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Abstract

This study examined secondary school students and science teachers’ conceptions
of the nature of scientific knowledge (NOSK). A pragmatic research philosophy was
adopted in this study. To address the objectives of the research, a mixed methods
approach was employed. Open-ended guestionnaires were used to collect data from 134
students, and 48 science teachers. The participants were selected from three schools
using a convenient sampling technique. Qualitative analysis involved comparing
students’ and teachers’ responses to experts’ views of NOSK. Frequency counts and
percentages were also used to describe the NOSK conceptions of the participants. In
addition, the Mann-Whitney U test was used to compare students’ conceptions of NOSK
by grade level and gender. The findings showed that most of the secondary school
students had naive conceptions about NOSK. On a comparative basis, grade 12 students
reflected more informed NOSK views than grade 10 students on most of the tenets. Mann-
Whitney U test revealed that the mean rank score of grade 12 students is significantly
greater than grade 10 students on the subjective (U=3.20, p<.05) and cultural (U=2.42,
p<.01) aspects of NOSK. The teachers generally held a naive conception of NOSK, as
evidenced by the fact that their conception aligned with informed conception only on two
of the seven assessed NOSK aspects. The findings indicated that there is a need to devise
mechanisms to develop secondary school students’ and teachers’ NOSK understanding to
attain its promised benefits. Future research should investigate students' and teachers’
NOSK conceptions using large samples across grade levels, from diversified schools,
including private and public schools from the different regions of the country to reveal

students’ and teachers’ NOSK conceptions.

Keywords: nature of science, scientific knowledge, secondary school, views of

nature of science, students’ conceptions, teachers’ conceptions
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UNIT ONE
INTRODUCTION

1.1. Background to the study

Scientific literacy has emerged as a legitimized and central goal of science
education in many countries of the world (N. G. Lederman, 2014; McEneaney, 2003;
Ozdem et al., 2010). The term scientific literacy is used to express the broad and
encompassing goal of science education (Bybee et al., 2009). In fact, the core curricular
component of science education is scientific literacy (Chaisri & Thathong, 2014). And
the most fundamental rationale for providing science education is to develop students'
scientific literacy (Glaze, 2018; Seyhan & Tirk, 2013; Yalaki et al., 2019).

Scientific literacy is conceptualized by different authors somehow similarly. For
example, Abd-El-Khalick et al. (1997, p.417) conceptualized scientific literacy as “one’s
understanding of the concepts, principles, theories, and processes of science, and one’s
awareness of the complex relationships between science, technology, and society”. More
recently the National Academies of Sciences and Engineering (2016) provided a more
expanded definition of science literacy beyond basic knowledge of science facts which
include “understandings of scientific processes and practices, familiarity with how
science and scientists work, a capacity to weigh and evaluate the products of science, and
an ability to engage in civic decisions about the value of science.” In general, scientific

literacy can be conceptualized as an understanding of scientific concepts and processes,



awareness about how science and scientists work, and ability to engage in making
decisions related to personal, civic, cultural, and economic issues.

Here, it is important to note that there is a difference between science literacy and
scientific literacy, although both phrases are often used synonymously in the literature.
After an exhaustive review of the literature on how literacy is conceptualized, Roberts
(2010) identified differences between science literacy and scientific literacy. Science
literacy focuses on the knowledge, processes, and products of science; whereas, scientific
literacy refers to the knowledge of science and the applications of this knowledge to
make decisions about personal and societal situations that have both science and non-
science components (Roberts, 2010). The individual’s ability to make informed decisions
about scientifically—based personal or social issues is associated with scientific literacy
(N. G. Lederman et al., 2014). Moreover, using the term “scientific literacy” rather than
“science literacy” places emphasis on the application of scientific knowledge in the
context of life situations than the simple reproduction of traditional school science
knowledge (OECD, 2013).

Thus, the focus of this paper is aligned with scientific literacy. This is so because the
major purpose of this paper is to investigate the nature of science and it has been widely
accepted that understanding the nature of scientific knowledge (NOSK) is a major
component of scientific literacy. Science curricula in many countries of the world now
explicitly recognize NOSK as an integral component of scientific literacy (Allchin, 2014;
Chaisri & Thathong, 2014; Igbal et al., 2009).

Nature of science refers to the epistemology of science and the values and

assumptions embedded in scientific knowledge and the development of scientific



knowledge (Aflalo, 2018; N. G. Lederman & Lederman, 2004; Liu & Lederman, 2007;
Mesci & Schwartz, 2017). This definition of NOSK demonstrated some consensus
among researchers and educators of NOSK. There exists some differences among
philosophers of science, educators of science and researchers about the meaning of
NOSK (N. G. Lederman et al., 2013; McComas, 2015). However, it is suggested that
debating about a “definitive” or universal definition of the construct NOSK is hardly
productive (N. G. Lederman et al., 2014). Instead, focusing on developing students’
understanding of NOSK which are accepted by the philosophers, educators and
researchers of science is more viable. Importantly, there is a high level of consensus
among them on the NOSK aspects that are important to students from K-12 (N. G.
Lederman et al., 2014; N. G. Lederman & Lederman, 2004; McComas, 2015). This
implies that the existing differences about the universal definition of NOSK are not
relevant to K-12 learning and teaching. And thus, this study will focus on seven aspects
of NOSK which are generally agreed upon to be relevant to all citizens to know to K-12
students (Liu & Lederman, 2007; McComas, 2015). These seven aspects of NOSK are:
(1) Empirical nature of science; (2) Observation and Inferential based nature of science;
(3) Tentative nature of science; (4) Theory-laden nature of science; (5) Social and
Cultural embededdness of scientific knowledge; (6) Creative and Imaginative nature of
scientific knowledge; and (7) Distinction between a scientific law and theory.

Scientific literacy can be considered as the main goal for the 21 century science
education (Turiman et al., 2012). This is partly because scientific literacy plays a role in
fostering education for sustainability, that is, for sustainable human development and

sustainable economic growth (Correia et al., 2010; Kostgl et al., 2022). Ozdem et al.



(2010, p.6) stated that “In a rapidly changing world, at the very top of the list of
educational goals, there is the need to educate young people in order them to know and
be able to use new scientific and technological tools.” In this 21% century, which is an
era of globalization, students need to be equipped with skills involving science and
technology to ensure their competitiveness (Rahayu, 2017; Turiman et al., 2012).

Moreover, the goal of students’ achieving an in-depth understanding of science
subjects is unattainable unless students understand NOSK (N. G. Lederman et al., 2013).
For teachers to be able to teach about NOSK to their students, it is necessary to have an
adequate understanding of NOSK themselves (Yenice & Saydam, 2010). Teachers need
to have informed conceptions of NOSK themselves not only to make informed decisions
of everyday demands of their life, but most importantly to enhance their students'
understanding of NOSK. Although teachers are required to teach their students to
develop appropriate views of NOSK at all grade levels, it is unlikely that those teachers
who possess naive conceptions of the nature of scientific knowledge (NOSK) themselves
would be able to help their students develop informed NOSK views (Akerson & Volrich,
2006). This is because developing an understanding of NOSK is a prerequisite, although
not a sufficient condition, to teaching science in-depth (N. G. Lederman et al., 2013; Liu
& Lederman, 2007).

Different researchers in science education across levels identified gaps in
students’ conceptions of the nature of science. For example, Glaz (2018) reported that
there are students entering and leaving secondary schools with inadequate comprehension
of science as a way of knowing and how it is conducted. Khishfe (2012) also assessed

grade 9 students’ conceptions of NOSK prior to instruction and found that they possessed



naive and intermediary understandings of the studied five aspects. The studied NOSK
aspects were the tentative, empirical, inferential, creative and imaginative, and subjective
NOSK. Khishfe reported that only a minority of the participants elucidated informed
understandings of one or two NOSK aspects.

One of the major concerns in science education involves the under-representation
of many groups in science and technology fields, especially by gender (Vincent-Ruz &
Schunn, 2018). There are few studies that investigated the relationship between gender
and NOSK. Among those few studies, Acar, Biiber and Tola (2015) found no score
difference between females and males of Grade eight Turkish students NOSK
understanding although females surpassed males on physics conceptual knowledge test.
A study by Toma et al. (2019), however, found that primary school boys had more naive
conceptions on NOSK (particularly on empirical NOSK), although boys had showed
better attitude towards science than girls. Thus, studies of NOSK in relation to gender are
very limited and the findings are inconsistent which calls for further investigation.

As the students’ grade level increases, their understanding of the nature of science
is expected to increase. Although few studies are available with this regard, a study
investigated the relationship between grade level (grade 7, grade 8 & grade 9) and NOSK
understanding found that students in higher grades showed more sophisticated NOSK
conceptions (Kremer et al., 2014). However, a study by Toma et al. (2019) has found
opposing findings concerning the relationship between grade level and NOSK
understanding, specifically the tentative aspect of NOSK. They reported that as grade

levels increased, students’ conceptions of the tentative NOSK became more naive. These



inconsistent findings need further investigation on the relationship between students’
grade level and nature of science conceptions.

Lack of sufficient understanding of NOSK tenets is also reflected by teachers. For
example, a study by Aslan and Tasar (2013) revealed that the participating science
teachers held naive views on many dimensions of the NOSK. For instance, teachers
possess a naive conception that there exists a universal scientific method with certain
steps. In a similar way, all teachers in their study held naive views on the tentative nature
of scientific knowledge. In Aslan and Tasar’s study, a misconception about the idea that
scientific knowledge changes, but scientific laws do not change is also revealed. Other
investigators reported that the majority of the teachers in their sample held naive views of
NOSK (Dogan & Abd-El-Khalick, 2008; Yalginoglu & Anagiin, 2012). These show that
misconception about the nature of science exists not only by students but also by the
teachers.

In Ethiopia, a study assessed the status of science in primary schools of Addis
Ababa, although not directly addressed NOSK tenets, revealed that the textbooks are
characterized by the lack of activities that promote the students' process skills of science
(Tesfaye et al., 2010). Lack of practical skills is also reported in the secondary schools of
Ethiopia (Ayalew, 2017). With regard to the importance of science process skills to
NOSK understanding, Krajewski and Schwartz (2014) concluded that emphasizing
process—oriented science learning as opposed to product—oriented learning is essential for
realizing NOSK teaching. This is because the process skills provide a framework for
addressing the nature of science by guiding teachers to recognize where the nature of

science fit into the science curriculum (Bell et al., 2012). Therefore, the lack of activities



promoting the science process skills might have a hindering consequence of the students
NOSK understanding. Thus, it is imperative to examine what understanding do Ethiopian
secondary school students have in relation to the nature of science.

Teachers’ knowledge and understanding of NOSK is one of the main factors that
influence students’ knowledge and understanding of NOSK tenets. The importance of
teachers' understanding of the nature of science arises from the assumption that to teach
content knowledge, including NOSK, teachers must have an adequate understanding of
the content (N. G. Lederman et al., 2002). Students gain much of the scientific
information from their science teachers (Koksal & Cakiroglu, 2010; Liu & Lederman,
2007). Students' misconceptions of NOSK could have resulted from teachers'
instructional planning and practices. Teachers who are not well informed about modern
NOSK themselves will not be able to enhance their students achieve the objectives of
NOSK. That is, teachers’ views of NOSK will translate to their classroom behaviors and
practices which in turn affects students’ view of NOSK (Abd-El-khalick & Lederman,
2000) directly or indirectly. Therefore, teachers’ conceptions of NOSK are worth
investigating.

Framed on important premises that scientific literacy has desirable contributions
in improving decision-making skills in all aspects of life including health, problem-
solving etc. which ultimately contribute to the betterment of a nation, science education is
given a secured place in the school curricula of both developed and developing
countries(lgbal et al., 2009). Ethiopia is among those developing countries which offered
science subjects to its students from primary to secondary schools. The Ethiopian

Ministry of Education (MoE, 2009) in its curriculum framework for education (KG-



Grade 12) document describes science to be offered from primary to general secondary
levels to all students, although the structure of science curriculum at the different levels
varies. However, the impact of the Ethiopian secondary school science curricula with
respect to developing student NOSK conceptions remained unknown.

Literature is not available on the status of Ethiopian secondary school students and
teachers with regard to NOSK understanding (Berie et al., 2022). This could be resulted,
partly, from the less emphasis given to the NOSK construct in the Ethiopian science
education research. Thus, it is necessary to investigate the current status of NOSK
understanding of Ethiopian teachers and students. That is, investigating whether
Ethiopian secondary school teachers and students held contemporary or uninformed
conceptions of NOSK will be the focus of this study.

Identifying areas of NOSK on which teachers and students have an adequate and
inadequate conception is a prerequisite to design instruction in accordance with their
needs. Research findings help teachers to refine the NOSK objectives and plans to meet
the specific gaps (Miller et al., 2010). Accordingly, this study will be devoted to

identifying secondary school teachers’ and students' conceptions of NOSK aspects.

1.2. Statement of the problem

Developing students' and teachers’ conceptions of the nature of science has been a
goal of science education for several years (Abd-El-khalick & Lederman, 2000; N. G.
Lederman, 1992; Liu & Lederman, 2007; McComas, 2015, 2017). There has been an
increasing agreement that students and teachers alike must understand both the traditional

science content and the nature of science. Understanding NOSK is important if



individuals are going to make responsible personal decisions and become effective local
and global citizens (Sangsa-ard & Thathong, 2014). To understand the characteristics of
scientific knowledge and how it is obtained, citizens need to be able to appraise claims
and apply scientific knowledge that may affect their everyday decisions about things such
as health, diet, choosing energy resources and to reach informed views on matters of
public policy regarding these areas (Bell & Lederman, 2003). Because of such reasons,
helping students to develop sophisticated views of NOSK is a long standing goal of
science education (Abd-El-Khalick, 2013; N. G. Lederman et al., 2013; Pleasants, 2017)
and its relevance is very critical these days than ever before. McComas (2017) stated its
necessity in the present time than ever before as follows:

This is very timely content. In various nations, it has recently become clear that large

numbers of individuals fail to distinguish between news and ‘fake news’, facts and

‘alternative facts’. Understanding how knowledge is generated and validated in

science can help. There has never been a more crucial time for students — on their

road to becoming reflective citizens— to understand how science functions. This
understanding, in turn, will enable our future citizens to evaluate and judge scientific

knowledge claims and act appropriately. (p.72)

Literature has also indicated that students’ understanding of NOSK has an important
role in their science content learning. With this regard, Lederman et al. (N. G. Lederman
et al., 2013) stated that those students who do not possess an adequate understanding of
NOSK will not develop a deeper understanding of science subjects. The development of
students’ NOS understanding has been considered an important and vital part of science

instruction (Kang et al., 2004; N. G. Lederman et al., 2013). However, NOSK



comprehension is affected by different variables, including the cultural context and
teachers' levels of NOSK understanding. For example, the learning context in Europe is
quite different from that of Asia (Kang et al., 2004), and both learning contexts are
different from Africa. Related to this, Leach (2006) stated that different epistemological
views are legitimate in different contexts, and that students’ epistemological perspectives
are likely to be influenced by context. According to Leach, the knowledge generated
from studies designed in specific contexts is suitable for informing teaching in those
specific contexts. This implies that it is necessary to identify the students’ current
understanding of NOSK in the Ethiopian context to design effective NOSK instruction.
During classroom interactions teachers” knowledge and values of NOSK are

likely to affect students NOSK views either to the informed or naive conception
depending on their current views. With this respect, Sangsa-ard and Thathong (2014)
concluded that teachers’ conception of NOSK is critical to the implementation of science
curricula because they may implement it in a way that reflects their own view of the
NOSK. For successful instruction of the NOSK, it is imperative that teachers need to
firstly understand NOS concepts before any learning intervention related to the NOSK
can take place (Liu & Lederman, 2007; Sangsa-ard & Thathong, 2014). Moreover, efforts
should be made to promote science teachers to value NOSK beyond understanding
NOSK content and pedagogy (Clough, 2018).

Studies on teachers” NOSK views have mainly focused on pre-service elementary
teachers (Firestone et al., 2012). The scant research on secondary school teachers
revealed that the teachers held naive views on many aspects of NOSK. For example, a

study by Sangsa-ard and Thathong (2014) investigated junior high school science
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teachers in Thailand and found that the majority held naive and intermediate views in all
(seven) surveyed aspects of NOSK. A study by Igbal et al.(2009) also found that the
majority of secondary school science teachers in Pakistan fall in the traditional domain of
NOSK; they lack a sophisticated understanding of the nature of scientific knowledge.

The literature discussed so far has indicated the need to develop students' NOSK
understanding; and to enhance students' NOSK conceptions teachers must have informed
views of the NOSK aspects. Therefore, before attempting to design any instruction or
curriculum aiming at developing students' NOSK conception, it is necessary to examine
what understanding students and teachers possess on the aspects of NOSK. ldentifying
students’ current conceptions of NOSK is a key step to presenting them with experiences
that have meaningful links with their existing conceptions. Related to this notion, Kang et
al. (2004) asserted that any approach to teaching NOSK aspects without taking into
account students existing conceptions of NOSK is difficult. Thus, it becomes necessary to
scrutinize on which aspects of NOSK do students have adequate conceptions and on
which aspects do they possess intermediate and on which do they have naive conceptions
to design and implement appropriate NOSK instruction. Hence, the main objective of this
study was to assess students and teachers current conceptions of NOSK.

Improving students’ science achievement is one of the important goals of science
education. Thus, enhancing students' understanding of NOSK helps students learning of
science (Chaisri & Thathong, 2014; Millar, 2004; Southerland et al., 2012). Related with
this, Widowati et al. (2018) found a strong relationship between students understanding
of NOSK and their examination results. In the case of Ethiopia, students’ science

achievement is found to be very low. The national learning assessment (NLA) revealed
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that secondary school students’ science achievement is below adequate. As Desalegn
(2013) summarized the report, students' achievement in biology, chemistry and physics,
is well below 50%, which is the minimum expected mean score considered adequate. Not
only with percentages of marks, the quality of secondary school science education is also
found to be low in the country as evaluated by different indicators, including less
practical works and less motivated teachers (Ayalew, 2017). With regard to practical
work, Millar (2004) argued that it is an important means to develop students’
understanding of the nature of science. The most commonly used assessment strategy to
assess secondary school students science achievement is characterized by written quizzes
and tests (e.g., Ayalew, 2017). It is also important to be cautious that the scores obtained
in the EGSECE are based on objective paper—and—pencil tests which might involve
guessing and cheating. The internet in the country was shut down to avoid/ reduce
cheating through the use of internet services (especially in social media like Facebook,
telegram and email) in two consecutive years: 2018 and 2019 during grade 10 and Grade
12 national exams, for example. The cutoff point for university entrance by the year 2019
was decided by using only four subjects; the other subjects do not count because the
Ethiopian Ministry of Education together with Regional Education Bureaus decided that
there was rampant cheating that affected the exam results to a significant level.

If the examinations were able to reduce the impact of guessing and cheating by
including practical and authentic tests, and essays for testing scientific misconceptions,
the scores would even be worse than those reported by the EGSECE (Ethiopian General
Secondary Education Certificate Examination) and the national learning assessment.

According to Clough (2011) teaching the nature of science effectively leads to increased
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interest in science classes and a better understanding of many science concepts.
Similarly, Michel and Neumann (2017, p.951) stated that “an adequate understanding of
NOSK is expected to improve science content learning by fostering the ability to
interrelate scientific concepts and, thus, coherently acquire scientific content knowledge.”
Thus, low achievement in science subjects may be related to students’ lack of adequate
understanding of the nature of scientific knowledge. Hence, examining students’' NOSK
conception is an essential goal of this study.

This study will also focus on investigating whether there exists a congruence
between the NOSK conceptions of teachers and students. We may expect that most
teachers have informed conceptions about the nature of science. However, research has
indicated that both teachers and students possess misconceptions about many aspects of
NOSK. The conception of teachers’ may have a relationship with their students’
conceptions of NOSK. It is explained that science teachers who are responsible for
helping students attain informed conceptions of NOSK must first possess informed views
of NOSK (Abd-El-khalick & Lederman, 2000; Buaraphan, 2012; Liu & Lederman,
2007). This study was interested in investigating whether, after many years of NOSK
research, secondary school teachers possess misconceptions about the NOSK tenets that
are similar to those held by their students. What follows is that in those areas of NOSK
teachers are well versed, we fairly expect their students to develop informed conceptions
of NOSK; and we should not expect students to possess informed views of NOSK in
those areas where their teachers have naive conceptions.

However, teachers' understanding of NOSK at a theoretical level cannot be

directly translated into classroom practice to impact students' conceptions (Waters-
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Adams, 2006). It needs other mediating strategies which include teacher’s valuing of
science education, the ability to include NOSK concepts in the teaching-learning process,
student’s home and school cultures, and the like. Therefore, there needs an investigation
into how congruent are the teachers' and students’ conceptions of NOSK. Thus, one of
the aims of this study is to investigate patterns in the differences/ similarities between

students’ and teachers’ conceptions of the NOSK aspects.

1.3.  Purpose of the study

The purpose of this study was to gain a clearer understanding of the NOSK
conceptions of a sample of secondary school students and science teachers. The study
was guided by the following research questions:

1. What conception do secondary school students’ have about the nature of scientific
knowledge? Do students’ conceptions about aspects of nature of science align
with an informed, a naive, or a syncretic conception of the NOSK?

2. What conception do secondary school science teachers have about aspects of
NOSK? Do science teachers’ views about aspects of nature of science align with
an informed, a naive, or a synthetic view of the NOSK?

3. Is there congruence between the teachers and students' conception of NOSK? If
so, on which aspects of NOSK do students and teachers have informed views of
NOSK in common, on which aspects do they have intermediate views, and on
which aspects do they have naive conceptions?

4. s there a significant difference in NOSK conception between Grade 10 and grade

12 students?
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5. Are the conceptions of male and female students similar or different? In which

aspects they are similar and in which ones are they different?

1.4.  Significance of the study

Understanding of NOSK is very timely and there has never been a more crucial
time that called forth an understanding of NOSK by citizens because of the fact that a
number of individuals fail to understand how knowledge is generated and validated; fail
to distinguish between facts and alternative facts (McComas, 2017). It is the
understanding of NOSK that will enable individuals to critically evaluate knowledge
developed through science and act accordingly (McComas, 2017). Research on the nature
of scientific knowledge (NOSK) holds both practical and theoretical significance.
Understanding NOS involves comprehending the values, assumptions, and methods
underpinning scientific knowledge, which is crucial for both scientific literacy and the
advancement of science itself. The following are the practical significance of this finding.

Incorporation of NOSK into science curricula improves students' comprehension
of how science works. Understanding of NOSK leads to a deeper understanding of
science content (Clough, 2008). In addition, students' understanding of NOSK is
associated with their increased interest in science and science classes (Clough, 2008) and
science careers (Clough, 2011).

A good grasp of NOSK is critical in evaluating public issues that are related to
socio-scientific issues. To this end, NOSK should be accurately and effectively taught in
science courses. Rudolph (2007, as cited in Clough, 2011) argued that some business and

political groups exploit the public’s misunderstanding about how science is done to create
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doubt about issues like global warming. Moreover, individuals could benefit from
understanding NOSK to make informed decisions on personal issues like health and diet.

The findings of this study could help researchers to see the gaps in NOSK
understanding of students and science teachers, and find ways that promote students’ and
teachers' views of NOSK.

The result could be of paramount significance to science instructors in such a way
that being aware of the relevance of students’ and science teachers’ conceptions of
science could trigger them to find ways of developing students' and teachers'
understanding of NOSK. The study could also be important to education Bureaus, the
Ministry of education and school leaders so that they can create enabling conditions for
teachers and students to develop informed views of NOSK. The results could also inform
science curriculum designers at both secondary and higher education levels.

This study has the following theoretical significances:

NOSK is important for its various roles include making informed decisions and
developing deep understanding of science content, increasing students’ interest in
learning science, and pursuing science careers. However, research on NOSK aspects that
are appropriate for different educational levels is lacking (Leden & Hansson, 2017).
Therefore, this study which investigated the secondary school students and their science
teachers could contribute to filling this gap.

This study showed aspects of NOSK on which students and teachers held
informed views and on which aspects they subscribed to naive conceptions. This could
provide researchers a basis for future studies to conduct NOSK research across different

cultures and to conduct comparative studies across different countries.
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The present study could also make an important addition to the literature of
NOSK on Ethiopian secondary school students' and teachers' understanding of NOSK. In
this regard, this study could serve as pioneering research in Ethiopia as NOSK has not
been researched in a local context (Berie et al., 2022).
In general, this research has a theoretical significance that enriches our
understanding of science as a dynamic and multifaceted endeavor. It creates connections
between scientific research, teaching, and public participation, promoting a society that is

more knowledgeable and capable of critical thinking and decision-making.

1.5.  Scope of the study

This study aimed to investigate secondary school students and science teachers’
conceptions of NOSK. Thus, it is delimited to secondary school students and science
teachers. Concerning students, the participants were selected from grade 10 and Grade 12
natural science students. Note that Grade 10 students took both social and natural science
subjects. The science teachers teaching grades 9 through 12 were included as participants
in this study. Regarding study variables, the study is delimited to seven NOSK consensus
aspects that are described under the introduction and theoretical frameworks section. The
geographic scope of this study is delimited to three schools that are located in two cities

of the Amhara region, Ethiopia.

1.6. Operational definitions

The following are the operational definitions of key terms.
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= Informed conception (sophisticated understanding) — Participants’ answers that
show a more complete understanding, and there are no contradictory answers
present in instrument responses.

= Syncretic/ Intermediate — Participants’ answers that show some understanding of
the concept but also show misconceptions

= Naive conception— participants’ answers that showed a lack of understanding of a

concept.
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UNIT TWO
REVIEW OF RELATED LITERATURE

2.2. Conceptualizing the Nature of Scientific knowledge

The nature of scientific knowledge is a multifaceted concept that includes several
key elements, including the empirical foundation of scientific knowledge, the
significance of imagination and creativity in science, the theory-laden character of
observations, the distinction between laws and theories, the tentative nature of
scientific knowledge, and the social and cultural embeddedness of science (N. G.
Lederman et al., 2002). Understanding of nature of scientific knowledge is an
important topic in science education as well as in science teacher education. The
nature of scientific knowledge is conceptualized by many pioneer researchers
(Clough, 2008; N. G. Lederman et al., 2014; McComas, 2015; Wolfensberger &
Canella, 2015). The works of these researchers has resulted in a consensus view of
NOSK, which is agreed important to K-12 school curriculum. The following quoted
conceptualization by Clough is a more comprehensive and straightforward for
comprehending what nature of science refers:

The phrase “nature of science” (NOS) is often used in referring to issues such as

what science is, how it works, the assumptions underlying the doing of science,

how scientists operate as a social group and how society itself both influences and

reacts to scientific endeavors. These and many other thoughts regarding the NOS

are informed by contributions from several disciplines including, but not limited
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to, the history, philosophy, sociology, and psychology of science. (Clough, 2008,

p.2).

Researchers in the area of NOSK (N. G. Lederman et al., 2014; Liu & Lederman,
2007; McComas, 2015; Wolfensberger & Canella, 2015) suggested that both teachers and
students should know that: (1) scientific knowledge is both reliable (one can have
confidence in scientific knowledge) and tentative (subject to change in light of new
evidence or re-conceptualization of prior evidence); (2) no single scientific method exists,
but there are shared characteristics of scientific approaches to science, such as scientific
explanations being supported by empirical evidence, and are testable against the natural
world; (3) creativity plays a role in the development of scientific knowledge; (4) theories
and laws are distinct but there is a relationship between them; (5) there is a relationship
between observations and inferences; (6) though science strives for objectivity, there is
an element of subjectivity in the development of scientific knowledge; and (7) social and
cultural context also play a role in the development of scientific knowledge.

In line with the conceptualizations of NOSK, it is important to provide the
common parameters develop a better understanding of the construct. NOSK seeks to
describe the nature of the scientific enterprise and the characteristics of the knowledge it
generates (Casey, 2012). Table 2 presented a summary of the parameters which are
referred as aspects of the NOSK that are common to researchers to K—12 level education
(Bell, 2009; Liu & Lederman, 2007). The Table indicated the most common (seven)
aspects of nature of scientific knowledge. In the Table the seven aspects of NOSK are
briefly described. It entails us that scientific knowledge is based on empirical evidence

and make use of logical reasoning; science uses extensive observations and inferences;
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Table 1

Summary of NOSK aspects and their descriptions

NOSK aspects

Descriptions of aspects of NOSK

Empirical nature

Observation and
inference

Theories and laws

Tentativeness

Creativity and
imagination

Objectivity and
subjectivity

Social and cultural
influences

Scientific knowledge is derived from data and evidence gathered by
observation or experimentation. Empirical refers to both quantitative
and qualitative data. However, some scientific concepts are highly
theoretical in that they are derived primarily from logic and
reasoning.

