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ARTICLE INFO ABSTRACT
Received: 26 Feb. 2023 The acceptance of evolution by Greek students aged 17 has never been actually measured neither via a poll survey
Accepted: 08 Mar. 2023 nor with the application of any of the existing psychometric tools that have been developed for this purpose. In

this research, GAENE 2.1 was chosen because it is a one-dimensional tool that can only measure the acceptance
of evolution and does not contain items related to the understanding of evolution and the respondent’s religious
beliefs. The assessment of the appropriateness of the tool for our sample was tested with the criteria of Rasch
model. Despite the fact that some of GAENE 2.1 items may not show the expected statistical fit and probably
overestimates the levels of acceptance of evolution, the tool is appropriated to measure with efficiently and
effectively way the acceptance of evolution in the specific sample.
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INTRODUCTION

Evolution is the framework in which many biological phenomena are interpreted. These phenomena have not only received a
lot of research attention by scientists, but also affect the daily life of people as they are related to the emergence of new infectious
diseases, bacterial resistance to antibiotics, insect resistance to insecticides etc. (Dunk et al., 2019). For this purpose, in many
curricula across the world the role have the evolution has been viewed as a core theme in science education (AAAS, 2011; Eder et
al., 2018; Harms & Reiss, 2019; Kazempour & Amirshokoohi, 2018; NGSS Lead States, 2013; Quessada & Clement, 2018).

The theory of evolution is one of the most important and robust scientific theories nowadays (Sfendourakis, 2021).
Evolutionary theory is the unifying theory of biology (Dobzhansky, 1973) that makes biology independent discipline of science
(Lennox, 1992). At the same time it is applied in non-biological fields too (Harms & Reiss, 2019). However, despite its universality
and its significance for the daily life of people, is generally overlooked thus a number of misunderstandings and misinterpretations
have occurred (Dawkins, 2009; Gregory, 2009; Kampourakis & Zogza, 2008; Prinou et al., 2008). In addition, to date it is more
common for the general public to frame evolution within supernatural and religious beliefs (Gallup, 2019; Miller et al., 2006).

General public acceptance of evolution has received a lot of research attention. Surveys that have been conducted for this
purpose so far usually include a few items. As a result, these measures have limited credibility (Smith et al., 2016) and their
conclusions can be misleading (Kuschmierz et al., 2021). In contrast, psychometric instruments have been developed, and they
have been applied in various studies and samples, mainly on students and teachers. These instruments usually consist of several
items, which should measure only one theoretical construction-the acceptance of evolution (AERA, 2014; Boone et al., 2014) and
according to the researchers have a high degree of reliability and validity (Smith et al., 2016).

The most widely used instrument for measuring the acceptance of evolution is the measure of acceptance of the theory of
evolution (MATE) (Mead et al., 2019). MATE was originally developed to investigate the levels of acceptance of evolutionary theory
by high school biologists (Rutledge & Warder, 1999). Later, its application was extended to other population groups, mainly to
students at various university departments (Rutledge & Salder, 2007). However, research data show that its validity is not clear
(Smith, 2010; Smith et al., 2016) and at the same time there are vague indications of its uni-dimensionality (Metzger et al., 2018;
Romine et al., 2017; Sbeglia & Nehm, 2018). It also discriminates between five subgroups of acceptance of evolution without
presenting data on how the boundaries of each category are set (Smith et al., 2016).

To the best of our knowledge, MATE is the only instrument that has been used to measure the acceptance of evolutionary
theory in Greek students and teachers (Athanasiou et al., 2012, 2016; Athanasiou & Papadopoulou, 2012, 2015; Katakos &
Athanasiou, 2020; Mantelas & Mavrikaki, 2020; Stasinakis & Athanasiou, 2016), without any evaluation of its application in that
specific samples. At the same time, neither this nor any other instrument for the acceptance of the evolution has ever been applied
to secondary school students.
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To date, various psychometric tools (EALS, I-SEA, and GAENE) have been developed that improve the ability to measure the
acceptance of evolution. They are based on

(a) the evaluation of the items by experts and not just in one round,
b) the implementation of a large number of participants in the initial evaluation,
the clear definition of the concept of acceptance, and

(
(c
(d

)
) the application of various statistical models for the evaluation of the instrument both as a whole and each item separately
(Smith et al., 2016).

In many cases, the role of Rasch measurement model being a uni-dimensional one, has been viewed as an instrument
measuring only one variable or trait (Boone & Noltemeyer, 2017; Tennant & Conaghan, 2007). Rasch model can provide results for
the reliability and validity of an instrument by utilizing several indicators and produce objective measurements for parametric
statistical analyses by converting the Likert scale into an equal interval scale (Boone et al., 2014). Simultaneously, it can evaluate
the quality of the rating scale of an instrument with many criteria (Fisher, 2007).

GAENE 2.1 (Smith et al., 2016), like other psychometric tests, uses the Likert scale to express the degree of agreement or
disagreement in each of the measurement tool items. The Likert scale includes categories such as “strongly disagree” (SD),
“disagree” (D), “I’m uncertain /cannot decide” (U), “agree” (A) and “strongly agree” (SA), which correspond to the numbers 1-5 or
vice versa and then treated as real numbers rather than as a form of convention that allows data to be coded (Wu & Leung, 2017).
These labels are used incorrectly in descriptive and parametric statistical analyses because the consecutive intervals between
them are unequal (Stevens, 1946). Thus, they can produce distorted results (Planinic et al., 2019), which imply further speculations
(Térméakangas, 2011). Matching Likert scale categories with numbers does not automatically convert them into equal intervals
(Knapp, 1990). Also, in many surveys, reference is made to the average of the respondents’ responses to an item of a tool in the
form of, for example, 4.23. Recoding this average reveals that 4.23=1 agree.23 (Kuzon et al., 1996). Thus, Rasch model was chosen
for the analysis of the data.

According to the former model, when an attempt is made to measure a variable from a psychometric tool that includes several
items, then the people who complete the questionnaire will be much more likely to answer the easy ones than the most difficult.
At the same time, people with a large ability with respect to the variable measured by the tool will be more likely to respond
correctly to all the items than people with low ability (Boone & Noltemeyer, 2017). This technique allows Rasch model to calculate
linear personal measurements from raw data (Boone, 2016; Metzger et al., 2018) and to use these measurements to perform
reliable statistical analyses (Schumacker, 2016).

