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Introduction

Science literacy individuals are the individuals who are knowledgeable
about the Nature of Science (NOS), how scientific knowledge is generated
and the connections between science, technology and society (Shamos,
1995). Individuals with science literacy are the individuals who can apply
scientific knowledge and concepts to diverse situations and who can use
the language of science in interpreting, generating and evaluating oral and
written texts (Palinscar, Anderson & David, 1993). The main component of
science literacy is NOS (AAAS, 1989, 1993; Bybee, 1997; NRC, 1996; NSTA,
1982). Developing adequate understanding of NOS in students is one of the
aims of science education (Kimball, 1967-68). NSTA (1982) claims that an ad-
equate understanding of NOS necessitates understanding the experimental
and changeable nature of scientific knowledge, and perceiving the central
role of inquiry and theory in science.

NOS is defined in its general sense as epistemology, as the sociology of
science, as the values or beliefs inherent in the development of science or
of scientific knowledge as a way of knowing (Lederman, 1992). The concept
of NOS is dynamic and it has changed along with the evolution of science
and of systematic thinking about science. The specific meaning of NOS is
controversial (Abd-El-Khalick & Lederman, 2000a). This situation stems from
the complex and sophisticated nature of NOS (Lederman, Abd-El-Khalick,
Bell, & Schwartz, 2002).

Science for All Americans (AAAS, 1990) reports that three aspects are
available in NOS: (I) seeing the world as comprehensible and understanding
that science cannot answer all questions, (Il) understanding the nature of
scientific inquiry (understanding that inquiry in science is based on reason-
ing and that it is experimental but that it involves suggesting imagination
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Abstract. This research aims to adapt The
Nature of Science Instrument Elementary
Scale (NOSI-E) developed by Peoples (2012)
into Turkish for secondary school students
and to analyse the psychometric properties
of the scale setting out from the fact that it
is a necessity of science education aimed to
achieve for students/prospective teachers
to have adequate understanding of the
nature of science. The validity analyses for
the scale were performed with Confirma-
tory Factor Analysis (CFA) and Cronbach
alpha (a) coefficients were calculated for
reliability. Following CFA, it was taken for
granted that the fit indices for the model
met the goodness of fit criterion. On exam-
ining the fit indices, the scale was regarded
to attain construct validity due to the fact
that the x2/df ratio (1.42) was below 3, that
the RMSEA value was at the level of .04 and
that the NNFI and CFI (>.90) values were

at acceptable levels. On the other hand,

a coefficients, which were the internal
consistency coefficients calculated for the
reliability analysis of the scale, were found
to range between .631 and .775, and for the
overall scale was calculated as .814. These
reliability index values were considered to
be at acceptable levels.
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and explanations), (lll) understanding the social and political aspect of science. The National Science Education
Standards (NRC, 1996) lays emphasis on the historical, changeable, experimental, reasonable and proven nature
of scientific claims. It also mentions the effects of personal, social and cultural beliefs in addition to scepticism
in generating scientific knowledge. According to Lederman, Add-El Khalick, Bell and Schwartz (2002), scientific
knowledge is not certain but experimental, it is dependent on theories, it is partially the product of human infer-
ence, imagination and creativity and it is culture-dependent. Three other important aspects of NOS are the distinc-
tion between observation and inference, lack of universal methods to do science, and the correlations between
scientific theories and laws. According to Liang et al (2009), (I) the development of scientific knowledge involves
observations and inferences, (Il) scientific knowledge is changeable and is open to change, (Ill) scientific theories
and laws are distinct scientific knowledge, (IV) scientific knowledge is socially and culturally dependent, (V) the
development of scientific knowledge involves imagination and creativity, and (V1) the development of scientific
knowledge involves using different scientific methods.

Research has demonstrated that students’and teachers’views of NOS were not consistent with contemporary
views of science (Abd-El-Khalick & Lederman, 2006b; Duschl, 1990; Lederman, 1992; Ryan & Aikenhead, 1992).
According to Abd-El-Khalick and Lederman (2006b), an examination of the efforts to develop students’ views of
NOS through science method courses and through in-service training makes it clear that it is difficult to imagine
allocating more time to address NOS in those contents. The reason for this is that the goals of those courses or
curricula intended to attain are too many. It is impossible to change and develop teachers’ views concerning NOS
in a few hours, days or weeks.

