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Gelis Tarihi: Bu calismada, ortaokul égrencilerinin bilimin dogasina yonelik goriisleri, kesitsel ve iliskisel arastirma deseni
10.03.2019 kullanilarak, cinsiyet, sinif diizeyi ve 6grenme ortami algilarina gére incelenmistir. Calismaya 7. (n=286) ve 8.
(n=322) siniflara devam etmekte olan toplam 608 ortaokul 6grencisi (319 kiz ve 289 erkek) katilmistir.
Kabul Tarihi: Ogrencilerin bilimin dogasina yoénelik gériisleri Bilimin Dogasina Yénelik Goriis Olgegi kullanilarak
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1. INTRODUCTION

Positivists argue that there is a single objective reality independent of values, attitudes, or perspectives. What is expected from
scientists is to access this external reality in an objective manner (Sim & Wright, 2000). Thus, according to this view, the natural
world and the relationships in it already exist and the task of scientists is just to ‘discover’ it. Accordingly, science is an objective
activity not affected by cultural, political, social or philosophical influences and biases (Allen & Baker, 2017). It is cumulative
and progresses toward the truth (Allen & Baker, 2017, Okasha, 2002). Holding an empiricist view of science, positivists also
maintain that experience provides the only valid basis for knowledge. Accordingly, scientific research requires the data collected
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through senses. The concepts, propositions or any statements which could not be observed or otherwise experienced are
meaningless. Their research methodology is mainly inductive which leads to the development of general propositions or laws
from actual observations. Positivists also claim that there is one scientific method, which can be utilized to study both the
physical world and the social world (Sim & Wright, 2000).

According to some philosophers and historians, however, the positivist view of science is naive, and does not provide an actual
representation of how science works (Allen & Baker, 2017). For example, Popper (2002) argued that scientists use their
imagination and creativity to develop remarkable theories with important and wide-ranging implications. Popper further
claimed that true scientists expose theories to the risk of falsification rather than trying to obtain supporting evidences (i.e.
inductive proof). Thus, the community of scientists is aware of uncertainty of their knowledge (O’Hear, 1989). Additionally,
Kuhn (1996) maintained that the data obtained by scientists was theory-laden. According to him, obtaining theory-neutral data
free from scientists’ background beliefs or theoretical commitments was not possible. Kuhn provided examples from history of
science, also noted that science was not always cumulative, that is to say progressing in a linear fashion. Sometimes, old
paradigms (i.e. assumptions, ideas, and methodologies prevalent in any field of science) can be replaced with new ones leading
to new conceptualizations. Kuhn also pointed out the role of social context in the practice of science. He viewed science as an
intrinsically social activity (Kuhn, 1996; Okasha, 2002). Considering all these views, post-positivist researchers’ propositions
appear to provide a more realistic picture of how scientific ideas change and how science works (Allen & Baker, 2017).

Contemporary science education researchers advocating the nature of science (NOS) as an essential component of scientific
literacy identified some key tenets of NOS (Lederman, Abd-El-Khalick, Bell, & Schwartz, 2002; McComas, 2014) benefiting from
these post-positivist approaches. Thus, a consensus has been reached to some extent by science educators (Deng, Chen, Tsai, &
Chai, 2011). For example, according to Lederman et al. (2002), there are seven key tenets of NOS: (a) the empirical nature of
scientific knowledge (b) scientific theories and laws (c) the creative and imaginative nature of scientific knowledge (d) the
theory-laden nature of scientific knowledge (e) the social and cultural embeddedness of scientific knowledge, (f) myth of
scientific method, and (g) tentative nature of scientific knowledge.

Among the tenets, the empirical nature of scientific knowledge involves that scientific knowledge is at least to some extent
derived from the observation of natural world (Lederman, 1999). However, scientists do not always access to natural
phenomena directly. Instead they make some inferences. Accordingly, students with sophisticated views on empirical nature of
science should be able to discriminate between observation and inference. Such discrimination enables them to better
comprehend theoretical or inferential entities (Lederman et al., 2002).

In addition, the second tenet of the NOS involves that students distinguish between scientific theories and laws and understand
that they are dissimilar types of knowledge. While laws are descriptions about the relationships among observable phenomena,
theories provide inferred explanations for large sets of apparently distinct observations in different fields of investigation
(Lederman et al., 2002).

According to the third tenet of NOS, creativity and imagination are also important to generation of scientific knowledge. Indeed,
science requires development of explanations and theoretical entities, both of which involve scientists’ creativity (Lederman et
al,, 2002). For example, Kepler went far beyond the existing data and theorized underlying map of the heavens boldly using only
inadequate or limited data. Thus, his work did not progress by simple gathering and organization of presuppositionless data
(O’Hear, 1989).

While the third tenet is about the role of creativity and imagination in the development of scientific knowledge, the fourth tenet,
emphasizes the theory-laden nature of scientific knowledge. According to this tenet, scientists’ prior experiences, knowledge,
theoretical commitments affects their work. Thus, their observations and how they interpret these observations may be shaped
by their background beliefs and experiences (Lederman et al. 2002, Okasha, 2002). For example, for an Aristotelian scientist, a
falling stone can be interpreted as an example for a natural motion, however for a scientist with a commitment to Newton'’s
physics; this fall can be interpreted in terms of law of universal gravitation.

Additionally, the fifth tenet emphasizes the social and cultural embeddedness of scientific knowledge. In fact, scientific
knowledge is generated in the context of a larger culture and scientists grow up within this culture. So, science is not
independent of place and time which are culturally situated and affected. In general, according to this tenet, science influences
and influenced by various factors including social, political, and economical factors (Allen & Baker, 2017; Lederman et al., 2002).

The sixth tenet of NOS, on the other hand, is about the myth of scientific method. There is a common misconception that there
is one scientific method which all scientists follow resulting in the development of infallible knowledge. However, there is no
single method such as inductive method that all scientists follow step by step. For example, Galileo did not induce laws of
pendulum motion by making systematic observations of several pendulums and then making generalizations (Matthews, 2015).
Rather, he used the language of mathematics. Actually, according to him, mathematics could be utilized to describe the behavior
of objects in the material world. He also gave emphasis on the experimental testing of the hypotheses (Okasha, 2002).
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Finally, the last tenet of NOS suggested by Lederman et al. (2002) involves tentative nature of scientific knowledge. As it has
been mentioned by Lederman et al. (2002), even though the scientific knowledge, including theories and laws, is reliable and
durable, it can change as new evidences are obtained. For example, Newtonian physics was considered as basically correct by
scientist for a long time. However, in the initial years of the 20th century, two revolutionary developments namely, relativity
theory and quantum mechanics demonstrated that Newtonian mechanics do not apply to all objects (Okasha, 2002).

The similar tenets of NOS comprising tentativeness, subjectivity, creativity, historical, cultural, and social influences were also
suggested by McComas (2014). These tenets identified by the science education researchers are considered to be the most
beneficial and relevant dimensions of NOS for K-12 science teaching and learning (Deng et al. 2011; Lin, Goh, Chai, & Tsai, 2013).
Accordingly, researchers attempted to develop instruments to assess students’ views on these core tenets of NOS: These
instruments include Nature of Scientific Knowledge Scale (NSKS) (Rubba & Anderson, 1978), Views of Nature of Science (VNOS)
(Lederman et al. 2002), The Pupil’s Nature of Science Scale (PNSS) (Huang, Tsai, & Chang, 2005), Student Understanding of
Science and Scientific Inquiry (SUSSI) (Liang et al. 2008), Views on Science and Education Questionnaire (VOSE) (Chen, 2006),
Scientific Epistemological Beliefs Survey (SEBS) (Conley, Pintrich, Vekiri, & Harrison, 2004), Scientific Epistemological Views
(SEVs) (Tsai & Liu, 2005), and Students’ Views of Nature of Science (SVNOS) (Lin et al. 2013).

