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Abstract

In this study, applications based on socioscientific subject-oriented science, technology, society and
environmental education were carried out. The aim of the study is to determine the views of pre-service
science teachers, who are engaged with the applications, about science, technology and society and to
determine whether these views are sufficient. 83 pre-service science teachers participated in the study. In
order to evaluate the pre-service teachers’ views on science, technology and society, the “Views on Science,
Technology and Society Questionnaire (VOSTS)” was used, which was developed by Aikenhead, Ryan and
Fleming (1989). According to the VOSTS pre-test results, it was observed that there was diversity in the
views of the pre-service teachers in subjects such as the definitions of science and technology, the impact of
society on science, and the classification of scientific knowledge. It is among the findings that pre-service
teachers have many misconceptions about these issues. The unsatisfactory views of the pre-service teachers,
who produced solutions to problem situations consisting of socioscientific issues and finalized their
suggestions, of the pre-service teachers about science, technology and society, were replaced by more realistic
and acceptable views after the applications.
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1. Introduction
1.1. Introduce the problem

The fact that developed countries in the field of science and technology are also
economically advanced has further increased the interest in science education and the
goal of countries to make a more effective science education has gained importance. It is
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a necessity to raise individuals who will meet the needs of the age, and the studies of
developing new education programs that can meet the needs of the age, understand and
apply science and technology, which is its reflection in practice, have gained speed
instead of more teacher-centred and rote-learning based teaching programs (Seker,
2007). Program development studies affect the improvement of the quality of education
positively (Erden, 1998). It is seen as an important problem to improve science teaching
in schools, to make students love science, and to train teachers who are qualified in this
field. In order to solve these problems, efforts to improve science education have been
continuing for many years (Akgiin, 2001, p.12).

“Science, Technology and Society” education, which developed in some western
countries in the 70’s and 80’s and became a science education trend (Aikenhead, 2003;
Yager, 1996), has gained more importance in science education in the last 30 years, and
has affected the science curricula of many countries with more emphasis on the impact of
scientific and technological developments on the “Environment” (Yalaki, 2014). The most
important aim of science, technology, society and environmental education is to develop
an opinion on the nature and history of science, the relationship between science and
society and the relationship between science and technology in individuals. In this
context, the main goals of science, technology and society include (i) making free
decisions in the field of science and technology, (ii) using scientific problem-solving skills
in daily life and (ii1) communicating with others about extraordinary situations in out-of-
school environments (Taskin, Cobanoglu, Apaydin, Cobanoglu, Yilmaz & Sahin, 2008). In
our country, fundamental reforms have been made in education programs since 2004 and
education programs have changed according to the needs at various times. In this
context, it is aimed to raise each person as individuals with scientific and/or science
literacy in the Turkish Education System. In parallel with these developments, science,
technology, society and environmental education were included in science teaching
programs prepared in Turkey in 2005 and 2013 (MoNE, 2005; 2013). Yalaki (2014)
mentions the results of many researchers who examined science teaching programs
prepared in Turkey in 2005 and 2013 in terms of science, technology, society and
environmental education. Unlike the 2005 program, despite the addition of new
dimensions in the fields of learning scientific process skills, science-technology-society-
environment and attitudes-values in the 2013 program, it is a major deficiency of the
2013 program that these dimensions are not associated with the gains (Eskicumals,
Demirtag, Erdogan & Arslan, 2014). Again, socioscientific issues, one of these sub-
dimensions, were included in the new program and these topics were integrated into the
book. However, effective teaching in the classroom is insufficient because it is not
reflected in the skills appropriate to the outcomes (Yilmaz Tiiziin, 2014). Some gains on
the basis of science, technology, society and environmental gains, classes and learning
areas, which are determined in the program, have been given too much and some gains
very little (Aver & Onal, 2013). It is also emphasized that although pre-service teachers
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generally grasp the interaction between science-technology-society and the environment,
they do not sufficiently understand the basic science theories in the background of
technological developments that the pre-service teachers’ science literacy, knowledge of
current phenomena, concepts and principles cannot go beyond superficiality (Ozdemir,
2010; Yalaki, 2014). All these results reveal that pre-service teachers and students have
deficiencies in science, technology, society and environment that require high-level
thinking skills, and new curricula do not eliminate these deficiencies.

Socioscientific issues, which are scientific situations that affect the society they will
enter into discussion, also include decision making regarding the solution of these
situations, moral reasoning and evaluation of ethical concerns (Zeidler & Nichols, 2009).
According to Sadler and Zeidler (2005b), socioscientific situations are defined as the
selection of scenarios containing scientific ethical and moral situations that will attract
students' attention throughout the academic process and the students' discussion on
them. According to Yapicioglu (2016), one of the methods used in learning environment
where socioscientific situations are used is problem scenarios (Dolan, Nichols & Zeidler,
2009; Evren & Kaptan, 2014; Sadler, 2004; Topgu, 2015). The structuring of problem
scenarios is through life-related case studies such as newspaper reports, photographs,
scientific articles, simulations, experimental or laboratory results. The next stage after
the structuring of the scenarios is the presentation of questions and solution proposals
for problem solving (Acikgoéz, 2003). Socioscientific situation-based learning
environments encourage the exploration of knowledge. It supports the making of logical
discussions, the development of scientific process skills and analytical thinking skills
(Polyiem, Nuangchalerm & Wongchantra, 2011). According to Zeidler, Walker, Ackett,
and Simmons (2002), socioscientific situation-based learning environments can be
defined as a broader approach than STSE education that brings together the dimensions
of science, technology and society.

The basic idea adopted by the science-technology-society and environment approach
(Yager, 1996), which is based on allowing students to recognize the real-life problems
they have, collect data for the solution of problems, think about alternative solutions,
follow the basic order in their decisions, is to connect individuals who are caught between
school and society with the real world. Students who have a view of science, technology,
society and the environment aim to be a strong country in the world, think creatively and
critically in the society, use the knowledge they learn to solve the problems they
encounter, make decisions in the face of a problem related to science in the society,
participate in a scientific discussion and express their ideas and they are science literate
individuals who read and interpret a scientific study, understand the impact of science,
technology and society on each other, and have the necessary and sufficient knowledge in
their place and time (Cepni, Bacanak & Kiigiik, 2003). As a common component of these
characteristics; while the relationship between science and technology, science and
technology, the impact of science and technology on society, the impact of technology and
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science on society, and the social structure of technology and scientific knowledge, the
characteristics of scientists and the dimensions of the natural structure of scientific
knowledge are the opinions that students should have; society’s expectations are in this
direction as well (Kahyaoglu, 2004).

