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Abstract

The aim of this study is to determine pre-service science teachers’ perceptions about science
and technology concepts and to express the thoughts about their scientific and technological
literacy. The relational survey method was used about the perceptions of the Junior and
Senior degree students of science teacher education program at science and technology
concept. The data were collected through on semi structured interview form including 10
items developed by researchers. The research includes 116 pre-service science teachers. The
data obtained from participants were analysed qualitatively with using HyperResearch
software by open coding technique. The conceptions were interpreted in terms of determined
categories and conceptual constructions. According to the findings, the perceptions of the
pre-service science teachers on science and technology concepts are generally positive and
the perceptions have consistency to the literature. In addition, pre-service teachers show
positive behaviour to become literate in science and technology.
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1. Introduction

Recent science education reform efforts have acknowledged its importance by emphasizing
the need for students to develop a rich understanding of science, technology, scientific and
technology literacy concepts reasoning that such an understanding is necessary to integrate
knowledge of the natural world (American Association for the Advancement of Science, 1993;
National Research Council, 1995). In today’s society, science plays an important role in
everyday life where developments are occurring at a rapid pace. Advances in science
continue to have a major impact on society and the life of people. It is; therefore, focus has
been directed to the overwhelming importance of science education in schools and the
advances in science should play a fundamental in growing scientifically literate students.

The primary goal for the current science education reform initiative is to prepare and develop
a society that is scientifically literate (AAAS, 1989, 1993; NRC, 1996) who will be
responsible for personal decisions that affect the local and global community (Bell, Lederman,
& Abd-El-Khalick, 2000; Smith & Scharmann, 1999). Not all educators agree to the meaning
of the term scientific literacy, and without a clear definition, science reform outcomes are
vague, and often difficult to ascertain (DeBoer, 2000) (Cited by Butler, 2009).

The National Science Education Standards (NSES) holds that scientific literacy implies that a
person can identify scientific issues underlying national and local decisions and express
positions that are scientifically and technologically informed (NSES, 1996). In the National
Science Education Standards (1996, p.22), the content standards define scientific literacy.

“Scientific literacy means that a person can ask, find, or determine answers to
questions derived from curiosity about everyday experiences. It means that a person
has the ability to describe, explain, and predict natural phenomena. Scientific literacy
entails being able to read with understanding articles about science in the popular
press and to engage in social conversation about the validity of the conclusions.
Scientific literacy implies that a person can identify scientific issues underlying
national and local decisions and express positions that are scientifically and
technologically informed. A literate citizen should be able to evaluate the quality of
scientific information on the basis of its source and the methods used to generate it.
Scientific literacy also implies the capacity to pose and evaluate arguments based on
evidence and to apply conclusions from such arguments appropriately” (NSES, 1996,

p. 22).

Definitions related to scientific literacy started to appear in literature since 1950s and this
concept attracted the attention of many scientists since then. Many definitions have been put
forward for scientific literacy since Paul deHard Hurd used the term in 1958 (American
Association for the Advancement of Science [AAAS], 1989; Bybee, 1997; Gréber et al., 2001;
Holbrook & Rannikmae, 1997; Hurd, 1958; Laugksch, 2000; National Science Education
Standards [NSES], 1996; Organisation for Economic Cooperation and Development [OECD],
2003; 2007). As a result, owing to the fact that scientists studied with different dimensions of
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scientific literacy in the literature, they put forward several different descriptions of the
scientific literacy-from each other.

1.1 Literature Review

Norris and Philips (2003) contend that the term scientific literacy has been used to include
various components from the following: “Knowledge of the substantive content of science
and the ability to distinguish from non-science; Understanding science and its applications;
Knowledge of what is considered as science; Independence in learning science; Ability to
think scientifically; Ability to use scientific knowledge in problem solving; Knowledge
needed for intelligent participation in science-based issues; Understanding the nature of
science, including its relationship with culture; Appreciation of and comfort with science,
including its wonder and curiosity; Knowledge of the risks and benefits of science; and
Ability to think critically about science and to deal with scientific expertise”.

