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ABSTRACT

This study presents the results of a pedagogical activity developed with a group of pre-service science
teachers from a Brazilian Federal University. The activity was designed so that the pre-service teachers
(PSTs) could express their conceptions about the nature of science through several ways of representation
by means of drawing, writing, or diagrams. The PSTs were asked to describe their thoughts about five
themes: science in human life, the construction of scientific knowledge, the work of a scientist, the
relationship between science and technology, and science and society. Our findings brought to light very
important points about the nature of science as well as further discussions with the group. Indeed,
activities such as the proposed one can lead PSTs to a meta-reflection about their conceptions about the
nature of scientific knowledge by aiding them in the construction of new models and strategies
for science teaching in their classroom practices.

Keywords: Nature of science, scientific knowledge, teacher training.

INTRODUCTION

While planning educational activities to be developed with their students, natural
science teachers generally aim at a specific goal, which is to assist students in understanding
the so-called "scientific situations™ in chemistry, physics, and biology. These situations
correspond to different scientific events happening throughout human history and in different
contexts, which make up part of the curriculum’s areas of knowledge, for instance, atomic
models, the study of force and motion, and the evolution of living beings. However, such
knowledge is presented in science textbooks as concepts that are often “ready-made,”
“finished,” and “true.” As a matter of fact, if teachers do not think about the nature of
scientific knowledge and teach their students solely what is ready-made, they can foster
misconceptions about science.

Teachers’ beliefs about science as a way of knowing include the understanding of the
nature of science. As highlighted by Lederman (2007), understanding of the nature of science

Corresponding author e-mail: elainecola@gmail.com © ISSN:1304-6020



mailto:elainecola@gmail.com

294

Journal of Turkish Science Education. 13(4),293-307

is a critical point of scientific literacy. Daily behaviors and scientific activities are influenced
by people’s views of the nature of science.

In the context of this paper, it is important to highlight what is accepted by the authors
as views, conceptions, and beliefs. The view refers to a superficial part of the idea, stereotype
observed by the individual. The conception is elaborated from the view and the concepts that
the individual knows and establishes a relationship between them. Belief corresponds to the
deeper, internal level of the individual; it is a representation built by the individual from
experience and learning in his or her life and is what he or she supposes to be true.

An understanding of pre-service teachers’ (PSTs') conceptions and beliefs about the
nature of science is important to improving the actions and activities developed in the PSTs’
training courses.

This research is part of an ongoing doctoral thesis, which presents an activity of
reflection conducted with a group of 21 PSTs from the Federal University of Sao Paulo -
Diadema in Brazil and is aimed to investigate the PSTs’ conceptions about the construction of
scientific knowledge, the work of scientists, and the relationship between science and society.

This activity was made part of the main research and the aim was to understand
whether activities planned to encourage the explication of thoughts about these issues could
favor the understanding of the nature of science by the pre-service science teachers
investigated. The activity was applied at the start of an elective subject offered in the science
teachers’ training course. The information gained from this activity can contribute to an
understanding of the PSTs’ conceptions about the nature of science. Generally, the data from
research that investigates conceptions about the nature of science are obtained from
questionnaires and interviews. The activity was intended to obtain the data by encouraging
other ways of expression by PSTs, such as drawing or diagrams.

Literature Review

For decades, numerous academic researchers have been debating how views,
conceptions, and beliefs about the nature of science, of both students and teachers, may
influence educational activities (Abd-El-Khalick, 2001; Abd-El-Khalick & Akerson, 2004,
2009; Abd-El-Khalick & Lederman, 2000; Acevedo Dias, 2010; Almeida & Farias, 2011;
Harres, 1999; Lederman, 1992; Lederman, 2006; Lederman et al., 2001; Matthews, 1995;
Osborne et al., 2003; Sarieddine & Boujaoude, 2014; Rubba & Harkness, 1993; Tobaldini et
al., 2011; Torres et al., 2015; Vazquez et al., 2008; Wellington & Lakin, 1994). There is no
specific definition for the "nature of science.” The understanding about it involves different
conceptions regarding the development of science. According to Acevedo Dias (2009), some
researchers understand nature of science (NOS) as the epistemology of science. Other
researchers also emphasize the sociological and psychological aspects of science, with
scientific activities and characteristics of the knowledge produced (p. 356). Lederman (1992)
indicates that "the nature of science refers to values and assumptions inherent to the
development of scientific knowledge™ (p. 331).