Science involves more than the accumulation of countless
observations—rather, it is derived from a combination of observation
and inference. Observation involves gathering information using the
five senses while inferences are explanations based on observation
and prior knowledge.

A law is a succinct description of relationships or patterns in nature
based on observation and are often expressed mathematically.
Scientific theories are broadly based concepts that make sense of a
large body of observations and experimentation. Thus, theories and
laws constitute two distinct types of knowledge. One can never
change into the other.

All scientific knowledge is subject to change in light of new
evidence and new ways of thinking. That does not mean that we
shouldn’t have confidence in scientific knowledge; rather that it may
change in the future.

Creativity and imagination is a source of innovation and inspiration
in science. Scientists use creativity and imagination throughout their
investigations.

Scientists strive to be objective and employ self-correcting
mechanisms such as peer review. But intuition, personal beliefs, and
social values all play a role in the scientific enterprise.

Different cultures and belief systems could impact the use of
scientific knowledge, as well as the way scientific investigations are
conducted.

Theories and laws are two distinct aspects of knowledge, one cannot be changed to the

other; scientific knowledge is changeable; creativity and imagination are used in all
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stages of scientific endeavor; while scientists strive to be objective, their personal beliefs
and preferences have a role in the development of scientific knowledge.

As discussed so far, there exists much agreement regarding NOSK ideas worth
teaching and learning in science education. Thus, to help students understand NOSK
concepts, teachers need to plan and discuss NOSK tenets in the teaching and learning
process. This planning and execution is, however, only possible and productive when
teachers NOSK understanding is consistent to modern NOSK conceptions. With this
regard, Abd-El-Khalik and Lederman (2000) argued that if teachers lack modern
conceptions of NOSK, they cannot effectively teach NOSK concepts to students even if
the concepts are suitably incorporated in their science curriculum and textbooks. For
example, Aslan and Tasar (2013) found that the curriculum promotes many aspects of
NOSK including tentativeness of NOSK and the importance of observation and
inferences in developing scientific knowledge, however, teachers held naive views on
many dimensions of NOSK which had a hindering effect on the development of students’
NOSK understanding. In general, teachers’ understanding of NOSK is indispensable,
although not sufficient, for effectively translating their understanding into science
instruction (J. S. Lederman et al., 2012). To help students learn about the nature of
science, teachers must understand the content of NOSK themselves, find out students'
misconceptions and implement instructional activities and assessments (Hanuscin & Lee,

2009).

Some authors noted that the knowledge of NOSK is less stable compared to

knowledge resulting from concrete evidence in some sciences. Good (2005, p.150) stated
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that “Unlike knowledge in the natural sciences, social science knowledge is much less
stable and coherent, and knowledge about the nature of science and scientists is social
science knowledge.” However, such a statement of knowledge of science by itself lacked
overall consideration of knowledge of science that resulted from scientists’ nonuse of
experiments, such as hypotheses, and theories which are useful in scientific knowledge.
Thus it is important to consider the nature of science as multifaceted with a unifying

concept of the nature of science.

2.3. Understanding the nature of NOSK and scientific literacy

Understanding the nature of science (NOSK), which is an essential component of
scientific literacy, is important to understand the objects and processes of science, to
inform decision making in community issues related to science, and to appreciate cultural
values in doing science (Widowati et al., 2018). In a similar vein, Millar (2004)
discussed that people in modern society need some understanding of NOSK in order to
evaluate claims that may affect their life, such as, health, diet, energy resources, and
public policy in order to make informed decisions. Another importance of understanding
NOSK is that it can help students to develop interest in science and to better understand
scientific content (Chaisri & Thathong, 2014; Widowati et al., 2018).

Scientific literacy is valued because science has played important roles in developing
the means of production, communication and transport, protecting countries from
enemies and also hoped to play such roles in the future. Related to this, Flammer (2006,
p.197) stated that science has played a significant role in various achievements in the

past. As Flammer explained, any distortion or weakening of the science education of any
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country will potentially make that country a weaker nation. Countries whose citizens
develop a better understanding of science are likely to lead healthy lives, become
competent in knowledge production and consumption, ease of communication and
transportation and are in a better position to defend well their country from enemies as
compared to nations who lag behind in scientific literacy. The other cause for concern to
students’ to be scientifically literate is that scientifically literate individuals and society
are the beneficiaries through understanding issues such as health and nutrition, the
interdependence of biological systems, pollution, soil production, climate, biotechnology,
energy use and transportation (Eivers & Kennedy, 2006).

The need for scientific literacy is now clear as it is framed in areas that are vital for
human development and survival, as well as harmonious co-existence with the
environment with the biomass and material resources. Therefore, understanding science
and its important characteristics is a necessity not a choice. Related to this Asimov (as
quoted in Wolpert, 1994, p.ix) stated that “A public that does not understand how science
works can, all too easily, fall prey to those ignoramuses ...”. Populations who do not
properly understand the nature of science are prone to make decisions and actions
without sufficient considerations which may lead to unintended outcomes.

There is an increasing recognition of the importance of being scientifically literate in
developed countries as it plays a significant part in the creation of their wealth (Brito,
2014). The understanding of scientific concepts and applied skills must improve in order
to successfully address issues facing society as citizens, policymakers, and scientists. In
today’s world where technological and social changes are so fast and a bulk of

information from different sources like radio, television, social media etc. is available to
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us understanding science and its nature is even more desirable than ever before
(McComas, 2015) to both developed and developing countries. Furthermore, Brito
(2014) suggested that developing countries have to give emphasis to develop scientific
understanding of their citizens’ in order to move from a traditional society to a more
modern one so that they can reach the present levels of mass consumption of developed
countries.

Many researchers in the field of education have considered proper understanding of
the nature of science as a basic component of science instruction (Abd-El-Khalick, 2013;
Abd-El-Khalick & Lederman, 2000; Boran & Bag, 2016; N. G. Lederman & Lederman,
2004; Liu & Lederman, 2007). Development of students’ understanding of the nature of
scientific knowledge (NOSK) has been considered an important and vital part of science
instruction (Kang et al., 2004; Metz, 2006). The aim is not to make students philosophers
of science, rather it aims to develop students’ ability to critically understand social
questions, take reasoned positions in discourses about the scope and limits of science, the
methods used to produce scientific knowledge and the claims of reliability associated
with them (Kotter & Hammann, 2017).

Understanding the nature of scientific knowledge plays a decisive role in the
development of scientific literacy (Holbrook & Rannikmae, 2009; N. G. Lederman et al.,
2014) and is critical for producing scientifically literate citizens (Kostal et al., 2022).
Without adequate understanding of NOSK, students will not be able to achieve the
desired goal of scientific literacy (N. G. Lederman et al., 2013). The critical issue here is
that students’ ability to make informed decisions about personal and social issues will be

compromised if they fail to understand NOSK (N. G. Lederman et al., 2013). In today’s
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world where science and technology are changing very rapidly personal and social
decisions like: How big a threat is climate change? Are genetically engineered foods
good to eat? Is an electric vehicle worth the price? Require a clear understanding of
scientific knowledge and how it is generated (Metz, 2015). Based on such premises some
authors argued that developing an understanding about the nature of scientific knowledge
is even an end in itself (Lombrozo et al., 2008). Thus, attention should be given to
NOSK instruction in order to reach the desired level of scientific literacy and attain the
presumed benefits of scientific literacy.

Teachers' and students' understandings of NOSK are objectives in science education
and remain a high priority for science education and science education research. With this
regard, Tao ( (2003) stated that a good grasp of the nature of scientific knowledge is an
essential goal of science education. In addition to the importance of NOSK by its own
right, developing an understanding of NOSK is also important for a better understanding
of science (N. G. Lederman et al., 2013). Krajewski and Schwartz (2014) argued that
integrating NOSK and content in daily lessons is key not only to understand the content
but also NOSK. An empirical study by Michel and Neumann (2017) confirmed that a
positive significant relationship existed between NOSK understanding and science
content learning.

Although science subjects are offered in many countries in the world, the goals of the
curricula across countries have a wide variety (Igbal et al., 2009). There are differences
concerning the specific content to be included in contemporary science courses and the
methods of instruction to be used. Such differences are unavoidable, as the science

discipline is rapidly expanding and the curricula present only a small sample of the
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scientific generalizations and principles. The science curricula in developed countries
give an emphasis on developing students’ understanding of the nature of science (Igbal et
al., 2009). Brito (2014) argued that developing countries should give emphasis to NOSK
learning to gain its benefits like the developed nations. However, developing countries, as
Igbal et al. pointed out, ignored the cultivation of students’ understanding of NOSK. As
a result, in developing countries, science could be perceived as a fixed set of knowledge,
absolute truth and objective knowledge. Perceiving scientific knowledge in such a way
that it is fixed and absolute could have undesirable consequences. Igbal et al.(2009)
stated the seriousness of the problem as follows:

Such views of science have many consequences, both for students as well as

teachers. By implication students develop an understanding that there is no room

for new discoveries; and that whatever is known about the natural phenomenon is
absolute and final. Implication for teaching is that we, as teachers of science have
to transmit that fixed body of knowledge to students and students have no other

alternative except to learn and memorise what they are told. (p.30)

The quoted text emphasized that if science teachers believed that science
knowledge is fixed they are likely to focus on transmitting those fixed body of knowledge
presented in textbooks and assess their students’ knowledge and comprehension of those
predetermined concepts and information. As a result, the role of students becomes mere
memorization of what they are told by their teachers with no effort of inquiry. Such
conception is, however, not consistent with the contemporary conceptualization of the
nature of science. The modern consensus view of NOSK by science educators,

philosophers of science and researchers is that NOSK has changing nature (durable but
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dynamic), subjective nature which is influenced by cultural and societal values rather
than fixed and objective (N. G. Lederman et al., 2013; Liu & Lederman, 2007;
McComas, 2015). Thus, if educators do not give attention to the development of the
students NOSK concept, the education of science could focus on teaching of knowledge
that is against the contemporary views of the nature of science. In such instances, science
could be viewed as objective, exclusively depended on empirical evidence, free of
cultural influences and fixed rather than as a body of knowledge which is dynamic,
influenced by subjective interpretations of data and cultural values, make use of

inferences and logical reasoning.

Table 2

Structure of Ethiopian science curriculum from grade 1 to 12

Grade level Subject Description

lto4 Environmental science  Science contents are taught in an integrated form
together with social science in a subject called
Environmental science

5t06 Science Biology, chemistry, and physics concepts are
taught together as integrated science

71010 Biology, Chemistry and  Science contents are presented as separate subjects
Physics as biology, chemistry and physics

11to 12 Biology, Chemistry and  Science subjects are offered to students in the
Physics natural science stream as separate subjects as

biology, chemistry, and physics. Students who
joined the social science stream do not take these
science subjects.

MOoE identified three important benefits of developing scientific understanding for
students from K-12. The benefits enumerated in the MoE document are (1) better

understanding of the physical and biological world around them, (2) fuller appreciation of
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how to lead a healthy lifestyle and (3) good grounding for studying science at higher
levels and/or working in scientific and technical careers. These three stipulated benefits
of scientific understanding are in line with the objectives of education for K-12
emphasized by science educators.

However, the impacts of these explicitly stated objectives of science education in
Ethiopian secondary school curricula with respect to developing student NOSK

conceptions remained unknown.

2.3. Students understanding of NOSK

It is the interest of people in the education circle that students develop ‘a more
informed understanding of the nature of scientific knowledge. Students understanding of
the NOSK is important to make informed decisions about socio scientific issues, to
appreciate cultural values in doing science, and to develop interest in science fields
(Chaisri & Thathong, 2014; Millar, 2004; Widowati et al., 2018). Development of
students NOSK understanding has been considered essential part of science instruction
(Abd-EI-Khalick, 2013; Metz, 2015). This section is devoted to review empirical research
that investigated students’ conceptions of the nature of scientific knowledge.

Sangsa-ard, Thathong and Chapoo (2014) conducted a study to examine Thai
Grade 9 students understanding of NOSK. These authors addressed their approach as
guantitative but as we can see from their results section they entertained both the
quantitative and qualitative approaches and therefore their approach was mixed. They
collected data using VNOS-C to examine students understanding on seven aspects of

NOSK. The VNOS-C consists of ten open-ended questions that help identify
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understandings of the tentative, empirical, creative, subjective, theoretical, cultural, and
social nature of science. Sangsa-ard et al. (2014) reported that they adapted and validated
the questionnaire before use. Their finding showed that the examined students possessed
inadequate conceptions on all of NOSK aspects. The finding on each NOSK aspect is that
71 students (100%) had demonstrated naive views on four of the examined seven aspects
of NOSK (distinction between scientific theory and law, tentative nature of scientific
knowledge, observation based and inferential nature of science & theory laden nature of
scientific knowledge). On the other three aspects of NOSK; that is, empirical nature,
Creativity and imagination and social and cultural aspects of NOSK students grade 9
students possessed both naive and intermediate views. On the empirical nature of NOSK,
as presented under VNOS-C question number 1, 64.78% and 35.22% showed naive and
intermediate views, respectively. On the creative and imaginative aspect of NOSK the
result showed that 47.89% held naive views, whereas, 52.11% held intermediate views.
On the social and cultural aspects of NOSK 56.33% and 43.67% held naive and
intermediate views, respectively. Thus, the result presented by Sangsa-ard et al. (2014)
showed that the majority of Thai grade 9 students held naive conceptions of NOSK while
some held intermediate views but none of them possessed informed views of NOSK.
Sormunen and Kdksal (2014) studied 39 grade nine advanced science students
from five lower secondary schools in Eastern Finland. Their approach was qualitative.
Their selection of the advanced science students is reported as follows. First, the
‘Motivation toward learning science’ questionnaire (SLQ) and ‘Attitude toward science’
scale (ATSS) was administered. Secondly, science teachers’ rankings of the five most

successful students in their classrooms were requested. Then, students who’s score is 2 or
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below on the ‘Attitude towards science’ scale (1 = totally agree... 5 = totally disagree),
and ‘Motivation toward science learning’ questionnaire (1 = totally agree... 5 = totally
disagree), and who were included in the science teachers’ ratings, were being selected for
further study.

Sormunen and Koksal (2014) studied the common seven aspects of NOSK;

b1 29 ¢¢

“empirical basis of science”, “observation and inference”, “subjectivity of scientists”,

bR 1Y

“social and cultural embeddedness”, “creativity in science

99 ¢

theories and laws” and
“tentativeness”. And they discovered that the majority of the students who are included in
their study had naive conceptions in all aspects of NOSK. Sormunen and Koksal further
stated that the students’ misunderstandings on two of the seven aspects, namely, “social
and cultural embeddedness” and “theories and laws” are the most serious although the
qualifier most series may lack sufficient clarity because of the fact that the authors
already reported that the participants showed naive views on all of the seven aspects of
NOSK. Sormunen and Koksal stated that the misunderstandings observed by the
advanced Finish students are not observed in previous studies conducted with ordinary
students which makes this result at odds with previous findings. Previous findings
indicated that higher achiever students also demonstrate better understanding of NOSK
(Sormunen & Koksal, 2014). In addition, Sormunen and Kdksal (2014) acknowledged
the limitations of their study and suggested future research to use large sample size and
multi-method approach.

Dogan and Abd-El-Khalick (2008) conducted a study to assess grade 10 Turkish
students’ and science teachers’ conceptions of the nature of scientific knowledge (NOSK)

and whether these conceptions were related to selected variables. The variables they
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studied in relation to NOSK include gender, geographical region, and the socioeconomic
status (SES) of their city and region; teacher disciplinary background, years of teaching
experience, graduate degree, and type of teacher training program; and student household
SES and parents’ educational level. They select participants through stratified sampling
approach method aiming to represent the country. Their sample comprised of 2,087
students and 378 science teachers. A questionnaire comprising 14 modified ‘‘Views on
Science-Technology-Society’” (VOSTS) items to assess their views of different aspects
of NOSK. The NOSK aspects that are targeted by Dogan and Abd-EI-Khalick (2008)
were the following:

...the theory-driven nature of scientific observations; tentative nature of scientific

knowledge; relationship between scientific constructs (models and classification

schemes) and reality; the epistemological status of different types of scientific
knowledge (hypotheses, theories, and laws) and their coherence across various
scientific disciplines; nature of, and relationship between, scientific theories and
laws; myth of a universal and/or stepwise ‘‘Scientific Method’’; the nonlinearity
of scientific investigations; and the role of probabilistic reasoning in the

development of scientific knowledge. (p.1091)

Participant responses were categorized as ‘‘naive,’’ ‘‘have merit,”” or
““informed,”’” and the frequency distributions for these responses were compared for
various groupings of participants. The students and teachers views found lacking an
overarching and/or consistent framework. That is, the distributions of participants’
responses among the three response categories (naive, have merit, and informed) were

varied across items. For instance, all students and teachers believed that when a
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hypothesis is ‘‘proven’’ correct, it becomes a theory. That is, all students and teachers
ascribed to one form or another of the naive view that the different categories of scientific
knowledge (i.e., hypotheses, theories, and laws) are hierarchically interrelated in a
connected progression toward achieving some higher status of ‘‘truth’’ or ‘‘correctness’’;
this progression was dependent on the accumulation of scientific evidence. The study, on
the other hand, with regard to the tentative nature of NOSK presented that the majority of
students (68.2%) and teachers (72.9%) held informed views. With regard to the scientific
method, the vast majority of both students and teachers ascribed to the notion of a
procedural, universal, and/ or step-wise Scientific Method. However, what needs due
attention is that why more teachers (45.8%) than students (44.2%) held naive views and
conversely why more students (17%) than teachers (10%) held informed views of
scientific method. Dogan and Abd-El-Khalick (2008) argued that this unexpected result
could be attributed to the continued and explicit emphasis given to an assumed universal
method in both precollege and college education. Nonetheless, it is difficult to agree with
their results as well as their arguments are not congruent with the accepted literature
which suggests as we learn more science our scientific understanding also increases.
Russell and Aydeniz (2013) conducted a quasi-experimental study to investigate
NOSK understanding of 63 high school science students (31 in the intervention group &
32 in the control group). Explicit/ reflective NOSK instruction was embedded within
authentic inquiry experiences and supported by online discussions. To measure students
conceptualization of various aspects of NOSK they used a Likert type scale NOSK

survey (Russell & Aydeniz, 2013) and VNOS-C (N. G. Lederman et al., 2002) which
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asks students to write essay responses to open-ended questions. The VNOS-C is a widely
used instrument.

Russell and Aydeniz’s (2013) study revealed that the instructional intervention
used in this study which combined explicit/ reflective NOSK instruction with intense
inquiry exposure along with ample reflective opportunities in an anonymous online
discussion format led to positive learning gains in participants' understanding of the
assessed NOSK aspects. That is, in all of the six assessed aspects of NOSK the
proportion of students in the experimental group exhibiting acceptable understanding of
NOSK after the intervention is much higher than their pre-intervention result. In the
pretest the proportion of the experimental group who exhibited acceptable understanding
of NOSK tenets, except for tentative NOSK (87%) was very small: creativity 16%,
empirical 23%, no single scientific method 13%, social and cultural embeddedness 16%
and subjective NOSK 16%. After the intervention, the proportion of high school students
in the experimental group who exhibited acceptable understanding of NOSK has
increased with a very large proportion: creativity 97%, empirical 100%, no single
scientific method 71%, tentative 97%, social and cultural embeddedness 97% and
subjective NOSK 90%. As can be noticed by comparing posttest scores with the pretest,
the intervention was very successful as the increment is not only very large but also the
majority of the high school students exhibited acceptable NOSK after the intervention.

In Russell and Aydeniz’s (2013) study posttest results also revealed that the
percentage of students exhibiting acceptable understanding of NOSK is higher for the
intervention group than the control group in all of the six NOSK tenets. For example,

higher proportions of students in the intervention group (90%) have informed
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conceptions than the control group (62%) in understanding the subjective nature of
science. Similarly, larger proportion of students in the intervention group (71%)
recognized that there is no single scientific method than the control group (43%). To add
just one more example, with regard to the social and culturally embedded nature of
science 97% of students in the experimental group showed informed views whereas, 56%
of the control group participants held informed views.

To sum up, in Russell and Aydeniz’s (2013) study the explicit/ reflective
approach was found to be effective in eliciting more advanced understandings of high
school students in the NOSK aspects. The posttest results of the intervention group
indicated a much larger increment of NOSK understanding as compared to the pretest.
Moreover, a larger proportion of students in the experimental group have exhibited
informed views as compared to the control group students in all of NOSK aspects

assessed.

Huang et al. (2014) investigated how the different discussion approaches in
Facebook influenced students’ scientific knowledge acquisition and the nature of
scientific knowledge views in Northwestern Taiwan. Their purpose was to investigate
how synchronous and asynchronous online discussions via Facebook influence student
general NOSK views, content-related NOSK and science content knowledge. The
participants were two 8th-grade and two 9th-grade science classes in Northwestern
Taiwan. There were 49 male and 34 female students who joined the online discussion
activities. The study adopted a quasi-experimental design which randomly assigned the

four science classes to synchronous or asynchronous groups. One class in each grade
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level engaged in synchronous discussion, and the other engaged in asynchronous
discussion. Each class was divided into five groups, with each group consisting of four to
five students. While students in the synchronous groups spent 45 minutes (one class)
analyzing a scientific news story on Facebook, students in the asynchronous group had
three days to finish their discussion of one news story.

Huang et al. (2014) used a Likert type scale to assess the three features of NOSK
(5 items for each), ranging from strongly agree (5 point) to strongly disagree (1 point).
Inputs from four science education doctoral students and two scholars reviewed to
establish validity of the instruments. The reliability of the three aspects of NOSK are
reported to be satisfactory (accumulative = 0.83, creative = 0.69, community = 0.82) and
the overall reliability of the scale was 0.86. They analyzed pretests through multivariate
analysis technique and reported that pre-intervention results showed no statistically
significant difference in the performance of students between the synchronous and
asynchronous groups of students in terms of general NOS views, content-related NOSK
views, and science knowledge. Moreover, t-test results on three science examinations of
first semester indicated no statistically significant difference between the synchronous
(N=42) and asynchronous (N=41) groups.

The intervention lasted three weeks which encompassed eight classes, each class
period lasting 45 minutes. After administering the pretests, the instructor explained to the
students the content of learning activities as well as features of NOSK and the
significance of understanding it. To help students understand NOSK, this study posted
seven scientific news stories on Facebook which allowed students to analyze the

accumulative, creative, and community of NOSK in each designated scientific news
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story. A paired samples t test indicated that after participating in online discussions,
students on average achieved significantly better understanding of NOSK, regardless of
whether they were assigned to a synchronous or asynchronous group. Additionally,
Multivariate analyses of covariance (MANCOVA) revealed that students in the two
discussion groups did not have significantly different general NOSK views in the posttest
after adjusting the pretest scores (pretest as the covariate in the model). MANCOVA test
also revealed that there was no statistically significant difference between synchronous
and asynchronous discussion groups on the combined dependent variables of content-
related NOSK views, controlling for the pretest. However, MANCOVA indicated
students in the synchronous discussion group achieved higher content knowledge than
those in the asynchronous discussion group in the posttest when students’ prior test was
controlled as the covariate.

It was better if grade 8 and 9 students’ responses are analyzed separately. Since
they have a one year difference in science learning which might have effect on their
NOSK understanding. The other issue is related to transferability (generalizability). In
this study Facebook is used but it is difficult to Ethiopian context where classrooms are
not yet furnished with computers and internet and/ or most high school students do not
have smart phones to use Facebook for educational purpose. More NOSK features better
include to provide teachers a workable method of teaching/ intervention.

Eastwood et al. (2012) conducted a study to investigate the effects of two learning
contexts for explicit-reflective NOSK instruction, socio-scientific issues (SSI) driven and
content driven, on student NOSK conceptions. The participants were four classes of

grade 11 and 12 students in Florida, USA. Two classes were assigned randomly to the
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SSI group (SSI driven-curriculum) and the other two classes to the content group
(content-based curriculum). Each class had participants ranging from 27 to 31 students
and males and females were equally distributed. Both the SSI and Content groups
received explicit instruction. An experienced high school science teacher instructed all of
the classes with explicit NOSK activities and demonstrations as well as making explicit
connections between NOSK aspects and classroom content for a year.

Eastwood et al. (2012) collected data through VNOS form C prior to instruction
and at the end of the instruction to provide pretest and posttest data. VNOS is a well-
established instrument in terms of face and content validity, and has been extensively
used in research with students and teachers. The researchers conducted inductive analysis
of the data set to generate an emergent taxonomy that characterized the range of patterns
observed in the data set. Through the inductive data analysis the researchers reported that
they identified six distinct NOSK themes to examine within the data sets: the empirical,
tentative, creative, social and cultural, distinctions between laws and theories, and the use
of scientific models. The researchers established a coding system that included three
ordinal categories: ‘informed’, ‘transitional’, and ‘naive’; for each NOSK theme an
additional ‘no relevant response’ code was used.

Eastwood et al. (2012) analyzed the pre-instruction VNOS questionnaire data and
found that the SSI and Content groups were not significantly different in their levels of
NOS understanding. Post instruction analysis revealed that both SSI and Content groups
showed significant gains in each aspect of NOSK with the exception of the social/
cultural NOSK for the Content group and the scientific models category for the SSI

group. In these two cases, students demonstrated gains, but the gains were not interpreted
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to be statistically significant. Another interesting result they found is that the post-
instruction responses of the two groups showed differences in the ways in which students
used specific examples to support their discussion of VNOS questions. However,
although greater proportion of students in the SSI group used examples to strengthen
their presentation of their perspectives related to how science is socially and culturally
influenced, a post hoc chi square analysis indicated that the group differences were not
statistically significant. However, the authors believed that these results highlight a
potentially important trend that warrants further investigation with large sample.

Kang, Scharmann and Noh (2004) conducted a large-scale survey that examines
6", 8" and 10" grade Korean students’ views of NOSK. The participants were from
randomly selected schools from Seoul, a metropolitan city in Korea. The sample sizes for
6", 8" and 10™ graders were 534, 551 and 617, respectively. These three grade levels
correspond to elementary, middle and high school in the Korean 6-3-3 school system.
The purposes were to provide a baseline of students understanding to offer meaningful
instruction, to gain insight through a cross-age comparison into whether students’ views
on the NOSK are influenced by their school science experiences, and to characterize
potential notable similarities and differences between the respective views on NOSK
possessed by Korean students and students of Western countries.

Kang et al. (2004) reported that they used empirically developed multiple-choice
format items by adapting with some modifications from Solomon et al.’s (1996) study
(i.e., questions 1, 2, 3, and 4) and the VOSTS (i.e., question 5). They conducted cross-

tabulations between responses to the different options and to look for significance using
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chi-square statistics. Students’ written responses to the open-ended section of each item
were classified according to the rationales students conveyed.

Kang et al. (2004) found that less than 20% of the students possessed informed
conception of the purpose of scientific investigation; this contemporarily accepted
perspective is “science is investigating natural phenomena and explaining the workings
of the world”. Furthermore, when considering the rationales that students presented, the
percentages of students who showed a sophisticated understanding fell even lower (6th
graders: 6.4%, 8th graders: 10.4%, and 10th graders: 9.3%). That is, many of the students
who chose the acceptable multiple-choice item did not support their choice with
appropriate rationales. The result indicated no statistically significant difference for the
distribution of students’ responses by grade level (y 2 = 8.596, df =6, p =.198).

Kang et al. (2004) also explored students’ views concerning nature of scientific
theory and found that the majority of the students possessed a naive view that “scientific
theories are facts which have been proven by many experiments”. Only about 25% of
students adhered to a contemporarily accepted epistemological viewpoint: “theory is an
explanation about the reasons for how things happen”. Considering the rationales that
students presented, however, the number of students who possessed sophisticated views
on scientific theories was substantially lower (6th graders: 13.2%, 8th graders: 13.9%,
and 10th graders: 17.6%). A chi-square analysis on the distribution of students’
responses detected no statistically significant difference (y 2 = 11.007, df = 6, p = .088).