Scientific literacy has been represented differently by science educators and researchers
according to their individual perspectives and so remained an elusive concept (Bybee, 1997;
Hurd, 1998). Scientific literacy has been associated with scientific content knowledge, ways
of thinking, and understandings of scientific facts, concepts and processes (Rascoe, Chun,
Kemp, Jackson, Li, Oliver, & Tippins, 1999) or as part of an individual’s intellectual ability
or accomplishments in building socially informed, competent and responsible citizenship in a
democratic society (Bybee,1997). An understanding of the meaning of scientific literacy is
fundamental for improving the quality of science teaching and learning and for developing
scientifically literate citizens.

Nowadays, people have turned to online resources to get news and information, to shop,
make travel reservations, socialize with friends who live both far and near, watch their
favorite television shows and movies, and play games with people who live far from their
communities and whom they may have never met in person. This assertion acknowledges the
fact that an understanding of science and technology through school science is essential for
students in order to understand and cope with the demands of the modern world. According to
Goodrum et al. (2001), school curriculum often separates science from technology and so
students find science not interesting and not related to their lives. Layton, Jenkins and
Donnelly (1994) argue that science and technology are relevant to scientific literacy and as
such, should be secluded. Jenkins (1992) further notes that science teaching do not need to
concentrate on scientific features, laws and principles but to be taught within the context of
technology.

Science and technology issues; therefore, need to involve teaching science concepts through
technology so that science is developed through interesting contexts (Osborne & Collins,
2000; Shamos, 1995). Also Science, Technology and Society issues should be included in the
school science curriculum so that learners can develop scientific and technological literacy
(Bybee, 1997). These points suggest to integration of technology to educational system for
developing scientifically and technologically literate citizens. Science, technology and
society issues should involve science and technology concerns so that citizens can develop
scientific and technological literacy to live as good and responsible citizens and for them to
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cope with contemporary scientific and technological advancement.

Science and technology confront individuals at personal, community, national and even
global levels. Hence, it is important for policy-makers to ask about the degree to which all
individuals in society are prepared to in relevant content areas and have understanding of
them (OECD, 2006).

The International Society for Technology in Education has developed the National
Educational Technology Standards for Students (NETS) (ISTE, 2007), which outlines critical
skills that students should develop to be prepared for the future. These standards describe
“What students should know and be able to do to learn effectively and live productively in an
increasingly digital world,” (p. 1) which includes skills and dispositions such as: (a) creativity
and innovation, (b) communication and collaboration, (c) research and information fluency,
(d) critical thinking, problem solving, and decision making; (e) digital citizenship, and (f)
technology operations and concepts (ISTE, 2007).

According to the National Science Education Standards (1996), “the goal of science is to
understand the natural world, and the goal of technology is to make modifications in the
world to meet human needs” (p. 24). Nevertheless, the close relationship between science and
technology is acknowledged as: A single problem often has both scientific and technological
aspects. The need to answer questions in the natural world drives the development of
technological products; moreover, technological needs can drive scientific research. And
technological products, from pencils to computers, provide tools that promote the
understanding of natural phenomena (p. 24)

Technological literacy has been defined in various ways. In 2000, the International
Technology Education Association (ITEA) stated that technological literacy is “the ability to
use, manage, assess, and understand technology” (p. 9). This definition was put forth-in
Standards for Technological Literacy to challenge educators, specifically those in the field of
technology education, to redirect their curriculum to focus on students becoming
technologically literate.

When the students understand the relationship between science and technology, they
comprehend how to affect each other and how these develop in social context and how to be
used for improving peoples’ living conditions.

2. Research Design

This study examines Turkish pre-service elementary science teachers’ perceptions related to
science, technology and scientific and technological literacy concepts. The research has taken
place in Gazi University, in 2007-2008 Academic years. The research participants were 116
volunteer students chosen among all senior classes of the university mentioned above. The
research data were gathered with the document containing 10 items. What do you understand
by science? Is the science necessary for technology? What do you understand by technology?