According to Comas, Clough, and Almazroa (1998),

[...] the phrase "nature of science” is used to describe the intersection of issues
addressed by the philosophy, history, sociology, and psychology of science as they
apply to and potentially impact science teaching and learning. As such, the nature of
science is a fundamental domain for guiding science educators in accurately portraying
science to students. (p.5)

Abd-El-Khalick (2001) asserts that the conceptions of NOS have changed throughout
the development of science. The dynamic character of science, the imagination and creativity
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of those who develop science, and the observations of the scientist influenced by theories
present in their minds are important aspects of NOS. The study of NOS, based upon
contributions from the history, philosophy, and sociology of science, plays a very important
role by which PSTs can deepen their reflections on the management and construction of
scientific knowledge. Therefore, preparing PSTs through activities that promote a deep
reflection on how science has been built, given its dynamic character, becomes essential to
enable such teachers to adequately interpret scientific situations and concepts in their
classroom practices so that their students can develop their own networks of meanings.

The activity applied in this study was carried out based on an explicit and reflective
approach as reported in the studies of Fouad Abd-EI-Khalick and other researchers (Abd-EI-
Khalick & Lederman, 2000; Khishfe & Abd-El-Khalick, 2002; Abd-EIl-Khalick & Akerson,
2009) that is aimed at studying the nature of science with PSTSs.

According to Abd-El-Khalick and Akerson (2009), the explicit-reflective approach
"represents an overarching framework intended to guide instruction about NOS" (p.2163).
According to the researchers, the term "explicit" is curricular in nature, and the term
"reflective™ is instructional in nature. Abd-El-Khalick and Akerson (2009) explain that an
"explicit" approach entails planning instructional sequences for teaching NOS in an
intentional way, encouraging students to understand NOS, and the "reflective” approach
entails giving opportunities designed to encourage learners to examine their science learning
experiences from within an epistemological framework. Acevedo Dias (2009) asserts that the
reflective component in the planned activities can be identified throughout reflective essays
written by students or answers to planned questions about NOS. Irez and Cakir (2006), in
their study about strategies of teaching NOS, highlighted the following:

[T]he reflection orientation in science teacher education is characterized by asking
students to describe their ideas, beliefs, and values about science teaching and learning
and by offering experiences that help them clarify, confront, and possible change in
their personal theories. (p. 9)

In this sense and based on a theoretical framework, the activity was aimed at
promoting a meta-reflection on the construction of scientific knowledge so that these future
teachers could express both their ideas and conceptions about NOS, which will certainly
influence and frame their classroom practices.

THE METHODOLOGY OF RESEARCH

The research was carried out in the first semester of 2015 within an elective subject of
a science teacher training course at the Federal University of Sao Paulo, Diadema, Sao Paulo,
Brazil. Such research is part of a university program called "Projeto Zero," which addresses
the initial and continuing education of science and mathematics teachers by articulating
projects and educational actions aided by researchers from different research areas in order to
improve the quality of teaching and teacher education.

In this university and specifically in the science teacher training course, the first two
years comprise the basic cycle in accordance with general subjects and disciplines in specific
educational areas; within these two years, the PTSs select their future area of teaching from
among physics, chemistry, biology, and mathematics.

The research is interpretative in nature. The activity recounted in this paper was
applied in the initial stage of the elective subject, which presented an exploratory character.
The methodology was performed to identify the views of the PSTs about NOS at the start of
the research. In the first meeting of the elective subject, the PSTs were asked about various
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aspects of NOS through different instruments of data collection, of which this activity was
made a part.

The sampling

In this phase, 21 pre-service science teachers with ages ranging between 19 and 30
years (mean 24.5) were enrolled in an elective subject. Each individual who voluntarily
participated in the study signed a written consent form after receiving information about the
study goals.

Data collection

The PSTs were asked to express their conceptions about NOS in several different
ways, thus sharing tacit knowledge about it. In this stage of the research, we began by asking
participants for their thoughts on five themes: science in human life, the construction of
scientific knowledge, the work of a scientist, the relationship between science and technology,
and science and society. The PSTs could perform their representation by drawing, diagrams,
or even writing in order to preserve each individual’s skill.

