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denominations, personal religious faith, 
knowledge about, and acceptance of evolution
Roxanne Gutowski1†  , Helena Aptyka1†   and Jörg Großschedl1*   

Abstract 

Background The theory of evolution serves as an overarching scientific principle for all areas of biology. Hence, 
knowledge about and acceptance of evolution are indispensable for holistic education. However, the levels of knowl-
edge about and acceptance of evolution vary greatly. It is supposed that insufficient knowledge and lack of accept-
ance are associated with high personal religious faith and affiliated denominations. Therefore, it is fundamental to 
examine knowledge about and acceptance of evolution, personal religious faith, and denomination.

Results We conducted an exploratory study with German upper secondary school students (N = 172). Firstly, the 
results showed a weak to moderate correlation between knowledge about and acceptance of evolution. Secondly, 
students of different denominations differed in their knowledge about evolution, use of key concepts, acceptance 
of evolution, and personal religious faith but not in their use of misconceptions. Thirdly, the findings revealed that a 
student’s denomination predicts knowledge level, whereas personal religious faith predicts acceptance.

Conclusions Our exploratory study indicates that, in addition to the strength of personal religious faith, the denomi-
nation may be critical to knowledge about and acceptance of evolution.

Keywords Acceptance, Concept, Contextual reasoning, Denomination, Education, Evolution, Evolutionary 
knowledge, Faith, Religiosity, Secondary school students

Introduction
Biological evolution (in the following referred to as evo-
lution) is the explanatory theory for the development of 
living nature, with natural selection as the key mecha-
nism for the development of species (German National 
Academy of Sciences Leopoldina 2017). An understand-
ing of evolutionary processes is an essential requirement 
for students’ active and educated participation in social 

discourse on topics such as species extinction due to 
climate change or the adaptation of vaccines due to the 
mutation of viruses (Council of Europe 2007; Dunk et al. 
2019; Smith 2010). Therefore, understanding of evolution 
has societal value (e.g., Brasseur 2007; German National 
Academy of Sciences Leopoldina 2017) and is elementary 
to educational curricula (e.g., Department for Education 
[England] 2014; Ministry for School and Education of 
North Rhine-Westphalia 2013). Evolution and the under-
lying process of natural selection are important learning 
contents, but they are difficult for students to under-
stand and reason about it (Beniermann 2019; Fenner 
2013; Kuschmierz et  al. 2020b; Lammert 2012). Further 
difficulties arise from students’ conceptions about evolu-
tion, which often consist of a mixture of scientific facts or 
key concepts and naïve ideas or misconceptions (Opfer 
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et  al. 2012). To address misconceptions and strengthen 
scientific understanding of evolution and the use of key 
concepts, it is necessary to examine factors related to or 
predictive of students’ knowledge about evolution. Stud-
ies suggest that knowledge is positively associated with 
a high level of acceptance (e.g., Großschedl et  al. 2018; 
Kuschmierz et al. 2020b). Furthermore, knowledge acqui-
sition could be inhibited by alternative explanations or 
beliefs, such as religious views (Dunk et al. 2019).

However, it is not fully understood how the interplay 
between these alternative explanations or beliefs, the 
knowledge about and acceptance of evolution is consti-
tuted. Moreover, it is unknown, to what extent these vari-
ables are predictive of knowledge about and acceptance 
of evolution (Dunk et al. 2019; Smith & Siegel 2016). Pre-
vious studies of individuals’ religious characteristics com-
monly only collected data on the construct of personal 
religious faith and disregarded denominations. Con-
sequently, this study investigates whether and to what 
extent personal religious faith and denominations pre-
dict knowledge about and acceptance of evolution. Addi-
tionally, this study assesses whether and to what extent 
the two variables lead to differences in reasoning about 
evolutionary processes of natural selection. Our findings 
support previous results on personal religious faith and 
the relation between knowledge about and acceptance of 
evolution of different denominations of German second-
ary school students. The findings can be used to inform 
educators about potential barriers of students learning 
evolution. Our recommendations focus on the impor-
tance of educators’ awareness of religious groups and the 
position of their views in evolution lessons. Based on our 
findings, educators can derive teaching approaches that 
create a learning environment in which students can 
bring their religious views in accordance with knowledge 
about evolution in a scientifically compliant manner. 
Such approaches could focus on a more agnostic than 
an atheistic view of evolution to help students with the 
often-suggested reconciliation of religious and scientific 
views (e.g., Barnes 2020b, 2021b; Truong 2018).

Background
Knowledge about evolution, key concepts, 
and misconceptions
Knowledge about evolution is the basis for understand-
ing evolution (Anderson et  al. 2001; Bloom et  al. 1956; 
Kuschmierz et  al. 2020b; Smith &  Siegel 2016). In par-
ticular, knowledge about the evolutionary process of 
natural selection is widely studied for students’ use of 
key concepts and misconceptions. Key concepts consti-
tute scientific ideas (Opfer et al. 2012). They are divided 
into three core concepts (variation, heritability, and indi-
vidual fitness; Nehm & Ha 2011), which are essential for a 

scientifically correct explanation of evolutionary change 
and can be complemented by additional concepts (e.g., 
resource limitation) that allow for a more in-depth expla-
nation (Bishop & Anderson 1990; Nehm & Reilly 2007).

