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The aim of this study is to compare the change of pre-service science teachers’ views 
about the nature of scientific knowledge through Project-Based History and Nature of 
Science training and Conventional Method. The sample of the study consists of two 
groups of 3rd grade undergraduate students attending teacher preparation program of 
science education at an education faculty in Turkey. In this study, in which quantitative 
and qualitative research methods are used, non-equivalent control group design out of 
quasi-experimental designs is employed. Student Understanding of Science and 
Scientific Inquiry questionnaire is applied to both groups as pre-test and post-test. After 
the applications, a significant difference is observed to be in favor of the experimental 
group and they mostly described their views as Transitional Views and Informed Views 
whereas the control group defined their views as Transitional Views and Naïve Views. 
Carrying out the History and Nature of Science course through project activities is found 
to be useful, and performing the course with activities oriented towards the projects is 
recommended by pre-service teachers. 

Keywords: history and nature of science, nature of scientific knowledge, pre-service 
science teacher, project-based learning  

INTRODUCTION 

Although scientific knowledge features many definitions in its context, it is 
generally referred to as social and cultural values of science, and values and beliefs 
regarding scientific knowledge (Lederman, 1992; Roth & Roychoudhury, 2003). The 
social aspect of science has a role of forming the society and revealing many 
questions waiting for the answers regarding how the society views the nature of 
science (Ryder, Leach, & Driver, 1999). Internalizing the nature of science (NOS), to 
a large extent, matters greatly in terms of being scholarly literate. In other words, 
this concept involves knowing the features of scientific knowledge and scientists, 
holding views about scientific events in all the fields and recognizing the dynamic 
relation between science and society (Driver, Leach, Millar, & Scott, 1996). 
Previously NOS was associated with scientific process skills, however, it is currently 
more related to values, views and beliefs (Lederman & Zeidler, 1987). This situation 
requires doing more detailed research on the notions examined within the scope of 
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scientific knowledge (law, theory, observation, argument, scientific method, socio-
cultural values etc.) together with featuring the changing structure of scientific 
knowledge. Although there are still many debates on NOS, philosophers, historians, 
sociologists and science educators have arrived at a consensus on the basic aspects 
of NOS as a result of the research studies they have carried out (Abd-El-Khalick, Bell, 
& Lederman, 1998; Lederman, Abd-El-Khalick, Bell, & Schwartz, 2002; McComas & 
Olson, 1998). Unfolding the theoretical structure of the descriptions of these 
dimensions and the relations among them is certain to give detailed information 
about the nature of scientific knowledge. 

There have recently been many national studies (Ayvacı & Er Nas, 2010; Doğan 
Bora, Arslan, & Çakıroğlu, 2006; Gürses, Doğar, & Yalçın, 2005; Taşar, 2003) and 
international studies (Abd-El-Khalick & Lederman, 2000; Bell, Lederman, & Abd-El 
Khalick, 2000; Lederman, 1992; Lederman, 2007; Moss, 2001; Zeidler, Walker, 
Ackett, & Simmons, 2002) on NOS, which is a popular field of study. The common 
result of these study findings is that both teachers on duty and students at all 
educational levels (primary, secondary, high school, university) have some 
shortcomings in understanding NOS. When it is departed from the idea that 
especially teachers have diverse views on NOS, teaching methods and techniques 
that each teacher brings to the class are affected from this situation (Driver et al., 
1996). In addition to this, the perceptions of teachers into NOS and their classroom 
practices affect students’ views of science. Therefore, it is primarily necessary for 
teachers to think as scholarly literate and to have enough information about NOS 
(Lederman et al., 2002; Ryan & Aikenhead, 1992). The most important steps on this 
issue are teachers’ understanding of science and nature of scientific knowledge 
correctly and transmitting these into their students through appropriate methods 
and techniques in classroom practices (Küçük, 2006; Tuan & Chin, 1999). By this 
means, it could be possible to train science literate students who can learn science 
by doing science and discover NOS by his/her own experiences.  

