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The aim of this study was to validate an instrument implemented by
Honer et al. (2010) called “Working Like Scientists”, which was designed
according to German culture. The translation of the items from German to
Turkish and back to German again was performed by Turkish and
German working groups in an iterative process, eliminating
incomprehensibilities and misfits of specific words. In a first step, the
Turkish and German questionnaires were completed in a week by a total
of 44 Turkish prospective teachers. So in this way, the data of statistical
evidence of equivalence in both languages were collected (r=0. 74; p=0.
00). To establish the factorial construct for the Turkish instrument, the
data set obtained from 304 Turkish prospective teachers was analysed by
the CFA wusing a Lisrel 8.8 program. To prove the evidence of
discriminant and convergent validity of the established model of the
study, AVE (average variance extracted) values and the square roots of
AVE value were calculated. In addition, the scale’s prediction status of
epistemological beliefs as a higher construct was examined by the second
order CFA. Furthermore, the evidence for the scale’s reliability was
examined by item total correlations (> .30); internal consistency
(Cronbach’s Alpha: between 0.694 and 0.805), and construct reliability
(McDonald’s Omega: between 0.694 and 0.806), and later the suitable
values for both sub-dimensions and the whole scale.

Introduction

Conceptual framework: a historical aspect for relevant concepts

Knowledge, one of the basic subjects of philosophy, has been often researched by
natural scientists for the last two decades. Therefore, in science education, we have frequently
dealt with epistemology with respect to the nature of knowledge, the source of knowledge and
acquiring knowledge. Epistemology consists of three basic areas investigating the limits, the
source and the features of human knowledge (Welch, Roy, & Ray, 2012). Schraw (2013),
who points out the difference between ontology (which studies reality and being) and
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epistemology, says that epistemology deals with theory of knowledge and rationality, and he
extends the definition of epistemology with the methods and justification of human
knowledge. On the other hand, the papers which focus on a limited part of epistemology
covering a large body of content use the term epistemological beliefs (Schraw, 2013;
DeBacker, Crowson, Beesley, Thoma, & Hestevold, 2008). Schraw (2013) explains the terms
epistemological worldview and personal epistemology, or epistemological stances, which is a
synonym of the former in literature. An epistemological worldview is defined as a set of
beliefs or theories of knowledge about acquiring and applying information. Neumann and
Kremer (2013) renamed these terms as “developmental psychological approaches”. Apart
from these, cognitive psychological approaches are studied. According to the classification
suggested by Hofer and Pintrich (1997), epistemological beliefs consist of the “nature of
knowledge” and the “nature of knowing”. These areas, which are considered the core of
epistemological beliefs, are again divided into two dimensions based on empirical studies:
nature of knowledge (certainty of knowledge) and simplicity of knowledge. Nature of
knowing consists of two dimensions as “source of knowledge” and “justification of knowing”
(Neumann & Kremer, 2013). It is known that the debate by Neumann and Kremer (2013) as
to whether epistemological beliefs should be considered solely in the domain or
independently, free from the domain, has introduced the nature of science approach strongly
based on the philosophy of science. The studies in the philosophy of science trying to
understand science have helped to discover various approaches. These approaches are the
studies of the historical development of science and looking into science in terms of rationale
and philosophy. When science is considered in terms of rationale and philosophy, science
turns out to be both a result and a process (Yildirim, 2007, pp. 11). According to Yildirim
(2007), when science is looked at as a result, it is thought of as a systematic set of knowledge,
but when it is looked at as a process, it is considered to be an actual intellectual pattern.
Science, philosophy and history all discuss the process of producing scientific knowledge in
terms of different factors such as methods, values, assumptions, and conceptual inventions.
These scientific methods to construct scientific knowledge have been studied throughout the
history of science by prominent scientists. Meanwhile, from all these conceptual discussions,
two philosophical views called empiricism and rationalism have emerged. This conceptual
approach is considered to have produced the term, scientific epistemological beliefs, which is
called learners philosophical views of science by Tsai (2000). Therefore, learning under the
effect of a constructivist approach as a new paradigm in psychology and philosophy and
constructing this knowledge in both science and learners are considered to be similar
processes. Lederman (1992) states that the nature of science can be defined in many ways, but
most of the time it is defined as the development of valuable scientific knowledge. After all,
these conceptual processes are related to teaching science at schools in their developing
curricula. Lederman (1992) points out that the desired outcome of teaching science is to try to
help understand science as an efficient way of knowing. In this respect the National Research
Council (NRC, 1996) refers to the concept of scientific literacy by methods of scientific
research and the knowledge of scientific concepts. “Scientific inquiry” and the “nature of
science” are the core elements of scientific literacy (Schwartz, Lederman, & Crawford, 2004).
Also, scientific inquiry is defined as a method and activities of producing scientific
knowledge such as observations, determining the problem, investigating the sources (books,
journals, etc.), raising hypothesis, planning and conducting the experiments, finding out
answers, estimating, and explaining. According to Bybee, (2000), scientific inquiry in the
context of science education is made up of three elements: skills, knowledge and pedagogical
approaches for teaching.
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Available measurement tools: an overview