Among the science, technology, society and environment (STSE) learning areas
included in the Science Curriculum, (a) socio-scientific issues can be defined as issues
that concern society and science, take the source of science, are controversial and lead to
controversy and conflict in society (Sadler, 2004; Sadler & Zeidler, 2005; Topcu, 2015).
Many issues such as cloning, stem cell, genome projects, global warming, alternative
fuels and vaccines that occur as a result of the interaction of science and society today
can be given as examples of socio-scientific issues (Sadler, 2004; Topcu, 2015). In recent
years, educators who aim to achieve the goals of modern science education have focused
on socio-scientific issues (Tirkmen, Pekmez & Saglam, 2017). Science, Technology,
Society and Environment (STSE) is an understanding of (b) the nature of science that
stands out as the most important link of the concept of scientific literacy in science
education. It is defined as the values and beliefs inherent in science or scientific
knowledge as a way of knowing (Abd-el-Khalick, Bell & Lederman, 1998). It is stated
that the nature of science and the values and acceptances in the nature of scientific
knowledge are expressed. One of the other STSE learning areas covering the
understanding of the interaction of science and technology and their contribution to each
other is (¢) the relationship between science and technology, and another is the
understanding of the social contribution of science, which includes (d) understanding the
contribution of scientific knowledge to social development and solving social problems
(MoNE, 2013)

1.2. The importance of the research

One of the dimensions of science literacy in the Turkish Education System is that the
individual has sufficient knowledge about the nature of science and scientific knowledge.
When the program reform movements in various countries are examined, it is predicted
that all individuals in the society will be educated as science literate (Zan Yorik, 2008).
In this context, the Turkish Education System in each individual that scientific literacy
is intended to train individuals are given a high place in the “Science-Technology-Society
and Environment” education (STSE) in science teaching program developed in Turkey in
2005 and 2013 (MoNE, 2005; 2013). However, many literature results examining these
curricula show that socioscientific issues are included in the curriculum under the
literacy dimension of STS and environment education, and that these subjects are
integrated into the book but not reflected with appropriate skills, so that effective
teaching cannot be provided in the classroom (Avc1 & Onal, 2013; Eskicumali et al., 2014;
Ozdemir, 2010; Yalaki, 2014; Yilmaz Tizin, 2014). The use of STSE education at all
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grade levels in science education is of great importance because of the exact overlap
between the scientific literacy aimed by this education and the concept of scientific
literacy specified within the scope of the Program for International Student Assessment
(PISA). A learning approach that includes the gains of science, technology, society and
environment aims to raise science and technology literate individuals who are educated
and able to make the right decisions in the subjects that concern society in these areas by
teaching the technology and social content to which scientific information is related
(Kalig, 2006). This learning approach is considered as an approach responsible for
problem-centred issues arising from natural or industrial processes or local, national,
international problems. Problems that need to be investigated in this approach are
chosen by students with an interdisciplinary perspective from the problems that enable
them to examine the concepts, processes and effects of science and technology. In
addition, with this approach, students are active participants in the learning process
with their ability to solve scientific and technological problems and to make decisions
(Demirgali, 2007). Raising individuals who are able to establish the interaction between
science and technology and the environment well, who are aware of the positive and
negative effects of science and technology on the environment, and who can see the
positive and negative aspects of developments in science and technology reveals the
importance of gaining environmental awareness. It is accepted as an absolute necessity
to achieve this goal, to make pre-service teachers gain the nature of science and scientific
knowledge more clearly in their faculties, and to reveal the understanding of “science,
technology and society” in science education. However, there are studies showing that
STS course is appropriate in terms of content and that experimental studies are needed
in order to improve students’ views on science, technology and society (Ayar, 2007; Ayvaci
& Ozbek, 2015; Bacanak, 2002; Celik, 2003; Turgut, 2005; Yalaki, 2014; Zan Yorik,
2008).

In addition, socioscientific issue-based environments that emerged in the 2000s also
include conceptualizations of moral dimension, individual experiences, and the nature of
science (Zeidler et al., 2005). In other words, it can be said that this approach offers a
more comprehensive framework for educating students as science literate individuals.
Science literacy involves not only understanding scientific information, but also decision-
making on socioscientific issues (Sadler & Zeidler, 2005b). According to Yapicioglu (2016),
the situations that socioscientific subject-based learning environments focus on are listed
as follows according to many researchers: how science is based on situations and events,
the superior qualities of living creatures, the effects of physical-social environment and
scientific decisions on individuals, the effects of moral principles on scientific decisions
(Driver, Newton & Osborne, 2000; Sadler, 2004; Zeidler et al., 2005; Kara, 2012). Based
on all these, problem situations consisting of socioscientific issues were integrated into
STSE education in our study. The pre-service teachers dealt with problem situations
consisting of socioscientific issues such as genes, disease and health, the expanding
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universe, climate, weather and humans, the changing world, atomic and subatomic
particles, energy and society.

1.3. Purpose of the research

In present study, an educational environment based on “Science, Technology, Society
and Environment” education was created within the scope of the “Science, Technology
and Society” course with 83 pre-service science teachers studying in the last year of the
university. The “Science, Technology and Society” course was first applied in Faculties of
Education in the 2001-2002 academic years. The determined aim of this course is defined
as “the characteristics of individuals with advanced science literacy and the role of
science teaching and science teacher in achieving these characteristics, the relationship
between science, technology and society”. Some learning areas and key concepts of
socioscientific issues determined by "Hawkhill Institution", which is one of the programs
that will help to develop science literacy in science, technology and social education
content, are limited as follows (Bacanak, 2002): Biosphere and universe (global warming,
acid rain, ozone depletion, etc.); the changing world (the formation of the earth, how
maps are drawn, the formation of continents, glaciers and mountains, and the way
humanity shows them (mapping), etc.); illness and health (a historical overview of
disease-related problems, known and common diseases, etc.); radiation (obtaining energy
from radiation, where radiation is used in nature, Chernobyl, etc.); genes (Mendel and his
laboratory, his experiments in Czechoslovakia, Watson and Crick DNA model,
chromosome, replication, etc.); nuclear power (history of nuclear research and studies of
nuclear research centres, the origin of radiation, Chernobyl, fission / fusion, hydrogen
bomb, Nagasaki, radioactive waste, etc.); energy and society (past and future of energy,
limitations in meeting the needs of near and far future societies, agricultural revolution,
industrial revolution, nuclear energy, acid rain, greenhouse effect, ozone depletion
problem, renewable energy sources, etc.). It is aimed to determine the views of the pre-
service teachers who are engaged with the applications carried out within the scope of
the STS course, about "science, technology and society" and it was examined also the
effects of applications on these views.

2. Method

In the study, “pre-test-post-test research design for a single group” was used. In this
research design, all applications and studies are carried out with a single group. The
measurements of the subjects related to the dependent variable are obtained by using the
same subjects and the same measurement tools as the pre-test before the application and
the post-test after the application (Buyukoztirk, Kilig-Cakmak, Akgiin, Karadeniz &
Demirel, 2011). In this study, in which the effects of the applications carried out within
the scope of the Science-Technology-Society course on the change in the views of pre-
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service teachers about "science, technology and society" are examined, the experimental
process includes a teaching process consisting of two hours each week, for a total of 15
weeks. The research design used in the study is similar to the method of many studies
examining the "science, technology and society”" views of individuals (Ayvact & Ozbek,
2015; Goz, 2019; Ince, 2017; Kahyaoglu, 2004; Zan Yoriik, 2008).

2.1. Study group

The universe of the research is composed of pre-service teachers studying at the
Department of Science Education who will become science teachers in the near future.
The sample is composed of 83 students studying in Faculty of Education, Department of
Science Education in 4th grade in the fall semester of the 2018-2019 academic years.

2.2. Data Collection Tools

2.2.1. Views on Science, Technology and Society Questionnaire (VOSTS)

In the study, a questionnaire developed by Aikenhead, Ryan and Fleming (1989),
consisting of 114 multiple-choice items and originally named VOSTS, was used. The
questionnaire consists of 9 categories: science and technology, the impact of society on
science/technology, the future category, the impact of science/technology on society, the
impact of school science on society, the characteristics of scientists, the social structure of
scientific knowledge, the social structure of technology, and the nature of scientific
knowledge. 14 items suitable for the purpose of the research were used, with a reliability
of 0.74 (Split Half), content validity of which was made with the opinion of 3 experts.
These selected items contain statements belonging to the five subscales (science and
technology, influence of society on science/technology, influence of science/technology on
society, social construction of scientific knowledge, and nature of scientific knowledge) of
the nature of science and applied as pre- and post-tests to pre-service teachers before and
after the applications.