Our pedagogical activity was designed in accordance with previous studies in order to
meet the goals of this study, in which we adopted an "explicit" approach, given the sequence
of purposely planned activities, for discussions about the construction of scientific knowledge
as well as a "reflective™ approach so that the PSTs could reflect and analyze (in different
ways) their ideas about NOS. We also encouraged them to share those ideas with the other
participants. A similar study was carried out by Sevim and Pekbay (2012), in which teaching
activities were designed with an explicit and reflective approach to induce insights in PSTs,
and, according to the researchers, the results showed that the self-reflections encouraged in
the activities promoted an improvement in the views about the nature of science.

Data analysis

The analysis of the results was carried out through content analysis, according to
Bardin (2011), by the creation of categories of analysis, which emerged from each proposed
theme based upon the responses of the PSTs. It should be noted that such categorization has
the subjective views of the study's authors, and it was created from the answers of this
specific group. The categorization was based on similar elements in the representations of the
PSTs, and they were grouped by common characteristics identified. Thus, the tables were
built with categories and the frequencies of answers. These categories represent data that is
important to the understanding of the initial PSTs' conceptions about NOS.

FINDINGS

In the first part of the study, 21 pre-service science teachers responded to a
questionnaire about their school education backgrounds and academic profiles. Figure 1
shows the type of institution (private or public) that each individual attended for their basic
education. Such data suggest different backgrounds in terms of educational levels based upon
the number of classes, syllabi, textbooks, and materials used in the classes among other
factors conditioned by the educational system adopted by each institution.
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Figure 1. Training of basic-education teachers.

Two-thirds of the respondents are in the final stage of the course. The group of PSTs
was comprised of five participants in the area of physics, two in chemistry, 13 in biology, and
one in mathematics, which brought diversity to the discussions during our study. Two-thirds
of the group had never worked as teachers before.

Throughout the activity, the 21 PSTs used more than one form of representation, as
follows: three students used drawings and diagrams, five students used diagrams and writing,
eight students used drawing and writing, and one student used solely writing, but none of
them chose only to draw. Nevertheless, by the end of the activity, they reported that it was
quite difficult to perform the activity since they had no “script” to follow, leading them to
more deeply reflection on how to express themselves. However, they highlighted a positive
side of the activity, which enabled them to express their thoughts on the subject in several
different ways. Tables 1-5 show the categories created.

Theme 1 - science in human life

The objective of Theme 1 was to assess the PSTs views concerning the role of science
in human life. The frequency of responses shown in Table 1 indicates that eight PSTs
understand that science is aimed at providing benefits for humans.

Table 1. Categories for Theme 1

Category Frequency

Science is everything 4

Science as a way to explain the world 2
Science used for human benefit 8
Science as human development product 5
2

Other responses

Theme 2 - the construction of scientific knowledge

The objective of Theme 2 was to understand the views of PSTs on how scientific
knowledge is built. Based upon the frequency of responses shown in Table 2, it is possible to
conclude that seven PSTs believe that the construction of knowledge takes place through
scientific methods (defined steps and linear sequence of procedures). Conversely, seven other
PSTs believe that it takes place by questioning the phenomena of the world around us.
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Table 2. Categories for Theme 2

Category Frequency
It occurs by the scientific method. 7
It occurs by questioning the phenomena of the world. 7
It occurs by the interaction between human beings and the world. 4
Other responses 3

Theme 3 - the work of a scientist

The objective of Theme 3 was to identify how PSTs view the work of scientists. The
frequency (Table 3) shows five answers as “Scientists make discoveries and prove theories,
which is in alignment with the views presented in Theme 2, highlighting the sequential and
linear scientific methods.

Table 3. Categories for Theme 3

Category Frequency

Scientists make discoveries and prove theories. 5
Scientists are influenced by the social environment. 2
Scientists study the phenomena of the world around us. 6
Scientists seek for answers. 3

5

Other responses

Theme 4 - the relationship between science and technology

The objective of Theme 4 was to identify the views of PSTs on this matter, given the
rapid technological advances currently present in our society due to scientific studies, which
affect the daily life of citizens.