Some of the abovementioned instruments consist of open-ended questions (e.g. VNOS), so they can be used only with small
samples. In the literature, they are commonly used in experimental designs and they are not appropriate for inferential
statistical analyses (Martin-Dunlop, 2013). Thus, in order to obtain students’ views on NOS on a larger scale and conduct
inferential statistical analyses to be able to make some generalizations, Likert-type instruments are more appropriate. However,
some researchers criticize the use of Likert type instruments to assess NOS views. (Abd-El-Khalick, 2014, Lederman, 2010).
According to these researchers, it is not easy to assess such a complex construct by Likert type or multiple choice items.
However, as pointed out by Lederman (2010), the desire for developing instruments which can be mass implemented and
scored in less time consuming still remains. Accordingly, the researchers continue to attempt to develop valid paper-and-pencil
instruments with Likert-type items to assess NOS views. A judicious assessment of available instrument revealed that, the items
of instruments with poor validity have the following properties: 1. focus on students’ skills and abilities necessary to be involved
in the process of science 2. emphasize affective domain rather than understanding 3. put little or no emphasis on the
development of scientific knowledge and its epistemological aspects (Lederman, 2010). Considering all these sights in the
literature regarding the assessment of NOS views, in the current study, middle school students’ views of NOS were aimed to be
determined using a Likert-type instrument on a large scale. Among the available instruments, Students’ Views of Nature of
Science (SVNOS) (Lin et al., 2013) was chosen because the instrument was developed using the sub-scales or items from existing
instruments targeting the main tenets of NOS including cultural impact, theory-laden nature, creative nature, non-objective
nature, tentative nature, social negotiation, and justification reflecting consensus views on science. Accordingly, the items of
SVNOS emphasizes NOS understanding rather than attitudes or skills and the items give emphasis on the epistemological
aspects of the development of scientific knowledge Reliability and confirmatory factor analyses results also indicated that it was
a valid and reliable instrument to assess middle school students’ NOS views on these key tenets. In the current study, students’
NOS views measured by the SVNOS were examined in relation to their gender, grade level, and learning environment
perceptions as elaborated in the following section:

1.1. Students’ NOS Views in relation to Gender, Grade level, and Learning Environment Perceptions

Relevant research demonstrated that students’ learning experiences play an important role in the development of NOS views
(Hofer, 2001; Solomon, Scott, & Duveen, 1996). According to Lederman and Druger (1985), students are likely to develop
sophisticated views on NOS in the classroom environments where they are actively involved in the learning process with
emphasis on inquiry oriented questions and problems. Teacher support also emerged as an important factor contributing to the
development of sophisticated views.

Supporting the aforementioned finding, Martin-Dunlop (2013) reported that there were significant, positive bivariate
correlations between students’ understanding of NOS and their perceptions of classroom learning environments in terms of
student cohesiveness, instructor support, investigation, cooperation, open-endedness, and presence of adequate material. In
line with these quantitative findings, qualitative results also revealed that laboratory activities requiring an open-ended
divergent approach during experimentation and cooperative relations among students were related to better understanding of
NOS. In line with these findings, the author suggested that in order to help students develop sophisticated views on science,
science teachers should be supportive acting as a facilitator and encourage cooperation among students. The teachers should
provide their students with inquiry-oriented open-ended activities. Similarly, Solomon et al. (1996) suggested that encouraging
students to design experiments, collect and analyze data can promote students’ NOS views.

Accordingly, in the present study, using self-report instruments, the relation between students’ learning environment
perceptions and their NOS views was examined. Students’ learning environment perceptions were explored in the seven
dimensions: student cohesiveness, teacher support, involvement, investigation, task orientation, cooperation, and equity using
‘What is Happening in This Class Questionnaire’ (WIHIC) (Aldridge & Fraser, 2000).
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Among the aforementioned dimensions, Student cohesiveness, involves the interactions among the students concerning how
friendly and supportive they are to each other. Teacher support concerns the extent to which teachers are cooperative and
supportive to their students. Involvement focuses on students’ interest, enjoyment, and participation in classroom activities.
Investigation involves the skills and inquiry and the extent to which students use them in problem solving and investigation.
Task orientation focuses on whether students pay attention to planned activities and tasks, as well as remain on tasks and being
aware of what was expected from them. Cooperation concerns to what extent students cooperate with each other while doing
classroom projects or assignments. And equity involves the extent to which teachers provide students with equal opportunities
to contribute to classroom activities or to receive encouragement or praise (Waldrip, Fisher, & Dorman, 2009). Waldrip et al.
(2009) suggested that the WIHIC was useful for predicting various student outcomes. Accordingly, in the current study, the
WIHIC was utilized to predict students’ NOS views. Results provided some specific implications for science educators and
teachers to design learning environments conducive to the development of sophisticated view of NOS among middle school
students.

In the current study, grade level differences in students’ NOS views was also examined. Related literature suggested that age
related trend in students’ NOS views may not always be positive depending on the learning environment that they experience
(Chai, Deng, & Tsai, 2012). Thus, if students experienced learning environments emphasizing rote memorization and activities
and problems with single solutions which did not require thinking in multiple directions, students’ NOS views could remain
naive. Thus, grade level differences, if found, could give some clues about students’ learning experiences.

In addition, researchers in the field of science education have suggested that more emphasis should be given to the exploration
of gender differences in students’ NOS views (Wen, Kuo, Chang, & Tsai, 2010). When the relevant literature was reviewed, it
was found that research on both gender and grade level differences were inconclusive (Deng et al., 2011). For example, the
study conducted by Huang, Tsai, and Chang (2005) demonstrated that males hold more sophisticated views on tentative nature
and role of social negation tenets of NOS. In addition, fifth grade students were found to have more sophisticated views related
to changing nature of scientific knowledge compared to sixth grade students. In another study, Hacieminoglu, Yilmaz-Tiiziin,
and Ertepinar (2014) found that there was no gender difference with respect to NOS views. On the other hand, significant
differences were found among sixth, seventh, and eight grade students concerning observation and inference tenet. Regarding
the tentative nature of NOS, seventh grade students’ responses were found to be significantly different from that of sixth and
eighth grade students. No difference was found among different grade levels with respect to imagination and creativity. Thus,
based on the available literature it appears that grade level differences are not consistent across different tenet of NOS. In
addition, the research examining gender difference was found to produce mixed results. Thus, more research is needed in order
to clarify the students’ NOS views in relation to gender and grade level.

Indeed, conducting studies on students’ NOS views is important because studies in the relevant literature demonstrated that
students’ views on NOS play an important role in their knowledge acquisition, their approaches to learning science and their
reasoning and argumentation (Deng et al. 2011; Lederman, 1992; Sadler, Chambers, & Zeidler, 2004). More specifically,
according to results, students with sophisticated views on NOS were likely to use learning strategies leading to meaningful
learning and have favorable attitude toward science (Tsai & Liu, 2005). Thus, in order to improve students’ science learning and
performance as well as science education in general, there is a need for determining students’ NOS views and how these views
are related to their demographics and learning environment perceptions. Accordingly, current study aims at examining middle
school students’ NOS views in relation to their gender, grade level, and learning environment perceptions. More specifically,
this study addresses following research questions:

1) Are there gender and grade level differences with respect to middle school students’ NOS views?
2) Are there relationships between middle school students’ classroom environment perceptions and their NOS views?

2. METHODOLOGY

2.1. Participants

A total of 608 middle school students (n = 286 Grade 7 and n = 322 Grade 8) from four public schools, participated in the study.
Of the 608 students, 319 (52.5 %) were Girls and 289 (47.5 %) were Boys. The participants ranged in age from 13 to 15 with a
mean age of 13.59 (SD =.55). The mean of the participants science report grade from the previous semester was 4.30 out of 5
(SD =.86). A great majority of participants’ mothers (89.9 %) and fathers (79.5 %) had a high school or lower degree. While
approximately 20 % of the fathers had a university degree, only 10 % of mothers graduated from a university. There were no
students with parents having M.S. degree. About 69 % of participants’ mothers were unemployed. On the other hand, almost 90
% of the fathers were employed. Less than half of the participants were from families with 3 children (42.3 %). Only 4.8 % of
the participants were single child. More than three-quarter of the participants had their own study room (89. 8 %), a computer
(84.2 %), and Internet access (77.5 %) in their homes.