Kang et al. (2004) investigated students’ conceptions of a scientific model, which
is an important part of a scientific theory, and found that 16% — 40% (sixteen to forty

percent) of students across grades demonstrated informed conception; they responded
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that scientists use models in order to explain the reasons for many phenomena. And a
statistically significant difference on the distribution of students’ responses was observed
(x 2 =108.396, df = 6, p = .001). The number of students who held a perspective that
could be regarded as consistent with a contemporary epistemological view, increased
with age (6™ graders: 15.7%, 8" graders: 33.2%, 10" graders: 39.3%). More 6th graders
tended to choose option aligned with naive conception (i.e., we can see the particles).
Understanding the tentative/ revisionary nature of scientific theories is regarded as
one of the important constituents of an individual’s appropriate conception of NOSK.
However, Kang et al. (2004) found that the majority of the students at all levels possessed
traditional views of the tentative NOSK. A chi-square analysis on tentativeness indicated
that there was a statistically significant difference on the distribution of students’
responses (¢ 2 = 78.107, df = 6, p = .001). More 6th graders tended to choose the option
that states “ways of explaining about phenomena have changed”, whereas more 8th and
10th graders tended to choose the option “old theories have been proven to be wrong by
the development of technology”. This result indicated that more 6th graders (15.5%) had
views consistent with a contemporary epistemology than 8th (7.7%) and 10" (3.1%)
graders had views which are based on traditional epistemology. The authors argued that
although school science seemed to distort students’ views on the tentativeness of
scientific theories at a glance; analyses on students’ rationales do not support this
interpretation. After considering students’ rationales, they found that only a few students
possessed a sophisticated understanding of the tentativeness of scientific theories (6™
graders: 3.3%, 8" graders: 2.4%, and 10" graders: 1.1%). However, contrary to the

authors’ contention the result is still showing a declining trend, that is, as grade level
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increases the proportion of students who held informed views of tentativeness decreases.
Thus, in this case as students learn more school science their conceptions of NOSK
becomes more naive. Kang et al.’s (2004) study in relation to the origin of theories
revealed that, the vast majority of students held naive views of NOSK, only a few
students were found to possess an appropriate understanding. The students conceived that
theories are “out there” to be known by scientists. Thus, the job of Scientists to these
students is to discover theories (i.e., facts) that already exist as objects. No statistically
significant difference was found for the distribution of students’ responses across grades
(x 2 =7.070, df = 6, p = .314).

In general, the study conducted by Kang et al. (2004) presented that the majority
of students (6th, 8th & 10th graders”) held traditional views of the assessed features of
NOS regardless of grade level. With regard to the three features of NOSK- purpose of
scientific investigation, definition of scientific theory (eg., differentiating scientific theory
with scientific fact), and nature of scientific theories (i.e., whether scientific theories are
discovered or invented), no statistically significant difference observed as reported by
non-significant chi-square test. But on the other two features of NOSK-nature of models
and tentativeness, a statistically significant difference on the distribution of students’
responses was observed although not in the same way. That is, more 8th and 10th graders
held contemporary conceptions of the nature of models than 6™ graders, whereas, with
regard to tentative NOSK more 6™ graders held accepted views of NOSK than 8" and
10" graders. While the result on nature of models seems logical, the result on
tentativeness seems to indicate as students are exposed to more school science they

become more naive in understanding the tentative nature of NOSK.
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Kilig et al. (2005) conducted a study to investigate the 9th-grade students’
understandings of the nature of scientific knowledge. They also investigated the
differences in students’ understanding of the nature of scientific knowledge by gender,
and school types. A total of 575 ninth grade students (295 girls and 280 boys) from four
different school types (General High, Anatolian High, Vocational High and Super Lycee)
participated in the study. Kilig et al. (2005) collected data utilizing an adapted version of
the Nature of Scientific Knowledge (NSKS) (developed by Rubba and Andersen in
1978). The NSKS is a 48 item Likert-type scale ranging from strongly agrees to strongly
disagree. It covered 6 tenets or postulates of nature of scientific knowledge: 1) amoral
i.e., provides people with many capabilities, but does not provide instruction on how to
use them; 2) creative i.e., is a product of human intellect; 3) developmental, i.e., is never
proven in the absolute and final sense; 4) parsimonious, i.e., tends toward simplicity but
not to the exclusion of complexity; 5) testable i.e., is capable of public empirical test; and
6) unified i.e., is born out of an effort to understand the unity of nature. Each of the six
tenets includes 8 items.

The NSKS was translated and adapted into Turkish by Kilig et al. (2005).The
reliability of the Turkish version of the scale was found to be 0.74 by using Cronbach
alpha. The validation of the scale as reported by the authors was examined by a group of
panel judges. Kili¢ et al.(2005) analyzed descriptively and found that 9th grade students
generally had a moderate (average) understanding of scientific knowledge (Total mean=
26.93). A testable tenet of the NSKS has the highest mean score (M=30.25) and
parsimonious tenet has the lowest mean score (M=24.99). Note that a maximum score

for each tenet was 40 and a score of 240 points for the total score. A two-way
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multivariate analysis of variance (MANOVA) was conducted to determine the effect of
gender and school types on six tenets of nature of scientific knowledge at 0.05
significance level. Both gender and school types were found to have significant effect on
the dependent measures, Wilks’ A= 0.970, F(6, 562)= 2,919, p= 0.008 and Wilks” A=
0.856, F(18,1590)= 5.005, p= 0.000, respectively. No interaction were found between
gender and school types Wilks’ A= 0.951, F(18, 1590)= 1.574, p= 0.059. Concerning
gender difference, the univariate ANOVAs for amoral (F (1, 567) = 4.095, p=0.043) and
unified tenets (F(1, 567)=7.640, p=0.006 ) of NSKS were significant in favor of girls
while the Univariate ANOVAs for creative, developmental, testable and parsimonious
tenets were not significant (p> 0.05). The results indicated that there was significant
mean difference between boys and girls with respect to amoral, and unified tenets of the
NSKS. The result also revealed that there was significant mean difference among school
types on amoral, creative, developmental, testable and unified tenets of NSKS. However,
there was no significant mean difference in parsimonious subscale of the NSKS with
respect to school types.

Kahana and Tal (2014) conducted a study to investigate high-achieving Israeli
high school students enrolled to advanced science courses. Three hundred twenty five
(152 male & 173 female) students were selected from 11 urban and countryside high
schools to represent different socioeconomic groups. The students included in the study
were: 82 biology majors, 81 chemistry majors, 81 physics majors; and a comparison
group of 80 students who majored in a non-science (i.e., history, literature, geography,
mass communication, fine arts, etc.). The students’ background in science in terms of the

curriculum they studied was similar prior to beginning the high-level courses in 11th
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grade. Kahana and Tal also interviewed 16 teachers who taught the science classes. The
teachers had advanced degrees in the science disciplines and were highly experienced (24
years on average).

Kahana and Tal (2014) used a mixed methods approach for data collection and
analysis. They collected data by preparing an open-ended questionnaire that required the
students to understand the NOSK knowledge in the context of the global climate change
debate. The questionnaire was administered twice: at the onset of the major program, at
the beginning of 11th grade and at the outset of the program, at the end of 12th grade.
Students’ conceptions relating to the following areas of the nature of science was
assessed: (1)Scientific knowledge is interpretive; the same evidence can be differently
interpreted; (2) Scientific knowledge is limited; (3) Scientific knowledge is founded on
empirical evidence; (4) Scientific knowledge is tentative; (5) Scientific knowledge is
subjective and influenced by non-scientific factors like social and economic. Content
analysis was performed on students’ responses to the five open-ended questions in order
to assess students’ views about NOSK. Each participant’s response was rated as
‘informed’ (for understanding NOSK) or ‘uninformed’ (for not understanding NOSK)
based on the consensus views about the NOSK described.

Kahana and Tal (2014) compared students’ prior to and at the end of their major
program in the science and non-science fields. In the interpretive aspect of NOSK they
found a significant increase in the informed views of biology students, but in other
groups there was a small and non-significant increase. With regard to the limited nature
of scientific knowledge and empirical aspect of scientific knowledge, the percentage of

students with informed views did not change significantly in any of the groups. In the

45



tentative NOSK aspect, the number of informed conceptions of physics students showed
a significant increase; but in the other fields, there was no significant increase. On the
fifth aspect of NOSK, social influence on nature of NOSK, all groups showed
improvement on NOSK understanding, but the increase was not significant. Kahan and
Tal also investigated whether there existed a difference in NOSK views between science
students and students who did not major science. They found that, science students
showed more informed views than non-science majors in all aspects of NOSK.

Kahana and Tal’s (2014) investigation has many merits including their pre-
assessment of NOSK and assessment of the teachers. However, there are different
schools which may have different facilities, different socio-economic status. In addition,
although teachers had informed views of NOSK their skills and attitude to include NOSK
teaching may vary. All this issues may lead us to suggest a multilevel modeling data
analysis than classifying groups on the basis of major course alone. In addition, the
NOSK aspects included are five dimensions, | suggest it was better if they were able to
include the other NOSK aspects which are reported to be relevant to K- 12 grade levels
by NOSK researchers (e.g., Liu & Lederman, 2007; McComas, 2017).

In general, the students held inadequate views in the majority of the consensus
NOSK tenets. For example, the majority of students subscribed to a naive conception of
NOSK aspects including; the subjective (Russell & Aydeniz, 2013; Sangsa-ard et al.,
2014; Sormunen & Koksal, 2014), the distinction between theories and laws (Kang et al.,
2004; Sangsa-ard et al., 2014; Sormunen & Koksal, 2014), and the influence of society
and culture (Eastwood et al., 2012; Russell & Aydeniz, 2013; Sormunen & Koksal,

2014). While the majority of students in some studies demonstrated informed conception

46



of the tentative NOSK (Dogan & Abd-El-Khalick, 2008; Russell & Aydeniz, 2013).
These findings led to the conclusion that students understanding of the NOSK is not
adequate on one hand and was not similar across the different contexts it has been studied
on the other. These situations could lead to further investigations that call for an

overarching conclusion about students NOSK conceptions.

2.4. Teachers' NOSK conceptions

Certainly teachers represent the most important variable in the classroom learning
equation. Even well-designed NOSK instructional packages that are at odds with the
philosophical orientations of teachers may not be effective. Hence, bolstering teachers’
understanding of NOSK is clearly a prerequisite for effective science teaching with many
adherents (McComas et al., 2002). Teachers who had a good grasp of the nature of
science can design more effective science lessons and activities. They can help students
appreciate the process of scientific inquiry, understand the provisional nature of scientific
knowledge, and engage critically with scientific claims. Moreover, for effective teaching
of NOSK teachers should recognize that NOSK is important for their students (Yenice &
Saydam, 2010).

A deep understanding of the nature of science informs the development of science
curricula. Teachers can ensure that curricular goals align with fostering scientific literacy,
promoting inquiry-based learning, and addressing misconceptions about science. Many
students hold misconceptions about the nature of science, such as viewing it as a
collection of facts or as a linear process with predetermined outcomes. Teachers who are

aware of these misconceptions can implement strategies to address them and promote
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more accurate understandings. Scientific literacy involves not only understanding
scientific concepts but also grasping how science works and its impact on society.
Teachers who comprehend the nature of science can better equip students with the skills
and knowledge needed to navigate the complexities of the modern world.

Teachers who continually deepen their understanding of the nature of science can
serve as mentors to their colleagues and contribute to professional development
initiatives within their schools or districts. This can help foster a culture of ongoing
learning and improvement in science education. In summary, a robust understanding of
the nature of scientific knowledge is essential for secondary school teachers to effectively
teach science, develop curricula, promote inquiry-based learning, address
misconceptions, foster scientific literacy, navigate ethical considerations, and contribute
to professional development efforts.

To teach the nature of science, teachers themselves must develop informed
conceptions of the nature of science (Mercado et al., 2015). Prior research has indicated a
relationship between teachers’ conception of NOSK and their teaching of NOSK (Kahana
& Tal, 2014). Thus, in this section, the results of some selected articles on teachers’
conceptions are summarized in some detail. After the summary there are discussions on
each of the articles reviewed.

Akerson, et al. (2000) conducted an intervention study based on a course designed
to develop elementary teachers’ conceptions of nature of science. The participants were
25 undergraduate students (23 female and 2 male) and 25 graduate students (22 female
and 3 male) assigned in two separate sections. Akerson, et al. (2000) selected 40

participants, 20 from each group, for interviewing. Half of these participants, that is, 10
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students from each group were randomly chosen for pre-instruction interviews; the other
half was interviewed at the conclusion of the study. The first author taught both sections
of the elementary science methods course (3 credit hours) in which participants were
enrolled. None of the participants, graduate or undergraduate, had formal coursework in
history or philosophy of science.

In Akerson et al. (2000) study, during the first week of class, participants were
engaged in specially designed activities that were coupled with explicit NOSK
instruction. Throughout the remainder of the course, participants were provided with
structured opportunities to reflect on their views of the target NOSK aspects. Classes
were held weekly in 3hour blocks throughout the semester. During the first 6 hour in the
course, the instructor engaged participants in 10 different activities that explicitly
addressed the seven target aspects of NOSK. An open-ended NOSK questionnaire
coupled with individual interviews was used to assess participants’ NOSK views before
and at the conclusion of the course. The instructor kept a detailed log of all these
reflective opportunities. Akerson et al. (2000) found that the majority of participants held
naive views of the target NOSK aspects at the beginning of the study. Post- instruction
assessments indicated that participants made substantial gains in their views of some of
the target NOSK aspects. However, less substantial gains were evident in the case of the
subjective, and social and cultural NOSK.

Akerson et al. (2000) study showed us how we can use explicit reflective NOSK
instruction to develop modern views of NOSK. The data collection techniques, which
include both open-ended questionnaire and follow up interview, were advantageous to

collect rich data that enables the researchers to identify changes that resulted from the
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intervention. However, there are some limitations in this study which include (1) the
interview was conducted assuming the two halves as equivalent. But as the sample size is
small (only 10) in each sub group and not at random, assuming equivalency is very
difficult and may lead to unwarranted conclusions, (2) the finding indicated that explicit
reflective NOSK instruction was effective to some aspects of NOSK, but not all, and (3)
the intervention is part of a course and hence the changes could potentially be influenced
by other courses which are offered in parallel to the intervention. All these limitations
imply a need for a more controlled research that integrates other intervention techniques
in addition to the explicit reflective NOSK instruction that would be more effective to
bring the desired changes in all aspects of NOSK.

Chin-Chung Tsai (2006) investigated the effect of science education courses on
pre-service and in-service teachers’ views of nature of science. All of them had a major
in a related science field in a degree program. There were 36 in-service teachers (F=12,
M=24) in course | and 32 pre-service teachers (F=13, M=19) in course Il. The in-service
teachers ranged in age from 28 to 56 years old, and their teaching experiences ranged
from 3 to 27 years with an average of 9 years. The pre-service teachers had an age range
from 21 to 28 years.

Tsai (2006) administered a Likert-type questionnaire in the first session of each
course to assess the participants’ initial views about science. One additional open-ended
question was also attached to explore the teachers’ views about science in the beginning
of each course. The open-ended questions were like ‘‘what is your view about science?’’
Tsai administered the same questionnaire in the final session of the course. In addition,

the end-of-course questionnaire included an open-ended survey, asking the teachers to

50



reflect their contemporary views about science, possible view changes and the sources of
changes. In the study, teachers were also asked to retrospect whether his or her views

2% ¢¢

about science had changed, deciding an option among ‘‘no change,”” ‘‘somewhat
change’” and ‘‘change,’” and then giving reasons for the selected option. Three pre-
service and two in-service teachers who did not express clear ideas in the survey were
interviewed for further clarification. The written responses and some interview data were
used for content analysis to reveal teachers’ possible view changes and the sources of
changes.

Tsai (2006) concluded that science education courses integrating some ideas
about the philosophy of science and contemporary learning theories and activities (e.g.,
student alternative conception and conceptual change) are helpful in changing both pre-
service and in-service teachers’ views toward the nature of science. The pre-service
teachers initially having empiricist-aligned views about science, tended to possess more
constructivist- oriented views about science after the course. The in-service teachers
showed more agreement with constructivist views about science in the conclusion of the
course, but their position toward the empiricist views about science remained statistically
unchanged. This implied that the in-service teachers might have shaped more established
beliefs about science, which could not be easily altered.

As this study (Tsai, 2006) involved both in-service and pre-service teachers,
although in different courses (with similar content), such a more direct comparison
between the views shown by in-service teachers and those by pre-service teachers is
informative. Perhaps, due to their prior academic experiences in science and rich practice

in teaching science, the in-service teachers might have strongly develop certain (possibly
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empiricist-oriented) views about science, while these views were resistant to change.
Tsai’s (2006) finding gives us some insight about the possibility of enhancing pre-service
and in-service teachers’ views of NOSK. Moreover, changing NOSK views (like
empiricist) are relatively easier for pre-service teachers than in-service teachers.

However, Tsai’s (2006) study had some limitations. Firstly, the participants are
not randomly selected to represent their respective populations, that is, the pre-service
and in-service teachers. The study used largely quantitative research design, but the study
sample was not selected at random which is not in line with the concept of probability
assumption (not representative); moreover, the two groups took different courses that
make the comparison even more difficult and the result less generalizable. These call for
a need for further study that is carefully designed to control variables that have potential
to confound results.

Mansoor Niaz (2008) aimed to facilitate in-service chemistry teachers'
understanding of nature of science in order to identify what ‘ideas-about-science’ can be
included in the classroom. The study was based on 17 in-service chemistry teachers who
had enrolled in the course, ‘‘Epistemology of Science Teaching,’’ as part of a Master’s
degree program in education, at a major university in Latin America. Nine teachers
worked in secondary schools and eight at the university level (male = 6, female 11, age
range: 25-45 years), and their teaching experience varied from about 5 to 20 years. In the
previous year all teachers had enrolled in the following courses: (a) Methodology of
Investigation, in which basic philosophical ideas of Popper, Kuhn and Lakatos were
discussed, in order to provide an overview of the controversial nature of progress in

science (growth of knowledge) and its implications for research methodology in
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education. Teachers were familiar that basic ideas like the scientific method, objectivity
and inductive nature of science were considered to be controversial and questionable by
philosophers of science; (b) Investigation in the Teaching of Chemistry, in which
students’ alternative conceptions and conceptual change strategies were discussed within
a history and philosophy of science perspective, with particular reference to historical
controversies.

The participants in Niaz’s (2008) study were provided articles. The course, which
is offered to the participants, was based on 17 readings and was subdivided in to three
sections: 1) Nature of Science - seven articles given to six participants one reading
material for each participant, except one of the participants who is assigned to two
reading materials, 2) Critical evaluation of nature of science-five articles one to each
participant, and 3) Critical evaluation of constructivism -six articles. The researcher used
multiple data sources based on the different course activities in the study. These data
sources include question—answer sessions after each of the 17 formal presentations, initial
and final exams during the final week of the study (separated by 36 hours of class
presentations and discussions) and critical essay aimed to present a critique based on
epistemological, philosophical, and methodological aspects of NOSK.

Niaz (2008) collected multiple data using different strategies, approaches and
methods in such a way that the resulting mixture or combination is likely to result in
complementary strengths. This use of multiple methods and approaches is one of the
strengths of Niaz’s (2008) research. The study is also conducted as part of the course, in
such cases the study is more natural (as contrast to artificial) and the students will also

have the motivation to take exams. If it were an artificial setting we will not expect
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enough motivation from students to be well prepared and take exams with their full
concentration and make use of their mental (psychic) energy. Having all these strengths,
the study by Niaz (2008) has given us some relevant information which will have a
meaningful contribution to the practice of science teaching. However, the study also has
some limitations that will call for improvement for next researchers. As the study is part
of a course there is less control over the extraneous variables that could affect the in-
service teachers’ conception of NOSK. Thus, establishing a cause and effect relationship,
which we expect from intervention studies, is difficult if not impossible from this study.
Thus, future researchers should make use of random groups and select intervention
techniques and then compare results between different groups that have received different
types and/or levels of intervention to establish cause-and-effect relationships.

McDonald (2010) conducted a study to investigate the influence of explicit
NOSK and argumentation instruction on pre-service primary teachers’ views of NOSK.
The majority of the pre-service teachers entered the course having studied science to
upper secondary levels with varying degrees of success. Sixteen of the 17 pre-service
teachers enrolled in the course consented to participate in the study. Five of these 16 pre-
service teachers were purposively selected for intensive investigation, and became
participants in the present study. The authors used the following four criteria to select the
five participants: (1) completion of all data collection task requirements in the study, (2)
regular class attendance, (3) freely availed themselves for interviews and informal
discussions, and (4) fully participated in all classroom activities.

The course teaches designed basic chemistry concepts with the underlying

assumption that pre-service teachers entering the course would generally possess limited
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conceptual knowledge of chemistry. Classes were held weekly in 3-hour sessions, and
covered an 11-week teaching period. Participants were engaged in explicit NOSK
instruction, during both inquiry- based classroom sessions and theory-based classroom
sessions. According to McDonald (2010), the eight NOSK aspects were introduced,
discussed, and reflected upon, at contextually relevant stages throughout the intervention.

McDonald (2010) reported that he utilized four sources of data to provide
evidence to address the research questions guiding his study: questionnaires and surveys,
interviews, audio- and video-taped class sessions, and written artifacts. Participants
completed the VNOS-C, global warming survey, and superconductors survey. The five
participants who were selected for the interview took part in both the initial and final
interviews.

The findings (Mcdonald, 2010) revealed that all of the participants expressed
naive or limited views on the six or more of the eight NOSK aspects at the
commencement of the study. Many positive changes were evident in participants’ NOSK
views at the end of the study, with four of the five participants’ views of NOSK
developing from predominantly naive or limited understandings of NOSK, to
predominantly partially informed or informed understandings of NOSK over the duration
of the intervention. McDonald revealed that two participants exhibited development in
six of the eight examined aspects, and other two participants showed development in five
of the eight examined aspects. Participants’ views of the subjective and theory-laden
NOSK, the social and cultural NOSK, and the creative and imaginative NOSK improved
substantially over the duration of the intervention, although little development was

evident in participants’ views on theories and laws. One participant (David) failed to
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exhibit substantial development in any of the examined NOSK aspects and continued to
express naive or limited views of all eight examined NOSK aspects at the conclusion of
the study.

McDonald (2010) reported that he has concerns with regard to the validity of the
study. He stated that he himself conducted all interviews with participants, and was the
course lecturer in the classroom intervention phase of the study; marked and graded
participants’ assessment items in the course. Moreover, the researcher used only one
group of participants, small size (16 pre-service teachers) and only five of them were
interviewed. These factors all together raise validity issues for the study. Thus, another
study design which aimed to control factors that are threats to the study’s validity (i.e.,
designs that help researchers avoid or reduce validity problems) provide findings that will
be beneficial to those who have concern to improve teachers NOSK views.

Another NOSK study by Celik and Bayrakceken (2012) investigated the effect of
an activity based explicit nature of science (NOSK) instruction undertaken in the context
of a “Science, Technology and Society” course on the prospective science teachers’
(PSTs’) understandings of NOSK. In this course, social science based inquiry activities
were used as a context to lead reflection and explicit discussions and project based
learning approach (PBL) was used to model an active student centered NOSK teaching
and learning- convenient sampling method. The study involved 36 senior PSTs who were
seeking a teacher certificate in an elementary science-teaching program in a Turkish
college. The course was delivered three credit hours per week, during this study for one
semester that spanned 14 weeks. The authors collected data using convenient sampling

method at the beginning and end of instruction by an open-ended questionnaire and
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interview. The authors used Abd-El-Khalick and Lederman’s (2000), Views on the
Nature of Science Questionnaires (VNOS-B & C) a modified questionnaire to assess the
prospective teachers conceptions (PSTs) of NOSK. Three more questions were added to
original items from VNOS questionnaires. The analysis focused on generating profiles of
PSTs’ understandings of NOSK before and after the STS (science, technology and
society) course followed the explicit project based science. The questionnaire and
interview data were analyzed using the analytical inductive model of qualitative data
analysis approach. All the questionnaires and interviews were treated separately. The
authors also reported that the entire data analysis was repeated two times to increase the
reliability of analysis and found about 80 per cent agreement between the two sets of
analyses.

For the inferential statistic test, each participant’s response to each item of the
questionnaire was classified under three categories, such as ‘informed’, ‘mixed’ and
‘naive’. Based on this classification, the nonparametric Wilcoxon test was used to
compare the pre and post instruction results. Celik and Bayrakceken (2012) reported that
the majority of PSTs held naive or mixed views about most aspects of NOSK at the
beginning of the instruction, there was substantial development in the participants'
conceptions about many aspects of science at the end of the instruction; however, little
change took place for either conceptions related to the social and cultural influences on
science or creativity and imagination in science.

The findings reported by Celik and Bayrakceken (2012) have the following
shortcomings. One of the restrictions is related to the sampling strategy they applied -

convenient sample method is that its results cannot be generalized to the expanded
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population, results are only restricted with its sample (the authors also indicated this
limitation). Moreover, the intervention is part of a course — not a specially designed
program to develop NOSK; and the outcomes cannot be attributed to this course based
intervention alone. Thus, a more, rigorous research design is needed to arrive at
conclusive findings that give more confidence to intervene if necessary.

A study by Concannon, Brown and Brown (2013) also investigated prospective
teachers’ conceptions of science theories before and after instruction. The participants
were 35 purposefully selected prospective teachers from four consecutive year students
(different groups). All prospective teachers were enrolled in an Elementary and middle
school methods of teaching science course or a secondary methods of teaching science
course. The instruction focused specifically on prospective teachers’ misconceptions that
theories are not used to predict, that laws are more important than theories, and that
theories are simply hunches. They used an action research design by applying Posner et
al.’s (1982) conceptual change model. The authors’ reported that the majority of the
participants (elementary and middle level prospective teachers) (88%) had only one
college science course prior to taking the survey.

Data about prospective teachers’ conceptions of science theories before and after
instruction was collected for four consecutive years using 10 statements (A to J) which
require putting check marks (X’s). Descriptive statistics including percentage was used to
analyze the data. The primary misconceptions about theories in science prior to
instruction discovered by the authors (Concannon et al., 2013) were: 1) a scientific law
has been proven and a theory has not; 2) theories do not include observations; 3) theories

cannot be used to make predictions; and 4) theories are “hunches” scientists have.
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However, Concannon et al. (2013) reported that after receiving explicit instruction these
prospective teachers developed more accurate views of NOSK and “scientific theories”
while retaining some naive conceptions. Overall, explicit instruction of science theories
decreased the number of incorrect ideas students held. However, the idea that theories are
“hunches” persisted, especially for students who had several incorrect ideas about
theories in science.

Concannon et al.’s study (2013) gave us some insights on how we can help
prospective teachers develop better understanding of NOSK by conducting a study
focusing on misconceptions of NOSK through explicit instruction. However, the study
has the following limitations that future researchers should be cautious of the results.
Firstly, the study was an action research design which is difficult to control variables that
affect participants NOSK concepts other than the intervention (the explicit NOSK
instruction). Thus, other designs like control-groups pretest- posttest design could provide
us a more valid conclusion. Secondly, the data was collected by close-ended
questionnaire. Forced choice questionnaire may force participants to provide answers
which they may not have any idea about it which may potentially lead to erroneous
conclusions. This requires an open ended questionnaire that complements with the
closed-ended which is used in this study. The sample size is also small, large samples
being other conditions constant can give us a more generalizable data. Even the authors
reported that some participants held naive views of NOSK after intervention. All these
shortcomings call for a research design which is more rigorous and able to develop

prospective teachers NOSK views.
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Seyhan and Tiirk (2013) conducted a study to determine the problem solving
performances of science teachers participating in the problem solving application in the
chemistry lab; its relationship with their opinions of the nature of science along with their
beliefs about the nature of science and science teaching as variables. Single group Pretest
and posttest design was used. The study participants were 40 student- teachers’. Seyhan
and Turk designed and implemented problem solving performances application at
chemistry lab. This problem solving performance application had five phases (steps) that
lasted six weeks. The student-teachers in the chemistry lab were grouped in to four or
five members to carry out the PBL activities. They followed five consecutive phases. In
the first phase they identified and selected ten (10) problem cases among daily life
events. During the second phase (second week of the lab) each group identify a problem.
In the third phase, each group has established a hypothesis, and shared responsibilities
among group members. They also collected data and present a solution way of choice and
present as a form of experiment suggestion. During the fourth phase, they conducted the
experiment (Suggested experiment solution), generalize their results and expressed them
using their own words. Finally, in the fifth phase, the groups who failed to obtain results
according to the hypothesis they established, revised their solution steps.

