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Abstract:

This study aimed to adapt the ISEA (Inventory of Student Evolution Acceptance)
developed by Nadelson and Southerland (2012) to Turkish students by undertaking the
required validity and reliability studies on the scale. Subsequent to obtaining permit
from the authors of the scale, scale items were translated into Turkish by the
researchers. Translation validity was investigated with the help of translation
agreement rating forms checked by English and Turkish linguistics experts. After
ensuring language validity, the Turkish form was given to 632 senior high school
students. Varimax orthogonal rotation on oblique axes was used in factor analysis to
assign factors in the scale. Analysis results provided a three factor scale with 22 items.
The Cronbach’s alpha internal consistency coefficient was found and the test-retest
method was used to analyze the reliability of the ISEA scale: a Cronbach’s alpha value
for the whole scale was identified to be 0,79 while values of 0,80, 0,70 and 0,697 were
found for the first, second and third factors respectively. The Spearman-Brown split-
halves reliability value was calculated as 0,847 and the test-retest reliability coefficient
was 0,76.
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1. Introduction

The theory of evolution was born when Charles Darwin explained the evolution of
species via natural selection in 1859 in his book “On the Origin of Species’. Darwin
combined the theory of natural selection with Mendel’s studies on heredity in his
theory of modern evolutionary synthesis. In his article titled “Nothing in Biology Makes
Sense Except in the Light of Evolution”, Dobzhansky (1973) expressed that evolution is
a central theory that acts as the key and/or framework for the biological sciences. The
theory of evolution is crucial since it associates the scientific data obtained in various
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scientific fields that investigate different time periods and events and that focus on
different rules of nature by using different methods. Although astronomy, physics, bio-
chemistry, geology, paleontology, bio-geography, biology, anthropology and several
other scientific areas are quite distinct from one another, the theory of evolution
synthesizes and associates all these sciences as a unifying theory.

Starting with the 21%* century, the modern theory of evolution explains how
mutations and natural selection have created evolutionary changes. Although teaching
evolution has been stressed in the educational reforms of the last 20 years, studies still
point to misconceptions on the part of both students and even teachers (Evans, 2008;
Gregory, 2009; Nehm & Schonfeld, 2007). For instance, it was found that students
explain evolutionary changes with the help of Lamarck’s theory which states that the
acquired characteristics result in evolution, the organs that are often used develop while
the ones that are not used die down (Bishop & Anderson, 1990; Jensen & Finley, 1996),
they perceive selection value as being healthy and strong (Bishop & Anderson, 1990;
Gregory, 2009) and they explain evolutionary changes at the individual level (Gregory,
2009). In addition to studies on misconceptions, other studies in recent years have
predominantly focused on cognitive biases (Evans, 2008; Sinatra, Brem & Evans, 2008).
In this context, studies on cognitive sciences have revealed three main cognitive biases
that complicit understanding of evolutionary concepts and cause misconceptions:
essentialist, theological and intentional biases. Theological biases are related to the
realization of evolutionary changes based on a specific purpose. Intentional biases are
cognitive biases which assume that evolutionary changes are controlled cognitively.
Essentialist biases are based on the trend that ignores variations in the population by
classifying species in specific categories.

Some scientists and researchers emphasized that one of the most important
reasons why the theory of evolution is not highly accepted is related to misconceptions
regarding the concept of “theory” (Bloom, 1989; Brickhouse, Dagher, Letts & Shipman,
2000; Dagher & BouJaoude, 1997; Dagher, Brickhouse, Shipman & Letts, 2004; Graf,
Tekkaya, Kilig & Ozcan, 2011; Gregory & Ellis, 2009; Kili¢ & Tekkaya, 2011; Lawson,
1995; National Research Council [NRC], 1998; Norris & Phillips, 1994; Prinou, Halkia &
Skordoulis, 2008; Taskin, Cobanoglu, Apaydin, Cobanoglu & Yilmaz, 2008). Different
methods were used to remove the negativity associated with the concept of “theory”.
Lewontin (1981), an evolutionary biologist in Harvard University, stated that
“evolution is a reality, not a theory” and defended the position that individuals who do
not accept evolution cannot comprehend the natural world. He went so far as to say
that an individual who denies the theory of evolution may even deny the fact that the
earth revolves around the sun. Lewontin’s use of the analogy based on the reality of the
earth revolving around the sun to prove the same scientific basis for evolution is an
indicator that shows how scientists made efforts to assign factuality to the concept.