The counterparts of key concepts are misconceptions, 
which are defined as inaccurate (Nehm et al. 2010), non-
normative (Opfer et  al. 2012), or naïve ideas (Federer 
et al. 2015; Nehm & Ha 2011) and may result from cog-
nitive biases (Heddy & Sinatra 2013; Kelemen 2011). 
Previous research has shown that misconceptions are 
already developed in childhood. Subsequent attempts 
to clarify these misconceptions through scientific expla-
nations encounter great resistance (Bloom & Weisberg 
2007; Kuschmierz et al. 2020b). Moreover, key concepts 
and misconceptions can co-exist (Opfer et  al. 2012). 
Students’ most common misconceptions are based on 
teleological ideas (or finalism; the assumption that evolu-
tion is purposeful), intentionality (the assumption of the 
intentional, active adaptation of individuals to new situ-
ations), and essentialism (the assumption of fixed catego-
ries based on an immutable essence, which creates the 
illusion that the evolutionary emergence of new species 
from different ancestors is impossible; e.g., Beniermann 
2019; Kelemen 2011; Opfer et al. 2012; Sinatra et al. 2008; 
Smith 2010).

Studies investigating the knowledge about evolu-
tion of German secondary school students are still rare 
(Kuschmierz et  al. 2020b). There are indications that 
students possess very low to moderate knowledge about 
evolutionary processes and concepts (Beniermann 2019; 
Fenner 2013; Kuschmierz 2020a, 2020b; Lammert 2012) 
and continue to use misconceptions after learning about 
evolution (Lammert 2012).

Conceptual ecology
The conceptual ecology model offers an explanation 
for understanding how people interpret information 
through individual frames. A person’s conceptual ecol-
ogy may contribute to the person’s difficulties to develop 
or transform a preliminary understanding of a particular 
topic (Park 2007; Posner & Strike 1992; Strike & Posner 
1982). Thus, acquiring knowledge or accepting scientific 
facts can be the result of several considerations which 
differ based on the individual prerequisites (e.g., knowl-
edge, attitudes, and epistemological beliefs; Deniz et  al. 
2008). The conceptual ecology model explains interac-
tions between personal prerequisites and their impact 
on knowledge development (e.g., learning about evo-
lution and the acceptance of it; Deniz et  al. 2008; Park 
2007). Therefore, it can be assumed that a person’s reli-
gious characteristics, consisting of the personal religious 
faith and the denomination, are relevant to knowledge 
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about and acceptance of evolution (Deniz et  al. 2008; 
Großschedl et al. 2014; Kuschmierz et al. 2021).

Acceptance of evolution
In a cross-country public opinion survey of the Euroba-
rometer, participants were asked whether they agree with 
the statement “[h]uman beings, as we know them today, 
developed from earlier species of animals” (European 
Commission 2021). Similar surveys, using the same item, 
were conducted with participants in the United States 
(Miller et  al. 2006, 2022). The international comparison 
of acceptance scores shows that the acceptance of human 
evolution in Germany is rather high. For example, 66% of 
the participants in Germany and 53% in the United States 
accept human evolution as true (European Commission 
2021; Miller et  al. 2022). The results on German par-
ticipants reflect the average European acceptance (67%; 
European Commission 2021). Compared to an earlier 
Eurobarometer survey of Germany’s public acceptance 
of human evolution in 2005, the acceptance has declined 
by 3% (Directorate General Press and Communication 
2005). However, the acceptance of human evolution is 
usually lower compared to the acceptance of the general 
or animal evolution when human evolution is excluded 
(Everhart & Hameed 2013; Unsworth & Voas 2018).

It is assumed that these differences in acceptance are, 
among other things, linked to the level of knowledge 
about evolution or personal religious faith (Dunk et  al. 
2017; Ha et al. 2012). However, it must be critically noted 
that further research indicates that a certain level of 
knowledge must be present in students for the connec-
tion between acceptance and knowledge to be significant. 
Especially younger and more inexperienced students 
in Germany partly revealed only a low positive correla-
tion between knowledge about and acceptance of evolu-
tion (Beniermann 2019; Fenner 2013; Kuschmierz et  al. 
2020b; Lammert 2012; Southerland & Sinatra 2005).