During sample selection, cluster random sampling integrated with convenience sampling was utilized. The districts to conduct
the study were selected using convenience sampling. Then, public schools considered as clusters were randomly selected from

the districts.
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2.2. Instruments

2.2.1. Students’ Views of Nature of Science Instrument (SVNOS)

The SVNOS was constructed by Lin et al. (2013) to assess middle school students’ views of nature of science using the items and
scales from existing instruments (Tsai & Liu, 2005; Chai et al., 2010; Conley et al., 2004). It consists of 33 items in seven sub-
scales: cultural impacts (n = 4 items, e.g. “Scientific knowledge is the same in various cultures”), theory-laden (n = 6 items, e.g.
“Scientists’ research activities will be affected by their existing theories”), creative nature (n = 4 items, e.g. “Creativity is
important for the growth of scientific knowledge”), non-objective nature (n = 5 items, e.g. “Scientists always agree about what
is true in science”), changing/tentative nature (n = 3 items, e.g. “Ideas in science sometimes change”), social negotiation (n =5
items, e.g. “Valid scientific knowledge requires the acknowledgment of scientists in relevant fields”), and justification (n = 6
items, e.g. “Good answers are based on evidence from many experiments”). The items were on a five-point Likert scale ranging
from 1= strongly disagree to 5 = strongly agree. Factor structure of the SVNOS was validated through confirmatory factor
analysis (CFA) with following fit indices: x2 /df = 2.33, RMSEA =.062, CFI = .98, NFI =.97, NNFI= .98, and GFI = .84. In addition,
sub-scale reliabilities were found to range from .77 to .93. To be able to use the SVNOS in the current study, necessary permission
was obtained from the developers of the instrument.

In the present study, in order to validate the SVNOS for Turkish middle school students, it was first translated into Turkish by
the first author. The translated version was examined by two professors in science education familiar with NOS research for
content validity. Turkish version of the SVNOS items were also examined for clarity, comprehensiveness, and sentence structure
by the professors. In addition, an expert in an Academic Writing Center checked for the appropriateness of the translation and
a Turkish language teacher examined the translated items in terms of their appropriateness for Turkish grammar and language
structure. Moreover, to determine whether the items are easily understood by middle school students, their opinions regarding
the clarity of the items were obtained having them read the translated items. In the current study, back translation method was
not utilized since it is very probable that even though back translation is good, the original translation may be of low quality,
leading to non-equivalent items. Moreover, the errors in the original translation can be replicated in back translation. While
doing back translation, translators may make “insightful guesses” to make the item, comparable to the source item even if it
might not be (Hambleton & Bollwark, 1991). Accordingly, in the current study, translated version was examined by science
education professors, language experts, and students. After making necessary revisions and adaptations based on their
suggestions, Turkish version of the SVNOS was pilot tested with 175 Grade 7-8 students. The CFA results did not provide a good
model fit (x% /df = 1.63, RMSEA =.060, CFI =.89, NFI = .78, NNFI= .88, and GFI =.79). In addition, reliability coefficients were, in
general, low ranging from .27 to .77. Deletion of 2 items from cultural impacts, 1 item from creative nature, 2 items from theory-
laden nature, and 1 item from non-objective nature led to an improvement in internal consistencies. In addition, deletion of
these items resulted in better CFA indices (% /df = 1.52, RMSEA =.055, CFI = .94, NFI = .84, NNFI=.93, and GFI = .84). However,
high phi-coefficients found among creative nature, social negotiation, and justification sub-scales suggested linear dependency.
In addition, although there was an increase in reliability coefficients of corresponding sub-scales after item deletion, they were
still low. Thus, these items except for the item from creative nature were decided to be revised and reworded. Negative items
were stated as positive items.

After making necessary revisions, final version of the instrument was examined by two professors in science education in order
to ensure that, the items still assess the intended constructs. Then, the instrument was again administered to a new sample of
Grade 7-8 students. Results indicated a good model fit (x% /df = 3.17, RMSEA = .057, CFI = .93, NFI = .90, NNFI= .93, and GFI =
.88). However, phi coefficients around 1 suggested linear dependency among some sub-scales. In addition, reliability coefficients
were found to range from .48 to .77. Deletion of 2 items from the non-objective nature sub-scale led to an increase in the in this
sub-scale. After deleting these 2 items, CFA was again conducted. Although there was an improvement in fit indices linear
dependency problem still continued. Thus, creativity, social negotiation, and justification sub-scales, found to be highly
correlated with each other, were decided to be merged considering them to measure the same construct. This new factor was
named as creative nature/justification. Similarly, cultural impacts and theory-laden nature sub-scales were merged and named
as changing/tentative nature. The rationale behind assigning these names and merging these sub-scales are further elaborated
in the Discussion section. After making these adjustments in the factor structure, a new CFA was performed to check 4-factor
structure of the SVNOS (i.e. theory-laden /cultural impacts, changing/tentative nature, non-objective nature, creative
nature/justification). Results indicated a good model fit. However, two items from theory-laden /cultural impacts factor were
found to have low loadings. After removing these two items, CFA results revealed following fit indices indicating a good model
fit: x2 /df = 2.40, RMSEA =.046, CF1 =.96, NFI =.93, NNFI=.96, and GFI = .91. Thus, results supported 4-factor structure of SVNOS
(see Appendix A). Reliability coefficients were .70 for theory-laden /cultural impacts, .56 for changing/tentative nature, .64 for
non-objective nature, and .84 for creative nature/justification. Reliability coefficients exceeding the criterion (Cronbach’s alpha
>.55) suggested by (Hatcher & Stepanski, 1994) suggested that reliabilities were high enough to conduct further analyses.

2.2.2. What is Happening in This Class Questionnaire (WIHIC)

The WIHIC was used to assess middle school students’ learning environment perceptions. It was originally developed Fraser,
Fisher and McRobbie (1996) as a 90-item instrument. The 56-item version, used in the present study, was validated by Aldridge
and Fraser (2000) conducting principle factor analysis and reliability analyses. The items are on a 5-point Likert scale ranging
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from 1 (never) to 5 (always). The WIHIC consists of 7 sub-scales: student cohesiveness (n= 8 items, e.g.“l work well with other
class members”), teacher support (n= 8 items, e.g.“The teacher takes a personal interest in me”), involvement (n= 8 items, e.g.“l
explain my ideas to other students”), investigation (n= 8 items, e.g.“I carry out investigations to test my ideas”), task orientation
(n=8items, e.g. “I know how much work I have to do”) cooperation (n= 8 items, e.g.“I cooperate with other students when doing
assignments work”) and equity (n= 8 items, e.g.“I have the same amount of say in this class as other students”). Cronbach’s alpha
coefficients ranged from .81 to .93 for individual level. The WIHIC was translated and adopted to Turkish by Cakiroglu, Telli and
Brok (2006). The same factorial structure with the original version was observed for the Turkish sample. In addition, reliability
analyses indicated reasonable internal consistencies with Cronbach’s alpha coefficients ranging from .75 to .88.

The CFA conducted in the present study supported the 7-factor structure of the WIHIC (x2 /df = 2.70, RMSEA =.054, CF1 = .98,
NFI = .96, and NNFI=.97). Reliabilities were .82 for student cohesiveness, .79 for teacher support, .79 for involvement, .88 for

investigation, .84 for task orientation, .86 for cooperation, and .89 for equity.

2.3. Procedure

In the current study, participants were informed about the research and how to complete the data collection instruments. They
were also ensured that their responses to the instruments would be kept confidential and would not have any effect on their
grades in any way. The instruments were administered during regular class hours (40 minutes).

3. FINDINGS
3.1. Descriptive Statistics
3.1.1. Middle School Students’ NOS Views

Descriptive statistics concerning students’ gender and grade level were summarized in Table 1 and Table 2, respectively.

Tablel.
Descriptive statistics across gender
Girls Boys

Variables M SD M SD
Theory-laden /Cultural impacts 3.64 .58 3.55 .63
Changing/tentative nature 3.42 .80 3.36 .79
Non-objective nature 3.86 24 3.89 24
Creative nature/]Justification 3.79 .60 3.66 .62

As shown in Table 1 and Table 2, all mean scores on NOS tenets were greater than mid-point of the 5-point Likert scale and
comparable across both genders and grade levels. These findings imply that middle school students’ views on NOS were not
naive concerning all NOS tenets. However, the mean scores also suggested that students’ views were not highly sophisticated
either: There was no mean score around 5 as there were none exceeding 4. According to these results, middle school students
appeared to agree, although not at high levels, with the views that scientific knowledge is changeable, scientists’ work is affected
by their theoretical commitments, beliefs, and experiences as well as the cultural influences, creativity plays an important role
in the development of scientific ideas, and justification of scientific ideas involve experimentation and social negotiation.