Student-teachers problem solving skills were scored between 0 and 4 according to
the quality of the skill. Content validity- obtained through expert opinion. Opinion
survey on the nature of science questionnaire VNOS-C was used. The data was analyzed
using paired-sample t-test. The results reported by Seyhan and Tirk (2013) following the
problem solving application at the chemistry lab, student teachers’ knowledge levels

about the nature of science increased statistically. As the other studies we have discussed
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so far the study by Seyhan and Turk (2013), the intervention is part of a course delivery.
Only one group is used, there is no randomization is sampling these all raise the issue of
validity and generalizability of results. As a result a more rigorous research design that
controls the validity threats is necessary to come up with a usable solution.

Boran and Bag (2016) conducted a study to investigate The Influence of
Argumentation on Understanding Nature of Science. The participants were 20 pre-service
science teachers. Based on pretest and posttest scores of the views of nature of science-C
(VNOS-C), three participants were selected for the process of gathering qualitative data
with questionnaires and follow-up interviews. The intervention was conducted weekly in
2 hour sessions, and covered a 14-week period. The intervention session of the study was
conducted over an 11-week period. They used open-ended questions which were aimed
to gather pre-service science teachers views on the following eight aspects of science: the
empirical nature of science, the methods of science, theories and laws, the tentative
nature of science, the inferential and theoretical nature of science, the subjective and
theory-laden nature of science, the social and cultural nature of science, and the creative
and imaginative nature of science. After the questionnaires are analyzed Boran and Bag
(2016) selected three participants for interview. During the interviews, the selected
participants were provided with a copy of their pre and post VNOS-C questionnaire
responses and asked to read, explain, and justify their answers to each of the questions.

Boran and Bag (2016) found that the argumentation based science instruction has
contributed to the positive development of 2 of 3 participants’ views of the nature of
science from naive nature of science views to more informed views. After intervention

phase, only case 2 showed development from a limited to a partially informed view and
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the other 2 cases (case 1 and case 3) did not show any change on this aspect. The results
on the tentative nature of science aspect showed that before the intervention session, case
2 and case 3 expressed limited, but only case 1 expressed partially informed views of this
aspect of the nature of science. Case 2 and case 3 expressed absolutistic views. After
intervention phase, only case 2 showed developments from a limited to a partially
informed view, case 1 and case 3 did not show any change on this aspect. Only 2 of this 3
cases’ (case 1 and case2) views of the theory-laden nature of science improved
substantially over the course of the intervention. Case 1 showed a change in his/her view
of the theory-laden nature of science from partially informed view to an informed view.
Case 2 showed a change in his/her view from a limited view to a partially informed view.
Case 3 did not show a significant improvement in this aspect of nature of science.

The aspect of creative and imaginative nature of science — one of the three
participants (Case 3) failed to understand the role of creativity and imagination at all
stages of scientific research. But all of them showed improvement in their understanding
of this aspect, and displayed informed views (case 1 &case2) of this aspect at the
conclusion of the study.

Boran and Bag (2016) reported that all of the participants expressed limited views
of the examined nature of science aspects at the beginning of the study. But after the
argumentation-based science instruction intervention, pre-service science teachers’ views
of the nature of science were improved. This study has however some limitations that
calls for researchers and users attention. The intervention (argumentation) has failed to
promote some aspects of NOSK to some pre-service teachers. These calls for a change in

the approach or a need to include additional method(s) that help develop pre-service
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science teachers NOSK views. In addition, the study is part of a course which is
conducted at a specific context, not applied random selection of participants, and used a
single group. Such conditions are very loose to control variables that affect results other
than the intervention which consequently makes generalization of the result difficult.
Thus, future studies designed with the aim of improving participants’ nature of science
views should apply research designs that better control the influence of extraneous
variables that could potentially affect results.

Another NOSK research by Cibik (2016) investigated the effect of project-based
history and nature of science practices on pre-service science teachers’ views of nature of
scientific knowledge. The participants were undergraduate students attending teacher
preparation Program of Science Education. The aim of the study was to compare the
change of pre-service science teachers’ views about the nature of scientific knowledge
with PBHNOS training and conventional method. The study was conducted in History
and Nature of Science course which is scheduled in the second semester. The
experimental group was instructed through PBL, the control group received conventional
method.

Cibik (2016) used a non-equivalent control groups design out of quasi-
experimental designs. Pretest-posttest (one for experimental group, N=41 and the other
for control, N= 46 group). The two groups were assigned randomly, but not individuals
selected randomly. The experimental group was exposed to practice steps of PBHNOS in
addition to the techniques such as discussion, question-answer, and brainstorming. The
participants in the control groups were instructed via techniques such as traditional

lectures, discussion, question-answer and brainstorming. Cibik (2016) used a
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questionnaire comprised of 24 Likert-scale items (from 1 to 5) and six open-ended
questions. The quantitative data was analyzed using independent samples t-test. For the
open-ended questions if a response is accordant with the contemporary thought on
NOSK, it is found as an informed views, it is scored 3; transitional views scored as 2, and
those responses including misunderstandings or self-contradictory expressions are
evaluated as naive views, scored as 1.Cibik found that the project activities providing
attainments at first-hand in acquiring more permanent and detailed knowledge about the
nature of scientific knowledge became effective for changing the pre-service teachers’
views of scientific knowledge.

The random assignment of the two groups is the strength of Cibik’s (2016) quasi-
experimental design. Nevertheless, lack of random selection of individuals still poses a
problem to its validity, that is, the control and the experimental groups may not be
equivalent at the start. And thus, differential experimentation interaction effects are not
controlled. This leads us to suggest a more controlled experimental design like pre-test
posttest equivalent groups experimental design or better like the Solomon —four group
design which can control threats to experimental validity.

Another NOSK study that investigated pre-service science teachers’ was
conducted by Mesci and Schwartz (2017) to see the effect of reflective/explicit teaching
of views of nature of science. These pre-service teachers’ were fourteen undergraduates
(8 female & 6 male) with an average age of 24. The course was part of a 13 month
program for K-12 science teachers. The course was specifically designed to teach about

inquiry and NOSK to pre-service teachers over 16-weeks.
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Mesci and Schwartz (2017) collected data through questionnaires, interviews, and
classroom observations. They reported that NOSK views were assessed in a pre/post
course format surveys that are open-ended, they developed a profile for each participant,
describing their views on a continuum from naive to intermediate (mixed) and to
increasing levels of understanding. The pre-test (open-ended questionnaires and
interviews) indicated that participants’ views of NOSK were, in general, not in agreement
with some aspects of NOSK, including tentativeness, subjectivity, multiple scientific
methods, and distinctions between scientific theories and laws. The authors found that
participants’ views were mostly mixed on the aspects of creativity, observation and
inferences, empirical, and socio-cultural embeddedness.

These two authors reported that at the end of the course, the participants showed
positive changes for all aspects of NOSK including scientific methods, tentativeness, and
differences between scientific theories and laws, even though some of the participants
still struggled with these three aspects. However, in the two aspects of NOSK (i.e., the
tentative NOSK and theory/law differences) remain as areas of greatest struggle. The
participants who did not show change continued to report a hierarchical view of scientific
theories transitioning to laws, which are absolute and unchanging.

In the study of Mesci and Schwartz (2017) there were positive changes in some
aspects of NOSK as a result of the course that designed to enhance pre-service teachers
NOSK views. They collected data using different methods including questionnaire,
interview and observation which may help to get more comprehensive data that could
contribute to its validity. Moreover, as the study is part of a course students will have the

necessary motivation to learn and take the tests and interviews. However, as the
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intervention is part of a course (although it has merits as | already mentioned before), we
cannot be sure whether the result is purely from this course based intervention alone or
influenced by other courses offered in parallel. Moreover, the participants were pre-
existing classes (i.e., they are not randomly selected and assigned), thus they cannot be
taken as representatives of pre-service science teachers in their state or country, which
makes the generalizability (or transferability) of findings untenable. Furthermore, after
the completion of the course the finding revealed that there were still some pre-service
teachers who struggle at three aspects of NOSK, namely scientific method, tentativeness
of NOSK and understanding differences between theory and law, especially the last two
aspects are reported to be areas of greatest struggle. All these limitations, which include
lack of representativeness in terms of the study population, lack of control (results
potential interference with other courses. Further research is necessary to determine the

extent to which the results of this study may be generalized.

2.5. Summary and conclusion

Modern conceptions of nature of science (NOSK) need to be cultivated to both
the teachers and students. However, there are gaps in the NOSK understanding of
students and teachers. All of the interventions were course based which are parts of an in-
service or pre-service science teacher education program. The program levels range from
Kindergarten to secondary schools teacher education programs. The researchers used
different types of research approaches (designs) that include explicit and reflective
instruction, conceptual change model, project based instruction, and argumentation based

instruction, problem solving approach. More than half of the studies used a single group
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study (Mcdonald, 2010; Mesci & Schwartz, 2017; Seyhan & Tirk, 2013) and some
others applied group comparisons (e.g., Cibik, 2016). The groups are non-equivalent
quasi-experimental type. Most of the interventions were conducted throughout the whole
semester, except for two studies. The length of the studies reported in the papers ranged
from 11 to 16 weeks. One of these studies lasted six weeks (Seyhan & Tirk, 2013) and
the other for four years (Concannon et al., 2013).

The instruments of data collection used in the reviewed articles can be classified
in to three - questionnaire, interview and observation, although most of the studies used
questionnaires and follow-up interviews. With regard to data analysis some of the studies
applied qualitative approach (eg., Mcdonald, 2010), some use mixed (e.g., Niaz, 2008;
Tsai, 2006), and some others used quantitative analysis (Concannon et al., 2013; Seyhan
& Tiirk, 2013).

The pre-intervention assessment results of all (except one paper which made the
assessment after some intervention) of the reviewed papers revealed that participants held
naive views of NOSK, at least on some aspects. The post-intervention assessments of
participants NOSK views in all papers indicated some positive changes. Participants
developed modern views on the NOSK aspects that they initially (i.e., before
intervention) had naive conceptions as a result of the intervention. But on some aspects of
NOSK little progress is reported.

Intervention based studies reviewed in this paper were part of a course work for either
in-service teachers or pre-service teachers or both. The research approaches were largely
qualitative, except some which adopted a quantitative research approach. For example,

Celik and Bayrakceken (2012) used a mixed research by applying both qualitative and
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qualitative designs and Seyhan and Turk (2013) used quantitative analysis technique.
Most of the researchers applied the intervention study on a single group, while few of the
studies used two groups. All of the studies reported that they were able to develop
modern views of the in-service and pre-service teachers NOSK views, at least in some
aspects of NOSK and to some participants.

The intervention studies were successful in giving us insights on how to change pre-
service and in-service teachers’ views of NOSK. However, there are limitations in the
studies some inherent to the research designs they used. For example, all of the studies
were part of courses and most of the intervention time last for a semester. Hence, the
changes in the pre-service and in-service teachers cannot be fully attributed to the
intervention alone. The changes could be also attributed to other related courses offered
in parallel. The sample sizes they used are not selected at random and are also small, the
findings based on such sample lacks generalizability to other populations. And thus,
future research should use a research design that enables to control threats to validity (eg.,
pretest-posttest equivalent groups design) and sufficiently large sample which will give
us a more confidence on the results to apply in similar contexts.

Others studies also found that teachers had inadequate understanding of most of the
NOSK aspects (Govender & Zulu, 2017). However, the aspects of NOSK tenets that are
exhibited uninformed differ. Some studies reported that teachers showed naive views on
many or all of the examined NOSK aspects while others reported or one or few of the
NOSK aspects. The science teachers who subscribed naive conceptions of NOSK appears

that they are ill-prepared to evaluate how well informed an analysis a student may
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produce in such circumstances in a conventional manner or on a large scale (see
discussion by Allchin, 2011).

This calls for further investigation to reach at a conclusive generalization. Thus, this
study investigated to fill this gap by identifying on which aspect/ aspects did the teachers
and their students reflected informed conceptions and on which aspects did they held

naive views.

2.1. Theoretical framework
This study aims to look at the nature of scientific knowledge views of secondary
school teachers and students. The study is based on a theoretical model adopted from

McComas (2015, 2017) regarding the nature of scientific knowledge.

»  Empirical evidence is required

»  Science shares methods
(Induction, Deduction, etc.)

»  Law/ Theory distinction

Tools and
Products of
Science

Science is tentative but

durable

Science is distinct from .

technology & engineering Science Human

Science cannot address all Knowledge

questions and ith Elements of »  Creativity is vital in science

»  Subjectivity is a frequent element
in science

»  Social & cultural elements impact
science

Limits Science

Figure 1
Major aspects of NOSK arranged in three clusters

The model shows the common elements of NOSK that will provide guidance
regarding the elements of NOSK that might be integrated to science teaching. In the

model, as can be seen from Figure 1, NOSK elements are arranged in three clusters with
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related sub-elements. McComas (2017, p.75) stated that “...we have strong rationales for
the inclusion of NOS in the classroom and equally robust and thoughtful suggestions for
what must be taught in this domain”. It is based on the premise that students should learn
about the purpose of science, how scientific knowledge is obtained, and the values and
beliefs that influence the advancement of scientific knowledge (Abd-El-Khalick &
Lederman, 2000; Urhahne et al., 2011). This is guided by the questions about which
NOSK concepts students should be informed at the secondary school grade level. The
theoretical model used for this study is based on Lederman’s (1992) conceptualization of
NOSK. This theoretical model is supported by many leading researchers in the area of
NOSK (Abd-El-Khalick, 2012; N. G. Lederman et al., 2002; Liu & Lederman, 2007;
McComas, 2017). The approach of examining sets of recommendations for providing
guidance regarding the element of NOSK that might be integrated into science teaching is
called the NOS consensus approach. Several researchers in the area of NOSK have
concluded that there exists a considerable consensus about the foundational aspects of the
NOSK (N. G. Lederman et al., 2014; Liu & Lederman, 2007; McComas, 2015).

Based on the consensus view, N. G. Lederman et al. (2002) suggested seven
aspects of NOSK that are relevant and accessible to K-12 students. These aspects are the
following:

...scientific knowledge is tentative; empirical; theory-laden; partly the product of

human inference, imagination, and creativity; and socially and culturally

embedded. Three additional important aspects are the distinction between

observation and inference, the lack of a universal recipelike method for doing
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science, and the functions of and relationships between scientific theories and

laws. (p. 499)

The theoretical model depicted in Figure 1 gives readers on how the nature of
science is conceptualized. However, in order to examine secondary school teachers’ and
students’ conceptions of NOSK, it is necessary to focus on the dimensions of NOSK that
are well recognized to be useful to K- 12 class level. The specific tenets of NOSK that
will serve as a framework are those which describe the nature of scientific knowledge as
tentative, empirically based, subjective, involves human imagination and creativity, and
socially and culturally embedded, distinctions between observations and inferences, and

understanding the relationships between scientific theories and laws.

Empirical basis of science

Inferential nature of science

Tentativeness

NOSK

Scientific theories/laws
aspects

Human creativity/ Imagination

Subjective nature of science

Social/cultural influences

Figure 2

Theoretical framework of NOSK

Figure 2 shows the theoretical framework used in this study to examine secondary
school teachers and students NOSK conceptions. This research uses these seven aspects

of NOSK to examine secondary school students and teachers' conceptions of NOSK.
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These seven aspects are well recognized by different researchers in the area of NOSK and
used as a reference to assess secondary school students and teachers conceptualizations of
the NOSK (N. G. Lederman et al., 2002; Liu & Lederman, 2007; Sangsa-ard &
Thathong, 2014).

The seven dimensions presented in Figure 2 are distinct, each providing
information on a unique aspect of the NOSK; however, all of them are epistemologically
interrelated by the overarching construct of NOSK. That is, epistemological views
developed by students in one domain of the NOSK can inform or impact their ideas
within the other domains (Smith et al., 2000). For example, scientists perform their work
in an interpretive explanatory framework which cultivates the notion that scientific
knowledge is subjective and often tentative (N. G. Lederman et al., 2002). Therefore, it is
important to remember that they are interrelated and, as a result, to understand the
underpinnings of each domain will require reference to the other domains within the
NOSK construct.

It appears that students’ conceptions of NOSK have been placed within the
constructivist epistemology (N. G. Lederman, 1992). Constructivists base their approach
to learning on grand theorists of Jean Piaget’s and Lev Vygotsky’s learning theories.
Although Piaget and Vygotsky are within the constructivist learning framework, they
have followed different lines; cognitive constructivist and social constructivist,
respectively. However, this paper did not focus on the differences in their emphasis and
as a result did not discuss them separately. This is because the intention here is to give a
brief account where the NOSK learning is situated among the major learning theories, but

not to present the details of the two specific theories.
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Both Piaget and Vygotsky asserted that the learner actively interacts with his/ her
physical or social environment and constructs his/ her own understanding.
Constructivism postulates an epistemological view that the learner is an active agent who
makes meaning out of the interaction. In this regard, Applefield et al. (2001) stated that
constructivism is an epistemological view of knowledge acquisition that emphasizes
learner as the one who constructs his/her own knowledge rather than receiving
knowledge from others.

Constructivists learning is conceived as a set of constructive processes in which
the individual student alone or socially builds, activates, elaborates, and organizes
knowledge structures (Seidel & Shavelson, 2007). That is, the learner builds and
transforms knowledge based on present interactions and previous experiences (Applefield
et al., 2001). The learners based on their existing experience and new information can
build their own understanding at times different from that of the teacher or responsible
adult (Knapp, 2000). Based on constructivists perspective, teaching should be geared
towards maximizing opportunities for learners to partake in tasks that facilitate higher
order learning (Seidel & Shavelson, 2007).

Moreover, students enter to the classroom with misconceptions about science
content and process as well as the nature of science that originate from their prior
experiences (Rudge & Howe, 2009). According to constructivists, students must be
challenged so that they can realize the insufficiency of their own prior conceptions (i.e.,
misconceptions). It is through facilitating this reconstruction process that teachers have a
chance to overcome those previously held misconceptions by students and develop

students” modern views of the nature of science (Rudge & Howe, 2009).
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In order to assess higher order level thinking it is not sufficient to rely on closed
ended paper-and-pencil items. Research findings revealed that constructivist assessments
help students to develop higher-order thinking and become independent, autonomous
learners (Abulnour, 2016). The qualitative approaches provided more in depth
assessments of teachers and students' conceptions of NOSK while not contradicting with

results from quantitative approaches (N. G. Lederman, 1992).
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UNIT THREE

RESEARCH METHODOLOGY
3.1. Introduction
This unit dealt with the research philosophy that this study related to, the study
population, the ways how participants were selected, the nature of data collection
instruments, procedure of data collection, and data analysis techniques as well as ethical

measures considered in this study.

3.2. Research Philosophy

The purpose of this study was to examine secondary school students and science
teachers’ conceptions of the NOSK. To address the research objectives, this research
adopted pragmatic philosophical assumptions. The pragmatic paradigm rejects the
discourse that the qualitative and quantitative methods are mutually exclusive. In fact,
researchers have increasingly come to believe that these two research methods can
coexist in a dialectical relationship and the findings from the two methods, either
convergent or divergent, enrich our understanding of the phenomenon under investigation
(Hashemi & Babaii, 2013). Quantitative researchers assume a single reality, whereas,
qualitative researchers believe in multiple truths. However, pragmatists’ conception of
reality shares from both stances. For pragmatists, although there exists a single “real

world”, individuals could conceptualize it differently. As Morgan (2007) nicely put it:
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In a pragmatic approach, there is no problem with asserting both that there is a
single “real world” and that all individuals have their own unique interpretations
of that world. Rather than treating incommensurability as an all-or-nothing barrier
between mutual understanding, pragmatists treat issues of intersubjectivity as a
key element of social life. (p.72)

This intersubjectivity represents the pragmatic solution to the incommensurability
issues (Morgan, 2007). Since the practical value of using mixed approaches is evident,
the problem of incommensurable philosophical assumptions behind the qualitative and
quantitative approaches need not be a hindrance (Hashemi & Babaii, 2013). Thus the
present study adopting this pragmatic philosophy makes use of both quantitative and
qualitative data which provided us a rich understanding of the teachers and students

conceptions of the NOSK.

3.3. Research Method
3.3.1. Research approach

This study used a mixed methods research design. The formal distinction between
quantitative and qualitative study is no longer significant because the pragmatic tradition
provides us with a more accurate and facilitating perspective on thought, inquiry, and
philosophical thinking in education (Giarelli, 2005). This means that the difficulty with
rigorous thought is no longer useful (Giarelli, 2005). These philosophical underpinnings
of pragmatism allow researchers to use mixed methods to answer research questions that
can be addressed using a variety of methods. As a methodology, it involves the

collection and analysis of data and the mixture of qualitative and quantitative data in a
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single study (Creswell, 2009; Fraenkel et al., 2012; Teddlie & Tashakkori, 2009). Thus, a
researcher is able to analyze data, integrate the findings and draws inferences using both
qualitative and quantitative approaches in a single study.

The advantage of using a mix of qualitative and quantitative methods have
complementary strengths and non-overlapping weaknesses (Fraenkel et al., 2012). Its
central premise is that the use of quantitative and qualitative approaches in combination
provides a better understanding of research problems than either approach alone. In this
regard, Almalki (2016) explained that using a mixed methods research approach is
convenient for any given project and besides has the potential to provide greater depth
and breadth of data which cannot be achieved through one method. In a similar vein,
Hashemi and Babaii (2013) explained that research informed by both the QUAL and the
QUANT approaches will yield more detailed evidence, whereas, absent one or the other
meant many questions remain only partially answered.

In this study, both quantitative and qualitative research approaches are used to
investigate students’ and teachers’ understanding of NOSK. The results from both the
qualitative and the quantitative data were integrated to form general conclusions or meta-
inferences. “A meta-inference is a conclusion generated through an integration of the
inferences that have been obtained from the results of the QUAL and QUAN strands of
an MM study” (Teddlie & Tashakkori, 2009 ,p.136). In the recent decade, NOSK
research has used both QUAL and QUAN approaches (Ssempala, 2019).

This research used a mix of approaches (Qualitative & Quantitative) and participants
(students and teachers). The QUAL and QUANT phases are mixed to answer related

aspects of the same overarching research questions in a parallel, either simultaneously or
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with some time lapse (Teddlie & Tashakkori, 2009). The present study adapted an
embedded mixed methods design to examine students and science teachers' conceptions

of the nature of science.

3.3.2. Population, sample and sampling techniques

Data for examining students’ and teachers’ understanding of NOSK was collected
from three secondary schools. The schools were selected from two cities in the Amhara
region of Ethiopia, namely, Bahir Dar and Debre Markos cities. The two cities were
accessible to the researcher as the one is located at his home University (working site)
and the other is at his host University (learning site).

The three schools were selected because of their seniority; these schools are the
senior (old) ones in their respective cities. They are also among the senior schools in the
region. Senior schools are selected as samples primarily related to the depth and richness
of data they can provide. Long-serving staff members can offer perspectives and insights
that newer institutions may lack. Studies in established schools can be more easily
generalized to other similar institutions. This helps in creating benchmarks and setting
standards for other schools to follow. Selecting older schools as samples allows
researchers to tap into a rich vein of historical data, stable institutional practices, and
broader social and cultural contexts, providing a deeper and more comprehensive
understanding of educational phenomena.

The other issue to be noted here is that from Debre Markos city two schools were
selected because Nigus Tekile Haymanot School had no grade 12 students; and Debre
Markos secondary school had no grade 10 students (see Table 3) during the time of data

collection. To select secondary school students’ strata was formed based on gender and
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grade level to ensure a fair representation of the subgroups. Then the participants were
selected using systematic random sampling technique.

The student population in the selected schools by grade level and gender, and the
total population is presented in Table 3.
Table 3

Student population in the selected secondary schools

Name of secondary school Grade 10 Grade 12 Total
Male Female Total Male Female Total

Nigus Tekile Haymanot 580 684 1264 - - -

Debre Markos - - - 272 177 449

Tana Haik 554 453 1016 338 354 692

Total 1134 1137 2280 610 531 1141 3421

Grade 10 students were considered as samples because of the fact that about half
of the students terminate learning science subjects at this grade level. That is, after
completing Grade 10, some of the students would join technical and vocational colleges;
the world of work; or some would join to social science streams if promoted to grade 11.
In such cases, there is less likely to get science education in a formally organized way.
Grade 12 students were included aiming to investigate at the completion of secondary
schooling, to what extent natural science students were informed about the nature of
scientific knowledge. In addition, including grade 10 and 12 students as a study
population enabled the researcher to examine whether the science subjects offered after
grade 10 had a developmental role on students NOSK conception by comparing the two

Grade levels.
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Although the sample for this study was selected from only three high schools;
from two cities in the Amhara region, the researcher did not believe it to be a likely threat
to the representativeness of the population. This assumption is based on the fact that the
schools in Ethiopia follow the national curriculum, which could result in homogeneous
learning and teaching in terms of quantity as well as quality. Moreover, these schools are
among the most senior schools that accommodate broader social and cultural contexts,

providing a deeper and more comprehensive understanding of educational phenomena.

3.3.2.1. Demographic characteristics of selected students

Table 4 presented the characteristics of the students who participated in this study.
Grade 10 students were 66 (M= 31, F= 35), and grade 12 students were 68 (M= 39, F=
29) who completed the questionnaire. The age of grade 10 students ranged from 15 to 23
with a mean of 17.46 and an SD of 1.47. The age of grade 12 students ranged from 16 to
23 with a mean of 18.66 and an SD of 1.35.
Table 4

Demographic characteristics of selected students

Secondary school name

Tekile
Sex Grade level Haymanot Debre Markos Tana Haik  Total

Male Grade 10 14 0 17 31
Grade 12 0 18 21 39

Total 14 18 38 70

Female Grade 10 22 0 13 35
Grade 12 0 13 16 29

Total 22 13 29 64

Total Grade 10 36 0 30 66
Grade 12 0 31 37 68

Total 36 31 67 134
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All of the selected students returned the questionnaire as it was administered face
to face. However, due to incomplete data 5 questionnaires (5.71%) from grade 10, and 1
questionnaire (1.45%) from grade 12 were excluded from data analysis.
3.3.2.2. Demographic characteristics of science teachers
Table 5

Population of science teachers in the sample schools

Field of Study

Name of secondary Biology Chemistry Physics Total

school Male  Female Male Female Male  Female

Nigus Tekile 6 3 3 6 9 0 27

Haymanot

Debre Markos 5 2 6 2 5 2 22

Tana Haik 7 4 6 5 11 1 34
Total 18 9 15 13 25 3 83

Table 5 presented the population of science teachers of the selected schools by field
of study and gender. The researcher attempted to access all of the teachers. However,
some of the teachers who were assigned to teach grade 9 science subjects were not
available because of the delay of grade 8 students’ national examination results, grade 9
students were not registered during the time of data collection. This resulted in a

substantial cut from the potential science teacher participants.

Table 6 displayed the actual sample of teachers who took part in the study. The
Table shows the demographic characteristics of the secondary school science teachers
who completed the questionnaire in terms of their sex, school and field of study. As
displayed in Table 6, the science teachers who completed the open-ended questionnaire

were 48. The majority (79.17%) were males (M=38, F=10). Regarding their field of
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specialization; 13 biology, 16 chemistry and 19 physics teachers. All participants had a
minimum of a Bachelor’s degree (BSc/ BEd). The age of participants ranged from 32 to
60 with a mean of 46.60 years. The teaching service years of these participants ranged

from 8 to 37 years with a mean of 26.29 years.

Table 6

Demographic characteristics of participant science teachers

Field of Study

School Name Biology Chemistry Physics Total
Male Female Male Female Male Female

Tekile Haimanot 3 0 1 3 6 0 13
secondary school
Debre Markos secondary 4 1 4 1 5 2 17
school
Tana Haik secondary 4 1 5 2 6 0 18
school

Total 11 2 10 6 17 2 48

The three schools, as mentioned above, were selected from the Amhara region of
Ethiopia. Amhara’s culture has its own traditional beliefs and explanations for natural
phenomena. For example, modern explanations for the causes of disorders such as
epilepsy are not consistent with traditional beliefs. The Ethiopian Orthodox Tewahedo
Church, for example, was the primary paradigm for understanding Ethiopia (Ancel &
Ficquet, 2016). Religious convictions and scientific understanding can interact,
influencing how people view things like evolution and medical practices. These
convictions could lead to skepticism or rejection of scientific principles that contradict
these beliefs.

