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ABSTRACT

INVESTIGATION OF THE PRESERVICE SCIENCE TEACHERS’ VIEWS
ON SCIENCE TECHNOLOGY AND SOCIETY ISSUES

Kahyaoglu, Elvan
M.S., Department of Secondary Science and Mathematics Education
Supervisor: Assist. Prof. Dr. Jale Cakiroglu
Co-Supervisor: Assoc. Prof. Dr. Ceren Tekkaya

July 2004, 134 pages

The aim of this study is to investigate the views of preservice
science teachers on science-technology-society, STS, issue. A total of
176 preservice science teachers participated in the study. A 26-item
“Views on Science-Technology-Society (VOSTS)” instrument,
translated and adapted into Turkish, were utilized to assess participants’
views on STS. The VOSTS (Aikenhead, Ryan and Fleming, 1989) is a
pool of 114 empirically developed multiple-choice items with nine
categories. In order to understand participants’ views on STS in depth,
semi-structured interviews were also conducted by 9 volunteer preservice

science teachers.

The results gave a colorful picture of the views of preservice
science teachers on science-technology-society issue. The analysis
revealed that preservice science teachers often confuse the definitions of
technology with science. Most of the participants of the study had
specific views about the reasons of doing scientific researches in their

country, for example, to be independent from other countries, to get

v



financial profit. Results displayed a consensus on the possible positive
effects of upbringing and the importance of education given to high
school students. According to the data obtained from the present study,
respondents possess varied views about the influences of society on
science and technology. While preservice science teachers claiming that
scientists could break the rules of science, they also claimed scientists as
objective in their study. On the other hand, participants supported the
view that scientists’ concern on all the effects of their experiments.
Preservice science teachers advocated also that technological

developments can be controlled by citizens.

Keywords: Views on science-technology-society, preservice science

teachers, nature of science.
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FEN BiLGiSi OGRETMEN ADAYLARININ BiLIM-TEKNOLOJi VE
TOPLUM HAKKINDAKI GORUSLERININ ARASTIRILMASI

Kahyaoglu, Elvan
Yiiksek Lisans, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boliimii
Tez Danismani: Yrd. Dog. Dr. Jale Cakiroglu
Ortak Tez Danigsmani: Dog. Dr. Ceren Tekkaya
Temmuz 2004, 134 sayfa

Bu ¢alismanin amaci fen bilgisi 6gretmen adaylarinin bilim-teknoloji-toplum
(BTT) hakkindaki goriislerini arastirmaktir. Caligmaya 176 fen bilgisi 6gretmen
adayr katilmistir. Katilimcilarin  bilim-teknoloji-toplum hakkindaki goriislerini
degerlendirmek i¢in Tiirkge’ye adapte edilmis, 26 sorudan olusan “Bilim-Teknoloji-
Toplum Hakkindaki Goriisler” anketi kullanilmistir. Bu anket deneysel yolla
gelistirilen, dokuz kategoriden olusan, 114 coktan se¢meli sorudan olugmaktadir.
Katilimcilarin bilim-teknoloji-toplum hakkindaki goriislerini daha detayli incelemek
amaciyla 9 fen bilgisi 6gretmen adayinin katildig1 goriigmeler yapilmstir.

Sonuglar, &gretmen adaylarinin  bilim-teknoloji-toplum  konusundaki
goriislerini yansitmistir. Incelemeler sonucunda fen bilgisi dgretmen adaylarinin
bilim ve teknoloji tanimlarini birbirine karistirdiklart  godzlenmistir. Ayrica
katilimcilarin ¢ogunlugunun, bilimsel arastirma yapmanin nedenleri hakkinda farkl
gerekcelere sahip oldugu goriildii. Diger iilkelerden bagimsiz olmak, ekonomik
kazang elde etmek bu gerekgelerden bazilaridir. Ote yandan, 6gretmen adaylarinim
cogunlugu, yetistirme tarzinin ve lise 6grencilerine verilen egitimin bilim-teknoloji-
toplum konusunun algilanmasindaki olas1 pozitif etkileri konusunda fikir birligine
vardi. Bu c¢aligmanin sonuglarina gore fen bilgisi 6gretmen adaylari, toplumun bilim
ve teknolojiye olan etkisi konusunda da farkli goriislere sahiptir. Aday 6gretmenler

bir yandan bilim adamlarinin zaman zaman bilimin kurallarini1 ¢igneyebileceklerini
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iddia ederken, bir yandan da bilim adamlarinin ¢aligmalarinda tarafsiz olduklarini
savunmustur. Ote yandan katilimcilar, bilim adamlarinin, yaptiklari ¢alismalarin tiim
olas1 sonuclarin1 degerlendirdikleri fikrini savunmuslardir. Aday 6gretmenler ayrica
teknolojik gelismelerin  vatandaslar tarafindan kontrol edilebilecegi fikrini

savunmuslardir.

Anahtar kelimeler: Bilim-teknoloji-toplum hakkinda goriisler, fen bilgisi 6gretmen

adaylari, bilimin dogasi.
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CHAPTER 1

INTRODUCTION

There is not a consensus among educators on how to define “science
education.” Good, Herron, Lawson, and Renner (1985) defined science education as
the discipline devoted to discovering, developing, and evaluating improved methods
and materials to teach science, i.e., the quest for knowledge, as well as the
knowledge generated by that quest. According to them a central concern of science
education should be developing a better understanding of how scientists and people
in general learn to quest for knowledge in order to help children learn. On the other
hand, Yager (1985) claimed that to limit science education to discovering,
developing, and evaluating “improved methods and materials for teaching science”
makes science education “administrative”-less than a discipline- an inquiry without a
domain of its own. Such a limited definition identifies the task of the science
educators one of transmitting what scientists know to students of varying ages. Yager
(1984) defined science education as; the discipline concerned with the study of the
interaction of science and society-i.e., the study of the impact of science upon society
as well as the impact of society upon science. According to him their
interdependence becomes a reality and the interlocking concept for the discipline. In
Yager’s opinion research in science education centers upon this interface.

For two centuries science and technology have increasingly shaped the
character of developed societies. Throughout most of the history the interaction and
significance among science, technology, and society went unrecognized. During this
time, however, the interaction continually changed. Citizens became aware of the
promises of science and technology. Government became involved in the support of
research and development. Technology also became larger and more sophisticated.
With little fanfare, science and technology slowly moved to center stage in society. A
paradox has also recently emerged (Kellough, Cangelosi, Collette, Chiapetta,
Souviney, Trawbridge, and Bybee, 1996). Scientific advances and technological

innovation have contributed to both social progress and cultural problems. Many



critical decisions related to the role of science and technology have to be made by the
nation. The decision will be made relative to many local and regional issues-land use,
acid rain, atmospheric conditions, carbon dioxide, toxic waste pumps, energy
shortages, preservation of endangered species, and water resources to name only a
few examples. Who should make decisions about problems, research development,
or applications? On what basis should these decisions be made? Every society has
struggled with the problem of how to prepare the next generation during the history.
Today this preparation needs to be concentrated on especially decisions about socio-
scientific issues. Societies generally support an education system that prepares
learners for life, work, and further specialization at the next academic level; societies
refine the system over time to better meet those goals (Yager, 2000). Achieving a
balance between the values of science and society suggests the need for citizens to be
well informed concerning social issues and the facts and values related to the cost,
benefits, and consequences of decisions about science, technology, and society.
Science education is thought as the way to help citizens to make such decisions.

In response to the growing importance of science and technology in
contemporary society-and to the increasing recognition of that importance-the last
decades have witnessed the birth and growth of a new academic field: “science,
technology, and society,” most often report to simply as “STS.” Precisely STS refers
to the study of science and technology in society-that is, the study of the ways in
which technical and social phenomena interact and influence each other (McGinn,
1991). Yager and Lutz (1995) defined STS as the teaching and learning of science in
the context of human experience, including the technological applications of science.
According to them, central to the STS approach is a focus upon individual learners.
Students are often involved in determining and developing directions for study. STS
gives students an understanding of what science and technology are and the role they
play in our lives. Yager (1990) defined STS as the process would give the student
practice identifying potential problems, collecting data with regard to the problem,
considering alternative solutions, and considering the consequences based on a

particular situation.



The field of STS has taken a long way in time. As Yager stated (1993) that
STS efforts were underway in several European countries before becoming a major
force in the United States and other parts of the world. As a result of several studies
performed in different countries, STS came into practice in educational area. Many
educators thought that it could solve many problems in science education. The
problems that can be resolved by STS approach in science education stated by Yager

and Lutz (1995) were;

1-The textbook is relieved of responsibility of defining the course. Instead, it

is relegated to what it should be: a source of information, a useful reference.

2-Information included in science courses is justified by use, and application
of learned information is the focus of the lesson, instead of being presented as

an afterthought.

3-Because they actually apply their knowledge in real situations, the students

find science classes relevant to their daily lives.

4-The teachers’ role is that of facilitator, rather than an omnipotent dispenser

of truths.

5-Student success can be measured in terms of performance, including

application and synthesis, as opposed to straight recall.

6-Science becomes something that is found everywhere, not just in textbooks,

and science classes, and many new resources are tapped.

7-The STS approach calls upon community members to support school
efforts. Teachers are quick to realize that they must continue to grow, and that

the best teachers are also involved learners.

Yager (1993) defined the following general results about the students and

teachers experiencing STS, by using the many other studies performed by many



other researchers. He reached the following arguments: students experiencing STS
are four times more effective in using basic science concepts and procedures; they
develop attitudes that not only do not decline (as in traditional course) but are more
positive by a factor of two; their creativity skills increase with STS, questions, ideas
on causes, and predictions of consequences increase by a factor of two and
quality/unique response increase by a factor of six; students ability to use science
process skills, especially those used in daily operations, increase by a factor of two;
student mastery of science concepts is as great as in traditional classrooms but the
mastery lasts much longer, presumably because it was developed by the student first-
hand and has been used; students have better perceptions of the nature of science and
its role in their own daily lives with STS instruction than is the situation with
traditional instruction; teachers become more confident in their ability to teach
science and stimulate student involvement and learning when utilizing STS
approaches; teachers and students are better able to construct meaning for themselves
as a result of STS instruction; STS results in improved attitudes and confidence
among female students than do their counterparts in traditional classrooms; STS
approaches result in greater career awareness and accuracy about careers in science
than what occurs as a result of traditional instruction.

As a summary, science education researchers showed that students that are
taught STS issues can define a problem, analyze data, make choices, and take
appropriate actions. These abilities are necessary for citizens to be considered
scientifically literate. Science education reform brought scientific literacy into the
central point of the science education goals. Laugksch and Spargo (1996) stated that
scientific literacy has received much attention in the last decade, particularly in the
U.S. and Britain. Widespread scientific literacy of individuals is increasingly seen as
being of vital importance for a number of different reasons-scientific, economic,
ideological, intellectual, and aesthetic. Bybee, Powel, Ellis, Giese, Parisi, and
Singleyton (1991) explained that the features of a scientifically and technologically
literate person understand those; science and technology are the products of culture
within which they develop; the roles and effects of science and technology have

differed in different cultures and in different groups within these cultures; technology



and science are human activities that have creative, affective and ethical dimensions;
and they base decisions on scientific and technological knowledge and process.
According to Lawrence, Yager, Hancock, Yalaki, and Jablon (2001), any
transition to STS education is not a simple process. It requires patience,
determination, time and good planning. It is important to inform students about what
STS is and how the instruction will change with STS. It is clear that science teachers
are the key factor to put STS into curriculum effectively. Teachers need to proceed
toward STS education step by step experimenting with short STS activities and use
these experiences for developing more comprehensive STS units. Teachers also need
to get support from school administrations and parents. They can do so by providing
information about STS education and trying to explain the advantages of STS to

administrations and parents.

1.1. Significance of the Study

As McComas, Almazroa, and Clough (1998) stated, although the relationship
between teachers’ STS knowledge and their pedagogical decision-making is not
straight-forward, complex interplay does exist. Hence it can be said that to determine
the future-science teachers’ views on STS has crucial importance for contemporary
science education and a successful transmission. By determining the teachers’ views,
mistaken points can be bring into light and gives the educators the opportunity to
reconstruct these mistaken or old fashioned points in science education. The results
of Third International Mathematics and Science Study (TIMSS, 1999) showed some
alarming results for our country in terms of science education. According to the
results of this study, there is much more emphasis on scientific knowledge, basic
science facts and concepts than the application of science, designing and conducting
scientific investigations, and STS approach. The same study also displayed this
dramatic results; the science topic in the intended curriculum is 95% for Turkey. This
is about 86% in US, 71% in England, 67% in Italy, and 38% in Belgium. This means
that we intended to teach but we could not. TIMSS also investigated the emphasis on

several approaches and processes given in different countries. According to this



study, emphasis given on to science-technology-society in Turkey evaluated as
moderate. Major emphasis was given to this point in many other countries such as
Canada, Finland, and Netherlands etc. It is obviously seen that our science education
needs fundamental changes. STS can be one of the ways for actualization of changes
in science education. As it’s mentioned above, science teachers are the key factors
for changes in education. For that reason, the present study aimed to determine the
views of preservice science teachers’ on Science-Technology-Society issue, which is
the basic goal of contemporary science education. The result of this study gives the
opportunity to future studies to improve science education starting from the key

elements, science teachers, of the STS education procedure.



CHAPTER 2

REVIEW OF LITERATURE

This chapter is devoted to the previous studies that have produced theoretical

background of this study.

2.1. Science-Technology-Society Issues in Education

Life in the industrialized countries under changes continually. According to
Chisman (1984), industrialized countries have, through their control of science and
technology, developed the potential to enhance the human environment, to increase
production, and to improve the standard of living of their peoples. However, this
potential has, in recent years, not been fully realized and has led to waste of
resources, including energy, and, in consequence, has introduced serious social and
environmental problems. For this reason, one of the goals of science education,
societal issues, have greater importance today than it was in the past. According to
Bingle and Gaskell (1994), citizens are often required to make decisions about
socioscientific issues in a climate characterized by conflict within both the scientific
community and the larger society. Central to the process of decision making is a
critical examination of the relevant scientific knowledge involved. Individuals
capable of performing this task can be considered scientifically literate in a decision

making sense.

McGinn (1991) stated that in response to growing importance of science and
technology in contemporary society-and to the increasing recognition of that
importance- the last two decades have witnessed the birth and growth of a new
academic field: “science-technology and society” most often referred to simply as
“STS” (p.7). Aikenhead’s (1994) explanation of the interaction among science,
technology, and society were presented in Figure 2.1. According to Aikenhead
(1994) students strive to understand their everyday experiences. To do so, they make

their sense out of their social environment, their artificially constructed environment,

7



and their natural environment. This sense-making was depicted in figure 2.1.by the

solid arrows between the student and the three different environments.

SCIENCE

A X

/4
/ Natural
/ Environment A\

-
-

/ \
/ \

/ \
/ \
/
/ \
; / \ :
/ \

/ Antificially Social \

/ Constructed Environment Environment \

¥ y

[T

Figure2.1. The essence of STS education (Aikenhead, 1994,p.48).

This complex essence of STS education needs some additional efforts. Bybee
(1985; as cited in Aikenhead, 1994) stated that an STS orientation would mean

research and development of curriculum and instruction for the following:

I-Presentation of science knowledge, skills and understanding in a

personal/social context.

2-Inclusion in the curriculum of knowledge, skills and understanding relative

to technology.

3-Extension of the inquiry goal to include decision making.



4-Clarification of the knowledge, skills, and understanding relative to the STS

theme that are appropriate to different ages and stages of development.

S-Identification of the most effective means of incorporating STS issues into

existing science programs.

6-Implementation of STS programs into school systems social goals.

Bybee (1985) also stated the balance for STS science education among three general
goals (see Aikenhead, 1994 ):
1. “Acquisition of knowledge” (concepts within, and concepts about, science
and technology) for personal matters, civic concerns, or cultural perspectives.
2. “Development of learning skills” (process of scientific and technological
inquiry) for information gathering, problem solving, and decision making.
3. “Development of values and ideas” (dealing with the interactions among
science, technology, and society) for local issues, public policies, and global
problems.
Most STS science courses harbor similar goals but give different priorities to
different goals. Features characterizing an STS program defined by the National
Science Teacher Association (NSTA) in the US (cited in Yager, 2001) are; preparing
individuals to use science for improving their own lives and for coping with an
increasingly technological world; preparing students to deal responsibility with
technology/society issues; identifying a body of fundamental knowledge which
students may need to master in order to deal intelligently with STS issues; and
providing students an accurate picture of the requirements and opportunities involved

in the multitude of careers available in the STS area (p.85).

According to Yager and Lutz (1995), the richness of STS comes from
contributions of the individual students, their creative ideas, and the central role they
play in planning and carrying out the STS investigations. The power of STS comes
from its close approximation of how real people deal with real issues in the real

world. The potential of STS is that it can help educators reconstruct the school



program, creating better learners and better future citizens. He argued that the STS
approach, resolves the major problems of science education. Aikenhead (1994)
claimed that a societal question or problem creates the need to know certain
technological knowledge but both create the need to know some science content
(Figure 2.2.). This science content will help students understand the technology and
societal issue. As it was shown in the figure 2.2., the sequence of instruction
suggested by the arrow begins in the domain of society, moves through the domains
of technology and traditional science, and then out again to technology. Finally, the
arrow in figure 2.2. ends in the domain of society. As Aikenhead stated, at that point
students often address the original key question or social problem and then make a

decision.

SOCIETY

SCIENCE
concepts
and skills

Figure 2.2. A sequence for STS science teaching (Aikenhead, 1994, p.57).
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STS programs are characterized as those with many of the following

characteristics (NSTA, 1990; as cited in Yager, 2000):

1. The use of local resources (human and material) to locate information that

can be used in problem resolution;

2. The active involvement of students in seeking information that can be

applied to solve real-life problems;

3. The extension of learning going beyond the class period-the classroom, the

school;

4. A focus upon the impact of science and technology on individual students;

5. A view that science content is more than concepts which exist for students

to master on tests;

6. An emphasis upon process skills which students can use in their own

problem resolution;

7. An emphasis upon career awareness especially careers related to science

and technology;

8. Opportunities for students to experience citizenship roles as they attempt to

resolve issues they have identified;

9. Identification of ways that science and technology are likely to impact the

future;

10. Some autonomy in the learning process (as individual issues are

identified).

11



In Yager’s (1993) opinion, STS teaching will require new models for pre- and
inservice teacher education. One of the greatest problems of shifts to STS teaching is
the failure of most teachers, even those newly certified, to have ever experienced
science study and learning themselves as STS, i.e., learning in the concept of human

experience.

Since the subject STS is so important, it must be studied to make room for

more improvement in our country.

2.2.Instruments Developed to Assess the Understanding of STS

There are several instruments that have been developed to assess the views on
science-technology and society concepts. Most of these instruments are specifically
related with the epistemological part (nature of science) of the Science-Technology-

Society issues (Table 2.1.).
2.2.1.Instruments Related with NOS

Scientific Literacy Research Center constructed an inventory called as Test
on Understanding Science (TOUS) was developed by Cooley and Klopfer in 1961
(as cited in Lederman, Wade, and Bell, 2000). It is a four alternative, 60-item
multiple-choice test. It has three subscales: understanding about the scientific
enterprise; the scientist; and the methods and aims of science. Its questions are
clearly more relevant to the institution of science and the profession of “scientist”
than to one’s understanding of the nature of science. Wheeler (1968) (as cited in
Lederman, Wade, and Bell, 2000) stated that in this instrument, too many items
embrace a negative viewpoint of science. He felt that items could be rewritten to
minimize their reflection of current stereotypes of science and scientists and
suggested the addition of more items to increase the test’s comprehensiveness
(Lederman, Wade, and Bell, 2000).

In 1966, Welch developed an instrument called “Science Process Inventory,
(SPI).” It is a 135-item forced-choice inventory (agree/disagree), purporting to assess

an understanding of the methods and processes by which scientific knowledge
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evolves (Lederman, Wade, and Bell, 2000). The content of the SPI is almost
identical to Wisconcin Inventory of Science Process, WISP, (Scientific Literacy
Research Center, 1967) and Test on Understanding Science, TOUS, subscale III. SPI
has several forms. The length (135 items) is obviously too long for a single class
period administration. Due to its forced response nature, students are unable to
express “neutral” or uncertain answers. The SPI does not possess subscales so it’s
open to critiques (Lederman, Wade, and Bell, 2000).

Another instrument on this subject was developed by “Scientific Literacy
Center” in 1967 and called as Wisconsin Inventory of Science Process (WISP). The
WISP consists of 93 statements that the respondent evaluates as “accurate,”
“inaccurate,” or “not understood.” The instrument was developed and validated for
high school students. Although it has excellent reliability and validity data, WISP’s
length is its primary concern. The 93 items test takes over an hour to administer in a
single class period. In addition, this instrument does not possess discrete subscales
which, unfortunately, means that only unitary scores can be calculated (Lederman,
Wade, and Bell, 2000).

Kimbal developed a scale called Nature of Science Scale (NOSS) in 1968 (as
cited in Lederman, Wade, and Bell, 2000). It is purported to measure opinions about
the nature of science. It was developed to determine whether science teachers have
the same view of science as scientists. A student may respond to each of the twenty-
nine statements in one of three ways: by agreeing; by disagreeing; or by signifying
that he is not sure, does not understand, or feels neutral about the item. The model is
composed of eight assertions: curiosity in science; dynamic nature of science;
comprehensiveness and simplifications using mathematics to state relationships;
different scientific methods; characterization of science matters by value-type
attributes; faith in the susceptibility; openness of science; and tentativeness and
uncertainty of science.

Nature of Scientific Knowledge Scale, NSKS, was developed by Rubba and
Andersen in 1976 (as cited in Lederman, Wade, and Bell, 2000). The test was
purported to be an objective measure of secondary students’ understanding of the

nature of science. There were 48 items in this scale. Subscales were composed of
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eight items. Subscales of the NSKS were; amoral, creative, developmental,
parsimonious, testable, and unified.

Beliefs About Science and School Science Questionnaire, BASSSQ, was
developed by Alridge, Taylor and Chen in 1997. The BASSSQ is a Likert-scaled
survey consisting of 41 items. This instrument was of particular significance due to
the nature of its ability to measure teachers' and students' beliefs about the nature of
science and school science. The instrument contains for sub-scales pertaining to one's
beliefs about science and school science. The sub-scales are: process of scientific
inquiry; certainty of scientific knowledge; process of school science inquiry;
certainty of school science knowledge.

A model of Nature of Science questionnaire was developed by Moss,
Abrams, and Robb (2001). The questionnaire was developed to assess the students’
conceptions of the Nature of Science. The model has eight tenets which address both
the nature of the scientific enterprise and the nature of the scientific knowledge. The
questionnaire includes about 24 questions under these eight tenets.

Lederman, Khalick, Bell, and Schwartz (2002) developed an instrument
called as The Views of Nature of Science Questionnaire (VNOS). Items of the
instrument are open-ended to avoid the problems inherent in the use of standardized

forced-choice instruments.