Table 2.
Descriptive statistics across grade level
Grade 7 Grade 8

Variables M SD M SD
Theory-laden /Cultural impacts 3.59 .60 3.60 .61
Changing/tentative nature 3.43 .81 3.36 .78
Non-objective nature 3.87 24 3.88 .25
Creative nature/]Justification 3.75 .61 3.70 .61

3.1.1. Middle School Students’ Learning Environment Perceptions

In this study, the data from both genders and Grade 7 and Grade 8 students concerning their learning environment perceptions
were examined as a whole, because, no gender or grade level difference was found with respect to this variable. Descriptive
statistics related to students learning environment perceptions based on whole data are displayed in Table 3. As shown in the
table, the highest mean score belongs to task orientation sub-scale with a mean of M = 4.20. This finding suggests that students
are likely to pay attention to activities and try to accomplish them in science classes. On the other hand, the lowest mean scores
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were found to belong to teacher support and investigation subscales. Although, the mean scores were above the mid-point of
the 5-point Likert scale for these two dimensions, perceived teacher support and the extent of carrying out investigations in
sciences classes appeared to be at moderate levels. The same situation was true for cooperation and involvement sub-scales as
well. Students’ perceptions of student cohesiveness and equity seemed to be at relatively higher levels.

Table 3.

Descriptive statistics for learning environment perceptions

Variables M SD
Student cohesiveness 3.89 .75

Teacher support 3.57 91

Involvement 3.66 .83

Investigation 3.58 .88

Task orientation 4.20 72

Cooperation 3.62 .84
Equity 3.86 .90

3.2. Inferential Statistics
3.2.1. Multivariate Analysis of Variance

A two-way multivariate analysis of variance (MANOVA) was performed to examine gender and grade level effects on students’
views on different tenets of NOS (i.e., theory-laden /cultural impacts, non-objective nature, changing/tentative nature, and
creative nature/justification). Prior to the analysis, underlying assumptions of MANOVA were checked and it was found that the
homogeneity of variance-covariance matrices (Box’s M = 22.85, p >.05) assumption was satisfied. Examination of skewness and
kurtosis values, mahalanobis distances, standardized scores, and bivariate correlations suggested that normality, absence of
outliers and multicollinearity assumptions were also met. Scatter plot also provided evidences for linearity.

After checking the assumptions, MANOVA was carried out. In order to control for Type I error, adjustment was made in alpha
level, and results were evaluated against new alpha level of .0125 obtained by dividing alpha level of .05 by number of dependent
variables which was 4. Results showed that there were no significant main effects of gender (Wilk’s lambda =.982, F (4, 581) =
2.62, p > .0125) and grade level (Wilk’s lambda = .994, F (4, 581) =.948, p > .0125). In addition, interaction effect was not
significant (Wilk’s lambda =.997, F (4, 581) =.389, p >.0125).

3.2.2. Canonical Analysis

A canonical correlation analysis was conducted between the set of learning environment variables and the set of NOS views
variables. Before carrying out the analysis, underlying assumptions of normality, linearity, homoscedasticity, absence of
outliers, multicollinearity assumptions were checked. No serious violations of the assumptions were found as revealed by
examination of skewness and kurtosis values, mahalanobis distances, standardized scores, bivariate correlations, and
scatterplots. Table 4 presents bivariate correlations among the variables.

Table 4.
Correlations of the measured variables
Variables 1 2 3 4 5 6 7 8 9 10 11
1. Student cohesiveness 1
2. Teacher support A7** 1
3. Involvement S56%F 63%* 1
4. Investigation A4 48%* 65 1
5. Task orientation A4 46%*  50** 55 1
6. Cooperation S59*k 4% 53*k 56** S5 1
7. Equity A45%%  53**  GG*k 54%* 62%* .64%* 1
8 Theory-laden / Cultural 5o jgue  pgur 30 gger 00 21w 1
Impacts
9-Changing /tentative 50 s qom o 07 aze  a1% 31 1
nature
10. Non-objective nature .-.03 .03 .05 .01 14 -.05 .08 .08* .05 1

11. Creative

P 22%6 0 19%x 22%k 0% 34%* 18** 20%* 75%* 34k 17** 1
nature/Justification

Note. *p <.05. **p <.01
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The canonical correlation analysis results showed that the first canonical correlation was .37 (14% overlapping variance). The
first canonical variate accounted for the significant relationships between the two sets of variables. With all four canonical
correlations included x2(28) = 120.004. Data on the first canonical variate is presented in Table 5 and displayed as a path
diagram in Figure 1. As demonstrated in the table and the figure, with a cutoff correlation of 0.30 (Tabachnick & Fidell, 1996),
all the variables in the learning environment set were correlated with the first canonical variate The first canonical variate was
positively associated with all these variables. Similarly, all NOS views variables, except for tentative were positively correlated
with the first canonical variate.

Table 5.
Correlations and standardized canonical coefficients
First Canonical Variate

Variables Correlation Coefficient
Learning environment variables
Student cohesiveness .54 17
Teacher support .51 .00
Involvement .60 .19
Investigation .54 .04
Task orientation .97 .96
Cooperation 42 22
Equity .57 .04
NOS views variables
Theory-laden / Cultural impacts .79 22
Changing/tentative nature .19 .16
Non-objective nature 41 .26
Creative nature / Justification .95 .80
Canonical correlation .37

The first pair of canonical variates showed that as students perceive the learning environment in their science classes as teacher
supportive, cooperative, emphasizing investigation and active student involvement, providing equal opportunities to express
ideas, and supporting student cohesiveness, they tend to hold more sophisticated views on all tenets of NOS except for
tentativeness. More specifically, these students appeared to have a better understanding of the role of social and cultural
influences as well as scientists’ theoretical commitments, experiences, and expectations in the scientific practice. They also
appeared to hold more sophisticated view about non-objective nature of science, the role of experimentation, and scientific
community in the justification of scientific ideas, and the role of creativity in the development of scientific knowledge.

Theory-laden/Cultural

Student Cohesiveness
Impacts

Teacher Support . .
Changing/tentative naturg

Involvement Learning

Environment

Investigation Non-objective nature

Task Orientation Creative nature/

Justification

Cooperation

Equity

Figure 1. The path diagram for the first canonical variate
4. DISCUSSION AND RECOMMENDATIONS

In the current study, middle school student’ views of nature of science were investigated in relation to their gender, grade level,
and classroom environment perceptions. Students’ NOS views were explored using the SVNOS constructed by Lin et al. (2013).
Original version of the SVNOS consists of 33-items in 7 sub-scales (i.e., cultural impacts, theory-laden, creative nature, non-
objective nature, changing/tentative nature, social negotiation, and justification.

However, in the current study, 4-factor structure provided a good fit with reasonable internal consistencies. At this point it is
important to note that the original version of VNOS was developed using the items and scales from existing instruments (Tsai
& Liu, 2005; Chai et al, 2010; Conley et al., 2004). In the present study, consistent with the study of Chai et al. (2010),
consolidation of theory-laden and cultural impacts sub-scales into a single factor resulted in a better model. In addition,
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according to the results, creative nature, social negotiation, and justification were highly correlated suggesting that they all
measure the same construct. Thus, these 3 sub-scales were also merged and considered as a single factor. This factor was named
as creative nature/justification. Social negotiation was not included in the factor name, because it was considered as a part of
justification: As indicated by Hodson (1991), scientific knowledge is produced as a result of a complex social activity leading to
and following individual attempts of discovery or creation. Thus, an individual scientists’ confidence in new experimental
findings or new theoretical propositions is not adequate to launch it as a part of the body of scientific knowledge. It must be
subject to confirmation by other researchers (Allen & Baker, 2017). In sum, in the current study, SVNOS was used in four
dimension namely, theory-laden and cultural impacts, non-objective nature, changing/tentative nature, and creative nature-
justification.

