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Abstract. This study aimed to identify teachers view about Nature of Science (NOS).
One of the most recent framework that focused on educational adaptation of NOS is
called Reconceptualised Family Resemblance Approach to Nature of Science (RFN).
Based on RFN, NOS is categorized by its aims and values, scientific inquiry , methods,
knowledge and social-institutional aspect of science. Teacher plays big role in learning
process to teach NOS both in implicitly or explicitly. However, only few of research
that have been revealed teacher’s view about NOS using RFN. A qualitative research
method was considered in order to identify teacher’s responses based on categories of
RFN. This study also used 70 items “RFN-Questionnaire” that was adapted from Kaya
et al (2019). Total 15 science teachers and 10 non-science teachers such as social and
language teachers was participated in written questionnaire and interview processes.
The result show that non-science teachers have different view about NOS in each
category compared to science-teacher based on interview. Though a quantitative data
analyse, using Mann-Whitney based on score from RFN-Q, suggest that there is no
significant differences between non-science teacher and science teacher’s overall score.
This study concluded that teachers in both science and non-science majors have
different view about NOS because of learning experience and processes they have
received.

1.  Introduction
Nature of Science (NOS) has been a curriculum goal for defffles. Research that have done especially in
the field of science education used “consensus view” about NOS and been applied in several curriculum
analyses by some author i.e. [1-4]. Philosophers, historians, and scientists of the sociology of science
agree that there is no specific definition that can explain NOS. Some general views on NOS, among
them as described by Norman Lederman, agree that not all characteristics in NOS can be taught in
learning {fflivities. Teachers are advised to teach acceptable characteristics of NOS in the standards of
science, philosophy, history, sociology of science, and science education literature [5].
Kayaet al. [6] stated that NOS can be explained both holistically and contextually using the Fdlily
Resemblance Approach (FRA). The definitions of NOS using FRA is previously mentiffied by Irzik
and Nola [7], namely Science as a cognitive-epistemic system includes the process of investigation,
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goals and values, methodological methods and rules, and scientific knowledge, while science as a social-
institutional system includes activities. professional, scientific ethos, social certification and
dissemination of scientific knowledge, and social values. These categories have their respective
relationships, however, each of these categories also has its own characteristics that ditferentiate it from
other categories.

In general, FRA has 5 categories that characterize NOS, the first namely Aim and Value. Aim and
value in science are described as a collection of the objectives of the product of scientific activity
expected when studying science [6-7]. For example, the purpose of studying science is one of which is
to be able to predict a natural phenomenon, explain the consistency of this phenomenon and make
simplifications so that it can be easily accepted by many people. The second characteristic, namely,
Science Inquiry which involves Scientific Practice and Scientific Methods which is described as a way
or step in finding scientific knowledge, for example by making observations, collecting data,
formulating hypotheses, conducting experiments, analyzing to making conclusions [6-7]. The third
characteristic is about Scientific Knowledge which is described as the consistency of scientific
knowledge, whether knowledge can change over time, or is it permanent. The fourth characteristic is
about the Socio-Institutional Aspect of Science. This aspect includes whether or not the influence of
political policy in science, the ability of a scientist to disseminate research results to many people, and
the influence of finance in the scientific process. This socio-institutional aspect also analyzes the
application of NOS in education as an institution that underlies learning and application of NOS to make
it more familiar afgj clear [7].

Researchers emphfized the potential benefits of learning and understanding NOS for students.
Driver et. Al. [8] claim that understanding NOS helps studjts to raise awareness about socio-scientific
problems, understand the scientific process, understand the norms of the scientific community, and value
science as one of the main elements casociety and culture. In this direction, one of the most important
goals of science education is to study not only the content of science, but also the nature of science [8].
By learning science that also teaches the nature of science can make someone who has understood
science will have an awareness of the important and essential components of science itself [9].

Several studies suggest using explicit and reflective learning methods to teach NOS [10-11].
Explicit learning means providing learning tools that have been prepared in advance, so that N can
be taught in a comprehensive and planned manner. Meanwhile, reflective learning refers to giving
students the opportunity to become aware of the aspects of NOS they use during learning [12]. This
explicit and effective method is in accordance with two learning theories, namely the constructive theory
and the theory of changing concepts.