Personal religious faith
Personal religious faith often referred to as religiosity, is 
“the degree to which religious faith and conviction have 
an impact on daily life” (Dunk et  al. 2017, p. 2). Euro-
pean studies suggest a negative, mostly strong correlation 
between personal religious faith and acceptance of evo-
lution and assume that personal religious faith is a pre-
dictor of acceptance of evolution (e.g., Großschedl et al. 
2014; Kuschmierz et al. 2020b). Previous research shows 
that there is evidence that personal religious faith is 
negatively related to knowledge about evolutionary pro-
cesses of natural selection but even more strongly related 
to acceptance of evolution. Furthermore, it was found 
that the  religiosity of students is a significant predictor 
of their acceptance of evolution (Barnes et  al., 2017a). 

These findings are consistent with the majority of stud-
ies, claiming that non-religious people or ones with low 
personal religious faith have higher evolution acceptance 
scores than (strongly) religious people (Betti et al. 2020; 
Unsworth & Voas 2018).

However, there is not necessarily a correlation, as per-
sonal religious faith does not always lead to lower accept-
ance of evolution. This argument is underlined by studies 
showing that religious people, both from the scientific 
community and the general population, accept evolu-
tion (Ecklund & Scheitle 2014; Everhart & Hameed 2013; 
Martin 2010).

Denominations and religious affiliations
According to the conceptual ecology model, a person’s 
preconditions can affect information processing and, 
thus, knowledge building. As aforementioned, there is 
an indication that a person’s personal religious faith can 
impact the knowledge about and acceptance of evolution. 
However, as denominations represent different interpre-
tations of faith, including a person’s views, values, and 
prioritization, the denomination might also be a relevant 
factor.

Barone et  al. (2014) present evidence that a person’s 
denomination is more predictive of acceptance of evolu-
tion than of knowledge about it. In this context, previous 
studies show that atheists have the highest acceptance 
scores while, for example, people of Christian or Mus-
lim denominations tend to have lower scores (e.g., Betti 
et al. 2020; Unsworth & Voas 2018). Barnes et al. (2021a) 
showed in an American context that undergraduates 
with a Muslim denomination tended to have a lower 
acceptance of evolution than undergraduates of other 
denominations. These results were confirmed in studies 
examining German secondary school students, where 
students from a Muslim denomination had the lowest 
acceptance rate and even differed significantly from Prot-
estants, who had the second-lowest acceptance rate (Fen-
ner 2013; Lammert 2012). However, when comparing 
these results, it is important to note that the population 
proportions and faith interpretation vary depending on 
the studied region. For instance, the Christian commu-
nities in Germany and the United States differ, as Prot-
estants in Germany are mainly Lutheran, Reformed, and 
United (Evangelical Church in Germany 2016). At the 
same time, Evangelicals are the largest Protestant group 
in the United States (Pew Research Center 2007) and are 
known for often interpreting the bible literally (Schneider 
2020). Since both the strength of the personal religious 
faith and denomination shape the subjective perspec-
tive and how scientific knowledge about evolution is fil-
tered (Clément 2015a, 2015b), both must be considered 
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in analyses to understand inconsistencies (Glaze & 
Goldston 2015).

The present study and research questions
Based on the theoretical background, we deliberately 
conducted this study in Germany. Germany provides a 
wide cultural diversity, as reflected by the approximately 
26% of Germans with an immigrant background (Federal 
Ministry of the Interior Building and Community 2019). 
This cultural diversity allows us to consider different per-
spectives on evolution using different religious charac-
teristics such as denominations. Furthermore, Germany 
is a secular state that protects religious freedom and 
allows students to participate in religious education with 
state-trained religious teachers as part of their schooling 
(though mainly for Catholic and Protestant students). In 
2020, the majority of the German population was Chris-
tian (26.7% Catholics, 24.4% Protestants, 1.8% Ortho-
dox), and around 5–6% were Muslims (divided into 74% 
Sunni, 8% Alevi, 4% Shiite, 14% others/unknown; Federal 
Ministry of the Interior and Home Affairs 2022; Federal 
Office for Migration and Refugees and German Islam 
Conference 2020). The remaining Germans were athe-
ists or belonged to a different, marginally represented 
denomination of other religions (e.g., Judaism, Hinduism, 
or Buddhism). One must note that the terms religious 
affiliation and denomination are not always adequately 
delineated, so that Catholics and Protestants (denomina-
tions), and Muslims (religious affiliation) are referred to 
as denominations. However, it is important to distinguish 
between the terms religious affiliation (e.g., Christian-
ity, Islam) and denomination (Christian denominations: 
e.g., Catholic, Protestant; Muslim denominations: e.g., 
Sunni, Shiite) as they describe different levels of the char-
acteristics of religion. Thus, we will use the term Muslim 
denominations instead of Muslim to refer to a group of 
people who belong to one of its denominations. In gen-
eral, denominations can be subdivided into further 
sub-denominations. However, for this study, a further 
subdivision is impractical because the sample sizes would 
be very small, impairing the statistical significance. Addi-
tionally, the subgroups of some denominations are rela-
tively similar. To exemplify this, the Protestant Church in 
Germany amalgamates Lutheran, Reformed, and United 
denominations. This union of the Protestant Church in 
Germany includes a common synod, council, and church 
conference and thus represents common values and prin-
ciples which are based on the Gospel (Evangelical Church 
in Germany 2021). Therefore, a distinction between the 
sub-denominations in Germany can be dispensed (this 
need not apply to other states, e.g., the ones of the United 
States).