Descriptive findings concerning students NOS views as measured by the SVNOS suggested that middle school students’ NOS
views were not highly sophisticated. This finding was consistent with relevant literature (Khishfe & Abd-El Khalick, 2002;
Akerson & Donnelly, 2010). According to the studies, science textbooks may be one of the reasons why students fail to develop
highly sophisticated NOS views (Bell, 2004; Irez, 2009; Abd-El-Khalick, Waters & Le, 2008; Izci, 2017). For example Izci (2017)
investigated the appropriateness of 7th grade science textbooks to the curriculum objectives about NOS aspects such as
empirical, tentative, inferential, creative, theory-laden, social and cultural embeddedness of science, nature of theories and laws.
Findings showed that scientific theories and laws aspect was not mentioned in the textbooks. Also, inferential and theory-laden
aspects were not directly addressed but these aspects were implicitly mentioned. Some middle school science education
textbooks were not suitable for students to develop sophisticated views about NOS. The second reason for the students’
inadequate NOS views may be parents’ education level. For example, Yankayis et al. (2014) examined middle school students’
understanding of NOS according to demographic variables such as grade level, academic achievement and educational level of
parents. The findings revealed that NOS views significantly differ among students having parents with different educational
level. In addition, students of teachers who have inadequate NOS views were found to have NOS views which are not highly
sophisticated. What is more, the related studies showed that teachers tend to hold inadequate NOS views as well (Akerson et
al,, 2000; Akerson & Hanuscin, 2007; Koéksal & Cakiroglu, 2010). For example, Koksal and Cakiroglu (2010) examined science
teachers’ understanding of NOS concepts and findings revealed that science teachers held naive understanding of some NOS
aspects such as relationship between theory and law, but teachers held more sophisticated understanding on creativity and
imagination aspect. According to relevant literature, even teachers with sophisticated NOS views may not translate their views
into classroom practices effectively (e.g. Akerson & Abd-El-Khalick, 2003; Lederman, 1999). In the current study, although the
students’ views on nature of science were not highly sophisticated on all NOS tenets, their views were not highly naive either.
Considering aforementioned national and international literature, and context of this study, these three factors, namely science
textbooks, parents’ educational level, and science teachers’ NOS views, all, are likely to be influential in the present findings. In
the present study, for example, there were no students with parents having M.S. or Ph.D. degree. Only 10 % of the mothers had
bachelor degree. Thus, one of the factors which may be related to the current finding that students’ NOS views were not highly
sophisticated may be parents’ educational level. Accordingly, it is suggested that future studies examine the role of such factors
in students’ NOS views in detail. More specifically, in future research, considering the nested structure of possible data,
hierarchical linear modeling (HLM) analyses can be conducted to examine students’ NOS views in relation to their science
teachers’ views. Parents educational level can be used as covariate. The observed relations can also be tried to be explained by
examining textbooks in terms of their emphasis on NOS aspects. When such potential factors influencing students’ NOS views
are examined in one study using appropriate analyses, the error variance can be reduced enhancing validity of the
interpretations.

Examination of middle school students’ views on NOS with respect to gender and grade level using the SVNOS revealed that
there were no significant gender and grade level differences. As pointed out by Deng et al. (2011), the relevant research
concerning gender and grade level differences produced inconclusive results: some studies revealed significant gender and
grade level differences with respect to some of the dimensions of NOS (e.g. Huang, Tsai, & Chang, 2005; Lin et al.,, 2013). On the
other hand, some others demonstrated that there is no gender difference (e.g. Hacieminoglu, et al., 2014) or grade level
differences vary across grades (e.g. Ozdem, et al.,, 2010).

In the present study, the non-significant grade level effect can be explained as follows: the data were collected only from Grade
7 and Grade 8 students. If students from higher or lower grade levels were also included in the sample, significant differences
might have been found. Because, as indicated by Hofer (2001), students’ educational experiences can be influential in the
development of their epistemic beliefs. This effect may be either positive or negative. The findings of the studies exploring age-
related trends in NOS views in western countries generally revealed a positive developmental trend with the increase in
experience or age (Lin et al,, 2013). On the other hand, Asian students seemed to demonstrate a reversed trend (Chai et al,,
2012; Lin et al,, 2013).

Concerning the gender difference, Pintrich (2002) proposed that if (scientific) epistemological beliefs are examined focusing on
specific dimensions rather than considering it as general, holistic ways of thinking, gender differences may not emerge.
Consistent with this idea, and some of the studies in the literature (e.g. Conley et al., 2004) current study revealed non-significant
gender difference with respect to NOS views.
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Current study also investigated the relationship between middle school students’ classroom environment perceptions and their
views on nature of science. Students’ learning environment perceptions were measured by WIHIC. According to the results, all
dimensions of the WIHIC (i.e. student cohesiveness, teacher support, involvement, investigation, task orientation, cooperation,
and equity) were significantly linked to all dimensions of the SVNOS except for tentativeness. This was, in general, an expected
finding because related literature suggested that specific instructional activities and behaviors implemented in a classroom
greatly influence students’ views on nature of science (Hofer, 2001; Lederman, 1992). The study conducted by Lederman and
Druger (1985) showed that supportive learning environments emphasizing inquiry oriented instruction are likely to contribute
to a better understanding of NOS.

In a more recent study, Martin-Dunlop (2013) found significant, positive bivariate correlations between students’
understanding of NOS and positive classroom learning environments supporting student cohesiveness, instructor support,
investigation. cooperation, open-endedness, and presence of adequate material. Qualitative results also indicated that in
classroom environments where students cooperate with each other and deal with laboratory activities requiring open-ended
divergent approach during experimentation were linked to better understanding of NOS. Thus, the positive links found in the
current study, between sophisticated NOS views and favorable learning environment perceptions; revealing the emphasis on
active student involvement, open-ended investigations, task orientation, student cooperation, treating all students equally, and
teacher support; are consistent with available literature.

Actually, due to abstractness of NOS, it may be difficult for students to develop sophisticated views on NOS in classroom
environments where memorization and laboratory activities focusing on divergent thinking are emphasized (Martin-Dunlop,
2013). Indeed, the study conducted by Chai et al. (2012), suggested an important finding that the influence of learning
environment may not be always conducive to the development of sophisticated views of NOS depending on students’ classroom
experiences.

Thus, based on the current findings, supporting available literature, science teachers are advised to create student-centered
learning environments where students are actively involved in open ended tasks working in cooperative groups. In order to
keep students on task, the activities should be interesting and evoke their curiosity. In addition, during their investigations,
students should be able to feel that they have equal opportunities to express their ideas. During all these processes, teachers
should be supportive. While designing the instruction in line with these suggestions, science teachers can benefit from history
of science. As pointed out by Matthews (2015), history of science can be useful for science teachers suggesting them questions
and experiments conducive to development of more sophisticated view of NOS. For example, students can re-do the original
experiments and apart from discussing their own findings, they can be encouraged to consider historical elucidations and
discussions about the experiments (Matthews, 2015). In this way, they can better understand the tenets of nature of science
including theory-laden nature, social negotiation, cultural impacts, creativity, tentativeness, justification, and non-objective
nature.

At this point it is important to note that as argued by Hodson (1991), science education mainly emphasizes attainment and
comprehension of scientific concepts and theories and a general gratitude to scientific methods and processes. However,
relatively less attention is given to the role of creativity in formulating hypotheses and designing experiments, and even less to
role of social negotiation. Indeed, Lederman (1999) found that high school biology students assign limited roles to creativity
imagination, and subjectivity in the development of science. The author concluded that as a starting point, students should be
involved in scientific inquiry but they should also be provided with opportunities to make discussions and reflections about
their investigations making nature of science more explicit. Similarly, Moss (2001) concluded that without making NOS explicit,
implementing project-based and hands-on science courses were not sufficient to change students’ NOS views. In addition, in
more recent research, McComas and Noushin (2016), reported that there is a lack of or little emphasis of Next Generation
Science Standards (NGSS) on some commonly suggested NOS aspects including creativity and subjectivity. Thus, while
delivering the instruction designed to improve students view on NOS, science teachers should be careful about these issues
employing explicit-reflective approach. For example, while discussing the historical cases, students should be encouraged to
realize that socio-cultural influences are important in the development and justification of scientific ideas.

It is also worth mentioning that, in the current study, the relation between students’ learning environment perceptions and
their views on tentative nature of science was found to be non-significant. This finding is important because, based on the
aforementioned literature, a positive relation was expected. Thus, this finding suggest that classroom environments
emphasizing cooperation among students, teacher support and open-ended activities do not always contribute to all aspects of
NOS understanding. One explanation for non-significant finding may be that the tentative nature of science might not have
emphasized well in the classroom. The activities might have carried out as if the goal is to come up with the right answer.
Another explanation may be that some students may think that scientific knowledge is produced as a result of rigorous scientific
activity and their investigations in the classroom may not reflect this rigorous activity well. In other words, they may have a
thought that as ‘naive scientists’ it may not be unusual for them to change their ideas based on new evidences. On the contrary,
they may also think that, because the scientific knowledge requires rigorous scientific activities of ‘real’ scientists, it is not likely
to change. If this is the case, again integrating historical cases to science instruction making the tentative nature of science
explicit may be helpful. However, the explanation provided regarding the non-significant relation between learning
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environment perceptions and tentative nature of NOS is speculative and warrants further research involving qualitative data
collection procedures.