2.2.2.Instruments Related with STS

Test on Social Aspects of Science (TSAS) was developed by Korth in 1969.
It deals with the interaction between science and society and those features which are
related to the social nature of scientific enterprise itself. There are 52 statements to
which the student response on a five point scale, from “strongly disagree” to
“strongly agree.” TSAS has three subscales: interaction among science, technology,
and society; social nature of the scientific enterprise; social and political
responsibilities of scientists. The validity is based on statement from the literature
and on students’ interpretations of a preliminary form of the TSAS. On the basis of
content, TSAS resembles the TOUS subscale I (Aikenhead, 1973).
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The VOSTS was developed to assess student’ understanding of the nature of
science, technology and their interactions with society. Aikenhead, Fleming, and
Ryan (1987) developed the instrument over a six-year period starting from 1987. It
consists of a pool of 114 multiple-choice items. There are four main parts of VOSTS:
definitions, external sociology of science, internal sociology of science, and
epistemology. Each main part has one or more sub-categories, for example,
definition part includes science and technology; external sociology of science part
includes influence of society on science/technology, influence of science/technology
on society, influence of school science on society; internal sociology of science part
covers the characteristics of scientists, social construction of scientific knowledge,
social construction of technology; and finally epistemology part includes the nature
of scientific knowledge (Aikenhead, Ryan, 1992). Several statements in this
instrument refer to a specific nationality, such as Canadian scientists, so some
caution or adjustments are suggested when administering this to students from other
nationalities to avoid ‘“nationalistic feelings” influencing responses (Lederman,
Wade, and Bell, 2000).

A fifty-item survey was developed by Pomeroy in 1993. It consisted of agree-
disagree statements on a 5 points Likert scale. These include consideration of the
roles of deduction, art perception, attitude, judgment, community, and prior belief in
shaping the work of scientists and their knowledge of nature. The survey also
explored relevant beliefs about science education, K-12, including the statements
about the role of the laboratory experience. The development of the instrument was
not subjected to tests for validity and reliability for more general use and
interpretation.

Nature of Science and Technology Questionnaire (NSTQ) was developed by
Tairab (2001). The instrument contains 8 items (seven multiple choice and only one
open-ended) measuring various aspects of the nature of science and technology.
Items of the NSTQ were modified from the Views on Science-Technology-Society
(VOSTS) instrument. It includes several parts: the characteristics of science and

technology; the relationship between scientific research; the characteristics of
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scientific knowledge and scientific theories; the relationship between science and

technology. The instruments for STS were summarized at Table 2.1.

Table 2.1. Instruments on Science-Technology-Society Issues

Name of  the|Date of | Researcher Main Issue of the

instrument development instrument

TOUS 1961 Cooley&Klopfer NOS

SPI 1966 Welch NOS

WISP 1967 Scientific Literacy | NOS
Research Center

NOSS 1968 Kimbal NOS

NSKS 1976 Rubba&Andersen |NOS

BASSSQ 1997 Alridge, NOS
Taylor,&Chen

A Model of NOS|2001 Moss& Robb NOS

Questionnaire

VNOS 2002 Lederman, Khalick, | NOS
Bell,&Shcwartz

TSAS 1967 Korth STS

VOSTS 1987 Aikenhead, STS
Ryan,&Fleming

Pomeroy’s Scale 1993 Pomeroy STS

NSTQ 2001 Tairab STS

2.3.Studies Conducted for Assessing the Views on Science-Technology-Society
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Studies conducted on STS can be fallen into two categories; students’ views
on STS and teachers’ views on STS. The majority of the studies on this subject focus
on the students’ views. Meanwhile the importance of the teachers’ view was realized
and new studies were carried out. The relationship of these two factors was also
subjected to the studies done by several researchers. The views are investigated with
several forms of the research design. The studies generally focused on the
epistemological part of the subject. In this part, first the nature of science (NOS)

studies and then the studies about the STS in general were reported.

2.3.1.Students’ Views on STS

The studies conducted to assess students’ views were performed in several
levels of education; from primary school level to university level. One of the studies
performed at the early school levels was the study of Shiang and Lederman (2002).
They examined the seventh grade Taiwanian students conceptions of the Nature of
Science, epistemology part of the STS. The students were engaged in a 1-week
science camp with emphasis on scientific inquiry and nature of science (NOS).
Results indicated that the majority of the participants had a basic understanding of
the tentative, subjective, empirical, and socially and culturally embedded aspects of
NOS. There were no significant changes in students’ views on NOS both before and
after instruction.

Most of the studies about epistemological part of the subject STS conducted
with high school students. One of the study with high school students on this subject
was performed by Aikenhead, Fleming, and Ryan (1987). More than 2000 students
enrolled in the study. A selection of VOSTS items administered as a national survey
in Canada. The study was performed to understand the high school graduates’ beliefs
about characteristics and limitations of the scientific knowledge. VOSTS statements
were used as the instrument. Almost half of the high-school graduates (45%),
claimed that scientific models are epistemological rather than ontological. They
emphasized the criterion of being helpful in understanding nature and discounted the

possibility of models duplicating reality. Similarly, 44% of the students assumed an
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epistemological view of models. They argued that like scientific theories, scientific
models can be changed in time. For another question three basic reactions were
observed at students, the constructionist position that scientific knowledge does
change (44%), the cumulative position that it does not change but is added to (31%),
and somewhere in between these two positions (11%). By using the same sample;
Ryan, and Aikenhead (1992) studied on the students’ preconceptions about the
epistemology of science. A selection of VOSTS items administered as a national
survey in Canada. Items related to the following issues: the meaning of science,
scientific assumption, values in science, conceptual inventions in science, scientific
method, consensus making in science, and characteristics of the knowledge produced
in science. Some of the findings of the study are those; Canadian students confused
science with technology. Most of the students believed that there is a scientific
method used by scientists. Few students chose the contemporary view of most
epistemologists-scientists use any method that might get favorable results. In another
study at that level performed by Lederman and O’Malley (1990). They investigated
the students’ perceptions of tentativeness in science. The sample consisted of 36
males and 33 females spanned grades 9-12. Students are enrolled in physical science,
biology, chemistry, and physics classes. All students were asked to complete a seven
item open-ended questionnaire concerned with their beliefs about the tentative nature
of science during the second week of the school year. The same questionnaire was
repeated during the final month of the school year. At the end, researchers reviewed
the completed questionnaires and identified 20 students to participate in videotaped
“follow-up” interviews. The data gathered during the pretest seem to indicate that the
students, as a group, do not uniformly adhere to either an absolute or tentative view
of scientific knowledge. In contrast to the pre-test, the results of the post-test more
clearly adhere to the tentative view of scientific knowledge. In the interview part, all
students correctly interpreted the intent of each of the questionnaire items. In
conclusion, the study displayed that more care must be taken in the assessment of
students’ perceptions of science. Language is often used differently by students and
researchers and this mismatch has almost certainly led to misinterpretations of

students’ perceptions in the past.
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Griffiths and Barmen (1995) interviewed a total of 96 high school students
individually to understand some general terms used to classify scientific knowledge.
The students were from three different countries; Australia, United States, and
Canada. Answer to the question “how do scientists get information?” showed
considerable differences between the three groups. Seventy-five percent of the
American students were very attracted to the traditional view of the practice of
science as involving a relatively set sequence of events. American students formed
such sentences; scientists formulate a hypothesis, set up control groups and
experimental groups etc. In complete contrast, the Australian students, although
making frequent reference to experiments, virtually never spoke in terms of the
traditional scientific method mentioned above. Collectively, the responses of the
Canadian students were intermediate between these extremes, with 30% of them
being attracted to the traditional view. In answer to the question “does science
change?” About 75% of the total sample expressed a belief that it does. As a result of
this international study, some major differences and many commonalties were
observed between the three groups of students involved in terms of beliefs in the
underlying status of scientific knowledge.

Solomon, Scott, and Duveen (1996) reported a study of British pupils’
understanding of several aspects of the nature of science. The prime sample was
nearly 800 pupils aged 14-15 years. Interviews with teachers and a questionnaire
were used for the study. It was seen that a strikingly relation between the class in
which the pupils were taught and how they answered most of the questions. This
study showed what may be both the effect of the teacher on the pupils’ views and
also an indication of the relative effect of in-school and out-of-school knowledge.
Previous studies (Brickhouse, 1989; Lederman and Zeidler, 1987 as cited in
Solomon, Scott, and Duveen, 1996) have also pointed to the overriding influence of
the teachers’ views of the nature of science on what their pupils come to believe,
whether or not it is explicitly taught.

Zeidler, Walker, Ackett, and Simmons (2001) examined the relationships
between students’ conceptions of the nature of science and their reactions to

evidence that challenged their beliefs about socioscientific issues. This study
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involved 41 pairs of students. These 82 students were identified from a larger sample
of 248 students from 9™ and 10" grade general science classes, 11" and 12™ grades
honor biology, honors science, and physics classes, and upper level collage
preservice science education classes. During the first phase of the study, students
were asked to respond to open-ended questions in order to assess their conceptions
relating to the nature of science. During the second phase, students were presented
with a socioscientific scenario that required decisions based on their moral reasoning
or ethical beliefs. In the third phase, pairs were constructed from different levels of
variation about the subject. Then, they were allowed to freely interact, challenge, and
question each other during the interview process. Findings showed that students’
conceptions of nature of science ranged from theories as static and fixed to the idea
that they change in quick response to social utility and technological advances. Status
of scientific knowledge versus opinion, students’ responses distinguished between
the “subjectiveness” of opinion and the “objectivity” of scientific knowledge. In
general, subjectiveness was equated with personal opinions whereas scientific
knowledge was associated with proven, tested, or constructed knowledge. Students
generally perceived connections between art and science in terms of the creativity.
However, a distinction seems to be made between the “spirit” of art that is more
directly linked to emotion “activity” and of science.

A study performed with higher levels of students was conducted by Moss,
Abrams, and Robb (2001). They examined the pre-collage students’ understanding of
the nature of science and track those beliefs over the course of an academic year-is
one of the many studies performed to assess the student conception of the nature of
science. This study was also done to assess the epistemological part of the subject
STS. Students’ conceptions of the nature of science were examined using a model of
the nature of science developed for use in this study. Findings indicated participant
hold fully formed conceptions of the nature of science consistent with approximately
one-half of the premises set out in the model. Students hold more complete
understandings of the nature of scientific knowledge than the nature of the scientific
enterprise. Their conceptions remained mostly unchanged over the year despite their

participation in the project-based, hands-on science course.
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Brickhouse, Dagher, Letts, and Shipman (2000) studied on the growth in
students’ understanding about the nature of astronomy in a one-semester college
course. In addition to student work collected for 340 students in the course, they also
interviewed students three times during the course. The study showed that students
in the class came with the misconception “the view that facts and laws are absolute,
whereas theories and hypotheses are tentative.” Brickhouse et al. (2000) suggested
that studying students’ views about the nature of science is best done in a context
where it is possible to talk about particular theories or particular pieces of evidence.

Ryder, Leach, and Driver (1999) studied to describe the views about the
nature of science held by science students in their final year at the university. Eleven
students were interviewed about the nature of science during the time they were
involved a project work. Five stimulus questions were asked without reference to any
particular scientific context. Many of the students showed significant development
in their understanding of how lines of scientific enquiry are influenced by theoretical
developments within a discipline, over the 5-8 months period of their project work.
Study indicated that only a few students made statements relating to the social
dimension of science despite the fact that they had the opportunity to do so in
response to many of the five stimulus questions. Findings of the study also indicated
that students in the sample tended to view knowledge claims in science as provable
beyond doubt using empirical data alone.

Besides the studies especially related with nature of science (NOS), several
studies were performed with a broader perspective, concentrating on STS. One of
them was performed by Fleming (1987). He investigated the views about STS, the
interaction among science, technology, and society. A sample of 10,800 students,
who were in their graduating year of high school, was drawn in a stratified manner
from across Canada as part of the International Association for the Evaluation of
Educational Assessment study (IEA). Students were asked to respond statement
concerning an STS topic in agree-disagree-do not understand format. Then they were
asked to write their reasons for the choice. Statements were taken from VOSTS Form
CDN-2. One of the results of the study was that unless specifically asked to do so,

students do not differentiate between science and technology. Another finding is
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about the cause of the specific social problems. About 22% of student responses,
suggests that science and technology both cause and aggravate the specific social
problems but 19% of the respondents presented the view that the proper use of
science and technology rests with the people.

Similarly, Aikenhead (1987) investigated to monitor the high school
graduates’ beliefs about STS topics, and to reexamine current assessment practices
with an eye to their improvement. The sample was the same with the study of
Fleming (1987) which was drawn in a stratified manner from across Canada as part
of the International Association for the Evaluation of Educational Assessment Study.
The results reported that Canadian students’ responses to the question from the
instrument called VOSTS. The questions dealt with the characteristics and
limitations of scientific knowledge. Results showed the followings: a majority of
Canadian high school graduates viewed scientific classification schemes as being
more epistemological than ontological and almost all of the respondents believed that
scientific knowledge tentative, but their reasons varied widely. A large proportion of
students believed that social instructions within the scientific community can affect
the knowledge that scientists discover. On the other hand almost half of the students
believed there was no influence from the outside and thus the facts basically spoke
for themselves. Again using the data coming from the same subjects from the IEA
study, Ryan (1987) investigated the high school graduates’ beliefs about the
characteristics of scientists with 10,800 high school students using VOSTS. Some of
the responses indicated that an overwhelming majority of students felt that scientists
should be concerned with the potential effects especially the harmful effects of their
discoveries. They said that scientists are being responsible in their actions. On the
other hand, students were able to make a distinction between a characteristic which
would be required in carrying out science and the characteristics of scientists as
human beings. Some students felt that honesty and objectivity, being necessary for
the performance of science, might rub off on scientists who need not necessarily be
inherently honest or objective. Others felt that scientists would leave these
characteristics at work and would be much like other people in daily life. Another

result was related with the gender distribution of Canadian students. Many
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respondents (30%), especially females, gave sociological reasons for the situation.
Another group (15%) felt that there were genetic differences that made science less
attractive to females. The third group (25%) felt that men and women were equally
capable of being good scientists. The study showed the followings; unless asked
specifically to do so, students generally didn’t distinguish between science (the
process of understanding natural phenomena) and technology (the process of
designing techniques and implements to respond to human needs). Additionally,
students tended to assume that scientific research meant medical research, and to a
lesser extent, environmental and agricultural research.

The views about science-technology-society interactions held by collage
students in general education physics and STS courses was studied by Bradford,
Rubba, and Harkness (1995). Two samples took part in the study, one consisting of
138 collage students enrolled in a general education STS course, and the other 122
collage students enrolled in a general education physics course in a university.
Pretest and posttest data were collected using 16-multiple choice items selected from
the VOSTS item pool. The findings were treated descriptively. Additionally, a
special scoring procedure was devised for the VOSTS items to allow the use of
inferential statistics. The findings supported the value of general education STS
courses. The result of the study indicated that, the STS students moved toward more
“realistic” views of STS but physics course had almost no impact on students’ views
of STS interactions. The realistic view indicates an appropriate view of STS relative
to the item stems of this study.

The study of Solbes and Vilches (1997) proposed the introduction of STS
interactions in physics and chemistry classes in conjunction with the teaching-
learning model of science as research, in Spain. There were two groups of students
only one of which were involved in different activities, from technical applications
and the influence of technological development on scientific advancement to the
mutual implications of science and technology on society and the environment, from
the different social, economic, cultural, and philosophical point of view. A total of
212 students of 16-18 years of age in the last three years of secondary education were

surveyed, and the results obtained were analyzed. These results confirmed that
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dealing with STS interactions in the classroom established science as something
alive, more complete and integrated in the students’ environment. Students
subsequently developed an improved comprehension and a more real image of these
sciences, which allowed them to understand better the role of scientists and how they
work. All of these generated attitudes toward the study of physics and chemistry
increased the students’ interest in their study. Thus the results of this research make it
clear that it is possible to transform the learning of physics and chemistry with the
inclusion of STS activities, so that the students can build scientific knowledge.

The study done by Tsai (1999) viewed STS instruction as promising means to
help students progress toward constructivist oriented epistemological views of
science. One hundred and one Taiwanese female 10" graders (16 years old) were
assigned to either a traditional instruction group or an STS treatment group. Chinese
version of Pomeroy’s questionnaire was used to asses students’ scientific
epistemological views. After that an interview was performed with twelve students.
Through an eight month research treatment it was found that STS group students, at
the final stage of the study, tended to have scientific epistemological views more
oriented to constructivist views of science than traditional group subjects. Further
analyses revealed that, among STS group students, those originally having
empiricist-aligned views of science tended to progress most in their epistemological
views. Similarly, Tsai (2000) performed another study with Taiwanese female tenth
graders. He investigated the effects of STS instruction on a group of Taiwanese
female tenth graders’ cognitive structure outcomes. The study further examined the
role of student scientific epistemological beliefs on such effects. One hundred and
one female tenth graders were assigned to either a STS-oriented instruction group or
a traditional teaching group and then this study conducted a eight-month research
treatment. Students’ interview details, analyzed through a “flow map” method,
indicated that STS group students performed better in terms of the extent, richness
and connection of cognitive structure outcomes than did traditional group students.
Further analysis of the study suggested that STS instruction was especially beneficial
to students having epistemological views more oriented to constructivist views of

science.
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Mbajiorgu and Ali (2001) examined the relationship between STS approach,
scientific literacy (SL), and achievement in biology. A quasi-experimental design of
the nonequivalent group was employed. Four secondary schools, eight teachers, and
246 students from Nigeria were involved in the study. Two instruments were used to
collect data: an Achievement Test on Reproduction and Family Planning and a SL
scale. Results showed that there is no relationship between SL and achievement in
biology. The split-wise posttest regression showed a weak positive relationship
between SL and achievement in biology for experimental group and a no relationship
for the control group. However, STS approach mediated between SL and
achievement to affect a slightly stronger significant positive relationship. Mbjiorgue
and Ali (2001) concluded that STS approach might be affecting other variables in the

science classroom that in turn affect achievement in the sciences.

2.3.2.Teachers’ Views on STS

It is generally accepted that teachers’ views affect their students’ views on
subject of the instruction so several studies were performed on the teachers’ views on
STS. Akindehin (1988) has done a research on the effect of an instructional package
on preservice science teachers’ understanding of the nature of science and acquisition
of science-related attitudes. The study was carried out in three steps. Firstly, the
pretests were administered to students in two of the four groups. In the second step,
students in the two treatment (experimental) groups attended a one-hour lecture in
the Introductory Science Teacher Education (ISTE) —instructional package designed
for the study which was expected that it would foster an understanding of the nature
of science as well as the development of favorable science related attitudes in
preservice science teachers- once a week throughout the first semester of the
academic session. Finally, the post-test were administered. The NOSS was used as
pre-test and the Teacher Science-Related Attitude Scale (TESRA) was used as post-
tests. TESRA was adapted by the investigator from two other instruments-The test of
Science-Related Attitudes (TOSRA) and the Inquiry Science Teaching Strategies
(ISTS). According to the ISTE, the course had nine units; forms and fields of
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scientific knowledge; nature of science; ways of scientists; class discussion; history
of science; class experiment; a class discussion on science and superstition; a class
discussion on the new light; a class discussion on the scientists at work. The results
showed that preservice science teachers exposed to the ISTE acquired better
understanding of the nature of science and more favorable science-related attitudes
than those who were not exposed to the ISTE. In terms of science-related attitudes,
preservice science teachers exposed to the ISTE were found to have acquired a more
favorable attitude to scientific inquiry, enjoyment of science lessons and science for
leisure.

In the study of Cobern (1989), American preservice science teachers’
responses to the Kimbal’s Nature of Science Survey (NOSS) were used as a basis for
analyzing the sense of the nature of science held by a group of Nigerian preservice
science teachers. Between 1980 and 1983, the researcher routinely had his senior-
level preservice science teachers at the University of Sokota, Nigeria, take NOSS as
a way of introducing the subject of science philosophy and its relevance to the
science classroom. Two apparent differences were noted from the study. The primary
difference was that the Nigerian students were much more inclined to see science as
a way of producing useful technology. Given the national interest of a developing
nation this is an understandable perception and one common among government
policy makers. The second distinctive of the Nigerian students’ sense of nature of
science had to do with the openness of science. These students perceived scientists as
nationalistic and secretive about their work.

Pomeroy (1993) investigated how scientists and teachers view the nature of
science, scientific method, and related aspects of science education. The samples
consisted of volunteers who filled out the survey in response to a written appeal. The
mailing went to a group of Alaskan research scientists and secondary science and
elementary teachers in Alaskan cities. A fifty-item survey was prepared in agree-
disagree statements. The results showed that men in the samples fell into traditional
patterns more than women. Surprisingly, the results also displayed that traditional
views were expressed most strongly by scientists, next by secondary science

teachers, and least by elementary teachers in this study.

26



In another study, Pedretti (1996) investigated to explore the genesis of an
issue-based model for STS education and curriculum development created by the
teachers and facilitator of the action research group and highlight applications of this
model in a classroom context. It also aimed the action research. It describes the
experiences of six science teachers and a facilitator involved in an action research
group in science, technology, and society education, STSE. Three fundamental
implications emerged from the STSE model. First, it provided a structure for issues
of immediate interest and relevance to students. Second, the model could be used in
conjunction with existing science curriculum to explore issues that are socially
relevant and personally compelling. Finally, the most significant implication of the
model was its use as a reflective tool. Teacher, who were already committed to an
STSE approach, can examine their own classroom practices and theoretical
understanding of science education

Khalick and BouJaoude (1997) described the knowledge base of a group of
science teachers in terms of their knowledge of the structure, function, and
development of their disciplines, and their understanding of the nature of science.
The study also aimed to relate teachers’ knowledge base to their level of education,
years of teaching experience, and the class level(s) that they teach. Twenty inservice
science teachers were selected to respond to a modified version of the VOSTS
questionnaire to assess their understanding of the nature of science. The teachers
constructed concept maps and were interviewed. The concept maps were scored and
interviews analyzed to assess teachers’ knowledge of the structure, function, and
development of their disciplines. At the end of the study it was found that teachers
held several naive views about the nature of science and did not demonstrate
adequate knowledge and understanding of the structure, function, and development
of their disciplines. Moreover, the teachers’ knowledge base did not relate to their
years of teaching experience, the class level(s) that they teach, and their level of
education.

Botton and Brown (1997) carried out a study with a selection of Views on
Science-Technology-Society (VOSTS) items. They wanted to ascertain the responses

from a group of preservice postgraduate certificate of education students on a test-
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retest process. They also aimed to test the reliability of part of the instrument and
analyze the responses and discuss further some aspects of the nature of science with
respect to the items and responses. It was administered to a group of 29 postgraduate
trainee science teachers. Two sections of the VOSTS were addressed: defining
science and technology; and epistemology. According to the test-retest criterion, only
3 items from defining science and 17 from epistemology were seemed as reliable.
Results have similarities with some other studies in some parts. For example,
defining technology produced a variety of responses. The majority of the respondents
defined technology as the application of science. Most appreciated the tentativeness
of scientific knowledge but the difference between hypotheses, laws, and theories
was not appreciated.

A socio-cultural analysis was performed by McGinnis and Simmons (1999).
They investigated the teachers’ perspectives of teaching science-technology-society
in local cultures. The case study was performed with five science teachers. Data
analysis of the case study was conducted within and across two levels. The first level
focused on documenting the level of selective beliefs the participants held toward
science and teaching of STS. The second level analysis was performed during the
academic year following the STS experiences. A variety of the data collection
method were used. Throughout the first summer STS workshop one of the authors
took field notes in the daily STS sessions conducted at the university. Upon
completion of the STS experiences (workshop and academic class) the participants
completed a 17-item-five-point Likert opinionaire. Additionally, they gave responses
to four open-ended survey questions. Site visits was made to each of the participants
classrooms and conducted a semi structured, audio taped interview in which the
participants reflected on the workshop and on their subsequent STS teaching
practices over the school year. Results indicated such things; from the teachers’
perspective, their job security requires that their STS curricular decisions be
informed by their construction of the local school cultures. Teachers’ perceptions of
themselves as outsiders to the local community increases their conformity to the

school’s local culture and decreases their teaching of controversial STS topics.
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Akerson, Khalick, and Lederman (2000) assessed the influence of a
reflective, explicit, activity-based approach to nature of science instruction
undertaken in the context of an elementary science methods course on preservice
teachers’ views of some aspects of NOS. These aspects included the empirical,
tentative, subjective (theory-laden), imaginative and creative, and social and cultural
NOS. Participants were 25 undergraduate and 25 graduate preservice elementary
teachers enrolled in two sections of the investigated course. An open-ended
questionnaire coupled with individual interviews was used to assess participants’
NOS views before and at the conclusion of the course. The majority of the
participants held naive views of the target NOS aspects. Post instruction assessments
indicated that participants made substantial gains in their views of some of the target
NOS aspects. Less substantial gains were evident in the case of the subjective and
social and cultural NOS. The results of the present study supported the effectiveness
of explicit, reflective NOS instruction.