The so-called conceptual process has helped to produce a wide range of literature that

consists of various measurement approaches to acquire all these features mentioned above.
There are six different strategies of measurement used by Schraw (2013). Of these, the most
used are scales, interviews, questionnaires and concept maps. Essential data collection tools
to determine individuals’ epistemological beliefs and views of the nature of science are shown
in Table 1.
Of these scales, EQ, developed by Schommer (1990), EBQ, by Hofer (2001), and EBI, by
Schraw, Bendixen and Dunkle (2002) are all scales developed in similar theoretical
frameworks and item pools. EQ (Schommer, 1990), developed as a precursor, consists of 63
items and five dimensions shown in the table. A modified version of EQ, EBI (Schraw,
Bendixen & Dunkle, 2002) consists of 32 items and 4 dimensions. As an alternative to these
scales, EBQ (Hofer, 2001) suggests a pattern of 4 factors with two subsumed terms. These
scales are compared in a number of studies in terms of their psychometric features, and tried
to be reconstructed (Welch et al., 2012; Ordonez, Ponsoda, Abad, & Romero, 2008).
Although these scales consist of elements developed on a basis of a strong theoretical
framework, in the studies on psychometric analysis of them those with similar frames, such as
Epistemological Beliefs Survey (EBS; Wood & Kardash, 2002) and Connotative Aspects of
Epistemological Beliefs (CAEB: Stahl and Bromme, 2007), with low reliability, low
explained variances and some problems in the factorial constructs are stated (Schraw, 2013;
DeBacker et al., 2008). The scales consist of different number of factors with some ambiguity
in the factorial constructs, which is a subject of discussion. Another problem is that the same
factor constructs are not obtained when the same scales are applied to different samplings.
History of science and scientific procedures which have become more important as a result of
considering epistemological beliefs in the framework of science philosophy have made the
epistemological views of science a subject to be studied.

Table 1. Overview of selected instruments of epistemological beliefs and of nature of science,
their developers, and dimensions

Instrument Developers Dimensions/Structure
Views of Science-Technology- Aikenhead, 114 Items multiple — choice
Society (VOSTS) Ryan and Fleming (1989) questions

Epistemological Questionnaire Schommer (1990) Certainty of knowledge
(EQ) Source of knowledge

Structure of knowledge
Control of knowledge acquisition
Speed of knowledge acquisition

Views on Science-Technology- Aikenhead and Ryan (1992) Multiple — choice questions
Society" (VOSTS)

Scientific Epistemological Pomeroy (1993) Bipolar Structure:

Beliefs (SEB) Traditional view of science
(empiricist view)
Non-traditional view of science
(constructivist views)

Epistemological Beliefs Hofer (2001) Certainty of Knowledge
Questionary (EBQ) Simplicity of Knowledge
Source of Knowledge
Justification of Knowledge
Epistemological Beliefs Schraw, Bendixen and Dunkle  Certain Knowledge
Inventory (EBI) (2002) Innate Ability
Quick Learning
Simple Knowledge
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Omniscient Authority

Views on Nature of Science Lederman, Abd-El-Khalick, 10 Open - ended questions and
Questionnaire, Form C (VNOS- Bell, & Schwartz (2002) interviews

C)

Views of scientific inquiry Schwartz, Lederman, & Open — ended question
(VOSI) Lederman (2008)