One of the primary aims of science education is to develop students’ and even 
teachers’ beliefs of NOS (Kang, Scharmann, Noh, & Koh, 2005). Nowadays, teachers 
unfortunately cannot go beyond giving examples of scientific knowledge in theory 
and practice in science courses. In addition to this action, students need to become 
aware of NOS and there needs to be an understanding about how scientific 
knowledge is formed and which phases it completes to develop (Crowther, 
Lederman, & Lederman, 2005; Schwartz, Akom, Skjold, Hong, Kagumba, & Huang, 
2007). Bringing students' cognitive, affective and psychomotor skills into action 
through such an attitude could enable the students to understand NOS better (Sert 
Çıbık, 2014). Students need to be enlightened through examples about how and why 
the subjects in science courses change until today as new theories and laws are set 
forth (Crowther et al., 2005; Çakıcı, 2009). For instance, there used to be 9 planets in 
the space as mentioned in textbooks, magazines and encyclopedias in the past and 
Pluto was accepted as the smallest one. However, many researchers currently study 
on clarifying the description of planet as Pluto is rather a dwarf planet (Doğan, 
Çakıroğlu, Bilican, & Çavuş, 2009). That is, instead of presenting today’s “planet” 
concept as it has been, students need to be informed in details about different views 
on this issue suggested previously and why Pluto is now a dwarf planet after 76 
years. By means of such an approach, it would be possible to actualize more 
meaningful and permanent learning about “planet” concept, which forms a part of 
NOS.  

In consequence, developing required strategies about the content of NOS and 
teaching its importance to teachers raising the future generations are considered to 
be important In order to realize this, different methods and techniques (project, 
analogy, discussion, trip, observation) prompting students to do research are 
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supposed to be used instead of traditional methods while searching for the nature of 
scientific knowledge about the subjects of science courses. The existence of various 
studies in literature supporting these kinds of action has had an effect upon carrying 
out the current study (Lederman, 1992; Lederman & Lederman, 2004; Schwartz et 
al., 2007).  

Implicit approach, one of the instructional approaches employed in teaching NOS, 
is based on the anticipation that ‘students can positively improve their views about 
NOS through their active participations in scientific activities’ (Lawson, 1982). In 
this approach, it is believed that the nature of scientific knowledge can develop 
automatically as training practices focusing on research-inquiry process and 
scientific process skills are actualized (Lawson, 1982; McComas, 1993). The 
approach in Project-Based Learning (PBL) process is the one in which the 
information is acquired at first-hand, students can reach the information by 
themselves, the information is transferred into the related areas easily, research-
inquiry is carried out in depth and the information acquired with the help of 
scientific process skills is presented by being gathered in an appropriate way 
(Demirhan, 2002). This characteristic of PBL indicates that implicit approach could 
be used in learning the nature of scientific knowledge. Mostly, descriptive survey 
studies stand out in the related literature. The views of the participants 
(students/students, teachers/teachers) regarding the nature of scientific knowledge 
in these studies are gathered through open-ended, multiple choice questions and 
questionnaires (Abd-El-Khalick et al., 1998; Lederman, 1992; Lederman, Lederman, 
& Antink, 2013; Taşar, 2006). On the other hand, while there are empirical studies 
(Abd-El-Khalick & Akerson, 2004; Doğan, Çakıroğlu, Çavuş, Bilican, & Arslan, 2011; 
Küçük, 2006; Morgil, Temel, Güngör Seyhan, & Ural Alşan, 2009; Önen, 2013; 
Özgelen, 2010; Schwartz, Lederman, & Crawford, 2004) in the related literature, the 
motivation behind the current study has been the lack of project-based practices. In 
this context, Project-Based History and Nature of Science (PBHNOS) training 
employed in this study is believed to have importance in terms of contributing 
positively to the views of pre-service science teachers about the nature of scientific 
knowledge and giving applicable recommendations for further research on this field. 
As a result of the assertions above, the main reason underlying the present study is 
to reveal how pre-service science teachers perceive the History and Nature of 
Science course included recently in teacher preparation programs and to what 
extent they are aware of the issue whether the developments in science get affected 
from psychological, historical, sociological and philosophical aspects. Moreover, it is 
aimed to see the effects of the PBL method, which motivates students towards 
multifaceted research in terms of scientific process skills, on the change of this 
specified situation.  

The aim of the study 

The aim of this study is to compare the change of pre-service science teachers’ 
views about the nature of scientific knowledge with PBHNOS training and 
Conventional Method (CM). In accordance with this main aim, the following research 
questions seek answers.  

1. Is there any significant difference between the pre-test/post-test SUSSI scores of 
the experimental and control groups? 

2. What is the distribution of answers given to the open-ended questions of SUSSI 
questionnaire in the pre-test/post-test of the experimental and control groups?  

3. What are the views of the participants in the experimental group about the 
method after the treatment? 
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METHOD 

Research design 

In this research, the data obtained from Student Understanding of Science and 
Scientific Inquiry (SUSSI) questionnaire is evaluated both quantitatively and 
qualitatively. That is, quantitative method has been employed as Likert-scale items 
in order to gather the views of pre-service teachers about the nature of scientific 
knowledge. On the other hand, qualitative method has been applied for assessing the 
answers given to the open-ended questions. 