Studies regarding teaching of evolution emphasized the religious beliefs as the
basic determinants behind positive or negative student attitudes towards evolution or
their acceptance or denial of the theory (Bergman, 1979; Sinatra, Southerland,
McConaughy & Demastes, 2003; Somel, Somel, Tan & Kence, 2006). Although there are
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numerous scientific studies on evolution and although it is regarded as the most
comprehensive and the most basic theory of biology by the scientific community, it is
not possible to claim that the public has similar approaches to the theory of evolution.
According to the results of an international study conducted by Miller et al. in 2006,
Turkey is the last in a list of 34 countries with a 25% ratio of individuals who embrace
the theory. The USA is the second from the last right before Turkey in the list. In
another comprehensive study undertaken in Lebanon by Dagher and BouJaoude (1997),
50% of the students were found to reject the theory of evolution. According to the same
study, 82% of Christian and 35% of Muslim students accepted the theory of evolution.
Teachers, who are the primary human element in the teaching of evolution, have
influential religious beliefs both in acceptance or denial of the theory and in teaching
the ideas related to the theory. Based on these studies, atheist or agnostic teachers show
wider acceptance of the theory compared to Muslim and Christian teachers whereas
Christian teachers are more accepting compared to Muslim teachers (Asghar, Wiles &
Alters, 2007; Clement, Quessada, Laurent & Carvalho, 2008; Moore, 2007; Trani, 2004).
Researchers who argue that teachers will accept the theory of evolution regardless of
their beliefs when they comprehend the nature of science and the theory of evolution
imply that the theory is not sufficiently comprehended by teachers (Rice, Olson &
Colbert, 2010; Trani, 2004).

The fact that the theory of evolution has gained more and more priority in the
biological sciences and the paradoxical public resistance to the theory has resulted in
focusing on the problems related to teaching, learning and adopting the theory (Alters
& Nelson, 2002; Nelson, 2008; Akerson et. al, 2009; Van Dijk, 2009). Generally these
problems are caused by students’ and teachers’ misunderstandings regarding the
nature of science, belief systems from their past or from their environments and
techniques that are based on conceptual learning (Deniz et. al., 2008; Peker et. al., 2009).
Researchers focused on misconceptions or inadequacies based on lack of understanding
or miscomprehending the fundamental concepts or processes about genetics and
evolution especially during teaching and learning of evolution, problems caused by
lack of understanding of the nature of science and problems caused by student beliefs.
Studies on teaching the theory of evolution do not solely focus on creationism as the
only factor that affects student acceptance of the theory, however, conflict between the
theory and individual beliefs as an explanation of rejection of the theory was analyzed
comprehensively in the literature (Apaydmn & Siirmeli, 2009; Alters & Alters, 2001;
Aroua, Coquide & Abbes, 2009; Bishop & Anderson, 1990; Mino & Espinosa, 2009; Mino
& Espinosa, 2010; Osif, 1997; Reiss, 2009; Shipman, Brickhouse, Dagher & Letts, 2002;
Woods & Sharmann, 2001). Many studies have been undertaken to identify attitudes
towards the theory of evolution, to remove negative aspects and design better teaching
in the field. Studies generally focus on student learning in the field of evolution, their
attitudes towards theory of evolution, their acceptance of the theory and beliefs, teacher
comprehension and their teaching intentions (Hermann, 2007). Studies show that
articles published in the field of training in evolution have increased incrementally. The
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number of publications for the periods of 1980-1989, 1990-1999 and 2000-2007 are 19, 35
and 103 respectively (Rice, 2007).The number of publications is still increasing.

It is specified in the studies that evolution is among the important topics of the
biology curriculum that is difficult to comprehend and teach (Beardsley, 2004; Bishop &
Anderson, 1990). Related research points to the fact that teacher candidates and teachers
are having difficulty in understanding the topic of evolution and have misconceptions
(Asghar, Wiles & Alters, 2007; Deniz, Donelly, & Yilmaz, 2008; Graf & Soran, 2011; Kim
& Nehm, 2010; Smith, 2010; Van Dijk & Reydon, 2010). This fact affects student ideas
about the acceptance of evolution. The studies undertaken so far have generally
targeted teachers and teacher candidates. Adding a scale to the national literature to
identify senior high school students’ views in this matter is highly important. The
current study aims to adapt evolution acceptance of the scale developed by Nadelson
and Southerland (2012) to Turkish students.