Tairab (2001) investigated to explore the views held by pre-service and in-
service science teachers regarding the nature of science and technology. It was a part
of a large-scaled project. The study was particularly on the characteristics of science
and technology; the aim of science and scientific research; the characteristics of
scientific knowledge; and the relationship between science and technology. The
sample of the study consisted of 95 respondents (41 preservice science teachers and
54 inservice science teachers) drawn from two groups of science teachers by
convenience sampling. The data were collected using the Nature of Science and
Technology Questionnaire (NSTQ). Results indicated that generally pre-service and
in-service science teachers have comparable views in relation to the nature of science
and technology. The participants displayed mix views regarding science as content
oriented or process oriented. Respondents viewed technology as an application of
science. Most of the participants regarded science as explanatory and interpretative
of nature.

The work of Craven, Hand, and Prain (2002) stated the processes and
outcomes of practices in a preservice, elementary science method course. The course

was designed to fathom existing student perceptions of the nature of science and
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move students from holding individually constructed, typically limited views on the
nature of science towards more rich, publicly negotiated views. In the course of 15
weeks, 27 preservice elementary students engaged in a series of individual
collaborative exercises that required them to explore their tacit and explicit
knowledge about the nature of science. The data were analyzed using the
interpretative-descriptive approach. Analyses revealed notable, positive changes in
the language students used to describe both the nature and structure of the scientific
enterprise.

Cho (2002) looked at the effects of a science-technology-society in-service
program, designed to change teachers’ awareness and practice of STS/constructivist
approaches, while also focusing on students’ understandings and changes of
perceptions of the constructivist learning environments. The STS in-service program
was developed to achieve the following features: teacher-oriented, teaching in a
social context, emphasis on a “constructivist” approach, developing STS units and
their use in classrooms. A total of 20 middle and high school science teachers
participated in the in-service program in 1998; and three of the middle school
teachers were selected to gain information from their implementation of a
“Reactions of Acids and Bases” unit in their respective classrooms. The Science
Education Reform Inventory was administered to all the teachers at both the opening
and the end of the program. One hundred twenty-five students of the three teachers
experienced about 16 class hours of lessons comprising the new STS unit. At the
beginning and the end of the unit, they completed the Constructivist Learning
Environment Survey. In order to assess student understanding, teachers administered
the creativity test after the unit. At the end, it was found that the STS program
improved the teachers’ awareness and practices of the science education reforms
characterized by STS and constructivism. Students obtained at average 48% of the 35
key concepts and 6.6 additional non-key concepts after the unit was finished.
Students made more relevant and creative responses on unfamiliar situations on the
post-test than on the pre-test.

Besides studies performed with preservice and inservice teachers, there are

some other studies relating the teachers’ views and students’ views. One of them was

30



performed by Yager (1966; cited in Lederman, 1992). Yager selected eight
experienced teachers to use a given inquiry-oriented curriculum. All of them utilized
the same number of days of discussion, laboratories, examinations, and instructional
materials. At the end, it was concluded that there were significant differences in
students’ ability to understand the nature of science when they were taught by
different teachers. Another study about the influence of teachers upon students’
conception was performed by Brickhouse (1990; as cited in Yakmaci, 1998). He
studied on the relationship between the three secondary science teachers’ beliefs
about the nature of science and classroom practice. The study took 4-month period.
At least four hours of interviews and about 35 hours classroom observation were
done for each of the teachers. Two teachers exhibited classroom practices that were
consistent with their personal views but the beginning teacher’s classroom practices
were not related with his beliefs.

Yager and Pennick (1984) studied on that, whether students have attitudes,
perceptions, and feelings in and about science classes. A total of 2500 students from
aged 13 and 17 participated the study-the third assessment in science by the Natural
Assessment of Educational Progress (NAEP)- were selected randomly from the US.
Some of the results of this study listed the followings: students perceived that as 13-
years-olds they have more opportunity than 17 years-olds to choose the way they
want to learn science, select the order they wish to learn the topic, work at their own
pace, and decide when assignments or tests are to be done. Thirteen-year-olds were
even more optimistic about the ultimate utility of the science knowledge they were
gaining.

Lederman and Zeidler (1987) performed a study to test the validity of the
prevalent assumption that a teacher’s conception of the nature of science directly
influences his/her classroom behavior. The subject of the study consisted of 18
senior-high school biology teachers and one randomly selected tenth grade biology
class of each teacher. The NSKS was administered to the teachers as pre- and post-
test. They conducted intensive qualitative observations in each of the 18 classrooms

following the NSKS pretest but prior to the posttest. However, the data of this
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investigation did not support the prevalent assumption that teacher’s classroom
behavior is directly influenced by his/her conception of the nature of science.

Khalick, Bell, and Lederman (1998) studied to delineate the factors that
mediate the translation of preservice teachers’ conceptions of the nature of science
into instructional planning and classroom practice. Fourteen preservice secondary
science teachers participated in the study. Prior to the their student teaching,
participants responded to an open-ended questionnaire designed to assess their
conceptions of the nature of science (NOS). Observation notes were collected.
Following students teaching, participants were individually interviewed to validate
their responses to the open-ended questionnaire and to identify the factors or
constraints that mediate the translation of their conceptions of the NOS into their
classroom teaching. Participants were found to possess adequate understandings of
several aspects of the NOS including the empirical and tentative nature of science,
the distinction between observation and inference, and the role of subjectivity and
creativity in science. Many claimed to have taught the NOS through science-based
activities. However data analysis revealed that explicit references to the NOS were
rare in their planning and instruction.

Similarly, the study performed by Lederman (1999) investigated the
relationship of teachers’ understanding of the nature of science and classroom
practice and to delineate factors that facilitate or impede a relationship. Five high
school biology teachers, ranging in experience from 2 to 15 years, comprised the
sample for this investigation. During one full academic year, multiple data sources
were collected and included classroom observations, open-ended questionnaires,
semistructured and structured interviews, and instructional plans and materials. In
addition, students in each of the teachers’ conceptions of science do not necessarily
influence classroom practice. Of critical importance were teachers’ level of
experience, intentions, and perceptions of students.

Although many studies were performed about the subject STS in several parts
of the world, only few studies conducted in Turkey. One of them was about the
epistemology part of STS issue. Yakmacit (1998) investigated the Turkish

prospective and inservice science teachers’ views on nature of science. She used 18

32



selected items from VOSTS item pool. The results of the study showed that on some
points such as the tentativeness of scientific knowledge, the scientific approach in the
investigations science teachers held contemporary views. On the other hand they
have unrealistic views on many points; definition of science, the nature of
observation, the nature of scientific models etc. Another study from Turkey was
performed by Yalva¢ and Crawford (2002). They aimed to explore the graduate and
undergraduate science education students’ conceptions of the nature of science, in
Middle East Technical University (METU). The participants of the study include 25
undergraduate and graduate science education students enrolled in the Science
Education Program in METU, Ankara. For this study a questionnaire, which had
been adapted from previous studies was used. Findings of the study suggested that
the majority of the participants hold views of nature of science aligned with logical
positivism-a content oriented image of science. More than half of the Turkish
students (71%) thought theories are subject to change but laws do not change.

The results of the studies discussed in this chapter revealed that students and
teachers did not possess adequate conceptions of STS.

Some of the studies (Brickhouse, 1990; Yager, 1966; cited in Lederman,
1992) related the teachers’ views with their students’ views on STS showed that
there was a relationship between teachers’ conceptions on STS and classroom
practices and students’ conceptions on STS, but some others didn’t support these
relations (Lederman ,1999; Lederman and Zeidler, 1987).

The underlying idea in all of these studies is that students’ views on STS can
be influenced, at least in part, by what is taught in the classrooms. This idea gives
higher importance to the teachers’ views on the same subject. Therefore, in this
study, the views of preservice science teachers on science-technology-society issues
were investigated to have detailed information about their views and to make room
for the future studies to fill their missing points if exist on this issue.

The studies (Yakmaci, 1998; Yalvac and Crawford, 2002) conducted in
Turkey related with the epistemology part of STS so there is a big area to study on to
get the whole picture of STS. The present study aimed to obtain the views of

preservice science teachers on science-technology-society issues.

33



CHAPTER 3

METHOD

In this chapter, the main problem, research question, information about the
subjects of the study, the data collection procedure, and the data analysis procedure

to conduct this study were presented.

3.1. Main Problem

The purpose of this study was to investigate the views of Turkish preservice

science teachers’ on science-technology and society concepts.

3.2. Research Question

What kind of views do the preservice science teachers possess on the

Science-Technology-Society concepts?

3.3. Population and Sample Selection

The target population of the present study was the preservice science teachers
in Turkey. Since data collection from all the preservice science teachers in Turkey
had some difficulties in terms of financial and time limitation issues, the accessible
population was defined as “the preservice science teachers in Ankara.” For the

selection of the sample, the researcher limited herself only to one city, Ankara. Since
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Ankara is a cosmopolitan city of Turkey, it was assumed that it would accommodate
many different groups of people. Therefore, the sample is considered to bear
sufficient heterogeneity in terms of the preservice science teacher profile in Turkey.

There are three universities that had the department of elementary education
in this city. These universities thought as the sample of this study.

The present study included a qualitative and a quantitative part and both were
conducted with preservice science teachers from three universities in Ankara, Turkey
(Table 3.1.).

In quantitative part of this study, a total of 176 preservice science teachers
(116 females and 60 males) answered the 26 questions from VOSTS (Table 3.1).
According to the information obtained from the guide book of the University
Entrance Examination of year 2000, the total number of preservice science teachers
from these three universities is about 390. The capacity of these three universities
hold as the base for the number. The total number of the participants of the study
includes almost 45% of them.

In qualitative part of this study, nine preservice science teachers, three female
and six male, were interviewed to obtain information about students’ views on
science-technology-society concepts. They were selected from only one university
by convenient sampling. They were interviewed by using a semi-structured interview
procedure.

Table 3.1 The sample of the study

Universities Number of
participants

Gazi 121

Hacettepe 27

ODTU 28

Total 176

3.4. Data Collection Instruments

3.4.1. Views on Science Technology and Society Questionnaire
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Views on the science-technology-society (VOSTS) are thoughts or opinions
of preservice science teachers about the characteristics of science-technology-
society. The VOSTS (Aikenhead, Fleming and Ryan, 1989) is a pool of 114
empirically developed multiple-choice items with nine categories. These categories
are; science and technology, influence of society on science/technology, future
category, influence of science/technology on society, influence of school science on
society, characteristics of scientists, social construction of scientific knowledge,
social construction of technology, and the nature of scientific knowledge. The
VOSTS was developed (1989) in a six-year period of time. Each VOSTS item
comprises a statement and several student positions. The domain of student positions
for any one statement is constituted by the participation of students during the
development process, not by theoretical or researcher-based perception of what the
domain should be. The multiple choices were developed from written responses and
from interviews with Canadian high school students. This is the major difference
between the VOSTS and other instruments. The instruments other than the VOSTS
are composed by a researcher working under the assumption that respondents will
perceive and interpret the language in the items in the same way as the researcher
does (Aikenhead & Ryan, 1992). According to Aikenhead and Ryan (1992), it is not
appropriate to speak about the validity of an empirically developed instrument, such
as VOSTS, in the traditional sense since the validity of empirically developed
instruments arises from a qualitative research paradigm. These researchers claimed
that, seek to uncover the perspective of the respondent and reveal the legitimacy of
that perspective from the respondent’s point of view, not the imposed viewpoint of
the researcher. As in qualitative research, it is assumed with empirically developed
instruments that the respondents understand the complex interactions being studied
and account for the influence of values on the interactions better than the
investigators. Aikenhead and Ryan (1992) also argued that the validity of an
empirically developed instrument is established by the trustworthiness of the method
used to develop the items, as the validity of the process and of the final instrument

lies in the trust which subsequent researchers place in the development process

36



which has been described. Thus, it was assumed that the VOSTS items possessed an
inherent validity that originated from the process used to develop them.

Similarly, the concept of reliability as it applies to empirically developed
instruments such as the VOSTS follows from the qualitative research paradigm,
where in the dependability of the results is of major concern; that is, the validity and
reliability of qualitative data depend to a great extent on the methodological skill,
sensitivity, and integrity of the researcher. Rather than demanding that others get the
same results, one wants others to occur that, given the data collected, the results
make sense that the results are dependable. In addition, VOSTS items were assumed
to be reliable and based upon agreement that the data presented by Aikenhead and
Ryan (1992). They argued that empirically developed items yield non-parametric
data that does not fulfill the continuity and equal intervals of measures assumption
that underlies parametric analysis procedures. They said that, traditional procedures
such as Coefficient Alpha that are used to assess the reliability of instruments that
yield parametric scores and are based on assumptions that are not tenable in the case
of empirically developed instruments, are not appropriate for instruments such as the
VOSTS. Although developers of the instrument thought reliability studies were
meaningless, some researchers (Botton and Brown, 1998) studied on the reliability of
some VOSTS items. Their results also showed that they were highly reliable.

For the present study, items were chosen from the seven subtitles of the
instrument (Table 3.2.). Only 26 items were used from the pool of VOSTS. During
the selection procedure of the items, a collective study was performed by the
researcher, a graduate student, and two professionals in the field of science
education. The questions were chosen by these people depending on their
representative ability of the scale, and appropriateness of the Turkish culture. The 26
items were adapted to Turkish with a collective study of the researcher, a science
teacher, and two professionals in this field, and two language experts from the
Academic Writing Center at METU. The pilot study was performed with 15 second
year students from the science education department of Middle East Technical
University. Results showed that 26 of the 27 items were appropriate for the final
study. The aim of this pilot study was to check the quality of the translations before
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the actual administration. Another reason for the pilot study was that this

questionnaire was developed with and for the high school students and Aikenhead

(1988) suggested a pilot before the use of this inventory with the collage students,

teachers, and any other samples. If none of the choices fit their opinion, respondents

may select the last choice presented under each multiple choice item which enables

them to suggest their own responses. This pilot study also showed that the time given

to answer the questions was enough for the participants. At the end, the adapted form

of VOSTS was formed after necessary changes on the pilot study.

Table 3.2. Subscales of the items used in the questionnaire

[tem
Number

[tem

Subscales

1

Defining science is difficult because science is complex and does
many things. But mainly science is:

2

Defining what technology is, can cause difficulties because
technology does many things in Turkey. But mainly technology is

(98]

Science and technology are closely related to each other:

Science and
Technology

The Turkish government should give scientists research money to
explore the curious unknowns of nature and the universe.

Some cultures have a particular viewpoint on nature and man.
Scientists and scientific research are affected by the religious or
ethical views of the culture where work is done.

The success of science and technology in Turkey depends on how
much support the public gives to scientists, engineers and
technicians. This support depends on high school students’- the
future public- learning how science and technology are used in
Turkey.

Some communities produce more scientists than other
communities. This happens as a result of the upbringing which
children receive from their family, schools and community.

Influence of
society on
science/
technology

Most Turkish scientists are concerned with the potential effects
(both helpful and harmful) that might result from their discoveries.

Scientists and engineers should be the ones to decide whether or
not to build a nuclear reactor and where it should be built, because
scientists and engineers are the people who know the facts best.

10

Scientists can solve any practical everyday problem best ( for
example, getting a car out of a ditch, cooking, or caring for a pet)
because scientists know more science.

11

The more Turkey’s science and technology develop, the wealthier
Turkey will become

Influence of
science/
technology on
society
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12 The most powerful countries of the world have military strength
because of the country’s superior science and technology.

13 The best scientists are always very open-minded, logical, unbiased | Characteristics
and objective in their work. These personal characteristics are
needed for doing the best science. of scientists

14 There are many more women scientists today than there used to

be. This will make a difference to the scientific discoveries which
are made. Scientific discoveries made by women will tend to be
different than those made by men.

Table 3.2. (continued)

15

Scientists publish their discoveries in scientific journals. They do
this mainly to achieve credibility in the eyes of other scientists and
funding agencies; thus, helping their own careers to advance.

Social
construction
of scientific
knowledge

16

Scientists compete for research funds and for who will be the first to
make a discovery. Sometimes fierce competition causes scientists to
act in a secrecy, lift ideas from other scientists, and lobby for
money. In other words, sometimes scientists break the rules of
science (rules such as sharing results, honesty, independence, etc.).

17

A scientists may play tennis, go to parties, or attend conferences
with other people. Because these social contacts can influence the
scientist’s work, these social contacts can influence the content of
the scientific knowledge he or she discovers.

18

Scientists trained in different countries have different ways of
looking at a scientific problem. This means that a country’s
education system or culture can influence the conclusions which
scientists reach.

19

When a new technology is developed (for example, a new
computer), it may or may not be put into practice. The decision to
use a new technology depends mainly on how well it works.

Social
construction
of

20

Technological developments can be controlled by citizens.

technology

21

Scientific observations made by competent scientists will usually be
different if the scientists believe different theories.

Nature of
scientific

22

Even when scientific investigations are done correctly, the
knowledge that scientists discover from those investigations may
change in the future.

knowledge

23

Scientific ideas develop from hypotheses to theories, and finally, If
they are good enough to being scientific laws.

24

When scientists investigate, it is said that they follow the scientific
method.

25

If scientists find that people working with asbestos have twice as
much chance of getting lung cancer as the average person, this must
mean that asbestos causes lung cancer.
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26 Scientists in different fields look at the same thing from very
different points of view )for example, H+ causes chemists to think
of acidity and physicists to think of protons). This means that one
scientific idea has different meanings, depending on the field a
scientist work in.

3.4.2. Interview with Preservice Science Teachers

The interviews were conducted to get detailed information about the views of
preservice science teachers on science-technology-society concepts. Interview
questions (Appendix B) were developed by the researcher by taken the VOSTS items
into consideration. During the interviews, a semi-structured interview schedule was
used. The schedule was left flexible to allow preservice science teachers to express
themselves in freedom and lets the interviewer to ask thought-provoking questions.
Interview questions covered main points of the issue: the definition of science and
technology (2 items), influence of society and science on science/technology (1
item), influence of science/technology on society (1 item), characteristics of
scientists (1 item), social construction of scientific knowledge (1 items), social
construction of technology (1 item), epistemology of knowledge (2 items). Nine
individual interviews were held, each lasted approximately 30 minutes duration. All
of the interviews were audio taped and transcribed.

During the interview, ten questions were asked to find the answers of the
following questions.
1-How do preservice science teachers define science and technology?
2-How do preservice science teachers express the influence of society and science on
science/technology?
3-How do preservice science teachers express the influence of science/technology on
society?
4-How do preservice science teachers state the influence of school science on

society?

40




5-How do preservice science teachers explain the characteristics of scientists?
6-How do preservice science teachers explain the social construction of scientific
knowledge?
7-How do preservice science teachers explain the social construction of technology?
8-How do preservice science teachers express the epistemology of nature of
scientific knowledge?

The following excerpt from the interviews is an example to show how

thought-provoking questions help to diagnose preservice science teachers’ views.

Researcher: How is society affected by the results of science and technology?
Preservice science teacher: It depends on the structure of the society. Societies
with bad education and low cultural development, will have to obey the things
that technology present them. On the other hand, well educated societies with
developed cultures takes what they need and rejects the others.

Researcher: Do you think the societies has this power?

Preservice science teacher: If the society is conscious, yes. But if not,
technology can control everything. It can present everything as good.
Researcher: Can you give some examples?

Preservice science teacher: Mobile phones. Advertisements and desires can be
more effective than their negative properties in a society. But if society is well
educated one, in this case people will investigate their positive and negative
effects and decide to use or not to use them.

Researcher: In this point, what do you think about Turkish society?

Preservice science teacher: Not very conscious. The companies that produce

technology make people to obey their wishes.

3.5. Data Collection Procedure

For the collection of data from the preservice science teachers, permission

was taken from the instructors that offer several courses to them in three different
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universities in Ankara. In the spring term of 2002/2003 academic year, data were
collected by using VOSTS. The data were collected preservice science teachers of
Gazi University and Middle East Technical University during the class hours by the
researcher herself. On the other hand, data were collected from Hacettepe University
again during the class hours but by their research assistants. The administration of
the instruments could not be done in the same way as the researcher did. The
researcher gave the instrument and then necessary explanation was given by her
when asked by preservice science teachers such as asbestos is a chemical etc.

For the qualitative part, nine preservice science teachers from Middle East
Technical University interviewed during May 2003. They were chosen according to
their willingness to participate such kind of study. Face-to-face interviews were
performed during out of the school time. There were not a time limitation for the
completion of the interviews. For this reason, they took different lengths of time

depending on the respondents’ willingness to demonstrate their thoughts.

3.6. Analysis of Data

In this study, descriptive analysis was performed. For these analyses
responses to the VOSTS items were applied. Frequency and percentage distribution
of each alternative under each one of the items were calculated and they were
analyzed. For the interview part, the audio-taped interviews were transcribed and
analyzed. In order to produce verbatim transcriptions of the interviewees’ responses,
the cassettes were replayed to check whether any missing point was present in the
text. After the transcriptions were completed, the responses were categorized for
each question according to the covered points of the issue in interview part to

analyze them.

3.7. Assumptions and Limitations

During the study, assumptions and limitations encountered are given as

below:

42



3.7.1. Assumptions

1.All students’ responses to the survey were sincere.
2.The survey was administered under standard conditions.
3.Students answered interview questions voluntarily.

3.7.2. Limitations

1.The subjects in the interview were limited to nine students from the last year
students at one university.

2.The subjects of the questionnaire were limited to 176 students.

3. The subjects of the study were selected from only the universities in Ankara so the
generalization can be applied for the preservice elementary science teachers’ only
from the one city.

4.The nature of the instrument is not appropriate for inferential statistics since it
evolved from the qualitative research paradigm.

5.Translated instruments may have the defects that are indispensable.

6.Completion time of the instrument VOSTS which took about more than half an
hour and this may have caused boredom and tiredness for some participants.
7.Because of some outside factors administration of the instrument could not be held

constant, this might have affected the results of the study.
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CHAPTER 4

RESULTS AND CONCLUSION

Analysis of Data

In this chapter, findings of the study were presented under two headings.

These headings were; descriptive analyses of VOSTS items and interview analyses.

4.1.Descriptive Analyses

In this part, preservice science teachers’ views on the concepts of science-
technology-society were investigated, item by item. Each of the 26 items was
consisted of a stem and different number of alternatives. The last three alternatives
were the same for every item and these alternatives were “I don’t understand”, “I
don’t know enough about this subject to make a choice”, and “None of this choices
fits my basic viewpoints”, respectively. Percentage information about respondents
selecting these three alternatives were not given in the explanations of tables,
because number of people marked these alternatives negligible. Tables were
generated in order to see clearly percentages of preservice science teachers selecting
each of the alternatives for the items.