Also, if the data were fitted to Rasch model then the estimation for the position of the items is independent of the distribution
of the individual measurements and vice versa (Metzger et al., 2018; Smith et al., 2002). This estimation between the person and
items of the tool is not possible when the raw data is used, because the ability of the persons to respond varies according to the
items of the tool and the items depend on the person who has completed the questionnaire (Smith et al., 2002). In previous studies
with GAENE 2.1 in the US has shown that the items of the instrument fit well Rasch model (Metzer et al., 2018; Sbeglia & Nehm,
2018).

MATERIALS AND METHODS

This study sought to evaluate GAENE 2.1 as a tool to measure the acceptance of evolution in 17 year old Greek students
attending state senior high school. More on this we are also examined the levels of the acceptance of evolution in that age group.

Although relatively past research conducted on a similar sample of students had tended to show a positive view of the
evolution, it did not apply a published instrument to measure the levels of acceptance of evolution. Furthermore, no data
established for the validity and reliability of the items that are used for having drawn such a conclusion (Prinou et al., 2008).

The present research will explore the following questions:

1. RQ1.Is GAENE 2.1 an appropriate instrument for measuring the acceptance of the evolution among Greek students aged
17 attended the 2" grade of state senior high school and have not yet been taught evolutionary theory?

2. RQ2.What are the levels of acceptance of evolution among students in this age group and how are they influenced by the
gender and the field of studies chosen by the student?

Materials

Participants completed a questionnaire of two parts in order to gain insight into the former questions. The first part includes
general information, such as gender, the direction they are attending, the field of studies they are thinking of following in the next
class, etc. The second part consists of the 13 items (1-13) of GAENE 2.1 (Smith et al., 2016). The items were translated into Greek
and then re-translated into English, to ensure the validity of the translation (Table 1).

The statistical analysis of the questionnaires was made with the help of the statistical software SPSS 25 and the WINSTEPS
(version 5.2.2.0), (Linacre, 2022). The data were entered for descriptive and parametric statistical analyses in SPSS 25. The initial
analysis for the evaluation of GAENE 2.1 was done with the help of WINSTEPS, which it supports and performs statistical analyses
of Rasch model.
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Table 1. The GAENE 2.1. items (Smith et al., 2016)

a/a Item
Everyone should understand evolution.
Itisimportant to let people know about how strong the evidence that supports evolution is.
Some parts of evolution theory could be true.
Evolutionary theory applies to all plants and animals, including humans.
People who plan to become biologists need to understand evolution.
I would be willing to argue in favor of evolution®in a public forum such as a school club, church group, or meeting of public school parents.
Simple organisms such as bacteria change over time.
Nothing in biology makes sense without evolution.

Understanding evolution helps me understand the other parts of biology.

I would be willing to argue in favor of evolution in a small group of friends.

Evolution is a good explanation of how humans first emerged on the earth.

Evolution is a scientific fact.

13 Evolution is a good explanation of how new species arise.
Note. In this item, Smith et al. (2016) used the word “evolutionary”, which according to Sbeglia and Nehm (2018) it is a typo. Thus, | follow the
proposition of Sbeglia and Nehm (2018) and | modified it to “evolution” in here and in the questionnaire administered to students.
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Participants

The study was conducted in March 2021 and its sample consisted of 117 students (61 girls and 56 boys) of the B class of two
state senior high school, urban area of the geographical region of Epirus in Greece. The total number of students who should have
participated in the survey was 121, but for various reasons when the questionnaire was administrated, four students were absent
from school. The participants in this study were categorized based on the field of studies that they would follow in the next class.
So, of the 117 students, 23 will choose the humanities studies, 34 will choose the field of health studies, 34 the field of science
studies and the rest 26 the field of economics and computer studies.

Also, the students who participated in the present study have not yet been taught evolutionary theory in senior high school.
However, 51 of the 117 have taken evolutionary courses during their C grade of junior high school while 66 have not been taught
anything about the evolution of the living world.

Methods

The raw data were entered into the statistical software SPSS 25 and both nominal and ordinal variables were numerically
coded. Each item of the GAENE 2.1 was coded with the numbers 1 (strongly disagree) to 5 (strongly agree). Thus, people with low
acceptance in evolution will also have low performance in raw data and vice versa. Also, because the 5-point scale was chosen for
the research-as suggested by the researchers who developed the tool (Smith et al., 2016)-the minimum performance that one can
achieve is 13 and the maximum is 65.

Then the data were entered into the WINSTEPS and several properties of the instrument for the specific sample were
examined, in order to answer the research questions, such as:
(a) its dimensionality,
(b) the fit of the items to Rasch model,
(c) its operation of 5-point scale,
(d) its reliability,
(e) its construct validity, and
(f) thedistribution of the difficulty of the items and the responses of the persons (Wright map).

These properties will be used as criteria for evaluating the quality and capacity of the tool to provide reliable results on the
levels of acceptance of evolution in this sample.

Finally, with the help of the SPSS 25 and the use of parametric statistical analyses, the gender, the field of study that they will
follow in the final year of the senior high school and the previous courses in the evolutionary theory will be assessed as factors
influencing the acceptance of evolution. Simultaneously, the average performance of the students per item of the tool and the
overall result during the application of GAENE in the specific sample will be evaluated, so that it is possible to compare the results
with other surveys that have been conducted with the specific tool (Sbeglia & Nehm, 2018).

The instruments that used to estimate a trait or a theoretical construct, such as acceptance of evolution, should be
unidimensional (Hagell, 2014). This means that all items of the instrument should measure a trait and each of them should
measure a slightly different aspect of that trait (Andrich & Marais, 2019). The uni-dimensionality of the instrument is a prerequisite
for the application of Rasch model to the data collected and then used to calculate measurements for persons or for items (Boone
etal., 2014).

One important element for the uni-dimensionality of an instrument is the principal components analysis of the residuals
(Tennant & Conagham, 2007; Sbeglia & Nehm, 2018). Rasch model predicts that if there are components of unexplained variance
with eigenvalues greater than 2.00, may be evidence of a second major dimension in the tool (Linacre, 2021; Sbeglia & Nehm,
2018). Also, if the first component of unexplained variance has a higher value than the components of the variance that explained
of the data, may be an indicator of a second major dimension in the tool, too (Linacre, 2021).
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Another element for the uni-dimensionality of an instrument is the average MNSQ values of the ITEM: INFIT & OUTFIT indices
and the MNSQ values for each item separately. If the average MNSQ for the items is close to 1.00 then it is an element in favor of
the uni-dimensionality (Arnold et al., 2018; Wright & Linacre, 1994). In order to evaluate the way, which the items fit Rasch model
for a particular sample, the indices infit and outfit (MNSQ and ZSTD) are calculated. The indicators infit (MNSQ) and outfit (MNSQ)
are chi square statistics and the value expected for them is 1.0. Values in these indices higher than 1.00 indicate that there is too
much unexplained variance in the data and values lower than 1.00 indicate that the data are too predictable for model (Boone et
al., 2014). Infit (ZSTD) and outfit (ZSTD) are actually t-tests that indicate whether the values of the MNSQ indices are due to the
random factors (Boone et al., 2014). Items using the Likert scale have a range of good fit of the MNSQ indices between the values
0.6-1.4 and the ZSTD indices from -1.9 to +1.9 (Wright & Linacre, 1994). Although some researchers suggest the range between 0.5-
1.5 as acceptable limits for MNSQ indices (Boone et al., 2014; Metzger et al., 2018). An item does not fit well into the model if the
participants who seem to bear low ability in responding accurately to the variable, agree with a difficult item and vice versa (Boone
etal., 2014).

