirligi i¢erisinde olup
konularm iligkilendirilmesi esastir.

* Caligmalar sirasinda uygun tekniklerin
kullanilmasi 6nemlidir.

» Matematik icin fen entegrasyonunun ¢ok
iyi planlanmasi1 ve matematik
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onemlidir

kazanimlarinin merkeze alinmasi gerekir.

21 | Ogrenci mat-fen entegrasyonu yapilan Boyle bir entegrasyon, eger miifredatlara
derste matematigin gercek hayat ile biitiinciil bir sekilde bakilmadan yapilirsa
iligkisini gérme sansina sahip olabilir ve | 6grencilerin bazi1 konular1 yiizeysel bazi
Ogrenci matematigin nerelerde konular1 gereginden fazla derinlemesine
kullanildig1, ne ise yaradigi gibi islemesine sebep olabilir ve dolaysiyla
konularda bilgi sahibi olarak matematige |¢ok zaman kaybedilmesine yol agabilir.
yonelik olumlu tutum gelistirebilir. Ogretmenin disiplinler arasindaki
Ogrencilerin matematik 6grenmeye entegrasyonu iyi biliyor olmamasi
yonelik motivasyonunu artirabilir.Mat- | 6grencilerin 6grenme siirecini olumsuz
fen entegrasyonu 6grencinin matematik | etkiler. Matematiksel fikirlerin dersin
ile fen bilimleri arasinda daha acik ve odaginda olmasi 6nemlidir, bu tiir
anlaml1 iligkiler kurmasini saglayabilir ve | 6grenme ortamlarinda bazen fen konulari
fen alanindaki miifredatin da daha etkili | ve gergek hayat durumlar1 odaga alinarak
uygulanmasina yardim edebilir. Ogrencilerin matematiksel fikirleri

kavramasi goz ard1 edilebilir.

Ayrica her konu i¢in bir entegrasyon
miimkiin degildir ve zorlama
entegrasyonlar 6grencilerin konulari
O0grenme ve anlamlandirmalarindan daha
cok kafa karigikligina neden olabilir.

22 | * Matematigin diger alanlarda ise Entegrasyon sureci iyi yonetilmezse
yaradigini gérmek matematik veya fenden bir tanesi feda
* Matematigi fiziksel diinya ile ilgili edilmis olur. Entegre edilecek kisma
sorunlar1 ¢ézmede bizzat kullanmak yonelik iyi hazirlanmig bir "miifredat"

olmasi gerekir.

23 | * Farkli bakis agis1 bilissel gelisime katki | Ogretmek istenilen sey degerlendirmenin

saglayacaktir.

* Ogrenciler kariyer planlarinda
matematigin yerini goreceklerdir..

* Fen bilimlerine ilgili 6grencilerin
motivasyonu artabilir.

* Matematigin konular1 daha somut bir
hale gelebilir.

bir parcasi olmazsa onemsenmez ve
yiizeysel kalir. Universite giris sinavinda
entegre edebilme becerisi 6l¢tilmuyor.
Dolayisiyla okullarda da boyle bir ihtiyag
duyulmuyor.

Ogretmenler de egitimli olmadiklar1 bir
konuda egitim vermek zorlanacaktir.
Genelde bir ¢ok dgretmen beni dersimle
bas basa birakin dediginden entegrasyon
¢aligsmalarina kolay kolay sicak
bakmayacaktir.
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APPENDIX H: Cover letter for the second round Likert-scale survey

Mr «TITLE» «<KNAME» «SURNAME»,

As a graduate student in Bilkent University, Institute of Education Sciences, |
collected your opinion about my thesis topic, "Integration of High School
Mathematics and Science Curriculum " in first round.

Link of the second (final) round Likert survey is given below. This survey created
according to the participants’ opinion from the first round. I request you to rank the
items. It will take approximately 15-20 minutes to answer.