2.3. Data Analysis

The views of pre-service science teachers on science, technology and society were
examined item by item. In the study, descriptive analysis was applied for the responses
of the pre-service teachers given to the VOSTS items. The questionnaire consists of a
basic judgment statement and a number of different alternatives associated with this
statement of judgment. Pre-service teachers’ views on science, technology and society
were classified using Rubba, Harkness and Bradford (1996) categories according to
“Realistic”, “Acceptable” and “Unsatisfactory” perspectives. When the literature is
examined, it is seen that the answers given to the VOSTS questionnaire are categorized
according to this classification. (Ar1, 2010; Ayvaci & Ozbek, 2015; Bayram, 2017; Dogan
et al., 2011; Goz, 2019; Guilherme, Faria & Boaventura, 2016; Ince, 2017; Kiling, 2010;
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Zorlu, & Baykara, 2015). In this classification, “Unsatisfactory” classification refers to
inappropriate traditional (positivist) perspective; “Acceptable” classification refers to
reasonable, appropriate options; “Realistic” (post positivist) classification, on the other
hand, expresses the contemporary perspective (Dogan et al., 2011)

2.4. Application Process

STSE education applications started with the emergence of a problem situation that
can be investigated by pre-service teachers, attracts attention and has the opportunity to
apply in the lives of individuals. The selected problem situations are related to the socio-
scientific issues determined within the learning areas that the researchers put into
practice within the scope of the related course within the framework of STSE education.
Afterwards, they were given the opportunity to conduct research on scientific and
technological issues related to the selected problem situation. They used a wide variety of
sources to access information. For example, the media, internet, libraries, experts in the
field, universities and private or public organizations have become sources for accessing
the desired information. Under the guidance of the researchers, the students were
engaged in the process of conducting a scientific research, collecting data, organizing and
discussing and interpreting the collected data and information, developing hypotheses
and solution proposals, and reaching a conclusion. At this stage, if possible, students
contacted experts and consulted their hypotheses or conclusions. Then, according to the
conclusion reached, it was planned that the students would make a decision and, if
appropriate, initiate an action as responsible members of the society. In addition,
students who witnessed how science and technology affect society, make a decision
according to the acquired information and apply it, so that they learn to take
responsibility in science and technology-related issues in society. After the researches,
pre-service teachers were asked to present their possible solution suggestions for their
own problem situation with their reasons and explanations. This whole process, which
involved the pre-service teachers’ implementation of the most probable solution
suggestions by deciding on an action, resulted in a period of 15 weeks. In the last phase of
the STSE education, pre-service teachers presented their presentations summarizing the
whole process and the project products they created to their classmates and researchers.
Examples of problem situations and solution suggestions posed by pre-service regarding
the lived society in during their STSE applications are as follows:

Sample 1
Project proposed by group 15

Problem Situation: Global warming, which is defined as the temperature increase
detected in the earth and in the lower layers of the atmosphere as a result of the
strengthening of the natural greenhouse effect, is an environmental problem that has
been discussed all over the world in recent years and solutions are sought on the
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international platform. Global warming is seen as the biggest effect of the greenhouse
effect on the world. One of the factors that cause the greenhouse effect is excessive and
wrong farming. Is it possible to minimize the environmental damage of greenhouse
gases?

Solution Proposal: Fertilizer production with food residues at home instead of chemical
fertilizers used in agriculture

Sample 2
Project proposed by group 10

Problem Situation: The world is facing more and more energy needs day by day. Fossil
fuels constitute the biggest energy resources used at the moment. So, unfortunately,
non-renewable energy resources are used extensively. It is possible to solve the energy
need, which has become the biggest problem of the world, without harming the
environment with renewable energy sources and clean energy sources. How can
renewable energy sources be used in daily life in a way that facilitates our lives and
helps the energy cycle?

Solution Proposal 1: Producing vegetables and fruits by making greenhouses with
geothermal energy

Solution Proposal 2: To produce biogas and organic fertilizers by the accumulation and
processing of biomass (animal waste).

3. Findings

In the VOSTS questionnaire, when the views of the pre-service teachers regarding
each item are classified according to the “realistic”, “acceptable” and “unsatisfactory”
view, the results are shown collectively in Table 1.

Table 1. Classification of pre-service teachers’ responses to the VOSTS questionnaire (pre- and post- test)*

VOSTS

Subscales of
Items Pre-Test (%) Post-Test (%)
Items

U A R U A R

Define science (Item1) 2.4 60.1  37.3 - 44.6  55.4
Science and -

Define technology (Item 2) 37.3 42.1 204 39.7 30.1 30.1
Technology

The relationship between science and technology (Item 3) 34.8 144 50.6 30.1 9.6 60.2
Influence of Define relationship between government and science

21.6 289 494 22.8 253 62.7
society on (Item 4)
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science / Define Ethics (Item 5) 324 204 469 33.7 9.6 56.6
technology Define educational institutions (Item 6) 31.3 68.6 20.4  79.5
Public influence on scientists (Item 7) 57.8 15,6 264 373 324 30.1
Influence of Define contribution of social decisions (Item 8) 19.2 39.7 409 156 385 457
i / . .. L.
seience Define characteristic features of scientists (Item 9) 21.6 50.5 27.7 144 51.8 33.7
technology
on society The effect of gender on science and technology (Item 10) 42.1 324 253 264 348 38.6
Social
construction The effect of national influence on science and technology
494  50.5 3.6 458 50.6
of scientific (Item 11)
knowledge
Changeability of scientific knowledge (Item 12) 15.6  84.3 6.0 93.9
Nature of . L
scientific Classifying scientific knowledge (Item 13) 84.2 15.7 83.1 16.8
knowledge Ability to make logical explanations in justifications (Item
31.2 62.6 37.3 68.6

14)

*In the Table 1, the “Realistic” views is symbolized by “(R)”, “Acceptable” views by “(A)” and “Unsatisfactory” views by “(U)”

and the percentages for each item are given.

In the tables below, only the answers given by the pre-service teachers to the VOSTS
items addressed to them are included and the results are presented as percentages.

The first item of the questionnaire used within the scope of the study refers to the

“definition of science”. Table 2 shows how diverse the responses of pre-service science

teachers to the definition of science differ.

Table 2. Percentage distributions of responses to Item 1

Science is difficult to define; because science is complex and concerned with many issues. But the science

is essentially:

Your position, basically* :

Pre-test (%)

Post-test (%)

Cr It is searching for the unknowns about our world and the universe,
37.3 55.4

discovering new things and how they work.
It is finding and using the knowledge necessary to make this world a

FA 27.7 25.3
better place for life.
It is information such as principles, laws, and theories that explain the

BA 15.6 13.3
world we live in.

DA It is doing experiments to solve the problems of the environment we live in. 9.6 3.6
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AA These are fields such as biology, physics and chemistry. 3.6 2.4
GA It is the gathering of people who have ideas and techniques to discover new
3.6
information.
EUV It is to invent or design something. 2.4

“The views that the pre-service teachers did not choose for each item are not shown in the Tables.
(R): Realistic views; (A): Acceptable views; (U): Unsatisfactory views.

According to Table 2, while the rate of pre-service teachers who chose the definition of
science presented with a “realistic” view before STSE applications was 37.3%, the rate of
pre-service teachers who adopted “acceptable” views was 60.1%. After the applications,
the pre-service teachers who adopted the "realistic" views showed an increase of 18.1%.

In the second item of the VOSTS questionnaire, pre-service teachers’ views on the
"definition of technology" were examined (Table 3).