Patton (1990) and Thomas and Nelson (1996) also corroborate that using the focus group
meetings and interviews can help researchers to gather information on several people’s views,
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perceptions and opinions in one session and for the participants to provide checks and
balances on each other’s views, which can curb extreme views. Thus, qualitative methods is
necessary for generalizing plausible alternative explanations, describing the program,
constructing a narrative history, presenting data collection procedures, and summarizing
(Campbell, 1974) and to help allow the researcher to have more continuous reflection on the
research in progress, more interaction with the participants in the research, and more room for
ongoing alteration as the research proceeds (Bouma, 2000).

Data of the research have been gathered by Science and Technology View Questionnaire
which includes 10 open-ended questions supported by some interviews. When the
questionnaire has been constructed, it has been used the literature and student teachers’
pre-interview questions. It has been included 116 primary science teachers in this research.
The data gathered from participant student teachers has grouped by open coding and analyzed
by the HyperResearch 2.0 Qualitative Data Analysis Software.

3. Results and Discussion

Before considering the pre-service teachers’ responses to question, a brief attempt is made to
contextualize each question. The qualitative responses were categorized and appropriate
labels were attributed by the authors according to key phrases mentioned by the pre-service
teachers. Quotations attributed informally are those of the students. All responses in the tables
are expressed and quantified as percentages and frequency. These findings are presented
below as they relate to the guiding questions.

3.1 The Meaning of Science

The question of “What is the science?” has been a question which scientists couldn’t be made
a common decision in definition and couldn’t be provided a consensus to response for years.
Questions that fail to reach a common decision on the definition of the science depend on a
continuously developing and advancing fact of it and it has unclear boundaries in terms of its
issues and methods, it is sophisticated. Indeed, it is very difficult to state a definition as
everyone can accept because of its unclear boundaries, sophisticated process.

Table 1. The Question of “What do you understand by science?”

Science is: % f
Production of Knowledge. Everything discovered or product. %11 13
A systematic structure. %26 30
Explaining and sense of the life. %15 17
Positive responses of the philosophy. %1 1
Based to Theories and wide-ranging set of information. %31 35
Examines the universe and events in the universe. %16 18
Empty. % 1 2

All of the interviewed student teachers stated that science could be evidenced by observations
and experiments, it is a theoretical system and it is needed to retrace specific procedures to
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attain science. Some statements of the student teachers as below:

— Science is production of knowledge and information. Besides of this, it is using of
the information accurately.

— Science is a comprehensive and advanced field to attain new information, to obtain
new products and to present them to technology.

Bloom (1989), has asked the question of “What is science?” to 80 primary prospective
teachers in order to determine their views about the concept of science and has grouped the
responses under the specific categories. Responses given from prospective students in the
Bloom’s study were; “science: is mechanism of the earth and universe, is discovery, are
researches, is to research the explanations, is to understand the explanation, is to understand
the events in daily life, is to discover and to reveal, is method, is procedure, is experiment and
observation. Bloom divided these responses into four categories. First category was
mechanism of the earth which included concepts of universe and its mechanism, second
category was included concepts which stated science as method and procedure and he
associated these concepts with research methods and experiences. The third category contains
how they explained something that we encountered in daily life and it contains the proofs
which reinforces to the explanations. The last category summed up the concepts of
advancements in technology and medicine under the title of research for new developments.

Abell and Smith (1994), done a study same with the Bloom’s study, they have also asked the
question of “What is Science?” to learn the prospective science teachers’ opinions about the
science. In this research, %25 of the prospective teachers stated that science is a method or
procedure. They also associated with the other categories, while they state the science is a
method. %13,5 of the participants did a definition containing both two categories. The other
responses were the reals, verifies, replies, products, doctrines. Abell and Smith summed up
these concepts under the title of Amount of Information. These researchers have constituted
five categories from the responses of the participants. Education category from these
categories has not taken place in Bloom’s categories. In the study of Abell and Smith, they
have done such classify the cause of %20 of the participants defined the science as science
education.

In the study done by Murcia and Schibeci (1999), %63 of 73 prospective teachers defined the
science as mechanism of the earth, %21 of them as method, %17 of them as account of
information, %1 of them as research for new development. %13 of them was irresponsive this
question.

Table 2. The Question of “What do you mean that science is produced in science?”