Rasch model provides the ability to evaluate the operation of the categories of a psychometric tool. The categories of the scale
work satisfactory when

(a) each category seems to have the highest probability of appearing in a specific combination of difference between
individual measurement and the difficulty of items (Boone et al., 2014) and

(b) the Andrich thresholds are not too close one another and for each item of the tool a normal distribution is displayed
(Sbeglia & Nehm, 2018).

Thus, the separation between the hills at each of the categories of the scale and the normal distribution of each item indicates
the ability of the individuals can be distinguished from the instrument items in the way it is predicted by Rasch model (Smith et
al., 2016; Tennant & Conaghan, 2007).

The reliability of an instrument is related to the stability of the measurement (Heale & Twycross, 2015) and although, it is
difficult to test it in educational research (Taber, 2018), it is estimated by using Cronbach’s alpha index. Cronbach’s alpha index
could be calculated when all items of the instrument measure a single construction (Gardner, 1995; Taber, 2018) and provides
indications about the operation of the items of the instrument (Taber, 2018). However, the use of raw data for the calculation of
thisindex can lead to an overestimation of the reliability of the tool since the categories of the scale are not equal intervals (Linacre,
1997, 2002). In Rasch model the value corresponding to the Cronbach’s alpha index is the PERSON RELIABILITY. The value of this
index depends on various factors, which do not include the specific items of the instrument (Cronbach, 1951), but others, such as

(a) the range of variation in the sample,
(b) the size of the instrument,
(c) the number of categories on the Likert scale, etc. (Boone et al., 2014; Linacre, 2021).

The PERSON RELIABILITY indicates the ability of an instrument, which measures a theoretical construct, to separate the person
in relation to the variable (Linacre, 2021) and evaluates the probability of replicability of the results for the same sample (Arnold
etal., 2018).

The reliability of the items is measured by Rasch model with a different index, the ITEM RELIABILITY. The value of this index
depends on the size of the sample and the variability of the difficulty of the items (Boone et al., 2014; Linacre, 2021) and provides
indications of the replicability of the item hierarchy when the instrument is applied to a different sample (Arnold et al., 2018;
Linacre, 2021).

Thevalidity is defined as the degree to which a quantitative survey can measure a variable (Heale & Twycross, 2015) and allows
conclusions about the variable to be drawn from the sample (Creswell, 2012). Usually content validity is checked by evaluating the
items that make up the tool by a team of experts at one or more rounds (Smith et al., 2016).

The construct validity can be assessed by the behavior of the items in terms of difficulty and how they are distributed on the
Wright map. In Rasch model the average difficulty of the items of an instrument is set to zero (Boone et al., 2014; Tennant &
Conagham, 2007) and they should be evenly distributed from the lower to the upper end of the measurements, while at the same
time there should be no overlap, i.e., there should be no items in the same level of difficulty (Boone et al., 2014). Another element
for the validity of an instrument it could be provided by the comparison of the hierarchy of the difficulty of the items with data
available in the literature (Arnold et al., 2018; Boone et al., 2014).

The difficulty of the items and the ability of the students to answer each item are presented with the Wright map. This
representation shows the relationship between the individual measurements and the measurements of the items in the same unit
(the logit). Thus, we ascertain that people with low acceptance of evolution and items with which one can easily agree are at the
bottom of the map. On the contrary, people with high acceptance of evolution and items, which one can hardly agree with are at
the top of the map (Boone et al., 2014).

Wright map provides indications about the quality of targeting of persons and items because it is easy to compare the average
of the person measures with the average of the difficulty of the tool items (Tennant & Conagham, 2007). When the average of the
person measures is less than zero, it means that the items of the tool are difficult to agree with them and vice versa (Boone et al.,
2014).
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Figure 1. Principal component analysis of standardized residuals (Winsteps: Rasch Measurement Computer Program)

Table 2. Variance of standardized residual

aja Sort of variance Symbol on plotin Eigenvalue % variance from % variance expected
Figure 4 (& in x axis) g data from Rasch model
1 Total raw variance (T=M+U) T(TV) 20.26 100.0% 100.0%
2 Raw variance explained by measures (M=P+I) M (MV) 7.26 35.8% 36.0%
3 Raw variance explained by persons (P) P (PV) 3.18 15.7% 15.7%
4 Raw Variance explained by items (1) 1(IV) 4.08 20.2% 20.2%
5 Raw unexplained variance (U=U1+U2+...) U (Uv) 13.00 64.2% 64.0%
6 Unexplained variancein first contrast (U1) 1(U1) 2.08 10.3% 16.0%
7  Unexplained variancein second contrast (U2) 2 (U2) 1.64 8.1% 12.6%
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Figure 2. Clusters of items according to the first contrast of residuals (Winsteps: Rasch Measurement Computer Program)

RESULTS

RQ1

The dimensionality analysis (Figure 1) performed on the sample data showed that the percentage of variance explained by
the measurements was M=35.8%. This percentage is explained by the variance that comes from the person measures P=15.7% and
by the variance that comes from the items of the instrument 1=20.2%. Although the percentage of unexplained variance is high
UV=64.2%, it is not a problem for the one-dimensionality of the instrument in the specific sample, because the percentage of
variance from the first contrast of the residuals is less than the percentage of variance from the person measures as well as the
percentage of variation that comes from the items of the instrument (U1=10.3%) (Linacre, 2021).

However, the eigenvalue of the first contrast (Table 2) is marginally greater than two (2.08), which may be an indication of the
existence of a second dimension in the data (Linacre, 2021; Sbeglia & Nehm, 2018). Still, in some cases such values may be firstly
due to random factors (Raiche, 2005), or to the homogeneity of the sample as students came from only two schools, or to the
distribution of items of the instrument in relation to their difficulty (Linacre, 2021).