Table 3. Percentage distributions of responses to Item 2

Technology is difficult to describe because it does so many things. But the technology is essentially:

Your position, basically: Pre-test (%) Post-test (%)

BUY It is the application of science. 22.9 34.9

They are new methods for daily use, tools, machines, computers or
cA ) ) 21.7 14.4
practical appliances.

They are the ideas and techniques necessary to design or manufacture
GR things, organize workers, businessmen and women, consumers, and 14.4 22.9

improve society.

It is robots, electronic devices, computers, communication systems or

DA ' 14.4 12.0
automation.

AU It is very similar to science. 14.4 4.8

ER It's the technique of doing things or the way to solve everyday problems. 6.0 7.2

FA It's about inventing, designing and testing things. 6.0 3.6

According to Table 3, the rate of the pre-service teachers with "unsatisfactory” views is
37.3%. While the rate of those who adopt the "acceptable" views is 42.1%, the rate of pre-
service teachers who have "realistic" views is 20.4%. After the applications within the
scope of STSE applications, it was observed that the "realistic" and "acceptable" views of
the pre-service teachers for the definition of technology were similar and remained
almost stable in their "unsatisfactory" views (39.7%).
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In the third item of the VOSTS questionnaire, the pre-service teachers' views on the
relationship between science and technology were examined (Table 4).

Table 4. Percentage distributions of responses to Item 3

Science and technology are closely related.

Your position, basically: Pre-test (%) Post-test (%)

Science and technology are closely related; because scientific research
BR guides technological developments and technological developments 50.6 60.2

accelerate scientific research.

Although it is difficult to see how technology helps science, science and
AU technology are closely related because science is the basis of technological 21.6 21.6

advances.

Science and technology are closely related because, despite their
CcA differences, it is difficult to say that they are separate because they are 14.4 9.6
tightly linked.

Although it is difficult to see how technology helps science, science and
DU technology are closely related because technology is the basis of all 13.2 8.4

scientific advances.

According to Table 4, it was observed that 50.6% of the pre-service teachers adopted
"realistic" views before the applications and this rate increased to 60.2% after the
applications. The pre-service teachers have adopted 34.8% "unsatisfactory”" and 14.4%
"acceptable" views for the relationship between science and technology.

The fourth item of the questionnaire is based on the views taken on the reasons for the
financial support that governments will give to scientists (Table 5).

Table 5. Percentage distributions of responses to Item 4

Governments are required to provide financial support to scientists to search and find what is curious in

nature and the universe.

Your position, basically: Pre-test (%) Post-test (%)

Money needs to be spent on scientific research because scientists can make
DR 49.4 62.7
a better place to live by understanding our world better.

Often it is impossible to say whether research is beneficial, but still it is
CA necessary to spend money on scientific research because it is an investment 24.1 18.1

risk that we have to take.

All countries should spend money on scientific research so that they do not
AU 13.2 12.0
lag behind other countries and depend on them.
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BU Money must be spent on scientific research in order to satisfy the instinct
6 4.8
that awakens the scientific curiosity of man.

EA Money should only be spent on scientific research if it is directly related to
4.8 2.4
our health, our environment, or agriculture.

HU I don’t know enough about this subject to make a choice. 2.4

According to Table 5, while 49.7% of pre-service teachers adopt "realistic" views before
the applications, the rates of those who adopt "unsatisfactory" (21.6%) and "acceptable"
(28.9%) views are almost close to each other. After the applications, the “realistic” views
of the pre-service teachers increased by 13.3%.

The results of the fifth item analysis, in which the views about “the effects of the
culture, religious or moral views on scientists and scientific researches in the place where
scientific studies” were carried out, it was observed that there was no consensus among
pre-service science teachers (Table 6).

Table 6. Percentage distributions of responses to Item 5

Some societies have specific views on nature and man. Scientists and scientific research are influenced by

the religious or moral views of the culture where the study is conducted.

Your position, basically: Pre-test (%) Post-test (%)

Religious or moral views influence scientific research because scientists
BR may unwittingly choose research that supports the perspective of their 31.3 27.7

cultures™

Religious or moral views influence scientific research; because everyone
DR reacts differently to their own culture. These individual differences affect 15.6 28.9

the type of research being conducted™*

Religious or moral views do not influence scientific research because
FU research continues despite debates between scientists and certain religious 15.6 22.9

or cultural groups”

Religious or moral views influence scientific research because many
cA scientists do not conduct research that does not fit their beliefs and 12 3.6

upbringing™

Religious or moral views do not affect scientific research, because scientists
GU will investigate issues that are important to science and scientists, without 7.2 6

taking cultural and moral views into account”

EA Religious or moral views do not affect scientific research, because scientists 6 3.6
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will investigate issues that are important to science and scientists, without

taking cultural and moral views into account™

Religious or moral views influence scientific research because some

AA o . , 2.4 2.4
societies want research done for their own benefit™

U I don’t know enough about this subject to make a choice* 4.8 2.4

Ju None of these choices fits my basic viewpoint* 4.8 2.4

The highest rate of pre-service teachers’ view given to this item before the applications
was that “religious or moral views affect scientific research because scientists unwittingly
choose studies that support the point of view of their cultures” (31.3%), and this rate has
decreased by 3.6% after the applications. The second highest number of views given to
this item was that “religious or moral views affect scientific research; because everyone
reacts differently to their own culture and these individual differences affect the type of
research conducted” and this rate has increased by 13.3% after the applications. 20.4% of
the pre-service teachers adopted "acceptable" views and the rate of those who preferred
the views dropped to 9.6% after the applications. While 32.4% of the pre-service teachers
preferred the views in the "unsatisfactory" category before the applications, they
preferred these views at a similar rate after the applications (33.7%).

The results of the pre-service teachers' answers for the sixth item of the questionnaire,
"the effect of educational institutions on the development of science and technology" are
given in Table 7.

Table 7. Percentage distributions of responses to Item 6

The success of science and technology depends on how much the public supports scientists, engineers,
and technicians. This support depends on students who learn how to use science and technology in the

country, that is, individuals who will form the future society.

Your position, basically: Pre-test (%) Post-test (%)

Yes, the more students learn about science and technology, the more
CRr knowledgeable they will be, they will form better ideas, and the better they 48.2 51.8

will contribute to how technology and science can be used.

Yes, the more students learn about science and technology, the better the
society will grasp the importance of science and technology, the better they

DR 20.4 27.7
will understand the opinions of experts, and the more they will provide the

necessary support for science and technology.

Yes, the more students learn about science and technology, the more the

AA 25.3 12
country will develop. Students are our future.
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Yes, the more students learn about science and technology, the more
Ba scientists, engineers and technicians will be among them, and the country 6 8.4

will prosper.

According to Table 7, the majority of the pre-service teachers (68.6%) preferred
“realistic” views. While 31.3% preferred "acceptable" views before the applications, the
rate of those who preferred "realistic" views after the applications increased (79.5%).

The answers for the 7th item of the VOSTS questionnaire about the effect of the public
on scientists are given in the Table 8.

Table 8. Percentage distributions of responses to Item 7

Some societies raise more scientists than other societies. This situation stems from the way families raise

their children at school and society.

Your position, basically: Pre-test (%) Post-test (%)

The upbringing style is a very important factor because some teachers and
CU schools offer better science lessons than others or encourage students to 54.2 37.3

learn more.

Upbringing style is the most important factor, because family, schools and
DR society provide children with scientific skills, encouragement and 21.6 21.6

opportunity to become scientists.

Upbringing style is a very important factor because some families
BA encourage their children to ask questions and be curious. Families teach 10.8 14.4

all the values we will carry throughout our lives.