Please fill the questionnaire within a week for the continuation of the study. Thank
you in advance for your participation and support.

Click here for questionnaire: http://t5.ed.or.kr
Sincerely yours,
Tugba Aktan,

Masters in Curriculum and Instuction with Teaching Certificate in Mathematics
Asst. Prof. Dr. Minkee Kim (Supervisor)
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APPENDIX I: The second round Likert-scale survey

ADVANTAGES

Psychological needs

Translation

Agree

No opinion

Disagree

Psl | Matematik konularini Integration makes mathematics
soyut olmaktan ¢ikarip more concrete.
daha somut bir hale getirir.

Ps2 | Ogrenciler teknolojik Students see the role of
araclarin gelistirilmesinde | mathematics in the development
matematigin roliinii goriir. | of technological tools.

Ps3 | Matematigin giindelik Integration allows them to see
hayatta kullanilir bir bilim | that mathematics as a science is
oldugunu gérmelerini used in everyday life.
saglar.

Ps4 | Matematigin tiim bilimler | Integration allows them to see
icin gerekli bir dil oldugunu | that mathematics is a necessary
gormelerini saglar. language for all sciences.

Ps5 | Matematige karsi olumlu | It provides them to demonstrate
tutum sergilemelerini a positive attitude towards
saglar. mathematics.

Ps6 | Fen bilimlerine ilgi duyan | It provides an intrinsic

ogrenciler i¢in i¢sel bir
motivasyon saglar.

motivation for students
interested in science.

Pedagogical needs

Pd1 | Bir konunun birden fazla It accelerates the learning of a
derste ele alinmast topic that is discussed in more
ogrenmeyi hizlandirabilir. | than one course.

Pd2 | Bilginin bir ag seklinde Information takes place as a
zihinsel streclerde daha network in mental processing
kalic1 ve biligsel olarak yer | more permanently and
edinmesini saglar. conceptually.

Pd3 | Ogrencilerin iist seviye It develops students ‘higher level

diistince becerilerini
(analiz, sentez ve yorum)
gelistirir.

cognitive skills (analyze,
synthesize, and interpret).

Sociological needs

Sol | Entegrasyon 6grencilerin Integration provides to improve
bilimsel stire¢ becerilerinin | students' science process skills
(strateji gelistirme, (strategy development,
bagimsiz diigiinme, independent thinking, the use of
bilimsel dil kullanimi1 vb.) | scientific language, etc.).
gelismesini saglar.

So02 | Ogrencilerin matematikteki | Students' perceptions of similar

ve fen bilimlerindeki

concepts in mathematics and
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benzer kavramlar farkli
konularmis gibi
algilamalari minimize
edilir.

science as different topics are
minimized.

So3 | Disiplinler aras1 ¢alismanin | Students understand the
onemini kavrar ve importance of interdisciplinary
yasamdaki problemlere studies and they look at the
daha genis bir perspektiften | problems in real life wide a
bakar. wider perspective.

So4 | Ogrenciler kariyer Students will see a place of

planlarinda matematigin
yerini gordrler.

mathematics in their career plans.

Other needs

Otl | Entegrasyonu It helps teachers in the
uygulayabilen implementation process of the
ogretmenlere de merakli course with interested and
ogrenciler sayesinde dersin | curious students.
uygulanis siirecinde avantaj
saglar.

Ot2 | Entegrasyona ait 6érneklerin | Samples of integration which are
konu baglangicinda given at the beginning of the
verilmesiyle konuya ilgi subject help to take students’
gosterilmesini saglar. attention easily.

Ot3 | Ayni konular tekrar tekrar | It provides to save time by not
ele alinmaz ve zamandan discussing the same topics over
kazananim gerceklesir. and over again.

DISADVANTAGES

Constraints related curriculum

Ccl | Entegrasyon Universite Since integration does not
girig siav sistemindeki overlap with the style of
soru tarzi ile university entrance exam
ortlismediginden questions, teachers and students
ogretmenler ve 0grenciler | don’t find the integration useful.
entegrasyonu
benimsemezler.