Figure 2 shows the clusters of items as they are classified by the loadings in the first contrast of the residuals.
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Table 3. Disattenuated corelletion between item clusters

PCA contrast Item clusters Disattenuated correlation
1 1-3 0.65
1 1-2 0.68
1 2-3 0.83
2 1-3 0.51
2 1-2 0.71
2 2-3 0.93
3 1-3 0.72
3 1-2 0.75
3 2-3 0.80

Table 4. Measures of items GAENE 2.1.

;r;try Total score M?tae';_'by Totalcount Measure  Model SE MNSQ Infit 2STD MNSQ Outfit ZSTD Item

1 474 4.05 117 -0.56 0.15 0.77 -1.75 0.76 -1.91 GAENE 1
2 478 4.09 117 -0.66 0.16 0.83 -1.25 0.84 -1.20 GAENE 2
3 430 3.74 115 +0.23 0.14 0.82 -1.37 0.85 -1.18 GAENE 3
4 434 3.77 115 +0.15 0.15 0.97 -0.20 0.99 -0.04 GAENE 4
5 484 4.24 114 -1.16 0.16 1.19 1.35 1.10 0.74 GAENE 5
6 410 3.50 117 +0.77 0.14 1.25 1.84 1.22 1.65 GAENE 6
7 428 3.66 117 +0.43 0.14 1.05 0.45 1.20 1.48 GAENE 7
8 385 3.32 116 +1.17 0.13 1.25 1.85 1.27 1.97 GAENE 8
9 417 3.69 113 +0.33 0.14 1.09 0.67 1.11 0.82 GAENE 9
10 429 3.70 116 +0.34 0.14 0.91 -0.67 0.88 -0.91 GAENE 10
11 445 3.90 114 -0.17 0.15 0.97 -0.17 0.95 -0.30 GAENE 11
12 446 3.88 115 -0.10 0.15 1.06 0.45 1.07 0.57 GAENE 12
13 479 4.13 116 -0.78 0.16 0.72 -2.17 0.74 -2.05 GAENE 13
Mean 441.5 3.82 115.5 0.00 0.15 0.99 -0.07 1.00 -0.03

PSD 29.0 0.61 1.3 0.63 0.01 0.17 1.28 0.17 1.30

Note. The column Entry No corresponds to the item of the instrument; the column Total score corresponds to the sum of the raw data for the
specific item; the column Measure is the value that calculated from the application of Rasch model on the raw data; & the columns Infit & outfit
are indices for the fit of items on Rasch model
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Figure 3. Probability curves for each rating scale category (dotted lines represent the probability of appearance of a particular
combination between person measures and item difficulty; dashed lines show Andrich thresholds for each pair of categories
[1=SD, 2=D, 3=U, 4=A, 5=SA]). (Winsteps: Rasch Measurement Computer Program)

The disattenuated correlations between the three clusters range from 0.65-0.83 (Table 3), i.e., they are above the threshold
(<0.57), which indicates the clear existence of a second dimension in the data (Linacre, 2021). Thus, GAENE is a one-dimensional
tool for this sample, as the research that have been conducted with it in the USA so far have shown (Metzger et al., 2018; Sbeglia &
Nehm, 2018; Smith et al., 2016).

The fit indices of the thirteen elements of the instrument have an average close to 1.00 (INFIT: MNSQ=0.99 and OUTFIT:
MNSQ=1.00) constituting an additional element for the one-dimensionality of the tool (Arnold et al., 2018). Each element of the
tool has values of the above indicators ranging from 0.72-1.27 (Table 4). The fit of the items of the instrument to Rasch model,
using the 5-point scale, is very good for all of them (Table 4). The OUTFIT MNSQ index, which is the most sensitive (Boone et al.,
2014), ranges from 0.74 to 1.27 (Fisher, 2007) and only two items (GAENE 1 and GAENE 13) are out of strict limits.

The effectiveness of the 5-point scale to separate in the way predicted by the model, the responses of students with different
levels of acceptance of evolution, is shown in Figure 3 (Smith et al., 2016).
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Table 5. Person & item reliability

A: Person reliability

Total score Count Measure Model SE
Mean 49.1 12.8 1.68 0.45
Max 62.0 13 4,73 0.66
Min 35.0 10 -0.44 0.38
Real RMSE=0.49 True SD=0.91 Separation=1.85 Person reliability=0.77
Model RMSE=0.45 True SD=0.94 Separation=2.08 Person reliability=0.81
SE of person mean=0.10 & Cronbach’s alpha=0.81 SEM=2.39
B: Item reliability
Total score Count Measure Model SE
Mean 441.5 115.5 0.00 0.15
Max 484 117 1.17 0.16
Min 385 113 -1.16 0.13
Real RMSE=0.15 True SD=0.61 Separation=4.02 Item reliability=0.94
Model RMSE=0.15 True SD=0.61 Separation=4.16 Item reliability=0.95

SE of item mean=0.18

Table 6. Ranking of GAENE 2.1 items in various studies

Smith et al. (2016) Romine et al. (2018) Sheglia and Nehm (2018) This study
Measure Difference Difference Difference Difference
Entry number . Entry number . Entry number . Entry number .
order of items according to of items according to of items according to of items according to
the rank the rank the rank the rank
| Il 11l 1] 1l 1l 1l 1 1l
1 GAENE 5 0.53 GAENE 7 0.03 GAENE 7 0.21 GAENE 5 0.38
2 GAENE 3 0.25 GAENE 3 0.19 GAENE 5 0.34 GAENE 13 0.12
3 GAENE 4 0.18 GAENE 5 0.24 GAENE 13 0.10 GAENE 2 0.10
4 GAENE 7 0.13 GAENE 4 0.03 GAENE 4 0.17 GAENE 1 0.39
5 GAENE 1 0.01 GAENE 1 0.14 GAENE 3 0.05 GAENE 11 0.07
6 GAENE 13 0.30 GAENE 13 0.07 GAENE 1 0.03 GAENE 12 0.25
7 GAENE 2 0.11 GAENE 2 0.18 GAENE 9 0.26 GAENE 4 0.08
8 GAENE 9 0.32 GAENE 9 0.21 GAENE 2 0.12 GAENE 3 0.10
9 GAENE 11 0.36 GAENE 11 0.16 GAENE 10 0.14 GAENE 9 0.01
10 GAENE 10 0.35 GAENE 10 0.19 GAENE 11 0.71 GAENE 10 0.09
11 GAENE 12 0.49 GAENE 12 0.13 GAENE 6 0.09 GAENE 7 0.34
12 GAENE 8 0.03 GAENE 6 0.08 GAENE 12 0.14 GAENE 6 0.40
13 GAENE 6 GAENE 8 GAENE 8 GAENE 8

