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ABSTRACT

Although all kinds of knowledge is valuable, some non-scientific knowledge can cause confusion on students’
minds. Science-pseudoscience distinction should be taught in all levels of education to protect especially young
age students from this confusion. It is hard to change gained beliefs so giving importance to demarcation from
elementary to university levels needs to be the noticed. In this study it is aimed to develop a scale for science-
pseudoscience distinction for elementary school students. For this purpose data was collected from 717 students
who were attending Sth, 6th, 7th and 8th grades. 20 items scale was created by structural equation modeling.
Lisrel 8.7 programme was used for analyze. The observed fit indexes were y 2 /sd 3.21, RMSEA 0.056, RMR
0.0077, SRMR 0.048, GFI 0.93, AGFI 0.9, CFI 0.95, NNFI 0.94. All values were found acceptable according
to literature. KR-20 internal consistency coefficient for the test was calculated and found as .836. Therefore
according to findings, the scale which was named as “Widely Accepted Opinions Scale” and was developed by
this study is a valid and reliable data collection tool for elementary school students.
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INTRODUCTION

One of the main goals of science education is to have scientifically literate society. Scientific literacy has been
defined over a five decades in literature. One of the definitions of the scientific literacy is to have an ability to
distinguish science from non-science which is called problem of demarcation and understanding its limitations
(Lii, Hand & Prain, 2002). However, Today’s society is increasingly exposed to pseudoscientific and paranormal
claims. To achieve scientific literacy, teachers should aware of these New Age beliefs (Hobson, 2008).

The majority of individuals viewed science as leading certain truth, objectivity, and includes step by step process
doing research. Many students have difficulty understanding of scientific knowledge is tentative, product of
human creativity, construct subjectively and socio-culturally. Researchers argued the role of teachers and effects
of instruction on students' views of science and non-science (Cobern & Loving, 2002).

Educators aimed to teach not only scientific facts, theories and laws to individuals but also they need to teach
value of scientific knowledge, power, validity and limitations of science (Turgut et al., 2010). The nature of
science is a dynamic structure, brings ongoing development and change together. The perceptions about science
can be differentiated in this process. Scientists don’t use a single method in scientific studies because scientific
problem solving ways have differences based on the problem (Cetinkaya et al., 2013). A scientific problem
solving way has many characteristics like as being logical, has to be based on accurate and reliable observation
and experiment.

Lederman and Zeidler (1987) explained nature of science as values and assumptions inherent to the development
of scientific knowledge. Questions concerning the nature of science include such as what science is and what
distinguishes it from ‘pseudoscience'? What is the scientific method? If there is any, how scientific claim can
ensure the objectivity of scientific results? How does science explain our observations and experiences? These
questions concerning the nature of science need to be discussing in science classrooms for helping students to
distinguish science from pseudoscience (Sonmez, 2008).
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The disciplines of science which doesn’t meet these features together are called pseudoscience. Teaching nature
of science is important for solving this distinction (Turgut et al., 2010). Pseudosciences do not value debate and
criticism and rarely show intellectual development and genuine progress (Beyerstein, 1995). Students need to be
provided with opportunities to apply the scientific method (or hypothetic deductive approach) during science
classes. In this process they will likely be asked to suggest one or more hypotheses (i.e., proposed explanations)
for an observed phenomenon and test it or them (Eastwell, 2011). It is conscious forward would be possible the
recognition of pseudoscientific claims, the separation of wrong and right, to ensure the correct knowledge a more
active role in life and to evaluate different knowing forms in their own contexts (Turgut, 2009). Open and
reflective discussions are effective on students’ awareness (Lederman, 2007). If this distinction is being reached
in young ages, students can be grown as individuals who make the separation between science and
pseudoscience.