Science is produced in science about: % f

Disciplines of Science %9 11
Natural Events %24 29
Making Concrete of Technology and Knowledge %40 48
Social Events %27 35
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%09 of the responded participants has stated that they are disciplines of science (e.g. Physics,
Biology, etc.) to the question of “What do you mean that science is produced in science?”
The student teachers stated that the scientific products are disciplines that have been derived
from scientific researches depended on their research focuses.

%24 of them stated as natural events. These student teachers stated that scientific products are
all the events occurred on the earth depends on a cause, natural events and knowledge
disclosed by experiments and observations, information helps to recognize ourselves,
environment and nature.

—  “Product of science is produced in science” means that every event occurred on
the earth is also an apple falling down a tree is not coincident, and relies on a
cause.

— 1t helps to solve some problems in our life and to understand that is complex
structure. It can be a mediator in solving the problems such as in medicine. It
can be effective in present to us a more comfortable and livable life such as cars
and the other advantages same with that.

These findings consist with the studies from the literature. Martin (1997), stated that the
products of science are materials, phenomenon, concepts, theories, ideas and attitudes which
have scientific content exhibited as results of scientific study and divided into three
categories.

(1) Materials (Matters): Computers, mobile phones, jet planes
(2) Theory and Ideas: Phenomenon, concepts, theories, laws
(3) Attitudes

In this study, opinions of the participants have been divided into groups such “Science
Disciplines”, “Natural Events”, “Making Concrete of Technology and Knowledge” and
“Social Events”. When these groups are arranged under the three main titles, they can overlap
with the classifying of Martin. For example, making concrete of technology and knowledge
can be thought under the materials and theories and ideas titles, because, some statements
such as materials which facilitate to life and conceptualization and concrete of events which
had difficulty in understanding have been investigated in same group. Martin’s classification
has no science disciplines title, however, this title can be thought under the theories and ideas
title of Martin.

When asked to the student teachers the question of “How is the product of science used in
society?” and 94 of them responded to the question and responses have grouped as below.
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Table 3. The Question of “How is being used the product of science in society?”

How is the product of science used in society? % f
Facilitate to daily life %47 43
Medicine for Health %l8 17
Defense in Military %4 4
Education %6 6
Communication %3 3
Industry %7 7
Multiple Fields %9 8
Specific Use to Science Disciplines %6 6

Many of the prospective teachers stated that products of science are used zo facilitate to daily
life and expressed their opinions in terms of meeting the basic needs and making their
lifestyle more comfortable in the nature. The some other prospective teachers stated that
many product of science have been used by peoples as indispensable tools even if they aren’t
aware of that. Some statements of prospective science teachers were the followings:

— 1t is on the top level of our daily life. For example, lenses shades off to glasses;
the electric circuits illuminate our life; food information can save our life.

— In medicine, peoples use several technological products to acquire comfortable
life standards (e.g., mobile phones). These products raise their life standards, at
the same time, they damage their health. For this reason, medicine has to be a
step front of the technological advances and it has to make precautions.

When asked the question of “What is technology?” to the prospective science teachers, %22
of the pre-service teachers that answered the question stated as application of science. These
participants’ statements are such as “technology is using form of the science in daily life”,
“application of science to facilitate daily life” etc.

Table 4. The Question of “What is Technology?”’

Technology is % f
Application of Science %22 22
Scientific Development %10 10
Invention %26 26
Process %3 3
Product %39 39

Some participant statements related to the question are as below.
— Making science more useful, applying to daily life.

— 1t is a discipline that builds bridge between science and application. It includes
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not only knowing the equipment, but also how to be used and where they are
utilized.

The statements of the student teachers who stated that technology is inventions are as below.

— Devices and equipment which are devised by scientific advancements constitute
the technology.

— They are equipment which is produced and devised to become available of
science in daily life.

The statements of the student teachers who stated that technology is product of the science
are as below.

— Technology depending on scientific developments is products which are
constituted for peoples’ needs and which usually have facilitative effect on life.

— They are different products which will facilitate to life of individuals or which
are made for a different purpose.

The question of “Is the science essential for technology?” was asked to the participants, the
majority of them (%88 of respondents) stated positive responses while %4 of them stated
negative responses. 4 student teachers maintained that technology can exist even if it is
without science. 8 participants have maintained that the technology and the science
completed each other.