2. Method

2.1 Working Group

The study was conducted with a total of 632 students from three state high schools that
attend school or are graduates who prepare for the university entrance exam in the
Kahramanmaras center in Turkey. A total of 38% of the students attended School A (N =
240), 20,3% attended School B (N = 128) and 20,6%went to School C (N = 130) whereas
21,2% attended the Preparatory Course A (N=134). About 54% of the students in the
study were females (N = 338) and 47% were males (N = 294). Approximately 25% of the
students (N = 156) described themselves as secular-social democrats, 22% (N = 137) as
religious, 18% (N = 117) as nationalistic and 35% (N = 222) expressed no philosophy of
life. Only 70 students participated in test-retest analysis of the study.

2.2 Data Collection Tool

The original ISEA scale was developed by Nadelson and Southerland (2012). During the
scale development process, statements in the scale were generated as a result of a
literature review and 15-20 minute face to face interviews with 30 high school and
college students. Pilot scale items were prepared using an open-ended written survey
with statements based on responses obtained during face to face interviews. These pilot
items were given to more than 75 high school and college students and data were
obtained regarding the attitudes towards and perceptions about evolution. A Likert
type scale composed of three sub-scales (microevolution, macroevolution, human
evolution) was generated following these pilot implementations. Content validity was
reviewed by an 8-person team composed of biology teachers, science teacher educators
and college biology faculty. A total of 56 items were obtained in the first ISEA scale and
32 items were removed as a result of content, exploratory, confirmatory and reliability
analyses to generate a 5-point Likert type ISEA scale (ranging from strongly disagree,
disagree, undecided, agree to strongly agree) with 24 items. The Cronbach’s alpha
reliability coefficient of the scale was found to be 0,96; and the Cronbach’s alpha
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reliability coefficients for the sub-scales were calculated as follows: macroevolution
0,92; microevolution 0,96; human evolution 0,93.

2.3 Translation Process

A Turkish adaptation process of the ISEA scale followed specific phases. Firstly, the
scale was translated into Turkish by three instructors from the School of Foreign
Languages who had a good command of both languages and the forms were translated
back to English one week later. Consistency between the two translations was
investigated by the instructors. The instructors examined the translated scale in terms of
meaning and grammar and the pilot Turkish form was generated after the necessary
adjustments. This pilot form was sent to 12 academicians in the field via e-mail to rate
their ideas on conformity of the translation to the original using a rating scale from 1
(does not conform at all) to 10 (fully conforms to the original). According to data
obtained from Kendall’s Concordance (W) Analysis (W = 0,086; x> (23) =23,774; p = 0,416
> 0,05) lack of conformity was identified among the experts regarding the congruency of
the Turkish-English form. Statements that were incomprehensible or incoherent were
reviewed in line with expert views. Following this phase, the pilot Turkish form was
sent to three more experts who completed their doctorate degrees abroad to translate
the form to English and the form was compared with the original. Experts who
translated the form and the researchers were thus satisfied that the form conformed to
the original form. After the scale was examined in terms of language, wording and
typos by a linguist, the scale was ready to implement validity and reliability studies.

In this phase, construct validity was examined for the validity studies of the
ISEA scale. Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA)
were undertaken to present construct validity. While CFA, which is based on a
theoretical base, is used to evaluate the degree of overlap between the data and the
factors that are formed by different variables, EFA was undertaken to generate a few
identifiable and meaningful constructs from many items (variables) that can be
explained by the combination of these items (Biiytikoztiirk, 2010).

EFA was used in this study to determine the construct of the original form on
Turkish students and CFA was used to examine whether the factor structure of the
original form was validated on Turkish students (Biiyiikoztiirk et al., 2004). Multiple
Correspondence Indices were used for CFA analysis and Chi-Square Goodness,
comparative fit index (CFI), incremental fit index (IFI), Goodness of fit index (GFI),
relative fit index (RFI), normed fit index (NFI), root mean square residuals, RMR and
root mean square error of approximation (RMSEA) goodness of fit indices were
examined. In goodness of fit indices, p > 0,90 was utilized for CFI, IFI, GFI, RFI, NFI and
p < 0,05 was utilized for RMR and RMSEA (Hu & Bentler, 1999). Internal consistency
(Cronbach’s alpha) and test-retest analysis were used to determine the reliability of the
ISEA scale and corrected item-total correlations and t-test were preferred for item
analysis to examine the significance of the differences between means of groups of 27%.
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3. Findings