We recognize that personal religious faith and denomi-
nations may be viewed as sensitive personal character 
traits which may result in a critical perspective on stud-
ies about them. We hereby clearly position ourselves that 
we appreciate cultural diversity and that we aim to pro-
mote educational equality for all students. We emphasize 
that we strongly oppose the creation of negative images 
of individuals or stereotyping groups, for instance, based 
on their denominations. However, for research purposes, 
it is crucial to identify whether a student’s personal 
religious faith or denomination is a decisive factor for 
knowledge about and acceptance of evolution. Moreo-
ver, it helps to acquire a more profound understanding of 
potential barriers (e.g., due to conflicting religious views) 
that detract from educational equality. Also, it fosters 
researchers’, educators’, and the general readers’ sensitiv-
ity to the topic.

Based on the findings of previous studies and the socio-
cultural factors in Germany, we aim to examine whether 
German upper secondary school students’ personal reli-
gious faith and denomination are relevant to their knowl-
edge about and acceptance of evolution. We expect to 
gain a more profound understanding of potential barri-
ers (e.g., due to conflicting religious views) to knowledge 
and thereby strengthen educational equality. The study 
indirectly fosters readers’ sensitivity to possible tensions 
between religious views and evolution. Considering 
the above, we set out to examine the following research 
questions:

1. Is there a correlation between the three variables of 
knowledge about evolution, use of key concepts, and 
use of misconceptions with the acceptance of evo-
lution among students, and how do they correlate 
when separated by denominations?

2. Is there a difference in knowledge about evolution, 
use of key concepts and misconceptions, acceptance 
of evolution, and personal religious faith among stu-
dents with different denominations?

3. Are personal religious faith and different denomina-
tions predictive of the knowledge about and accept-
ance of evolution?

Methods
Sample
For this study, we analyzed a data set of N = 172 upper 
secondary school students, also used as part of a previous 
study by Aptyka et  al. (2022). We deployed this subset 
because the participants provided additional information 
regarding their denominational group. The participants 
were 16.5  years of age (SD = 1.1), and 63.7% reported 
being female. They attended secondary schools, divided 
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into grammar school (Gymnasium), comprehensive 
school, or vocational training, and were in grades 10–13 
(M = 11.0, SD = 0.9). The International Standard Classifi-
cation of Education (ISCED) classifies all surveyed school 
types at level ISCED3 (Eurydice 2021).

The participants reported being Protestant (n = 32), 
Catholic (n = 84), of a Muslim denomination (n = 28), 
or atheistic (n = 28). The four denominational groups 
reflect the largest groups in the socio-demographic pro-
file of Germany (see the “The Present Study and Research 
Questions” section; Federal Ministry of the Interior 
and Home Affairs  2022; Federal Ministry of the Inte-
rior Building and Community 2019; Federal Office for 
Migration and Refugees and German Islam Conference 
2020). There was no further differentiation of the Muslim 
denominations. Based on the socio-demographic profile 
of Germany, we anticipate that the majority of the Mus-
lim participants belong to the Sunni denomination (Fed-
eral Office for Migration and Refugees and German Islam 
Conference 2020). It can be assumed that Catholic par-
ticipants belong to the Roman Catholic Church since this 
represents the majority (Catholic Church in Germany 
2020; Evangelical Church in Germany 2021; Federal Min-
istry of the Interior and Home Affairs 2022). The group 
of Protestants was not divided into further sub-denom-
inations, as the Protestant Church in Germany already 
grouped them due to similar characteristics (for further 
explanations, see “The present study and research ques-
tions”) section. We are aware that it is difficult to draw 
generic conclusion from statistical analyses based on 
such small samples and therefore like to emphasize that 
our research entails exploratory characteristics. There-
fore, the implications gained for research and teaching 
must be considered critically (for more details, see “Limi-
tations”) section. Nevertheless, since we analyze a variety 
of variables (knowledge about and acceptance of evolu-
tion, personal religious faith and denomination) in this 
study, it provides valuable information for evaluating dif-
ferent variables (e.g., considering socio-economic status) 
for further research.

Research design and procedures
The survey was conducted in the students’ regular envi-
ronment to ensure ecological validity. First, students’ 
general evolution-related knowledge, acceptance of evo-
lution, personal religious faith, denomination, and socio-
demographic data were collected. After an intervention 
on natural selection (for further information, see also 
Aptyka et al. 2022), students’ conceptual knowledge was 
assessed by assigning them four tasks in which they had 
to explain the processes of natural selection in different 
scenarios. We varied the order of the four tasks to reduce 
the impact of fatigue effects, as it could diminish the last 

tasks (sequencing effects; Aptyka et  al. 2022; Federer 
et al. 2015).