These epistemological views of science involve the nature of science and the nature of
scientific inquiry (Schwartz, Lederman, & Lederman, 2008). SEB (Pomeroy, 1993), which
was developed in this respect, is a data collection tool of 17 items and of a 5-point Likert type
with one dimension. It is stated that this scale is bipolar, which means that it reveals whether
students’ views of science philosophy are closer to the empirical view (called traditional) or to
the constructivist view (called non-traditional), according to the points they gathered from
their agreement with the items. VOSTS (Aikenhead, Ryan, & Fleming, 1989), VNOS-C
(Lederman et al., 2002), and VOSI (Schwartz, Lederman, & Lederman, 2008) are the data
collection tools which are not of a Likert type, and which consist of open items. Aikenhead
and Ryan (1992) state that the ambiguity in the Likert-type scales is a factor that weakens the
validity of the tests. Instead, they say, the studies carried out with open-ended questions and
semi-structured interviews can reflect the understanding of the learners in a better way. These
three so-called tools of measurement were developed by constructing their theoretical frame
(NOS Aspect; Characteristics of VOSTS, etc.) with open-ended or multiple-choice questions.

This study, whose aim is not to suggest a new approach of measurement or a new scale,
addresses developing a data collection tool that will be used in a project to be carried out in
Turkey and Germany. The original version of this scale used in this study was applied to
prospective teachers in Germany by Honer, Strahl, Miiller, Eghtessad, Pietzner, Loo0,
Klingenberg and Gldser (2010). This study of adapting this scale, aiming to measure
prospective teachers’ epistemological stances on science, seems to be significant regarding
the discussions about the measurement of the nature of science and the nature of scientific
research based on epistemological beliefs discussed in the literature.

Method

Participants

Data were collected from a total of 348 prospective teachers to test the construct
validity of the scale. The participants in the first stage consisted of 44 (24 female, 20 male)
prospective teachers who attended the department of German Education Program at Hacettepe
University, Ankara, and all of the participants were in their fourth semester. This stage was
performed through a correlation study to confirm the accordance of Turkish and German
items for language equivalency.

The participants in the second stage were group of 304 (54% female, 46% male) Turkish
prospective teachers in the department of Primary Education in Erzincan University. The
majority of the participants (42.4%) were in their first semester, 10.2% in their third semester,
27.6% in their fifth semester and 19.4% in their seventh semester. The academic average
score of samples was 2.80, and their ages were between 18 and 25 years. In this stage the
confirmation factorial construct and reliability of the scale were examined.
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Instrument

The original scale, “Working Like Scientists” (WLS), consisted of 13 items that are of
a 5-point Likert type, and the item response categories of scale were ordered from "totally
agree" to "strongly disagree". The scale, first developed by Gromadecki and Mikelskis-Seifert
(2006) for sixth-grade students, was applied to German prospective teachers by Honer, Strahl,
Miiller, Eghtessad, Pietzner, Loof3, Klingenberg and Gléser (2010). The research was carried
out with exploratory factor analysis (principal component analysis and varimax rotation) to
test the construct validity of the WLS scale. According to the results of this analysis,
constructs with four factors were formed and named as uniqueness of knowledge (UK),
importance of experiments (IE), durability of knowledge (DK) and procedure for acquisition
of knowledge (PAK). The internal consistency of the scale whose factor loads range from
0.410 to 0.740 was calculated as 0.57 by using Cronbach’s Alpha.

Procedure: Scale construction

The scale construction was conducted in three phases: scale translation, language
identification (with statistical application), and adaptation.

Firstly, the items of the WLS scale were translated into Turkish within the research
team. In this process two bilingual translators were involved. Another subject-matter expert
revised this translation on the basis of the technical terms and their comprehensibility and
consistency. In this context, all of the items were translated into Turkish. Some of these items
were formed as alternate items in Turkish to express clearly in compliance with Turkish
language. Thereafter, the entire list of items was translated back into German, and it was sent
to working group at the Technical University of Braunschweig in Germany. At this level, the
German working group compared the items gained from back translation with the ones in the
original scale. Thus, the conceptual situation and the clarity of the items were especially
maintained. In this way, two identical forms were obtained: Working Like Scientists, Turkish
language (WLS-TR) and Working Like Scientists, German language (WLS- DE).