The selected schools had modern buildings, laboratories, libraries, and sports fields.

However, the number of classrooms was limited, and to overcome the problem, about
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half of the students were attending classes in the morning while others were learning in
the afternoon shifts. Secondary education in Ethiopia follows a national curriculum set by
the Ministry of Education. English is taught as a subject and is the medium of instruction
in secondary schools. Teachers’ and students’ proficiency in the language might affect
their comprehension of science concepts. Students in Ethiopian secondary schools,
including those in the selected three schools, take the Ethiopian Higher Education
Entrance Exam (EHEE) at the end of grade 12. This reality could impact student learning
by guiding the learning-teaching process to meet the demands of passing exams by
cramming and regurgitating rather than understanding concepts in depth. This could also
have effects on teachers’ levels of understanding of scientific concepts as they could also
focus on the coverage of the subject they teach. Therefore, the students’ and teachers’
conceptions of the NOSK could be explained at least partly as a function of these socio-
cultural forces that need to be addressed.
3.3.3. Data collection instruments

In this research open-ended questionnaire that elicited both qualitative and
quantitative data was used. Open-ended questions have the advantage of probing
students’ explicit statements about NOSK contextualized in students’ choice of words
(Leach, 2006). When respondents are able to explain answers in their own words, it helps
to ensure that the data accurately reflects their true thoughts and experiences, thereby
increasing the reliability of the findings (Sangsa-ard et al., 2014).

Students’ conceptions of NOSK can be elicited by various methods. Interviews
are among the methods frequently used because it is a good way to learn the narratives

underlying the participants’ experiences. However, the goal of this study was to explore
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beyond the level of individual representations of school science. Moreover, the
generalizability of the interview method is called into question, which results from a
controversy about the applicability of the findings from small samples (Bihu, 2020).
Therefore, the present study used a writing-based survey that invited more participants.
These surveys provided a more coherent means of representing participants' views of the
NOSK than oral interviews.

In contrast, close-ended items can help minimize interpretation bias on the part of
the researcher and are advantageous in providing large amounts of data from a wider
population at a relatively low cost. However, they fail to detect either the participants’
perceptions or interpretations of the test items or their underlying reasons for making
choices (Chen, 2006; Liu & Lederman, 2007). The assumption that the participants and
the developers agree or disagree with statements for the same reasons further threatens
the validity. Chen argued that in conditions where the underlying reasons cannot be
assessed, the data analysis will be too superficial to reveal the participants’ conceptions
of NOSK. As a result, the present study used an open-ended NOSK questionnaire.

Open-ended questions allow participants to elaborate on their understanding of
NOSK, and overlapping of target aspects among the questions allowed researchers to
generate profiles of students’ and teachers’ understanding of each NOSK aspect
(Eastwood et al., 2012; Liu & Lederman, 2007). The most widely used open-ended pencil
and paper tool is the Views of the Nature of Science VNOS-C Questionnaire developed
by Lederman et al. (2002). It was primarily constructed with the justification that earlier
convergent instruments were all designed around forced-choice items, including Likert

scales, agreement/disagreement, or multiple choice. This questionnaire was adapted and
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used in different languages and cultures for assessing the NOSK views of college
students, primary and secondary school teachers, and secondary school students. Liu and
Lederman (2007) used seven of the VNOS-C items to assess prospective elementary
science teachers in Taiwan. These seven items together with VNOS-D* items were
adapted and used in the present open-ended questionnaire. The VNOS-C instrument was
used to elicit both quantitative and qualitative data in many NOSK researchers (e.qg.,

Mercado et al., 2015; Sangsa-ard et al., 2014).

3.3.4. Translation procedure

The questionnaire was prepared in English and translated into Amharic by the
present researcher. The translation was reviewed in terms of meaning and word selection
according to the original text by three peers who were PhD candidates in the field of
educational psychology. Then, two language experts who were competent in both
Ambharic and English reviewed and validated the translation. Finally, the principal
supervisor of this research, who had rich experiences in educational and psychological
research, provided comments for improvement on the meaningfulness of the
questionnaire. The suggestions provided by peers, language experts and the supervisor
helped to improve the quality data collection instruments.
3.3.5. Validity of the instrument

The items used in this study were developed by adapting from previous studies
which were validated and widely used that provided a basis to construct validity. The
validity of the instrument was established with undergraduate and graduate college

students, pre-service elementary teachers, and pre-service and in-service secondary
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teachers by Lederman et al. (2002). The validity of the items had been also tested in
previous studies (Govender & Zulu, 2017; Liu & Lederman, 2007).The present
researcher also translated and used the questionnaire items for research with biology
postgraduate diploma (pre-service teachers) students at Bahir Dar University during a
PhD course work.

Although the items were adapted from previous studies that were translated and
used in different cultures, mainly in Asia and Western countries, the present researcher
tested whether they serve a similar purpose in Ethiopian culture to which these
instruments were not used before. The validity of the present NOSK instruments were
established through the following means. First, three educational psychology PhD
candidates provided their comments on the relevance of each item on the instruments.
Then, the instruments were pilot tested. The purpose of the pilot testing was finding out if
the questionnaire will work in the “real world” by trying it out first on few samples. To
this end, the open-ended instruments were administered to three science teachers and six
students (3 from grade 10 & 12, each). The teachers and students were asked to provide
comments for improvement. The objective was to make sure that participants in the
sample understand the questions and to see if any question makes respondents feel
uncomfortable. During the administration of the questionnaire, the participants in the
pilot study were reminded twice (i.e., at the beginning & middle) to make a note of any
word, phrase, or sentence that they had to read more than once, that they felt
uncomfortable about answering, or about which they were unsure of the meaning. The
pilot study was also important to determine how long it could take to complete the

questionnaire in real time.
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3.3.6. Reliability of instruments
The reliability of data collection instruments is computed by Kendall’s tau. As the data

was collected using open-ended questionnaire and rated by ordinal level of measurement
Kendall’s tau (t ) was used to determine the level of agreement between the two scorers.
Tau is a rank order correlation statistic used to gain useful descriptive and inferential
insights about the data.Brossart, Laird and Armstrong (2018). The inter rater coefficient
for empirical NOSK was .84, tentative NOSK .85, subjective NOSK .84, Theory/ Law
.73, creativity .92, Inferential NOSK .90, and society .76. These seven coefficients
showed that the tau is statistically significantly (p<.001) different from zero. Moreover,
the T coefficients revealed a very high correlation between the two raters as it ranges from
.73 10 .92, and are positive. Thus, it can be concluded that the data collection instrument

was reliable to elicit data from the study participants.

3.3.7. Data collection procedure
The instruments were administered to secondary school science teachers and

secondary school students from the three selected schools. The participants in the
selected institutions were given the necessary information about the study and were
invited and encouraged to participate in the study voluntarily. The questionnaires were
administered to participants who were willing to participate in the study. It is
recommended to administer the VNOS Form-C questionnaire under a controlled
condition (Mercado et al., 2015). Accordingly, the present students completed the
questionnaire in the classrooms in a face-to-face manner. On average, it took 35 minutes
to complete the background data and the open-ended items of the questionnaire. Science
teachers completed the questionnaire in their own time (e.g., in their office or home) due

to practical reasons. For the teachers, on average, it was expected to take about 45
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minutes to complete. During data collection, the administrator/s reminded the participants
that there was no right or wrong answers, but accurately presenting their views is
important to the study; this concern was also addressed in the instruction part of the

questionnaire.

3.3.8. Data analysis procedures
In order to analyze the open-ended questionnaires analytical categories were used

based on the seven NOSK aspects, which were targeted in this study, to create meaning.
Pre-specified categories, as the case in this study, to which the researcher is looking for
the seven NOSK aspects, are useful if the researcher knows what he/ she is looking for
(Griffee, 2005). Such analytic induction method of analysis was also used by Liu and
Lederman (2007).

A scoring guide (Appendix E) was prepared for the analysis of the students' and
teachers' responses to the open-ended questions. If a response was in accordance with the
contemporary views of NOSK, it was rated as an informed view (score = 3).
Syncretic/Intermediate views (score=2) represented the responses that are partially
informed understanding or fail to provide reasons for justification. Responses including
misunderstandings or self-contradictory expressions are evaluated as naive views (score
=1). Finally, the following situations were rated as not classifiable (unclassified), (NC) if
no response was given; the participants stated that they did not know; the response did
not refer to the question; or, the response could not be rated according to checklist
instructions. Similar scoring criteria for the open-ended NOSK items were used by

different researchers (e.g., Cibik, 2016; Liang et al., 2008; Miller et al., 2010).
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Table 7

Sample scoring rubric

NOS Naive conception, score =1  Syncretic/Intermediate Informed
aspect conception, score = 2 conception, score =
3
Empirical Focuses responses on only Understands that a model Knows that
NOSK empirical evidence and has a cannot be seen but still overly inferences have to be
particular focus on being able focused on empirical data. made to create
to see all aspects of what is knowledge,
being studied. particularly about
things that cannot be
seen.

Note: Table 7 presents a sample scoring guide used in this study. The complete guide is
presented in Appendix E.

During a study related to coursework, the current researcher became acquainted
with the NOSK grading guide. In addition, the researcher carefully reviewed the scoring
rubric to understand the meanings given for every NOSK aspect. Then, using the rubric
as a guide, the researcher scored the surveys as 1) uniformed, 2) syncretic, and 3)
informed (Appendix E). To be as objective as possible, the questionnaire responses were
scored across the participants. A month later, the scoring was done once more to find any
inconsistencies, reflect on challenges encountered, and adjust the scoring as needed.
Then, participants’ conceptions of each tenet were substantiated with written quotes and
were reviewed by a colleague who was proficient in both Amharic and English
languages. The percentages of naive, syncretic/ intermediate, and informed views were
described based on the analysis of the participants’ responses to each category.

The results of grade 10 and grade 12 students were compared to determine if there
were differences between them in their NOSK conceptions; on which aspects did they

relatively hold more informed conceptions and on which aspects did they hold naive
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conceptions. For this purpose, the Mann-Whitney U test was used. IBM SPSS 23 was
used to compute the U test. Mann Whitney U test was also used to compare the NOSK
conceptions of male and female students.

Finally, discussions were made based on the finding of the study vis-a-vis the

extant literature of NOSK.

3.3.9. Ethical considerations

Issues related to informed consent, confidentiality and the right to withdraw from the
research were addressed in this study to make this research ethical, to provide benefits
and to do no harm on the participants. With regard to informed consent, the researcher
provided sufficient information to the study participants about the nature of the study.
Informed consent is related to the research participants’ right to be fully informed about
all aspects of a research project that might influence their decision to participate (Ruane,
2005). The researcher asked permission from school principals to obtain the consent
necessary to contact teachers and students in their schools. A letter written by department
of psychology, Bahir Dar University College of education and behavioral sciences, which
described the purpose of the study and requested the cooperation of concerned secondary
schools was provided to Tana Haik secondary school principal. Another letter written by
Debre Markos University college of education and behavioral sciences research vice dean
which requested cooperation from secondary schools was given to Nigus Tekile
Haymanot and Debre Markos Secondary school principals. Permission and cooperation
was obtained from the three schools.

After securing permission from the principals, the purpose of the study was explained

to the potential participants, that is, to secondary school science teachers and selected
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students, to participate voluntarily without any coercion. The purpose and the expected
time to complete the study was explained to the participants. They were also informed
that they can ask questions or raise concerns at any time about the nature of the study or
the methods that will be used.

Other important ethical issues include treating research participants with respect and
protecting the participants from both physical and psychological harm (Fraenkel et al.,
2012). Accordingly, this study treated participants with respect and protect their physical
and psychological wellbeing. Written informed consent is necessary if participants are
exposed to more than minimal risk (Shaughnessy et al., 2012). Minimal risk is described
as any harm or discomfort participants may experience is not greater than what they
might experience in their daily lives or during routine physical or psychological tests
(Shaughnessy et al., 2012). Shaughnessy et al. argued that many psychological laboratory
studies that involve lengthy paper-and-pencil tests are likely no greater than minimal risk.
This study, which involved students to participate in an educational classroom situation,
and teachers in completing questionnaires in their own time is, therefore, expected to be
no more than minimal risk. Thus, only oral consent was obtained in this study.

The right of participants to withdraw from the study at any time without compelled to
give reason was addressed to the participants. The participants were informed that data
gathered from them would be used in writing a research report and direct quotes from
them may be used in the paper but their names and other identifying information would
be kept confidential. Informing participants that the information they provide will be

kept confidential has also other advantages. If participants know that their responses will
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be kept confidential, they are less likely to lie or withhold information (Shaughnessy et
al., 2012).

In order to protect research participants from social injury, the researcher removed
any identifying information in writing the research report and used code numbers that
have no relation to the participants’ privacy. If participants’ identifiers such as IDs exist,
they should be kept in secure settings (Fraenkel et al., 2012; Ruane, 2005). Accordingly,
this study restricted participants’ response sheets to only the researcher and to those who
participated in the analysis of the study. For example, those who proofread the translation

accuracy of written quotes had access to data in a way that will not breach confidentiality.
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UNIT FOUR
RESULTS

4.1. Introduction

This section presents the participants’ data, and the research results as well as the
discussions made based on the results. Open-ended questionnaires were used to collect
data about secondary school students and science teachers’ NOSK conceptions. The
questionnaires were analyzed based on the seven consensus aspects of the NOSK. The
results are presented under these seven examined NOSK sub-headings: (1) empirical
basis of science, (2) tentativeness, (3) subjectivity of scientists, (4) distinction between
scientific theories and laws, (5) creativity and imagination in science, (6) observation and
inference, and (7) social and cultural embeddedness of the nature of scientific knowledge.
Mann-Whitney U test was also used to compare the NOSK conceptions between grade 10

and grade 12 students, and between male and female students.

4.2. Students’ conceptions of NOSK
This section deals with grade 10 and grade 12 students conceptions of NOSK.
Their conceptions are categorized as informed, uninformed, syncretic (intermediate) and

unclassified based on their responses to questions that address each NOSK aspect.

4.2.1. Students’ conception of the empirical NOSK
Students’ conception of empirical NOSK is examined by their definitions of

science and their explanations or descriptions of science by comparing it with other
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sources of knowledge: Q#1) What is science? And Q#2) What makes science (or a
scientific discipline such as physics, biology, etc.) different from other subjects/

disciplines (religion, philosophy, etc.)?

Table 8

Frequency counts and percentage of grade 10 students' conceptions of NOSK

Response category Frequency Percent
NOSK aspect counts %
Informed 0 0.00
Empirical NOSK (Q1 &Q2)  gyncretic (Has merit) 9 13.64
Naive 57 86.36
Unclassified 0 0.00
Informed 26 39.39
Tentative NOSK (Q3&Q9) Syncretic (Has merit) 15 22.73
Naive 24 36.36
Unclassified 1 1.52
Informed 24 36.36
Subjective NOSK (Q4&Q7)  syncretic (Has merit) 22 33.33
Naive 15 22.73
Unclassified 5 7.58
Informed 0 0.00
ajasctir?gstigrz]dbg[vv\\llseig;():iemiﬁc Syncretic (Has merit) 4 6.06
Naive 51 77.27
Unclassified 11 16.67
Informed 7 10.61
Creativity and imagination Syncretic 18 2727
(Q6) Naive 34 51.52
Unclassified 7 10.61
Informed 3 4.55
Inferential NOSK (Q8) Syncretic 12 18.18
Naive 29 43.94
Unclassified 22 33.33
Informed 16 24.24
Society, culture and science Syncretic 16 2424
(Q10) Naive 28 42.42
Unclassified 6 9.09
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Table 8 illustrates that the vast majority (86.36%) of grade 10 students showed
naive conceptions of the empirical NOSK. Only about 14% expressed syncretic
conceptions but no student reflected informed conceptions on this aspect. The following

quotations are exemplars of their naive conceptions of empirical NOSK:

Science refers to investigations that resulted in confirmed truth. Science in my
opinion is a result of manmade technology. By doing research that gives answers
that hold truth to those issues which are unanswered is called science. (S16)

It differed [scientific study differed from religion & philosophy] as they focus on

practical research; is based on truth, focused on confirmed work. (S42)

These grade 10 students expressed scientific knowledge as confirmed truth. In
addition, S16, a female student, explained science as similar to technology while S42, a
male student, described it as practical work. These responses are naive in the sense that
all scientific knowledge is not confirmed truth; science and technology are not the same;
and all scientific knowledge is not practical it could give only theoretical explanations
about natural phenomena.

The conception of grade 12 students on empirical NOSK is also inadequate as the
vast majority of students (76.47%) held naive conceptions. Only about 22% elucidated
syncretic understanding. There was no student among grade 12 participants who
exhibited informed views of empirical NOSK. A grade 12 student (S124, a male student)
described science as “Science refers to a product which is confirmed for not causing
harm.” This student conceived science as a material product disregarding the process of

conducting science and the generation of knowledge. In answering the question, “What is
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science?” one participant (SS124) went on to define science as: “Science changes a
person’s life. For example, if a woman who used to bake injera [Ethiopian thin bread]
using traditional mitad [injera baking stove] if she can bake it with electric mitad that
means there is science.’’ This student defined and described science aligned to practical
applications while disregarding the part of science that has been explored and exploring
natural phenomena and has produced and is producing knowledge for its own sake. Thus,
the participants’ conception of empirical NOSK is classified as naive.

Both grade 10 and grade 12 students expressed scientific knowledge as confirmed
truth and its focus is on practical works. The participants regardless of their grade level
expressed that scientific knowledge resulted exclusively from empirical evidence and
laboratory investigations ignoring the explanatory purpose of scientific knowledge that
resulted from scientists’ subjective interpretation and imagination. In addition, some of
the students view science as similar to technology. These responses are naive in the sense
that all scientific knowledge is not confirmed truth; science and technology are not the
same; and all scientific knowledge is not practical or empirical as it could develop only

theoretical explanations about natural phenomena.

4.2.2. Students conceptions of tentative NOSK

Students’ understanding of the tentative NOSK was explored using two questions:
Q#3. Knowledge in science is produced by scientists. Do you believe that in the future
this knowledge may change? Describe your response and provide an example. And
Question #9. Does a scientific theory (such as atomic theory, or evolution theory) ever

change after it has been produced by scientists? Describe and provide an example.
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A sizable proportion of grade 10 (39.39%), and grade 12 (47.06%) students, as
presented in Table 8, expressed informed conceptions of the tentative NOSK. Note that
grade 12 students demonstrated just shy of 50% in the tentative NOSK. The following
excerpts from grade 10 (S03, S37) and grade 12 (S109, S118) students presented to
illustrate their informed conceptions of the tentative NOSK.

It can be changed. For example, in chemistry, it was believed that organic

compounds are found in nature. But the compound named urea was created from

non-natural chemicals artificially in a laboratory. (S03)

Yes. Perhaps, we could find something different from research results. For

example, first scientists believed that rotten meat was a source of living things.

After that, Louis Pasteur disproved spontaneous generation by experimenting with

mutton soup and concluded that living things come from microorganisms that are

in the air. [i.e., Living things come from living things]. (§109)

In the quoted excerpts above, the students' views are consistent with the informed
nature of the tentative NOSK. For example, the first participant (S03) who was a grade
10 student, demonstrated his/her understanding of the tentative NOSK by giving an
example from the history of knowledge change in chemistry. The other student (S109),
who was a grade 12 student, provided an example on the changeable nature of NOSK by
providing experimental explanation of how spontaneous generation was disproved.
Another student (S131, a grade 12 female student) also described that “Yes, as they do
detailed research, they can investigate new things about the issue. Hence, there

knowledge can get wide and can be changed.” These students (S03, S109 & S131)
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demonstrated an informed view that although scientific knowledge is durable, it is subject
to change either in light of new evidence or by reinterpretation of existing knowledge.
However, there are about 36% of grade 10 and 31% of grade 12 students who
harbored a naive conception of the changeable nature of scientific knowledge. These
students demonstrated that once scientific knowledge is produced it is everlasting. The
following excerpts show the students uninformed conceptions of the tentative NOSK.
I think it cannot be changed. Because the knowledge resulting from research is
based on their field of study, they philosophize on it, and capacitate themselves;
thus, how this knowledge can be changed? Because they philosophize on the
reality/ concrete truth and therefore it cannot be changed. (S37)
It [scientific knowledge] cannot be changed. For example, scientists produced
knowledge by researching something; that knowledge will never change.

Participant (118)

These students both are females, S37 a grade 10, and S118 a grade 12, argued that
knowledge produced by scientists is concrete truth (S37) and that knowledge cannot be
changed (S37 & S118). Such conceptualization of the NOSK is clearly to the opposite of
contemporary NOSK conception. Therefore, their conceptions are naive.

There are some proportion of students who have demonstrated intermediate
(syncretic) conceptions of tentative NOSK. There were 23% of grade 10 students and
17% of grade 12 students had syncretic views on tentative NOSK. These students simply
expressed that scientific knowledge is changeable without providing any further

explanation.
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In general, the students showed mixed views of the changing nature of scientific

knowledge.

4.2.3. Subjective NOSK

Two questions were presented to investigate students’ conceptions of subjective
NOSK: Q#4 If different scientists use the same data, do you think their conclusions are
the same or different? Illustrate with examples. Q#7. It is estimated that the dinosaurs
went extinct 65 million years ago. --- one group of scientists, suggests that a huge
meteorite hit the earth 65 million years ago --- that caused the extinction. ---another
group of scientists, suggests that massive and violent volcanic eruptions were responsible
for the extinction. How are these different results possible if scientists in both groups
have access to and utilize the same set of data to reach their conclusions?

Analysis of data based on these two questions revealed that more than one-third
(36.36%) of grade 10 students and the majority of grade 12 students (64.71%) reflected
informed conceptions of subjective NOSK (see Table 8 & 9). These students
acknowledged the influence of scientists’ backgrounds on scientific knowledge
construction beyond empirical evidence. The following quotations from grade 10 (S30,
female) and grade 12 (S91, male & S95, male) students showed their informed views of
subjective NOSK:

It could not be similar. This is because human beings' thoughts and

understandings are different. For example, if we ask the same question to different

people their responses could be different because they understand it differently.

Their understanding and attitude influence their conclusions. (S30)
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It can be different. Although the data are similar, scientists may see it from a
different perspective, their interpretation can be different and consequently, their
conclusions can also be different. (S91)

As they used their idea or imagination and creativity, and the subject of the
scientific study [dinosaurs] had extinct from the face of the earth, there could not
be an absolute conclusion. In addition, as our world has passed through ups and
downs, they [scientists] might guess based on the different natural phenomena.

All these are the result of the power of imagination or thinking. (S95)

However, about 23% of grade 10 and 19% of grade 12 students held naive
conceptions of subjective NOSK. These participants indicated that if scientists use the
same method and the same data and if correctly done scientific results are the same
disregarding the possibility of producing different scientific knowledge that resulted from
scientists’ backgrounds. The following quoted texts from grade 10 (S57, male) and grade

12 (S86, female) represent the students’ naive views of subjective NOSK:
It can be similar. If they use the same data their conclusion could be similar. (S57)

It is not. It is because if their understanding and way of doing science and using
data is different they cannot reach to similar conclusion. For example, if two
scientists combine 2H with 10, we can get H,O. That scientist who does it
correctly gets water. The other if do it wrongly, cannot get water instead may get

a different molecule. (S86)
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Table 9

Frequency counts and percentage of grade 12 students’ NOSK conceptions

NOSK aspect Response category  Frequency  Percent
counts (%)
Informed - -
Empirical nature of scientific knowledge  Syncretic (Has merit) 15 22.06
(Q1 &Q2) Naive 52 76.47
Unclassified 1 1.47
Informed 32 47.06
The tentative nature of science (Q3&Q9)  Syncretic (Has merit) 11 16.18
Naive 21 30.88
Unclassified 4 5.88
Informed 44 64.71
Subjective nature of scientific knowledge  Syncretic (Has merit) 10 14.71
(Q4&Q7) Naive 13 19.12
Unclassified 1 1.47
Informed - -
Distinction of scientific theories and laws  Syncretic (Has merit) 5 7.35
(Q5) Naive 52 76.47
Unclassified 11 16.18
Informed 15 22.06
Creativity and Imagination (Q6) Syncretic 12 17.65
Naive 34 50
Unclassified 7 10.29
Informed 9 13.24
Inferential nature of scientific knowledge  Syncretic 5 7.35
(Q8) Naive 13 19.12
Unclassified 41 60.29
Informed 35 51.47
Society, culture and Science (Q10) Syncretic 15 2206
Naive 10 14.71
Unclassified 8 11.76

The excerpts from participants’, S57 and S86, conceptions of the subjective
NOSK were naive as they indicated that if correctly done scientific results are the same
ignoring the possibility of producing different scientific knowledge that resulted from

scientists’ personal backgrounds. These students argued that scientists as far as they did
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their studies correctly, could come up with correct/ similar conclusions regardless of their
personal knowledge and values. This study also revealed that some of the students
elucidated syncretic views of subjective NOSK; about 33% and 15% of grade 10 and
grade 12 students, respectively.

In general, grade 12 students demonstrated an informed view of the subjective
nature of NOSK. This revealed that grade 12 students have informed views about the
influence of the scientists’ personal beliefs, judgments, and social values when doing
scientific research and making conclusions. Whereas, grade 10 students showed a mixed

view of the subjective NOSK; some were informed while others were naive.

4.2.4. Students’ conception of scientific theories and laws

Question #5 of the present questionnaire inquires: Is there a difference between a
scientific theory and a scientific law? Illustrate your answer with an example. The
analyses of the students' answers showed that most of them, irrespective of grade level,
had naive conceptions about the nature of scientific laws and theories. Regarding the
nature of scientific theories and laws, about 77% of grade 10 students (see Table 8) and
76% of grade 12 students (see Table 9) expressed naive views. Students portrayed
scientific law as correct and permanent, and high-status knowledge. Some of the
participants lacked the notion of law in the context of scientific endeavour. The following
quotations are selected to represent the students’ naive views of the nature of theories and
laws.

There is a difference because theory refers to practice. But law refers to

guidelines. For example, assume someone investigates some new theory and other
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researcher follow the law during the investigation, this shows their differences.

(S18)

Scientific theory can be changed from time to time but scientific law is always the

same thing through time; it cannot be changed. (S112)

Yes, there is a difference. A scientific theory whether it is correct or not, it is a

must to verify it or approve it in scientific law. In scientific law, the knowledge or

invention unless it is correct it cannot be accepted by society and has undesirable
consequences. (S132)

The excerpts described scientific theory and law on two different dimensions. For
example, participant S112 (a male student), explained them about changeability and
participant S132 relative to correctness. In both cases, scientific theory was seen as low-
status knowledge as changeable and not yet proved correct. On the other hand, scientific
law was portrayed as permanent and correct. In both explanations, the students’ views
were aligned with a naive conception of the distinctions between scientific theories and
laws. Since both scientific theories and laws can be changed and hence cannot be
described in terms of correctness.

Although no participant in either grade level reflected informed views of the
nature of scientific theories and laws, there are about 6% of grade 10 students and 7% of
grade 12 students who showed syncretic understanding. This study, in general, exposed
that the secondary school students participated in this study possessed naive conceptions

of the nature of scientific theories and laws.
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4.2.5. Creativity and imagination

In this study, stimulus question #6 was posed: ---.Do you think that scientists use
their imaginations and creativity when they do scientific investigations or experiments?
a) If NO, explain why. b) If YES, in what part(s) of their investigations ...? Give
examples if you can.

The analysis of the data indicated that scientists’ use of their creativity and
imagination (CI) in scientific endeavours is neglected by a large proportion of the present
participants. About 52% of grade 10 students and 50% of grade 12 students exhibited
naive conceptions of scientists’ use of CI. They indicated that scientists use Cl in some
phases of the investigation process but not in all phases or do not use it at all. The
following excerpts are presented to exemplify students’ naive conceptions of creativity
and imaginative NOSK of grade 10 (S11, female) and grade 12 (S88, female) students:

They do not use. They do not relate it to their own ideas. But after research, when

they present their results or during reporting they can present using their own

creative ability. (S11)

They do not use. It is because when they do experiments, it is very necessary to

have knowledge and skill beginning from how to use equipment to how to record

results. Researchers at the starting point before doing an experiment, they can use
their imagination but during experimentation, I think they do not use their

imagination. (S88)

Participants S11 and S88 explanation fits with the naive view of CI NOSK. They

argued that scientists follow procedures that are devoid of their imagination and creativity
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although at some phases like during the planning before the beginning of experimentation
or at the end of the research during reporting. Therefore, these students views are
classified us uninformed because scientists use their Cl at all phases of the investigation.