Note. The differences ranking may, according to the Rasch model, be an indication of the construct validity of the instrument

Each category is more likely (dotted line in Figure 3) to appear in a particular combination of difference between person
measures and item difficulty (Boone et al., 2014; Smith et al., 2002), with no disordering in the sequence of the categories. For
example, at -2.00 logits, the probability of observing the “disagree” category is about 60%, while the probability of observing the
categories “strongly disagree” or “l am uncertain/l cannot decide” is less than 20%. In addition to, at +2.00 logits, the probability
of observing the “agree” category is approximately 70%, while the probability of observing the “strongly agree” category is less
than 20% (Smith et al., 2002). Figure 3 (dushed line) also shows Andrich thresholds for each pair of categories, which have
sufficient spacing (SD-D=-2.98, D-U=-0.98, U-A=+0.59, A-SA=+3.37) and regular order between them (SD-D<D-U<U-A<A-SA),
indicating the satisfactory operation of the scale.

The index person reliability (Table 5) was 0.77, which in combination with the separation index=1.85 means that it is not easy
to separate person in terms of the levels of acceptance of evolution. This sample can separate person into a maximum of three
levels of acceptance (Linacre, 2021). On the contrary, the index item reliability was 0.94, which means that the sample size is large
enough to confirm the hierarchy of the tool’s items in terms of the degree of difficulty or convenience of the respondents in terms
of its items. Also, the separation index was 4.02 indicating that the tool can distinguish four levels of difficulty between the items
of the instrument for this sample (Smith et al., 2002).

The hierarchy of the items of the instrument in the sample is different than the hierarchy in the surveys that were conducted
in the past with the GAENE 2.1 (Table 6). Table 6 shows data concerning the order of GAENE 2.1 items according to the ranking
from the easiest to the most difficult to agree with (column I: MEASURE ORDER). The ranking of each item in the different studies
are presented in column Il, which shows that some items have different ranking in the different studies. Column Il of each study
are presented the differences between two consecutive rankings. These differences reveal that the intervals between the items
are small and unequal.

Typical examples for the hierarchy of the items are GAENE 3, GAENE 7, and GAENE 13. In terms of the item GAENE 3, there is a
different classification in the present study from that of both Sbeglia and Nehm (2018) and the research of Smith et al. (2016) and
of Romine et al. (2017). The item GAENE 7 has the same ranking in the research of Romine et al. (2017) and Sbeglia and Nehm
(2018) and it is the one that is most easily agreed on, while in the research of Smith et al. (2016) this item is about in the middle in
terms of convenience, which one can agree with. In the present research it seems to be one of the most difficult to agree on. In the
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Figure 4. Wright map (map expresses in the same unit of measurement [logit], both ability of respondent to answer [left part of
map], and degree of difficulty of item [right part of map]; persons marked with an X, & those with the lowest ability are at the
bottom left of map, while those with the highest ability are at the top left of the map; the item that one can easily agree with is at
the bottom right of the map [GAENES5], while the one which one can hardly agree with is at the top right of the map [GAENEG6])
(Winsteps: Rasch Measurement Computer Program)

item GAENE 13 the present study agrees with that of Sbeglia and Nehm (2018) but not with the research of Smith et al. (2016) and
Romine et al. (2017).

In this research, the item with which one can easily agree with is GAENE 5, while in the item with which one can hardly agree
with is GAENE 8 (Figure 4: Wright map). The map shows that the items of the instrument have a dense distribution and in some
there are overlaps. The range of difficulty of the data is relatively limited as it ranges from -1.16 to +1.17. The range of difficulty of
two consecutive items of the instrument ranges from 0.01 to 0.40 indicating the age homogeneity of the sample (Boone et al.,
2014; DeMars & Linacre, 2004).

RQ2

Table 7 presents the results of students’ acceptance of evolution. The MEASURE column shows the levels of acceptance of
evolution by each respondentin descending order according to Rasch model. TOTAL SCORE column shows the level of acceptance
of evolution of each respondent using the raw data. The average value of students’ responses to the raw data is MEAN=49.10 (MEAN
by ITEM=3.82/5). In previous studies, with the GAENE, the levels of the acceptance of evolution have a range in raw data from 47.06
to 55.38 (Metzger et al., 2018; Sbeglia & Nehm, 2018; Smith et al., 2016; Rachmatullah et al., 2018). The raw data score of 49.10, is
the second lowest score among the studies that have been conducted with GAENE. The latter can be justified by the fact that its
application was made to students who have little knowledge of the living world in general and of evolution in particular. However,
the results may not be directly comparable between these surveys because each of them was applied in different populations.

The levels of the acceptance of evolution in the present study do not appear to be influenced by gender (ANOVA: f1,115=3.58,
p=0.058) and the field of study they intend to pursue in the next class (ANOVA: f1113=0.48, p=0.69). On the contrary, they seem to be
influenced by whether they have attended evolution courses in the third grade of junior high school.
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Table 7. Person measures