Each item itself examined respondents’ views on different topics about the
science-technology-society concepts. These topics were:

1. Science and Technology
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1.1.Defining science ( item 1: e.g., instrumentalism, curiosity satisfaction,
social enterprise).
1.2.Defining technology (item 2: e.g., social and human purposes; hardware,
socioeconomic and cultural components).
1.3.Interdependence of science and technology (item 3: e.g., rejection that
technology is simply applied science).
2.Influence of society on science/technology
2.1. Government (item 4: e.g., control over funding, policy and science
activities; influence of politics).
2.2. Ethics (item 5: e.g., influence of research program).
2.3. Education institutions (item 6: e.g., mandatory science education).
2.4. Public influence on scientists (item 7: e.g., upbringing, social interactions).
3.Influence of science/technology on society
3.1. Social responsibility of scientists/technologists (item 8: e.g.,
communicating with public, concern and accountability for risks and pollution,
“whistle blowing”).
3.2. Contribution to social decisions (item 9: e.g., technocratic vs. democratic
decision making, moral and legal decisions, expert testimony, lobbying for funds).
3.3. Resolution of social and practical problems (item 10: e.g., technological
fix; everyday type of problems).
3.4. Contribution to economic well-being (item 11: e.g., wealth and jobs).
3.5. Contribution to military power ( item 12)
4. Characteristics of scientists
4.1.Standards/values that guides scientists at work and home (item 13: e.g., open-
mindedness, logicality, honesty, objectivity, skepticism, suspension of belief; as well
as the opposite values: closed-mindedness, subjectivity, etc.).
4.2.Gender effect on the process and product of science ( item 14 )
5.Social construction of scientific knowledge
5.1 . Professional communication among scientists (item15: e.g., peer review,

journals, press conferences).
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5.2 . Professional interaction in the face of competition (item16: e.g., politics,
secrecy, plagiarism).
5.3 . Social interactions ( item 17 )
5.4 . National influence on scientific knowledge and technique ( item 18 )
6.Social construction of technology
6.1. Technological decisions (item 19)
6.2. Autonomous technology (item 20: e.g., technological imperative).
7 Nature of scientific knowledge
7.1. Nature of observations (item 21: e.g., theory laden ness, perception bound).
7.2. Tentativeness of scientific knowledge (item 22).
7.3. Hypothesis, theories and laws ( item 23: e.g., definition, role of assumptions,
criteria for belief).
7.4. Scientific approach to investigations (item 24: e.g., nonlinearity, rejection of
a stepwise procedure, “the scientific method” as a writing style).
7.5. Logical reasoning (item 25: e.g., cause/effect problems, epidemology and
etiology).

7.6. Paradigms vs. coherence of concepts across disciplines (item 26)

The items asked according to the topics given above were answered by the

participants and the following results were obtained.

Defining Science ( Item 1)

The first item of the study refers to the science definition. Table 4.1. indicates
how preservice science teachers’ responses varied. There is no consensus on the
definition of science among preservice science teachers, the most common view was
that exploring the unknown (37%) and the least common view was that indefinable.
Other views on the subject were; improving the world (31%), a body of knowledge
(23%), social institution (2%), a field of study (2%), and indefinable (1%).
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Table 4.1. Percentage distribution of preservice science teachers’ responses to item 1

Defining science is difficult because science is complex and does many things. But

mainly science is:

% Your position, basically:

2 A a study of fields such as biology, chemistry and physics.

23 B. a body of knowledge, such as principles, laws and theories,
which explain the world around us (matter, energy and life).

37 C. exploring the unknown and discovering new things about our
world and universe and how they work.

1 D. carrying out experiments to solve problems of interest about the
world around us.

0 E inventing or designing things (for example, artificial hearts,
computer, space vehicles).

31 F. finding and using knowledge to make this world a better place
to live in (for example, curing diseases, solving pollution and
improving agriculture).

2 G an organization of people (called scientists) who have ideas and
techniques for discovering new knowledge.
1 H No one can define science

Defining Technology (Item 2)

Preservice science teachers’ understandings of definition of technology was

assessed by item 2 (Table 4.2.). Most of the participants thought technology as the

application of science (39%). About 21% of the participants thought technology as

new process, instruments, tools, machinery etc. or practical devices. According to 18
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% of the preservice science teachers, technology means ideas and techniques that
help the progress of the society. Almost 11% thought that, technology is technique
for doing things or solving practical problems. Only the 5% of the participants
defined it as inventing, designing and testing things and just 1% defined technology

as very similar to science.

Table 4.2. Percentage distribution of preservice science teachers’ responses to item 2

Defining what technology is, can cause difficulties because technology does many
things in Turkey. But mainly technology is

% Your position, basically:

1 A. very similar to science
39 B. the application to science
21 C. new processes, instruments, tools, machinery, appliances,
gadgets, computers, or practical devices for everyday use
3 D. robotics, electronics, computers, communication systems,
automation, etc.
11 E. a technique for doing things, or a way of solving practical
problems
5 F. inventing, designing and testing things (for example, artificial
hearts, computers, space vehicles)
18 G. ideas and techniques for designing and manufacturing things, for

organizing workers, business people and consumers, for the
progress of society

Interdependence of Science and Technology (Item 3)

There is an agreement on the close relations between the science and
technology. About 75% of the respondents thought science and technology closely
related because scientific research leads to practical applications in technology, and
technological developments increase the ability to do scientific research. Another

popular answer was that thought they are closely related since science is the basis for
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all technological advances (17%); though it is hard to see how technology could aid
science. Only 4% thought that; although they are different they are linked so closely
that is hard to tell them apart. About 3% stated that they are closely related to each
other because technology is the basis of all scientific advances; although its hard to

see how science could aid technology (Table 4.3).

Table 4.3. Percentage distribution of preservice science teachers’ responses to item 3

Science and technology are closely related to each other:

% Your position, basically:
They are closely related to each other because
17 A. science is the basis of all technological advances; though it is
hard to see how technology could aid science.
75 B. scientific research leads to practical applications in technology,

and technological developments increase the ability to do
scientific research.

4 C. although they are different, they are linked so closely that it is
hard to tell them apart.

3 D. technology is the basis of all scientific advances; though it is hard
to see how science could aid technology.

0 E. Science and technology are more or less the same thing.

Influence of society on science/technology: Government (Item 4)

An interesting finding emerged from the item 4 (Table 4.4.). About 42% of
the participants reported that there is a need for their country to finance science in
order to make their world a better place to live in. They also agreed upon that the
government should financially support scientific research not less than the other
countries do (27%). About one tenth of the respondents (14%) agreed upon that
money should be spent on scientific research although it includes an investment risk.

Only 7% of the respondents thought the necessity to give money on scientific
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research to satisty scientific curiosity. A small portion of the participants (2%) wants

to spend money to the research directly related to our health, our environment or to

agriculture. Few of the respondents (1%) preferred spending money on to the things

such as helping Turkey’s unemployed and needy, or helping less fortune countries

instead of spending money on to the scientific and technological researches. Almost

one tenth of the respondents (9%) could not find the choices that fit their basic

viewpoint.

Table 4.4. Percentage distribution of preservice science teachers’ responses to item 4

The Turkish government should give scientists research money to explore the curious

unknowns of nature and the universe.

%

Y our position, basically:

27

7

14

42

Money should be spent on scientific research:

. so Turkey doesn’t fall behind other countries and become

dependent upon them.

. in order to satisfy the human urge to know the unknown: that is,

to satisfy scientific curiosity.

. even though it is often impossible to tell ahead of the time

whether the research will be beneficial or not. It is an investment
risk, but we should take it.

. because by understanding our world better, scientists can make it

a better place to live in (for example, using nature’s environment
and resources to our best advantage, and by investing helpful
technology).

. only when the research is directly related to our health (especially

finding cures for diseases), to our environment or to agriculture.

Little or no money should be spent on scientific research because
the money could be spent on other things, such as helping
Turkey’s unemployed and needy, or helping less fortunate
countries.

Influence of society on science/technology: Ethics (Item 5)

The analysis of this item revealed that there is not a consensus among the

preservice science teachers with respect to the effects of religious and/or ethical

50



views of the culture on scientists and scientific research (Table 4.5.). Approximately
one forth of the participants (%23) thought the religious and cultural views are
influential on scientific practice. According to them, certain beliefs support certain
scientific researches. About one fifth of the respondents (%19) thought the research
topic has an impact on what is studied in scientific research. They didn’t mention that
ethical and religious views would be influential. Almost one fifth of the participants
(%16) thought the ethical and religious views are effective on how and what
scientists think. According to them scientists unconsciously choose research topics
that support their cultural views. Totally 61% of the participants believed that
religious or ethical views do influence scientific research. On the other hand, 33% of
them advocated that religious or ethical views do not influence these researches.
Almost 14% of this class was claimed that researchers continue in spite of clashes

between scientists and certain religious or cultural groups.

Table 4.5. Percentage distribution of preservice science teachers’ responses to item 5

Some cultures have a particular viewpoint on nature and man. Scientists and
scientific research are affected by the religious or ethical views of the culture where
work is done.

% Y our position, basically:
Religious or ethical views do influence scientific research:
2 A. because some cultures want specific research done for the benefit
of that culture.
16 B. because scientists may unconsciously choose research that would
support their culture’s views.
7 C. because most scientists will not do research which goes against
their upbringing or their beliefs.
13 D. because everyone is different in the way they react to their

culture. It is these individual differences in scientists that
influence the type of research done.

23 E. because powerful groups representing certain religious, political
or cultural beliefs will support certain research projects, or will
give money to prevent certain research from occurring.

Religious or ethical views don’t influence scientific research:
14 F. because research continues in spite of clashes between scientists
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and certain religious or cultural groups ( for example, clashes
over evolution and creation).

19 G. because scientists will research topics which are importance to
science and scientists, regardless of cultural or ethical views.

Influence of society on science/technology: Education Institutions (Item 6)

Almost all of the students agreed upon the answer “yes” on the statement
about influence of society on science and technology (Table 4.6.). About half of the
respondents claimed that the more students learn about science and technology; the
more the informed the future public will be. The reason of this answer was stated as;
they will be able to form better opinions and make better contributions to how
science and technology are used.

Another popular answer (30%) was reasoned as; the public will better
understand the views of experts and will provided the needed support for science and
technology. About one tenth of the respondents stated that the more students learn
about science and technology, the better they will keep the country running.
According to this ten percent, high school students are the future. Only a small
portion (2%) didn’t agree on this item. According to these respondents support
doesn’t depend on students learning more about science and technology. They

believed that some high school students are not interested in science subjects.
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Table 4.6. Percentage distribution of preservice science teachers’ responses to item 6

The success of science and technology in Turkey depends on how much support the
public gives to scientists, engineers and technicians. This support depends on high
school students’- the future public- learning how science and technology are used in

Turkey.

%

Y our position, basically:

10

5

49

30

A.

B.

C.

Yes, the more students learn about science and technology:

the better they will keep the country running. High school
students are the future.

the more students will become scientists, engineers and
technicians, and so Turkey will prosper.

the more informed the future public will be. They will be able to
form better opinions and make better contributions to how
science and technology are used.

the more the public will see that science and technology are
important. The public will better understand the views of experts
and will provided the needed support for science and technology.

No, support does not depend on students learning more about
science and technology. Some high school students aren’t
interested in science subjects.

Influence of society on science/technology: Public influence on scientists (Item 7)

More than half of the respondents thought the upbringing is the main reason

of that some communities produce more scientists than other communities (Table

4.7.). They argued on different reasons of these effects. About 32% of the

53



respondents claimed that the encouragement and opportunity to become a scientist is
given by schools, family, and community. About 17% of the responses claims the
family as the most effective factor in this decision. Another 5% thought the schools
and teachers as the most effective factor. Only 2% evaluated community as the most
effective factor to this situation. On the other hand, 32% found that it is difficult to
relate them. They gave the equal priority to the upbringing and to the individual
effects. Approximately 13% gave the priority to the intelligence, ability, and natural
interest in science. Except the one percent, these respondents believed the partial

effect of upbringing.

Table 4.7. Percentage distribution of preservice science teachers’ responses to item 7

Some communities produce more scientists than other communities. This happens as
a result of the upbringing which children receive from their family, schools and

community.
% Y our position, basically:
Upbringing is mostly responsible:

2 A. because some communities ( for example, industrial towns such
as Adapazari) place greater emphasis on science than other
communities.

17 B. because some families encourage to question and wonder.
Families teach values that stick with you for the rest of your life.

5 C. because some teachers or schools offer better science courses or

encourage students to learn more than other teachers or schools.
32 D. because the family, schools and community all give children with

an ability in science the encouragement and opportunity to
become scientists.

32 E. It is difficult to tell. Upbringing has a definite effect, but so does
the individual (for example, intelligence, ability and natural

interest in science). It is about half and half.

Intelligence, ability and natural interest in science are mostly

responsible:
12 F. in determining who becomes a scientist. However, upbringing has
an effect.
1 G. because people are born with these traits.
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Social responsibility of scientists/technologists (Item 8)

More than half of the respondents (%62) believed that scientists are
concerned with all the effects of their experiments because the goal of science is to
make our world a better place to live in. Respondents mentioned that this concern is
a responsibility of a scientist. One tenth of the respondents (%10) argued that
scientists are concerned but they have little control over how their discoveries are
used for harm. Again, almost one tenth of the participants (%9) claimed that
scientists concern about the undesired impact of their practices but they cannot know
about all the possibilities. Some other respondents (%9) stated that scientists test
their discoveries in order to prevent harmful effects from occurring. The frequency of
the statement “Scientists only look for beneficial effects when they discover things or
when they apply their discoveries” was zero. None of the respondents gave that any
chance. Almost 4% related scientists’ concern about the potential effects with the
field of study that they work. Another 4% of the respondents indicated the

ineffectiveness of the scientists on the results of their discoveries (Table 4.8.).

Table 4.8. Percentage distribution of preservice science teachers’ responses to item 8

Most Turkish scientists are concerned with the potential effects (both helpful and
harmful) that might result from their discoveries.

% Your position, basically:
0 A. Scientists only look for beneficial effects when they discover
things or when they apply their discoveries.
9 B. Scientists are most concerned with the possible harmful effects of

their discoveries, because the goal of science is to make our
world a better place to live in. therefore, scientists test their
discoveries in order to prevent harmful effects from occurring.

62 C. Scientists are concerned with all the effects of their experiments
because the goal of science is to make our world a better place to
live in. Being concerned is a natural part of doing science
because it helps scientists understand their discoveries.

9 D. Scientists are concerned but they can’t possibly know all the-long
term effects of their discoveries.
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10 E. Scientists are concerned but they have little control over how
their discoveries are used for harm.

4 F. It depends upon the field of science. For instance, in medicine
Turkish scientists are highly concerned. However, in nuclear
power or in military research, Turkish scientists are least

concerned.

4 G. Scientists may be concerned, but that doesn’t stop them from
making discoveries for their own fame, fortune, or pure joy of
discovery.

Contribution to social decisions (Item 9)

About one third of the respondents claimed that the decision about whether or
not to build a nuclear reactor and where it must be built should be made equally both
by the specialists and the public (Table 4.9). More than half of the respondents
claimed that scientists and engineers should decide. According to 35 % of the
respondents, scientists and engineers should decide because they have the trainings
and facts but the public should be involved-either informed or consulted. Another 11
% of the respondents agreed upon the scientists and engineers as decision making
agencies but they thought the reason that they have the knowledge and can make
better decision than government, bureaucrats or private companies. About 7% of the
respondents gave the reason as just scientists and engineers have the training and
facts which give them a better understanding of the issue. Another 5% thought
scientists and engineers as the people giving advices. According to these participants
the public should decide this. Almost 2% of the respondents argued that the public
should decide since the public serves as a check on the scientists and engineers.
Only 1% of the respondents thought that the government should decide but scientists

and engineers should give advice because the issue is political.
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Table 4.9. Percentage distribution of preservice science teachers’ responses to item 9

Scientists and engineers should be the ones to decide whether or not to build a
nuclear reactor and where it should be built, because scientists and engineers are the
people who know the facts best.

% Your position, basically:
Scientists and engineers should decide:
7 A. because they have the training and facts which give them a better
understanding of the issue.
11 B. because they have the knowledge and can make better decisions

than government, bureaucrats or private companies, both of
whom have vested interest.

35 C. because they have the trainings and facts which give them a better
understanding. But the public should be involved- either informed
or consulted.

36 D. The decision should be made equally; viewpoints of scientists and
engineers, other specialists, and the informed public should all be
considered in decisions which affect our society.

1 E. The government should decide because the issue is basically a
political one; but scientists and engineers should give advice.

5 F. The public should decide because the decisions affects everyone;
but scientists and engineers should give advice.

2 G. The public should decide because the public serves a a check on

the scientists and engineers. Scientists and engineers have
idealistic and narrow views on the issue and thus pay little
attention to consequences.

Resolution of social and practical problems (Item 10)
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Almost half of the respondents (45%) claimed that scientists are better at
solving any practical problem (Table 4.10.). According to them, their logical problem
solving minds or specialized knowledge give them an advantage. About one third of
them suggested that scientists are no better than the others, because in everyday life
scientists are like everyone else and experience and common sense will solve
everyday practical problems. Another 5% suggested the same assertion that scientists
are no better than the others since a scientist’s education doesn’t necessarily help
with practical things. Just 4% of the respondents gave the reason for the same claim
as; science classes help everybody learn enough problem-solving skills and
knowledge to solve practical problems. Another 4% said that scientists are probably
worse at solving any practical problem because they work in a complex abstract

world far away from everyday life.

Table 4.10. Percentage distribution of preservice science teachers’ responses to item

10

Scientists can solve any practical everyday problem best ( for example, getting a car
out of a ditch, cooking, or caring for a pet) because scientists know more science.

% Your position, basically:

45 A. Scientists are better at solving any practical problem. Their
logical problem-solving minds or specialized knowledge give
them an advantage.

Scientists are no better than the others:

4 B. because science classes help everybody learn enough problem-
solving skills and knowledge to solve practical problems.

5 C. because a scientist’s education doesn’t necessarily help with
practical things.

34 D. because in everyday life scientists are like everyone else.
Experience and common sense will solve everyday practical
problems.

4 E. Scientists are probably worse at solving any practical problem
because they work in a complex abstract world far removed from
everyday life.
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Contribution to economic well-being (Item 11)

Similar to the results of item 4, participants favored on the same opinion
about the relation of scientific and technological researches in Turkey and
dependency to the other countries. More than half of the respondents (%54) thought
that scientific and technological developments make Turkey less dependent to other
countries and consequently increase its annual income (Table 4.11.). Only one third
of the participants (%28) mentioned about the efficiency, the productivity, and the
progress gained through science and scientific research. About 7% of the
respondents claimed that it depends on which science and technologies we invest in.
About 6% of the participants believed that science and technology will increase
Turkey’s wealth since Turkey could sell new ideas and technology to other countries
for profit. Only 2 % claimed that science and technology decrease Turkey’s wealth

since it costs a great deal of money to develop science and technology.

Table 4.11. Percentage distribution of preservice science teachers’ responses to item

11
The more Turkey’s science and technology develop, the wealthier Turkey will
become

% Your position, basically:

Science and technology will increase Turkey’s wealth:

28 A. because science and technology bring greater -efficiency,
productivity and progress.

54 B. because more science and technology would make Turkey less
dependent on other countries. We could produce things for
ourselves.

6 C. because Turkey could sell new ideas and technology to other

countries for profit.
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7 D. It depends on which science and technologies we invest in. Some
outcomes are risky. There may be other ways besides science and
technology that create wealth for Turley.

2 E. Science and technology decrease Turkey’s wealth because it costs
a great deal of money to develop science and technology.

Contribution to military power (Item 12)

In this item, most of the respondents (70%) viewed the military strength of a
country depends upon the science and the technology (Table 4.12.). Nearly one third
of the participants (35%) responded as science and technology develop in a country,
more modern, accurate, and destructive weapons are built. About one fifth of the
participants (19%) claimed that the more advanced the country’s science and
technology, the richer that country will be. According to them, the income of a
country can be spent on developing new weapons and strengthening the military.
Only one eight of the participants (16%) agreed that the military usually has a strong
voice in government, and the military can insist on using science and technology to
build its strength. A small portion of the respondents (7%) related the power of the
military forces with the size of armed forces of a country. Another 4% of the
participants reported that the military strength depends partly on science and

technology, and partly on governmental decision to develop weapons.
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Table 4.12. Percentage distribution of preservice science teachers’ responses to item

12

The most powerful countries of the world have military strength because of the

country’s superior science and technology.

%

Your position, basically:

35

16

19

12

Military strength depends a great deal on science and technology:

. because the greater the development in science and technology,

the more modern, accurate and destructive the weapons.

. because the military usually has a strong voice in government,

and the military will insist on using science and technology to
build its strength.

. because the more advanced the country’s science and technology,

the richer the country. Its money can be spent on making the
military stronger.

. Military strength depends not only on science and technology for

powerful weapons, but also on the size of its armed forces.

. Military strength depends partly on science and technology and

partly on a government’s decision to develop weapons to increase
its power.

. Military strength does not depend on science and technology, but

on the government. Some countries which are strong in science
and technology have weak militaries (for example, Japan). Some
countries which have a strong military are weak in science and
technology (for example, China).

Standards/values that guides scientists at work and home (Item 13)
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Almost 39% of the respondents thought the traits of a person such as an
open-mind, logical thinking ability, an unbiased thoughts and objectiveness in their
work as inadequate for being a scientist (Table 4.13.). According to these
participants, the best scientists also need other personal traits such as imagination,
intelligence and honesty. According to the 23% of the participants, the best scientists
display these characteristics since they improve the ability in science. Almost 13% of
the respondents claimed that the best scientists do not necessarily display these
characteristics because it depends on the individual scientists. About 12% of the
respondents argued these characteristics as necessary, otherwise science will suffer.
About 9% of the respondent believed that these traits are not necessary because best
scientists sometimes become so deeply involved, interested or trained in their field,
that they can be closed-minded, biased, subjective and not always logical in their
work. Only 1% of the respondents thought that the best scientists do not display these
personal characteristics any more than the average scientists. According to these

subjects these characteristics are not necessary for doing good science.

Table 4.13. Percentage distribution of preservice science teachers’ responses to item

13

The best scientists are always very open-minded, logical, unbiased and objective in
their work. These personal characteristics are needed for doing the best science.

% Your position, basically:

12 A. The best scientists display these characteristics otherwise science
will suffer.

23 B. The best scientists display these characteristics because the more
of these characteristics you have, the better you will do at science.

39 C. These characteristics are not enough. The best scientists also need
other personal traits such as imagination, intelligence and
honesty.

The best scientists do not necessarily display these personal
characteristics:
9 D. because the best scientists sometimes become so deeply involved,
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interested or trained in their field, that they can be closed-minded,
biased, subjective and not always logical in their work.

13 E. because it depends on the individual scientist. Some are always
open-minded, objective, etc. in their work; while others can be
come closed-minded, subjective, etc. in their work.

1 F. The best scientists do not display these personal characteristics
any more than the average scientists. These characteristics are not
necessary for doing good science.

Gender effect on the process and product of science ( Item 14 )

Another item was about the gender and its effects to the process and product
of science. About 73% of the total preservice science teachers cannot see any
difference depending on the sex with respect to the process and product of science
(Table 4.14.). On the other hand, 23% said that there is a difference due to the
difference in the sex. In the first part, most of the participants thought the source of
the differences in the discoveries as the differences between individuals. Only 16%
of the participants determined the source of differences as the different nature and
upbringing of the female scientists. In regard to the gender equity in scientific
research and technological workforce, three fourth of the participants (73%)
responded that they do not believe existence of difference due to the gender effect.
About one third (35%) of the respondents explained the source of the differences as
the personal differences. Only a small portion of the participants (16%) claimed that
there is an inequality of gender in scientific research and technological workforce.
According to these students, women would make somewhat different discoveries
because, by nature or upbringing, females have different values, viewpoints,

perspectives, or characteristics.
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Table 4.14. Percentage distribution of preservice science teachers’ responses to item

14

There are many more women scientists today than there used to be. This will make a
difference to the scientific discoveries which are made. Scientific discoveries made
by women will tend to be different than those made by men.