Griffiths and Barman, (1995); Horner and Rubba, (1978); Larochelle and Desautels, (1991); Lederman and
O’Malley, (1990); Mackay, (1971); Rubba, (1977) exhibited that students had naive thoughts about the experimental,
changeable, inferential, creative and imaginary nature of scientific knowledge- which were the important aspects
of NOS. Bora, Aslan and Cakiroglu (2006); Erdogan, Cakiroglu and Tekkaya (2006) investigated prospective science
teachers, science teachers’ and high school students’ views on NOS and found that the participants had naive
views on the changeability of scientific knowledge, the definition of science, the nature of scientific models and
on the properties of hypotheses, theories and laws. According to Ryan and Aikenhead (1992), most of the teachers
and students have misconceptions about NOS and they believe that scientists follow a universal scientific method
because scientific method yields valid and accurate results. Sorgo et al (2014) stressed that the understandings of
NOS should be improved immediately in all countries. Sert Cibik (2016) attracted attention to the importance of
developing strategies in teaching the content of NOS and its'importance to teachers who raise the next genera-
tions. Koksal and Tung Sahin (2014) demonstrated that students had misunderstandings about the changeability
of NOS, its neutrality, the development of scientific knowledge in social and cultural structure, the hierarchical
relations between hypotheses, theories and laws, the definition of science, and the place of imagination and
creativity in science.

Research Focus

Having examined the literature taking into account all the above-mentioned studies, it was shown that
students'/prospective teachers’ having an adequate understanding of NOS was a necessity that science educa-
tion aims to attain, but they did not have understanding at adequate levels. Therefore, scales/questionnaires are
needed to develop students'/prospective teachers’views/ perceptions of NOS primarily for use in assessment. The
fact that the scales used in the literature were rather old-fashioned (Lederman, Abd-El-Khalick, Bell, & Schwartz,
2002) made it necessary to adapt NOSI-E scale into Turkish and thus to obtain a valid and reliable scale of NOSI-S.
Accordingly, this research aimed to adapt the The Nature of Science Instrument Elementary Scale (NOSI-E) devel-
oped by Peoples (2012) into Turkish for secondary schools and to analyse the psychometric properties of the scale.
Secondary school students in particular were used as the sample in adapting the scale which had been originally
developed for elementary school education into Turkish. The reason for this was that the level of knowledge in
items constituting the scale overlapped with the gains in secondary school education in Turkey. In other words,
the knowledge level of the items in the original scale was overlapped with the knowledge level of the subjects
included in secondary school curriculum in Turkey. Moreover, it was aimed to adapt the original scale into Turkish
for using as a reliable and valiable measurement tool in the future studies about NOS which will be conducted
at secondary school level in Turkey. There are no tools available with the appropriate psychometric properties to
determine NOS views of secondary school students.
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Methodology of Research

The quantitative method was used in this research. The scale application process was conducted in 2015-2016
academic year. The scale was adapted into Turkish in three phases: (I) translation process of the items in NOSI-E, (I1)
pilot study of the NOSI-S and (Ill) the validity and reliability analyses of NOSI-S.

Sample of Research

Atotal of 261 secondary school students were included in the research. 137 female and 123 male participants
took part in the research. One student did not answer the question about gender. The students were in the age
range of 13 and 15, with an average age of 15.73 (SD=.99). Secondary school students enrolled in two different
state schools those instructional programs were determined by Ministry of National Education participated in the
research. The socio-economic status of the students was at medium level. Also, their school achievement was at
high level by considering to their regional properties.

Data Collection Tool

NOSI-E scale was developed by Peoples (2012) on the basis of Rasch Model so as to determine elementary
school students’ understanding of NOS based on science reform efforts in US. Peoples used the Rasch Model to
provide the most reliable, interpretable and responsive Rasch — based measure to assess the elementary students’
views of NOS for use in large-scale studies. The 28-item scale contained five constructs- namely, empirical, inven-
tive, theory-laden, certainty and socially and culturally embedded. Peoples (2012) performed separate analyses
for one-factor model where 28 items measured only one factor, for multidimensional model composed of five
inter-related but separate dimensions and for the model with five independent unidimensional constructs. The
researcher concluded that the multidimensional model with composed of five inter-related but separate dimen-
sions was more valid and reliable. In the research, it was found that x2 / df = 1.28, RMSEA= .029 and CFI=.96. Six
items were available on the sub-dimension of empirical while five items were available on the sub-dimension of
inventive, six items on the sub-dimension of theory-laden, six items on the sub-dimension of certainty, and five
items on the sub-dimension of socially and culturally embedded. Cronbach alpha internal consistency coefficient
was found as a=.84 for the overall scale, whereas it was found as .78 for the sub-dimension of empirical, .73 for the
sub-dimension of inventive, .73 for the sub-dimension of theory-laden, .73 for the sub-dimension of certainty, and
.74 for the sub-dimension of socially and culturally embedded. Table 1 shows the sub-dimensions of the scale NOSI-E.