Measures
Knowledge about evolution (KAEVO 2.0)
The KAEVO 2.0 was initially designed to measure the 
knowledge about evolution of secondary school students 
in Germany. It was validated regarding content valid-
ity and internal structure, showing valid results in dif-
ferent samples (Aptyka et  al. 2022; Beniermann 2019; 
Beniermann et  al. 2021; Kuschmierz et  al. 2020a). By 
answering true-false items and single-choice questions, 
students could score up to 24 points. In order to guar-
antee comparability of this instrument with other ones, 
Kuschmierz et  al. (2020a) categorized the range of pos-
sible points as follows: very low knowledge (0–10 points), 
low knowledge (11–14 points), moderate knowledge 
(15–18 points), rather high knowledge (19–22  points), 
and high knowledge (23–24 points). Overall, the KAEVO 
2.0 showed an internal consistency of Cronbach’s α = 0.61 
(M = 13.22, SD = 3.27, range = 5.00–21.00).

Assessment of contextual reasoning about natural selection 
(ACORNS)
We used four items of the ACORNS instrument (Nehm 
et  al. 2012; Opfer et  al. 2012) to measure the students’ 
contextual reasoning about natural selection. As the 
items were in English, we used the same translation as 
in earlier studies (Aptyka et  al. 2022; Großschedl et  al. 
2018). The ACORNS is a constructed response instru-
ment that examines the knowledge’s free recall (Nehm & 
Ha 2011). Nehm et  al. (2012) confirmed the convergent 
validity of the instrument.

Generally, the ACORNS items were designed as iso-
morphic items, meaning that they all have the same 
structure but vary in surface features of the content. In 
our case, the surface features of the four tasks were sys-
tematically varied regarding the taxon (animal vs. plant) 
and the polarity of trait change (trait gain vs. trait loss). 
Accordingly, the task definition read as follows: “How 
would biologists explain how a living (Taxon) species 
with [/lacking] (Trait) evolved from an ancestral (Taxon) 
species that lacked [/had] (Trait)?” (Nehm et al. 2012).

The open responses of the ACORNS items were coded 
using the scoring guide by Nehm et  al. (2010), which 
allows for distinguishing between key concepts and 
misconceptions of natural selection. In detail, we inves-
tigated the following key concepts: variation (presence 
and cause of variation); heritability (heritability of vari-
ation); individual fitness (differential survival of individu-
als); resource limitation (limited resources); competition 
(competition); and change of population (generational 
changes in the distribution or frequency of variation; e.g., 



Page 6 of 17Gutowski et al. Evolution: Education and Outreach            (2023) 16:9 

Nehm et al. 2010; Opfer et al. 2012). These concepts are 
also the most frequently used in the study of Großschedl 
et al. (2018). Additionally, we analyzed the use of the fol-
lowing four misconceptions: need (needs as drivers of 
evolutionary processes); use/disuse (the use or disuse 
of traits); intentionality (the intention to change a trait 
actively); and adaptation (the active adaptation to given 
circumstances or the environment; Federer et  al. 2015; 
Nehm et al. 2012, 2013; Opfer et al. 2012). In total, stu-
dents could use six key concepts and four misconcep-
tions per item. Since we used four ACORNS items in 
this study, students could use a total of 24 key concepts 
(M = 9.47, SD = 5.02, range = 0–22.00) and 16 misconcep-
tions (M = 2.76, SD = 2.96, range = 0–16.00). To ensure 
the reliability of the open response codings, a second 
trained person coded more than 30% of the data. We cal-
culated the interrater reliability, which showed an almost 
perfect agreement (Cohen’s κ > 0.80; Landis & Koch 1977; 
O’Connor & Joffe 2020).

Attitudes towards evolution (ATEVO 2.0)
We used the ATEVO 2.0 scale to collect data about a per-
son’s attitude toward evolution (Beniermann 2019). The 
initial validation of this instrument was carried out using 
statistical analyses such as principal component analysis, 
which were used to determine and confirm internal valid-
ity (Beniermann 2019). This instrument contains eight 
items on a 5-point Likert scale relating to the human 
mind and general attitudes toward evolution. Low values 
indicate a negative attitude towards evolution (rejection), 
while high values signify a positive attitude (acceptance; 
Beniermann 2019). The instrument revealed an internal 
consistency of Cronbach’s α = 0.63 (M = 3.97, SD = 0.51, 
range = 2.75–5.00).

Personal religious faith (PERF 2.0)
The PERF 2.0 scale enables the assessment of data about 
the strength of students’ personal religious faith (Beni-
ermann 2019). The validation process of this instrument 
was guided by the expertise of academics from related 
research disciplines such as theology, philosophy, and 
sociology. They reviewed and refined the instruments’ 
wording to ensure content validity (Aptyka et  al. 2022; 
Beniermann 2019). The PERF 2.0 encloses ten items on a 
5-point Likert scale. High scores represented a high level 
of personal religious faith. The scale showed an excellent 
internal consistency of Cronbach’s α = 0.96 (M = 2.64, 
SD = 1.27, range = 1.00–5.00).