Infit Outfit Infit Outfit

EN s M MSE MNSQ ZSTD MNSQ ZSTD EN s M MSE MNSQ ZSTD MNSQ ZSTD
86 62 4,73 .66 1.61 131 1.29 .67 77 49 1.46 43 .64 -.85 .64 -.86
66 60 4.00 .56 .76 -.64 71 -74 82 49 1.46 43 .25 -2.57 .23 -2.64
78 60 4.00 .56 1.33 97 1.18 57 96 49 1.46 43 .61 -.98 .54 -1.20
99 60 4.00 .56 1.44 1.20 1.37 1.00 102 49 1.46 43 1.03 21 1.10 .38
34 59 3.71 .53 .86 -.30 .90 -.18 112 48 1.28 42 .36 -1.97 .35 -2.02
35 59 3.71 .53 .93 -.10 .95 -.03 1 48 1.28 42 1.24 .68 1.22 .64
18 58 3.44 .51 1.06 .29 1.03 21 10 48 1.28 42 1.14 46 1.07 .30
39 58 3.44 .51 1.20 .65 1.16 .56 15 48 1.28 42 .52 -1.30 .49 -1.43
50 58 3.44 .51 1.17 57 1.16 .56 16 48 1.28 42 1.07 31 .95 .01
91 58 3.44 .51 1.29 .87 1.20 .67 22 48 1.28 42 .64 -.87 .61 -.99
88 53 3.26 .52 1.29 .85 1.30 .88 30 48 1.28 42 1.34 .89 1.36 .94
7 57 3.18 .50 .62 -1.10 .64 -1.06 33 48 1.28 42 .81 -.38 .79 -41
44 57 3.18 .50 1.07 .30 1.06 27 65 48 1.28 42 71 -.67 71 -.66
56 57 3.18 .50 48 -1.70 48 -1.72 80 48 1.28 42 1.41 1.03 1.26 .73
114 57 3.18 .50 .90 =17 .87 =27 87 48 1.28 42 1.00 13 1.03 21
38 52 3.11 .51 1.86 1.95 1.79 1.87 89 48 1.28 42 .96 .03 .92 -.08
8 56 2.94 .49 1.44 1.16 1.38 1.05 101 48 1.28 42 .58 -1.08 .54 -1.23
52 56 2.94 .49 1.43 1.15 1.40 1.10 108 48 1.28 42 2.05 2.13 2.09 2.18
73 51 2.78 .50 1.84 1.83 1.72 1.66 110 48 1.28 42 .84 =27 .78 -.44
4 55 2.71 48 1.48 1.21 1.45 1.17 12 47 1.10 42 .73 -.60 71 -.67
57 55 2.71 48 .75 -.59 .75 -.59 27 47 1.10 42 .84 -.28 .87 -.19
79 55 2.71 48 .51 -1.45 .54 -1.36 31 47 1.10 42 .62 -.98 .60 -1.02
83 55 2.71 48 .92 -.09 91 -.13 54 47 1.10 42 2.07 2.19 2.15 2.30
28 50 2.61 .49 1.98 2.00 1.98 2.02 74 47 1.10 42 .75 -.55 .73 -.62
84 46 2.55 .51 1.17 51 1.13 44 47 36 1.04 AT .59 -.92 51 -1.15
51 42 2.55 .54 1.88 1.73 1.75 1.57 14 46 .93 41 48 -1.54 51 -1.38
63 54 2.48 AT 1.05 27 1.16 .51 25 46 .93 41 44 -1.68 .48 -1.49
92 54 2.48 AT .88 -.19 .89 -.17 49 46 .93 41 1.72 1.64 1.72 1.63
100 54 2.48 AT 2.27 2.49 2.25 2.51 71 46 .93 41 .78 -47 N -.48
3 53 2.26 46 7 -47 71 -.66 95 46 .93 41 .87 -.22 .90 -.14
5 53 2.26 46 1.38 .96 1.36 .94 98 46 .93 41 .62 -.98 .63 -.95
105 53 2.26 46 1.28 .76 1.20 .60 104 46 .93 41 A48 -1.51 44 -1.66
60 48 2.14 48 41 -1.61 .40 -1.68 11 42 .82 42 .58 -1.09 .60 -.99
115 48 2.07 AT .85 -.24 .87 -.19 32 35 .81 .46 .84 -.23 .80 -.33
2 52 2.05 46 .94 -.02 .86 -.23 20 45 .76 .40 .81 -.40 N -.52
19 52 2.05 46 .92 -.07 .92 -.08 23 45 .76 .40 1.93 2.04 1.88 1.93
29 52 2.05 46 1.48 1.14 1.47 1.13 40 45 .76 .40 1.03 21 1.01 .14
53 52 2.05 46 1.69 1.53 1.68 1.52 48 45 .76 .40 .53 -1.36 .49 -1.50
24 51 1.85 45 1.00 .15 1.00 13 58 45 .76 .40 31 -2.37 31 -2.37
62 51 1.85 45 .14 -3.29 .14 -3.38 107 45 .76 .40 1.14 AT 1.13 .46
72 51 1.85 45 .65 -.81 .65 -.84 36 44 .60 .40 1.17 .55 1.16 .53
81 51 1.85 45 41 -1.72 42 -1.66 67 44 .60 .40 .84 -.31 .86 -.24
85 51 1.85 45 .97 .07 97 .06 43 43 .45 .39 .34 -2.31 .34 -2.25
109 51 1.85 45 2.17 2.25 2.16 2.25 45 43 .45 .39 .45 -1.74 .45 -1.74
117 51 1.85 45 91 -.08 .93 -.02 55 43 .45 .39 a7 -.54 74 -.64
13 47 1.82 AT 1.00 1.80 1.90 1.80 75 43 .45 .39 .1.76 1.78 1.84 1.91
6 50 1.65 44 1.35 .89 1.33 .86 17 42 .29 .39 .87 -.25 .83 -.35
21 50 1.65 44 1.20 .60 1.09 .34 41 42 .29 .39 .94 -.05 .90 -.17
37 50 1.65 44 1.08 .32 1.11 .39 68 42 .29 .39 AT -1.69 A7 -1.68
42 50 1.65 44 91 -.09 .98 .09 76 42 .29 .39 1.30 .87 1.40 1.08
64 50 1.65 44 .55 -1.16 .56 -1.15 94 42 .29 .39 2.10 2.38 2.04 2.27
90 50 1.65 44 .39 -1.79 .36 -1.93 97 42 .29 .39 1.30 .87 1.40 1.08
93 50 1.65 44 1.07 .30 1.02 .18 26 41 .14 .39 1.38 1.04 1.37 1.01
103 50 1.65 44 1.09 .35 1.00 .15 70 41 .14 .39 .58 -1.23 .58 -1.24
106 50 1.65 44 .89 -.13 .92 -.06 61 40 -.01 .38 1.03 21 1.09 .36
111 50 1.65 44 .26 -2.47 .25 -2.55 46 38 -.30 .38 1.10 40 1.09 37
113 50 1.65 44 1.02 .19 1.02 .18 59 37 -.44 .38 1.44 1.19 1.49 1.29
116 50 1.65 44 97 .07 97 .06 MEAN 49.10 1.68 .45 1.02 -.01 1.00 -.05
9 49 1.46 43 .54 -1.20 .58 -1.07 P.SD 5.4 1.04 .05 AT 1.19 .46 1.19
69 49 1.46 43 1.01 17 1.06 .29

Note. EN: Entry number; TS: Total score; M: Measure; MSE: Model SE;
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DISCUSSION AND CONCLUSIONS

GAENE 2.1 is a psychometric tool that measures a theoretical construction, the acceptance of evolution, in different
populations. Its items measure a person’s willingness to support evolution (Barnes et al., 2019). According to the researchers who
developed it, it does not contain items that are related to the understanding of evolution (Smith et al., 2016). Previous research
that conducted with undergraduate students shown that the GAENE raw scores increased from pre- to the post-courses (from
52.78/65 to 55.38/65) but did not reveal statistically significant difference in the levels of the acceptance of evolution (Sbeglia &
Nehm, 2018). In this study seems to be a statistically significant difference between students who have taken evolutionary courses
compared to those who have not taken evolutionary courses (ANOVA: f1,115=3.90, p=0.048) in junior high school.