It is difficult to say anything. The upbringing certainly has an impact, but
EA the person himself is also important. The upbringing style and the 4.8 12.0

individual are equally effective.

Upbringing is a very important factor because some societies place more

emphasis on science than others.

Often, intelligence, talent, and interest in science affect who will become a

scientist. However, the breeding style also has an effect.

QU Often, intelligence, talent, and interest in science are effective because
2.4 -
people are born with these traits.

HY I don’t understand. 1.2 -
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When the answers for the 7th item are examined, 57.6% of the pre-service teachers
were "unsatisfactory" before the applications; 15.6% preferred "acceptable", and 26.4%
preferred "realistic" views. After the applications, it was observed that the pre-service
teachers preferred the views in all three categories at similar rates.

The responses of pre-service teachers for the 8th item defining the contribution of
social decisions were given in the Table 9.

Table 9. Percentage distributions of responses to Item 8

Scientists and engineers are the people who have to decide whether nuclear reactors can be built or

where they should be built, because it is the scientists and engineers who know the facts best.

% %

Your position, basically: Pre- Post-

DR Decisions need to be made equally. The opinions of scientists and engineers, other experts
40.9 45.7
and the informed society must all be taken into account in decisions affecting society.

Scientists and engineers need to make decisions because they have the education and
CcA knowledge that enable them to better understand the subject, but the public should be 37.3 25.3

involved in this process, either informed or consulted.

Scientists and engineers need to make decisions because they are knowledgeable and can
BUY make better decisions financially and personally than government bureaucrats or private  10.8 12

companies interested in this business.

AA Scientists and engineers need to make decisions because they have education and knowledge
2.4 13.2
that enable them to better understand the subject.

EU The government has to decide because this issue is fundamentally political. Scientists and
3.6 -
engineers should make recommendations.

Society has to make a decision because that decision will affect everyone, scientists and

engineers must make recommendations.

U I don’t know enough about this subject to make a choice. 2.4 -
HU I don’t understand* 1.2 -
Ju None of these choices fits my basic viewpoint” 1.2 -

When the responses of pre-service teachers for the 8th item were examined, 40.9% of
the pre-service teachers preferred "realistic" views before the applications and this rate
increased to 45.7% after the applications. After the applications, 38.5% of the pre-service
teachers preferred the views in the "acceptable" and 15.6% "unsatisfactory" category.
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In the Table 10 were given the item in which the views about the characteristics of
scientists.

Table 10. Percentage distributions of responses to Item 9

Scientists can best solve any everyday problem. Because scientists are more knowledgeable than other

people.

Your position, basically: Pre-test (%) Post-test (%)

Scientists are not better than other people at solving any everyday
DA problems, because scientists are like everyone else in everyday life. 45.7 48.2

Experience and common sense solve everyday problems.

Scientists are better at solving any practical problems than other people.
AR Their logical problem-solving thoughts or specialized knowledge give them 27.7 33.7

an advantage when solving problems.

Scientists are not better at solving any everyday problem than other
BUY people, because science classes give everyone enough problem-solving 12 7.2

skills and practical problem-solving knowledge.

Scientists are not better at solving any everyday problems than other
CcA people, because generally scientists' training is not helpful in solving 4.8 3.6

everyday problems.

EU Scientists are probably worse than other people at solving any everyday
3.6 7.2
problems because they work out of everyday life in a complex world.

FU I don’t understand. 3.6 -

HY None of these choices fits my basic viewpoint. 2.4 -

In another item were presented, pre-service teachers preferred “acceptable” views
before (50.7%) and after (51.8%) the applications. While the rate of those who prefer
“realistic” views were 27.7% Dbefore the applications, it increased by 10% after the
applications.

The views of the pre-service teachers were presented for the effect of gender on the
science process and product in the Table 11.

Table 11. Percentage distributions of responses to Item 10

There are more women engaged in science today than before. This makes a difference in scientific

discoveries. Scientific discoveries made by women will be different from those made by men.

Your position, basically: Pre-test (%) Post-test (%)

There is no difference between the discoveries made by male and female

GR 25.3 38.6

scientists because any difference between their discoveries is due to the
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individual difference between them. These kinds of differences are not

about being a woman or a man.

Women will make quite different inventions because, by their nature and
HA upbringing, women have different values, perspectives, perspectives, or 18 20.4

traits.

There is no difference between the discoveries made by male and female
EA scientists, because research objectives are determined by the demands and 14.4 10.8

desires of people outside of scientists as well as scientists.

There is no difference between the discoveries made by male and female
DU scientists, because males and females are the same in terms of the subjects 22.9 9.6

they want to explore in science.

There is no difference between the discoveries made by male and female

scientists because male and female scientists receive the same education.

There is no difference between the discoveries made by male and female

scientists, because no matter what they make, everyone is equal.

There is no difference between the discoveries made by male and female
Avu scientists, because any good scientist will definitely make the same 3.6 3.6

discovery as other good scientists.

ca There is no difference between the discoveries made by male and female
- 3.6
scientists, because in general, men and women are equally intelligent.

When the views of the pre-service teachers were examined in the Table 11, 42.1% of
the pre-service teachers preferred "unsatisfactory”, 32.4% "acceptable" and 25.3%
"realistic" views before the applications. After the applications, it was observed that the
pre-service teachers who preferred “realistic” (38.6%) and “acceptable” (34.8%) views
remained similar. The number of those who preferred the views in the "unsatisfactory"
category decreased to 26.4%.

The answers given by the pre-service teachers for the item describing the national
impact on scientific knowledge and techniques were presented in the Table 12.

Table 12. Percentage distributions of responses to Item 11

Scientists trained in different countries view a scientific problem from different angles. This means that a

country's education and cultural system can affect the results the scientist achieves.

Your position, basically: Pre-test (%) Post-test (%)

BA The educational and cultural system of a country affects the results 25.3 42.2
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achieved by scientists, because each country has different systems for
science education. The way scientists are taught to solve problems affects

the results scientists will achieve.

The educational and cultural system of a country affects the results
AR achieved by scientists; because education and culture affect all fields, 31.3 34.9

including the way of thinking about a scientific problem.

This depends on the situation. The way a country educates its scientists
DR affects the way some scientists think. But other scientists can also look at 19.2 15.7

problems in a personal way, based on their personal opinions.

A country's educational and cultural system affects the results achieved by
CA scientists; because the country's administration and industry only support 24.1 3.6

projects that fit their needs. This affects what the scientist will investigate.

A country's educational and cultural system does not affect the results
FU achieved by scientists; because scientists all over the world use the same - 3.6

scientific method that leads to similar results.

When the answers for the item 11 were examined, 50.5% of the pre-service teachers
preferred "realistic" and 49.4% "acceptable" views before the applications. After the
applications, there was no change in the ratio of pre-service teachers in these two
categories.

The views of the pre-service teachers about the uncertainty of scientific knowledge were
presented in the Table 13.

Table 13. Percentage distributions of responses to Item 12

Even if the researches made by scientists are done correctly, the findings reached at the end of the

research may change over time.

Your position, basically: Pre-test (%) Post-test (%)

Scientific knowledge changes; because scientists refute the theories or
discoveries of scientists before them. Scientists do this by using new

AR 48.2 61.4
techniques and improved tools, finding previously overlooked factors, or

uncovering errors in the initial research.

Scientific knowledge changes; because old knowledge is reinterpreted in
BR 36.1 32.5
the light of new discoveries. Scientific facts may change.

cA Scientific knowledge seems to change; because the interpretation or 10.8 6

application of old facts may change. Experiments done properly lead to
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fixed facts.

DA Scientific knowledge seems to change; because new information is added on
4.8 -
old information; old information actually does not change.