The process of scientific investigation and the developkntal nature of knowledge acquisition in
science describes the nature of science. Scientific literacy plays an important role in \ffdous fields,
including mathematics, science and technology, aspects of human relations also the nature of
science. Understanding the Nature of science and the ability of inquiry, from desffling experiments,
collecting and analyzing data, to drawing conclusions from analyzing that data, is an important part of
scientific literacy [13].

Teachers' views of NOS affect how teachers perceive their teaching methods, and can influence
students' perceptions. Teachers' responses about NOS have become part of their own teaching materials,
so that the NOS that students have can indirectly be influenced by the views of the teachers who teach
them. This causes the teacher's view of NOS and the importance of NOS hold key aspect for teachers,
because teachers have the responsibility to teach NOS so that students can understand the meaning of
NOS at the correct level [14].

However, knowing how impfg}tant teacher’s role is, the study about teacher’s view about NOS
using RFN is yet rarely done. In line with the fflints mentioned above, this study invited teachers to
determine their perceptions and views of NOS, provide effective teaching strategies to improve their
understanding of NOS, and develop graduates who can be scientifically literate in the future.

[¥]
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2. Method

This study involved 15 teachers teaching SciFbe education (Physics, Biology and Science Education)
and 10 t@lhers teaching non-science fields. To assess teachers' views on Nature of Science. flis study
adopted a S-likert scale instrument (REN questionnaire) developed by KEFa et al, (2019). The REN
questionnaire consists of 70 items reflecting 5 categories of RFN in which 'Social-Institutional Aspects'
category consists of [fveral sub-categories ('Political Power Structure', 'Social Value', 'Educational
Application) [9]. The data are both quantitative and qualitative. The quantitative component comes from
Mann-Whitney of the mean results of the RFN questionnaire overall scores from both of group. to
determfie if there is a significant difference between the means of two groups. The questions of RFN-
Q that has been designed using the REN category (Table 1). The qualitative component was based on
the results of interviews with respondents regarding their views on each FRA category which is tabulated
based on the frequency of answers given by r@fpondents.

Given the domain-specific emphasis on NOS that has been placed in teacher education sessions,
several questions implicitly include references to this theme. In the questionnaire, the teachers were
given 5 options which were 'strongly agree', 'agree', 'not sure', 'disagree' and 'strongly disagree' and they
were asked to choose one of these options to determine their view of each statement.

Table 1. Distribution of question items based on REN categories
Question {5 Item Numbers

Category Example Items Positive Negative
Aim and Diversity of solving scientists' problems 7 2.20,40,51,69 46, 56
Values collectively implies impartial results
(positive items)
Scieniific The powerof an experiment comes 13 4.5,15,19,23, 26,52,
Inquiry from testing scientific hypotheses time 33,38,57.61,63 64
[ERd time again by scientists.
Scientific There is a universal (general) scientific 9 11,22,24,28 8,25,
Method method that is used by all scientists 37.49,
[Bound the world (negative items) 60
Scientific Theories and laws are forms of 9 10.30,44,50.54 3,16,
Knowledge scientific knowledge, but leaming 43,66
models are not forms of scientific
knowledge (negative items).
Institutional-  Scientists must respect the environment 16 7.9,14,32, 34, 13,18,
Socio Aspect  (positive items). 41,45,48,53,58, 36,39
67,70
Educatonal Science teaching must state that the law 16 1,6,12,17,21, 35,47,
Aplication is certain and cannot be changed. 27.29,31.42,55, 68
59,62, 65

3. Results and Discussion

3.1. RFN-Questionnaire

The quantitative data in this study were obtained from the mean scores obtained by the two groups of
teachers, namely the science teacher group and the non-sciencff#acher group. The mean of the two
groups was then tested using the Mann-Whitney Independent test, to determine whether there were
significant differences between the two groups.