In sum, current findings suggested that middle school student’ NOS views are related to their classroom environment
perceptions but not their gender or grade level. Although, based on the results, this study provides some explicit suggestions
about how science classes can be structured so that students acquire a better understanding of nature of science, there are a
few limitations that should be addressed in future studies: in the present study, Likert type, self-report scales were utilized as
data collection instruments to be able to access a larger sample size leading to more generalizable results. However, although
self-report instruments allow researchers to access more participants, and obtain more generalizable findings, the participants’
responses may not truly reflect their actual views or perceptions. Thus, in future studies, qualitative data collection techniques
such as observations and interviews can be used to ensure validity of the findings and to examine students NOS views and
classroom environments they experience in detail. For example, classroom observation and interviews with students and their
teachers can provide a clearer picture of the relation between these two variables. In addition, regarding the psychometric
properties of the SVNOS, the reliability coefficient of tentativeness sub-scale, although it was greater than the criterion
suggested by Hatcher and Stepanski (1994), was relatively low. Because reliability is affected by the number of items, in the
future studies, additional items can be constructed to improve the reliability of this sub-scale. Moreover, as it has been stated
before, although, in the current study, data concerning participants’ background characteristics were collected and gender and
grade level were included in analyses, in the future research, other potential variables which may be related to students NOS
views such as parents’ educational level and science teachers’ NOS views can be examined simultaneously to enhance the
validity of the interpretations.

5. REFERENCES

Abd-El-Khalick, F. (2014). The evolving landscape related to assessment of nature of science. In N. Lederman, & S. Abell (Eds.),
Handbook of research in science education (pp. 621-650). New York, NY: Routledge.

Akerson, V. L., & Donnelly, L. A. (2010). Teaching Nature of Science to K-2 Students: What understandings can they attain?.
International Journal of Science Education, 32(1), 97-124.

Akerson, V. L., & Hanuscin, D. L. (2007). Teaching nature of science through inquiry: Results of a 3-year professional
development program. Journal of Research in Science Teaching, 44, 653-680.

Akerson, V. L., Abd-El-Khalick, F., & Lederman, N. G. (2000). Influence of a reflective explicit activity-based approach on
elementary teachers’ conceptions of the nature of science. Journal of Research in Science Teaching, 37, 295-317.

Akerson, V. L., & Abd-El-Khalick, F. (2003). Teaching elements of the nature of science. A yearlong case study of a fourth-grade
teacher. Journal of Research in Science Teaching, 40, 1025-1049.

Aldridge, ]. M., & Fraser, B.]. (2000). A cross-cultural study of classroom learning environment in Australia and Taiwan. Learning
Environment Research, 3, 101-134. doi: 10.1023/A:1026599727439

Allen, G. E., & Baker, |. ]. W. (2017). Scientific processes and social issues in biology education, Switzerland: Springer.

Bell, R. L., Matkins, J. ], & Gansneder, B. M. (2011). Impacts of contextual and explicit instruction on preservice elementary
teachers’ understandings of the nature of science. Journal of Research in Science Teaching, 48(8), 141-436.

Chai, C. C,, Deng, F., Qian, Y. Y., & Wong, B. (2010). South China education major’s epistemological beliefs and their conceptions
of nature of science. The Asia-Pacific Education Researcher, 19,111-125. doi. 10.3860/taper.v19i1.1512

Chai, C. S, Deng, F., & Tsai, C.-C. (2012). A comparison of scientific epistemological views between Mainland China and Taiwan
high school students. Asia Pacific Education Review, 13, 17-26. doi:10.1007/s12564-011-9174-9

Chen, S. (2006). Development of an instrument to assess views on nature of science and attitudes toward teaching science.
Science Education, 90, 803-819. Doi: 10.1002/sce.20147

Conley, A. M,, Pintrich, P. R,, Vekiri, 1., & Harrison, D. (2004). Changes in epistemological beliefs in elementary science students.
Contemporary Educational Psychology, 29, 186-204. doi: 10.1016/j.cedpsych.2004.01.004

Deng, F., Chen, D. T., Tsai, C.-C., & Chai, C. S. (2011). Students’ views of the nature of science: A critical review of research. Science
Education, 95,961-999. doi: 10.1002/sce.20460

e-ISSN: 2536-4758 http://www.efdergi.hacettepe.edu.tr/



136

Fraser, B.]., Fisher, D. L., & McRobbie, C. ]. (1996). Development, validation and use of personal and class forms of a new classroom
environment instrument. Paper presented at the annual meeting of the American Educational Research Association (AERA). New
York, NY.

Hacieminoglu, E., Yilmaz-Tiizin, 0., & Ertepinar, H. (2014). Development and validation of nature of science instrument for
elementary school students. Education 3-13, 42, 258-283. doi: 10.1080/03004279.2012.671840

Hambleton, R.K. & Bollwark, J. (1991). Adapting tests for use in different cultures: Technical issues and methods. Bulletin of
the International Testing Commission, 18, 3-32.

Hatcher, L. & Stepanski, E.]J. (1994). A step-by-step approach to using SAS system for univariate and multivariate statistics. Cary,
NC: SAS Institute.

Hofer, B. K. (2001). Personal epistemology research: Implications for learning and teaching. Journal of Educational Psychology
Review, 13, 353-383. doi: 10.1023/A:1011965830686

Hodson, D. (1991). Philosophy of science and science education. In M. R. Matthews (Ed.), History, philosophy, and science
teaching. Selected readings (pp.19-32) New York: Teachers College Press.

Huang, C.-M.,, Tsai, C.-C., & Chang, C.-Y. (2005). An investigation of Taiwanese early adolescents’ views about the nature of
science. Adolescence, 40, 645-654.

Irez, S. (2009). Nature of science as depicted in Turkish biology textbooks. Science Education, 93(3), 422-447.

Izci, K. (2017). Nature of science as portrayed in the middle school science and technology curriculum: the case of Turkey.
Journal of Education in Science, Environment and Health (JESEH), 3, 14-28.

Khishfe, R., & Abd-El-Khalick, F. (2002). Influence of explicit and reflective versus implicit inquiry-oriented instruction on sixth
graders" views of the nature of science. Journal of Research in Science Teaching, 39(7), 551-578.

Koksal, M. S., & Cakirogluy, J. (2010). Examining science teachers’ understanding of the NOS aspects through the use of knowledge
test and open-ended questions. Science Education International, 21, 197-211.

Kuhn, T.S. (1996). The structure of scientific revolutions (3rd edition). Chicago: The University of Chicago Press.

Lederman, N.G. (2010). Nature of science: Past, present, and future. In S.K. Abell and N. G. Lederman (Eds) Handbook of Research
on Science Education, (pp. 831-880). Mahwah, NJ: Erlbaum

Lederman, N. G., & Druger, M. (1985). Classroom factors related to changes in students’ conceptions of the nature of science.
Journal of Research in Science Teaching, 22(7), 649-662. doi: 10.1002 /tea.3660220705

Lederman, N. G. (1992). Students’ and teachers’ conceptions of the nature of science: A review of the research. Journal of
Research in Science Teaching, 29, 331 - 359. doi: 10.1002 /tea.3660290404

Lederman, N. G., Abd-El-Khalick, F., Bell, R. L., & Schwartz, R. S. (2002). Views of nature of science questionnaire: Toward valid
and meaningful assessment of learners' conceptions of nature of science. Journal of Research in Science Teaching, 39(6), 497-
521.d0i:10.1002/tea.10034

Lederman, N. G. (1999). Teachers’ understanding of the nature of science and classroom practice: Factors that facilitate or
impede the relationship. Journal of Research in Science Teaching, 36, 916-929. doi: 10.1002/(SICI)1098-
2736(199910)36:8<916::AID-TEA2>3.0.C0;2-A

Liang, L. L, Chen, S., Chen, X, Kaya, O. N., Adams, A. D., Macklin, M., & Ebenezer, ]. (2008). Assessing preservice elementary
teachers’ views on the nature of scientific knowledge: a dual-response instrument. Asia-Pacific Forum on Science Learning and
Teachin, 1, Article 1. https://www.eduhk.hk/apfslt/ (accessed July 29, 2017)

Lin, T-]., Goh, A.Y.S,, Chai, C.S., & Tsai, C-C. (2013). An initial examination of Singaporean seventh and eighth graders’ views of
nature of science. Research in Science and Technological Education, 31, 117-132. doi: 10.1080/02635143.2013.811073

Martin-Dunlop, C.S. (2013). Prospective elementary teachers' understanding of the nature of science and perceptions of the
classroom learning environment. Research in Science Education, 43, 873-893. doi: 10.1007/s11165-012-9290-5

Matthews, M. (2015). Science teaching: The role of history and philosophy of science. New York: Routledge.

e-ISSN: 2536-4758 http://www.efdergi.hacettepe.edu.tr/


https://www.eduhk.hk/apfslt/

137

McComas, W. F. (2014). Nature of science in the science curriculum and in teacher education programmes in the United States.
In M. Matthews (Ed.). International handbook of research in history, philosophy, and science teaching (pp.1993-2023). Springer:
Netherlands.