Data analysis
We used IBM SPSS Statistics (version 28.0) for the data 
analyses. Initially, we performed preliminary analy-
ses (e.g., comparability of group sizes, extreme outliers, 

normal distribution, homogeneity of variances) to select 
the correct statistical analysis for the respective data 
characteristics. Descriptive statistics were used for 
sample specification. In addition, we analyzed the data 
using inferential statistical procedures (e.g., correlations, 
regression, and analyses of variances). Corresponding to 
the results of preliminary analyses, we used a non-para-
metric test (e.g., the Kruskal-Wallis test with the Dunn-
Bonferroni post-hoc test) when the data did not meet the 
criteria for performing parametric tests. Moreover, we 
adjusted the test procedure for post-hoc analyses with 
the Bonferroni post-hoc test when the dependent varia-
bles of the compared groups showed homogeneity of var-
iance. We applied the Games-Howell post-hoc test when 
variances were heterogeneous. Both post-hoc analyses 
promise the advantage of being robust against an unbal-
anced design (Field 2018). Multiple linear regressions 
were performed using dummy coded variables for the 
denominational groups (Protestant [vs. atheistic], Catho-
lic [vs. atheistic], and Muslim denominations [vs. atheis-
tic]). Partial responses were missing in the query for the 
four ACORNS items, whereby some participants were 
automatically excluded from the analyses. Consequently, 
a few values are missing at random (MAR). For all analy-
ses, we set the significance level to 5%.

Results
The relationship between knowledge 
about and acceptance of evolution among students (of 
different denominations)
For our first research question, we conducted a Pearson 
product-moment correlation analysis and examined how 
strongly students’ knowledge about and acceptance of 
evolution are related. The results show weak to moderate 
correlations between students’ acceptance of evolution 
with knowledge about evolution with their acceptance of 
evolution (r = .22, p = .003) and the number of used key 
concepts (r = .26, p < .001; see Table  1). The number of 
used misconceptions and acceptance do not show a sig-
nificant correlation. For Protestants, we found a relatively 
strong correlation between acceptance and key concept 
use (r = .46, p = .008). We did not find that the other 
denominational groups’ acceptance was significantly 
related to knowledge about evolution, the use of key con-
cepts, or misconceptions.

Differences between students with different 
denominations in their knowledge about evolution, 
use of key concepts and misconceptions, acceptance 
of evolution, and personal religious faith
To address our second research question, we examined 
whether students of different denominations differ in 
their knowledge about evolution, use of key concepts and 
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misconceptions, acceptance of evolution, and personal 
religious faith.

Firstly, we conducted an analysis of variance to exam-
ine the knowledge about evolution for different denomi-
national groups. Results reveal that students’ knowledge 
about evolution differs between the denominational 
groups, F(3,  168) = 3.62, p = .014, ηp

2 = .06. Bonferro-
ni’s post-hoc tests of knowledge about evolution show 
significant differences between the denominational 
groups’ Muslim denominations and atheistic, p = .018 
(MDiff = –2.57, 95%-CI[–4.85, –0.29], dCohen = 0.92). These 
results mean for our sample that students of Muslim 
denominations scored lower than the atheistic students 
on the KAEVO 2.0 and thus held less knowledge about 
evolution. We did not observe differences between stu-
dents of the denominational groups Protestant and 
Catholic, p > .99 (MDiff = 0.35, 95%-CI[–1.42, 2.13]), Prot-
estant and Muslim denominations, p = .054 (MDiff = 2.19, 
95%-CI[–0.02, 4.40]), Protestant and atheistic, p > .99 
(MDiff = 0.38, 95%-CI[–2.59, 1.83]), Catholic and Mus-
lim denominations, p = .056 (MDiff = 1.83, 95%-CI[–0.03, 
3.70]), Catholic and atheistic, p > .99 (MDiff = –0.74, 95%-
CI[–2.60, 1.13]).

Secondly, we used descriptive and inferential statis-
tics to analyze which key concepts and misconceptions 
students (of different denominations) use when reason-
ing about natural selection. Descriptive statistics for the 
sample suggest that students used more key concepts 
than misconceptions when reasoning about natural 
selection. Students used the concept of resource limita-
tion most often, followed by the concepts of variation, 
individual fitness, and heritability. In addition, it appears 
that students in both groups applied the misconception 
of adaptation most frequently and the misconception of 
intentionality least frequently (see Fig. 1).