There are few proportion of participants from both grades 10 (10.61%) and 12
(22.06%) who demonstrated informed conceptions of CI NOSK. These students thought
that scientists use their creativity and imagination when doing scientific research. The
following quoted excerpts are examples of their informed conceptions: The following
quoted excerpts are examples of their informed conceptions:

They use [creativity & imagination]. For example, in space science although

there is no tangible evidence about black hole different explanations are given

through imagination. (S76)

They must use because when they try to get a finding, for example, to find a

vaccine for Corona [COVID-19] they guess (hypothesize] a possible solution and

prepare plan for practical work. Therefore, | think scientists use their imagination
and creativity. (S84)

The arguments of students, S76 and S84 (both males), showed that scientists use
their imagination and creativity during scientific investigation and this conception is in
line with the contemporary view of NOSK.

About 27% of grade 10 students and 18% of grade 12 students had syncretic
opinions about how scientists employ creativity and imagination in their study. These
students did not, however, elaborate on their reasons for not utilizing CI.

In general, the secondary school students who participated in this study exhibited

naive conceptions of contemporary NOSK.
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4.2.6. Inferential NOSK

Question #8 was presented to trigger responses of participants’ understanding of
the inferential NOSK: ---. Does the model of the layers of the Earth exactly represent
how the inside of the Earth looks? Justify your response.

Participants’ responses indicated that a substantial proportion of grade 10 students
held naive conceptions of the inferential NOSK (43.94%). However, only about 19% of
grade 12 students possessed naive conceptions of this tenet. The following quotations
represent the students’ naive conceptions of inferential NOSK. The students’ responses to
the stimulus question about the representation of the layers of the earth were:

It represents because the model is a result of their [scientists] in-depth thinking

and research. (S18)

It can represent. They use an instrument named Seismograph. (S35)

As it is resulted from scientific studies, it can represent correctly. (S43)

The above quoted texts indicated that the students believed that the model is a
correct representation of the three layers of the earth because they are results of either
scientists' in-depth thinking or measured by a scientific instrument. Such responses are
indicators of students’ uninformed conceptions about the inferential nature of scientific
knowledge; scientific models are produced by scientists to explain what they represent
but are not exact copies of what they stand for.

Few students elucidated informed views of inferential NOSK; about 5% of grade
10 and 13% of grade 12 students. These students explicated that the model of the earth
resulted partly from scientists’ imagination and hence can be changed in the future if

scientists come up with an improved idea and/ or with the advancement of technology
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that enables researchers to refine their existing understanding. The following quoted
excerpts are presented to show students’ informed conceptions:

They can be true by existing knowledge, but in the future, they may not be correct

because as the technology develops and expands there could be a better idea.

(S08)

It cannot be exactly known at this time. It cannot be known correctly, it could be a

result of hypothetical measurement. (S19)

What is noticeable in this inferential aspect of NOSK is that the responses of a
large proportion of students fall under the not-classifiable category. That is, more than
33% of grade 10 students and the majority of grade 12 students (60.29%) responses are
either not directly referring to the inferential NOSK or responded “I do not know” or did
not give any response. One of the reasons for this could be related to the stimulus
question that addresses this NOSK aspect which is seen as a topic of geography by the
respondents but not a topic of science subjects. Consider the following quoted excerpts:

| think this question can be better answered by social [science] students because

they learn about it in geography subject better than natural [science] students. The

layer of the earth known as the core has many natural minerals, for example, it
has a mineral named Nickel. (S87)

There is also a similar response by another respondent (S134): “I don’t know, I
am a natural [science] student”. These students’ responses implied that the topic of the
layers of the earth is not dealt with in high school science subjects (i.e., biology,

chemistry & physics) in the Ethiopian secondary school curriculum.
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4.2.7. Students’ conceptions of relations between society, culture, and science

To elicit students' understanding of the cultural NOSK Q#10 was paused: ---. Is
there a relationship between science, society, and cultural values? If so, how? If not, why
not? Explain and provide examples.

Students' answers revealed that about a quarter (24.24%) of grade 10 students (see
Table 8) and more than half (51.47%) of grade 12 students (see Table 9) had informed
views about how society and culture affect scientific endeavours were evident. The
following quotations showed their informed conceptions.

They create impact. For example, scientific studies promote to elimination of

female genital mutilation. But the society believes that if girls are not mutilated,

they will flee from their parents” home by agreeing to be kidnapped. (S23)

They create. People believe that they descend from Adam and Eve but science

explains people are evolved from monkeys. Although people are silent to science

no individual believed human beings were descended from monkeys. They ask
why today’s monkeys are not changing. (S76)

These students (S23, male & S76, male) expressed informed views about the
influence of culture on the acceptance of scientific knowledge. According to these quoted
excerpts, cultural knowledge and values greatly influence the understanding of scientific
knowledge and its acceptance. Similarly, another student (S82, female) demonstrated an
informed view of the influence of society and culture on scientific endeavor. She stated
that: “They create. ...because studies are results of individuals' work, individuals, in turn,

are products of societies’ culture and their own thinking.”
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As presented in Table 8 and 9, large proportion of grade 10 students (42.42%) and
about 15% of grade 12 students exhibited naive conceptions of cultural NOSK. The
students contended that since scientific knowledge is founded on reliable data, it is not
influenced by society and cultural norms. The following quoted materials revealed their
naive views.

Societal and cultural values do not have effect on scientific research because

scientific investigations are based on accurate evidence. (S117)

They do not have effect. There is no connection between societal and cultural

values, and scientific research. (S127)

Participants’ S117 (a female student) and S127 (a male student) stated that
scientific knowledge is free from the influence of society and culture. Their contention is
that societal and cultural values cannot affect scientific research because scientific
investigations are based on accurate and objective evidence. Thus their conception is
naive as societal and cultural values affect scientific investigations.

In general, in the cultural and societal NOSK, a clear difference between grade 10
and grade 12 students was observed. The grade 12 students demonstrated more informed

conceptions while 10" graders showed more naive views.

4.3. Comparison of students’ NOSK conceptions by grade level and gender

4.3.1. Comparison of grade 10 and grade 12 students NOSK conceptions
Grade 10 and grade 12 students conceptions of NOSK are compared based on
their response categories on the target aspects. Generally grade 12 students displayed

more informed conception of NOSK than grade 12 students.
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Figure 3

Graphical depiction of students' NOSK conceptions by grade level

The graph is aimed at providing a simplified representation of students' NOSK
conceptions by grade level based on the data in Table 8 and Table 9 by extracting the
informed and naive views while leaving the intermediate and not classifiable categories.
As shown in the Figure, the trend of NOSK views to both grade levels is similar. A
substantial proportion of students showed informed views on the subjective, cultural, and
tentative aspects, and low on the creativity aspect. Figure 3 also depicted that a very high
proportion of students from both grade levels exhibited naive NOSK views of the
empirical and the nature of theories and laws; and no student demonstrated informed
views on these two aspects.

When we look at closely the differences between the two grade levels, grade 10

students showed more naive views than grade 12 students. Stated in another way, grade
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12 students showed more desirable conceptions on the majority of the NOSK tenets than
grade 10 students.
Table 10

Mean rank scores of grade 10 and grade 12 students of the NOSK aspects

NOSK aspect Grade N Mean Rank Sum of Ranks

Empirical Grade 10 66 67.74 4471.00
Grade 12 68 67.26 4574.00
Total 134

Tentative Grade 10 65 60.27 3917.50
Grade 12 64 69.80 4467.50
Total 129

Subjective Grade 10 61 56.93 3472.50
Grade 12 67 71.40 4783.50
Total 128

Theory/ Law Grade 10 55 56.07 3084.00
Grade 12 57 56.91 3244.00
Total 112

Imagination and Creativity ~Grade 10 59 60.29 3557.00
Grade 12 62 61.68 3824.00
Total 121

Inferential NOSK Grade 10 42 33.27 1397.50
Grade 12 27 37.69 1017.50
Total 69

Cultural and society Grade 10 61 51.54 3144.00
Grade 12 60 70.62 4237.00
Total 121

As Table 10 presents the mean rank score of grade 12 students is higher than
those of grade 10 students, except for empirical NOSK. These differences are subject to
statistical tests to see whether the observed differences are significant or not. To this
effect, the Mann-Whitney U test was conducted to determine whether there is a
statistically significant difference between grade 10 and grade 12 students’ conceptions

of the NOSK tenets.
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Table 11

U test between grade 10 and grade 12 students NOSK conceptions

Test Statistics®
Theory/ Imagination/

Empirical Tentative Subjective Law Creativity  Inferential Cultural
Mann-Whitney U 2228.00 1772.50 1581.50 1544.00 1787.00 49450 1253.00
Wilcoxon W 4574.00 391750  3472.50 3084.00 3557.00 1397.50 3144.00
Z -.096 -1.56 -2.415 -.290 -.241 -1.01 -3.20
Asymp. Sig. (2-
tailed) 923 119 .016 a71 810 314 .001

a. Grouping Variable: Grade

The U test result, as can be seen from Table 11, indicated that a significant difference
was observed in two of the five aspects. They are 1) Grade 12 students scored
significantly higher mean rank (71.40) than grade 10 students (56.93) on the subjective
NOSK, U (Ng10=61, Ng12=67) = 1581.5, z = -2.42, p<.05. 2) Grade 12 students also
showed a significantly higher mean rank score (70.62) on the social/ cultural NOSK than
grade 10 students' mean rank score (51.54); U (Ng10=61, Ng1,=60) =1253, z = -3.20, p
<.05. Thus, the null hypothesis that states that there is no difference between grade 12
and grade 10 students in their conceptions of NOSK is rejected as their conceptions are
significantly on the subjective and cultural NOSK. This indicated that as grade level

increases the students' NOSK understanding also increases.
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Table 12

Hypothesis test summary using U test between the grade levels

Hypothesis Test Summary
Hull Hypothesi= Test Sig. Oeci=ion
Independent- )
The distibution of Empirical is the >3 MPIes etz i
g zame across categories of Grade I 423 null
9 * Whitney U hypothesis.
Test
Independent- )
The distribution of Tentative is the S0P 12 Fetain the
E zame dcross categories of Grade bdar n- 19 nwll
1 ©Wrhitney U hypothesis.
Test
Independent- :
The distibution of Subjective iz the,d MPI=s Reject the
3 zame dcross categories of Grade ann- 015 Snll
1 © Wrhitney U hypothesis.
Test
Independent- )
The distiibution of TheonyLaw is the,3 MPI=s Retain the
4 zame dcross categories of Grade ann- A1 null
1 ©Wrhitney U hypothesis.
Test
Independent-
The distribution of Samples Retain the
5 ImaginatonCreativity is the zame  Mann- 210 null
across categories of Grade. Whitney U hypothesis.
Test
Independent- )
The distribution of Inferential iz thes,0 P12 Fetain the
e zame across categories of Grade fdan n- 414 null
9 © Wrhitney U hypothesis.
Test
Independent- :
The distribution of Cultural isthe 2 mPles Feject the
T zame dcross categories of Grade bdar n- 001 Sl
1 © Whitney U hypothesis.
Test

Poymptotic significances are displayed. The significance level is 05,

On four of the seven aspects of NOSK Mann-Whitney U test reveals no significant
difference between the mean rank score of grade 10 and grade 12 students. Thus, the null

hypothesis that assumes that there is no difference between the two groups is not rejected.
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Therefore, we can conclude that there is no significant difference between grade 10 and
grade 12 students in their conceptions on the four aspects of NOSK — the empirical,
tentativeness, theory/ law, creativity and imagination NOSK. On these four aspects, as
presented in the qualitative data analysis, both groups held naive conceptions. One aspect
of NOSK-the inferential NOSK the majority of the respondents’ responses fail into the
not classifiable (NC) category.

4.3.2. Comparison between male and female students NOSK understanding

Table 13

Mean rank scores between male and female students

Ranks

Gender N Mean Rank  Sum of Ranks

Empirical Male 70 69.69 4878.00
Female 64 65.11 4167.00
Total 134

Tentative Male 65 65.88 4282.00
Female 64 64.11 4103.00
Total 129

Subjective Male 67 58.53 3921.50
Female 61 71.06 4334.50
Total 128

Theory/ Law Male 59 55.80 3292.00
Female 53 57.28 3036.00
Total 112

Imagination/ Male 65 63.54 4130.00

Creativity Female 56 58.05 3251.00
Total 121

Inferential Male 29 30.00 870.00
Female 40 38.63 1545.00
Total 69

Cultural Male 64 55.44 3548.00
Female 57 67.25 3833.00
Total 121

As displayed in Table 13 the descriptive statistics indicated that male students

score higher on the empirical, tentative, creativity and imagination NOSK aspects.
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Female students on the other hand score higher on the subjective, inferential and cultural
NOSK aspects. To test these apparent differences Mann—-Whitney test was used and
presented in Table 14.

Table 14

Mann-Whitney significance test between male and female students

Test Statistics®

Imagination/
Empirical Tentative  Subjective Theory/ Law Creativity Inferential ~ Cultural
Mann-
2087.000 2023.000  1643.500 1522.000 1655.000 435.000 1468.000
Whitney U
Wilcoxon W 4167.000 4103.000  3921.500 3292.000 3251.000 870.000  3548.000
Z -.923 -.289 -2.091 -514 -.948 -1.991 -1.979
Asymp. Sig.
) .356 772 .037 .608 .343 .046 .048
(2-tailed)

a. Grouping Variable: Gender

The Mann—Whitney U test revealed that there is a significant difference between
male and female students in three of the seven examined NOSK aspects (Table 14&15).
It is in the subjective NOSK the mean rank score of female students (71.06) is larger than
the rank mean score of male students (58.53). This difference as confirmed by the U test
is statistically significant, U (Nmae=67, Nremale = 61) = 1643.5, z =-2.09, p <.05. The
mean rank score (30) of males is lower than that of females (38.63) in the inferential
aspect of the NOSK. U test revealed that this difference is statistically significant, U
(Nmate= 29, Nremale = 40) = 435, z =-1.99, p<.05. The third NOSK tenet that showed a

significant difference between male and female students was the social/ cultural NOSK.
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Table 15

Hypothesis test summary between conceptions of the two genders

Hypothesis Test Summany

Hull Hypothesis Test Sig. Decision
Independeant- )
The distribution of Empirical iz the 2 2MPles FeEEln o
1 zame across categories of Gender kdann- A58 null
4 Whitney U hypothesis.
Test
Independent- )
The distribution of Tentative is the S aMPIes Retain the
= zame across categories of Gender hdann- AT null
d Surhitney L hypothesis.
Test
Independent- :
The distribution of Subjective is the 2P 1es 2 e e
3 same across categories of Gender. | h200" D37
g rhitneny L hypothesis.
Tes=t
Independent- )
The distribution of TheonLaw is tha 2P 1es Retain the
4 zame across categories of Gender ann- B0E - null
d Surhitnoey L hypothesis.
Test
Independent-
The distribution of Sample= Retain the
5 ImaginatonCre ativity is the zame  Mann- 243 null
across categories of Gender. W'hitney L hypothesis.
Tes=st
Independeant- :
The distribution of Inferential is the=2MPIes B e e
& zame across categories of Gender hdann- D46 Fnull
4 Surhitney L hypothesis.
Tes=t
Independent- :
The distribution of Cultural is the _2MPIes REISEREE
k zame across categories of Gender hdann- D48 Fnull
d Srhitney L hwpathesis.
Test

Peymptotic significances are displayed. The significance level is 105,

The male students mean rank score (55.44) is significantly lower than the mean

rank score of female students (67.25), U (Nmaie= 64, Nremale=57) = 1468, z = -1.98, p<.
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05. Therefore, the null hypothesis that assumes that there is no difference between the
NOSK conceptions of male and female students is rejected since there existed a
difference in three of the seven NOSK aspects in this study. We can deduce that female
students score significantly higher mean rank than their male counterparts on their
conception of subjective, inferential and cultural NOSK. This indicated that regarding the
view that scientists’ knowledge and beliefs influence their scientific endeavors, the
female students’ conceptions are more informed than those of males. The study also
showed that more female students as compared to males conceived that the models
presented by scientists resulted through inference rather than direct copies of reality.
Female students also view more favorably that the cultural and societal values affect the
production of scientific knowledge and its acceptance than males. In both cases, female
students’ conceptions of NOSK are closer to the more desirable conception of NOSK
than their male counterparts. On the other NOSK aspects, the Mann-Whitney U test
revealed no significant difference between male and female secondary school students

(see Tables 14 & 15).

4.4. Science Teachers’ NOSK Conceptions

The research questions were: What conception do secondary school science
teachers have about aspects of the nature of scientific knowledge? Do science teachers’
conceptions about aspects of the NOSK align with an informed, naive, or syncretic/
intermediate view of the nature of science? Participants’ responses to these questions are
addressed in two sections. The first part presents the secondary school teachers’

understanding of NOSK from the VNOS questionnaire in a summary table. The table
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presents the proportion of participants whose responses align with either of the response
categories as informed, syncretic (has merit), naive, and unclassified on the seven NOSK
aspects. The second part presents excerpts from the teachers’ NOSK responses to

represent their informed or naive conceptions of the NOSK and their interpretations.

4.4.1. Empirical NOSK

The first and the second items on the present NOSK questionnaire explore
teachers' definitions of science and the difference between science and philosophy/
religion. These items are stimulus materials intended to elicit the participants’
understanding of the empirical basis of NOSK. Regarding the first question, which
required a definition of science, most of the secondary school teachers responded with
arguments that aligned with naive conceptions of NOSK. Among them, 62.50% of
respondents provided naive arguments. No participant demonstrated an informed
conception of empirical NOSK.

There were, however, some participants (35.42%) who showed syncretic
conceptions of NOSK. For example, participant T03, a female biology teacher who had
28 years of service in teaching, stated that “Science examines nature and generates new
knowledge and it is a process of improving our way of doing that leads to improved life”.
To this participant, science examines nature and generates new knowledge. In this regard,
the participant’s view fits with the contemporary view of NOSK. However, the
participant’s explanation of science’s goal is naive. Science seeks to describe, explain,
and predict natural phenomena, but its goals go beyond making life better for humans.

This participant approaches science from the standpoint of application. In other words, it
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is a means of refining and upgrading our way of doing. However, scientific research can
also be used to address theoretical issues that might not directly benefit our quality of life.
Thus, the conception reflected by participant TO3 is classified into the syncretic category,
meaning that while it is not sophisticated, it has some merit.

Another example under the syncretic category is the one provided by female
physics teacher T11, who stated that “Science is a study supported by laboratory testing
which studies relationships among phenomena, their differences and their
characteristics”. Here, it is important to note that science studies relationships among
phenomena, the differences that exist between them, and their characteristics, and
scientific research is also supported by laboratory work. In this regard, this participant
provided an informed conception of what science studies. However, studies in science
may or may not be supported by laboratory testing. Hence, this participant ignores those
scientific issues studied without the laboratory setting. Consequently, the view this
participant held is categorized as syncretic.

In defining science, the majority of participants held naive conceptions. Let us see
the following two excerpts:

It [science] is truth confirmed by experimentation. (T02)

Science is a field of study based on concrete knowledge. (T10)

The participants’ naive conceptions of NOSK were revealed by these two
definitions, provided by T02, a male teacher with 30 years of experience teaching biology
to students in grades 9 through 12, and T10, a male chemistry teacher with 29 years of
experience. They described scientific knowledge either as a confirmed truth or

exclusively based on concrete knowledge. However, scientific knowledge is not
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confirmed truth, contrary to the participant’s response (T02); scientific knowledge can be
produced by the imagination of the scientist (contrary to the argument of participant T10)
and hence cannot be defined as concrete.

The arguments in the SSTs’ responses to item #2 of the VNOS questionnaire
asking them to explain the difference between science and other fields of study, such as
religion and philosophy, revealed an inadequate understandings of the empirical basis of
NOSK. A male biology teacher with 29 years of experience teaching biology in grades 9
through 12 provided the following quote, which exemplified the teacher’s syncretic
knowledge of NOSK:

Science is supported by research and evidence, whereas other fields of study (for

example, religion & philosophy) are based on belief which we cannot prove but

continue believing in it. (T04)

The participant’s conception indicated a syncretic conception of the empirical-
based NOSK. The participant indicated that scientific knowledge is based on evidence
and can be tested.

The main reason that makes science different from other fields of study is that it is

supported by a laboratory. Science is based on laboratory work (like NMR, UV,

IR ...) not on collecting information from people. Participant TO8

While the above participant’s (a male physics teacher with 32 years of
experience) argument indicating that scientific knowledge is supported by laboratory
testing is true, the respondent’s further explanation by giving examples of scientific
laboratories by comparing with other fields is not an informed view of NOSK. This is

because some scientific concepts are highly theoretical and are derived primarily from the
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logic and reasoning of scientists. Hence, the response of Participant TO8 reflects a naive
conception of the empirical NOSK. Furthermore, many responses to the question
regarding teachers’ conceptions of the empirical NOSK revealed naive conceptions. The
following three quotations represent the naive conceptions held by the participants:

It is a truth tested and confirmed by experimentation. (T32)

Science is based on confirmed findings but religion and philosophy are processes

based on an individual’s thinking and level of belief. (T33)

It is a branch of knowledge confirmed by concrete evidence and through

experimentation. It is a truth that can be observed and touched. Participant T36

The above three quoted excerpts were given by a male biology teacher with 32
years of service (T32), a female physics teacher with 25 years of service (T33), and a
male chemistry teacher with 37 years of service (T36). The excerpts were chosen to
represent those SSTs who held naive conceptions about the empirical aspect of NOSK.
They conceptualized science as either confirmed knowledge and/or a truth confirmed by
experimentation. Such views of NOSK ignore the aspect of scientific knowledge that is
based on scientists’ explanations of the relationships among phenomena that emanate
through inference. In summary, secondary school teachers who participated in this study
generally held naive conceptions, and no teacher demonstrated an informed conception of
empirical NOSK.
4.4.2. The tentative NOSK

The tentative NOSK was explored based on participants’ responses to the
stimulus question: “Scientists produce scientific knowledge. Do you think this knowledge

may change in the future? Explain your answer and give an example”. The enterprise of
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science operates under the implicit assumption that scientific knowledge develops, builds
upon itself, and changes over time. In line with this basic assumption, some teachers
demonstrated informed conceptions of NOSK. More than half (58.33%) of the
participants demonstrated informed conceptions of tentative NOSK.

Table 16

Secondary school science teachers’ conception of NOSK

Teachers’ conceptions of the NOSK

Nature of scientific knowledge aspect Informed Syncretic/  Naive Unclassified
has merit

Empirical nature of scientific knowledge  Count 0 17 30 1
(Q1 &Q2) % 0 3542  62.50 2.08
The tentative nature of science (Q3&Q9) Count 28 8 12 0
% 58.33 16.67 25 0

Subjective Nature of scientific Count 12 10 26 0
Knowledge (Q4 & Q7) % 25 2083 54.17 0
Distinction of scientific theories and Counts 0 15 29 4
laws (Q5) % 0 3125 60.42 8.33
Creativity and Imagination (Q6) Count 12 7 25 4
% 25 1458  52.08 8.33

Inferential nature of scientific knowledge Count 5 9 7 27
(Q8) % 10.42 1875 1458 56.25
Society, culture and science (Q10) Count 31 7 6 4
% 64.58 14.58 12.5 8.33

The following two excerpts represent teachers’ informed conceptions of tentative

NOSK.

It can be changed. Because a long time ago, the knowledge that claims that the

earth revolves around the sun was not accepted. But now it is confirmed by
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evidence. Other findings have also changed; everyday inventions are changing the

world; and the truth we hold is also changing. (T33)

Yes, we have witnessed many improvements in scientific results. Therefore, even

in the future, today’s knowledge could be changed with better advancement. For

example, when we see [consider the knowledge progression] ‘Structure of the

Atom’, it is changed by improvements made by three different people [scientists].

(T34)

However, a quarter (25%) of SSTs held naive conceptions about the tentative
NOSK. The following quotes are exemplars of the naive tentative NOSK conceptions
held by some teachers:

They cannot be changed. These issues are studied based on scientific theories

following procedures and reach the conclusion that they cannot be changed. (T20)

Scientists generate knowledge. Yes, knowledge is generated through research,

experimentation, testing, explanation, and critiquing based on previous studies.

Knowledge cannot be changed fully but it can be expanded or reduced because

knowledge of science is initially based on truth. For example, the starting point of

life is the cell. (T35)

Participants’ perceptions that scientific knowledge is essentially static were
reflected by the descriptions provided by T20, a male biology teacher with 17 years
of experience, and T35, a female biology teacher with 34 years of experience
teaching grades 8 through 10. Conceiving scientific knowledge as unchanging is in

line with a naive conception of the tentative NOSK.
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4.4.3. Subjective nature of scientific knowledge

Teachers’ conceptions of the subjective NOSK were investigated using the
stimulus question: “If different scientists use the same data, do you think their
conclusions are the same or different? Illustrate with examples”. Although the
participants’ responses fall into the three main categories (namely, informed, naive, and
syncretic conceptions), the majority (54.17%) of them aligned with the naive conception
of NOSK. Only 25% of participants showed informed conceptions about subjective
NOSK. The remaining 20.83% held syncretic conceptions. The following two quotations
taken from T37 (a male physics teacher) and T46 (a male chemistry teacher) represent
informed conceptions reflected by the teachers.

It can be different because inappropriate use of data can make differences; in

addition, a difference in understanding of the data in depth could lead to different

conclusions. (T37)

It can be different because they may interpret the data in different ways. (T46)

The above two participants indicated that, although researchers use the same data,
they can come up with different conclusions because of individual differences in
understanding and interpreting the data. Their arguments are in line with the informed
conception of the subjective NOSK.

As presented in Table 16, more than half (54.17%) of secondary school science
teachers did not hold adequate conceptions of subjective NOSK. The following
quotations showed their naive conceptions of NOSK:

If they [Scientists] follow similar steps, similar measurements, etc., and do it with

care, they can achieve similar results. (T02)
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It can be similar because a right (correct) study is valid, reliable and accurate.
However, a reliable study may not be valid. A false result may be reliable
although we use wrong information (data). (T39)

The participants who showed naive subjective NOSK explained that scientists
who use similar data will come up with similar results. According to these participants,
differences could emerge if scientists use different data-gathering tools or different data.
Such conceptions are naive in the sense that they fail to recognize that similar data could
be interpreted differently based on the researchers’ backgrounds, imagination, or
creativity.

4.4.4. Distinction between scientific theories and laws

The fifth question required teachers to construct their answers regarding the
possible differences between scientific theories and scientific laws. The majority of the
participants (60.42%), as can be seen in Table 16, held naive conceptions about the
nature of theories and laws. There was no participant who reflected informed conceptions
about the distinction between scientific theories and laws. However, there were some
(31.25%) participants who showed syncretic conceptions of NOSK. The following two
quotes reflect the participants’ naive conceptions.

There is a difference. Scientific theory can be changed but scientific law cannot

be changed. Example, Newton’s First, Second, and Third laws; the law of

segregation & independent assessment (Mendel’s 1st & 2nd laws). (T39)

Theory can be changed or improved but law cannot be changed. (T48)

Participant T39 and Participant T48 are both male teachers teaching biology and

physics, respectively, showing naive conceptions of the distinction between scientific
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theories and laws. The quoted excerpts from these teachers indicated that scientific theory
and scientific law are compared with the dimension of changeability. Theory is seen as
changeable, whereas law is seen as fixed. Such views are naive, as both theories and laws
can be changed. The SSTs’ naive conceptions are also reflected in the following quote:

There is a difference [between scientific theory and scientific law]. If a scientific

theory is confirmed, it becomes scientific law. (T36)

This participant puts scientific law and theory on a hierarchy, that is, scientific
law as a higher status knowledge and scientific theory as a lower level. However, both
scientific knowledge and scientific theory are not hierarchical. Instead, they represent
distinctive aspects of scientific knowledge. This reveals that the participants held naive
conceptions about the distinction between scientific theories and scientific laws.