McComas, W. F. & Noushin, N. (2016). The nature of science and the "next generation science standards": Analysis and critique.
Journal of Science Teacher Education, 27, 555-576. doi:10.1007 /s10972-016-9474-3

Moss, D.M. (2001). Examining student conceptions of the nature of science. International Journal of Sicence Education, 23, 771-
790. doi: 10.1080/09500690010016030

O’Hear, A. (1989). Introduction to the philosophy of science. New York: Oxford University Press.
Okasha, S. (2002). Philosophy of science: A very short introduction. Oxford: Oxford University Press

Ozdem, Y., Cavas, P., Cavas,, B., Cakirogly, J., & Ertepinar, H. (2010). An investigation of elementary students’ scientific literacy
levels. Journal of Baltic Science Education, 9, 6 — 19.

Pintrich, P. R. (2002). Future challenges and directions for theory and research on personal epistemology. In P. R. Pintrich (Ed.),
Personal epistemology: The psychology of beliefs about knowledge and knowing (pp. 389-414). Mahwah, NJ, USA: Lawrence
Erlbaum Associates

Popper, K. (2002). The logic of scientific discovery. London, UK: Routledge. [Original work published 1935]

Rubba, P.A,, & Anderson, H. (1978). Development of an instrument to assess secondary students’ understanding of the nature
of scientific knowledge. Science Education, 62, 449-458. doi: 10.1002/sce.3730620404

Sadler, T.D., Chambers, F.W., & Zeidler, D.L. (2004). Student conceptualizations of the nature of science in response to a
socioscientific issue. International Journal of Science Education, 26, 387-409. doi: 10.1080/0950069032000119456

Sim, J., & Wright, C. (2000). Research in health care: Concepts, designs and methods. Great Britain: Nelson_ Thornes

Solomon, J., Scott, L. & Duveen ]. (1996). Large-scale exploration of pupils’ understanding of the nature of science. Science
Education, 80, 493-508. doi: 10.1002/(SICI)1098-237X(199609)80:5<493::AID-SCE1>3.0.C0;2-6

Tabachnick, B. G., & Fidell, L. S. (1996). Using multivariate statistics (3rd ed.). New York:HarperCollins.

Tsai, C.-C. & Liu, S.-Y. (2005). Developing a multi-dimensional instrument for assessing students’ epistemological views toward
science. International Journal of Science Education, 27, 1621-1638. doi: 10.1080/09500690500206432

Waldrip, B. G., Fisher, D. L., & Dorman, J. (2009). Identifying examplary science teachers through students' perceptions of their
learning environment. Learning Environment Research, 12, 1-13. doi: 10.1007/s10984-008-9049-0

Wen, M. L., Kuo, P-C, Chang, Y., & Tsai, C-C. (2010). Exploring high school students’ views regarding the nature of scientific
theory: A study in Taiwan, Asia-Pacific Education Researcher, 19, 161-177. doi: 10.3860/taper.v19i1.1515

Research and Publication Ethics Statement
This paper is complied with research and publication ethics.
Contribution Rates of Authors to the Article

Ebru Ebren Kuyumcu: Data Collection, Data Analysis, Writing- original draft, Writing -reviewing & editing. Semra Sungur:
Conceptualization, Methodology, Data Analysis, Writing -reviewing & editing.

Statement of Interest

There is no conflict of interest to declare.

6. GENIS OZET

Bu ¢alisma ortaokul 6grencilerinin bilimin dogasina yonelik goriislerini, cinsiyet, sinif diizeyi ve sinif ortami algilarina gore
incelemeyi hedeflemektedir. Calismaya 608 ortaokul 6grencisi (319 kiz ve 289 erkek) katilmistir. Katilimcilarin, 286’sin1 7. siif

égrencileri olustururken, 322’sini 8.simif 6grencileri olusturmustur. Katilimcilara, Bilimin Dogasina Yénelik Goriis Olcegi (Lin,
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Goh, Chai, & Tsai, 2013) ile Bu Derste Neler Oluyor Olgegi uygulanmistir (Aldridge & Fraser, 2000). Bilimin Dogasina Yénelik
Goriis Olcegi’nin orijinal formu, teori yiikliiliik, kiiltiirel etki, degisebilirlik, nesnel olmay:s, yaraticilik, gerekcelendirme ve sosyal
uzlasma olmak iizere toplam 7 boyuttan olusurken, bu calismada yapilan psikometrik incelemeler, 6lcek i¢in 4-faktor yapisini
desteklemistir. Bu faktorler, teori yiikliiliik/kiiltlirel etki, degisebilirlik, nesnel olmayisi1 ve yaraticilik/gerekcelendirme alt
boyutlar olarak ortaya ¢ikmistir. Bu Derste Neler Oluyor Olcegi'nde ise orijinal formuyla uyumlu olarak 7 faktérlii yapi
desteklenmis ve ortaokul 6grencilerinin sinif ortamina yonelik algilari, 6grenci uyumu, 6gretmen destegi, katilim, arastirma,
gorev uyumu, isbirligi ve esitlik alt boyutlarinda incelenmistir. Cinsiyet ve sinif seviyesi etkisini incelemeye yonelik olarak
yapilan, cok degiskenli varyans analizi (MANOVA) sonuglari, cinsiyet ve sinif seviyesinin, ortaokul 6grencilerinin, bilimin
dogasina yonelik goriisleri iizerinde bir etkisi olmadigini gostermistir. Ayrica, bu iki degisken arasinda herhangi bir etkilesim
de bulunmamustir. {lgili literatiir incelendiginde, kimi calismalarda herhangi bir cinsiyet (Hacieminoglu, et al., 2014) ya da simif
seviyesi (Ozdem, et al., 2010) farki bulunmazken, kimi calismalarda ise cinsiyet ya da simf seviyesi bulunmustur (Huang, Tsai,
& Chang, 2005; Lin et al., 2013). Pintrich’e (2002) gore, eger 6grencilerin bilimsel bilginin dogasina yonelik gorisleri belli alt
boyutlara odaklanarak arastirilir, biitiinciil bir yaklasimla incelenmezse, cinsiyet farki bulunamayabilir. Bu diisiinceye destekler
niteikte, bu calismanin sonuglari ve literatiirdeki bilimin dogasini alt boyutlar bazinda inceleyen bazi ¢alismalarda (6rn. Conley
etal. 2004) cinsiyet farki bulunmamuistir. Sinif seviyesi farkinin bulundugu ¢alismalarda da, genel olarak, bati iilkelerinde yas ya
da sinif seviyesi arttikca, bilimin dogasina yonelik goriislerin daha sofistike oldugu (Lin et al.,, 2013), Asya iilkelerinde ise, tersi
bir durumun gozlemlendigi (Chai et al., 2012; Lin et al., 2013) ortaya ¢ikmistir. Hofer (2001)’e gore, 6grencilerin, bilimsel
bilginin dogasina yonelik goriisleri sinif ici deneyimlerinden etkilenebilir. Literatiirdeki bulgular ve Hofer’in goriisii gozontine
alindiginda, bu calismada sinif seviyesinin, 6grencilerin bilimin dogasina yonelik goriileri tizerinde bir fark olusturmamasinin
sebebi, calismada sadece 7. ve 8. sinif 6grencilerinin yer almasi olabilir. Eger, daha genis bir aralikta farkli sinif seviyeleri
¢alismaya dahil olmus olsaydi, bir fark gézlemlenebilirdi. Bu ¢alismada, 7. ve 8. simif 6grencileri arasinda sinif ortami algilar:
arasinda bir fark bulunmamaistir.