When the views of the pre-service teachers were examined, 83.1% of the pre-service
teacher’s preferred "realistic" views before the applications and this rate increased by
10.8% after the applications. We can say that most of the pre-service teachers agree on
the changeability of scientific knowledge.

The views of the pre-service teachers on the classification of scientific knowledge were
presented in the Table 14.

Table 14. Percentage distributions of responses to Item 13

Scientific ideas develop from hypotheses to theories, and the result is scientific law if they are strong

enough.

Your position, basically: Pre-test (%) Post-test (%)

Hypothesis can turn into theory, theory into law; because if the
hypothesis is tested with experiments and its accuracy is proven, it
U
A ) . 18.1 30.1
becomes a theory. Theories become laws if they are tested and proven to

be correct by different people over a long period of time.

Hypothesis can turn into theory, theory into law; Because the hypothesis
is tested with experiments, if there is supporting evidence, it becomes a

BU ) 10.8 25.3
theory. After a theory has been tested many times and found to be

correct, this is enough for the theory to become a law.

Theories can’t become laws because they both are different types of ideas.
Theories are based on scientific ideas which are less than 100% certain,

DU 34.9 22.9
and so theories can’t be proven true. Laws, however, are based on facts

only and are 100% sure.

Theories cannot be laws; because these are different kinds of thoughts.
Theories are based on scientific considerations that are not fully certain

ER 15.7 16.8
and their accuracy cannot be proven. However, laws are based only on

facts and are 100% precise.

Hypothesis can turn into theory, theory into law; because for the
CU development of scientific thought, it is a logical way for the hypothesis to 14.4 4.8

be transformed into theory, and theory into law.

HU None of these choices fits my basic viewpoint. 3.6
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FU I don’t understand. 2.4

When the views of the pre-service teachers on the classification of scientific knowledge
were examined, 84.2% of the pre-service teachers gave answers in the "unsatisfactory"
category for the concepts of "hypothesis-theory-law" before the applications. The views of
the pre-service teachers about these concepts with the relationship between them did not
change after the applications (83.1%).

In the last item of the VOSTS questionnaire, the views of the pre-service teachers
about their ability to provide reasonable rationale were examined (Table 15).

Table 15. Percentage distributions of responses to Item 14

If scientists find that people who work with asbestos are twice as likely to develop lung cancer as the

average person, that should mean that asbestos causes lung cancer.

% %

Your position, basically: (Please read from A to J, and then choose one.) Pre- Post-

The facts may not mean that asbestos causes lung cancer; Because more research is
BR ) 33.7 38.5
needed to find out whether asbestos or another substance causes lung cancer.

The facts may not mean that asbestos causes lung cancer; because asbestos can act
C® . , , 289 301
indirectly or with other things.

AU The facts clearly prove that asbestos causes lung cancer. If asbestos workers are more
7.2 15.7
likely to get lung cancer, then the cause of the cancer is asbestos.

GU I don't have enough information to make a choice” 4.8 10.8

DU The facts may not mean that asbestos causes lung cancer; Because if asbestos had cancer,
8.4 7.2
all asbestos workers would have gotten lung cancer.

FU I don’t understand. 8.4 3.6

EU Asbestos cannot be the cause of lung cancer because many people who do not work with
2.4
asbestos also develop lung cancer.

When the answers given to this item were examined, 62.6% of the pre-service teachers
gave "realistic" and 31.2% "unsatisfactory" views before the applications, while this rate
remained almost the same after the applications.
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4. Discussion

In the study, the effect of the “Science, Technology, Society and Environment”
education carried out by the pre-service science teachers within the scope of the Science,
Technology and Society course on their views on science, technology and society were
investigated. For the 14 items that the pre-service teachers participated in the study
gave their views on the VOSTS questionnaire, “Interdependence of science and
technology”, “Define relationship between government and science”, “Define Ethics”,
“Define educational institutions”, “Define changeability of scientific knowledge” and
“Define logical explanations in justifications” issues were observed to have a “realistic”
point of view. It is one of the satisfactory findings of the study that the pre-service
teachers preserved these views after the applications. The item with the highest rate
among all items before and after the applications in the study, with a post-positivist
point of view, belongs to the item from which the views on the subject of “Define
changeability of scientific knowledge” were taken. However, pre-service teachers had an
“unsatisfactory” point of view on “Public influence on scientists”, “Gender effect on the
science and technology” and “Define classification level of scientific knowledge”. It was
determined that they did not change their views on the nature of the classification level
(Hypotheses, theories and laws) after the STSE applications.

The items in the “science and technology” sub-dimension of the VOSTS questionnaire
consist of the definitions of science and technology and the judgments and justifications
regarding their relationship with each other. When the responses of the pre-service
teachers regarding the definition of “science” are examined, it is noteworthy that there is
a variety in the pre-service teachers’ answers before the STSE applications. The results
obtained before the applications are similar to the findings obtained in the literature
(Aikenhead & Ryan, 1992; Ayvact & Ozbek, 2015; Botton & Brown, 1998; Bradford,
Rubba & Harkness, 1995; Goz, 2019; Kahyaoglu, 2004; Zan Yorik, 2008).

After the applications carried out within the scope of the STS course, the number of
those who marked the option representing the “realistic” view in the definition of
“science” increased. When the options classified according to the “acceptable” perspective
of the pre-service teachers after the STSE applications were examined, it was observed
that they chose to define as “the effort to improve the world we live in and what has been
done in this process” and that they have misconceptions about the concepts, facts and
events that they consider equated with the definition of science: ability to use knowledge,
theory-law-principle, experiment, match with physics, chemistry, biology. The presence of
similar findings in many studies examined in the literature as well as these
misconceptions about the definition of “science” among pre-service teachers draw
attention (Ayvaci & Ozbek, 2015; Balk: et al., 2003; Demir & Akarsu, 2013; Go6z, 2019;
Ince, 2017; Kahyaoglu, 2004; Kiling, 2010; Turgut et al., 2017; Urek, 2012). In the second
item of the VOSTS questionnaire, the views of the pre-service teachers about the
definition of “technology” were examined. Before the applications within the scope of the
STS course, technology was seen as the “application of science” or was “likened to
science” from an “unsatisfactory” point of view. After the applications, the pre-service
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teachers were asked the reasons for selecting this option, and the pre-service teachers
stated that technology was always defined as “the application of science” throughout
their education life or in books. The high rate of those who defined technology as an
“acceptable” view before the applications shows that there is a misconception that pre-
service teachers confuse the concepts of science and technology with each other.