“Non-equivalent control group design” out of quasi-experimental designs, which is 
one of the experimental designs, is used in the present study. “Non-equivalent 
control group design”, which is known as specifying one randomized control group 
and one randomized experimental group from the universe, is often used in research 
studies. In this design, the participants in the groups are measured in terms of 
dependent variable(s) before the treatment. While the experimental group is 
instructed through the experimental method, the effect of which is being tested in 
the treatment process, the control group does not receive the same training. After 
the treatment, the same test is used to gather the results of the groups related to 
dependent variable(s) (Karasar, 2004, 102; Kenny, 1975). The research design of 
this study is summarized in Table.1.  

Sample of research 

The study comprised two groups of 3rd grade undergraduate students attending 
teacher preparation Program of Science Education at Gazi University Gazi Faculty of 
Education in the spring semester of 2013-2014 academic year. One of the groups 
chosen randomly was determined as the experimental group (N:41) and the other 
random group was the control group (N:46). 

The content of the teaching methods in the research 

This study was conducted in History and Nature of Science course which is 
scheduled in the second semester of the 3rd grade at Science Education Department. 
In order to test the change of the pre-service teachers’ views about the nature of 
scientific knowledge, the subjects in the course were instructed through two 
different teaching methods. In this sense, while the experimental group was 
instructed through PBL, the control group received CM.  

Project-based history and nature of science training 

PBHNOS training was carried out by teaching the subjects in the course syllabus 
through project activities including the practice steps of PBL in addition to the 
techniques such as discussion, question-answer, brainstorming on the change of 
pre-service teachers’ views about the nature of scientific  knowledge. In the  training  
 
Table 1. Research Design 
Group Pre-test Instruction Post-test 

Experimental group T1 PBHNOS T1, T2 

Control group T1 CM  T1 

T1: Student Understanding of Science and Scientific Inquiry (SUSSI) 
T2: The Questionnaire Form 
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process (14 weeks) during the semester, project activities involving the practice 
steps of PBL method were performed in the experimental group depending on the 
subjects in the course syllabus. Detailed course syllabus for the project practices in 
which the phases mentioned before are taken into account is included in Appendix 
1.  

Conventional method 

The subjects in the syllabus of the course were instructed via techniques such as 
traditional lectures, discussion, question-answer and brainstorming on the change 
of pre-service teachers’ views about the nature of scientific knowledge. In this 
training conducted with the control group during a whole semester (14 weeks), the 
subjects in the syllabus of the course (same order of the subjects as in the 
experimental group) were taught by the researcher through concrete examples and 
activities mostly including discussions and brainstorming, and then the treatment 
process was completed.  

Data collection instruments 

SUSSI questionnaire 

There exist many research studies in the literature aiming to find out the views of 
students at all educational levels about NOS (Chen, 2006; Lederman et al., 2002; 
Zeidler et al., 2002). Some of these studies employ data collection instruments based 
on quantitative analysis and some others depend on qualitative analysis. 
Quantitative analysis procedure for NOS has been critiqued as there seems to be a 
gap between the researchers’ interpretations of the findings and the students’ actual 
answers to the items. Moreover, it has the disadvantage for researchers as they do 
not find the opportunity to notice this gap between the interpretations as a result of 
the design of these data collection instruments (Lederman, 2007). On the other 
hand, qualitative analysis procedure for NOS provides more detailed information 
about the views of students on NOS to the researchers (Hacıeminoğlu, 2013). 
However, qualitative instruments have some difficulties for researchers as their 
interpretation and administration could be time consuming. This structure of 
qualitative data collection instruments makes them difficult to conduct with large 
groups and the participants may not be capable of expressing their opinions and 
feelings in a proper and effective way (Liang, Chen, Chen, Kaya, Adams, Macklin, & 
Ebenezer, 2006; Lederman, 2007).  