% Your position, basically:

There is no difference between female and male scientists in the
discoveries they make:

9 A. because any good scientist will eventually make the same
discovery as another good scientist.

7 B. because female and male scientists experience the same training.

3 C. because overall women and men are equally intelligent.

7 D. because women and men are the same in terms of what they want
to discover in science.

11 E. because research goals are set by demands or desires from others
besides scientists.

2 F. because everyone is equal, no matter what they do.

34 G. because any differences in their discoveries are due to differences
between individuals. Such differences have nothing to do with
being male or female.

16 H. Women would make somewhat different discoveries because, by
nature or by upbringing, females have different values,
viewpoints, perspectives, or characteristics (such as sensitivity
toward consequences).

5 I. Men would make somewhat different discoveries because, men
are better at science than women.
2 J.  Women would likely make somewhat better discoveries than men

because women are generally better than men at some things such
as instinct and memory.
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Professional communication among scientists (Item15)

According the results of the item about scientific publications, almost half of
the respondents (42%) reasoned this publications as both to benefit personally from
any credit, fame or fortune that a discovery may bring; and to advance science and
technology by sharing ideas publicly, and thus building upon each other’s work.
About one fifth of the respondents thought the reason as to advance science and
technology. Almost one tenth of the participants reasoned it as to help the other
scientists in all parts of the world. According to them, good communication prevents
wasteful duplication of effort and consequently speeds the advance of science.
According to 7% claimed the reason as to advance science and technology through
open communication, and to inform the general public about the latest discoveries.
About 6% of the respondents said that scientists publish to get criticism and checking
ensure that science will advance on the basis of true results. According to the results
5% of the participants thought the reason as to get personal profits. Only 4% of the
participants gave the reason as to share ideas publicly, and to have the discovery

evaluated by other scientists (Table 4.15.).

Table 4.15. Percentage distribution of preservice science teachers’ responses to item

15

Scientists publish their discoveries in scientific journals. They do this mainly to
achieve credibility in the eyes of other scientists and funding agencies; thus, helping
their own careers to advance.

% Your position, basically:
Scientists publish their discoveries:
5 A. mainly to get credit for their achievements, to become better

known, or to profit from any financial success. If scientists were
denied these personal benefits, science would come to a standstill.
42 B. both to benefit personally from any credit, fame or fortune that a
discovery may bring; and to advance science and technology by
sharing ideas, and thus building upon each other’s work.
23 C. mainly to advance science and technology. by sharing their ideas
publicly, scientists build upon each other’s work. Without this

65



open communication, science would come to a standstill.

6 D. mainly for other scientists to evaluate the discovery. This
criticism and checking ensure that science will advance on the
basis of true results.

4 E. to share ideas publicly, and to have the discovery evaluated by
other scientists.
9 F. mainly to help the other scientists in all parts of the world. Good

communication prevents wasteful duplication of effort and
consequently speeds the advance of science.

7 G. to advance science and technology through open communication,
and to inform the general public about the latest discoveries.

Professional interaction in the face of competition (Item16)

Analysis of responses to this item showed that most of the participants believed
that sometimes scientists break the rules of science (Table 4.16.). Almost one fourth
of the respondents gave the reason as to achieve personal and financial rewards.
About one tenth (13%) thought the reason as to find the answer, the way is not
important for the scientists. Another one tenth (11%) explained it with the
competition. According to them competition pushes scientists to work harder. On the
other hand almost one fifth (18%) of the respondents claimed that science is no
different from other professions in terms of the rule breaking. Another one fifth

(18%) advocated that most scientists do not compete.

Table 4.16. Percentage distribution of preservice science teachers’ responses to item
16

Scientists compete for research funds and for who will be the first to make a
discovery. Sometimes fierce competition causes scientists to act in a secrecy, lift
ideas from other scientists, and lobby for money. In other words, sometimes
scientists break the rules of science (rules such as sharing results, honesty,
independence, etc.).

% Your position, basically:
Sometimes scientists break the rules of science:

11 A. because this is the way they achieve success in a competitive
situation. Competition pushes scientists to work harder.

25 B. in order to achieve personal and financial rewards. When

scientists compete for something they really want, they’ll do
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whatever they can do to get it.
13 C. in order to find the answer. As long as their answer works in the
end, it doesn’t matter how they got there.

18 D. It depends. Science is no different from other professions. Some
will break the rules of science to get ahead and others will not.
18 E. Most scientists do not compete. The way they really work, and

the best way to succeed, is through cooperation and by following
the rules of science.

Social interactions ( Item 17)

Most of the respondents believed that social contacts has an influence on the
discoveries done by the scientists (Table 4.17.). One fifth of the respondents (23%)
gave this reason such kinds of contacts allow scientists to observe human behavior
and other scientific phenomena. Another one fifth (22%) said that social contacts
influence the content of what is discovered because scientists can be encouraged by
people to apply or change their research to a new area relevant to the needs of
society. About 21% believed that scientists can be helped by the ideas, experiences,
or enthusiasm of people with whom they socialize. Just one tenth of the respondents
advocated that social contacts can serve as a refreshing or relaxing break from work.
On the other hand one fifth of the respondents argued that social contacts do not
influence the content of what is discovered because a scientist’s work is unrelated to

socializing.

Table 4.17. Percentage distribution of preservice science teachers’ responses to item

17

A scientist may play tennis, go to parties, or attend conferences with other people.
Because these social contacts can influence the scientist’s work, these social contacts
can influence the content of the scientific knowledge he or she discovers.

% Your position, basically:
Social contacts influence the content of what is discovered:
21 A. because scientists can be helped by the ideas, experiences, or
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enthusiasm of the people with whom they socialize.

10 B. because social contacts can serve as a refreshing or relaxing break
from work; thus revitalizing a scientist.

22 C. because scientists can be encouraged by people to apply or
change their research to a new area relevant to the needs of
society.

23 D. because social contacts allow scientists to observe human

behavior and other scientific phenomena.

20 E. Social contacts do not influence the content of what is discovered
because a scientist’s work is unrelated to socializing.

National influence on scientific knowledge and technique ( Item 18)

Unsurprisingly, respondents agreed upon the impact of different countries’
view points of science on scientific knowledge and technique developed in them
(Table 4.18.). They have positively responded to the statement about national
influence on scientific knowledge and technique. This indicates an agreement upon
opinion that a country’s education system and/or culture affect the conclusions
scientists reach. Most of the participants believed that country makes a difference in
the scientific research. Some of the advocates of this idea (%28) explored the reason
as the education and the culture. Another one third of the participants (%28) thought
the reasons as a need corresponds to a country’s governmental and industrial
management. Only 14% claimed the reason as the way that the scientists are taught
to solve problems makes a difference to the conclusions scientists reach. Almost one
fifth (17%) of the respondents claimed that it depends. The other one tenth of the
participants believed that country does not make a difference. Half of them reasoned
it as scientists’ personality. And the other half claimed that there is no difference
since scientists all over the world use the same scientific method which leads to

similar conclusions.
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Table 4.18. Percentage distribution of preservice science teachers’ responses to item

18

Scientists trained in different countries have different ways of looking at a scientific
problem. This means that a country’s education system or culture can influence the

conclusions which scientists reach.

%

Your position, basically:

28

14

28

17

The country does make a difference:

. because education and culture affect all aspects of life, including

the training think about a scientific problem.

. because each country has a different system for teaching science.

The way scientists are taught to solve problems makes a
difference to the conclusions scientists reach.

. because country’s government and industry will only fund

science project that meet their needs. This affects what a scientist
will study.

. It depends. The way a country trains its scientists might make a

difference to some scientists. But other scientists look at
problems in their own individual way based on personal views.

The country does not make a difference:

. because scientists look at problems in their own individual way

regardless of what country they were trained in.

. because scientists all over the world use the same scientific

method which leads to similar conclusions.
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Technological decisions (Item 19)

More than half of the respondents related the decision to use a new
technology with several things such as its cost, efficiency, usefulness to society, and
effect on employment (Table 4.19.). About one tenth (11%) gave the priority to the
cost effectiveness of the new technology. Another one tenth (11%) gave this priority
to that whether it has a negative effect or not. The rest of the alternatives almost have
equal importance in terms of frequencies. For example, about 3% said that the most
important point is how well it works and another 3% claimed that the decision
primarily depends on the governments’ view. Equal frequency of the respondents
advocated that the decision does not depend necessarily on how well it works since
they can be improved later. About 2% claimed that the decision depends whether it
will make a profit for a company. Finally, only 1% of the participants thought the

cost effectiveness primarily for this decision mechanism.

Table 4.19. Percentage distribution of preservice science teachers’ responses to item

19

When a new technology is developed (for example, a new computer), it may or may
not be put into practice. The decision to use a new technology depends mainly on
how well it works.

% Your position, basically:
3 A. The decision to use a new technology depends mainly on how
well it works. You don’t use something unless it works well.
60 B. The decision depends on several things, such as its cost, its

efficiency, its usefulness to society, and its effect on employment.

The decision does not depend necessarily on how well it works:

1 C. but on how cost effective it is.
11 D. but on what society wants or needs.
11 E. but on whether it helps the world and has no negative effects.
New technologies are not used if they are harmful.
3 F. but on whether the government in power supports it.
2 G. but on whether it will make a profit for a company.
3 H. because some technologies are put into practice before they work

well. They are improved later.
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Autonomous technology (Item 20)

The majority of the respondents (81%) believed the statement that
“technological developments can be controlled by citizens”. About 28% of the
participants claimed that citizens can control them only when put into use not the
original development itself. One fourth of the people gave the reason as the needs of
consumers. It is the results of the relation between demands and profits. Almost 12%
of the respondents explained their answer “yes” as the way that from the citizen
population comes each generation of the scientists and technologists who will
developed the technology. About one tenth of them claimed the way as the electing
the government who are sponsored the scientific and technological advances.
Another one tenth of the participants believed that the citizens does not have effect
since technology advances so rapidly that the average citizen is left ignorant of the
development. Only 3% explained their answer with this reason; the citizens are
prevented from doing so by those with the power to develop the technology (Table
4.20.).

Table 4.20. Percentage distribution of preservice science teachers’ responses to item

20

Technological developments can be controlled by citizens.

% Y our position, basically:
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12

25

28

10

. Yes, because from the citizen population comes each generation

of the scientists and technologists who will develop the
technology. Thus citizens slowly control the advances in
technology through time.

. Yes, because technological advances are sponsored by the

government. By electing the government, citizens can control
what is sponsored.

. Yes, because technology serves the needs of consumers.

Technological developments will occur in areas of high demand
and where profits can be made in the market place.

. Yes, but only when it comes to putting new development into

use. Citizens can not control the original development itself.

. Yes, but only when citizens get together and speak out, either for

or against a new development. Organized people can change just
about anything.

No, citizens are not involved in controlling technological
developments:

F. because technology advances so rapidly that the average citizen is

left ignorant of the development.

G. because citizens are prevented from doing so by those with the

power to develop the technology.

Nature of observations (Item 21)

More than half of the preservice science teacher supported the effects of the

different theories on the observation done by the scientists (Table 4.21.). About one

third (32%) of the respondents claimed that scientists’ thinking way affects their

observations. One fifth of them said that scientists will experiment in different ways

and will notice different things. About one third (33%) advocated that scientific

observations will not differ very much even though scientists believe different

theories. They related this with the competent feature of the scientist. Only 6%

rejected this effects. About 4% claimed that observations display the absolute facts.

Only 2% said that observations are as exact as possible.

Table 4.21. Percentage distribution of preservice science teachers’ responses to item

21
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Scientific observations made by competent scientists will usually be different if the

scientists believe different theories.

%

Your position, basically:

23

32

33

. Yes, because scientists will experiment in different ways and will

notice different things.

. Yes, because scientists will think differently and this will alter

their observations.

. Scientific observations will not differ very much even though

scientists believe different theories. If the scientists are indeed
competent their observations will be similar.

. No, because observations are as exact as possible. This is how

science has been able to advance.

. No, observations are exactly what we see and nothing more; they

are the facts.

Tentativeness of scientific knowledge (Item 22)

Most of the respondents showed the belief that scientific knowledge may

change in the future when the investigations are done correctly (Table 4.22.). Almost

half of the participants (46%) claimed that by using new techniques or improved

instruments, new scientists disprove the old theories or discoveries. About one third

(30%) of the respondents claimed that old knowledge is reinterpreted in the light of

new discoveries. According to these participants scientific facts can change. About

one tenth (12%) of the participants supposed that scientific knowledge appear to

change due to interpretation or application but scientific experiments results with

unchangeable facts. Another one tenth (9%) rejected these kinds of changes.

Table 4.22. Percentage distribution of preservice science teachers’ responses to item

22
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Even when scientific investigations are done correctly, the knowledge that scientists
discover from those investigations may change in the future.

% Your Position, Basically:
Scientific knowledge changes:
46 A. because new scientists disprove the theories or discoveries of old

scientists. Scientists do this by using new techniques or improved
instruments, by finding new factors overlooked before, or by detecting
errors in the original “correct” investigations.

30 B. because the old knowledge is reinterpreted in the light of new
discoveries. Scientific facts can change.

Scientific knowledge appears to change
12 C. because the interpretation or the application of the old facts can change.
Correctly done experiments yield unchangeable facts.
9 D. because new knowledge is added on to old knowledge, the old
knowledge doesn’t change.

Hypothesis, theories and laws ( Item 23)

In order to see whether preservice science teachers regarded hypotheses,
theories and laws as a sequential set of statements or regarded them as different types
of ideas and statements, they were asked the relationships among theory and
hypotheses (Table 4.23.). Most of the respondents advocated such kind of sequential
advancement.  More than half of the respondents (54%) selected the statement
stating an hypotheses tested by experiments, if it proves correct, it becomes a theory
and after a theory has been proven true many times by different people and has been
around for a long time, it becomes a law. About one third believed that an hypotheses
is tested by experiments if there is supporting evidence, it is a theory. After a theory
has been proven to true tested many times and seems to be essentially correct, it’s
good enough to become a law. About 12% thought this sequence as logical for
scientific ideas to develop. Only 3% became against this view. About 2% of them

said that laws can be proven but theories can not. Only one percent claimed that
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theories can not become laws since they both are different types of ideas. The study
clearly showed that preservice science teachers have the misconception about that

there is a chain relation between hypotheses, theories, and laws.

Table 4.23. Percentage distribution of preservice science teachers’ responses to item

23
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Scientific ideas develop from hypotheses to theories, and finally, if they are good

enough to being scientific laws.

%

Your Position, basically:

54 A.

27 B.

12 C.

Hypotheses can lead to theories which can lead to laws:

because an hypothesis is tested by experiments, if it proves correct, it
becomes a theory. After a theory has been proven true many times by
different people and has been around for a long time, it becomes a
law.

because an hypothesis is tested by experiments if there is supporting
evidence, it is a theory. After a theory has been tested many times and
seems to be essentially correct, it’s good enough to become a law.
because it is logical way for scientific ideas to develop.

Theories can’t become laws because they both are different types of
ideas.

2 D.

Theories are based on scientific ideas which are less than %100
certain, and so theories can’t be proven true. Laws, however, are
based on facts only and are %100 sure.

Laws describe things in general. Theories explain these laws.
However, with supporting evidence, hypotheses may become theories
(explanations) or laws (descriptions).

Scientific approach to investigations (Item 24)

About one third of the respondents defined the scientific method as

questioning, hypothesizing, collecting data and concluding (Table 4.24.). Only 14%

of the participants stated it as controlling experimental variables and leaving no room

for interpretation. About one tenth of the participants said that the scientific method

is getting facts, theories and hypotheses efficiently. On the other hand equal amount

of the respondents claimed that the scientific method is testing and retesting-

providing something true or false in a valid way. Almost one tenth of the respondents

said that it is a logical and accepted approach to problem solving. About 8% of the

participants the scientific method is the lab procedures or techniques; often written in

a book or journal, and usually by a scientists. About 5% explained the scientific
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method as an attitude that guides scientists in their work. Only a few respondents

(3%) defined this method as postulating a theory than creating an experiment to

prove it. Only 2% thought it as the recording the results carefully. Just one percent

said that considering what scientists actually do, there really is no such things as the

scientific method.

Table 4.24. Percentage distribution of preservice science teachers’ responses to item

24

When scientists investigate, it is said that they follow the scientific method.

% Y our position, basically:
The scientific method is :
8 A. the lab procedures or techniques; often written in a book or
journal, and usually by a scientists.
2 B. recording your results carefully.
14 C. controlling experimental variables carefully, leaving no room for
interpretation.
11 D. getting facts, theories or hypotheses efficiently.
11 E. The scientific method is : testing and retesting- providing
something true pr false in a valid way.
3 F. postulating a theory then creating an experiment to prove it.
32 G. questioning, hypothesizing, collecting data and concluding.
9 H. alogical and accepted approach to problem solving.
5 I. an attitude that guides scientists in their work.
1 J. Considering what scientists actually do, there really is no such

thing as the scientific method.

Logical reasoning (Item 25)
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Only the 6% of the participants claimed that obviously the asbestos causes
lung cancer (Table 4.25.). On the other hand, most of the respondents said that the
facts do not necessarily mean that asbestos causes cancer. The most popular view on
the subject that asbestos might work in combination with other things, or may work
indirectly. The other popular view was that more research is needed to find out
whether it is asbestos or some other substance that causes the lung cancer. About one
tenth of the respondents claimed that the asbestos can not causes the lung cancer
because if it did, all asbestos workers would have developed lung cancer. Only 1% of
the students said that asbestos can not be cause of the lung cancer because many

people who do not work with asbestos also get lung cancer.

Table 4.25. Percentage distribution of preservice science teachers’ responses to item

25

If scientists find that people working with asbestos have twice as much chance of
getting lung cancer as the average person, this must mean that asbestos causes lung

cancer.
% Your position, basically:
6 A. The facts obviously prove that asbestos causes lung cancer. If

asbestos workers have a greater chance of getting lung cancer,
then asbestos is the cause.

The facts do not necessarily mean that asbestos causes lung cancer:

35 B. because more research is needed to find out whether it is asbestos
or some other substance that causes the lung cancer.
37 C. because asbestos might work in combination with other things, or

may work indirectly (for example, weakening your resistance to
other things which cause you to get lung cancer).

11 D. because if it did, all asbestos workers would have developed lung
cancer.
1 E. Asbestos can not be the cause of lung cancer because many

people who don’t work with asbestos also get lung cancer.

Paradigms vs. coherence of concepts across disciplines (Item 26)
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Four tenth of the respondents believed that one scientific idea can be
interpreted differently, because they thought that the interpretation depends on the
individual scientist’s point of view or on what the scientist already know (Table
4.26.). About one tenth (12% ) said that scientific ideas can be interpreted differently
in one field that in another. On the other hand, about one fifth of the participants
claimed that a scientific idea will have the same meaning in all fields. Because the
idea still refers to the same real thing. One tenth of the respondents advocated the
similarity and reasoned it as all sciences are closely related to each other. Another
one tenth (11% ) reasoned as that in order to allow people in different fields to
communicate with each other. According to these people, scientists must agree to use

the same meanings.

Table 4.26. Percentage distribution of preservice science teachers’ responses to item

26

Scientists in different fields look at the same thing from very different points of view
( for example, H+ causes chemists to think of acidity and physicists to think of
protons). This means that one scientific idea has different meanings, depending on
the field a scientist work in.

% Y our position, basically:

12 A. because scientific ideas can be interpreted differently in one field
than in another.

40 B. because scientific ideas can be interpreted differently, depending

on the individual scientist’s point of view or on what the scientist
already knows.

A scientific idea will have the same meaning in all fields:
21 C. because the idea still refers to the same real thing in nature, no
matter what point of view the scientist takes.
because all sciences are closely related to each other.
in order to allow people in different fields to communicate with
each other. Scientists must agree to use the same meanings.

10
11

m O

4.2.Interview Analyses
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To identify the preservice science teachers’ views on STS details, nine
individual interviews were conducted with the preservice science teachers (3 females
and 6 males) from METU. The selection of the participants depended on the
willingness of the preservice science teachers to take part in the present study.

The questions and the answers given by the participants for these questions were

given below.

Definition of science and technology

Question: What is science?

When asked definition of science no consensus about the definition of science
was observed. Answers were quiet different. Every respondent gave his/her own
definition. They defined science as: life; understanding truths and putting them in an
order; an area seeking answers and unknowns; investigations, improvements, making
laws and method sequence; putting the information into an order; knowledge;
provable truths; application of technology; and reflections from the observations of
nature. Results displayed a range of views on science definition starting from
knowledge or truths to the process of ordering the knowledge, truths or observations.

One of the respondents defining science stated that;

“...Every kind of knowledge can be thought as science. This knowledge may come from our

daily lives or from our past experiences (Participant 5, Male)...”

Question: What is technology?
When asked definition of technology, there was a broad consensus. More
than half of the respondents (55 %) defined it as the application of science which is

the most preferred definition given at schools. One participant said that;

“...Technology is technique or it can be defined as devices such as tables, chairs (P3,

Male)...”
Another popular answer which emphasizes the technology’s social role was that
technology is something that process science to make people’s life easier (44%). One

of the respondents advocating this view said that;
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“...People can not solve some problems due to their nature. Technology is something to
solve these problems. People develop some devices and use them. The development of these

devices and use of them can be defined as technology (P5, Male)...”

Influence of society on science/technology
Question: Are science and /or technology affected by the society in which it
constructs and its culture?

Interestingly, all preservice science teachers were agreeing on the answer of
this question. All of them claimed that science and /or technology are affected by the
society in which it constructs and its culture. Although they accepted the effects of
society and its culture on to the science and/or technology, they explained that with
three different reasons. For example most of the preservice science teachers (77.7%)
stated that science and/or technology shaped by the needs and cultural differences of
the society in which they develop. One of them gave the example of the azan reciting
clocks used by the Muslims. Only one of the respondents mentioned about the
importance of the freedom that is given to the citizens of the society. According to
this preservice science teacher, science and/or technology can be affected by the
citizens if the society gives freedom to its citizens to do that. The participant stated
that

“Freedom and creativity are very important to make science. If a society supports the

creativity of its individuals, it will be better in science. For example European countries

support investigations and curiosity. On the other hand rich Arabic societies don’t need to do
such studies. Instead they use their natural resources to survive. For example they send one
of their natural resource, oil, to developed countries to process it properly. They just sell the

nature itself without doing anything else because their society didn’t give them such a

tendency (P3, Male)...”

Finally, only one of the respondents talked about the consciousness level of the

citizens. He stated that;
“...If they are conscious enough they can affect the science and/or technology (P1, Male)...”

About one third of the participants differentiated the science and technology in this

item. They stated that science was independent from the society and culture but
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technology had a very strong relation with them. Other preservice science teachers

did not talk about their differences.

Influence of science/technology on society
Question: How can science/technology affect the society?

Participants gave several responses to this question. About one fifth of them
related the effects of science/society with the structure of the society. These
participants claimed that conscious societies can either reject or accept the
development. On the other hand, equal number of the respondents advocated that
science and technology have both positive and negative effects on society. Medical
developments were given as the example for the positive effects but production of
destructive weapons were thought as the example of the negative effects of science
and technology by those participants. According to one tenth of the participants,
societies cannot reject the scientific development but can reject the technological
developments. Another one tenth, supporting this view also pointed out that the
importance of political decisions on science/technology to affect the society. Another
one tenth of the respondents claimed that developments were adapted to the
societies’ life. One of the participant emphasized the direct relation between the
science/technology and the society. According to this participant, science and
technology exist for the society. They were born from the needs of the society and as

a result they return to the society. The respondent stated that:

“...We can’t do without electricity or computers. They are the returned form of the science

and technology to the society (P5, Male)...”