Table 1. The Sub-dimensions of NOSI-E.

Sub-dimensions Item no Reliability Values
Empirical 6 .78
Inventive 5 73
Theory-laden 6 73
Certainty 6 73
Socially & culturally embedded 5 74
Total 28 .84

Process

The desire to adapt the NOSI-E scale developed by Peoples (2012) into Turkish for secondary school students
was conveyed to the author via e-mail, and the permission required was obtained. The originally English scale was
then translated into Turkish by experts who were competent in Turkish and English languages and the other two
were experts in the field of NOS. By considering the points in common in both translations, the Turkish version
of the scale was formed. The Turkish version was translated back into English again by a language expert. Having
made the necessary corrections by experts in the field, the final shape was given to the Turkish version of the scale.
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The scale was then administered to a group of 30 secondary school students. After it was tested in terms of content
and comprehensibility, the final shape was given to the scale.

Data Analysis

Kaiser-Meyer-Olkin index and Bartlett’s Sphericity test were used in this research to determine the adequacy
of sampling and to find whether or not the data fitted the factor analysis. CFA was performed in order to determine
the construct validity of the scale. Cronbach alpha coefficient was calculated for reliability analysis. Field (2009)
points out that data can be factorised if KMO is .50 and above. Besides, Bartlett's Sphericity Test should also be
statistically significant for data to fit factor analysis. KMO and Bartlett’s Sphericity Test results are shown in Table 2.

Table2.  Theresults of KMO and Bartlett’s Sphericity Test.

Kaiser-Meyer-Olkin Measure of Sampling Adequacy Bartlett’s Test of Sphericity
178 Approx. Chi-Square df Sig.
1609.757 378 p<.0001

Results of Research

This part of the research contains findings on the validity and reliability analyses in relation to the NOSI-S
scale. The construct validity of the scale was tested by doing CFA analysis. Following the first CFA, the CER 2 item
“New theories in science should only be accepted when there is a lot of evidence to support them” - which was on the
sub-dimension of certainty- was removed from the scale (t=-.67). Having removed the CER 2 item from the scale,
the t values and error parameters were examined for the model, and it was found that there were no problems.
The fit indices obtained by removing the item from the scale are shown in Table 3.

Table 3. Model-Data Fit Values for the Data of NOSI-S.

Model-data fit indices (acceptable fit values)

N hali RMSEA SRMR CFl GFI AGFI NFI NNFI IFI
261 1.42 .04 058 95 .89 .86 85 .94 95

Accordingly, the indices of model fit for secondary school students satisfy the goodness of fit criterion. Com-
monly used fitindices are NNFl and CFI (>.90 indicates good fit), RMSEA (<.08 indicates acceptable fit), and another
value used frequently is the 2 statistics (it is desired that the x*/df ratio is below 3 (which was 1.42 here) (Hoe, 2008).
On examining the fitindices here, it may be said that the x*/df ratio is below 3 (which was 1.42 here) and that the
model fits the data perfectly. Besides, since the RMSEA value below .08 was acceptable, the value of .04 found in
this research also indicated that the model fitted the data (Schermelleh-Engel, Moosbrugger, & Miiller, 2003). In
addition to that, because the NNFl and CFI (>.90) had acceptable values, the scale was considered to have attained
construct validity. The standardised values for the scale items are shown in Figure 1 below.
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Figure 1:

VALIDITY AND RELIABILITY ANALYSES FOR THE NATURE OF SCIENCE INSTRUMENT

SECONDARY (NOSI-S)
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Confirmatory factor analysis standard coefficients for the NOSI-S scale.
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A close examination of Figure 1 makes it clear that the standard coefficients are significant. Table 4 shows the

error variances and a coefficients for the scale items.

Table 4. Thel, 8, tand a values obtained with CFA analysis.

Sub-dimensions Items no A 5 t a

CER1 A7 .78 6.78
CER3 .58 67 8.51

Certainty CER4 67 .56 9.94 .68
CER5 .52 73 7.57
CERG6 .56 .68 8.26
INV1 .64 .58 10.36
INV2 69 53 1.17

Inventive INV3 .59 65 9.39 175
INV4 69 .53 11.16
INV5 .60 64 9.46
SCE1 48 a7 6.81
SCE2 52 .73 7.56

Socially & culturally

SCE3 .68 .54 9.95 667

embedded
SCE4 .55 .70 791
SCE5 49 .76 7.09
EMP1 43 82 6.36
EMP2 42 83 6.20
EMP3 .55 .70 8.47

Empirical 674
EMP4 .38 .85 5.67
EMP5 69 52 11.05
EMP6 63 61 9.81
THLA1 .39 .85 5.64
THL2 M 83 5.86
THL3 A7 .78 6.81