Table 5. The Question of “Is the science essential for technology?”’

Is the science essential for the technology? % f
Yes %88 88
No %4 4
The same level %8 8

When it has been asked to participants the question of “What is the mean of scientific
literacy?” the responses of the respondents grouped as the table below (Table 6)

Table 6. The Question of “What is the mean of scientific literacy?”

What is scientific literacy % f
Scientist %3 3
To Understand the Science and Using Them in Daily Life %21 21
Knowing Scientific Advancements %20 20
The Criterion of Scientific Literacy %13 13
To Follow Journals, Newspapers and Other Publications %40 40
Common Language Used by Scientists %3 3
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The most explicit and most frequently used statements are “to understand the science” and
“to be informed” and “to use in life” in the statements of the prospective teachers who stated
that the scientific literacy is understanding of science and commenting in daily life. Some
statements of them are as below.

— To exhibit the personal ideas about the science or to offer solutions for the
deficiencies exhibited in the process of advancement of the science or to transfer
cause-effect and to use peoples’ purposes on the science.

— 1o be able to learn knowledge based science and to form in our life.

— To realize and to understand scientific phenomenon in our environments and to
be aware of them while using.

Some statements of the Prospective Teachers who stated that scientific literacy is to follow
the publications such as journals and newspapers is as below

— Interest, read and write everything which has scientific qualification.

— Read and write publications and books related to science. Be interested in
scientific topics.

— To follow revealed scientific knowledge from daily publications.

These findings is consistent with the literature (above, in the Table 6). It hasn’t been provided
a consensus about the definition of the scientific literacy and we can see some different
definitions from different scientists and researchers. Therefore, it has not been evaluated
participants’ responses as true or false.

The concept of scientific literacy has been defined first by Hurd. As stated by Hurd (1958),
scientific literacy is, to help to grow capable and responsible peoples in society, to develop
logical thinking skills about societal, political and economic issues and problems which they
can come across related to science and to understand the science concepts. This definition of
Hurd is consistent with the statements in the category of “to understand the science and use in
daily life”.

It has also been asked the question of “What is the meaning of technological literacy?” The
responses grouped under the titles as table below (Table 7). 100 prospective teachers have
responded the question.

Table 7. The Question of “What is the meaning of technological literacy?”

What is the meaning of technological literacy? % f
To be informed from technological advancements and to can use the products %64 64
To produce new products %3 3
To apply technology to the life %11 11
To can use the technology %10 10
To read journal, newspaper or book related to technology %12 12
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The most of the responses were grouped under the title of “To be informed from
technological advancements and to be able to use the products”. The statements related to
technological literacy have been coded in five categories. But some statements have been
repeated under the other coding. The statements of “using technological products” have taken
place in the same category with the following “technological advancements”. However, “the
using technology in daily life” has also been represented as a separately category because of
interviews with participants. While a group of participants found it adequate to use
technological products for technology literacy, a group of them didn’t find enough. Because
of this, two separate coding has been done for these responses.

Some statements of the respondents are as below.

— Technological literacy is to be informed by technological advancements, to use
technological products and not to be far from them.

— To follow several media related to them and to be informed by technological
advancements.

From the statements, technology literacy is defined as to use, to direct, to evaluate and to
understand the technology as a summary. A technological literate person will understand what
is technology, how it is created, how it is formed the society and its importance given to use
in society with several given ways (e.g. with reading several sources and with interest and
wonder) over time.

After the these questions (related to definition of scientific and technology literacy), #-has
been asked to participants the question of “How literate of science and technology are you?”.
They stated that their literacy was graded as good, middle and bad (not enough) with their
statements as table below (Table 8). Besides of this grading, some of the participants stated
that they were literate of science but not of technology, while the others stated that they were
literate of technology but not of science.

Table 8. The Question of “How much you are scientifically and technologically literate?”

How much you are scientifically and technologically literate? % f
Good %12 12
Middle %58 58
Bad %19 19
I have Scientific literacy %3 3
I have Technology literacy %38

Some statements of 58 participants of the total respondents stated that they accepted
themselves in middle degree for scientific and technology literacy as below.
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Although I'm not a science and technology literate completely, I enjoy reading the writings
which comment on physical, chemical and biological events in my environment. But I don't
give rein myself. For this reason, I can say it is in middle level.