MISEIC 290 I0P Publishing
Journal of Physics: Conference Series 1747(2021) 012019 doi:10.1088/1742-6596/1747/1/012019

Table 2. Teachers RFN-Q Overall Scores

Major Department Number Total Questionnaire Score Average
Number Score
Science  Physics 9 250, 290, 248, 272, 248, 256, 244,
278,272
Biology | 15 235 258,7
Science Edu. 5 266, 260,274,261, 226
Non- Indonesian 4 254,264,258, 282
science  Social 2 10 272,265 2696
Islamic Edu. 4 288, 283,258,272

Based on Table 2., it can be seen that the mean score of the non-science teacher group is higher
than the science teacher group. Furthermore, to determine whether is there any difference between the
two mean REN-Q scores the data was tested using the Mann-Whitney test.

(able 3. Independent-Samples of Overall ‘RFN-Q’ Score Mann-Whitney U Test Summary

Test Standard Standardized Test Asymptotic Sig.(2- Exact Sig.(2-sided
Statistic Error Statistic sided test) test)
102.000 17.986 1.501 133 144
#*p>0.05

Based on Table 3., which the statistical values are higher than significant value, indicates that
there is no significant difference between the mean score of the science teachers and non-science
teachers. The RFN-Q scores are then grouped by major teachers, and analysed based on the NOS
category according to the FRA in Table 1.

®m Science ®Wnon-Science

85 88
21.60 82 3383.50 5
77527943 77.03 8092

67.560933
I I iiB iﬁii I I

Aim and Scientific  Scientific Scientific Community Educatonal
Values Inquiry Method  Knowledge — Aspect Aplication

Figure 1. Comparison of Scores between Group of Science Teachers and Non-science Teachers based
on FRA's NOS category

Based on Figure 1, it can be seen that the category with the lowest mean score is the scientific
method and educational application with the highest mean score. Furthermore, to qualitatively determine
the teacher's views on NOS, interviews were conducted.
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3.2 Interview about NOS
The results of interviews with science and non-science teachers share a common view of the goals and
benefits of science. The responses most frequently expressed by teachers about the goals and benefits
of science are shown in Table 4.

Table 4. Codes for Teacher Views’ about Aims and Values of Science

Science Non-Science
Code Explanation of Code N=15 N=10
# Yo # %

Explain phenomenas Explain natural phenomena, for

example the occurrence of rainbows, 11 73 2 20

the use of bacteria in yeast for food
Facilitating human Making digital technology and
work. machines that can facilitate human 2 13 5 50

work.
Understanding the Science studies the energy potential
relationship between of various natural resources. 2 13 1 10

humans and nature

Based on Table 4, the majority of respondents, both the science and on-science teacher groups,
stated that the purpose and benefits of science is to explain the surrounding phenomena. It can be seen
a big difference, where the non-science teacher group mentioned the benefits of science associated with
human needs. This result is in accordance with previous research [2] [5] [15] which states that non-
scientific groups have more control over several aspects of humanity which are learned through
philosophy, history and religious teachings.

Table 5. Codes for Teacher Views” about Scientific Inquiry of Science

Science Non-Science
Code Explanation of Code N=15 N=10
# o # Yo
Experiment Conducting experiments to prove a 12 20 2 20
theory / law.
Laboratory Activity Conducting experiments in the
. 2 13 6 60
laboratory to test a hypothesis
Testing laws or theories  Test a theory by direct | 6 | 10

experimentation

Based on Table 5, the teachers of all the teachers who were interviewed, none of them mentioned
the possibility of testing the hypothesis without doing practice, although there are several theories or
laws that cannot be directly experimented with. For example,Kepler's Law and Newton's Law of Gravity
which involve objects with massive mass. For the non-science teacher group, more than one respondent
stated that they studied science the last time when they were at the elementary school level. B09 stated
“I last studied science 20 years ago, when I was in elementary school (respondent is 34 vears old).
Because after that I was enrolled in a religious school and currently teaches Islamic religious education.
What I know is that currently scientific practice is carried out in laboratories with certain standards.
The goal is to improve motoric skills "

Most teachers' understanding of NOS has remained the same over time. As teachers' understanding
of NOS begins to develop, teachers may be able to relate these changes to the experiences they have
received while implementing inquiry-based learning. Because it takes a long time, it is necessary to
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realize the need to show new regulations as accelerators (catalysts) so that curriculum and resolution
can be better to facilitate learning [16].