It was observed that there were similar misconceptions encountered in the studies
conducted by Eristi and Kurt (2011), G6z (2019), Herdem et al. (2014), Kahyaoglu (2004),
Solomonidou and Tassios (2006) and Zan Yoriik (2008). Pre-service teachers consider
technology similar to robot, electronic device, computer tool or equipment. There was an
increase in the number of people who preferred the view defining technology according to
the “realistic” perspective after the applications, but the fact that those who preferred the
views presented according to the other two categories were also intense after the
applications showed that the misconceptions about this concept still continue. In the
research of Botton and Brown (1998) with graduate students, they examined the answers
given to the items in which the views about the definition of science and technology of the
VOSTS questionnaire were presented and it was emphasized that there was a problem in
learning the concepts of science and technology. In the study, it was stated that the
participants explained technology as the application of science, even though they were
graduate students. This study shows that the difficulty in learning science and
technology concepts in the field of STSE continues in higher education levels. Celik
(2003) stated in his study that some pre-service teachers confused the concepts of science
and technology. Cinar and Cepni (2012) stated in her study that pre-service teachers
think that technology is an application of science and they are dependent on science. It is
noteworthy that pre-service teachers, who were observed to have misconceptions in the
definition of science and technology, preferred “realistic” views for the relationship
between science and technology before and after the applications. The majority of pre-
service teachers think that science and technology are closely related. According to them,
scientific research leads to practical applications in technology and technological
developments increase the ability to conduct scientific research. This finding is similar to
the findings obtained in the studies of Kahyaoglu (2004) and Goéz (2019). When the
answers given to the 4th item, which includes the views of the sub-dimension of the
impact of society on science/technology, half of the pre-service teachers preferred the
“realistic” view that “money should be spent for scientific researches because scientists
can make the world a better place for understanding and living”. This view was also
preferred with the highest rate in the post-test. With this result, it is revealed that pre-
service teachers defend the view that scientific research should be supported, their views
on the relationship between science and government are sufficient and they have an idea
about which sources and with whom scientific studies are funded. The importance of
STSE applications is emerging in terms of increasing the projects aimed at solving a
problem situation that primarily concerns the society in which the pre-service teachers,
who will be active in the process, are their participants or executives and to raise their
awareness of what is the main force behind the realization of these projects. Similar
results were observed in the studies of Ince (2017), Kahyaoglu (2004), Ayvacit & Ozbek
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(2015) and Zan Yorik (2008). In the relationship of governments with science, whether
the studies by scientists are beneficial or not, it is acceptable in the sense that there is an
investment risk that needs to be funded for scientific research. It also highlights that
financial support should be used directly in scientific research related to health,
environment or agriculture. From this point of view, it would be a realistic perspective for
scientists to make our world a better place to live in using financial support for scientific
research (Aikenhead & Ryan, 1992). Another view examined in the sub-dimension of the
impact of society on science technology is on the social and cultural element of the nature
of science. Pre-service teachers showed that they had a “realistic” perspective by using
their preferences for the view that “religious or moral views affect scientific research”
before the applications (Aikenhead & Ryan, 1992). Contemporary views claim that the
actions of scientists are largely influenced by their previous values, experiences, and
beliefs. An increase has been observed in pre-service teachers who have this view after
STSE applications. This finding is similar to the findings of researchers such as Ayvaci &
Ozbek (2015), Chan and Tanner (2008), Haidar (1999) and Kahyaoglu (2004). When the
answers of the pre-service teachers to the subject of “treasure educational institutions”,
which are examined in the sub-dimension of the effect of society on science/technology,
are examined, the pre-service teachers will be able to support the success of science and
technology to the public's support to scientists, engineers and technicians, and to
students who learn how to use science and technology, namely the future. They preferred
the view that it depends on the individuals who will form the society. A similar finding
was observed in the studies of Gé6z (2019) and Kahyaoglu (2004). The number of pre-
service teachers who preferred these views representing the “realistic” perspective
increased after the STSE applications. Pre-service teachers are aware that the support of
society to science and technology for this item can be through educational institutions or
their efforts to contribute (Aikenhead & Ryan, 1992). In some societies, about the issue of
training more scientists than other societies, half of the pre-service teachers presented
opinions in the “unsatisfactory” category before the implementation. Approximately one-
fourth of the pre-service teachers prefer “realistic” views, as it will increase the support of
the whole society to become scientists, and will give well-educated citizens the
opportunity to make informed decisions on scientific and technological issues (Kahyaoglu,
2004). One of the expressions evaluated according to the “acceptable” point of view for the
sub-dimension of “the impact of society on science and technology” is that "the training
style and the individual's efforts to raise him/herself are equally effective”. The following
views can be given as examples of the views reflecting this statement (G6z, 2019): -Some
societies give more importance to science than other societies, -Some families encourage
their children to ask questions and teach them all the values they will carry throughout
their life (Zengin, 2018). However, the fact that the family, school and society give
children the courage and opportunity to gain scientific skills and become scientists, as
well as the way of growing up to become a scientist, the interest in intelligence, talent
and science gives a realistic view on the effect of society on science-technology in
determining who will be a scientist (Aikenhead & Ryan, 1992). After the individual
efforts of the teacher candidates during the applications within the scope of the STS
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course, a decrease was observed in their “unsatisfactory” views, but it was observed that
the rate of views in all categories was similar after the applications. Similar findings
were observed in the studies of Géz (2019), Ince (2017) and Kemaneci (2013). For the
subject of “define contribution of social decisions”, which is examined within the scope of
the sub-dimension of the effect of science/technology on society, before the applications
pre-service teachers preferred “realistic” view that the views of scientists and engineers,
other experts and the informed society should all be taken into account in decisions
affecting society and “acceptable” view that the public should only be informed that
engineers should make decisions. An increase has been observed in those who prefer
realistic views about the necessity of involving the public in social decision making after
the STSE applications. This result is similar to the findings of the studies of Celikdemir
(2006), Goz (2019), Ince (2017), Kahyaoglu (2004), Kiling (2010) and Zan Yorik (2008).
Pre-service teachers anticipate that developing countries should raise individuals who
are decision-makers at the expected level, especially when dealing with other related
issues such as science and environment.

The number of pre-service teachers who prefer the “acceptable” view, who think that
the education of scientists is not aimed at solving daily problems and that they can solve
everyday problems with experience and common sense, since scientists are like everyone
else, increased slightly after the applications. The number of “realistic” pre-service
teachers who think that scientists are better able to solve logical problems with their
specialized knowledge than other people have also increased slightly after the STSE.
However, pre-service teachers with an acceptable point of view remained at a higher rate.
As there is no consensus among pre-service teachers that scientists can best solve any
practical daily problem, pre-service teachers justify their life in a limited social
environment such as families of scientists and/or friends of other scientists or laboratory
environments where they only carry out scientific research they have shown. For these
reasons, pre-service teachers think that scientists who always think about science and
scientific research in their daily lives are insufficient in solving their daily problems.
When the opinions of the pre-service teachers about the effect of gender on the
developments in science and technology were examined, the majority of the pre-service
teachers stated that there was no difference in the discoveries made by male and female
scientists before and after the practices. Similar results were observed in the study of
Celik (2003), Dikmentepe & Yakar (2016), Géz (2019), Ince (2017), Kahyaoglu (2004),
Urek (2012) and Zan Yériik (2004), However, when these views were analysed in detail,
they suggested that if only one-fourth of the pre-service teachers had a difference in
scientific discoveries before the applications, the reason for this was individual
differences. Although the pre-service teachers with this “realistic” view increased after
the STSE applications, it is striking that there is no consensus among the pre-service
teachers in their views. The fact that the majority of the teacher candidates participating
in the study (62%) are female students suggests that this result may occur.