As a result of the drawbacks of the both methods, the combination of quantitative 
and qualitative methods has been advocated in this study to reap the benefits of two 
paradigms and to hinder the researchers’ misinterpretations of the findings 
(Greaves-Fernandez, 2010; Hacıeminoğlu, Yılmaz-Tüzün, & Ertepınar, 2014). 
Moreover, it is essential for the results to be quantifiable as it is targeted to compare 
the views of the participants between the groups and pre- and post-tests. SUSSI test 
(Liang, Chen, Chen, Kaya, Adams, Macklin, & Ebenezer, 2008) has been chosen as the 
data collection instrument of this study to find out the views of the pre-service 
science teachers on NOS since it mixes qualitative and quantitative approaches and 
gathers quantifiable data. SUSSI combines Likert-scale items and related open-
ended questions to determine pre-service science teachers’ views regarding the 
nature of scientific knowledge development with respect to six elements. There are 
four Likert-items in each part of the questionnaire including informed, transitional 
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and naïve ideas and one open-ended question. The questionnaire comprises of 24 
Likert-scale items and six open-ended questions in total (Liang et al., 2008).  

The questionnaire is prepared on the Likert-scale (from 1 to 5) with 1 indicating 
strong disagreement and 5 indicating strong agreement. Accordingly, the highest 
score that can be obtained in quantitative data is 120 and the lowest is 24. Also, a 
scoring guide is prepared for the analysis of the student-constructed responses 
given to the open-ended questions. If a response is accordant with the contemporary 
thought on NOS, it is found as an informed views (score=“3”). Transitional views 
(score=“2”) represent the responses that are partially informed views or fail to 
provide reasons for justification. Responses including misunderstandings or self-
contradictory expressions are evaluated as naïve views (score=“1”). Lastly, the 
following situations are rated as not classifiable (NC) if: no response is given; the 
participants state that they do not know; the response does not refer to the 
question; or, the response cannot be rated according to checklist instructions (Liang, 
Chen, Chen, Kaya, Adams, Macklin, & Ebenezer, 2009).  

Validity and reliability analyses of SUSSI 

SUSSI was first carried out with American pre-service teachers, and validity and 
reliability measures have been maintained. It was later translated into Chinese and 
Turkish and hereby conducted with Chinese and Turkish participants. No fewer than 
two bilingual science education researchers (native speakers of Chinese or Turkish 
with a PhD degree in science education and fluent in English) translated the 
questionnaire into these languages and then debated over each item and finally 
settled the controversies in the translated drafts in order to provide precision and 
equality between the translations (Liang et al., 2009). 

The validity and reliability of the findings obtained from the questionnaire are of 
capital importance as the sampling is composed of Turkish students. Therefore, 
validity and reliability checks have been rehearsed for this study so as to apply it to 
the pre-service science teachers.  

In the validity analysis procedure of the questionnaire, following steps are 
pursued: 

 The questionnaire, originally in English, was translated into Turkish by an expert 
having a good command of English, and the translation was checked by a linguist 
and they reached a common ground on the expressions differing from each other. 
The draft Turkish form created through completing these phases was 
retranslated into English. The original English version of the questionnaire and 
the retranslated version were examined by a linguist and it was concluded that 
there was no discrepancy between two forms.  

 After determining the feasibility of Turkish version of the questionnaire, 
construct validity was maintained thanks to the views of experts on science 
education and it was accepted as applicable in terms of translation.  

 Finally, the questionnaire was pilot-tested on eight pre-service science teachers 
in order to see the intelligibility of the items. The items were found to be clear as 
a result of their responses. This version of the questionnaire was found in 
conformity with original Turkish form (Liang et al., 2006).  
The questionnaire, ensuring the translation and construct validity with these 

steps, maintained the validity measurement and following phases were pursued for 
the reliability analysis.  

In order to measure the reliability of the questionnaire, the Cronbach Alpha 
method was used for the internal reliability. For this reason, the questionnaire was 
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administered to thirty-two pre-service science teachers attending Gazi University 
Faculty of Education Science Education Department. For Cronbach Alpha values of 
internal reliability related to the overall questionnaire and aspects which have been 
analyzed via SPSS-11.5, see Table 2 below. 

All these analyses have indicated that the questionnaire, which was retranslated 
into Turkish for this study, is sufficiently valid and reliable for finding out the views 
of pre-service teachers about the nature of scientific knowledge. 

The questionnaire form 

A questionnaire was developed to reveal the pre-service science teachers’ views 
regarding PBL practices. The aim of this questionnaire is to support the quantitative 
data gathered in the research. Therefore, the questionnaire was administered to all 
the participants (N:41) in the experimental group after the post-test. 3 different 
items including various student views about the PBL activities performed in the 
course were involved in the questionnaire developed by the researcher and there 
were also judgments showing their agreement or disagreement with them. One 
open-ended question as in the format “please explain the reason of your response 
shortly” was placed following these items.   