Ote yandan, ortaokul égrencilerinin sinif ortami algis ile bilimin dogasina yénelik gériisleri incelendigine, kanonik korelasyon
analizi sonuglar, sinif ortamina yonelik tiim alt boyutlar (68renci uyumu, 6gretmen destegi, katilim, arastirma, gérev uyumu,
isbirligi ve esitlik ) ile, degisebilirlik alt boyutu hari¢ tiim bilimin dogasina yonelik goriis alt boyutlar1 arasinda anlaml bir iliski
oldugunu géstermistir. Bu sonuclar genel olarak ilgili literatiirii desteklemektedir. Ilgili literatiire gére, 6gretim etkinlikleri ve
davraniglarinin 6grencilerin bilimin dogasina yonelik goriisleri tizerinde 6nemli etkileri bulunmaktadir (Hofer, 2001;
Lederman, 1992). Ornegin, Lederman ve Druger (1985) tarafindan yapilan ¢alisma, arastirma, sorgulamaya yonelik, sinif
ortamlarinin égrencilerin bilimin dogasini daha iyi anlamalarina katk: sagladig1 bulunmustur. Martin-Dunlop tarafindan 2013
yilinda yapilan ¢alisma da siniflarda 6grenci uyumu, 6gretmen destegi, arastirma, isbirligi, acik ucluluk, yeterli malzemenin
olmas1 gibi faktorlerle, bilimin dogasinin anlasilmasi arasinda pozitif iliski bulunmustur. Nitel veriler de bu bulgular
desteklemis ve o6grencilerin birbirleriyle isbirligi icerisinde acik-uclu ve ¢ok yonlii diisinmeyi gerektiren laboratuvar
etkinlikleri iizerinde ¢alistig1 sinif ortamlarinda, bilimin dogasini daha iyi anladiklari ortaya konmustur. Martin-Dunlop’a gore,
bilimin dogasi 6grenciler i¢in soyut bir kavram oldugu icin, ezber ve yakinsak diistinmeye yo6nelik etkinlikler, bilimin dogasinin
anlasilmasini gii¢lestirebilir. Chai et al. (2012) tarafindan da belirtildigi gibi yapilan etkinliklere bagl olarak, smif i¢i ortamlar,
her zaman 6grencilerin bilimin dogasina yonelik goriislerine olumlu katki saglamayabilir.

Dolayisiyla, bu calismanin sonuglart dogrultusunda, 6gretmenlerin, 6grencilerin etkin oldugu, agik-u¢lu etkinliklerle,
arkadaslariyla isbirligi icerisinde yer aldig1 6grenci merkezli sinif ortamlari olusturmalar tavsiye edilmektedir. Ogrencilerin,
etkinlikler/6devler lizerinde ¢alismalarinin devamliligini saglayabilmek icin, etkinlikler, ilging olmali ve merak uyandirmalidir.
Ogrenciler, kendi diisiincelerini ifade etmede 6zgiir hissetmeli ve tiim bu siireclerde 6gretmen gerekli destegi saglamahdir. Bu
noktada, 6gretmenleri bilim tarihini derslerine entegre etmesi tavsiye edilebilir. Ornegin, 6grenciler, bilim insanlari tarafindan
daha 6nce yapilan deneyleri tekrarlayabilir ve elde edilen bulgulari tartismanin yani sira, yapilan deney hakkinda tarihsel olarak
yapilan a¢iklamalar ve tartismalar tizerinde diisiinmeleri saglanabilir (Matthews, 2015). Bu yolla bilimin dogasina yonelik, teori
yuklulik, kiiltiirel etki, degisebilirlik, nesnel olmayis, yaraticilik, gerekcelendirme ve sosyal uzlasma gibi boyutlar daha iyi
anlagilabilir. Fakat bu tarz etkinlikler yapilirken, dogrudan-yansitici yontemin kullanilmasi énerilmektedir (Lederman, 1999;
Moss, 2001).

Sonug olarak bu ¢alisma, ortaokul 6grencilerinin bilimin dogasina yonelik goriislerinin, cinsiyet ya da sinif diizeyleri degil, simif
ortami algilariyla ilgili oldugunu gostermistir. Bu calisma nicel verilere dayanmaktadir. ileriki calismalarda, gézlem ve gériisme
yoluyla nitel veriler de toplanip, sinif ortami algisinin bilimin dogasina yonelik goriislerdeki rolii daha detayl: incelenebilir.

Appendix A

Yaraticilik/gerekcelendirme

1. “Kabul goren bazi bilimsel bilgiler, insanlarin hayal giliciinden ve 6nsezilerinden ortaya ¢ikmistir”

2. “Yeni bir bilimsel bilgi, alandaki pek ¢ok bilim insani tarafindan tanindig1 zaman genis ¢capta kabul goriir”

3. “Bilimsel deneylerdeki fikirler, olaylarin nasil meydana geldigini merak edip diisiinerek ortaya ¢ikar”

4. “Bilimsel teorilerin gelismesi, bilim insanlarinin hayal giicii ve yaraticihgini gerektirir.”

5. “Bilimsel bilginin gelismesinin baslica sebebi; bilim toplulugundaki gériisme, tartisma ve sonug paylasimidir”

6. “Olaylarin nasil meydana geldigi hakkinda yeni fikirler bulmak i¢in deneyler yapmak, bilimsel ¢alismanin énemli bir
pargasidir.”
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7. “Bilimsel bilginin gecerli olabilmesi i¢in, alandaki bilim insanlari tarafindan kabul gérmesi gerekir”

8. “Bilim insanlar1 bazen goriiniiste alakasiz olan bir¢ok teoriden fikir alirlar”

9. “Bilimdeki, parlak fikirler sadece bilim insanlarindan degil, herhangi birinden de gelebilir”

10.“Yaraticilik, bilimsel bilginin gelismesi icin 6nemlidir”

11.“Bilim insanlari, bilimsel bulgular1 degerlendirmek icin kullanilabilecek kriterler konusunda fikir birligine sahiptir”

12.“Bir seyin dogru olup olmadigini anlamak i¢in deney yapmak iyi bir yoldur”

13.“Bilimsel teoriler, bilim insanlarinin aralarinda yaptiklar1 gériisme ve tartismalar yoluyla daha da gelisir”

14.“lyi cikarimlar, bircok farkli deneyin sonucundan elde edilen kanitlara dayanir”

15.“Bilimdeki diisiinceler, konu ile ilgili kendi kendinize sordugunuz sorulardan ve deneysel calismalarinizdan ortaya c¢ikabilir”

Degisebilirlik

1. “Bilimsel kitaplardaki bilgiler bazen degisir”

2. “Bilimdeki diisiinceler bazen degisir”

3. “Bilim insanlari, bilimde neyin dogru oldugu ile ilgili diisiincelerini bazen degistirirler”

Nesnel olmayis

1. “Bilim insanlari bilim hakkinda hemen hemen her seyi bilir, yani bilinecek daha fazla bir sey kalmamistir”
2. “Bilim insaninin bir deneyden aldig1 sonug, o deneyin tek yanitidir”

3. “Bilim insanlar1 bilimde neyin dogru oldugu konusunda her zaman ayni fikirdedirler”

Teori yuklulik/ktltirel etki

“Bilim insanlarinin arastirma faaliyetleri, benimsedikleri teorilerden etkilenir”

“Bilim insanlari, dogay: incelerken, benimsedikleri teoriler dogrultusunda etkili yontemleri segerler”
“Farkli kiilttirlerdeki bilim insanlari, dogadaki olaylari yorumlarken farkli bilimsel yontemleri kullanabilir”
“Farkli teorileri benimseyen bilim insanlari, ayni doga olay1 hakkinda tamamen farkli gézlemler yapabilir”
“Bilimsel bilginin gelisimi farkl kiiltiirlerde farklilik gésterebilir”

“Bilim insanlarinin benimsedikleri teoriler yeni bilimsel gelismeleri etkiler”

“Bilim insanlarinin gézlemleri benimsedikleri teorilerden etkilenir”

“Bilim insanlarinin benimsedigi teoriler, onlarin bilimsel arastirma stirecini etkiler”
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