On the other hand one tenth of the respondents claimed that there was not a direct
relation. Science and technology develop with society whether society accept them

or not. The participant stated that:

“...Today everybody use televisions even the religious people that rejected the TV

technology in the past (P4, Male)...”
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Influence of school science on society

Question: You have taken science courses since primary school. Do you think it
has an effect on your daily life, whether positive or negative?

More than half of the respondents advocated the positive effect of school
science. Another respondents (33%) implied the necessity of the positive effects of
school science but they also stated the abstractness of the school science that
prevents its positive effects and separated it from the real life. About one tenth of the
participants related the effects of school science with the students and teachers.
According to this view school science can affect positively or negatively depending
on the people educated and the instructor who will give this education. They claimed
that if science classes uses properly the curiosity naturally exist in the students may

lead to several discoveries. One of the respondents claiming this view by stating:

“...Most of the students are unaware about the need to be taught to many science subjects,
they do not know where to use them in daily life. If the learner is logical enough, he observes
the nature, he can understand that most of the science subjects are related with our daily life.
Teachers’ teaching methods also have same effects . If they teach by using examples from
students’ daily lives, students could easily relate science courses with their lives (P6,

Male)...”
Preservice science teachers gave several examples for the positive effects of school
science in their lives;

“...I'know that I can not drink tea at 100 centigrade degree due to the boiling point (P2,
Female)...”
“...Someone knowing the hypotenuse can use the shortest way to get somewhere (P5,

Male)...”

Characteristics of scientists

Question: What can you say about the personality of an ordinary scientists?
Answers given to this item displayed the thoughts about the personality of an

ordinary scientist. Respondents attributed many features to scientists. Preservice

83



science teachers primarily mentioned about two features of scientists; they are patient

(44%) and researcher (44%). One respondent said that:

“...I can not be a scientist because I am not patient. A scientist must be patient to make
science for example he or she develops a hypotheses and then makes thousands of

experiments to carry the hypotheses to a theory or law (P4, Male)...”

About one fifth of the respondent defined scientists as people having fore-sight and
another one fifth said that scientists are determined people. Curiosity, intelligence,
creativeness, and ambitiousness were stated as the other important characteristics of
scientists with equal percentages (22%). One of the respondents emphasized the
realistic feature of the scientists but some other respondents emphasized the
materialist and humanist feature of them. The preservice science teacher mentioning

about the humanism of the scientists explained it as;

“... They are humanist people since they gave their life energy to the scientific studies

instead of waiting to others to do that (P5, Male)...”

On the other hand, one of the participant defined the scientists as anti-social people.

This respondent thought scientists as people living in laboratories or their rooms and
studying all the time. Other features of scientists defined by the preservice science
teachers were that; scientists were honest, skeptic, systematic, self-sacrificing, hard

working, self confident, and good observer.

Question: What can you say about the gender of the scientists; is there a
numerical difference between two sexes; and does gender have an effect to the
result of the discoveries?

As a response to this item, about one third of the participants claimed that
there was not a difference between the males and females in number. Another one
third said that males were higher in number due to social reasons. One tenth claimed
that males were higher in numbers since this, responsibility of scientific study, was

too heavy for women to carry. The participant stated this view as following;
“...Women are much more emotional then males so they may not overcome some situations
psychologically. Women cannot achieve their goals under hard-working conditions and they enjoy

using time for themselves. Their sense of responsibility is higher then that the men have so they can
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thought the responsibility of scientific studies as too heavy to carry. Women give high importance to

details so they may have difficulty also due to this feature (P5, Male)...”

Another one tenth of the respondents stated that the number of males and females

could change depending on the field of study. According to this participant:

“...I think women are higher in number in the field of educational studies but they are fewer
in the field of physics, mathematics etc. The reason underlying that situation could be the
higher tendency of males for this area due to the cultural effects on upbringing (PS8,

Female)...”

About one tenth of the participants claimed the higher number of women in scientific
area due to their patience.

Coming to the differences in the results of discoveries made by different
sexes, a consensus was observed. About 90% of the respondents claimed that gender
did not have an effect on the results of discoveries. Only one tenth of the participants
advocated the difference in discoveries. According to this view the difference comes
from the different thinking styles of two different sexes.

Question: What do you think about the daily life of a scientist?

Scientists’ daily lives were seen as the same with the other people by one
third of the respondents. About one fifth of the participants stressed the anti-social
lives of the scientists but one tenth of the preservice science teachers emphasized the
scientists with developed social relations. One of the respondents stated the common
features of scientists as the people that studied-hard during his/her university life.
According to this participant, today’s scientists are determined by this criteria instead
of using the main criteria of a scientist such as curiosity or intelligence. According to
another respondent, scientists relate everything with science in their daily lives. One
of the participant claiming the similarity of a scientist’s life to the any usual person

gave the following example:
“...One of my friend that I think he has ability to do science he prefers to use the armchair
from the last line of the bus since it is the closest chair to the door and by this way he can

walk less to get his home. Indeed it walks the minimum length everyday (P3, Male)...”

Almost one tenth of the participants defined scientists’ daily lives as planned and

productive lives.
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Social construction of scientific knowledge?
Question: Does a group of scientists from any part of the world examine a
subject for example “atom” in the same way?

Almost half of the participants claimed that a group of scientists from any
part of the world examine a subject in the same way since the theories were common.
About one third of the participants pointed the difference between the past and the
present. According to them, in the past communication was not easy so different
ways could be seen but today communication is very easy and rapid so any subject
can be examined in the same way by the scientists all over the world. One of the

participants explained that by giving the following example:

“...I remember the TV program, Sesame Street. There was a man discovering the things that
were already discovered. He was living in an obscure island and do not know anything about
the life from the other parts of the world. For example he discovered the microphone and
called it as, speaking stick. Since the man did not be aware of the discovery of microphone

he rediscovered it by using his own way (P5, Male)...”
Only one fifth of the preservice science teachers accepted the different ways.
According to them the difference come from the cultural and personal differences.

One of them said that;

“...There are accepted theories related with invisible things such as atom. If scientists study
scientifically, we expect them to work in the same way on such topics. On the other hand,
religion, culture, and beliefs may affect the studies on some other subjects such as genome

project (P2, Female)...”
Social construction of technology
Question: Who decides on the technological developments?
More than half of the respondents (66%) claimed that the decisions on the
technological developments should made by public. One of the preservice science

teachers advocated this view as;

“...There is an offer-demand relation. If the society demands something, producers

absolutely produce this technology (P4, Male)...”

The other decision agencies thought as politics and advertisement (11%), and several

institutions (11%). Student claiming the institutions as decision makers stated that:

“.... If the people are not conscious, these kinds of institutions don’t work due to the

presence of uneducated, unconscious personals (P1, Male)...”
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One of the respondents stated that he did not have any idea about the decision
makers.

Epistemology nature of scientific knowledge
Question: Is there any method followed by scientists during the scientific
investigations, if yes how?

All of the participants answered this question in the same way. All of them
claimed that there was a method followed by scientists during the scientific
investigations. They defined this method as the way that most of the science books
wrote; observations, hypothesis, experiments etc. One of the respondents explained

her view as;

... The scientific method that is taught us as hypothesis, experiments, theories etc. must
exist otherwise a chaos can be observed. Scientists should use an international scientific

method to avoid confusions (P2, Female)...”

Another participant said that;
“...There is a scientific method starting from hypothesis and going through the experiments
and so on (P5, Male)

When the question asked whether this method is valid for every scientists and in

every time or not he stated that;
Yes it is valid but there are some topics that can not be tried due to their invisible features
such as Earth Formation. Indeed these subjects were tested in artificial environments (PS5,
Male)...”

Question: Does scientific knowledge change in time?
The most popular answer for this question was that theories can change but

laws cannot. One of the preservice science teacher explained it as:

“...Scientific knowledge can be changed although it has low probability to change if it is in

the form of theory but law cannot be changed (P7, Male)...”
Another student claimed that;

“...Scientific knowledge can change. We thought about the last centuries scientific
knowledge as superficial, inadequate, or wrong. In the future, today’s knowledge can be
evaluated like that of course under the light of new data (P5,Male)...”

About one fifth of the participants claimed that scientific knowledge cannot change

but can evolve with new details found and scientific data may change. While one

tenth emphasized the subjective structure of the observations that may lead to change
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in scientific knowledge, the other ten percent stressed the new knowledge that could
change the scientific knowledge.

Results of the present study enlightened several poins about the views of the
participants on science-technology-society issue. According to these results, that can
be said that preservice science teachers have some misconceptions or traditional

views on some topics but they have contemporary views on some other topics.
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CHAPTER 5

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

This study aimed at investigating the views of preservice science teachers on
science-technology-society issues. This chapter presents discussions of the results

and implications for practice and future studies.

5.1. Discussion

Results of this study revealed that there are some problems in the perceptions
of preservice science teachers on science-technology-society topics. They have
several misconceptions. Their views are mostly traditional on the science and
technology concepts and their relations with each other and with society.

The present study displayed that there was no consensus on the definition of
science. The study performed by Aikenhead and Ryan (1992), and Yakmaci (1998)
gave the similar results with this study. According to the results of those studies
subjects did not acquire a uniform view of science. In the present study, some of the
preservice science teachers were confused about the terms of science and technology
that may be the result of the fact that in recent years, science is usually reflected in
technology form in our lives. Although many of the preservice science teachers
defined science as content or process, they also thought it as something to make
world a better place to live in. Like many other studies (Bradford and Rubba, 1995;
Botton and Brown, 1998), the present study also indicated the decisiveness on to
defining technology as application of science, which is the way of most of the
science books, did. Preservice science teachers have a consensus on the close relation
of science and technology which reminds us their confusion about science and
technology. These results were confirmed by the interview part. All of the
participants gave different definitions for science. Although many definitions of
science given by the participants of the present study, only two definitions given for

technology. Indeed preservice science teachers did not differentiate science and
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technology before they were asked to do so. Definitions given for science changed
from life to application of technology. These descriptions also include technology.
On the other hand, when we asked the definition of technology they emphasized two
views. One of them “application of science” was the most famous definition of
technology given almost all textbooks and during most of the science courses. The
other definition “something that process science to make people’s life easier” was
related with the social aspects of technology and includes the point that is a part of
contemporary views on technology. These definitions may result from the image of
today’s world. Most of the time science came our lives after wearing a uniform
called as technology.

Many preservice science teachers indicated the need to give money to make
world a better place to live in but most of the time scientific studies are performed
just to learn. Making world a better place to live in is primarily the aim of technology
not science. Participants also stated one of the aim of science is to Turkey does not
fall behind other countries and become dependent upon them. This brings the
expectations to science much more than investigations. These expectations may
come from the belief about showing the science as the same thing with technology.
This belief may be caused by the inadequate development of science and technology
in Turkish society. Results obtained from high-school graduates in Canada by
Fleming (1987) for this point emphasized the investment risk that must be taken. On
the other hand, participants from our country seemed to ignore that while giving the
money to researches we take an investment risk. Turkish people may feel the
pressure coming from the developed countries in many respects such as economic,
politic, and cultural. So there is a need to overcome this dependency somehow.
These results indicated that most of the respondents seemed science and technology
as the way to be independent in all respects.

One of the interesting findings of this research was that most of the preservice
science teachers stated the effects of society on science and technology. On the other
hand, the percent claiming the ineffectiveness of society was not very low. This
showed that many preservice science teachers rejected social aspect of given

decisions about science and technology and thought science/technology as something
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private. Results of the study of Aikenhead (1987) with high-school graduates in
Canada reported the similar thoughts. According to his study, most of the
respondents agreed on the effects of social contacts on the discoveries but only one
fourth of the participants rejected the effects of social contacts which is similar to the
traditional belief of objectivity of science. The interview results displayed the same
misconception about the question of effects of society on science and technology.
Although all participants accepted the effects of society, several explanations were
given for that. Most of the respondents explained that with offer-demand relations
which is mainly related with technology not science.

Results of the study also indicated that; most of the preservice science
teachers had a consensus on the possible positive effects of upbringing and the
importance of education given to high school students about the use of science and
technology. This idea brings the good news for the future of scientific and
technologic studies that would be done in Turkey because this thought may increase
the support given to be a scientist by the whole society and it will also give the
opportunity to the well-educated citizens to decide on scientific and technological
issues consciously.

A consensus was observed about that science classes should have the positive
effects in our daily lives. Although there was a consensus on this point, participants
did not clear whether it has the positive effect or not. They claimed that there must be
but they were some doubts about the existence of this effect. Most of the participants
claimed that textbooks, methods of science teachers are far from the real life. Some
of the respondents claimed that the reason of that as coming from the students and
teachers. According to them it depends on the attitudes and beliefs of students and
teachers. On the other hand, most of the students thought the underlying reason as in
the fundamental base. Shortly, students had some contradictions between the ideals
and the realities of the science classes.

One of the most striking findings of the research was about the social
responsibility of scientists and technologists. Most of the preservice science teachers
involved in the present study claimed that scientists are concerned with all the effects

of their experiments. Study of Ryan (1987) with high-school graduates displayed
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similar results about the social responsibility of the scientists. Respondents of his
study claimed that scientists are concerned all the effects of their experiments
because the goal of science is to make the world a better place to live in. We can
compare this with the case of miner mining to the iron. This views claims that he
should consider the possible murders committed by the knife produced from this iron
mine. According to the contemporary views this is not the job of science. Scientists
can divide the atom but the atomic bomb is not the result of their study. Indeed, it is
the result of technological studies.

Participants hold the views that decisions such as the built of a nuclear reactor
should be made completely or mostly by scientists which is the contemporary view.
The public also impressed the importance of the involvement of citizens to these
decisions. This result can be emerged from the increasing awareness of the public in
scientifically and technologically developed countries. Last decades have displayed
some examples for such decisions in Turkey. Although Turkish education system
does not give priority for the ability of making social decisions, these discussions
may have increased the level of contemporary tendency to the views on these
subjects.

Another interesting result obtained from the study was that most of the
participants thought scientists as anti-social people. They defined scientists as the
people leaving away from the society and a little bit crazy. This belief about the anti-
social feature of the scientists may come from the universities, which are seen as the
only address to make science in our country. Although scientific and technological
studies need hard working, there can be some other reasons. Since getting higher
position at these universities is so difficult and there is a big competition for these
degrees, sometimes scientists fall the mistake of trying to do science in small
laboratories instead of using the world as a big laboratory. Indeed, they do not have
much time to study. They must publish new articles in a short time to get higher
degrees at these universities.

There is not a consensus on that scientists can solve any practical everyday
problem best. One of the reasons for this can be the isolated life of scientists. Any

common citizen does not have the opportunity to observe a scientist. They live in the
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same planet but in different worlds. As it was indicated also in the interview results,
scientists were thought as the anti-social people. According to the participants, they
have isolated lives going through in a bounded social environment composed of their
family and their colleagues. When the interview result was analyzed, some details
were founded for scientists’ daily lives. The majority of the respondents stated that
scientists have a daily life like the others but also they emphasized that scientists
always think about everything in every time and they always investigate for
something even during their every day lives.

Interestingly there was an emphasis on the personal differences of scientists
onto the discoveries by the respondents who ignored scientists’ personal differences
in another item. Most preservice science teachers claimed that there was not any
difference between males and females in terms of discoveries. The majority
supporting this view can be thought as a surprise in a country such as Turkey which
is usually seemed as a country from the out of western societies.

Many preservice science teachers thought that scientists could break the rules
of science. The respondents gave several reasons for that but the underlying idea was
the breaking rules no matter what the reasons were. This result reminds us the most
contemporary debates in scientific, political, and social area. Although some
countries and institutions rejected the study on the human genome, it is known that
there are several studies on this issue in different parts of the world.

Another interesting finding came from the relations of science/technology
and economic well-being. Although most of the participants believed that
science/technology brings economic well being, only one fifth claimed this with
efficiency, productivity, and progress. Most of the respondents explained this
economic well being with the independence of Turkey from the other countries. They
claimed that by this way Turkey could produce by itself. This point shows the strong
tie of independence and economic well being and scientific/technological
developments in preservice science teachers’ mind. This relation can be explained by
the success of the scientifically and technologically developed countries among the
others during history. Unfortunately, efficiency, productivity, and progress were not

claimed as the main sources of development by all of respondents.
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Preservice science teachers evaluated the military strength and scientific and
technological development of a country as the same things. Most probably the visual
shows presented by the developed countries as in the form of television wars have a
big effect on this view. Images of TV wars prove the relations among the economic
wealth of a country and its military power.

A traditional view observed during this study was about the objectivity of
scientists in their work. Again the contemporary aspect of the topic was ignored by
the participants. They gave only little importance to the personality of scientists and
they described them in a few features which all scientists should possess. This idea of
the preservice science teachers can be thought another reflection of our traditional
educational system onto the future educators.

Only small portion of the respondents mentioned about the aim of scientific
publications as sharing ideas publicly and to have the discovery evaluated by other
scientists. On the other hand majority of the participants emphasized that “both to
benefit personally any credit, fame or fortune and to advance science and
technology.” This showed a contemporary view of respondents by stressing the
social and personal aspects of the scientists.

The present study also displayed another contemporary view of preservice
science teachers about the effects of social interactions on scientists’ work. Most of
the participants were against the traditional view that claims the ineffectiveness of
social contacts to the scientists’ work. The contemporary view held by participants
indicated the increased consciousness level of respondents about seeing science
something alive in life. A similar result emerged from the question about the effects
of different countries to the ways of looking at a scientific problem, which is another
example to recognized effect of the country on the scientific and technological
studies.

Besides the efficiency, usefulness to society, and effect on employment,
participants emphasized the effect of how well a technological development works
before putting into practice. According to the results, cost effectiveness and well
works evaluated as the unnecessary. Interestingly, ten percent of the respondents

advocated that the decision on to whether a technological development will put into
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use or not made by looking its harmful effects. This view is close to the views of the
majority of media controlled by the technology producers. We know that there were
many debates appeared from the uncertainty of the potential effects of newly
developed technology. Recently, many debates observed in Turkey about the
uncertain effects of new technologies that were put into practice such as cyanide
technology used in gold-mining, nuclear reactors built in the seismic zone, and base
stations developed for communication.

The present study also indicated that citizens could control technological
developments. The most popular way suggested by the participants was that citizens
could control only after it comes to put into use, not the original development itself.
Another popular explanation for this was done by using offer-demand relations. This
result gave bright light to the future of our society in terms of the recognizing of the
power of citizens in this field. Both being as future educators, and just as a member
of the society, the answer of the subjects gave us some hopes about the future when
the scientifically and technologically literate citizens use their power in making
decisions. On the other hand interview results gave some more details about the
decision agencies defined by the participants. Differently, according to the results of
interview, preservice science teachers had a confusion about the power deciding the
technological developments. While some of them were stating it as “public” some
others mentioned about the institutions. Some of the respondents did not give any
clear information about the decision agency. The underlying reason for this
confusion can be that the citizens were not given the opportunity to feel that they can
live in a technological environment that they decide on the technological changes.

Contemporary views claim that scientists’ actions are heavily influenced by
their previous values, experiences and beliefs. Most of the participants supported the
contemporary views in the item related with the effects of different theories onto the
scientific discoveries.

The tentativeness of scientific knowledge; one of the main attributes of
science that makes it different than the other forms of knowledge and prevents it
from being dogmatic. One of the most important results of the present study is that

most science teachers were aware of this tentative nature of science. Some of the
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respondents claimed that scientific data and scientific observations can change but
scientific reality cannot change. They have seen a difference between the scientific
theories and laws in terms of tentativeness. They claimed that theories could change
but laws were absolute. These results were very similar to the study of Yakmaci
(1998), Ryan and Aikenhead (1992). In these studies, most of the participants stated
the change in investigation. Additionally, the present study also found that science
teachers’ possess same misconceptions of the relationships between hypotheses,
theories, and laws. Most of the sample selected a hierarchical relationship between
them, but according to contemporary views, they are all different kinds of statements
so a linear relation does not exist among them.

Although preservice science teachers accepted that sometimes originality and
creativity should be employed in a scientist’s work, they view the scientist as
someone working in an ordered fashion. It is interesting that only one of the
preservice science teachers in the sample selected the realistic alternative reflecting
the most contemporary view about the subject when they were asked about the nature
of the scientific investigations. According to this view, there really is no such thing
as the scientific method. The underlying reason can be that participants may find this
interpretation so simple that it is not proper for complex scientific studies. Yakmaci’s
study also displayed a very similar result at that point. Since the point about the
classical and unique scientific method was repeated several times at every levels of
education, starting from primary school and going through the university, the
participants might fail to develop more contemporary views on this subject.

Another promising finding of this research is that most of the preservice
science teachers were aware of the cause-and-effect relationships about the scientific
and technological issues. This result gave some hopes us to the positive effects of
science education. This finding may be a base for the development of a system to
include more people into science education to be literate both scientifically and
technologically.

Another part of the answers indicated our time as the rapid communication
era. The preservice science teachers differentiate the past and the present in terms of

this communication. Respondents claimed that as a result of this speed in
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communication, today every scientist investigates the same subject as in the same
way of the others living from the other parts of the world. On the other hand, they
advocated that in the past there were many different ways possessed by scientists that
were uninformed about the studies performed in the other parts of the world. This is
another contemporary view of the participants which may be the result of their
informed minds about the rapid communication era.

Scientific ideas may be interpreted differently in one field than in another.
Only a small portion of the preservice science teachers claimed that since all sciences
are related to each other, scientific ideas refer to the same thing in nature, regardless
of the discipline of the individual scientists. On the other hand about half of the
participants claimed that scientific ideas may refer to different things in nature
depending on the discipline. Yakmaci’s study (1998) gave similar results such as that
scientific ideas can have different meanings in various fields and a smaller amount
claimed that a scientific idea would have the same meaning in all fields. This view is
another contemporary view obtained from the results of the present study.

Finally we should keep in mind that all of the participants had taken many
science courses starting from the primary education and went through the university
education and more importantly they have taken the course of STS. All
contemporary and traditional views obtained from the results must be evaluated

under the light of this information.

5.2.Implications

Primary aim of science education is to train scientifically literate individuals
for a healthy and developing society. To achieve that, science teachers must be
scientifically literate person at first. The science-technology-society is one of the
most important dimensions of scientific literacy. Therefore, science teachers must
possess contemporary views about the science-technology-society. This study gives
insights about the views of preservice science teachers on science-technology-
society. According to the results of the present study, it may be concluded that

preservice science teachers held inconsistent views on the science-technology-
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society issue. For this reason, some interventions must be made in order to improve
the situation.

Students should be introduced with new concepts in a way that help them to
relate abstract scientific knowledge with their daily lives.

STS education should be a part of the curriculum starting from primary
schools and going through the university education.

During the life of education, students should be prepared to give decisions on
socio-scientific issues. Classroom discussions on current socio-scientific problems
should be part of the education at all levels.

Teacher training programs should be revised to improve their understanding
of science-technology-society issue and the way that how this knowledge can be
introduced to the students from any levels of education.

STS education should be given at schools and should be spread to all society.

A conscious society brings conscious individuals to the education.

5.3. Recommendations

On the basis of findings of this study, the following recommendations can be
given:

This study was conducted at only three different universities in Ankara. Thus
to increase generalizability of the results, it is worth to conduct similar studies in
different universities of Turkey.

In the study, the sample of students was preservice science teachers. It is also
necessary to conduct researches on other grades such as primary and high school
level, and public itself. Additionally, studies conducting with the people from other
fields of study such as all natural and social sciences departments would be helpful to
get much more information.