In the process of developing the questionnaire form, the research studies in the 
literature were examined and a questionnaire with 7 items was prepared according 
to the findings of these studies. The face validity of the questionnaire items was 
consulted with three experts on science education. In accordance with the views 
gathered from the experts, necessary regulations were performed on the 
questionnaire and 4 items serving for the same purpose were removed from the 
questionnaire. Moreover, the questionnaire was examined by experts for the sake of 
the consistency of the items in terms of language use and meaning. As a result of the 
reviews, the items were judged as sufficiently clear. The responses given to 3 open-
ended items in the questionnaire were analyzed descriptively.  

Data analysis 

As this study is guided by 3 main research problems, the data have been analyzed 
both quantitatively and qualitatively according to the sub-problems related to these 
main problems.  

Quantitative data analysis 

SPSS-11.5 was employed for the analysis of the data gathered from the SUSSI 
questionnaire. For the analysis of the data, frequency (f)-percentage (%) and 
independent samples t-Test out of descriptive statistics were used. “N” seen in tables 
refers to the total number of students.  

 
Table 2. Cronbach Alpha Values of Internal Reliability for SUSSI Questionnaire and Its Aspects 

SUSSI target aspects Reliability (Cronbach Alpha) 
Observations and inferences 0.64 

Tentativeness 0.62 

Scientific theories and laws   0.67 

Social and cultural embeddedness 0.68 

Creativity and imagination 0.63 

Scientific methods 0.66 

Overall questionnaire (24 Likert items)  0.67 
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Qualitative data analysis 

Descriptive analysis method was utilized for the qualitative aspect of the 
research. Student-constructed open-ended responses were scored using the SUSSI 
questionnaire rubric given by Liang et al. (2009). The reason to use the rubric was to 
analyze the consistency between the student-constructed responses to the Likert 
items. On the other hand, the responses given to the questionnaire form aiming to 
reveal the pre-service science teachers’ views about PBL practices were analyzed 
through short codings and frequency (f)-percentage (%) values related to these 
codes. 

FINDINGS 

The findings obtained from the sub-problems of the research are as follows:  
Is there any significant difference between the pre-test/post-test SUSSI scores of the 

experimental and control groups? 
The analysis of the pre-service science teachers’ views towards the nature of 

scientific knowledge before and after the treatment was performed through 
independent samples t-Test. For the findings, see Table 3 below.  

It is clear from the mean scores of the overall questionnaire that the mean score 
of the control group is higher than the experimental group’s score. Therefore, one 
can conclude that there is a significant difference in favor of the control group [𝑋̅ 

(control)=84.98]. When the SUSSI is evaluated in terms of the aspects, significant 
differences could be seen in the scores related to ‘scientific theories and laws’ and 
‘social and cultural embeddedness’ and this difference is in favor of the control 
group [𝑋̅ (control)=11.50, 𝑋̅ (control)=13.50]. The mean scores related to the overall 
questionnaire indicate that the mean score of the experimental group is higher than 
those of control group. That is to say, this significant difference is in favor of the 
experimental group [𝑋̅ (experimental)=103.10]. The evaluation of the SUSSI aspects shows 
that there is a significant difference among the scores related to all the aspects and 
this difference is in favor of the experimental group. These results can be 
interpreted as PBL method has become effective in changing the views of teachers 
towards NOS in a positive way. 

What is the distribution of answers given to the open-ended questions of SUSSI 
questionnaire in the pre-test/post-test of the experimental and control groups?  

The distribution of the responses given to the open-ended questions in the SUSSI 
questionnaire in the pre-test/post-test of the experimental and control groups is 
analyzed through frequency(f)-percentage(%) out of descriptive statistics within the 
categorization of NC: Not Classifiable, NV: Naïve Views, TV: Transitional Views and 
IV: Informed Views and the results are presented in Table 4. 

As a result of these findings (pre-test open-ended questions of the 
questionnaire), it can be claimed that the distribution of participants’ overall scores 
is close to each other and their opinions towards the items are similar. When the 
general evaluation is performed related to the aspects of the questionnaire, most of 
the participants’ opinions towards the items in the questionnaire are categorized 
under NC and NV and they have a similar distribution in these categories. On the 
other side, it is also remarkable that they have quite a few views regarding TV 
categorization and no ideas in IV categorization. . 