3.1 Construct Validity

A. Exploratory factor analysis

Firstly, the correlation matrix (R matrix) was examined to decide whether the data were
tit for factor analysis: a high ratio of significant relationships was identified which
pointed to the fact that the data were fit for factor analysis. Later, sampling adequacy
((Kaiser-Meyer-Olkin Measure of Sampling Adequacy Analysis) and Barlett Sphericity
analyses were undertaken and KMO Sampling Adequacy Coefficient was found to be
0,870 and Bartlett Sphericity testy?value was calculated as 3673,149 (p = 0,000 < 0,01)
(Table 1).

Table 1: KMO and Bartlett's test results

Kaiser-Meyer-Olkin (KMO)test 0,870
Bartlett test of sphericity Chi-square(y?) 3673,149
df 276
p 0,000

In order for data to be fit for factor analysis, KMO value should be higher than 0,60" and
the Barlett test should be significant (Pallant, 2007). Since the KMO value was 0,870,
Barlett Sphericity test was significant and the majority of correlation coefficient values
were 0,30 and above in this study, the data were found fir for factor analysis
(Hutcheson & Sofroniou, 1999).

The original form was composed of three sub dimensions titled microevolution,
macroevolution, and human evolution. Therefore, factor analysis results in principal
component analysis were limited to three factors. Table 2 presents the factor loadings of
the scale and the variance ratios they explain.

Table 2: I-SEA Scale factor load values
Rotated Component Matrix(a)

Component
Item No Factor 1 Factor 2 Factor 3
Q7 ,703
Q3 ,668
Q5 ,656
Q11 ,653
Q10 ,645
Q1 ,604
Q8 ,588
Q14 ,480
Q17 ,469
Q4 ,459 ,301
Q24 413 ,334
Q12 ,680
Q18 ,677
Q15 ,649
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Q19 1626
Q22 603
Q9 552
Q6 536
Q13 458
Q2 446
Q20 753
Q23 737
Q21 664
Q16 386
%20,046 %14,122 %7,132

Table 2 shows microevolution as a sub dimension obtained as a result of Varimax
analysis, result. This sub dimension consists of nine statements. Factor load values of
the items in the sub dimension change between 0,469 and 0,703. Results of EFA show
that the second sub dimension is composed of nine statements and factor load values of
the items in the sub dimension varied between 0,446 and 0,680. The third sub
dimension consists of four statements with factor load values between 0,386 and 0,753.
As a result of EFA analysis, statements 4 and 24 which distort the factor structure of the
scale and provide high load values were excluded from the scale. Therefore, a total of 22
items can be said to ensure construct validity in the Turkish form. Eigenvalues of the
factors were 4,811; 3,389 and 1,712 respectively. These three factors were found to
explain 41,30% of the variance. Factor structure was defined as having three factors
based on the eigenvalues. This can also be observed in scree plot graphic drawn
according to eigenvalues (Figure 1). The graphic shows a curve after the third factor
which helps explaining the scale as having three factors.
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Figure 1: Scree Plot Graphic based on Eigenvalues
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B. Confirmatory Factor Analysis

The ISEA scale was regarded as valid due to sufficient percentage in explaining the total
variance and sufficiently high load values in the three factors which pointed to the
ability to of the scale to measure what it set out to measure. CFA was also conducted on
the scale on which EFA was already implemented. Figure 1 presents the factor loads of
the model.
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Figure 2: CFA Diagram

The AMOS program was used to employ CFA on the single factor of the ISEA scale
obtained by EFA. While CFA pointed to the fact that all items corresponded to the three
factor structure, the obtained model fit indices presented good values as well. Table 3
presents the findings regarding the CFA results for I-SEA scale.