Table 4. Categories for Theme 4

Category Frequency
Technology facilitates the study of science. 5
Science produces technology. 8
Science & technology linkages as they depend on one another 4
Other responses 4

Theme 5 - science and society

The objective of Theme 5 was to identify how PSTs view scientists, as they are society
members and therefore might be influenced by a variety of factors involving scientific
concepts and cultural and social issues.
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Table 5. Categories for Theme 5

Category Frequency
Science meets the needs of the society. 11
Science influences the actions of society. 4

Science is the product of society's aspirations.

Other responses 4

DISCUSSION

For each proposed theme, PSTs’ views are presented herewith along with forms of
representation, which were briefly described according to each PST’s response (from PST 1
to PST 21). Some examples of representations were selected and presented as follows.

human bein
£ observation and study understanding of the processes

4 -

) % = Lo acquired knowledge

| 7 } 107 knowledge used for the
= == construction of
technology

benefit

Figure 2. Response of PST 17 about Theme 1.

The main idea of Figure 2 is related to knowledge providing benefits to humans. The
social values implicit in this representation can be noted. Only two PSTs pointed out that
science can explain the phenomena around us (Table 1). On the other hand, five PSTs pointed
out that science is the direct result of human development throughout time in accordance with
one of the NOS aspects that refers to scientific knowledge as partly the product of human
imagination and creativity (Khishfe & Abd-El-Khalick, 2002; Lederman, 2007; Sevim &
Pekbay, 2012). The discussion about the limitations and dynamic character of science is
important.
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Figure 3. Response of PST 7 about Theme 1. Legend reads: Everything around us is science, from a
grain of sand to the whole universe.

PST 7 states that he/she believes that everything around us is science without

explaining or detailing his/her own views (Figure 3). This implies the importance of sharing
ideas and thoughts as well as analyzing other points of view by means of debates and
discussions with the other participants because there are different conceptions about the
question "What is science?" and the debates can encourage more reflection about it, including,
for instance, discussions on the ideas of Karl Popper, who established the criteria to identify
science and non-science (contributions of philosophy of science).
Figure 4 shows the sequence of scientific methods, from observing the phenomena to the
development of theories. This view of the scientific method as a sequence of pre-established
steps was also identified in the study of Sarieddine and Boujaoude (2014), from
questionnaires and interviews. In this representation (Figure 4), it can be noted that the role of
experimentation is essential for a theory to be accepted or discounted.

observation of a
specific phenomenon
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Figure 4. Response of PST 6 about Theme 2.
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Figure 5. Response of PST 4 about Theme 2

This drawing (Figure 5) suggests that the environment interferes with how each human
being observes science and scientific situations. When asked what the design was all about,
PST 4 reported that the construction of scientific knowledge does not only take place in
laboratory facilities. Also, according to PST 4, a certain phenomenon can be explained based

on study and reflection.
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Figure 6. Response of PST 17 about Theme 2. Legend reads: to study, to think, to observe, to
understand, to behold, to experience, to dedicate, not give up, to respect, to rethink, to be
resilient, to dare, to make a mistake, to make a mistake again, to make connections, to pay
attention, to make it right, and to have a breakthrough.

Moreover, the response of PST 17 (Figure 6) expresses the idea of scientists as human
beings, subject to making mistakes. It also points out the resilience needed to find ways to
understand a certain phenomenon. When asked what the design was all about, PST 17
reported that scientific work is full of mistakes, which are not “bad” but rather “necessary” to
obtain the scientific knowledge we currently have. Furthermore, many scientific theories
dating from other periods in history were discredited, probably due to the “poor” technology
available in such periods.
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Figure 7. Response of PST 9 about Theme 3.

Based upon the illustrated response seen in Figure 7, PST 9 shows the influence of the
social environment on the work of scientists, showing important factors that exert this
influence, such as the study, theories, expectations, and personal and interpersonal relations as
well as research funding, which play an important role in the continuity of scientific work.
Vazquez et al. (2007) argued that science arose in society and scientists share uses, values and
established interpersonal relationships with each other. In this sense, science is a human
enterprise. This issues can be discussed from the contributions of history and the sociology of
science.