Procedures of inferential statistics followed the 
descriptive statistics. We performed two ANOVAs, 
one with the sum of all used key concepts and one with 
the sum of all used misconceptions for the denomi-
national groups. The results show that the students of 
different denominational groups varied in the num-
ber of used key concepts, F(3, 168) = 2.72, p = .046, 

ηp
2 = .05, but not of misconceptions, F(3, 168) = 0.91, 

p = .439. To identify the explicit concepts in which the 
students differed, we performed a multivariate analysis 
of variance (MANOVA; see Fig.  1). The results reveal 
that students of different denominational groups dif-
fered in the use of the key concepts of individual fit-
ness, F(3, 168) = 3.18, p = .025, ηp

2 = .05, resource 
limitation, F(3, 168) = 4.91, p = .003, ηp

2 = .08, and com-
petition, F(3, 168) = 2.80, p = .042, ηp

2 = .05. The stu-
dents did not significantly differ in the use of the key 
concepts of variation, F(3, 168) = 0.18, p = .912, her-
itability, F(3, 168) = 0.88, p = .453, and change of popu-
lation, F(3, 168) = 1.49, p = .219. Bonferroni’s post-hoc 
tests regarding the key concept of individual fitness 
reveal a significant difference between the denomina-
tional groups Protestant and Muslim denominations, 
p = .027 (MDiff = 1.10, 95%-CI[0.08, 2.12], dCohen = 0.74). 
The denominational groups of Protestant and Catho-
lic, p > .99 (MDiff = 0.40, 95%-CI[–0.42, 1.22]), Protes-
tant and atheistic, p > .99 (MDiff = 0.14, 95%-CI[–0.88, 
1.16]), Catholic and Muslim denominations, p = .185 
(MDiff = 0.70, 95%-CI[–0.16, 1.56]), and Catholic and 
atheistic, p > .99 (MDiff = –0.26, 95%-CI[–1.12, 0.60]) 
did not significantly differ. Bonferroni’s post-hoc 
tests for the key concept of resource limitation show 
a significant difference between the denominational 
groups Protestant and Muslim denominations, p = .007 
(MDiff = 1.12, 95%-CI[0.22, 2.02], dCohen = 0.87), Catho-
lic and Muslim denominations, p = .005 (MDiff = 0.96, 
95%-CI[0.20, 1.72], dCohen = 0.72), as well as Muslim 
denominations and atheistic, p = .015 (MDiff = –1.07, 
95%-CI[–2.00, –0.14]; dCohen = 0.89) but no differences 
for the denominational groups Protestant and Catholic, 
p > .99 (MDiff = 0.16, 95%-CI[–0.57, 0.88]), Protestant 
and atheistic, p > .99 (MDiff = 0.05, 95%-CI[–0.85, 0.95]), 
and Catholic and atheistic, p > .99 (MDiff = –0.11, 95%-
CI[–0.88, 0.65]). Games-Howell’s post-hoc tests for the 
key concept of competition reveal a significant differ-
ence between the denominational groups Protestant 
and Muslim denominations, p = .037 (MDiff = 0.71, 95%-
CI[0.03, 1.38], dCohen = 0.67), Muslim denominations 
and atheistic, p = .031 (MDiff = –0.75, 95%-CI[–1.45, 

Table 1 Relationship between knowledge about, and acceptance of evolution separated by denominational groups

**  p < .01

Separation of the sample by denominational groups

Sample (N = 172) Protestant 
(n = 32)

Catholic (n = 84) Muslim 
denominations 
(n = 28)

Atheistic 
(n = 28)

Knowledge about evolution .22** .20 .10 .28 .21

Key concepts .26** .46** .16 .17 .06

Misconception –.01 –.12 –.12 .12 .17
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–0.05], dCohen = 0.77). Students of the denominational 
groups Protestant and Catholic, p = .728 (MDiff = 0.26, 
95%-CI[–0.41, 0.94]), Protestant and atheistic, p = .999 
(MDiff = –0.04, 95%-CI[–0.90, 0.81]), Catholic and 
Muslim denominations, p = .052 (MDiff = 0.44, 95%-
CI[–0.00, 0.88]), and Catholic and atheistic, p = .642 
(MDiff = –0.31, 95%-CI[–1.01, 0.39]) show no significant 
differences.

Thirdly, we conducted an ANOVA to examine the 
dependent variable acceptance of evolution and the inde-
pendent variable denominational groups. We found that 
students of different denominations show varying lev-
els of acceptance of evolution, F(3,  168) = 6.07, p  < .001, 
ηp

2 = .10. By applying a post-hoc Bonferroni test, we 
precisely observed differences between the denomina-
tional groups Protestant and Muslim denominations, 
p = .011 (MDiff = 0.52, 95%-CI[0.18, 0.87], dCohen = 0.78) 
and Muslim denominations and atheistic, p < .001 
(MDiff = −0.52, 95%-CI[−0.87, −0.18], dCohen = 1.05) but 
not between Protestant and Catholic, p > .99 (MDiff = 0.14, 
95%-CI[−0.13, 0.41]), Protestant and atheistic, p > .99 
(MDiff = –0.13, 95%-CI[−0.46, 0.21]), Catholic and Mus-
lim denominations, p = .090 (MDiff = 0.26, 95%-CI[−0.02, 
0.55]), and Catholic and atheistic, p = .088 (MDiff = −0.26, 
95%-CI[−0.55, 0.02]). Thus, students of the Mus-
lim denominations in our samples are rather inclined 
to reject the evolution than Protestant and atheistic 
students.