— I have some specific knowledge and background on the some part of the science
and technology for I have been seeing and repeating for years. But a literate of
them would never consider him (her) self adequate. For this reason, I'm not
quite adequate. In middle level...

It has been asked them the criteria of the scientific and technological literacy and the 94
prospective science teachers responded this question. The responses grouped as the table
below (Table 9.)

Table 9. The Question of “What are the criteria of science and technology literacy?”

What are the criteria of science and technology literacy? %

To be informed the advancements in the scientific and technological fields and to use and to %40 37
interpret them

Reading of sources (journals, newspapers, books or articles) related to science and technology %33 31
The Level of Education %17 16
Using of Technology consciously %7 7
To participate to fairs or exhibitions related to science and technology %3 3

Some of the statements of the prospective science teachers whose responses coded as “To be
informed the advancements in the scientific and technological fields and to use and to
interpret them” are as below.

— Criteria of the scientific and technological literacy, in my opinion, is to be
informed about advancements in the field of science and technology and to be
able to be utilized from them

— The peoples’ applying technology to daily life and using the products of
technology can be useful as criteria.

According to these findings, it can be thought that there are some criteria for literate of
science and technology and the prospective teachers are aware of them. With these findings,
we can propound that the literate of science and technology is recognized by reading journal,
newspaper or book, to research interesting topics, the level of education and to behave
consciously while using products.

In real, with given technology education to individuals, it is provided to be literate of
technology of persons. The International Technology Education Association (ITEA) and its
Technology for All Americans Project developed “The Standards for Technological Literacy:
Content For the Study of Technology” and in these standards designated the person who is
literate of technology needs to do and to know the technology. These are summarized as
below:
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A person that understands, with increasing sophistication, what technology is, how it is
created, how it shapes society, and in turn is shaped by society is technologically literate. He
or she can hear a story about technology on television or read it in the newspaper and
evaluate its information intelligently, put that information in context, and form an opinion
based on it. A technologically literate person is comfortable with and objective about the use
of technology - neither scared of it nor infatuated with it.

Technological literacy is important for all students in order for them to understand why
technology and its use is such an important force in our economy. Anyone can benefit by
being familiar with it. Everyone from corporate executives to teachers to farmers to
homemakers will be able to perform their jobs better if they are technologically literate.
Technological literacy benefits students who will choose technological careers; e.g. future
engineers, aspiring architects, and students from many other fields. They can have a head
start on their future with an education in technology (ITEA, 2000).

Finally, the question of “What are the technologies do you use in daily life?” has been asked
and it has also been called upon to sort from the most indispensable of them to the others.
This question has been responded by all participants and they sorted them as the computers,
mobile phones, MP3 Players, Flash Memory, TVs, Clocks, Cameras, Photocopy Machines,
Electrical Appliances and Transportation Vehicles.

— Mobile phone, computer, cameras, washing machine, TV, briefly electrical
appliances used at home

— Mobile phone, computer, car, tram, TV, music set, natural gas system, electrical
energy

— Computer, phone, television, radio... technological devices the most used by me
and the washing machine, fridge, dishwasher are other examples of it.

4. Conclusion

In summary, the pre-service science teachers examined several aspects of concepts of both
science and technology and meaning of scientific and technological literacy; technical,
societal, cultural and ethical. They provide practical application and understanding of
scientific and technological knowledge in science and technology learning with focus on their
relevance in daily life in practical contexts as an explanation of the semantic, cultural and
social dimensions of science and technology as a human endeavor.

However; the pre-service teachers have different definition of the terms of science and
technology. Documents displayed that although participants had some traditional
understandings about science except for a few participants, they hold more contemporary and
current views about scientific literacy.

Individuals displayed their scientific literacy in different ways, such as frequently using of
technical terms or applying scientific concepts and processes. And pre-service teachers often
have different literacy in different domains, such as while they have more understanding
concepts and words related to daily life, they have less understanding of technical concepts
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and words of science and technology.
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