Theory-laden 631

THL4 .50 75 7.36
THL5 .53 72 7.88
THL6 .60 64 8.97

Factor loads (M), error variances (6) and t values for each item can be seen in Table 4. Accordingly, it is clear that
the t values are significant and the factor loads range between .38 and .69. Because the factor load was measured
as -.05 and the t value was measured as -.67 for item CER 2, the item was removed from the scale. a coefficients,
which were the internal consistency coefficients, were also calculated for the scale reliability. It was found that the
reliability coefficients ranged between .631 and .775. Nunnally (1978) suggests as a general rule that reliability coef-
ficient is .70. Yet, O'Rourke, Hatcher and Stepanski (2005) point out that the values below .70 are usually sufficient
and even state that social scientists also report values below .60. It was also seen in the literature that reliability
coefficients in scales developed for NOS fell below .70 and that even the values fell to .34 (Chen, 2006; Hacieminoglu,
Yilmaz-Tiizlin, & Ertepinar, 2014; Liang et al. 2008; Tsai & Liu 2005). Considering those scales, it may be said that the
reliability index for the NOSI-S scale is at the acceptable level. a coefficient for the overall scale was found as o=
.814. Correlation coefficients were analysed to see whether or not the factors in the scale were independent of each
other and whether or not each factor measured a different construct. Table 5 shows the correlation coefficients.
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Table5.  Correlation Matrix of Independent Variables of NOSI-S.

CER INV SCE EMP THL
CER 1.00
31 1.00
INV (3.98)
16 19 1.00
SCE (t=1.88) (t=2.25)
36 41 48 1.00
EMP (1=4.53) (t5.72) (1=6.48)
- 43 43 38 7 1.00
(1=5.38) (1= 5.66) (t=4.51) (t=11.63)

Table 5 shows the correlations between five sub-dimensions in the scale as well as the t values. On examining
the values, it was found that the correlations between CER and SCE sub-dimensions were not significant (r=.16
t=1.88, p>.05). The correlations between the other sub-dimensions, however, were found to be positive and sig-
nificant. Moreover, on examining the correlations between sub-dimensions, the highest correlation was found
between THL and EMP sub-dimensions (r=.72).

Discussion

This research aimed to adapt NOSI-E scale developed by Peoples (2012) into Turkish for secondary school
students and to analyse the psychometric properties of the scale. Prior to data analysis, Kaiser-Meyer-Olkin (KMO)
and Bartlett’s Sphericity Test were performed so as to find whether the data fitted factor analysis. The fact that
KMO sample fit test result was bigger than .50 and that Barlett’s Sphericity Test was statistically significant (p<.001)
indicated that the data set fitted factor analysis. Having seen the fit for factor analysis, CFA was performed so as to
evaluate the construct validity of the scale. After the first CFA conducted for NOSI-S, the item CER 2 (t=-.67) on the
sub-dimension of certainty was removed from the scale. With the second CFA, the t values and error parameters
of the scale items were analysed and no problems were found. As it is clear from Table 3, the model fit indices for
secondary school students were regarded to satisfy the goodness of fit criterion. Having examined the fit indices,
due to the fact that the x*/df ratio was below 3 (1.42), that the RMSEA value was at the level of .04, and that the
NNFI and CFI (>.90) had acceptable values, it was regarded that construct validity was attained. Figure 1 made it
clear that standardised coefficients for the items were significant. Table 4 showed the factor loads (A), error vari-
ances (8) and t values for each item. Accordingly, the t values were significant and the factor loads ranged between
.38 and .69. a coefficients, which were the internal consistency coefficient calculated for the scale reliability, was
found to range between .631 and .775. The a coefficient for the overall scale was found as .814. Considering the
scale development studies (Chen, 2006; Hacieminoglu, Yilmaz-Tiziin, & Ertepinar, 2014; Liang et al. 2008; Tsai &
Liu 2005), it may be said that the reliability index for the NOSI-S scale is at the acceptable level. On examining the
correlation coefficients between the factors in the scale, it could be said that the factors were independent of each
other and that each factor measured a different construct.

Conclusion

In conclusion, scale adaptation is a process requiring special attention and care. Translating a scale into
another language and removal of some items in the scale require detailed observations, experience and having
good command of the subject of the scale as well as the culture into which the scale is adapted. In this context,
item analyses were done in details in the process of adapting the NOSI-S into Turkish. It is essential that a scale is
shown to be valid and reliable also for students who have grown up in a different culture and language other than
the original. This situation, in a sense, is also the indicator of the fact that the scale is universal and that its items
work very well at different levels of education.
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