Data analyses

In the process of the development of a scale regarding a certain theoretical framework,
confirmatory factor analysis was performed to show the accordance of measurement models
and data models (Watkins, 1989). In order to confirm the factor structure determined through
EFA, CFA was performed in the second sample, and so the factor structure of the scale was
tested. In this phase of adaptation, the correlation of data and sampling were tested for the
data collected from Turkish samples by CFA. The convergent and discriminant validities of
the scale obtained were analysed by calculating AVE values and their square roots (Fornell &
Larcker, 1981). Construct reliability (McDonald’s Omega), which fitted the data set for
congeneric measurements and which was calculated with the standard path coefficients of
items and error terms, and Cronbach’s Alpha coefficients to represent internal consistency
were calculated (Nunnally & Bernstein, 1994). The goodness of fit of the theoretical model
structure to the empirical data was assessed by various fit indices. It was recommended to
attest some of these indices for the model fit and thus make a decision (Steiger, 1990). In this
study Chi Square / df; RMSEA; NNFI; NFI; CFl; GFI were the values used for the model fit
indices. Furthermore, at the beginning, the cohesion between the Turkish and German
language scales were tested using the Pearson correlation.
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Results
Adaptation

Determination of measurement models

The 4-factor structure was obtained with EFA, which was tested through CFA. Three
different models were formed for this. Of these models, the first one was the single factor
model, assuming that 13 items had one factor; the second one was the uncorrelated model
based on the assumption that the 4 factors formed through EFA results were separate
structures, and the third one was the correlated model based on the assumption that the items
formed a 4-factor structure. The connection diagram for these three models was analysed on
the Lisrel 8.8 programme. It is clear that the goodness of fit indices is not at acceptable levels
for one-factor model and uncorrelated model, whereas the indices are acceptable for the
correlated model [(x2 (62, N =304) = 158.66 p <.000, ¥2 / df=2.56, RMSEA = 0.077, GFI =
0.92, CFIl = 0.98, NNFI = 0.98, NFI = 0.97]. Therefore, the four-factor structure of the scale
was accepted and the modifications to the model were checked afterwards. Accordingly, m9
and m2 items yield high correlations with other factors and with error variances. The model
data fit indices found with these models are shown in Table 2.

Table 2. CFA Fit indices for the models

Fitindices Perfect fit Acceptable fit One-factor Uncorrelated Correlated
model model model

y2/df y2/df <3 3<y2/df <5 3,14 16,69 2,19

RMSEA 0<RMSEA<,05 ,05<RMSEA<,08 0,084 0,228 0,063

NNFI 0,97<NNFI<1 0,95<NNFI<0,97 0,97 0,78 0,98

NFI 0,97<NFI<1 0,95<NFI1<0,97 0,97 0,81 0,98

CFI 0,97<CFI<1 0,95<CFI<0,97 0,98 0,82 0,99

GFlI 0,95<GFI<1 0,90<GFI1<0,95 0,91 0,64 0,94

As a result of repeating the analyses after correlating the error terms of those items, it was
found that the fit indices were improved and that they reached acceptable or perfect fit levels
adapting [(¥2 (58, N =304) = 126.71 p < .000, 2 / df=2.19, RMSEA = 0.063, GFI = 0.94,
CFI = 0.99, NNFI = 0.98, NFI = 0.98]. The connection diagram prepared as a result of the
analyses is shown in Figure 1 along with standard coefficients.

Figure 1. First order CFA connection diagram
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Examining the correlations between factors, it was found that the lowest level of relation was
between the importance of experiments (IE) and the durability of knowledge (DK; 0.55), and
that the highest relation was between the unigueness of knowledge (UK) and procedure for
the acquisition of knowledge (PAK; 0.80). In Table 4, it can be seen that the standardized
path coefficient or factor loadings are between 0.48 and 0.84. Thus, the adapted four factorial
models were confirmed.