The evaluation of the findings (pro-test open-ended questions of the 
questionnaire) shows that the experimental group has positively improved their 
views on the nature of scientific knowledge in TV and IV categories and they have 
converted their knowledge about it into well-informed. On the other hand, the views 
of the control group towards the nature of scientific development take place in NV 
and TV categories. In accordance with this general finding, one can claim that the 
participants in the experimental group have positively restructured their views 
towards the nature of scientific knowledge after the PBHNOS training and  they have  
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mostly eliminated their existing fallacies. The evaluation of the aspects of the 
questionnaire presents that the experimental group has mainly reshaped their ideas 
on NOS in TV and IV categories. This finding matching up with the results obtained 
from the overall questionnaire indicates that the participants could correctly define 
their knowledge about the nature of scientific knowledge as a whole. The views of 
the control group on NOS generally take place in NV and TV categories.  

What are the views of the participants in the experimental group about the method 
after the treatment? 

Short coding of the responses given to 3 open-ended questions prepared by the 
researcher in order to find out pre-service science teachers’ views towards PBL 
training and related frequency(f)-percentage(%) values are given in Table 7.   

Moreover, for the comparisons of the pre-service teachers’ responses given to the 
open-ended questions and illustrative examples, see Tables 5 and 6 respectively. 
These selected utterances from the participants’ responses are verbatim extracts. 
These sample utterances categorized by themes and questions exemplify the views 
of the participants regarding the nature of scientific knowledge development (for 
example; observations and inferences). 

The findings of the first item indicate that 92.65% of the pre-service teachers 
(f=38) replied as “Yes” and 7.3% (f=3) gave the response “Not sure”. Consequently, it 
can be claimed that majority of the respondents think that carrying out the course, 
History and Nature of Science, via project activities is beneficial for them. The 
responses given to the second item were “Yes” by 73.14% of the participants (f=30), 
“No” by 12.18% of them (f=5) and “Not sure” by 14.61% (f=6). As a result, it can be 
asserted that majority of the pre-service teachers recommend carrying out the 
course History and Nature of Science via activities oriented towards the use of 
projects. The responses were determined as “Yes” by 78.03% of the pre-service 
teachers (f=32), “No” by 14.62% of them (f=6) and lastly “Not sure” by 7.31% of the 
participants (f=3) for the third item. To sum up, it could be conferred that 
performing the course via project activities have positively affected most of the pre-
service teachers’ views towards the History and Nature of Science course.  

DISCUSSION AND CONCLUSIONS  

It is possible to claim that the knowledge about the nature of scientific knowledge 
develops depending on some reasons although the pre-service teachers have been 
trained through similar traditional programs in the past. In other words, the effects 
of various factors such as prior knowledge about the nature of scientific knowledge, 
knowledge and experiences, environment and society, instructors, different 
methods and techniques etc. can differ in what a learner acquires. Before discussing 
these factors, which are effective in gaining scientific knowledge, one should explain 
what scientific knowledge is and how NOS is perceived. 

The notion of NOS refers to the epistemology and sociology of science, and values 
and beliefs inherent in scientific knowledge (Lederman, 1992; Lederman & Zeidler, 
1987). NOS, in general terms, emphasizes the epistemology of science and is a way 
of knowledge. It also includes values and beliefs existing in the core of scientific 
knowledge development (Abd-El-Khalıck et al., 1998). In this sense, NOS can be 
regarded as a way followed in realizing the scientific knowledge, and the relation 
among science-technology-society is at the forefront in this process. However, Abd-
El-Khalıck et al. (1998) stressed that NOS and scientific procedures differ from each 
other although there is an interaction between these two concepts. As a result, it is a 
necessity to determine the role of education and training in the development of 
views towards the nature of scientific knowledge and how this notion is perceived 
and interpreted.  
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The related literature demonstrates that students at any age group (Doğan Bora 
et al., 2006; Kılıç, Sungur, Çakıroğlu, & Tekkaya, 2005; Lederman, Wade, & Bell, 
1998; Ryan & Aikenhead, 1992) and pre-service teachers/teachers (Abd-El-Khalick 
& Lederman, 2000; Brickhouse, 1990; Craven, 2002; Tairab, 2001) do not have 
enough knowledge about NOS. Scientific knowledge is the descriptor of the 
situations in nature, and the changing structure of the continuous debate over what 
scientific knowledge is and how it is interpreted requires teachers to deal with this 
concept in a more critical way (Doğan et al., 2011). Training of the nature of 
scientific knowledge defined as the values and assumption in the nature of scientific 
knowledge (Lederman, 1992) has a crucial part in reaching the main targets (Abd-
El-Khalick & Lederman, 2000). As the views of students on NOS are mostly shaped at 
school, teachers first need to comprehend science and nature of scientific knowledge 
well and develop various techniques with different practices and appropriate 
strategies in order to teach related notions (Tuan & Chin, 1999). With the aim of 
realizing this objective, pre-service teachers that are playing an active role in 
disseminating the scientific literacy need to be investigated on how and in what 
ways they gain the knowledge about this issue in their undergraduate programs and 
the problems confronted in practice procedure have to be examined. This is because 
it is assumed in the undergraduate curriculum that pre-service teachers graduate as 
people who have necessary knowledge and competences about NOS and internalize 
NOS. Consequently, NOS is supposed to be taught via various methods and 
techniques (Arık, 2010).  