In the item in which views about the effect of different countries’ scientific perspectives
on the scientific knowledge and technique developed in them are presented, the pre-
service teachers agreed on the views that reflect the “realistic” and “acceptable”
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perspective. This points to an agreement based on the view that a country’s education
system and/or culture influence the conclusions scientists reach, and that countries make
a difference in scientific research. Scientists trained in different countries may approach
a scientific problem from different angles. In this context, it is accepted as “realistic” in
that education and culture will affect all areas of life, including scientific problems, and
that this situation can sometimes change, and that scientists can look at problems in
personal ways by emphasizing their own personal views. However, considering that each
country has its own science education system, it is an acceptable view that scientists will
reach a conclusion through that system to solve the problem, and that the countries’ own
administration and industry have science that fits their needs, which can affect what
scientists will study (Aikenhead & Ryan, 1992). The finding for this item is also similar
to the findings obtained in the studies of Dikmentepe and Yakar (2016), Dogan Bora
(2005), Géz (2019), Ince (2017), Kahyaoglu (2004) and Zan Yo6rik (2008). The statement
“Even if the researches made by scientists are done correctly, the findings reached at the
end of the research may change over time” was used in order to determine the views of
the pre-service teachers about the changeability factor of the nature of science. Most of
the participants, before and after the applications, showed the belief that scientific
knowledge can change in the future if the research is done correctly. The fact that the
history of science was also mentioned at the beginning of the applications within the
scope of STSE applications, gave the pre-service teachers the opportunity to observe that
scientific knowledge changed depending on the conditions of the period in the historical
process. Uncertainty of scientific knowledge is one of the main features of science that
makes it different from other forms of knowledge and prevents it from being dogmatic. In
a study investigating the effect of the historical approach on students’ views on the
nature of science, it was concluded that the atomic topic had an effect on students’
thinking about the changeability element of the nature of science (Ozcan & Turgut,
2014). It 1s thought that practices involving socioscientific issues such as global warming
(Khishfe & Lederman, 2006) or topics prone to argumentation (Sadler, Chambers, &
Zeidler, 2004) enable students to adopt a more realistic view about the changeability
element of the nature of science. In the studies conducted and in the current study, it is
revealed that students mostly have the view that scientific knowledge is changeable
(Celikdemir, 2006; Goz, 2019; Ince, 2017; Kahyaoglu, 2004, Kaya et al., 2017; Khishfe &
Abd-El-Khalick, 2003; Khishfe & Lederman, 2006; Kilin¢g, 2010. Relationships between
hypothesis-theory-law were asked to see if pre-service science teachers considered
hypotheses, theories, and laws as a hierarchical relationship or as different kinds of ideas
and statements. Before and after the applications, pre-service teachers think that a
scientific theory will turn into a law if it is supported with sufficient evidence. This
situation is similar to previous studies in the literature (Altun Yal¢in et al., 2010; Ayvaci
& Ozbek, 2015; Dogan Bora, 2005; Liu & Lederman, 2007; Mihladiz & Dogan, 2012;
Turgut, 2005).

As the reason for the misconception that there is a hierarchical relationship between
hypothesis-theory-law, it is seen that scientific concepts are not emphasized much in
many written sources and textbooks, and a concept such as theory that can lead to major
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misconceptions as a result of students’ inability to fully construct it is seen to be correctly
or incompletely defined (Apaydin & Siirmeli, 2006). Pre-service teachers think that the
concept of law is the most reliable type of knowledge in terms of proof and certainty
among the types of scientific knowledge. Although concepts such as hypothesis, theory
and law are frequently mentioned in textbooks, it is seen that there is wrong and
incomplete information on this subject from primary school to university (Yenice et al.,
2015). However, while explaining the myths about the nature of science in his research,
McComas (1998) stated that the misconception that hypotheses form theories and
theories form laws is a common scientific myth. In this context, it can be thought that it
is effective to focus on the types of scientific knowledge in the “science and history of
science” unit in the classroom discussion environment, and to explain the different and
similar points one by one by giving examples of the concepts of hypothesis, theory and
law. Tatar, Karakuyu and Tuystiz (2011) mentions that in daily use, the law is
considered to be at the top of the hierarchical structure because it is the last resort to rely
on when making decisions, and this usage will place the law in a higher position than the
theory and hypothesis, which does not have as much use in daily life. One of the reasons
for this situation can be shown in the written sources as the fact that hypotheses become
theories if they have wide validity as a result of following a certain scientific method, and
that theories become universal laws as a result of their proof. In the final item of the
VOSTS questionnaire, opinions were received on whether it is necessary to find cause
and effect to elaborate on what else influences a study outside of the context of the
subject being investigated in order to provide a rationale for it. Most of the pre-service
teachers preferred the view that the facts before and after the applications do not mean
that asbestos causes cancer. This means that most of the pre-service science teachers are
aware of cause-effect relationships related to scientific and technological issues. These
results show that students take into account the elements about the nature of science,
since students are asked to research a research thoroughly and interpret it within the
limits of the scientific framework (Go6z, 2019). Similar findings are similar to those
observed by Ayvac: and Ozbek (2015) and Kahyaoglu (2004).

5. Conclusions

In this study, in which the effects of STSE applications carried out within the scope of
STS course on the views of pre-service teachers about science, technology and society
were examined, a development in favour of the "realistic" perspective was observed in the
views of pre-service teachers in “science and technology, influence of society on science /
technology, define contribution of social decisions, gender effect on the process and
product of science, define national influence on scientific knowledge and technique, define
changeability of scientific knowledge and define logical reasonable justification”
dimensions of the nature of science after the applications. In a study examining the effect
of STS course on pre-service teachers’ views on science, technology and society, it was
found that there was a difference in the social and cultural values of the nature of science
(Sandoval & Morrison, 2003). It has been determined that there is generally a positive
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relationship between science and technology, technology is seen as a product of science,
but some pre-service teachers use the concept of technology instead of the concept of
science. It has been seen in the statements of pre-service teachers that technology has
positive and negative effects on society and the environment, especially technology
facilitates the life of society, but harms public health and the environment (Ince, 2017).
In the relations that the pre-service teachers established with the sub-fields of the STSE
learning field, it was found that experiment and observation were emphasized in the
associations related to the nature of science, that most students could not establish
relationships and lack of knowledge about socio-scientific issues, and that science courses
would be effective in the formation of positive consciousness in science and career
awareness. Celik (2003) stated in his study that some pre-service teachers confuse the
concepts of science and technology.

The science, technology and society lesson in which STSE applications is included is
quite different from other science lessons in terms of teaching. In the STS course,
students exhibit behaviours such as detecting daily science-related events, producing
solutions, suggesting and making decisions in an active learning process. In addition to
the problems related to the environment and society they live in, teacher candidates also
deal with problems that concern all countries of the world such as global warming,
nuclear power, disease and health. In this process, it is expected that it will be sufficient
for pre-service teachers to reach the resources that will provide information about the
problems they have posed. Science education given with the STSE perspective requires
students to be active in the education and training process and to be encouraged to
research and solve problems. Such an understanding of education allows students to
apply to various sources to obtain information, to conduct research in the light of the
information they have obtained and in cooperation with other students, to interpret the
research results they have obtained, to discuss among themselves, and most importantly,
as a result of all these experiences, they come to a decision about the subject they
research and requires them to take action to implement it. According to Solomon and
Aikenhead (1994), it is a frequently used and recommended process in STSE education to
start teaching with a subject that concerns the society and is related to science and
technology. For example, it is an ideal situation for individuals who will be engaged in
this training to start with recognizing a problem situation that primarily concerns their
community. When they encounter a problem that concerns society, students need to learn
the technology related to this problem and the science behind this technology in order to
understand this problem and produce solutions. Therefore, the first task of the students
in STSE education is to research the technological and scientific aspects of the subject
they will examine and then, if possible, to conduct a scientific research in the light of this
information and collect data.

The STSE education, which was put into practice and gained importance in the 70s,
has been effective in determining science literacy and high-level thinking skills as targets
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in today’s science curriculum. Teachers and students who can actively use comprehensive
skills such as scientific research skills, knowledge of the nature of science, recognizing
the society and environment in which they live, and designing and implementing projects
on socioscientific issues included in STSE education should be involved in the process.
Although STSE education and various related achievements were included in the Science
Curriculum, which was started to be used in 2005 and later updated in 2013, the fact
that STSE education was not sufficiently included in classroom activities necessitates the
use of STSE education more actively. In order to reach the goals of today’s science
curricula, large-scale in-service training programs should be planned and STSE
education should be given more space in teacher training institutions.
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