Validity

According to the definition of the validity, the validity between the item level and the
level of the overall test connections with one or the other constructs was examined. Therefore,
the detection of convergent and discriminant validity should be required as essential
indicators of the presence of construct validity in the causal-analytical validity. Convergent
validity means that valid measurement with different factors is highly correlated with each
other. In contrast, the goal of discriminant validity is to ensure that the measurements of a
factor do not correlate so much with the measurements of another factor. AVE is proposed for
an empirical confirmation of convergence as criteria. The confirmation of the discriminant
validity occurs through the assessment of the correlation between the factors if the square
roots of AVE are greater than the correlation of the two factors. Consequently, the AVE
values and the square roots of the AVE values were calculated. The findings are shown in
Table 3. The square roots of the AVE values are bigger than the values of correlations with
other dimensions. This situation is thought to give evidence for discriminant validity. On the
other hand, it is clear that the average variances explained (AVE) for latent variables as
evidence for convergent validity are bigger than 0.50. This is considered to be evidence for
convergent validity.

Table 3. Descriptive Statistics for sub-dimensions, correlations between dimensions, and
square roots of AVE

Std

IE DK UK PAK Mean Deviafion AVE
IE 0,77* 11,22 3,31 0,58
DK 0,552 0,76* 11,27 3,69 0,63
UK 0,664 0,739 0,80* 15,26 4,16 0,60
PAK 0,730 0,705 0,798 0,87* 11,85 3,57 0,76

*:Square roots of AVE values

To demonstrate that the four sub-dimensions revealed through confirmatory factor
analysis represent the epistemological beliefs which were announced in the original form of
the scale, the structural relations of the four dimensions with upper order variables were tested
with the second order confirmatory factor analysis. For these purposes, the second order epis
latent variable was added to the connection diagram, and thus analyses were done. As a result
of the analyses, it was found that the fit indices were improved and that they reached
acceptable or perfect fit levels adapting [(}2 (58, N=304) = 160.98 p< 0.000, y2/df = 2,93,
RMSEA = 0.080, GFI = 0.92, CFI = 0.97, NNFI = 0.96, NFI = 0.96]. On examining the
factor loads between the first order latent variables and the epistemological beliefs, it was
found that the uniqueness of knowledge (UK) (B = 0.98, t = 2.69, p < 0.05), the importance of
experiments (IE) (B = 0.90, t = 4.83, p < 0.05) were the strongest components. Durability of
knowledge (DK) (B = 0.86, t = 6.50, p < 0.05) and procedure for acquisition of knowledge
(PAK) (B =0.71, t=15.57, p < 0.05) were, on the other hand, lower, yet strong components.
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These components, which are described as scientific epistemological beliefs, were also
statistically verified in this sample.

Reliability
For the full scale, Cronbach’s Alpha 0.918 and McDonald’s Omega 0.920 were
calculated. The value for the factors was described in Table 4.

Table 4. Reliability for the factors, and descriptive statistics of the items

Factor Std. Item total McDonalds Cronbach’s
Factors Items Averages Loads deviations correlations Omega Alpha
m3 3,89 0,79 1,44 0,700
IE m4 3,72 0,71 1,43 0,630 0,705 0,694
m10 3,6 0,48 1,33 0,410
m5 4,00 0,83 1,48 0,762
DK m9 3,64 0,68 1,62 0,624 0,737 0,758
m11 3,64 0,56 1,4 0,587
m2 3,75 0,60 1,42 0,527
m6 3,97 0,77 1,38 0,729
0 m8 3,62 0,60 1,22 0,549 0.7 0779
m12 3,92 0,81 1,34 0,760
m1l 3,93 0,70 1,32 0,664
PAK m7 4,08 0,84 1,43 0,810 0,805 0,806
m13 3,83 0,74 1,45 0,715

As indicated in Table 4, the item total correlations of the items on the scale are greater than
0.30, and vary between 0.361 and 0.685. The factors on the scale indicate the values between
0.694 and 0.806 for Cronbach's Alfa. The Cronbach’s Alpha values and McDonald’s Omega
values are very close to each other, and also all values are above 0.70.

Discussion and Conclusions

In the studies of the scale adaptation, firstly the criteria of scale adaptation proposed
by Hambelton and Patsula (1999) were tried to establish the scale developed in Germany. It
should be suitable for the sociocultural structure of Turkey. The questionnaires developed in
this way were administered to 44 Turkish students, and the correlation findings obtained
(0.74; p<0.05) were at very good levels. Then, whether the findings of validity and reliability
of the original scale’s 4-factor construct were established in the Turkish version was
investigated. In this respect, the goodness of fit indices for correlated, uncorrelated and one-
dimensional models are at the higher acceptable level of the correlated model. Also, it was
recorded that to test the convergence and discriminant validity of the scale, the variance and
square root values analysed for the dimensions are the same level as indicated in the literature.
In addition, the reliability data of the scale (Cronbach’s alpha: 0.918; McDonald’s omega:
0.920) are as high as expected. Finally, the second order CFA indicates that these developed
factors can predict a significantly higher level.