Further analysis of the data showed differential item functioning (DIF)for the GAENE 4 (DIF contrast: -1.19, prob.= 0.00), GAENE
5 (DIF contrast: -0.68, prob.=0.05) and GAENE 8 (DIF contrast: 0.66, prob.=0.01) between the two subgroups. Students who had
attended evolutionary courses in the third grade of junior high school were more likely to agree with GAENE 4 and GAENE 5 than
students who had not attended the respective courses, while the reverse picture was observed for GAENE 8.

Previous research conducted on a sample of college students showed that item GAENE 12 had pre-course fit indicator MNSQ
out of range (infit: 1.46; outfit: 1.51) and it had post-course fit indicator MNSQ out of range too (infit: 2.24; outfit: 2.10), suggesting
that this item may be influenced by levels of knowledge of the evolutionary theory (Sbeglia & Nehm, 2018). This item had a
problematic behavior during the initial implementation of the GAENE 2.1 as it showed fit MNSQ indicators out of limits (Infit: 1.43;
Outfit: 1.42) and a significant difference (1.00 logits in DIF) among students who had the same levels of acceptance of the evolution,
which it means that the item should be affected by the education level (Smith et al., 2016).

A possible explanation for the above findings lies in the wording of the item, as for evolutionary biologists evolution is both a
biological phenomenon and a scientific theory too (Sbeglia & Nehm, 2018). In this research, GAENE 12 has fitindicator MNSQ within
limits (infit:1.06; outfit: 1.07) and there does not seem to be a significant difference between students who have taken compared
to those who have not taken evolutionary courses (DIF contrast: 0.00, prob.=1.00) in junior high school. The behavior of the sample
in this item can be explained:

(a) by the factthat all participants of the sample are in the same educational level,

(b) by the lack of substantial knowledge about the evolution of the students of this age group in Greece despite the fact that
some aspects of the evolution may have been taught such as natural selection and adaptation (Prinou et al., 2008), and

(c) by the lack of knowledge about the nature of science in Greek students of that age (Koumara & Plakitsi, 2020).

DIF analysis by gender was shown that all items had not significant difference between two subgroups (DIF contrast: -0.56-
+0.39, prob.=0.08-0.81) with the exception of the GAENE 11 (DIF contrast: -0.85, prob.=0.01). A possible explanation is the girls in
the aged of 17 are more sensitive in human evolution than the boys.

The data drawn from the instruments and especially those that were submitted to content analysis paved the way to further
the research on students of the specific age group before and after having been exposed to teaching of evolution.

The analysis of the quality of GAENE as a tool for measuring the acceptance of evolution during the application in the specific
sample includes the evaluation of the behavior of the categories of the scale.

Table 8 shows the classifications of each category of the scale per item and shows their normal distribution and the existence
of a sufficient distance between them, with the sole exception of GAENE 11. In this item there is an apparent disturbance in the
order of categories due to the small number of people who have chosen category 2 “disagree” in relation to people who have
chosen category 3 “l am uncertain/l cannot decide”. Thus, it can be concluded from the results that for the specific sample, the
categories of the scale work with the expected predictability (Boone et al., 2014) (Table 8).

From the Wright map (Figure 4) it is understood that the instrument consists of items that are easy to agree with, because the
average of the students’ answers is much higher than the average of the difficulty of the items (indication M left and right of the
dashed line in Figure 4, respectively) (Boone, 2016). The same picture is observed in the initial research of the GAENE 2.1 (Smith
et al.,, 2016 p. 19) and in another research too (Sbeglia & Nehm, 2018 p. 13/19). This finding may mean that the GAENE 2.1
overestimates students’ acceptance of evolution and may explain the difference between the public and the students’ acceptance
of evolution.

In addition, in all published studies that conducted with the GAENE 2.1, the items, which one can hardly agree with are the
GAENE 8, GAENE 6, and GAENE 10 (Table 3). However, items GAENE 6 and GAENE 10 have a similar wording, and the degree of
agreement may not depend on the acceptance of evolution but on other factors related to the personality of the respondent and
his or her desire to argue publicly about an issue (Sbeglia & Nehm, 2018) or the fear one may feel when speaking in public (Romine
et al., 2018). GAENE 8 is essentially the famous phrase of Dobzhansky (1973), it includes the word “nothing” that could be treated
by students with reservation. This may be due to the fact that teachers often and especially for biological phenomena instruct
students to avoid words like everything, always, nothing etc. (Sbeglia & Nehm, 2018).

Also, the different hierarchy in the difficulty of the items observed in the different surveys conducted with GAENE (Table 6),
the dense distribution of items and the existence of overlaps between them (Figure 3), indicate that in some of these items they
need to be reworded in order to increase the range of distribution according to their difficulty and at the same time to have a more
normal distance between them (Arnold et al., 2018). Attributing a dense distribution in an instrument that measures a variable
may mean that the full range of the variable is not covered by the items, while the existence of overlaps can affect the tool’s ability
to measure the variable in an efficient and effective way (Boone et al., 2014).
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Table 8. Item category frequencies (rating scale category frequencies)

Ability Ability

Item DCode DC Mean PSD SE mean Item DCode bc Mean PSD SE mean
1 1 1 -0.44 0.00
2 3 -0.25 0.18 0.13 2 23 1.06 0.74 0.16

GAENE 1 3 12 1.04 0.53 0.16 GAENE 8 3 36 1.51 0.85 0.14
4 78 1.56 0.86 0.10 4 50 2.02 1.06 0.15
5 24 2.65 1.02 0.21 5 6 2.81 0.53 0.24
1 1
2 1 -0.44 0.00 2 8 0.60 0.68 0.26

GAENE 2 3 14 1.05 0.61 0.17 GAENE 9 3 32 1.39 0.80 0.14
4 76 1.56 0.92 0.11 4 60 1.69 0.97 0.13
5 26 2.49 1.03 0.21 5 13 2.84 0.93 0.27
1 1
2 2 11 0.50 0.43 0.14

GAENE 3 3 44 1.19 0.76 0.12 GAENE 10 3 24 1.27 0.81 0.17
4 57 1.73 0.94 0.13 4 70 1.78 0.85 0.10
5 14 2.97 1.05 0.29 5 11 3.24 0.94 0.30
1 1 1 0.29 0.00
2 4 0.25 0.07 0.04 2 1 1.10 0.00