4.4.5. Creativity and imagination

The research participants were asked to construct answers to the question “. . . Do
you think that scientists use their imaginations and creativity when they do these
investigations/experiments? . . .” to investigate whether they held informed conceptions
about this aspect of NOSK. Their responses revealed that 25% (see Table 16) of the
participants demonstrated informed views, with the following being representative:

Scientists use their imagination and creativity during research. That means

although scientific research has its own way of doing it, it uses imagination and

creativity during planning, data collection, data analysis, report writing. For
example, before researching, it is necessary to have an understanding of the issue.

(T36)
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They use. Einstein wrote his “Theory of relativity” using the above steps

[Planning, data collection, data analysis, report writing]. (T48)

The above two excerpts from participants’ responses indicate that scientists use
their creativity and imagination in planning throughout data analysis, and this is a
demonstration of their informed conception of the creativity and imagination aspect of
NOSK. Nevertheless, a little over half (52.08%) of the participants had naive conceptions
about the creative and imaginative NOSK, as demonstrated by the subsequent three
quotations from a male physics teacher T14, as well as male chemistry teachers T28 and
T44.

They use it during report writing. (T14)

They use. They use it during the planning stage as they convert what they hold in

their imagination into a plan. (T28)

They are used during planning and data collection. (T44)
These respondents believe that scientists use their creativity and imagination at some
phases of the investigation process, either during planning, data collection, or both
planning and data collection, but not at all phases. As creativity and imagination can be
used at all stages of scientific investigation, such views are indications of the naive
conceptions of the participants about the creative and imaginative NOSK.
4.4.6. Inferential NOSK

The stimulus question used to investigate teachers’ conceptions of the inferential
NOSK was: “The model of the inside of the Earth shows that the Earth is made up of

layers called the crust, upper mantle, mantle, outer core and the inner core. Does the
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model of the layers of the Earth exactly represent how the inside of the Earth looks?
Explain your answer”.

As can be observed in Table 16, the participants’ responses revealed that only a
few (10.42%) teachers demonstrated adequate understanding of the distinction between
observation and inference. These teachers noted that the layers in the model of the earth
(crust, mantle, and core) cannot be directly observed; rather, they are constructed through
the analysis of indirect evidence. The following participants’ argument supported the idea
of uncertainty while discussing the issue of how the model of the layers of the earth is
formulated:

It does not mean that science is done without error. Through the process of

vibration on earth, they studied the inner part of the earth and | believe that to

some extent they got somehow credible results. (T33)

It is difficult to conclude that it represents them exactly because this is a theory

that is not directly observed. Its internal part—the depth, content, diameter, and

circumference may not be correct. (T42)

The above respondents explained that the representation of the layers of the earth
as crust, mantle, and inner core may not be accurate in terms of their size and substances
within them, as it is inferred from evidence that is not directly observed. Therefore, the
model of the earth in terms of these three dimensions is a result of inferences, as
explained by the participants. Thus, the conceptions they held are in line with informed
conceptions of the inferential NOSK. However, there were some participants (14.58%)

who possessed a naive conception of the inferential NOSK.
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The lower layer of the earth is correctly represented. This is evident by the
capacity of the lower layer to carry load [pressure from the crust and mantel] and
by the earth’s movement and volcanoes. (T27)

This is scientific and also experimental. The three layers can be observed through

electromagnetic waves. (T48)

The participants quoted above tended to believe that the model of the layers of the
earth is correctly represented, as if it is proven through evidence, including
experimentation. Such a conception of participants who perceive science as established
knowledge based on evidence or experimentation and observation while ignoring the
inferential NOSK is naive.

What is odd about this aspect of NOSK is that more than half of the participants’
(56.25%) (see Table 16) explanations either did not directly relate to the issue or were “I
do not know” or left blank. These responses were rated as an unclassified category. One
participant responded, “I don’t know. If you are able to ask geography teachers, they can
give you better information”. This indicates that this participant believes the topic is an
issue of geography, but not an issue involving science subjects (i.e., biology, chemistry,
& physics). This could imply that science teachers, besides lacking an understanding of
how scientific theories and models are developed, may not have dealt with topics about

the representation of the earth’s layers.

4.4.7. Social and cultural NOSK
The participants’ constructed responses to the question presented to investigate
their conceptions of the social and cultural NOSK (question number 10) fell into four

categories, that is, the informed, syncretic, naive, and unclassified categories. As can be
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observed from Table 16, the majority of respondents (64.58%) demonstrated informed
NOSK conceptions about the influence of society and culture on the production of

scientific knowledge. The following quotes show teachers’ informed conceptions.

They affect scientific research. Because they believe that societal and cultural
values passed through generations are right and argue against the scientific
results. Whatever truth is told through scientific investigations, they will not
accept it. For example, [our] society believed COVID-19 is God’s wrath [for our
sinful behaviors]. Therefore, they believe God will cure them, but not the washing
of hands and wearing masks. (T28)

It has been created before, it is created now, and it will create an effect in the

future. For example, before:- The sun revolves around the earth. Now:- The earth

revolves around the sun. In religion, such scientists were treated to the extent of
receiving capital punishment, but now [the situation is] changed. Evolution is not
acceptable by religious people who believe that things that have life are created
by God, but its acceptance is increased by people who are cultivated by science.

(T33)

In the two quotes provided from the descriptions of male physics teachers T28
and T33, it is argued that cultural and societal factors can impact the scientific
investigation process and/or the usability of the results. Hence, their conceptions are in
line with the informed conceptions of social and cultural NOSK. Nevertheless, few of the

respondents (12.50%) held naive conceptions about the societal and cultural impact on
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NOSK. The following quoted materials from the respondents were selected to show their
naive conceptions.

Societal and cultural values are not science, as they are cultures, traditions

and habits; I do not believe that they have an effect on scientific research.

(T11)

In scientific research, society and culture do not have an effect. Because

the individual who undertakes the investigation should make himself/

herself part of society [as participant observer]. (T18)

Which type of study??? It has more impact on social studies research.

(T38)

Participants T11 (a female physics teacher) and T18 (a male physics
teacher) argued that societal and cultural values do not have an effect on scientific
research, which is contrary to contemporary conceptions of NOSK. Thus, their
arguments are naive regarding the societal and cultural NOSK. The other quoted
response from participant T38 shows surprise at the stimulus question; they asked
“Which type of study?” By this, the teacher implied that scientific studies cannot
be affected by the cultural and societal values. This reflected his/her naive
conceptions of the effect of society and culture on NOSK. Thus, the conceptions
of the three participants quoted above showed naive conceptions regarding the

culturally embedded NOSK.
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4.5. Congruence between students and teachers NOSK conceptions

Relationship between teachers and students
NOSK conceptions
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Figure 4
Relationship between teachers and students NOSK conceptions

Figure 4 depicts the proportion of science teachers who demonstrated more
informed conceptions on three of the seven aspects of the assessed NOSK aspects.
However, in the subjective NOSK, the students demonstrated a more desirable NOSK
conception than their science teachers. On the empirical and the distinction between
scientific theories both the teachers and the students showed naive views, that is, no
participant demonstrated an informed conception of this tenet of NOSK. A meaningful
relationship was displayed by the inferential NOSK between the students and the
teachers. In general, this finding indicated that teachers showed more informed views
than their students as they demonstrated more sophisticated conceptions on three of the

examined NOSK tenets.
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UNIT FIVE
DISCUSSION

5.1. Introduction

This study explored the conceptions of the nature of scientific knowledge among
secondary school students and science teachers. NOSK is a framework that encompasses
seven aspects of scientific inquiry that are considered appropriate for K-12 education.
These aspects are: empirical nature, tentative nature, subjective nature, distinction
between scientific theory and law, use of imagination and creativity, inferential nature,
and impact of culture and society. The results revealed that the grade 10 students showed
naive views in all the studied aspects of NOSK. Grade 12 students relatively showed
more informed conceptions of the NOSK. The teachers exhibited mixed conceptions of
NOSK. They demonstrated informed views on the tentative nature and the social and
cultural influences of NOSK, but naive views on the remaining aspects of NOSK except,
on inferential NOSK to which a substantial proportion of teachers’ responses or
nonresponses fall under the unclassified category. The following sections focused on

presenting the current results in the context of other findings in the literature.

5.2. Students’ and science teachers’ conceptions of NOSK

5.2.1. Empirical nature of scientific knowledge
Scientific knowledge is a result of human endeavor but viewing it as a pursuit of
truth or equating it with technology and exclusively resulted from observation and

experimentation is naive (Liu & Lederman, 2007). In this study, the overwhelming
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majority of students and science teachers found harbored naive conception of empirical
NOSK. It is in this empirical aspect of NOSK that the largest proportion of grade 10
students (86.36%) showed naive conceptions. Similarly, the majority of grade 12
students (76.47%) showed naive conceptions on the empirical NOSK. Although grade 10
students displayed more naive conceptions than grade 12 students, both groups in the
present study regardless of grade level harbored naive views of the empirical NOSK.
Similar finding were reported by different countries. For example, Bektas and Geban
(2010) found that only a small proportion (19%) of Turkish secondary school students
demonstrated informed conceptions of empirical NOSK the majority of them held either
syncretic or naive views of this NOSK tenet. In the same vein, Kang et al. (2004) found
that the majority of Korean students possessed absolutist/ empiricist view of NOSK. The
present participants’, like that of the Korean counter parts, lack of informed conception of
the empirical nature of NOSK indicated that they conceptualize scientific knowledge as
confirmed knowledge and/or truth through experimentation.

This study also exposed that the majority of the science teachers (60.42%), like
the students, expressed naive arguments about the empirical NOSK, and no participant
demonstrated an informed conception of empirical NOSK. They conceptualized science
as confirmed knowledge and/or truth confirmed by experimentation. Such views of
NOSK ignore the aspect of scientific knowledge based on scientists’ explanations of the
relationships between phenomena. This explanation comes from their imagination and
creativity. Nevertheless, there were some participants (37.50%) who showed syncretic
conceptions of empirical NOSK. This result is consistent with Saif’s (2016) findings,

which showed that teachers had a naive understanding of the empirical NOSK. In Saif’s
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study, the majority believed that scientific knowledge resulted from only experiments.
However, the present study is not congruent with Dorji et al.’s (2022) result, which found
that the vast majority (80%) of Bhutanese science teachers expressed informed
conceptions regarding the empirical NOSK.

The differences in research results could be due to cultural differences, including
religious differences, which may influence teachers’ conception of NOSK (Aflalo, 2018).
In addition, Ethiopian education is dominated by teacher-centered methods (Fekede &
Tynjéla, 2015; Shishigu, 2018), which could imply that scientific knowledge is regarded
as an established truth that should be transmitted from the teacher to the student without
giving room for student activities. These aspects could contribute to the participants’
naive conception of the empirically based NOSK.

Although all groups of participants’ showed naive conceptions of NOSK, this
study portrayed an important trend of the developmental nature of NOSK. As year of
science learning increases from grade 10 to grade 12 through teachers, the proportion of
participants possessing naive conceptions decrease. This gives insight on the relevance of
teaching science to improve their NOSK understanding. But this did not imply that
learning more content of science is adequate to bring about the desired level of NOSK
conception of this empirical aspect because the changes are not enough as the majority of

the participants held uniformed views on this aspect of the NOSK.
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5.2.2. The Tentative NOSK

Although scientific knowledge is durable and reliable, it is not absolute and thus
subject to change (Abd-EIl-Khalick, 2012). Grade 10 and grade 12 students in this study
reflected mixed views of the tentative nature of NOSK as 39.39% and 47.06% reflected
informed conceptions and 36.36% and 30.88% showed naive conceptions, respectively.
This finding is not consistent with the findings of Dogan and Abd-El-Khalick (2008)
which revealed the majority of grade 10 Turkish students (68.20%) demonstrated
informed conceptions of tentative NOSK. Kilig et al. (2005) also found that majority of
ninth grade Turkish students acknowledged the changeable nature of scientific
knowlegde. The diffierences could be attributtted to many factoors including cultural
differences, curricular emphasis, and teachers knowledge of the NOSK construct.

This study revealed that more than half (58.33%) of the teachers in this study
demonstrated informed conceptions of tentative NOSK. They illustrated the changeability
of scientific knowledge by presenting examples like geocentric knowledge, which was
once accepted as scientific knowledge, being changed to a heliocentric view; the
knowledge of the structure of atoms was also changed through the works of different
scientists. Their answers indicated that with evidence, a new way of interpreting the
existing evidence, or the advancement of scientific tools and methods, scientific
knowledge can be totally rejected and replaced by a new concept or modified in some
way. This result is similar to the findings of Dorji et al. (2022), who found that science
teachers have expressed informed conceptions about the tentative NOSK. In a similar
vein, , Dogan and Abd-EI-Khalick (2008) and Saif (2016) reported that science teachers

held contemporary conceptions about the changeability of NOSK. On the other hand, Ma
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(2009) reported that Chinese secondary school teachers view scientific knowledge as
more certain than tentative. These differences between the Chinese teachers and those in
Turkey could be attributed to the nature of their curriculum in portraying scientific
knowledge could be different. That is, the Chinese culture and curriculum could tend to
see scientific knowledge as fixed, where as in Turkey, which is a western nation could
see scientific knowledge as changeable in light of new evidence or new ways of
interpretation of old data. However, it needs an investigation for the real reasons for the
observed differences.

A significant percentage (roughly 40%) of the science teachers in this study had
either naive or syncretic views of this NOSK tenet, indicating that it still needs to be
addressed. Nevertheless, more than half of the teachers reflected informed NOSK views,

suggesting that teachers’ tentative NOSK views still need to be developed.

5.2.3. Subjective NOSK

The advancement of scientific knowledge greatly influenced by scientists’
expectations, prior background, individual opinions, and intuition (Abd-EI-Khalick,
2012; Bell, 2009). The problems that scientists choose to study, their methods of
investigation, their observations (both of what is and is not observed), and their
interpretation of these data are all influenced by these background influences (Abd-El-
Khalick, 2012). Science rarely begins with neutral observations, despite popular opinion;
research questions are inspired by and given context from particular theoretical vantage

points (Abd-El-Khalick, 2012).

137



However, the majority of science teachers (54.17%) in the present study harbored
naive conceptions of the subjective NOSK. Only 25% of these teachers showed informed
conceptions about subjective NOSK. The remaining (20.83%) held syncretic conceptions.
This indicated that the majority of science teachers who participated in this study
believed that scientists are objective and are not influenced by their background
knowledge when carrying out scientific investigations. This finding is consistent with the
findings of Igbal et al.(Igbal et al., 2009). Igbal et al. reported that secondary school
teachers in Pakistan held naive conceptions about the subjective NOSK; they believed
that scientists are objective and open-minded, and use empirical evidence and report
exact data truthfully following a step-by step scientific method. A similar naive
conception held by teachers was reported by Saif (2016), which consisted of the idea that
scientists are open-minded about investigating scientific issues objectively without any
subjective bias.

The science teachers across different cultural contexts, including the present
participants, did not understand the role of scientists’ personal views and biases in the
process of developing scientific knowledge (Igbal et al., 2009; Saif, 2016; Sangsa-ard &
Thathong, 2014).

This study revealed that the majority of grade 12 students (64.17%) and a
substantial proportion of grade 10 students (36.36%) reflected informed views of NOSK.
However, the majority of science teachers (54.17%) showed naive views on this
subjective NOSK. Only 25% of the teachers demonstrated informed conception of the
subjective NOSK. This result clearly showed that there existed a difference between

students and teachers subjective NOSK views; students showing more informed

138



conceptions than their teachers in this NOSK category. A related finding was forwarded
by Dogan and Abd-El-Khalick (2008), who discovered that among the participating
teachers, those with PhD degrees in the sciences held the most naive opinions regarding a
number of NOSK features, and those with MS degrees held more naive views than those
with BSc degrees.

The discrepancy between teachers' and students' understanding of the NOSK is a
complex issue influenced by various factors, including teacher preparation, professional
development, curricular constraints, and evolving educational practices. One critical
reason that could be attributed to such results is that teachers had studied the scientific
method which follows a prescribed step-by-step approach and has done much laboratory
work compared to students which could lead them to believe that scientific knowledge is
objective. With this regard, Windschitl (2004) argues that when labs are conducted in
traditional lab settings with a focus on achieving predetermined results, they can
reinforce the perception of science as a straightforward, objective process where correct

answers are discovered through prescribed methods.

5.2.4. Distinctions between scientific theories and laws

Secondary school students and teachers who participated in this study did not
provide informed arguments about the nature of scientific theories and laws. The majority
of grade 10 (77.27%) and grade 12 students (76.47%), and science teachers (60.42) failed
to demonstrate informed conceptions of the nature of scientific theories and laws.
Although there is no participant who demonstrated informed views on this aspect, there

are small proportion of grade 10 (6%) and grade 12 (7%) students who showed syncretic/
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intermediate views; and a sizable proportion (31.25%) of science teachers who showed
intermediate views. This indicated that relatively teachers showed more desirable NOSK
views (intermediate) on this tenet than the students. A similar finding was reported by
Bektas and Geban (2010) who revealed the majority of secondary school students in their
study possessed naive views; it was only a negligible proportion (2.08) of students who
reflected informed conceptions.

A wealth of research evidence has exposed that teachers’ conceptions of the
nature of theories and laws are naive. For example, through their work with Bhutanese
science teachers, Dorji et al. (2022) reported similar findings to those of the present
study. In their study, the majority of teachers expressed uninformed conceptions of the
distinction between scientific theories and laws. Dorji et al. also revealed that their
participants expressed a hierarchical relationship between scientific theories and laws,
viewing scientific theories as low-status knowledge that can become laws either in light
of evidence or when arguments are supported by logic and reason. Relatedly, Saif (2016)
reported that the majority of science teachers believed that scientific theories are less
secure than laws; and scientific theories are developed to become laws. Another study by
Morrison et al. (2009) also revealed that teachers did not express informed conceptions of
the nature of theories/laws even after intervention. A survey by Sangsa-ard and Thathong
(2014) also reported that Thai junior high school teachers held naive conceptions about
the distinction between theories and laws; they view scientific theories as less secure than
law. In sum, teachers’ conceptions about scientific theories and laws are naive across
cultures, including in the present study. They view scientific law as high-status

knowledge and more stable than scientific theory.
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In the present study, there is no significant difference between grade 10 and grade
12 students' conceptions of the nature of scientific laws and theories. In both cases, the
majority of the students showed naive conceptions of the nature of scientific theories and
laws. This finding corroborated to the finding reported by Al-Bouti (2018) who revealed
no significant difference between students’ conceptions of scientific theory by grade
levels.

In this study, theory is seen as changeable whereas law is seen as fixed. Some of
the present participants conceived scientific laws and theories as hierarchies, that is,
scientific law as a higher status knowledge and scientific theory as a lower level. Those
who held naive views of the nature of theories and laws showed a common
misconception that portray scientific theory and law as hierarchical. With sufficient
evidence and verification, scientific theories can be developed into scientific laws. A
hierarchical view of theories and laws was also discovered by other studies (Bektas &
Geban, 2010; Dogan & Abd-EI-Khalick, 2008; Kili¢ et al., 2005). Such views are naive
as both theories and laws are not only changed but also not hierarchical. Instead, they
represent distinctive aspects of scientific knowledge. The students in this study also view
scientific theory as guess and law as social order, not in the context of the concepts in
science fields. In this regard, Reiners et al. (2017) stated that students' conceptions of
theories and laws differ from the ones in chemistry. Thus, they asserted that it is
important to distinguish between the scientific meanings of law and theory and their

colloquial meanings.
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5.2.5. Creativity and imagination

Creativity and imagination are essential elements for scientific knowledge
production. Scientists often speak as though they are explaining how nature is while
explaining ideas, models, and other constructs that come from human imagination (Taber,
2017).

Regarding the present respondents, more than half of the students and the science
teachers exhibited a naive conception of the CI NOSK. Among the students, 51.52% of
grade 10 and 50% of grade 12 students’ revealed naive conceptions. The majority of
science teachers (52.08%) also showed naive conceptions of the creative and imaginative
NOSK. These respondents argued that scientists do not use their creativity and
imagination or use it at some phases of the investigation process either during planning,
data collection or during both planning and data collection, but not at all phases.
Scientific knowledge production involves human imagination and creativity. It should be
noted that as creativity and imagination are sources of inspiration and innovation, they
are used at all stages of scientific investigation (Liu & Lederman, 2007). It is only a
quarter of the science teachers (25%), 22% of grade 12 students, and 11% of grade 10
students reflected informed conceptions. These figures indicated that science teachers and
grade 12 students exhibited a more desirable conception of CI NOSK than grade 10
students.

The present study corroborated the findings of Dogan and Abd-EI-Khalick (2008)
who revealed the majority of students and science teachers did not appreciate the role of
creativity in producing scientific knowledge through their responses. Similarly, Thai

Junior secondary teachers did not demonstrate an informed conception of the creative and
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imaginative NOSK (Sangsa-ard & Thathong, 2014). Bektas and Geban (2010) who used
the VNOS-C instrument to collect information from their participants revealed that no
student demonstrated informed views of NOSK.

On the other hand, the present study is not congruent with the findings of Kilic et
al. (2005), who employed a close-ended questionnaire for data collection, and found that
the majority of the students reflected informed conceptions about the use of human
creativity and imagination in scientific knowledge creation. These inconsistent findings
could be partly attributed to the difference in the nature of the questionnaires. As close-
ended items require students’ agreement/ disagreement on written statements while open-
ended items require students to generate their own original ideas. This could lead students
not to address NOSK-related responses for those exposed to open-ended items as the case
in the present study. On the other hand, students exposed to a close-ended questionnaire
may easily select among written alternatives which could lead to a higher level of
agreement with contemporary NOSK views. These inconsistencies, nevertheless, need
further investigation.

The majority of the teachers' reflection on naive conceptions in the present study
is not congruent with the findings of Saif (2016) and Dorji et al. (2022), who reported
that the majority of Saudi Arabian and Bhutanese science teachers recognized the role of
imagination and creativity in their respective participants. The participants in the above-
mentioned research indicated that scientific knowledge is produced through educated
guesses, imagination, and creativity, in addition to experimental results, which is in line
with informed conceptions of scientists’ use of creativity and imagination. These

differences could result from the differences in the science education curricula in
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Ethiopia (this study’s participants), Saudi Arabia, and Bhutan. Saudi Arabia is one of the
wealthiest nations in this world. Although being wealthy cannot be translated directly
into effecting the best education system, it places the country in a better position to
recruit and better train science teachers and to develop and implement science curricula
that adopt contemporary views of NOSK. Bhutan, a lower—middle-income country, could
have curricular and pedagogical approaches that are in line with contemporary
conceptions of NOSK as compared to Ethiopia, which is a low-income country.

The naive conceptions of Ethiopian science teachers may be a result of the
representation of scientific knowledge reflected in curricular materials, as well as
teaching and learning practices, as a concrete truth deriving directly from laboratory
investigations, as well as the scant representation of the production of scientific
knowledge through human endeavor in the sense of creative thinking and innovations that
accompany the empirical basis of science. Furthermore, the nature of science in general is
not taken as an issue in studies conducted in Ethiopia (Berie et al., 2022). This disregard
for NOSK could be a reason for teachers’ and students' ignorance of the concept, not just
for this tenet but also for the tenets.

The present study observed no significant gender difference between students in
their conceptions of creative and imaginative NOSK. In the same vein, Kili¢ et al. (2005)
found no significant gender difference in this aspect of NOSK.

5.2.6. Inferential nature of NOSK

In this study, only three (4.55%) grade 10 students and 13 (13.24%) of grade 12

students demonstrated informed conception of inferential NOSK. This finding is similar

to Bektas and Geba’s (2010) finding which reported a negligible proportion (2.03%) of
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students who held informed conceptions of the inferential NOSK. Somehow a related
finding was also reported by Dogan and Abd-El-Khalick (2008). They found a small
proportion of participant students believed that models help to explain reality but are not
true copies of reality and are liable to change. Few students in the present study noted
that the layers in the model of the earth (crust, mantel & core) are not directly observed,
rather they are constructed through the analysis of indirect evidence. The students who
held naive conceptions of inferential NOSK contend that scientific knowledge is concrete
truth, and a direct copy of reality without involving the human imagination and creation
of theories, principles and models representing different aspects of scientific knowledge.

The analysis of teachers’ responses on inferential NOSK also revealed that the
majority of the teachers do not demonstrate informed conceptions of NOSK. Only few
(10.42%) participants demonstrated an informed understanding of the distinction between
observation and inference. They noted that the layers in the model of the earth (crust,
mantle, and core) are not directly observed; rather, they are constructed through the
analysis of indirect evidence.

However, more than half of the science teachers (56.25%) explanations either did
not directly relate to the issue or responded “I do not know” or left blank. These
responses are rated as not classified (NC) category. And some of the participants believed
that the model of the layers of the earth is correctly represented through evidence
including experimentation. Such conception of participants who perceive science as
established knowledge based on evidence or on experimentation and observation while

ignoring the inferential nature of the NOSK is naive.
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Igbal et al. (2009) also found similar results in that the Pakistani teachers reflected
naive conceptions about the inferential nature of NOSK. These teachers believed that
scientists report the exact data as they are. Saif (2016) also reported that the majority of
science teachers believed that scientific models (e.g., the atomic model) are copies of
reality. Relatedly, findings reported by Morrison et al. (2009) revealed that science
teachers did not demonstrate informed conceptions of the inferential nature of NOSK.
Dogan & Abd-EIl-Khalick (2008) found that only a small proportion of teachers (34%)
acknowledged that models serve explanatory functions but are not true copies of reality.

In general, this study revealed that both teachers’ and students' conceptions of the
tentative NOSK were naive. It is also important to note that as the participants advance in
their science learning, as they move from grade 10 to 12 through becoming science
teachers, the proportion of participants who held informed conceptions has increased.
This shows that learning more science content could lead to more desirable learning
outcomes regarding inferential NOSK.

5.2.7. Social and cultural NOSK

The concept of scientific knowledge should embrace the different legitimate ways
of arriving at legitimate knowledge (Snively & Corsiglia, 2001), 2001). Additionally,
they contended that science education ought to place a strong emphasis on the
connections between science and technology and the norms, values, and procedures of
the society in which we live. Regarding the present participants, about half of grade 12
students (51.47%) and the majority of the teachers (64.58%) in this study expressed
informed NOSK conceptions of the influence of society and culture on the production of

scientific knowledge. Among the grade 10 students about a quarter reflected informed
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conceptions of the cultural and societal influence on scientific endeavor. These students
and teachers expressed that cultural and societal factors can impact the scientific
investigation process and/or the usability of the results. These contentions demonstrate
their contemporary views of the social and cultural embeddedness of scientific
knowledge. Nevertheless, a substantial proportion (42.42%) of grade 10 students, and
about 15 % of grade 12 students, and about 13% of science teachers exhibited naive
conceptions. These participants believed that scientific investigations are independent of
societal and cultural influences.

A significant percentage of junior high school students (44%) were found to have
intermediate views on the cultural aspect of NOSK, according to a study by Rahmah and
Siahaan (2018). It is approximately twofold as compared to the proportion in the present
study. In addition, the percentage of students possessing naive conceptions on this aspect
is 28% in their study, which is substantially lower than the percentage of students who
held naive views in this study. Thus, the present study shares some similarity as the
participants in their study aligned with an intermediate view of the cultural NOSK than
the grade 10 student participants in this study.

Regarding science teachers a similar finding was reported by Dorji et al. (2022),
who reported that Bhutanese science teachers expressed scientific knowledge as a
product of either social or cultural values or both. Similarly, Saif (2016) found that
science teachers expressed that the development of scientific knowledge is affected by
society, politics, and culture.

The scientists’ societal values and cultural backgrounds influence the way

scientific knowledge is created and accepted. Lichtenberg’s aphorism (cited in Reiners et
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al., 2017, p.606) stated that “He who understands nothing but chemistry does not truly
understand chemistry either.” Thus, to understand the subject matter it is necessary to
have a good grasp of how the knowledge of that subject was developed and is
developing. Simply put, science teachers need to develop an understanding of the nature
of the scientific enterprise to understand science subjects.

This finding suggested that in addition to the advantages of knowing NOSK,
which include critical thinking and well-informed decision making, increasing teachers'
and students' awareness of the social and cultural aspects of NOSK is essential for

improving scientific content understanding.