In the light of these explanations, we face the basic problem about “how to teach 
NOS”. Pre-service teachers’ learning this concept in the best way can be possible 
through divergent methods and techniques actualized within the scope of ‘implicit 
approach’ which is defined by many researchers in the literature in order to deal 
with this problem. As is known, implicit approach supports a process which can 
understand NOS by ‘doing science’ and can strengthen the notions related to NOS 
through scientific activities based on research-inquiry and scientific process skills 
(Abd-El-Khalick & Lederman, 2000; Barufaldi, Bethel, & Lamb, 1977). The argument 
underlying this approach is that no extra effort is needed for teaching NOS and just 
participating in the scientific research studies would suffice (McComas, 1996). 
Accordingly, it is claimed that project activities carried out within the implicit 
approach support students’ learning of scientific knowledge and NOS.  

PBL training in science education is of capital importance in terms of supporting 
the knowledge construction via research-inquiry method (Schneider, Krajcik, Marx, 
& Soloway, 2002). That is, students occupied with doing various research can deeply 
understand the content of science and the procedure, and hence they can reach the 
source of scientific knowledge at first hand (Bell, 2010; Brown & Campione, 1994). 
Active practices in the classes should aim at raising the interests of students towards 
NOS (Craven, 2002). PBL method is certain to feature the above properties. In this 
regard, project activities performed throughout the process in this study have 
become very effective on positively changing the pre-service teachers’ 
(experimental group) views towards NOS. The existing literature indicates that 
teaching NOS through various methods and techniques can provide the 
students/pre-service teachers with a better viewpoint and they can transfer the 
acquired knowledge into the other related fields (Arık, 2010; Kubicek, 2005; Sert 
Çıbık, 2014). Directly relevant with this research, Morgil et al.’s (2009) study carried 
out with freshman students at a university attracts attention. In the aforementioned 
study, project-based laboratory experiments within the scope of scientific research 
were performed with students in addition to the experiments in basic chemistry 
laboratory course. Authors of that study concluded at the end of the research that 
knowledge levels of the students regarding NOS are increased. This finding shares 
similarities with those in the current study. 
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In recent years, many scientists, historians, philosophers and sociologists cannot 
reach a consensus on which themes need to be examined in the nature of scientific 
knowledge development. Along with the importance attached to students’ 
pedagogical change and curriculum nowadays, most of the experts of the area accept 
the fact that raising students’ awareness regarding NOS notions is associated with 
science curriculum, and some reforms need to be made in science teaching 
(McComas & Olson, 1998).This situation means that students’ abilities and beliefs 
about doing science need to be improved in science classes (Ling et al., 2009). The 
nature of scientific knowledge includes a range of activities such as interpretation of 
the acquired knowledge by gathering the students through some scientific processes 
and disclosure of the results (Abd-El-Khalick et al., 1998). In terms of discussing the 
results of NOS, it is crucial to know the basic factors effective within the scope of 
nature of scientific knowledge and the level of the knowledge oriented to these 
factors during these activities. Although the aspects handled in this study have a 
mutually complementary feature, they have some divergent points. For instance, 
doing observations on any issues and doing inferences according to the findings is a 
scientific process. These kinds of scientific activities are different varieties of science 
and while clear ideas are raised about one of them, the other one may not develop 
an answer for this idea or it cannot be transferred into the other knowledge 
(Lederman, 1992). The first thing to do, hence, is to identify the ideas in the minds of 
teachers/pre-service teachers and to guide them in order to discriminate between 
these factors. This can be implemented by integrating the aspects involving the 
nature of science into the science curriculum at primary level and teacher training 
programs (McComas & Olson, 1998).  