Figure 8. Response of PST 16 about Theme 3

The response shown in Figure 8 suggests that the work of scientists takes place within
laboratory facilities. This kind of representation is quite common in other studies dealing with
the same subject, such as Kosminsky and Giordan (2002) and Zanon and Machado (2013).
Similar designs also appear in other parts of the world, such as the study of pre-service Israeli
teachers by Koren and Bar (2009), in which data collection for image analysis of PSTs’ views
about the scientists and their scientific work are based on drawings. Likewise, in our study,
scientists are generally represented within laboratories.
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Figure 9. Response of PST 17 about Theme 4. Legend reads: Technology is the application of
knowledge obtained through the understanding of nature for the desired end-use. Science is the
mother of technology!
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Figure 10. Response of PST 21 about Theme 4.

Both the responses of PST 17 (Figure 9) and PST 21 (Figure 10) suggest that
technology has arisen from science. Thirteen PSTs understand that science produces
technology, as technology facilitates scientific studies. In fact, this view may have been
influenced by textbooks, which often feature technology as an application of the knowledge
produced by science. According to Ferreira-Gauchia, Vilches, and Gil Pérez (2012),
throughout history, the advances in technology did not necessarily mean that technology had
ties to science since the technology has existed for much longer than science. For instance, the
Early Stone Age includes the most basic stone toolkits made by early humans, perhaps based
solely on observation without any scientific knowledge. This idea rules out the concept of
technology as a byproduct of science. Moreover, according to Ferreira-Gauchia, Vilches, and
Gil Pérez (2012), it is quite important that more recently, science has become dependent on
technology to build its body of knowledge in such a way that we can call it “techno-science”
(Ferreira-Gauchia et al., 2012). Indeed, technology evolves and develops new tools rapidly
and efficiently, whereas science uses them to build new knowledge.
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Regarding Theme 5, all participants chose to respond by the written method. The
frequencies shown on Table 5 indicate that more than half of the PSTs understand that science
meets the needs of society. Examples of responses:

PT 12: Science should focus on benefits for society and seek for improvements, greater good
solutions, and lower social impact.

PT 1: Science is to serve society through discoveries and help in understanding the laws of
nature.

Again, it can be seen that science is expected to be useful for society according to the
described answers. However, the essential role of science is not only to produce benefits for
society but also to provide knowledge and accessible explanations for the phenomena
observed by human beings. As a matter of fact, society itself is not always in complete
agreement with science. Further discussions regarding this issue are required in order to
facilitate the formation of pre-service teachers' pedagogical competence.

CONCLUSIONS AND SUGGESTIONS

There is no single way of thinking about science and discussion about different views
on science with PSTs is important. The study of the nature of science, by means of knowledge
of history, philosophy, and sociology of science, offers relevant contributions to the
understanding of the construction of scientific knowledge. The activity, developed in an
explicit and reflective approach, contributed to encourage reflection about this issue by the
PSTs investigated.

Throughout this pedagogical activity, the 21 pre-service science teachers expressed
their thoughts and views about science and its construction. At the end of the activity, the
PSTs were asked to share their impressions and feelings. The group reported that the activity
itself was much more difficult than answering the questions on their views about science since
they had no “script” or “rule” to follow but were just told to express their thoughts, beliefs,
and values regarding the five proposed themes.

On the other hand, their speeches corroborated that the activity was quite productive
and successful since they were able to show their views in several different ways besides
simply writing, which will certainly aid these PSTs in their classroom practices. Our findings
suggest that the PSTs made an effort to organize their thoughts and views about the nature of
science, which promoted a meta-reflection on their own ideas about such issues.
Consequently, the activity showed an explicit and reflective approach as discussed in the
methodology.

It is important to mention that there was no interference of any kind by the researchers
while the activity was carried out. The answers to the questions expressed the initial ideas of
the PSTs and were an important model of their views about science. This was not the only
tool used to understand the views of the pre-service teachers, but from it, important points
have arisen for the next steps of the study. Activities such as this may promote opportunities
for reflection on the issues involving the nature of science and can be used for debates and
discussions within basic-education teacher training.

Finally, our results showed the ongoing need for further studies and activities, such as
the proposed herewith, within natural science graduation courses, based upon the engagement
of the PSTs who performed the activity. As it is an important field of research, we suggest the
establishment of study groups within universities for discussions about the nature of science
in order to enhance pre-service teachers™ training as well as in-service teachers' continuous
formation.
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