Even after acquiring a conclusion in the face of evidence, people tend to hold on beliefs that they believe (Wynn
& Wiggins, 2002). Therefore it is needed to define the distinction between science and pseudoscience to prevent
their superstitions get ahead of scientific truths. This distinction issue has been a debated case for scientists and
philosophers. Especially in the early 20™ century, the philosophy schools that were founded in several countries
aimed to put a line between science and pseudoscience (Cetinkaya et al., 2013). This issue can be called as
demarcation and there is not a clear distinction. Also this distinction was determined by different ways by
scientists. For example Feyerabend discussed that all kinds of knowledge is valuable and necessary for scientific
development (Feyerabend, 1999; Wynn & Wiggins, 2002).

When the studies about science-pseudoscience distinction scale are examined, there is a study found about scale
adaptation on university level. The study was carried out by Cetinkaya et al. (2013) and it was seen that the
adapted scale from Oothoudt (2008) was included three subscales as “science as a process of inquiry”, “belief in
pseudoscientific beliefs” and “applying the parameters of science to pseudoscience”. In another study, Cetinkaya
(2012) was designed science-pseudoscience distinction scale for middle school students. This scale was designed
entirely by the context. It is quite necessary to give attention to science-pseudoscience distinction in elementary
school level for protecting students from non scientific beliefs. Therefore, there is a need for a valid and reliable
data collection tool for elementary school students on science-pseudoscience demarcation.

METHOD

This study was designed as a scale development work in order to determine whether the students can make the
separation of science-pseudoscience and to establish a valid and reliable data collection tool. The study was
conducted with 717 elementary school students who are attending 5th, 6th, 7th and 8th grades. According to
Kline (2010), for structural equation modeling analysis it is needed 10 times more sample size of variable
amount join to research. Therefore it can be seen that the study’s sample size is convenient for the analysis.

A 52-question survey was created for getting the students’ opinions on science and scientific studies. There were
two choices; “Yes, I believe” and “No, I don’t believe”. The scoring was 1 for “Yes, I believe” answer and 2 for
“No, I don’t believe”. Confirmatory factor analysis (analyzed by LISREL 8,7 programme) and Kuder
Richardson-20 formula was used for data analysis and validity and reliability (Ada et al., 2012).

To develop a reliable and valid instrument five steps were used. These were doing national and international
literature review on the subject, developing an item pool based on literature search and the data were collected
from 250 elementary students’ answers to open-ended questions about the subject, asking expert opinion about
the items for content validity and refinement of items after expert opinions, pilot study and refinement of items
after pilot study and finally statistically analysis for final version of the instrument.

After doing literature review, the items in the instrument were generated by using W.W. Cobern (2000)’s “The
Thinking About Science Survey Instrument (TSSI)”, and P.F.W. Preece and J. H. Baxter (2000)’s paper called
“Skepticism and gullibility: the superstitious and pseudo-scientific beliefs of secondary school students”. In
addition 250 elementary students were asked to answer open-ended questions about science-pseudoscience
distinction.

The goodness-of-fit tests about data-model correlation can be handled at the same time as a valid indicator of the
model parameters (Askar & Yurdugiil, 2009). The most common statistics that are using for model-data fit
calculation by taking advantage of the confirmatory factor analysis are the chi-square (¥2), %2 / sd and RMSEA.
In this study first of all, it was analyzed by chi-square ratio between the degrees of freedom. This rate is expected
to be up to 3-4. Being smaller than 5 of calculated ¥2 / df ratio and RMSEA’s decrease value from 0.055 indicate
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model-data compliance (Joreskog & Sorbom, 1993). The other criteria are RMSEA (Root Mean Square of
Approximation), GFI (Goodness of fit index), AGFI (Adjusted goodness of fit), CFI (Comparative fit index), IFI
(Incremental fit index) and standardized RMR (SRMR/ The square root of the average standardized error). It is
acceptable that RMSEA and SMRS should be below than 0.08 or even below 0.05 are considered more as a good
compatibility index. It is expected that CFI, GFI and AGFI values are > 0.90 (Simsek, 2007). Also Siimer (2000)
points out GFI and AGFI from the absolute fit index value 0.95 and higher mean very good fit, between 0,90-
0,95 mean the satisfactory compliance. Similar, when the incremental fit indexes CFI and NNFT are 0.95, it is a
very good fit, and when they are between 0.90-0.95, it is acceptable fit (Olpak & Kili¢ Cakmak, 2009).