GAENE 3 3 41 1.23 0.76 0.12 GAENE 11 3 30 1.01* 0.64 0.12
4 47 1.54 0.70 0.10 4 58 1.56 0.84 0.11
5 23 3.03 0.90 0.19 5 24 2.90 0.89 0.19
1 1
2 3 0.34 0.07 0.05 2 4 0.68 0.67 0.39

GAENE 4 3 11 0.98 0.62 0.20 GAENE 12 3 32 1.01 0.66 0.12
4 55 1.29 0.66 0.09 4 53 1.68 0.90 0.12
5 45 2.37 1.10 0.17 5 26 2.68 0.89 0.18
1 2 0.45 0.31 0.31 1
2 17 0.72 0.51 0.13 2

GAENE 6 3 35 1.27 0.75 0.13 GAENE 13 3 16 0.79 0.68 0.17
4 46 1.98 0.82 0.12 4 69 1.46 0.80 0.10
5 17 2.86 1.05 0.26 5 31 2.67 0.93 0.17
1
2 3 1.13 0.63 0.45

GAENE 7 3 45 1.39 1.19 0.18
4 58 1.80 0.85 0.11
5 11 2.40 0.83 0.26

Note. DCode: Data code & DC: Data count

Table 9. GAENE 2.1. quality criteria

Criterion Value Designation (Fisher,2007) Cut-off for excellent performance (Fisher, 2007)

Variance in data explained by measures 35.2% Poor >80%

Person reliability (Cronbach’s alpha) 0.77 Fair >0.94

Person separation index 1.85 Poor >5.00

Item reliability 0.94 Very good >0.94

Item Separation index 4.02 Very good >5.00

Item infit (MNSQ) 0.72-1.25 Very good-excellent 0.77-1.30

Item outfit (MNSQ) 0.74-1.27 Very good-excellent 0.77-1.30

Ceiling effect 0% Excellent <3%

Floor effect 0% Excellent <3%

Finally, the evaluation of the implementation of GAENE as a tool for measuring the acceptance of evolution in Greek students
aged 17 years, can be done with various criteria (Table 9) (Fisher, 2007). One such criterion is the percentage of variance in the
data explained by the measurements of individuals and data (Figure 1), which for this sample is low (35.8%) and may be due to
unexpected student responses (Table 7 see INFIT and OUTFIT columns) in specific items of the tool. It may, also, be due to the lack
of essential knowledge about the biological world and the evolution of organisms (Prinou et al., 2008). The person reliability is
relatively low (0.77) that in combination with the low separation index (1.85) indicates that GAENE can distinguish three levels of
acceptance among the respondents (Linacre, 2021). In contrast, the Item reliability and the corresponding separation index are
relatively high (0.94 and 4.02 respectively), which means that the sample is large enough to confirm the hierarchy of item difficulty
(Table 6) and that the items of the tool can be distinguished in at least four levels of difficulty (Smith et al., 2002). The fit indicators
are within the strict limits of the excellent fit,-with the exception of only two items-proving the very good fit of the tool to Rasch
model. Also, there are no extreme values, i.e., there are no people who have achieved the lowest and highest possible result.

The studies conducted in Greece on the acceptance of evolution, have exclusively used MATE as measurement tool and the
range of the results in these studies was from 70.95 to 90.5. These studies were conducted on students in pedagogical and
biological departments of Greek universities, but also on teachers at primary schools, junior and senior high schools (Athanasiou
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et al., 2012; Athanasiou & Papadopoulou, 2012; Katakos & Athanasiou, 2020; Mantelas & Mavrikaki, 2020). Thus, the results of the
current research are not directly comparable with these, not only because a different measurement tool was used, but also
because it was applied to 17 years old students. However, if the results are equalized with MATE scores then this study obtains
75.54 score. This score is higher than the minimum resulting from the already mentioned surveys.

The levels of acceptance of evolution balanced with MATE, in this research, do not show a significant difference with
corresponding research that have been conducted in students at Greek universities (Athanasiou et al., 2012, 2016; Athanasiou &
Papadopoulou, 2012; Athanasiou & Papadopoulou, 2015; Mantelas & Mavrikaki, 2020), because GAENE does not contain items
related to the knowledge of evolutionary theory and religiosity (Smith et al., 2016). Recent research conducted on Biology students
in Greece has shown that there is a negative correlation between religiosity and levels of acceptance and that attending
evolutionary courses is one of the factors that has a significant positive impact on acceptance of evolution, at least when MATE is
used as a measurement instrument (Mantelas & Mavrikaki, 2020).

At the same time, opinion polls conducted on a sample of young people aged 15-29 in Greece showed that young people have
a relaxed relationship with religious practices (Special Eurobarometer 225, 2014), which may partly explain the difference
observed in the levels of acceptance of evolution in adults (Miller et al., 2006). Another parameter that may be related to the
difference in the levels of acceptance of evolution between young people and adults is the formulation of the proposals (Smith et
al., 2016). In the opinion polls undertaken on this issue, the formulations of the proposals also concern the intervention of God in
the evolutionary process and the appearance of man (Gallup, 2019; Miller et al., 2006).

Thus, taking into account the above findings of the research and the peculiarities of the Greek educational system regarding
the teaching of evolution (Prinou et al., 2008; Stasinakis & Kampourakis, 2018), we can conclude that GAENE, despite the fact that
it is likely to overestimate the levels of the acceptance of evolution, it is a reliable tool to measure this variable in the specific age
group, because it does not contain items related to the knowledge and understanding of evolutionary theory. In addition, the
present study proposes the further monitoring of the items of the tool during its application in a larger sample, which covers a
larger geographical area and includes students from wider social backgrounds.

Limitations of Research

The present research was undertaken in a small population that has not been taught evolution neither as a phenomenon of
the living world, nor as a scientific theory. Also, the structure of the educational system in Greece is such that essentially it does
not allow the development of biological knowledge in students, because from an early age, pupils are taught how to succeed in
the entrance exams for university and are indifferent to courses that deviate from this target (Stasinakis & Kampourakis, 2018). An
additional important limitation for the present study is the restricted area in which it took place, and this might have some effect
on the results as discussed in a previous section. Thus, its results are not generalizable beyond the population studied but they
yield some interesting findings that can be a guide for further research, in a wider area with a larger sample, which includes
students from different regions, and different social and cultural backgrounds. Such a research should evaluate each item of
GAENE separately, in order to evaluate GAENE more accurately in terms of the ability of this tool to effectively measure acceptance
of evolution in Greek students at high school. It is also important to evaluate the implementation of the various tools for measuring
the acceptance of evolution to Greek students in order to make comparative studies between different populations and different
tools (GAENE 2.1, MATE, and I-SEA), which will help to improve these tools and our ability to measure the acceptance of evolution.
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