Cc2 | Fen ve matematik Science and mathematics
miifredatlarin senkronize curricula which don’t
olmamasi entegrasyon synchronize are an important
strecini i¢in 6nemli bir problem for the integration
sorundur. process.

Cc3 | Entegrasyon, mufredatlara | Integration which is planned
biitiinciil bir sekilde without a holistic approach lead
bakilmadan yapilirsa gok to the loss of a lot of time.
zaman kaybedilmesine yol
acar.

Cc4 | Hali hazirda yogun olan New addition to our curriculum

matematik miifredatimiza
yeni eklemeler yapilmasi

of math which is already intense
increases the rush to finish the
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konularin yetisme telasini
artirir.

topics.

Constraints related teachers

Ctl | Matematik 6gretmeni Mathematics teacher training
yetistiren programlarda fen | programs which does not give
bilimlerinin yeteri kadar enough place to science makes
yer almamasi entegrasyonu | integration difficult.
gerceklestirmeyi
giiclestirir.

Ct2 | Fen Bilimleri alaninda Links which are established by
derin bilgisi olmayan teachers who don’t have deep
ogretmenlerin kurdugu knowledge on science can lead
baglantilar 6grencilerde lots of confusion.
kavram kargasasina yol
acabilir.

Ct3 | Ogretmenler arasindaki Lack of communication between
iletisim kopuklugu teachers prevents the occurring
entegrasyonun saglikli bir | of integration in a healthy way.
sekilde gergeklesmesini
engeller.

Ct4 | Ogretmenlerin zaman ve Reluctance of teacher because of
emek isteyen the activities required time and
uygulamalardaki effort creates limitation for the
isteksizlikleri entegrasyon | integration.
i¢in sinirlama yaratir.

Ct5 | Ders planirken matematik | Mathematical ideas are ignored
konular1 yerine fen by putting science and real life
konular1 ve gercek hayat situations to the focus of students
durumlar1 odaga alinarak instead of mathematics.
ogrencilerin matematiksel
fikirleri kavramasi goz ardi
edilebilir.

Constraints related students

Csl | Fen bilimlerinden Integration causes students who
hoslanmayan 6grencilerin | do not like science to exhibit
matematige, matematikten | negative attitudes towards
hoslanmayan 6grencilerin | mathematics and who do not like
fen bilimlerine kars1 mathematics to exhibit negative
olumsuz tutum attitudes towards to science.
sergilemesine neden olur.

Cs2 | Ogrencilerin odaklarini Integration attracts students’
farkli noktalara ¢ekerek focuses to other points so it
ilgili konunun d6grenimini | makes learning difficult.
zorlastirir.

Cs3 | Ogrencileri soyut Integration prevents students’
diistinmeden uzaklastirir. abstract thinking.

Cs4 | Ogrencilerin fen The experimental method used in

bilimlerinde kullanilan

deney yonteminin

science causes students to think
the method can be used in
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matematikte de
kullanilabilecegini diisiiniip
tutarl1 ispat yapma
yeteneginin gelismesi
engeller.

mathematics and so integration
prevents to develop the ability to
prove.

Constraints related facilities

Cfl | Her konu i¢in entegrasyon | Integration is not possible for
miimkiin degildir. each topic.

Cf2 | Okullarda (teknoloji If there isn’t enough equipment
kullanimi gibi) yeterli (such as the use of technology) in
donanimlar olmadigi schools, it makes integration
takdirde entegrasyon nonfunctional.
islevsizlesir.

Cf3 | Ulkenin her yerinde ayni Challenges in the integration
kosullar olmadigi igin process occur because of the
entegrasyon surecinde different conditions in all over
zorluklar ¢ikar. the country.