FINDINGS
Validity

First, 52 questions had been created for scale development process. Survey questions were decreased from
52 to 46 by expert opinions. After the pilot study, it was decided to use 31of these questions. By the way
overall the questions were mostly turned to “opinions which are widely accepted” more than science-
pseudoscience distinction. More total grade that students get from the scale means the student have less
superstition; less grade means more superstition. The items which were created according “Widely Accepted
Opinions Scale” were assumed in one factor and confirmatory factor analysis was started depending on one
factor (Kline, 2010; Sahin & Gizir, 2013). First, all 31 questions were analyzed and the fit indexes are shown
in Table 1.

Table 1: The Fit Indexes of 31 questions after eliminating from 46 questions

Fitindexes x2/sd RMSEA RMR SRMR GFI AGFI CFI NNFI
Observed 3.69 0.061 0.011 0.058 0.87 0.86 0.90 0.89
Limit <5 <0.08 <0.10 <0.10 >0.85 >0.80 >0.80 >0.80

After getting the fit indexes, standardized Lambda (L), t and R* values were investigated. According to
confirmatory factor analysis results, for item elimination factor load values (lambda) were searched by 0.30 and
upper values. The standardized values were examined previously in the diagram. Simsek (2007) emphasize that
for t value there shouldn’t be any red arrows because red arrow means the item is not statistical meaningful on
0.05 level. High multi-frame correlation (R?) which can be used as the validity index is also need to have value
>.30. These items were priorly preferred according to Kline (2010).

Table 2: Standardized Lambda (1), t and R* Values

First Lambd | t R’ First Lambda | t R’
Items a Items

1 0.29 7.45 0.91 32 0.45 11.77 0.80
2 0.30 7.58 091 33 0.59 16.26 0.65
15 0.08 191 0.99 34 0.41 10.67 0.83
16 0.01 0.26 1.00 35 0.49 13.00 0.76
20 0.26 6.58 0.93 36 0.29 7.26 0.92
21 0.22 5.61 0.95 37 0.44 11.52 0.81
22 0.32 8.17 0.90 38 0.40 10.37 0.84
23 0.16 4.09 0.97 39 0.53 14.21 0.72
24 0.39 10.21 0.85 40 0.49 12.98 0.76
25 0.27 6.88 0.93 41 0.10 10.28 0.84
26 0.31 7.94 0.90 42 0.47 12.43 0.78
27 0.22 5.58 0.95 43 0.57 15.45 0.68
28 0.33 8.32 0.89 44 0.52 14.08 0.73
29 0.55 14.94 0.70 45 0.46 12.26 0.78
30 0.51 13.65 0.74 46 0.52 7.78 091
31 0.49 12.90 0.76
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As seen from Table 2; the items 1, 2, 15, 16, 20, 21, 23, 25, 27, 36 and 41 from 31 questions were removed
because of low factor load values. Also, 15™ and 16™ items were removed because of not being statistically
meaningful (red arrows) on 0.05 level. By the way 11 questions were eliminated and 20 questions were analyzed
again. The new questions’ fit indexes can be seen from Table 3.