Table 3: I-SEA Goodness-of-fit index values

CMIN (x?) df p RMR GFI AGFI RMSEA CMIN/df

705,689 253 0,000 0,09 0,91 0,88 0,06 3,25
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Since the CMIN/df ratio calculated as a result of the analysis was smaller than 5.0
(Kline, 2005), and GFI value was higher than .90 (Miles & Shevlin, 1998), RMSEA value
was lower than .07 (Steiger, 2007), the small RMR value which is close to 0 (Tabachnik
& Fidell, 2007), GFI values higher than .85, AGFI values higher than .85, they are
regarded as acceptable lower limits for model-data fit (Anderson & Gerbing, 1984;
Marsh, Balla & McDonald, 1988). Accordingly, Table 3 presents RMR = 0,09 < .10; GFI =
0,91 > .85; AGFI = 0,88 > .85; RMSEA = 0,06 < .07 and CMIN/df = 3,25 < 5,0. Values about
model-data fit show good fit between the model and the data, the findings obtained
from EFA is validated by CFA and therefore the scale has construct validity.

C. Reliability Analysis
The Cronbach’s alpha internal consistency coefficient and test-retest method were used
to analyze the reliability of the ISEA scale. The Cronbach’s alpha value was found to be
0,79 for the whole scale and the Cronbach’s alpha values for the factors were as follows:
0,80 for the first factor, 0,70 for the second factor and 0,697 for the third factor.
Spearman-Brown split-halves reliability value was calculated as 0,847 and the test-retest
test reliability coefficient was found as 0,76.

Table 4 presents the values regarding the differences in item scores of the upper
and lower 27% groups for corrected item-total correlations.

Table 4: I-SEA Scale Corrected Item-Total Correlations

Factor Item no Tjx t
Q7 0,40 12,37**
Q3 0,26 10,4**
Q5 0,48 16,22%*
Q11 0,46 16,14**
Micro Q10 0,46 14,92**
Q1 0,48 17,04**
Q8 0,41 13,27**
Q14 0,20 6,28**
Q17 0,19 6,35**
Q12 0,41 10,6**
Q18 0,40 9,17**
Q15 0,35 8,56**
Q19 0,31 6,95%*
Macro Q22 0,24 4,82%*
Q9 0,29 7,37%*
Q6 0,18 4,33%*
Q13 0,21 4,4%*
Q2 0,21 3,9%*
Q20 0,35 9,76**
Human Q23 0,28 8,94**
Q21 0,35 10,5**
Q16 0,48 15,41%*
p <.001
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Table 4 shows that the item-total correlations for all items in the scale changed between
0,18 and 0,48 and t values (sd = 340) are between 3,90 and 17,04 and significant (p<.001).
These results present high item reliability for all items in the scale. Criterion validity of
the ISEA was calculated by determining the correlation values between the scale and
test scores taken as criteria and these values were as follows: 0,74 (p < .001) for Factor 1
(micro), 0,64 (p< 0.001) for factor 2 (macro) and 0,65 (p< 0.001) for Factor 3 (human).

4. Results and Suggestions

The current study aimed to adapt the ISEA (Inventory of Student Evolution
Acceptance) scale developed by Nadelson and Southerland (2012) into Turkish by
undertaking validity and reliability studies. The original form consisted of 24 items and
three sub-dimensions: microevolution (8 items), macroevolution (8 items) and human
evolution (8 items). Content validity of the scale was assessed by a team of eight
individuals composed of biology teachers, science teacher educators and college
biology faculty. The original ISEA scale with 24 statements was subjected to content,
exploratory, confirmatory and reliability analyses which led to exclusion of 2 items and
a 5-point Likert type scale with 22 items (ranging from strongly disagree, disagree,
undecided, agree to strongly agree) as obtained (Appendix). The Cronbach’s alpha
reliability coefficient of the full scale was 0,79 with the following values for sub-
dimensions: microevolution 0,80; macroevolution, 0,70; human evolution 0,69. The
Spearman-Brown split-halves reliability value was found to be 0,847 and the test-retest
test reliability coefficient was 0,76. It was observed that the item-total correlations
changed between 0.386 and 0.753 in the adapted scale. Since the items with .30 and
higher item-total correlations are better at distinguishing individuals in terms of
measured characteristics (Biiytlikoztiirk et. al.,, 2004), it can also be claimed that item-
total correlations are sufficient for the current study. Findings from reliability and
validity studies showed that the 22-item Turkish form of the scale was suitable to be
used in Turkey, is reliable and valid and has linguistic equivalence just like the original
form.

The scale adapted to Turkish in the current study can be safely used to identify
high school students’ views related to the acceptance of evolution. Further studies may
include reliability and validity studies regarding different age groups. This study which
aims to identify high school students” views regarding the acceptance of the theory of
evolution can be used by science educators and researchers in the field of science
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