Cf4 | Mufredat entegrasyona Curriculum is not regulated for

uygun diizenlenmediginden

kaynak sikintist vardir.

the integration therefore there is
limited resource.
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APPENDIX J: Screen shot of the online second round Likert scale survey

Matematik Egitiminde Delphi Anket Calismasi 2. Etap Likert
Olgegi

Birinci etap acik uclu sorularda belirtilen gorigler dog rultusunda hazirlanan ikinci etap likert tipi
anketi oylamaniz yakiayik 15-20 dakikanizi alacaktir.
Amac ilk etapta toplanan fikirlerin oylanarak ortak bir sonuc elde ediimesidir.

* Required

isim,Soyisim *
i p—|

Kisim A: Matematik i¢in Fen Bilimleri Entegrasyonu

Eu bolimdeki sorular lise matematik mifredatinds matematik ve fen blimierinin entegrasyonu de dglidir,
Matematik icin fen bilimleri entegrasyonunun 68 rencinin 6@ renim siirecine dénik avantajlan *

Fikrim Yok Katdmsycrum Katlryorum

Al Matemetik konulanm soyut

olmaktan okanp dzha somut bir hale O O O

EEnnr.

A2 Ofrencler teknolojik araclann

o
o
@]

geli; tirimesinde matematifin roliind
Edrir.

A3 Matematidin gindelik haystta
kullandr bir biim cldug unu g6rmelerin
sajlar.

A4 Matematigin thm biimler igin g
bir ol cldus unw gérmelerini s

A5 Matematie karg clumly tutum

A% O rendlenin analiz sentez ve yorum

|l 0 0|0 |0|0| O
|l 0 0|0 |0|0| O
|/ 0 0|0 |0|0| O

yELEnegini gelgunr.

0. Entegrasyon :'§r5": erin biimse

Erien \stra t: TIrmie

O
O
O
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APPENDIX K: Responses for the second round Likert scale survey

Participant

Psl Ps2 Ps3 Ps4 Ps5 Ps6 Pdl Pd2 Pd3 Sol So2 So3 So4 Otl Ot2 Ot3

[N

A A A A A A A A D A D A D A D A

2 A A A A A A A A A A A A A A A A

10 A A A A A A A A A A A A A A A A

11 A A A A A A A A A A A A A A A A

12 A A A A N A A A A A A A N A A A

13 A A A N A N A A A A A A N A N N

14 D A A N N N A A A A A A N A D A

15 A A A A N A A A N N A A A A A A

16 A A A A A A A A A A A A A A N A

17 A A A A A A A A A A A A A A N N

18 A A A A A A A A A A A A A A A A

19 D A A A N N N N A N A A N D N D

20 A A A A A A A A A N A A A A N N

21 A N A A A A A A A A A A A A A A

22 A A A A A A A A A A A A A A A D

23 A A A A N A A A A A A A D N D A
Note. A; Agree. D; Disagree. N; No opinion
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Participants

Ccl Cc2 Cc3 Cc4 Ctl Ct2 Ct3 Ct4 Ct5 Csl Cs2 Cs3 Cs4 Cfl Cf2 Cf3 Cf4

1 D D N A A D A N D N N A N N N N N

10 A A A A A A A A A A D D D A A A A

11 N A A D A A A D A D D A A A D A A

12 N A A A A A A A D N D D N A A A A

13 D A A A A D N A D D D N D A A N A

14 A A A A A A A A A D D D N A D A A

15 D N A A A A A A A A N D N A A A A

16 D N A A A A A A D D D D D N N N A

17 A A A A A A A A D N D D D D D N D

18 D A A D A A A A D D D D D D A D N

19 N A A A A A A A A N N N N N D N A

20 A A A N A A A A A N N N A N D A A

21 A A A D D A A A D D D D D A A D A

22 D A A D A A A A D D D D D D D A A

23 A A A A A A A A A N D D D A A N A

Note. A; Agree. D; Disagree. N; No opinion
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