Table 3: The Fit Indexes of the last 20 questions

Fitindexes x2/sd RMSEA RMR SRMR GFI AGFI CFI NNFI
Observed 3.21 0.056 0.0077 0.048 0.93 0.91 0.95 0.94
Limit <5 <0.08 <0.10 <0.10 >0.85 >0.80 >0.80 >0.80

As seen from Table 3, the new model’s fit indexes according to structural equation modeling were y 2/sd 3.21,
RMSEA 0.056, RMR 0.0077, SRMR 0.048, GFI 0.93, AGFI 0.9, CFI 0.95, NNFI 0.94. It can be said that one
factor depending scale model’s fit indexes are acceptable. The 20 questions model’s path diagram can be seen
from Figure 1.
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Figure 1: Path Diagram of the Model
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Reliability

In this study, because of working with a nominal scale (there were two choices for the answer of the questions),
the KR-20 internal consistency coefficient for the test was calculated. Reliability factor was found as .836. This
finding shows that the scale is a reliable measurement tool for elementary school students.

CONCLUSIONS

In this study according to findings, a “Widely Accepted Opinions Scale” was developed. The scale has one
factor and 20 questions that aimed to figure out elementary school students’ superstitions. The amount of
questions was decreased by expert opinions and pilot study. There are two answers of the questions. The
students get 1 point for “Yes, I believe” answer and 2 point for “No, I don’t believe” answer. The lower grade is
20; the highest grade is 40 that can be taken from the scale. There are no reverse items. The lower score means
student has high superstitions, the higher score means student has low superstitions. These scores also can give
an idea about students’ science- pseudoscience distinctions. Having superstitions can be correlated with
demarcation. Students may not make science- pseudoscience distinction if they get lower grade from the scale
because of having more superstitions. The scale was analyzed by confirmatory factor analysis and the model
showed acceptable fit indexes. The indexes are y 2/sd 3.21, RMSEA 0.056, RMR 0.0077, SRMR 0.048, GFI
0.93, AGFI 0.9, CFI 0.95, NNFT 0.94. At the end of the study KR-20 was found as .836. As a result, it can be
seen that the researchers who aim to determine elementary school students’ science-pseudoscience distinction
can use this scale as a valid and reliable measurement tool.
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Yaygin Olarak Kabul Edilen Goriisler Olgegi

Eski | Yeni Yaygin Goriisler Evet Hayir
no no inanmiyorum | inanmiyorum
22 1 Bazi taglardan yapilan takilar takmak, saglikli olmanizi saglar. q q
Ornegin Ziimriit tas1 sindirim sistemini diizenler.
24 2 Bir ipin ucuna metal bir cisim baglayip el iizerinde sallayarak ileride q q
olacak ¢ocuklarin cinsiyeti belirlenir.
26 3 Gegmis yillarda, bagka gezegenlerden uzaylilar diinyaya gelmistir. q q
28 4 Hava karardiktan sonra digariya sicak su dokmek ugursuzluk getirir. q q
29 5 Uzerine kus pislerse, sansin agik olur. q q
30 6 Tahtaya vurmak ugursuzlugu onler. q q
31 7 "Y' harfi seklindeki aga¢ ¢ubuklar iki ucundan tutulursa, hazineye q q
yaklastikca agac catal titremeye ve asagiya, hazinenin bulundugu
yere dogru donmeye baglar.
32 8 Merdiven altindan gegmek ugursuzluk getirir. q q
33 9 Kara kedi gérmek ugursuzluktur. q q
34 10 Mavi renkli nazar boncuklari insanlar1 nazardan korur. q q
35 11 Kursun dokmek nazara kars1 korur. q q
37 12 Avucunuzdaki ¢izgilerden gelecekte basiniza neler gelecegini tahmin q q
etmek miimkiindiir.
38 13 Kizlar kapi egiginde oturursa ¢ocuklari olmaz. q q
39 14 Sag el kasinmasi, para gelecegine igarettir. q q
40 15 Sarimsaklari evin duvarina asmak evi ugursuzluklardan korur. q q
42 16 13 ugursuz bir sayidir. q q
43 17 Ayna kirmak ugursuzluk getirir q q
44 18 At nalin1 kapi listiine takmak ugur getirir q q
45 19 Kopegin gece havlamasi kotii seylere isarettir. q q
46 20 Gece tirnak kesmek giinahtir. q q
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