Table 6. Codes for Teacher Views” about Scientific Methods of Science

Science Non-Science
Code Explanation of Code N=15 N=10
# Yo # Yo
Systematic ~ The sequence for testing a hypothesis starts from
steps observing, conducting experiments, collecting 10 67 3 30
data, analyzing and making conclusions

Do . Conduct experiments to prove a theory / law. | 6 3 30
experiment
Systematic  Method is a way to find / prove something that is

. . | 6 3 30
ways done in a certain order.

Based on Table 6., there are keywords that are the same as Scientific Inquiry, namely Do
Experiment. Wheffexplaining the definition of a systematic step, the science group teacher then
explained that the scientific method is part of the practice of science. Meanwhile, the non-science teacher
EBup stated that the method was a way to find / prove knowledge. These results prove that the
characteristics of science are relatmto one another, but also have their own characteristics. The
difference between the method and the practice of science is that the practice of science can ignore the
systematic step, if the goal of the practice does not involve experimental variables. Practice is also part
of the method, besides the method of observation or measurement. To be more specific, scientific
method is a collection of different methods or techniques used to test a hypothesis. A hypothesis is a
provisional assumption that is put forward against a phenomenon that is being observed [17]. These
phenomena are generally empirical - that is, they are gathered through observation and / or
experimentation. There is often a misunderstanding between theory and hypothesis. A theory is the
product of a previously tested hypothesis, which means that proven intent can explain an observed
phenomenon. A hypothesis needs to be proven or refuted through investigation [18].

Table 7. Codes for Teacher Views’ about Scientific Knowledge of Science

Science Non-Science
Code Explanation of Code N=15 N=I10

# Yo # %
Science changes over Changes in a science are caused by
time. the times and human intellectual 8 53 6 60

abilities

Impact of upgrading Technological developments affect 4 7 ) 20
technology the method
Change in theories is A theory cannot change, but it can be
due to complete the completed, like the atomic theory. 3 20 1 10

previous one

Respondent A0S said "It is possible to change, because of the development of the era, the human
mind, knowledge and technology, the human mind and technology will also develop, what is now being
Jfound is simple, maybe one day it will be explained in more detail"

These responds inform that respondent agree that science is not made to be an absolute and
inviolable guide, instead science is found to be a guide in predicting possibilities, which these
possibhilities can be used as hypotheses to be used as an experiment, so that science continues to develop.
The development of science itself can be done by learning new methods and mastering variety of
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technologies. The combination of method and technology can contribute to detailing previous theories
or make a theories more contextual.

Some laws / theories that have been able to survive and have been proven by many experiments
have little chance of changing. However, this law / theory can be based on evidence in the form of data
and new perspectives. The occurrence of changes in science that sometimes feels very precise is
corrected by the high curiosity of various scientists, so that scientists compete to find the most
appropriate explanation through hypothesis testing. This is part of a normal and healthy scientific
process [19].

Table 8. Codes for Teacher Views’ about Socio-Institutional Aspect of Science

Science Non-Science
Code Explanation of Code N=15 N=10
# Yo # Yo
Regulation throughout  Regulations made by stakeholders can
research influence the way scientists work in 2 13 5 50
developing their research.
Social needs The need to socialize so that the
knowledge gained can be disseminated 5 33 4 40
directly by minimizing errors.
Can’t explain impact Do not understand the role of political
of political issue power or do not follow political 8 53 1 10
developments.
(Educational Student learn science which is taught
Application) by teacher at school. School has very
. . . 8 53 8 80
School is the first important roles
place

Table 8. is the Institutional-Socio Aspect which includes the Educational Application category.
Interviewer B04 said that “Political power can influence the world of education. Because there are
limitations that are made, with the power that someone has, he will be able ro limit the scientific
activities carried out by a scientist. "

And mostly, teacher from science department said that they have no idea about the power of politics
hold. But they can explain the impact of social aspects well. Respondent A1 said “Influential, political
power. I don't know because I don't know politics. But I will explain according to my knowledge, the
political partnership is very influential on the economy and other aspects, but I personally cannot give
an example."