The statistical findings obtained when adapting the scale provide evidence that the scale is
valid and reliable, and that it can be administered in both cultures. The factorial construct of
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the original scale, which was confirmed after the adaptation, consists of uniqueness of
knowledge (UK), importance of experiments (IE), durability of knowledge (DK) and
procedure for acquisition of scientific knowledge (PAK). Also, it is indicated that the UK and
DK dimensions reflect “science and certainty” in the literature. By the same token, BE
reflects “methods and hypothesis” while PAK reflects “hypothesis and production” (Honer et
al., 2010). Apart from this, the comparison of the scale’s dimensions and items with the ones
in the literature is summarized in Table 5. There is consistency between VNOS — C, which
was developed on the grounds of NOS aspect, and VOSI measurement tools and scale
dimensions and item statements developed with SEB. These tools of measurement contain
more items or provide more data related to more dimensions with NOS aspect, but also it can
be said that the adapted scale contains less about NOS.

Table 5. Comparison of the scale’s dimensions and items with the statements of other data
collection tools

Factors Items* SEB VNOS -C VOSI
Importance of  4.Results of 30. Science is (2) What is an What do you think a
experiments experiments are based on experiment? scientific experiment is?
(BE) used to check experiments which  (3) Does the

predictions. any other development of What types of activities do

competent scientist  scientific scientists do to learn about
in the field should knowledge require  the natural world? Discuss
be able to repeatat  experiments? how scientists do their
will. work.

Durability of 9.Scientific 13. Insofar as a (4) After scientist

knowledge knowledge will not  theory cannot be have developed a

(BW) change in the tested by scientific theory,

Uniqueness of
knowledge
(EW)

Procedure for
acquisition of
knowledge
(VW)

future.

11.The results of
experiments are
always true.

10. Scientists often
have different
hypotheses about a
science subject.

12. Scientists can
draw different
conclusions about
the same problem.
7. Before the
experiment, it must
be thought of how
it will be done.
13.If the hypothesis
and the experiment
results do not
match, the
hypothesis is
changed and itis
confirmed by a new
experiment.

experience, it ought
to be revised so
that its predictions
are restricted to
observable
phenomena.

04. The acquisition
of new knowledge
moves from
observation to
hypothesis to
testing to
generalizing
theory.

does the theory
ever change?

(8).... How are
different
conclusion possible
if scientist in both
groups have access
to and use the same
set of data to draw
conclusions?

(10) ... Do
scientists use their
creativity and
imagination during
their
investigations?

If several scientists,
working independently,
ask the same question and
follow the same
procedures to collect data,
will they necessarily come
to the same conclusions?
Explain why or why not.
And (b), (c)

The “scientific method” is
often described as
involving the steps of
making a hypothesis,
identifying variables,
designing an experiment,
collecting data, reporting
results. Do you agree that
to do good science,
scientists must follow the
scientific method?

* They were translated into English without any statistical procedure.

The data collection tool, SEB (Pomeroy, 1993), and the Turkish
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(Deryakulu & Bikmaz, 2003) share a number of similar items. These comparisons indicate
that the original scale and its adapted version in Turkish can measure the construct related.
When the relations among the four dimensions are considered, this measurement tool can
measure students’ views about the nature of science and the nature of scientific inquiry. In
this study, which was carried out with prospective teachers from two different cultures, a tool
of measurement was developed whose factorial construct and reliability criteria are
convenient. Also, this study helped provide a 4-dimensional measurement tool that is valid
and reliable. Moreover, it is a valid and reliable tool of measurement because this scale
consists of sub-dimensions that can provide scores between 1-5 for each item and also for the
scale as a whole to provide a total score. Another important feature of this scale is that it can
measure prospective teachers’ epistemological views on the nature of science. Ultimately, the
total score obtained through this method indicates how much closer the participants are to the
empirical scientific methods.
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