The present study displayed that there may be some problems about
curriculum such as lack of the STS content. Thus another study can be conducted to

explore these problems deeply and compare with other countries curricula.
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This study was conducted with descriptive technique to investigate the views
of preservice science teachers on science-technology-society. An inferential study
can be conducted with a larger sample to support the findings of this study.

The general picture that we get from the results bears some implications for
teacher training programs. These programs must give place to courses on philosophy
and history of science and emphasize contemporary philosophies of science.

This study may be evaluated as one of the few studies which try to reveal
preservice science teachers’ views on science-technology-society in Turkey. By
taking this one as a basis, some further studies are recommended. After this study,
the first attempt may be to develop teacher education programs emphasizing the
science-technology-society issue.

Moreover, researchers may attempt to assess the relationship between
students’, their science teachers’ and their parents’ views on science-technology-

society in the future.
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APPENDIX A

1. Bilimi tanimlamak zordur; ¢iinkii bilim, karmasiktir ve bircok konuyla ilgilidir.

Fakat bilim asil olarak:

=

Biyoloji, fizik ve kimya gibi alanlardir.

Yasadigimiz diinyay1 (maddeyi, enerjiyi ve yasami) aciklayan prensipler, kanunlar
ve teoriler gibi bilgilerdir.

Diinyamiz ve evren hakkinda bilinmeyenleri arastirmak, yeni seyleri ve nasil
caligtiklarini kesfetmektir.

Yasadigimiz ¢evrenin problemlerini ¢6zmek i¢in deneyler yapmaktir.

Bir seyler icat etmek ya da tasarlamaktir (yapay kalpler, bilgisayarlar ve uzay
araglari gibi).

Bu diinyay1 yasam i¢in daha iyi bir yer yapmada gerekli olan bilgiyi bulma ve
kullanmadir (hastaliklar1 tedavi etmek, kirliligi ¢6ziimlemek ve tarimi gelistirmek
gibi).

Yeni bilgileri kesfetmek i¢in fikir ve tekniklere sahip olan insanlarin (yani bilim

adamlarinin) bir araya gelmesidir.
Hig¢ kimse bilimi tanimlayamaz.
Anlamadim

Bir se¢im yapmak i¢in yeterli bilgiye sahip degilim.

Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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2. Teknoloji Tiirkiye’de pek ¢ok sey yaptigi i¢in onu tanimlamak zordur.

Fakat teknoloji asil olarak:

A.
B.

Bilime ¢ok benzer.
Bilimin uygulamasidir.
Giinliik kullanim i¢in yeni yontemler, araglar, makineler, bilgisayarlar ya da pratik

aletlerdir.

D. Robotlar, elektronik araglar, bilgisayarlar, iletisim sistemleri veya otomasyondur.

Bir seyleri yapma teknigi ya da giindelik problemleri ¢6zme yoludur.

Icat etmek, tasarlamak ve bir seyleri test etmektir ( drnegin yapay kalpleri,
bilgisayarlari, uzay araglarini).

Bir seyleri tasarlamak ya da imal etmek, iscileri, is adamlarin1 ve kadinlarini,
tiikketicileri organize etmek ve toplumu gelistirmek icin gerekli olan fikirler ve

tekniklerdir.

Anlamadim.
Bir se¢cim yapmak i¢in yeterli bilgiye sahip degilim.

Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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3. Bilim ve teknoloji birbiriyle yakindan ilgilidir.

A.

a

Her ne kadar teknolojinin bilime olan yardimini gérmek zor olsa da bilim ve
teknoloji birbiriyle yakindan ilgilidir; ¢iinkii teknolojik gelismelerin temeli
bilimdir.

Bilim ve teknoloji birbiriyle yakindan ilgilidir; ¢ciinkii bilimsel arasgtirmalar
teknolojideki gelismelere rehberlik eder ve teknolojik gelismeler de bilimsel
arastirmalar1 hizlandirir.

Bilim ve teknoloji birbiriyle yakindan ilgilidir; ¢iinkii farkliliklarina ragmen,
birbirlerine sikica baglandiklarindan ayr1 olduklarini séylemek zordur.

Her ne kadar teknolojinin bilime olan yardimini gérmek zor da olsa bilim ve
teknoloji birbiriyle yakindan ilgilidir; ¢ilinkii teknoloji biitiin bilimsel gelismelerin

temelidir.

Teknoloji ve bilim hemen hemen ayni seydir.

Anlamadim.
Bir se¢cim yapmak i¢in yeterli bilgiye sahip degilim.

Seceneklerin higbiri kigisel goriislerimi yansitmiyor.
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4. Tiirkiye Cumhuriyeti hikkiimetinin bilim adamlarina dogada ve evrende merak edilenleri

arastirip bulmak i¢in parasal destek vermesi gerekmektedir.

A.

a

Tiirkiye diger iilkelerin gerisinde kalmasin ve onlara bagimli olmasin diye, bilimsel
arastirmalar icin para harcanmahdir.

Insanin bilimsel merakini uyandiran iggiidiiyii tatmin etmek i¢in paranin bilimsel
arastirmalara harcanmasi gerekir.

Genellikle aragtirmanin yararli olup olmadigini séylemek imkansizdir; ama yine de
bilimsel arastirmalar i¢in para harcanmasi gerekir, ¢iinkii bu almamiz gereken
bir yatirim riskidir.

Bilimsel arastirmalar icin para harcanmasi gerekir; ¢iinkii bilim adamlari,
diinyamiz1 daha iyi anlayarak (6rnegin doganin kaynaklarini ve ¢evreyi en yararl
sekilde kullanarak) yagsamak icin daha iyi bir yer haline getirebilirler.

Para, sadece dogrudan sagligimizla (6zellikle hastaliklarin tedavisiyle), ¢evremizle

ya da tarimla ilgili ise bilimsel arastirmalar icin harcanmahdar.

Bilimsel aragtirmalar i¢in ya az para harcanmali ya da hi¢ para harcanmamalidir,
¢linkii para Tirkiye’deki igsizlere, ihtiyac1 olanlara ya da diger fakir tilkelere yardim

gibi amaglar i¢in harcanmalidir.

Anlamadim.
Bir se¢im yapmak i¢in yeterli bilgiye sahip degilim.

Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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5. Bazi toplumlarin, doga ve insan {izerine belirli goriisleri vardir. Bilim adamlar1 ve bilimsel
arastirmalar, calismanin yapildig1 yerdeki kiiltiiriin dini ya da ahlaki goriislerinden

etkilenirler.

A. Dini ya da ahlaki goriisler bilimsel arastirmalan etkiler; ¢iinkii bazi toplumlar
kendi yararlari i¢in aragtirmalarin yapilmasini isterler.

B. Dini ya da ahlaki goriisler bilimsel arastirmalan etkiler; ¢iinkii bilim adamlar1
farkinda olmadan kendi kiiltiirlerinin bakis acisin1 destekleyen arastirmalari
secebilirler.

C. Dini ya da ahlaki goriisler bilimsel arastirmalar etkiler; ¢linkii bircok bilim
adami kendi inanglarina ve yetistirilis tarzlarina uymayan arastirmalar1 yapmazlar.

D. Dini ya da ahlaki goriisler bilimsel arastirmalan etkiler; ¢iinkii herkes kendi
kiiltiiriine farkli sekilde tepki verir. Bu bireysel farkliliklar, yapilan aragtirmanin
tiiriini etkiler.

E. Dini ya da ahlaki goriisler bilimsel arastirmalar etkiler; ¢iinkii belirli bir dini,
politik ya da kiiltiirel inanis1 temsil eden giiglii gruplar, belirli arastirma projelerini
destekleyecek ya da belirli aragtirmalarin yapilmasini engellemek igin para

verecektir.

F. Dini ya da ahlaki goriisler bilimsel arastirmalan etkilemez; ¢iinkii aragtirmalar,
bilim adamlar1 ve belirli dini ya da kiiltiirel gruplar arasindaki tartigmalara ragmen
devam eder (6rnegin, evrim ve yaratilig tartismalari).

G. Dini ya da ahlaki goriisler bilimsel arastirmay etkilemez; ¢iinkii bilim adamlari
kiiltiirel ve ahlaki goriisleri dikkate almayarak, bilim ve bilim adamlar1 i¢in énemli

olan konular arastiracaklardir.

H. Anlamadim.
I. Bir se¢im yapmak i¢in yeterli bilgiye sahip degilim.

J.  Seceneklerin higbiri kisisel goriiglerimi yansitmiyor.
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6. Tiirkiye’deki bilim ve teknolojinin basarisi, halkin bilim adamlarina, miithendislere ve

teknisyenlere ne kadar destek verdigine baglidir. Bu destek Tiirkiye’de bilim ve teknolojinin

nasil kullanildigini 6grenen 6grencilere yani gelecekteki toplumu olusturacak olan bireylere

baglidir.

A.

Evet, 6grenciler bilim ve teknoloji hakkinda ne kadar ¢ok sey dgrenirlerse lilke o
kadar gelisecektir. Ogrenciler gelecegimizdir.

Evet, 6grenciler bilim ve teknoloji hakkinda ne kadar ¢ok sey 0grenirlerse
aralarindan o kadar fazla sayida bilim adami, miihendis ve teknisyen ¢ikacak,
boylece Tiirkiye zenginlesecektir.

Evet, 6grenciler bilim ve teknoloji hakkinda ne kadar ¢ok sey 6grenirlerse o kadar
bilgili olacak, daha iyi fikirler olusturacak ve teknoloji ile bilimin nasil kullanilacagi
konusunda daha iyi katki saglayacaklardir.

Evet, 6grenciler bilim ve teknoloji hakkinda ne kadar ¢ok sey 6grenirlerse toplum,
bilim ve teknolojinin 6nemini o kadar iyi kavrayacak; uzmanlarin goriiglerini daha

iyl anlayacak, bilim ve teknoloji i¢in gerekli destegi saglayacaktir.

Hayir, halkin bilim adamlarina, mithendislere ve teknisyenlere verdigi destek,
ogrencilerin bilim ve teknolojiyi daha ¢ok 6grenmelerine bagl degildir. Bazi

ogrenciler bilim konularyla ilgilenmez.

Anlamadim.
Bir secim yapmak icin yeterli bilgiye sahip degilim.

Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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7. Bazi toplumlar diger toplumlara gore daha ¢ok bilim adamu yetistiriyor. Bu durum,

ailelerin, okulun ve toplumun ¢ocuklar yetistirme tarzindan kaynaklanmaktadir.

A.

Yetistirme tarzi ¢ok 6nemli bir faktordiir; ¢iinkii bazi toplumlar (6rnegin,
Adapazar1 gibi endiistriyel sehirler) digerlerine gore bilime daha fazla 6nem verir.
Yetistirme tarzi cok onemli bir faktordiir; ¢linkii baz1 aileler ¢ocuklarini soru
sormaya ve meraka tesvik eder. Aileler hayatimiz boyunca tagiyacagimiz tim
degerleri 6gretirler.

Yetistirme tarzi cok 6nemli bir faktordiir; ¢ilinkii baz1 6gretmenler ve okullar
digerlerine gore daha iyi fen dersleri verir ya da 6grencileri daha ¢ok 6grenmek i¢in
tesvik eder.

Yetistirme tarzi en 6nemli faktordiir; ¢iinkii aile, okullar ve toplum gocuklara

bilimsel beceri kazandirir: bilim adami1 olmak i¢in cesaret ve firsat verir.

Bir sey soylemek zordur. Yetistirme tarzinin kesin olarak etkisi vardir, fakat
kisinin kendisi de 6nemlidir (6rnegin, zeka, yetenek ve bilime olan dogal

ilgi).Yetistirme tarzi ve birey ayni oranda etkilidir.

Cogunlukla zeka, yetenek ve bilime olan ilgi kimin bilim adami olacagim
belirlemede etkilidir. Bununla birlikte yetistirme tarzinin da etkisi vardir.
Cogunlukla zeka, yetenek ve bilime olan ilgi etkilidir; ¢iinkii insanlar bu

ozelliklerle dogarlar.
Anlamadim.

Bir secim yapmak igin yeterli bilgiye sahip degilim .

Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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8. Bircok Tiirk bilim adami, buluslarinin doguracagi sonuglarin potansiyel etkileriyle (yararl

ve zararl) ilgilenmektedir.

A. Bilim adamlari buluslar1 yaparken ya da bu buluglart uygularken, sadece faydah
yonleri ile ilgilenirler.

B. Bilim adamlar1 buluslarinin olasi zararh etkileri ile daha fazla ilgilenirler, ¢linki
bilimin amac1 diinyay1 yasanabilecek daha iyi bir yer haline getirmektir. Bu nedenle
bilim adamlar1 buluslarin zararl etkilerinin olusmasini 6nlemek i¢in ¢aligirlar.

C. Bilim adamlar1 deneylerinin biitiin etkileri ile ilgilidirler. Ciinkii bilimin amact
diinyay1 yasanabilecek daha iyi bir yer haline getirmektir. Tlgili olmak bilimin dogal
bir parcasidir ¢iinkii bilim adamlarinin kendi buluslarin1 anlamalarina yardimci olur.

D. Bilim adamlar1 deneylerinin etkileri ile ilgilidirler. Fakat muhtemelen buluslarinin
tilm uzun vadeli etkilerini tahmin edemezler.

E. Bilim adamlar1 deneylerinin etkileri ile ilgilidirler. Fakat buluslarinin tehlikeli
amaglar i¢in kullanilip kullanilmayacagini pek fazla kontrol edemezler.

F. Bilimin dallarina baghdir. Ornegin, Tiirk bilim adamlar1 en gok tip alaniyla en az
niikleer gii¢ ve askeri arastirmalar konulartyla ilgilidirler.

G. Bilim adamlan deneylerinin etkilerini dikkate alirlar, fakat bu durum onlarin, kendi

gelecekleri, iinleri veya sadece zevkleri i¢in bulus yapmalarini engellemez.

H. Anlamadim.
I. Bir se¢im yapmak i¢in yeterli bilgiye sahip degilim.

J. Seceneklerin hicbiri kisisel goriislerimi yansitmiyor.
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9. Bilim adamlar1 ve miihendisler, niikleer reaktorlerin insa edilip edilemeyecegine veya
edilecekse nerede inga edilmesi gerektigine karar vermesi gereken kisilerdir, ¢linkii

gercekleri en iyi bilenler, bilim adamlar1 ve mithendislerdir.

A. Bilim adamlar1 ve miihendislerin karar vermeleri gerekir; ¢linkii onlarin konuyu
daha iyi anlamalarini saglayan egitim ve bilgileri vardir.

B. Bilim adamlari ve miihendislerin karar vermeleri gerekir; ¢iinkii onlar bilgi
sahibidirler, finansal ve kisisel anlamda bu ise ilgi duyan hiikiimet biirokratlarindan
ya da 0zel sirketlerden daha iyi karar verebilirler.

C. Bilim adamlari1 ve miihendislerin karar vermeleri gerekir; ¢linkii onlar konuyu
daha iyi anlamalarini saglayan egitim ve bilgiye sahiptirler, fakat toplum da ya

bilgilendirilerek ya da danisilarak bu siirece katilmalidir.

D. Kararlarin esit olarak alinmasi gerekir. Toplumu etkileyen kararlarda bilim
adamlarinin ve mithendislerin, diger uzmanlarin ve bilgilendirilmis toplumun
goriislerinin hepsi dikkate alinmalidir.

E. Hiikiimetin karar vermesi gerekir; ¢linkii bu konu temelde politiktir. Bilim adamlari
ve miithendisler 6nerilerde bulunmalidir.

F. Toplumun karar vermesi gerekir; ¢iinkii bu karar herkesi etkileyecektir, bilim
adamlar1 ve mithendisler 6nerilerde bulunmalidir.

G. Toplumun karar vermesi gerekir; ¢linkii toplum, bilim adamlarini1 ve miithendisleri
kontrol etmekle gorevlidir. Bilim adamlar1 ve miihendisler konu hakkinda idealist ve
dar bir bakis agisina sahiplerdir ve bu nedenle niikleer reaktor insasinin sonuglarina

pek fazla dikkat etmezler.

H. Anlamadim.
I. Bir se¢im yapmak i¢in yeterli bilgiye sahip degilim.

J.  Segeneklerin higbiri kisisel goriislerimi yansitmiyor.
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10. Bilim adamlar1 herhangi bir glindelik problemi en iyi sekilde ¢ozebilirler (6rnegin bir

arabay1 hendekten ¢ikarma, yemek yapma ya da evcil bir hayvana bakma). Ciinkii bilim

adamlan diger insanlardan daha bilgilidirler.

A.

Bilim adamlar1 herhangi bir pratik problemi ¢6zmede diger insanlardan daha
iyilerdir. Mantikli problem ¢6zme diisiinceleri ya da 6zellesmis bilgileri, problemleri

¢Ozerken onlara avantaj saglar .

Bilim adamlar1 herhangi bir giindelik problemi ¢6zmede diger insanlardan daha iyi
degillerdir; cilinkii fen bilgisi dersleri herkese yeterince problem ¢dzme yetenegi ve
pratik problemleri ¢c6zme bilgisi verir.

Bilim adamlar1 herhangi bir giindelik problemi ¢6zmede diger insanlardan daha iyi
degillerdir; ¢iinkii genelde bilim adamlarinin egitimi giinliik sorunlar1 ¢6zmede
yardimc1 olmaz.

Bilim adamlar1 herhangi bir giindelik problemi ¢6zmede diger insanlardan daha iyi
degillerdir; ¢linkii glindelik yasamda bilim adamlar1 da herkes gibidir. Giindelik

problemleri deneyim ve sagduyu ¢ozer.

Bilim adamlar1 herhangi bir giindelik problemi ¢6zmede biiyiik bir ihtimalle diger
insanlardan daha kétiidiir; ¢linkii onlar karmagik bir diinyada giindelik yasamdan

uzak olarak caligirlar.

Anlamadim.

G. Bir se¢im yapmak i¢in yeterli bilgiye sahip degilim.

Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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11. Tiirkiye’nin bilim ve teknolojisi ne kadar ¢ok gelisirse, o kadar refah i¢inde olacaktir.

A.

Bilim ve teknoloji Tiirkiye’nin zenginligini artiracaktir; ¢iinkii bilim ve teknoloji
cok daha fazla verimlilik, {iretim ve gelisme getirir.

Bilim ve teknoloji Tiirkiye’nin zenginligini artiracaktir; ¢iinkii daha fazla bilim
ve teknoloji, Tiirkiye’yi diger lilkelere daha az bagimli yapar ve bu sekilde daha
fazla seyi kendimiz tiretebiliriz.

Bilim ve teknoloji Tiirkiye’nin zenginligini artiracaktir; ¢iinkii bu sekilde

Tirkiye kar i¢in yeni fikirleri ve teknolojiyi diger iilkelere satabilir.

Bu hangi bilim ve teknolojiye harcama yapildigina baglidir. Bazi sonuglar risklidir.
Bilim ve teknolojinin yaninda Tiirkiye’ye zenginlik getirecek baska yollar da
olabilir.

Bilim ve teknoloji Tiirkiye’nin zenginligini azaltir ¢iinkii bilim ve teknolojiyi

geligtirmek biiyiik miktarda paraya mal olur.

Anlamadim.
Bir secim yapmak i¢in yeterli bilgiye sahip degilim.

Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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12. Diinyanin giiglii iilkeleri, istiin bilim ve teknolojilere sahip olduklari i¢in, gii¢lii bir

orduya da sahiplerdir.

A.

Giiclii bir ordu biiyiik dl¢iide bilim ve teknolojiye baghdir; ¢iinkii bilim ve
teknolojideki gelismeler ne kadar biiylik olursa, silahlar da daha modern, daha
miikkemmel ve daha yikici olur.

Giiclii bir ordu biiyiik élciide bilim ve teknolojiye baghdir; ¢iinkii silahli
kuvvetler genellikle hiikiimette belli bir giice sahiptir ve ordu, kendi giiclinii
olusturmak i¢in bilim ve teknolojinin kullanilmasinda 1srar eder.

Giiclii bir ordu biiyiik él¢iide bilim ve teknolojiye baghdir; ¢iinkii iilkenin bilim
ve teknolojisi ne kadar ileri olursa, o iilke o kadar zengin olur. Boyle bir iilkenin

parasi, orduyu giiclendirmek i¢in harcanabilir.

Bir iilkenin askeri giicii sadece giiclii silahlar i¢in bilim ve teknolojiye dayanmaz.
Bunun yani sira o {ilkenin silahli kuvvetlerinin biiyiikliigiine de baglhdir.

Askeri gilic kismen bilim ve teknolojiye, kismen de hiikiimetlerin giiciinil artirmak
icin yeni silahlar iiretme kararina bagldir.

Askeri giig, bilim ve teknolojiye degil, hiikiimete baghdir. Bilim ve teknolojide
giiclii olan baz iilkeler (6rnegin Japonya) zayif bir orduya sahiptir. Bilim ve

teknolojide giigsiiz olan bazi {ilkeler (6rnegin Cin) ise giiglil bir orduya sahiptir.

Anlamadim.
Bir secim yapmak icin yeterli bilgiye sahip degilim.

Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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13. Basarili bilim adamlar1 daima ¢aligmalarinda ¢ok acik fikirli, mantikli, 6nyargisiz ve

tarafsizdirlar. Bu kisisel dzellikler bilimi en iyi sekilde uygulamak igin gereklidir.

A. Basaril bilim adamlar: bu 6zellikleri tasirlar. Aksi halde bilim kotiiye gidecektir.

B. Basarili bilim adamlari bu 6zellikleri tasirlar, ¢iinkii bu 6zellikleri ne kadar fazla
tasirsaniz, bilimi o kadar iyi yaparsiniz.

C. Bu ozellikler yeterli degildir. Basarili bilim adamlarinin hayal giicii, zeka ve

diirtistliik gibi diger kisisel 6zelliklere de sahip olmalar1 gerekir.

D. Basarih bilim adamlarinmin bu Kkisisel 6zelliklere sahip olmasi sart degildir;
¢linkii bazen en iyi bilim adamlar1 kendi alanlariyla 6yle yogun ugrasirlar ki
caligmalarinda her zaman mantikli olamayabilirler ve bazen yeni fikir ve goriislere
acik olmayabilirler.

E. Basaril bilim adamlarimin bu Kisisel 6zelliklere sahip olmasi sart degildir;
¢linkii bu kisisel olarak bilim adamlarina baglidir. Bazilari ¢aligmalarinda daima

acik fikirli, tarafsiz iken bazilar1 saplantili ve taraflidir.

F. Basarili bilim adamlar1 bu kisisel 6zelliklere herhangi bir bilim adamindan daha

fazla sahip degillerdir. Bu 6zellikler iyi bilim yapmak i¢in sart degildir.

G. Anlamadim.
H. Bir se¢im yapmak i¢in yeterli bilgiye sahip degilim.

I.  Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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14. Bugiin eskiden oldugundan ¢ok daha fazla sayida bilimle ugrasan kadin vardir. Bu,

yapilan bilimsel buluglarda bir farka neden olur. Kadinlar tarafindan yapilan bilimsel

buluslar, erkekler tarafindan yapilanlardan farkli olacaktir.

A.

K.
L.

Kadin ve erkek bilim insanlarmin yaptiklar1 kesifler arasinda fark yoktur;
¢linkii herhangi iyi bir bilim insani kesinlikle diger iyi bilim insanlariyla ayn1 bulusu
yapacaktir.

Kadin ve erkek bilim insanlarinin yaptiklar kesifler arasinda fark yoktur;
¢linkii kadin ve erkek bilim insanlart ayni1 egitimi alir.

Kadin ve erkek bilim insanlarinin yaptiklar kesifler arasinda fark yoktur;
¢linkii genelde kadin ve erkek esit derecede zekidir.