Similar to the results seen in Table 4, Liang et al. (2009) have also ended up with 
a similar finding and ascertained that pre-service teachers in three different 
countries (China, USA, Turkey) have unrealistic views on the aspects of the nature of 
scientific knowledge. In the same vein, Ayvacı and Er Nas (2010) have unfolded that 
pre-service teachers argued for a misconception “scientific knowledge can change 
but laws are more certain and thus they are not subject to change”. The reasons 
underlying these misconceptions/imperfect knowledge of pre-service teachers who 
have a critical role in implementing the science curriculum (Liang et al., 2009) and 
how to set this knowledge right need to be challenged substantially. As a reason of 
this situation, one could put the finger on ‘teaching curriculum’ dominated by an 
approach narrowing science down to just a set of scientific knowledge since the early 
times of education. Indeed, the importance of the curriculum in teaching NOS is 
often emphasized in the studies of this field (Ayvacı & Er Nas, 2010; Köksal & 
Çakıroğlu, 2010; Liang et al., 2009; McComas & Olson, 1998; Yalvaç, Tekkaya, 
Çakıroğlu, & Kahyaoğlu, 2007). Moreover, in addition to the curriculum, its 
complementary features such as prior knowledge of students, teacher knowledge, 
textbooks and methods-techniques need to be examined in schools where 
knowledge and experiences about NOS are gained at first-hand. Even though it is not 
possible to evaluate these factors separately, the content of the textbooks and 
teacher factors have a priority.  

Yalvaç et al. (2007) dealt with this issue in their study and claimed that the 
textbooks at primary school level include fallacious assumptions about NOS. For 
example, a general statement ‘if an issue is taught through a scientific method, it can 
turn into a law via hypothesis, experiment and deduction’ is involved in most of the 
textbooks. In the long run, this statement leads to a fallacy as ‘laws are absolutely 
accurate knowledge’ (Türkmen & Yalçın, 2001). As long as these fallacies are not 
replaced with the true knowledge in textbooks, this kind of misperceptions are 
certain to remain (Ayvacı & Er Nas, 2010). Instead of this, it would be much more 
beneficial to integrate the theory-laden aspect of NOS into the content by supporting 
with the concrete examples in nature and to teach it via various methods and 
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techniques. Besides, addressing the history of science and its stages in the textbooks 
apart from including only topics and major scientific laws facilitates a better 
understanding of science, knowledge, science philosophy, history and nature of 
science (Türkmen & Yalçın, 2001). This is because instructional approaches clearly 
addressing NOS in acquiring more didactic results are more effective in supporting 
the development of NOS notions (Khishfe & Abd-El-Khalick, 2002). In-service and 
pre-service teachers bear tremendous responsibility regarding this issue.  

In this study, we assume that the views of pre-service teachers towards the 
nature of scientific knowledge could be constructed around a more sophisticated 
and modern view via the project activities and a manner of approach in which the 
students stay in the background fails to satisfy this aim. When the results related to 
the validity of this hypothesis were analyzed, one observes that the experimental 
group has better reshaped their views towards the nature of scientific knowledge 
after PBHNOS teaching and they eliminated/corrected their existing 
misconceptions/imperfect knowledge. In addition, the experimental group stated 
their opinions as TV and IV for most of the aspects in the nature of scientific 
knowledge. However, as seen in Table 4, there were quite few opinions regarding 
NV and NC opinions were not formed by the participants. Based on these results, 
carrying out the courses of history of science, scientific knowledge, philosophical 
aspect of science and NOS through project activities in addition to theoretical 
explanations for a better understanding of the nature of scientific knowledge might 
be highly effective. Türkmen and Yalçın (2001) suggested that doing project 
activities by using simple materials in science classes actually introduces the 
students with the scientific method in an implicit way and students can also develop 
the understanding that science in the most general sense is figuring out the physical 
universe around us by means of these activities. Accordingly, simple science projects 
need to be prioritized beginning from the primary school, acquired data need to be 
tested via numbers and graphics and students need to be encouraged to interpret 
the findings in an accurate way. Another finding of this study can be interpreted as 
incorporating pre-service teachers in more science activities can facilitate dealing 
with NOS from various aspects and developing new understandings about this issue. 
According to these findings, 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.  

RECOMMENDATIONS 

Thanks to the findings of this study, some implications are presented for the 
researchers in this field:  

1. Pre-service teachers need to gain experiences on the effective ways of 
teaching their knowledge of history and nature of science, which is acquired 
in undergraduate studies, to primary school students via in-class practices. 
With this aim, practical activities regarding NOS need to be carried out 
within/out of class time.   

2. It is applicable to integrate applied courses, which will enable a more 
concrete understanding of science, science philosophy and scientific research, 
into the curriculum of science teaching departments along with the History 
and Nature of Science course prepared around a theoretical framework.  

3. Direct-reflective, indirect and historical methods need to be introduced for 
teaching NOS and activities for its effective use need to be designed.  
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