5.3. Comparison of students NOSK conceptions by grade level and gender

5.3.1. Comparison of grade 10 and grade 12 students NOSK conceptions

Grade 10 and grade 12 students conceptions of NOSK are compared on the seven
target aspects. On most of the aspects no significant difference was observed. But on two
NOSK aspects, grade 12 students showed more desirable NOSK conceptions than grade
10 students in this study. The Mann-Whitney U test revealed that the mean rank scores of
grade 12 students was significantly higher than grade 10 students on the subjective and
cultural NOSK aspects. This indicated that there is a relationship between grade level and
NOSK understanding. This result is congruent with Kremer et al.’s (2014) finding who
revealed that as grade level increased, students NOSK conceptions get more
sophisticated. Kremer et al investigate the NOSK conceptions of grade 7 through 9 and

found that students in higher grades showed more sophisticated NOSK conceptions.
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However, the results of this investigation do not agree with those of Toma et al.’s
(2019) findings about the relationship between primary school students’ NOSK
comprehension and grade level. Lower pupils reportedly held better informed opinions
about the tentative nature of science. This indicates that pupils' NOSK comprehension
declines as grade level increases. These contradictory results suggest that more research
Is necessary to determine how kids' grade level and their ideas of science relate to one
another.
5.3.2. Comparison of students’ NOSK conception by Gender

The present study revealed that female students conceptions is more informed
than that of male students. Specifically, the female students score significantly higher
mean rank than their male counterparts on their conception of the subjective, inferential
and cultural NOSK. There are few studies in the literature that investigated the
relationship between gender and NOSK. Among these, Acar et al. (2015) found no score
difference between females and males of Grade eight Turkish students NOSK
understanding and although females surpassed males on physics conceptual knowledge
test. A study by Toma et al. (2019), however, found that primary school boys had more
naive conceptions on NOSK (particularly on empirical NOSK), although boys had
showed better attitude towards science than girls. Toma et al.’s finding is thus, somehow
corroborate with the present research. However, as studies of NOSK in relation to gender
are very limited and the findings are inconsistent more research is needed to substantiate

the current finding.
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UNIT SIX
CONCLUSION, RECOMMENDATIONS AND

IMPLICATIONS

6.1. Conclusion

The greater majority of secondary school students and their science teachers who
participated in this study subscribed to naive conceptions of most of the consensus
aspects of NOSK, which are critical for developing scientific literacy. The majority of
grade 10 students' responses to all of the seven NOSK tenets did not align with informed
NOSK views had showed naive conceptions of all of the seven studied NOSK tenets.
Regarding Grade 12 students, their conceptions of two of the seven aspects, namely the
subjective and cultural NOSK, aligned with experts' views of NOSK. The score of grade
12 students on these two aspects was significantly higher than that of grade 10 students.
Then we can conclude that grade 12 students’ NOSK conception was better than that of
grade 10 students. Nonetheless, on most of the tenets, grade 12 students exhibited naive
conceptions. The science teachers in this study demonstrated informed conceptions of
two of the seven aspects— the tentative and cultural NOSK. On the remaining majority of
the tenets, they harbored naive conceptions.

This study revealed differences in students’ and teachers' NOSK comprehension.
The science teachers and grade 12 students showed critical differences in their views of
the subjective NOSK. Grade 12 students revealed informed conceptions of the subjective

NOSK, while their teachers showed naive views on this aspect. However, this is not an
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overarching conclusion in that on the other NOSK tenets the science teachers generally
showed more desirable NOSK conceptions than their students. Hence, we can conclude
that as individuals are exposed to more science lessons, their conceptions of the NOSK is
enhanced. However, some research needs to be conducted to come up with a more
conclusive argument. The other important finding of this research was that female
students showed more favorable views than male students at least in some aspects of
NOSK. Nevertheless, the reasons behind these differences remained undiscovered.
Although the generalizability of this investigation might be limited by the sample
size and student background (i.e., participants were sampled from three schools in two
cities of the Amhara region), these results should be potentially useful to a wide range of
science teachers/educators in that the data revealed conceptions embraced by Ethiopian
secondary school students as well as their science teachers. Because secondary schools
follow the national curriculum, teachers are educated in similar higher education
institutions which could result in more or less similar student learning in terms of
quantity and quality. Therefore, the findings of this study can provide baseline data for

the designs of science lessons, units, and/or curricula.

6.2. Recommendations

The results of this study showed that most NOSK components, such as the
distinction between scientific theories and laws and inferential and empirical NOSK, are
poorly understood by both science teachers and students. Nonetheless, there is some
optimism in the study's conclusions; because a large number of students held either

informed or intermediate conceptions of some of the target NOSK aspects. More
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specifically, the majority of students showed informed/or syncretic views of the NOSK
on three of the seven tenets: the tentative, subjective, and cultural components of the
NOSK. This finding implies that some students were capable of developing some
informed views of the NOSK on their own although their teachers showed uninformed
views of some of the NOSK aspects. Therefore, students need to be provided with
opportunities that facilitate their NOSK understanding.

Many science curricula prioritize factual knowledge and technical skills over
understanding the processes and philosophies underpinning scientific inquiry. This
narrow focus can prevent students from appreciating the broader context and nature of
scientific knowledge. Thus curricular amendments that entertain inquiry-based learning,
process skills, and critical thinking skills that encourage students to analyze and question
scientific claims that enhance students' NOSK understanding, developing assessment
tools that measure students’ understanding of NOSK alongside traditional science content
knowledge are imperative. To this effect, national and regional education authorities
should encourage the explicit inclusion of NOSK in secondary school science curricula
and instruction.

The teachers in this study who were expected to help students develop NOSK
understanding did not themselves demonstrate adequate understanding of the NOSK.
Hence, we cannot assume that teachers with inadequate conceptions of NOSK could
teach the NOSK tenets effectively. It is reasonable to assume that inadequate views of
NOSK held by teachers may prevent them from teaching about NOSK. Teachers having
informed conceptions about the NOSK tenets is a prerequisite to incorporating NOSK

into classroom teaching and learning. Thus, on-the-job professional development
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programs and short-term training should be organized by the Ministry of Education,
regional education bureaus, and Education colleges of the country to enhance teachers'
understanding of NOSK.

Students will benefit from the teachers' implementation of the NOSK in the
classroom. Not only did teachers lack sufficient understanding of the subject NOSK, but
even in the aspects where they did have informed conceptions, they found it difficult to
apply them in the classroom. This made the implementation of NOSK instruction
challenging. Therefore, it is argued that in the context of teaching-learning scenarios, on-
site interventions and scaffoldings are essential (Abd-El-Khalick, 2013). Stated
differently, when educators are provided with effective ways to teach NOSK, they stand
to gain and can subsequently facilitate students' NOSK understanding. The teachers
should be supported by projects that equip them with skills to implement NOSK in the
classroom. The projects could involve a concerted effort of the MoE, education bureaus,

teacher education colleges and Woreda education offices.

6.3. Implications and future research directions

The following are the implications and future research directions that can be
drawn from the present study.

This research is limited in terms of sample size and geographical location as well
as it uses frequency counts and percentages and qualitative descriptions, the researcher
recommends that future research on teachers' and students understanding of NOSK is
needed using a larger sample from diverse geographic areas using quantitative

approaches to reach at more conclusive generalizations.
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This research indicated that both teachers and students have inadequate
conceptions of NOSK. This lack of an overarching framework for teachers' and students'
conceptions suggests that these perspectives are more flexible than fixed in some
complex, well-established framework. As a result, it appears that students' conceptions
can change in response to targeted educational interventions. In addition, this research is
survey type. Thus, intervention-based investigations are required for future research.
Future research should be done to identify effective methods to teach it. The research
could include experimental/ longitudinal studies to monitor how NOSK instruction
affects students' attitudes toward science and understanding.

Future research could focus on investigating curriculum materials and textbooks
from primary to secondary levels as well as science teachers’ education curriculum on
how well the NOSK concepts are presented in the Ethiopian secondary school science
curricula including the textbooks. In addition, the curriculum materials could be
scrutinized for the process skills and the teaching-learning methods associated with the
development of NOSK (e.g., Inquiry-based learning, argumentation-based).

The present research focuses on the students and their science teachers'
conceptions of NOSK. Future research could focus on the correlates of NOSK
understanding. These could include investigating the relationships between NOSK
conceptions with science content understanding, attitude towards science, and science-

related career choice.
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Appendix A: Questionnaire to assess students’ conceptions of NOSK

Bahir Dar University
College of Education and Behavioral Sciences
Department of Educational Psychology

Questionnaire to be filled by secondary school students

Dear students, | am a PhD student in Bahir Dar University post graduate program in the
department of educational psychology. This questionnaire is prepared to investigate the
ways how secondary school students conceive the nature of scientific Knowledge
(NOSK). Your responses will be kept confidential; they will not be accessed by people
other than me and my research advisors. The reports of this study will not use your
names; rather it uses pseudonyms or code numbers. The result of this study is important
in finding ways that improve the teaching and learning of NOSK. And the success of this
study will depend on the information you provide, therefore, you are requested to provide
answers to each question carefully so that it can reflect your understanding of NOSK as

much as possible.

Note:
= There are no “right” or “wrong” answers to the following questions. I am only
interested in your ideas relating to the following questions. Use examples to
illustrate your responses.
= |f there is ambiguity in any of the items or instructions, you are encouraged to
ask.

| kindly request your cooperation in responding to this questionnaire. Thank you in
advance for your cooperation!!!

Tadele Demelash,
PhD student, Bahir Dar University, college of education, department of educational

psychology
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Instruction I. Respondents background data. Give appropriate information to the
following items.

Name of the school
Grade level
Section

Roll Number

Sex
Age

Instruction I1. Give answers to the following questions. lllustrate your answers with
examples. You can use space provided and the backs of the pages to answer a question.

1. What is science?

2. What makes science (or a scientific discipline such as physics, biology, etc.)

different from other subject/disciplines (art, history, philosophy, etc.)?

3. Scientists produce scientific knowledge. Do you think this knowledge may

change in the future? Explain your answer and give an example.

4. If different scientist use the same data, do you think their conclusions be the same

or different? Illustrate with examples.

5. Is there a difference between a scientific theory and a scientific law? Illustrate

your answer with an example.
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6. The model of the inside of the Earth shows that the Earth is made up of layers
called the crust, upper mantle, mantle, outer core and the inner core. Does the
model of the layers of the Earth exactly represent how the inside of the Earth

looks? Explain your answer.

7. Scientists try to find answers to their questions by doing investigations /
experiments. Do you think that scientists use their imaginations and creativity
when they do these investigations / experiments?

a) If NO, explain why.
b) If YES, in what part(s) of their investigations (planning, experimenting,
making observations, analysis of data, interpretation, reporting results, etc.) do

you think they use their imagination and creativity? Give examples if you can.

8. Itis believed that about 65 million years ago the dinosaurs became extinct. Of the
hypotheses formulated by scientists to explain the extinction, two enjoy wide
support. The first, formulated by one group of scientists, suggests that a huge
meteorite hit the earth 65 million years ago and led to a series of events that
caused the extinction. The second hypothesis, formulated by another group of
scientists, suggests that massive and violent volcanic eruptions were responsible

for the extinction. How are these different conclusions possible if scientists in
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both groups have access to and use the same set of data to derive their

conclusions?

9. After scientists have developed a scientific theory (e.g., atomic theory, evolution

theory), does the theory ever change? Explain and give an example.

10. With examples, explain how society and culture affect OR do not affect scientific
research. Is there a relationship between science, society, and cultural values? If

so, how? If not, why not? Explain and provide examples.
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Appendix B: Questionnaire for assessing students conception of NOSK (Amharic
version)

NCc AC L1.NCOt
UGS O MWé hAE
ALhAE, T/ hEA

NUATT LLE 191462 TF P919°A aomBd

@& P TF- A NWC SC RLICAL PEVL I°ld TCEUI°
ASLISA ALhAE, H/1 aed P35 474 1914 T BU aomBP P THIEM.
CUNTE LB AO1LPT PARTINT MWELT AT AILTLLST®. AavTHA
1.0 Aoom@e PIHAM-T @A NTLATC SPHAE hA'S ha%Thé aod°vé
NPC AA ANA ATSLTIM. ARLLIIC: (TS E L7°CF AL Phe NPT me9°
RPCETT ATE CooAli +H9PTF 09° ALMPNIC: PTG @t TU1LPF
PALTINT QLT NFAA UBF 091974017 o071 A%TevAlt mPol, 1.
PHY TS oMot L79° 09> Fam-T ovl% AL NA“Lov(lt AhET575
Tee e TAm-T eoAh OHFA oom? A ALTIN AVLLT CATUT THN
NN ATSIAR 0T IPe oo

AN L:-
= AUAI TLEDT “Fand” @L9° ‘DU PULAA gvAh PAYC: NPLN-T
TLEDT AL PATUT UAN Aovl&t PPLN NooPST@. U-A79° T LEDT
0HFATU- aomT N9°AN A4
= PLEDTF AN NIV 0T W AT TMEE FNLIFAT U

MY oMmed AN Nonmi- A2L711UMC/E NTV15 APMmPP Y-
N FU- NP0 havn 7500111

FLA LoovAT

NMC 4C LACOAE N TF°/FS 01-0ve DAE PhShITA ALhAE, P35 8,74
T4
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s.oomeeT PULPA 76 hnFPAL avlE

1. PAGA LLF (P “ v 7 AR AEC): 957 ] 105 | 115 [ ]

125 a7
2. PheA i krC
3. PJ: (P “V 7 AN ALCI): 078 [ ]| o+ []

€. A“Lh AT PPEOT AN Am-:: (M1FATU avm? avAATFU-7 N9°AA

Alé-%:: avpAO Agonat 0F W00 NECA A oo d® TTAATU-::

1. AL (AT bt £01) 9°7 710 10.?

2. ABMNT (MLI° AL PTST HCET 7T AL AN AP A-5 o)
AT PTG aohDF (AF°AA:- VLIS GANGES ONT) PoLAPM.
9787 1.2
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3. ALTEOFT NI°CI°C Ad.P 1 LLAPA:: LV AP T ®LeT NPPC
BTN NAV/T FA0/0 7 ao OV 07 N9°AN ANLD24.V/1
aé-é-1é::

4. ¢TALR ALTLNFT W3 AL'YE avlB mdov- P7LLCANT £I°57%
tavddl LGN @Lh CTALY AT STAA? N9°AA A4

5. NAR7AP 1?4 (scientific theory) A9 NAL7AP V7 (scientific law)
aonhd AR hd @GO PAI°? aoANTUT N9°AN ANLS-::

6. AL TENPT I°CI°C mLI° WANTCD 7 N7LASN T LH 9°G0P AS
P4.mé To-FTFa@. 7 (Imagination and creativity) &m+o7a- @LN
nlmean-9°? A9°7? aoAOT U7 N9°AA ANLS-::

V) h2meav-9° NATFU- AT ATLTTI2MPbar. hld-4::
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n) LmeoIa- MATU- 0@/ 0CHET PTG LLS/PT (N4 L: T
avl B NaoANANENaolE 171G OPTF 672°CT 0LLPCH)

7. BeSCONCT h65 2UA>7 Govt e h9°Ll 10 A78.mé L3aoGin::
A T4 F@. CHALE 74, UANT HOATHPA: hYHVI° @-0T U-AE

04 PRI T WP

AZRT@.  PARHINFT  ME€7F  BeSNCT  Pméd- ovdd N7H4:
YL PCCAT  (MTNI° TH-U-5 WP NI CaPhit NACIE2T)
Ntaod-F NRLNM- hNhd, P41 1D NVPA:: UNT5@. PAE NPT
L7 L29° BeSNCET Pmsi avdt? CTAPAP 2579 PANLT 7974
G389 Naohi-t: I°h207 1w POLA £I°87% AL CCNPA::

ATHY U-AE (F&7 ALTEOPT A7 ARYE avlB tmPbao®. A78
CHALY £9°89Y AL avf/lh Fi? PIFOM T aodh ANd-6-::

8. Pavde TMNCANCT T°%A (layers of the earth) PALEF®. Pavdl hd\
(Crust) f eohpAF@. (mantel) A5 ¢-T5m. (core) NevN L3 @PhA:: LV
Pavdel TNCNCTH T°LA CHT5@7 Pavde KN 9°7 PUA N -hhA
LONAA? P9 OM T g\l hflé-4-:
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9. ALINP LREPT (AI°0N- Ph1I° A:Fc(atomic theory):PH Pao4 A@. T
1-Pe(evolution theory) &PLé-0 LN K &PLGI” ? LPPl-N- LI
ALPP4I° NAV/T LOANVNTZ CONTNTT o078 N9°AN ANLS/8.::

10.9790400 AS QAP AMET ALTIAP 9°CI°C AL 4005 LL.Ps MLI®
AL TS AL NI°AN ANl G-
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Appendix C: Questionnaire for assessing teachers conceptions of NOSK

Bahir Dar University
College of Education and Behavioral Sciences
Department of Educational Psychology

Questionnaire to be filled by secondary school science teachers

Dear science teachers, | am a PhD student in Bahir Dar University in the department of

educational psychology. This questionnaire is prepared to investigate the ways how
secondary school science teachers conceive the nature of scientific Knowledge (NOSK).
Your responses will be kept confidential; they will not be accessed by people other than
me and this research advisors. The reports of this study will not use your names; rather it
uses code numbers. The result of this study is important in finding ways that improve the
teaching and learning of NOSK. And the success of this study will depend on the
information that you provide. Therefore, you are requested to provide answers to each

question carefully so that it can reflect your understanding of the NOSK.

Note:

» There are no “right” or “wrong” answers to the questions presented. | am only
interested in your ideas relating to the questions. Use examples to illustrate your
responses.

= If there is ambiguity in any of the items or instructions, you are encouraged to

ask.

| kindly request your cooperation in responding to
this questionnaire. Thank you in advance for your

cooperation!!!

Tadele Demelash,

PhD student, Bahir Dar University, college of education, department of educational
psychology
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Part I. Respondents background data. Provide your answers by a tick mark “v"” or
writing short answers to the following items.
& Sex:Male  Female
Age:

* -
& Major field of study
L)

Work experience (Service Year): By teaching Other

o Grade level/s you have taught

o The subject/s you have taught

Part I1. Questions that are related to your science understanding
Give answers to the following questions. Illustrate your answers with examples.
You can use the space provided and the backs of the pages to answer the

guestions.

1. What is science (in your opinion)?

2. What makes science (or a scientific discipline such as physics, biology, etc.)

different from other subject/disciplines (art, history, philosophy, etc.)?

3. Scientists produce scientific knowledge. Do you think this knowledge may

change in the future? Explain your answer and give an example.
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4. If different scientist use the same data, do you think their conclusions be the same

or different? Illustrate with examples.

5. Is there a difference between a scientific theory and a scientific law? Illustrate

your answer with an example.

6. Scientists try to find answers to their questions by doing investigations /
experiments. Do you think that scientists use their imaginations and creativity
when they do these investigations / experiments?

c) If NO, explain why.
d) If YES, in what part(s) of their investigations (planning, experimenting,
making observations, analysis of data, interpretation, reporting results, etc.) do

you think they use their imagination and creativity? Give examples if you can.
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7.

It is believed that about 65 million years ago the dinosaurs became extinct. Of the
hypotheses formulated by scientists to explain the extinction, two enjoy wide
support. The first, formulated by one group of scientists, suggests that a huge
meteorite hit the earth 65 million years ago and led to a series of events that
caused the extinction. The second hypothesis, formulated by another group of
scientists, suggests that massive and violent volcanic eruptions were responsible
for the extinction. How are these different conclusions possible if scientists in
both groups have access to and use the same set of data to derive their

conclusions?

The model of the inside of the Earth shows that the Earth is made up of layers
called the crust, upper mantle, mantle, outer core and the inner core. Does the
model of the layers of the Earth exactly represent how the inside of the Earth

looks? Explain your answer.
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9. After scientists have developed a scientific theory (e.g., atomic theory, evolution

theory), does the theory ever change? Explain and give an example.

10. With examples, explain how society and culture affect OR do not affect scientific
research. Is there a relationship between science, society, and cultural values? If

so, how? If not, why not? Explain and provide examples.
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Appendix D: Questionnaire for assessing teachers conceptions of NOSK
(Amharic Version)
NG 4C NGO L

P H9UC TS 01 W6 hAE
ALhAH, T/t NFA

PALTN avg°UL-FF PALTIN NULLT hiAE& AovSnh -HHIE aomed

@£ PALTIN avg VLT - A NMVUC 4C RLNCAA: PLVL 9°Ld
TE9° MWSG0OATA ALDAE, /1 AeN 935 8.4 114 T LV aom@d
CHHIED. PUNTE LLE aod°0i-7 PARLTINT WWELT Wil hT1L7LLS T,
Ao 170 1@ Agom@d P9°HAMT oo\l hAa'sS ha2Thé ov9°véd ($C AA
AN ATBLTIM. hBLLDI°: TGk L7°CH ALYI® Che RTCTT AW78. PovAT
aodYLr N9° ALMPNI®:: PTG O.mT A91LPT AL N7 QVLeT NHAA
U's 3 POLONGNTT a0 F1e ATTooAn Tt Mo, s PHY TS @-m 3T
L9° N> TOam-T avld AL NALavOlt ARE 5% T P9 THOm-T aoAn
0+FA oom DA AL AVLET PATFUT DML NN ATSIAR 0TI Pd
N\ UT? aomBP ATIMGPP 45 L4 CUN ADNE LTAA:

ALY aoM@P aop\d Naoam-t ATLHHINC/E MheA+SE An et
amG PAV-::
OATFNNET U haeAIGSA V-

FLA LooAT

NMC 4C 2LicCoL 0F9°/1HS 01-0vé hAE PAS%TSA ABhAE,
¢35 474 116
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NEA A28 oomPEe7 P7.9°A \@. AmPAL avlB
PrLNTATT vl BPTF NMHAME. AT N3 AL P« v o AT N91247 BLI°
APC oo\ 1op9G: avi\(}-::

& AJ: @I %A

& ALOD e

& O/ PS PTG T oohh: OPASE, ---mmmemmmmmem R T § LA LHLAD
® P0é AL NN IC - (1 Y 2L e 11 D —

& P7I0TTIC APL F
o fotoicunt/ Nt /1 LLE

heA €1 OA AL70 hATU- Wése IC PH19F TELPT

+Th PPLTT TLELOT MHFATU- oom? HCHC ALCIT U (Hen2149°
°AALPTE Noome?® VANTFU7T N9 AL FPCH AMSPAU-::

oA AooOm T O Q740 AZCa OhA aomd9® TFAATU-::

1. AL (AT At £91) 9°7 7980T 10.?

2. ARG (WRI° PALTH PTG T HCETHi AL U aPA-E, oit.) hAdTF
PTG oodDT (AZ°AA:- hULYTIT T ANGS o) PULAPD. 9°7L%7 100.?
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3. ARFENTT N9°CI°C h@.bT LLAPA:: LV h@PT LT APFC
LTFAA AN A/ 7?7 ooV 07 N9°AN ANL240/T hld-d-/é::

4. ¢TALR ALTLENFT W3 AL'YE avlB mdov- P7LLCANT £I°57%
tavddl LGN @Lh PTALY AT STAA? N9°AA A4

5. NAR7AP 1?4 (scientific theory) A9 NALTAP V7 (scientific law) avhhi
AR AN @GO PAI°? aoANT U7 N9°AA ANLS-::

6. AL TENTT I°CI°C ®LI° WANTCD 7 N°L0S0T L1 9°GaR AS Pémé-
T3 TF@.7 (Imagination and creativity) £m+74- @&nh hLmebao-9°?
AI°7? oo AOT U7 19°AA ANLS-::

V) Ahmeav-9° WATU- A7 A2L71LMPbav- afld-< i

A) LmeoIa NATU- 0 FE @/ 0CHET PTG LLS/PT (N1 LT
avl 8 NaoANANENaolE 171G OP1E 672°CT 0LLPCH)

7. BLTONCT h65 TLALT Yoo N4 h9°LLl 10 W78mé: L avGA::
Ao T4 3T, CTALE 14 VANT HOTPAHPA: WIHV® O-OT U-AE (s
+PARrE ATV EPA::
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AZR5m.  PARHNFT €7 ZCSNCT  Pméd oot N7H9
TLAPCECFT  (MNI° THU-5 P+ ANF77 PhPhNT NNCAC2F)
Ntaod-F NRLNM- hNhé, P4 1D NVPA:: UNT5@. PAE NPT
M-87% L99° BeSNET Pt avdd? CTAPAL ha-579 PAOA 19°<
G389 Nohn4t: I°h301 1w PPLA £9°573 N LLNAPA::

ALY UAE (&7 AR TEORT AT ALY avlB tmPoo®. w7t
ALY £I°870 AL aofln FA? P9 HOMTT avAD AfldSi:

8. Pavdol MICNCET 9°LA (layers of the earth) PALF®. Povdel Ahd\
(Crust) i avhhAF®. (mantel) 4G T4 @. (core) Navlh LFmPh:: L
Pavdo TNCNCT TPLA L3 TEM7 Povdl Wi 9°7 LU (-nhA
LONAA? PP TOAM-T7 aoAD A4

9. ALTINP tLEPF (N7°0N- PAh1I° A-Fc(atomic theory): P Pavt Na. T
1-fe(evolution theory) &Le-0 SN afPP49° ? LbPi-N MBI
aALPPSI° NAV/T LONVNTT CANTNTET 9°78F N9°AN ANLS/S.::
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10.999NL0N AG QAP ANTFT ALTAP 9°CI°C AL 40905 LL.T< meI”
AL T AT NI°AN ANl G-
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Appendix E: Scoring guide for the conception of NOSK

Scoring guide of NOSK understanding for the open ended items, adapted from Agustian
(2020), Lederman et al., (2002), Miller et al. (2010), Stadermann & Goedhart (2020)

NOS aspect | Naive conception, score =1 Syncretic/Intermediate Informed conception, score = 3
conception, score = 2
Empirical Focuses responses on only empirical | Understands that a model Knows that inferences have to be
NOSK evidence and has a particular focus | cannot be seen but still made to create knowledge,
on being able to see all aspects of overly focused on particularly about things that
what is being studied. empirical data. cannot be seen.
Tentative Scientific theory/ law is certain and | Acknowledges that Understands that everything in
NOSK unchangeable or thinks that scientific theories change, | science is open to development, it
scientific theories change because but the explanation is is subject to change with new
they are opinions or guesses. general or vague or there is | evidence or interpretation of
no explanation. existing evidence.
Science is universal, and scientists Scientists can look at the Scientists’ observations and
Subjective are objective. Indicates that coming | same set of evidence and interpretations may be different
NOSK to different conclusions from the come up with different because of their prior knowledge,
same set of data would be because interpretations, but failed personal perspectives, or beliefs.
the data are bad or says that two to provide reasons for
scientists would not come to a justification.
different conclusion about the same
data.
Nature of Scientific laws are more certain than | The participant provides Scientific theories are well-
Scientific theories, or theories become laws valid example(s) of substantiated explanations of

theories and
laws

when they are proven (a hierarchical
view between them)

scientific laws and theories

without further elaboration.

natural phenomena or scientific
laws. Both scientific laws and
theories are subject to change.

Creativity Scientists cannot be creative or Scientists use creativity Scientists use their creativity and
and cannot use imagination or they can and imagination but imagination throughout their
Imagination | use it only at some phases of the without elaboration scientific investigations.
in science investigation, notably during data Imagination and creativity are
collection. essential for the formulation of
The scientist has to be objective- novel ideas, to explain the
they follow strict rules (the observed results.
scientific method).
Inferential Scientists know things by looking at | Reflects a basic yet They understand that observations
nature of them and writing down what they incomplete grasp of key are direct, like seeing the fossils,
scientific see. They don't guess or infer; they | concepts related to while inferences are conclusions
knowledge | just observe. inference. drawn from these observations.
Social and Science is a search for universal The participant states that Scientists are informed by their
cultural truth and fact which is not affected science is influenced by culture and society. Culture
embeddedne | by culture and society. culture and society without | determines what and how science
SS further elaboration is conducted, or accepted

Note: The participant’s response is rated as not classifiable (NC) if there is no response;
they state that they do not know; the response does not address the prompt; or the
response cannot be classified based on the rubric descriptions.
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