Kadin ve erkek bilim insanlarimin yaptiklari kesifler arasinda fark yoktur;
clinkii bilimde kesfetmek istedikleri konular agisindan kadin ve erkek aynidir.
Kadin ve erkek bilim insanlarimin yaptiklari kesifler arasinda fark yoktur;
¢linkii aragtirma hedefleri, bilim insanlarinin yani sira bilim insanlar1 disindan
insanlarin da talep ve arzularyla belirlenir.

Kadin ve erkek bilim insanlarimin yaptiklar kesifler arasinda fark yoktur;
¢linkii yaptiklar1 ne olursa olsun, herkes esittir.

Kadin ve erkek bilim insanlarimin yaptiklar: kesifler arasinda fark yoktur;
¢linkii buluslar arasindaki herhangi bir fark, aralarindaki bireysel farktan dolayidir.
Bu tiir farklar kadin ya da erkek olmakla ilgili degildir.

Kadinlar oldukc¢a degisik buluslar yapacaktir; ¢iinkii dogalar1 ve yetistirilmeleri
ile kadinlar farkli degerlere, bakis agilarina, perspektiflere veya 6zelliklere (6rnegin
sonuglara duyarlilik) sahiptirler.

Erkekler oldukca farkh buluslar yapacaklardir; ¢iinkii erkekler bilimde
kadinlardan daha iyidirler.

Kadinlar erkeklerden daha iyi buluslar yapabileceklerdir; ¢iinkii kadmlar
genelde hafiza ve icgiidii gibi seylerde erkelerden daha iyidirler.

Anlamadim.

Bir secim yapmak i¢in yeterli bilgiye sahip degilim.

M. Segeneklerin higbiri kigisel goriislerimi yansitmiyor.
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15. Bilim adamlarinin ¢calismalarini bilimsel dergilerde yayinlamalarinin amaci, bu
arastirmalar destekleyen kurumlarin ve diger bilim adamlarinin géziinde kendi degerlerini

ve bagarilarini kanitlamaktir. Bu durum onlarin kendi kariyerlerinde uzmanlagmasini saglar.

A. Bilim adamlar ¢aligmalarini temelde kendi basarilarina giiven saglamak, daha iyi
taninmak ya da herhangi bir basaridan kar saglamak i¢in yayinlar. Eger bilim
adamlar1 bu kisisel ¢ikarlar1 inkar etselerdi bilim ilerleyemezdi.

B. Bilim adamlar1 kendi ¢aligmalarini bu ¢aliymalardan yarar saglamak ,
birbirlerinin fikirlerini paylasmak ve birbirlerinin ¢alismalariyla geliserek
bilim ve teknolojinin ilerlemesini saglamak icin yaylar.

C. Bilim adamlar1 kendi buluslarini temelde bilim ve teknolojinin ilerlemesini
saglamak icin yayinlarlar. Bilim adamlari, fikirlerini yayinlayarak birbirlerinin
caligmalarini gelistirirler. Bu iletisim olmadan, bilimin ilerlemesi miimkiin olmaz.

D. Bilim adamlari kendi buluslarini, diger bilim adamlarinin bu ¢alismalar:
degerlendirmeleri icin yayilarlar. Bu degerlendirmeler, bilimin dogru sonuglara
dayanarak ilerlemesini saglar.

E. Bilim adamlari kendi buluglarini diger bilim adamlari degerlendirsin diye ve
onlarla fikirlerini paylasmak icin yaynlarlar.

F. Bilim adamlar kendi buluslarim1 temelde diinyanin her tarafindaki bilim
adamlarina yardimei olmasi i¢in yayinlarlar. lyi iletisim, yapilan galismalarin
diger bilim adamlari tarafindan tekrarini onler ve bilimin ilerlemesini hizlandirir.

G. Bilim adamlari kendi buluglarini, herkesi son buluslar hakkinda bilgilendirmek,
bilim ve teknolojinin iyi bir iletisim yoluyla ilerlemesini saglamak icin

yayinlarlar.

H. Anlamadim.
I. Bir se¢im yapmak i¢in yeterli bilgiye sahip degilim.

J. Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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16. Bilim adamlari, aragtirmalarina maddi destek saglayan kurumlardan bu destegi almak
icin ve bir bulusu yapan ilk kisi olmak i¢in yarisirlar. Bazen bu acimasiz yaris, bilim
adamlarinin gizlilik iginde davranmasina, bagka bilim adamlarinin fikirlerini ¢almalarina
ve para i¢in kulis yapmalarina yol agar. Diger bir degisle, bazen bilim adamlari

(paylasma, diiriistliik, bagimsizlik gibi) bilimin kurallarini ¢ignerler.

A. Bazen bilim adamlari, bilimin kurallarini ¢ignerler; ¢iinkii basariya ulasmay1
saglayacak yol budur. Rekabet, bilim adamalarin1 daha siki ¢alismaya iter.

B. Bazen bilim adamlari bilimin kurallarim kisisel ve parasal 6diillere ulasmak i¢in
cignerler. Bilim adamlar1 gergekten istedikleri sey i¢in yaristiklarinda, onu elde
etmek i¢in yapabilecekleri her seyi yaparlar.

C. Bazen bilim adamlar ¢6ziime ulagsmak i¢in bilimin kurallarim ¢ignerler. Onlar

icin ¢oziimleri igse yaradig siirece onu nasil elde ettikleri dnemli degildir.

D. Bazen bilim adamlari bilimin kurallarin1 duruma bagh olarak ¢ignerler. Bilim
diger mesleklerden farkli degildir. Bazilar ilerlemek i¢in kurallan ¢igneyecek,
digerleri ¢ignemeyecektir.

E. Birgok bilim adami birbiriyle yarismaz . Bilim adamlari igin bagariya ulasmanin en

iyi yolu, bilimin kurallarim izlemek ve is birligi yapmaktir.

F. Anlamadim.
G. Bir se¢im yapmak i¢in yeterli bilgiye sahip degilim.

H. Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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17. Bilim adamu tenis oynayabilir, partilere gidebilir ya da konferansa katilabilir. Bu sosyal

iligkiler, bilim adaminin ¢aligmasini etkileyecegi i¢in bu ¢alismanin igerigini de etkileyebilir.

A.

Sosyal iliskiler bulusun icerigini etkileyebilir; ¢iinkii bilim adamlari etkilesim
icinde olduklar1 insanlarin fikirlerinden, deneyimlerinden ve heveslerinden
yararlanir.

Sosyal iliskiler bulusun icerigini etkileyebilir; ciinkii bu iligkiler, dinglestirici
ozelligiyle -bilim adamu i¢in bir ara gorevi yaparak- bilim adamini canli tutar.
Sosyal iliskiler bulusun icerigini etkileyebilir; ¢iinkii bu iligkiler, bilim adamlarini
insanlar tarafindan toplumun ihtiyaglariyla ilgili aragtirmalar yapmaya tesvik eder.
Sosyal iliskiler bulusun icerigini etkileyebilir; ¢iinkii sosyal iligkiler, bilim

adamlarinin insan davraniglarin1 ve diger bilimsel olaylar1 gozlemesini saglar.

Sosyal iliskiler bulusun icerigini etkilemez; ciinkii bilim adaminin ¢aligmalarinin

sosyallesmeyle herhangi bir ilgisi yoktur.

Anlamadim.
Bir secim yapmak i¢in yeterli bilgiye sahip degilim.

Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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18. Farkl iilkelerde egitim almig bilim adamlari, bilimsel bir probleme farkli agilardan

bakarlar. Bu, bir iilkenin egitim ve kiiltiir sisteminin bilim adaminin ulasacag: sonuglari

etkileyebilecegi anlamina gelir.

A.

Bir iilkenin egitim ve Kiiltiir sistemi bilim adamlarinin ulasacag sonuglari
etkiler; ciinkii egitim ve kiiltiir, bilimsel bir problemi diisiinme tarzi dahil hayatin
tiim alanlarimi etkiler.

Bir iilkenin egitim ve Kiiltiir sistemi, bilim adamlarinin ulasacagi sonuclari
etkiler; ciinkii her iilke, bilim egitimi i¢in farkli sistemlere sahiptir. Bilim
adamlarina problemleri ¢ozmek i¢in 6gretilen yol, bilim adamlarinin ulasacag:
sonugclar etkiler.

Bir iilkenin egitim ve Kiiltiir sistemi, bilim adamlarimin ulasacagi sonu¢lar
etkiler; ciinkii iilkenin yonetimi ve endiistrisi sadece kendi ihtiyaglarina uyan

projeler i¢in maddi destek verir. Bu, bilim adaminin neyi arastiracagini etkiler.

Bu duruma gore degisir. Bir iilkenin bilim adamlarini egitme sekli, bazi bilim
adamlarinin diisiinme tarzin1 etkiler. Fakat bagka bilim adamlar da kigisel

goriiglerine dayanarak problemlere kisisel yolla bakabilirler.

Bir iilkenin egitim ve Kiiltiir sistemi, bilim adamlarinin ulasacag sonuclari
etkilemez ¢iinkii bilim adamlar i¢inde egitildikleri toplum ne olursa olsun,
problemlere kisisel yolla bakarlar.

Bir iilkenin egitim ve Kiiltiir sistemi, bilim adamlarinin ulasacagi sonu¢lari
etkilemez ¢iinkii tiim diinyadaki bilim adamlar1 benzer sonuglara gotiiren ayni

bilimsel yontemi kullanirlar.

Anlamadim.
Bir se¢im yapmak i¢in yeterli bilgiye sahip degilim.

Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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19. Yeni bir teknoloji gelistirildiginde (6rnegin yeni bir bilgisayar) uygulamaya konabilir ya
da konmayabilir. Yeni bir teknolojinin kullanilmasi karar1, temelde bu teknolojinin ne kadar

iyi ¢aligtigina baglidur.

A. Yeni bir teknolojiyi kullanma karar1 temelde onun ne kadar iyi ¢alistigina baghdir.
Iyi calismayan bir seyi kullanmazsiniz.
B. Karar, bir ¢ok seye baghdir, 6rnegin maliyetine, toplum i¢in faydasina, kullanigh

olup olmadigina, yeterliligine ve insan giicli kullanimindaki etkisine.

C. Karar, teknolojinin ne kadar iyi calistigina degil, maliyetine bagli olabilir.

D. Karar, teknolojinin ne kadar iyi ¢alistigina degil, toplumun ne istedigine ve
ihtiyacina baglidir.

E. Karar, teknolojinin ne kadar iyi cahistigina bagh degil insanlara yardim edip
etmemesine ve olumsuz etkisi olup olmamasina baglidir. Yeni teknolojiler zararli
ise kullanilmaz.

F. Karar, teknolojinin ne kadar iyi ¢calistiina bagh olmayabilir; ama hiikiimetin
destekleyip desteklememesine baglidir.

G. Karar, teknolojinin ne kadar iyi calistigina bagh olmayabilir; ama onun bir
sirket i¢in kar yapip yapmayacagina baghdir.

H. Karar, teknolojinin ne kadar iyi ¢calistiina bagh olmayabilir; ¢iinkii baz1

teknolojiler yeterince iyi ¢alismadan 6nce uygulamaya konup daha sonra gelistirilir.
I. Anlamadim.

J. Bir se¢im yapmak i¢in yeterli bilgiye sahip degilim.

K. Seceneklerin higbiri kisisel goriislerimi yansitmiyor.
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20. Teknolojik gelismeler vatandaglar tarafindan kontrol edilebilir.

A.

Evet, ciinkii teknolojiyi gelistirecek olan her bilim adami ve teknoloji uzmani
toplumda yasayan vatandaslar arasindan yetisir. Boylece vatandaslar, teknolojideki
ilerlemeyi zaman iginde yavas yavas kontrol ederler.

Evet, ciinkii teknolojik ilerlemeler hiikiimetler tarafindan mali olarak desteklenir.
Vatandaslar hiikiimetleri segerek, neyin desteklenecegini kontrol edebilirler.

Evet, teknoloji tiiketicilerin ihtiyaglarina hizmet eder. Teknolojik ilerlemeler daha
fazla talep ve kar getirebilecek alanlarda olur.

Evet, ama teknolojik gelismelerin vatandaslar tarafindan kontrol edilmesi sadece
yeni gelismeler kullanima kondugu zaman olabilir. Vatandaglar, gelismenin kendini
kontrol edemezler.

Evet, ama sadece vatandaglar bir araya geldiklerinde ve yeni gelisme lehine veya
aleyhine konustuklarinda kontrol edebilirler. Organize olmug insanlar hemen hemen

her seyi degistirebilirler.

Hayir, vatandaslarin teknolojik gelismede s6z hakki yoktur; ¢iinkii teknoloji dyle bir
hizla gelisir ki normal bir vatandas teknolojik gelismelerin gerisinde kalabilir.
Hayir, ¢iinkii vatandaglar, teknolojiyi gelistirme giiciinii elinde tutan insanlar

tarafindan gelismeleri kontrol etmekten alikonabilir.
Anlamadim.

Bir se¢im yapmak i¢in yeterli bilgiye sahip degilim.

Seceneklerin higbiri kisisel goriiglerimi yansitmiyor.
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21. Eger yetenekli bilim adamlar farkli teorilere inaniyorlarsa yaptiklar1 gdzlemler de

genellikle farkli olacaktir.

A. Evet, ¢iinkii bilim adamlar farkli yontemler kullanarak deney yapacaklar ve farkli seylere
dikkat edecekler.
B. Evet, ¢iinkii bilim adamlar farkli diisiinecekler ve bu da onlarin gézlemlerini

farklilastiracaktir.

C. Bilim adamlar farkli teorilere inansalar bile bilimsel gdzlemler ¢ok fazla degismez. Bilim

adamlar1 gergekten yetenekliyse, gézlemleri de benzer olacaktir.

D. Hayrr, ¢linkii gézlemler olabildigince kesindir. Bilim bu sekilde gelisir.
E. Hayir, gézlemler gordiiklerimizden baska bir sey degildir ve gergektir.

F. Anlamadim.

G. Konu hakkinda se¢im yapmak i¢in yeterli bilgiye sahip degilim.

H. Seceneklerin higbiri kisisel goriiglerime uymuyor.
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22. Bilim adamlarinca yapilan arastirmalar dogru olarak yapilsa bile, arastirma sonunda

varilan bulgular zaman i¢inde degisebilir.

A. Bilimsel bilgi degisir; ¢iinkii bilim adamlari, kendilerinden 6nceki bilim adamlarinin
teorilerini ya da buluslarmi ¢iriitiir. Bilim adamlar1 bunu yeni teknikleri ve gelistirilmis
araglart kullanarak, daha once gozden kagirilmis faktorleri bularak veya ilk aragtirmadaki
hatalar1 ortaya ¢ikararak yaparlar.

B. Bilimsel bilgi degisir; ¢iinkii eski bilgiler yeni buluslarin 1s1§inda yeniden yorumlanir.

Bilimsel gercekler degisebilir.

C. Bilimsel bilgi degisir gibi goriiniir; clinkii eski gergeklerin yorumu veya uygulamasi
degisebilir. Dogru sekilde yapilan deneyler degismez gerceklere yol agar.
D. Bilimsel bilgi degisir gibi goriiniir; ¢linkii yeni bilgiler eski bilgilerin iizerine eklenir;

eski bilgiler aslinda degismez.
E. Anlamadim.

F. Konu hakkinda se¢im yapmak i¢in yeterli bilgiye sahip degilim.

G. Seceneklerin higbiri kisisel goriislerime uymuyor.
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23. Bilimsel diisiinceler, hipotezlerden teorilere dogru gelisir; ve sonucgta yeterince

giicliiyseler bilimsel kanun olur.

A. Hipotez teoriye, teori kanuna doniisebilir; c¢iinkii hipotez deneylerle test edilir, ve
dogrulugu kanitlanirsa teori olur. Teoriler, bir ¢ok defa ve uzun zaman boyunca, farkli
insanlar tarafindan test edilip dogrulugu kamitlanirsa kanun olur.

B. Hipotez teoriye, teori kanuna déniisebilir; ¢iinkii hipotez deneylerle test edilir eger
destekleyen kanitlar varsa teori olur. Bir teori bir ¢ok defalar test edilip dogru oldugu
gorildiikten sonra, bu teorinin kanun olmasi igin yeterlidir.

C. Hipotez teoriye, teori kanuna doniisebilir; ¢iinkii bilimsel diisiincenin gelismesi i¢in

hipotezin teoriye, teorinin kanuna déniigmesi mantikli bir yoldur.

D. Teoriler kanun olamaz; ¢iinkii bunlar farkli tiirdeki diisiincelerdir. Teoriler
kesinliginden tam olarak emin olunamayan bilimsel diislincelere dayanir ve dogruluklar
kanitlanamaz. Ancak kanunlar sadeve gergeklere dayanir ve %100 kesindirler.

E. Teoriler kanun olamaz; ¢iinkii bunlar farkl tiir diisiincelerdir. Kanunlar olguilar1 genel
olarak tanimlar. Teoriler ise bu kanunlar1 aciklar. Ancak destekleyici kanitlarla, hipotezler

teorilere veya kanunlara doniisebilir..
F. Anlamadim.

G. Konu hakkinda se¢im yapmak i¢in yeterli bilgiye sahip degilim.

H.Segeneklerin higbiri kisisel goriislerime uymuyor.
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24. Bilim adamlar1 arastirma yaptiklarinda, bilimsel yontemi izlerler.

A.

o

-z am

K.
L.

Bilimsel yontem, genellikle bilim adamlari tarafindan dergide ya da kitapta yazilan
ve deney yapilirken izlenmesi gereken iglemler ya da tekniklerdir.

Bilimsel yontem sonuglarin dikkatlice kaydedilmesidir.

Bilimsel yontem deney degiskenlerinin, yoruma yer birakmaksizin dikkatlice
kontrol edilmesidir.

Bilimsel yontem gergeklerin, teorilerin ve hipotezlerin etkili sekilde elde
edilmesidir.

Bilimsel yontem test etmek ve tekrar test etmektir. Bir seyin dogrulugunu veya
yanligshgini gegerli sekilde kanitlamaktir.

Bilimsel yontem Teoriyi kanitlamak i¢in deney olusturmaktir.

Bilimsel yontem soru sorma, hipotez, veri toplama ve sonuca varmaktir.

Bilimsel yontem problem ¢dzmede mantikli ve kabul goren bir yaklagimdir.

Bilimsel yontem bilim adamlarini ¢aligmalarinda yonlendiren bir tutumdur.

Bilim adamlariin aslinda ne yaptiklar diisiiniiliirse, gercekte bilimsel yontem diye

bir sey yoktur.

Anlamadim.

Konu hakkinda se¢im yapmak i¢in yeterli bilgiye sahip degilim.

M. Segeneklerin higbiri kisisel goriiglerime uymuyor.
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25. Eger bilim adamlari, asbestle c¢alisan insanlarin akciger kanserine yakalanma
thtimalinin ortalama bir insaninkinin iki misli oldugunu bulurlarsa, bu asbestin

akciger kanserine sebep oldugu anlamina gelmelidir.

A. Gergekler acik sekilde asbestin akciger kanserine sebep oldugunu kanitlar. Eger
asbest iscilerinin, akciger kanserine yakalanma ihtimali daha fazlaysa, bu durumda

kanserin sebebi asbesttir.

B. Gercekler asbestin akciger kanserine sebep oldugu anlamina gelmeyebilir;
¢linkii akciger kanserine asbestin mi veya bagka bir maddenin mi yol agtigin1 bulmak
icin daha fazla arastirmaya ihtiyag vardir.

C. Gergekler asbestin akciger kanserine sebep oldugu anlamina gelmeyebilir;
¢linkii asbest baska seylerle birlikte veya dolayli olarak etkide bulunabilir (6rnegin
akciger kanserine yakalanmaya sebep olan diger seylere karsi direnci zayiflatabilir).

D. Gergekler asbestin akciger kanserine sebep oldugu anlamina gelmeyebilir;
¢linkii eger asbest kanser yaptiysa, tiim asbest iscileri akciger kanserine yakalanmig

olurdu.

E. Asbest akciger kanserinin nedeni olamaz ¢iinkii asbestle caligmayan bir ¢ok insan da

akciger kanserine yakalanmaktadir.
F. Anlamadim.

G. Bir se¢im yapmak i¢in yeterli bilgiye sahip degilim.

H. Seceneklerin higbirisi kisisel goriislerimi yansitmiyor.

133



26. Farkli alanlardaki bilim adamlarnn aym1 seye c¢ok farkli yonlerden bakabilirler
(6rnegin, H+ kimyagerlerin asiti diislinmelerine, fizikgilerin ise protonlari diisiinmelerine
sebep olur). Bunun anlami, bilimsel diisliincenin bilim adaminin g¢alistigi alana baglh

olarak farkli anlamlara gelmesidir.

A. Ciinki bilimsel diiglincelerin yorumu alandan alana degisir.
B. Ciinki bilimsel diisiinceler bilim adaminin goriislerine veya sahip oldugu bilgiye

gore farkll sekilde yorumlanabilir.

C. Bilimsel bir diisiince tiim alanlarda ayni1 anlama gelir; ¢link{i bilim adaminin
bakis acis1 ne olursa olsun , diisiince yine dogadaki ayni seyleri ifade eder.

D. Bilimsel bir diisiince tiim alanlarda aym anlama gelir; ciinkii tiim bilim alanlar
birbirleriyle yakin iligkilidir.

E. Bilimsel bir diisiince tiim alanlarda aym anlama gelir; Farkli alanlardaki
insanlarin birbirleriyle iletisim kurmalan i¢in bu gereklidir. Bilim adamlarn ayni

anlamlar1 kullanmak i¢in anlagmalidirlar.

F. Anlamadim.

a

Konu hakkinda se¢im yapmak i¢in yeterli bilgiye sahip degilim.

H. Segeneklerin higbiri kigisel goriislerime uymuyor.

134



APPENDIX B
GORUSME SORULARI
1- Sizce bilim nedir?
2- Teknoloji nedir, bilimle iliskisi var midir, agiklayiniz?
3-Bilim ve teknoloji i¢inde olusturuldugu toplumdan, ve o toplumun kiiltiiriinden
etkilenir mi (6rn. Amerika-Maisir farkl kiiltiir ve ekonomilere sahip)?
Evet, ¢linkii ..................
Hayir, ¢linkii .................
4-Toplum, bilim ve teknolojinin sonug¢larindan nasil etkilenir?
(6rnegin, diinyadaki yiyecek dagitimi, tarim triinleri, issizlik, su¢ oranlari, niifus
fazlaligy, kirlilik, niikleer reaktor insasi karar1 gibi)
5-Okuldaki fen 6gretiminin insanlarin gilinliik hayatlarina bir katkisi olur mu?
Evet, oo
6- Bilimle ugrasan siradan bir bilim insani1 i¢in neler sdylenebilir?
a-Kisisel 6zellikleri nelerdir?
b-Cinsiyeti ahkkinda neler sdyleyebiliriz?
-yapilan buluslarda cinsiyet bir fark yaratir m1?
-sayica esit mi?
c-Giinliik hayatlart nasildir?
7-Diinya’nin her hangi bir bolgesindeki bir grup bilim adami (6rn. Japonya, Tiirkiye,

Almanya, Hindistan. Amerika) mesela atoma temelde ayn1 sekilde mi yaklasir ve
inceler?

8-Teknolojik gelismelerin kullanilmasi karar1 kim tarafindan ve neye dayanilarak
verilir? (politikacilar, bilim adamlari, halk,...)

9-Bilim adamlarinca takip edilen bilimsel bir yontem var midir?
Evet, cccooovvii,

10-Bilimsel bilgi zamanla degisir mi?
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