Although they cannot explain well the influence of political power on a science, science teacher
groups realize the nature of humans as social beings who need help in solving problems, especially in
the field of science. However, respondents could not mention the most important socialization activities
in science, namely how a scientist can discuss, argue and also present the results of his research in front
of many people. Scientists participate in social life as citizens who can encounter scientific problems
that are not their expertise. This is a disadvantage of the narrow science that a scientist studies during
his formal education. As with scientists, narrow science education causes teachers to be unprepared for
public issues related to science [20].

For the Educational Application we did intentionally mention what school role about NOS.
Respondent mostly agreed that school is the basic and foundation about how both student and teacher
perceive about what is science actually mean. Thus, teacher might some complexity while teaching NOS
explicitly and directly, because student who have a lot of curiosity will construct their own knowledge
by asking and discussing it on class. Teacher must be ready and have all planed in their courses. [5] [7]
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recommend to use Scientific Inquiry model to teach NOS implicitly and make it clear in closure
statement or conclusion of course.

Even though a curriculum that is based on a scientiff approach has been implemented in every
subject, there are still no systematic changes involving the history, philosophy and sociology of science,
especially in science lessons. Teachers only teach science content so that both teachers and students do
not have the opportunity to deepen their views on science. The n@§l for training that trains teachers to
understand public perceptions of science, which makes use of the history, philosophy, and sociology of
science and specifically addresses teachers' NOS views [21].

This study involved 25 respondents whose sample size was small for use in a qualitative method.
Although the Mann-Whitney test can be used as a statistical hypothesis test, further analysis of the
impact is needed to reduce the risk of error. In this analysis, the quantitative analysis in the form of the
REN-Q score is complemented by the analysis obtained from the interviews, describing the consistency
of each teacher's views on NOS. Since RFN is a new approach to explain NOS in world education, this
finding can be said to be a preliminary study of teachers' views on NOS. Subsequent research involved
needing more samples to a quantitative test [6].

Based on the explanation above, different views on NOS can occur due to differences in the
background of knowledge that has been studied by each group of teachers [22]. The non-science teacher
group, including those from the department of religion, literature and social affairs, have studied human
traits as social beings, history, philosophy, humanity more deeply than the science teacher group [23].
Particularly in the scientific methods category, non-science teachers are surprisingly able to name
sequences of scientific methods consisting of observing, collecting data, formulating hypotheses,
conducting experiments, analyzing to making conclusions. This happens because of the influence of
changes in the curriculum in Indonesia, from Curriculumfiased Unit (KTSP) to Curriculum 2013 which
uses a scientific approach in every subject. This result is in line with research findings [6] [15] [24]
which stated that the non-science group has a better perception than the science group in several
categories, especially in the institutional-socio aspect category.

Conclusion

This study §limed to identify teachers view about Nature of Science (NOS) using REN-@) This study is
underlined on the practical and empirical implication of the FRA tof#IDS and contribute limited amount
of literature on NOS in education context. Based on data analyse, there was no statistically significant
difference between the mean RFN-Q score of the science teacher group and the non-science teacher
group, though the mean score non-science group was higher. The qualitative results obtained from the
interviews indicated that there were different views on each of the NOS categories, although they had
different views, the two groups of teachers were able to explain their views about NOS well in the Aims
and Values categories. Despite getting high scores in the Socio-Institutional Aspect category, teachers
have not been able to provide good explanations and examples, especially on political issues. This
differences of view make a gap between qualitative and quantitative is possible. Curricula and regulation
need to ddfflop courses that trains teachers to understand public perceptions of science, which makes
use of the history, philosophy, and sociology of science and specifically aims to address teachers' NOS
views. Learning using a scientific literacy approach or scientific inquiry also need to be developed to
understand and introduce NOS widely in the world of education.
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