Fourthly, we analyzed the dependent variable personal 
religious faith, with the independent variable denomina-
tional groups using a non-parametric Kruskal–Wallis test. 
We found that the students of different denominational 
groups differed in personal religious faith, H(3)  = 72.74, 
p < .001. The following Dunn-Bonferroni post-hoc tests 
indicate that the denominational groups Protestant and 
Muslim denominations (z = –5.15, p < .001, padj < .001, 
dCohen = 2.06), Protestant and atheistic (z = –3.56, p < .001, 
padj = .002, dCohen = 1.19), Catholic and Muslim denomina-
tions (z = –6.07, p < .001, padj < .001, dCohen = 1.93), Catholic 
and atheistic (z = –4.26, p < .001, padj < .001, dCohen = 1.13), 
and Muslim denominations and atheistic (z = –8.44, 
p < .001, padj < .001, dCohen = 5.45) significantly differed in 
their level of personal religious faith. The only data not 
showing significant differences are between the groups 
Protestant and Catholic (z = –0.04, p = .968, padj > .99). 
Overall, we can conclude from the results that students 
of Muslim denominations have the lowest acceptance 
of evolution, and atheistic students have the highest (see 
Table 2). In addition, the descriptive results show that the 
acceptance scores are moderate to high in all groups (at 
least 3.7 on a 5-point Likert scale).

Prediction of the knowledge about and acceptance 
of evolution
Finally, we aimed to investigate how much of the vari-
ance in the knowledge about and acceptance of evolution 

Fig. 1 Students’ use of key concepts and misconceptions when reasoning about natural selection. The figure shows the key concepts (left) 
and misconceptions (right) that were used by students (with different denominations) when responding to four ACORNS items (M + SD). 
Denominational representation was chosen only when significant differences were present. * p < .05
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can be explained by the predictors of personal religious 
faith and denomination. We conducted a multiple lin-
ear regression for the criterion knowledge about evolu-
tion measured by the KAEVO 2.0, which shows a small 
goodness-of-fit (Cohen 1988), R2 = .06 (R2

adj = .04). The 
model with the denominational groups Protestant (vs. 
atheistic), Catholic (vs. atheistic), Muslim denomina-
tions (vs. atheistic), and the personal religious faith sig-
nificantly predicts the knowledge about evolution, F(4, 
167) = 2.70, p < .032. Nevertheless, only the group Muslim 
denominations (vs. atheistic) is a significant predictor 
(B = −2.55, β =−0.29, S.E. = 1.15, p = .028), meaning that 
if a participant of our study was considered as an adher-
ent of a Muslim denomination, the probability is higher 
that this individual has lower knowledge about evolution 
than individuals of other denominations. The denomi-
national groups Protestant (vs. atheistic; B = −0.38, 
β = −0.05, S.E. = 0.88, p = .669), Catholic (vs. atheistic; 
B = −2.55, β = −0.11, S.E. = 0.75, p = .335), or the personal 
religious faith (B =−0.01, β = −0.00, S.E. = 0.26, p = .975) 
do not directly relate to students’ knowledge about evo-
lution. After analyzing knowledge about evolution, we 
performed a multiple linear regression analysis with the 
denominational groups and personal religious faith as 
predictors of the acceptance of evolution. The overall 
model is significant, F(6, 187) = 5.22, p < .001, and indi-
cates a moderate goodness-of-fit (Cohen 1988), R2 = .15 
(R2

adj = .12). Only the personal religious faith (B = −0.12, 
β = −0.29, S.E. = 0.04, p = .003) but not the denomi-
national groups Protestant (vs. atheistic; B = −0.00, 
β = −0.00, S.E. = 0.13, p = .990), Catholic (vs. atheis-
tic; B = −0.14, β = −0.14, S.E. = 0.11, p = .222), or Mus-
lim denominations (vs. atheistic; B = −0.18, β = −0.13, 
S.E. = 0.17, p = .297) enable a significant prediction of 
students’ acceptance of evolution. In summary, religious 
students across all investigated denominations are less 
accepting of evolution.

Discussion
Low correlations between acceptance of evolution 
with knowledge about evolution and the use 
of key concepts, but no correlation with the use 
of misconceptions
In order to answer our first research question, we found 
weak to moderate correlations between knowledge about 
and acceptance of evolution in our sample. The cor-
relation between knowledge about and acceptance of 
evolution coincides with previous findings. Low correla-
tion among secondary school students compared to, for 
example, undergraduates may be explained by differences 
in the educational level, age of participants, or stages of 
faith (e.g., Beniermann 2019; Fowler & Dell 2006; Konne-
mann et  al. 2012; Kuschmierz et  al. 2020b). The identi-
fied correlation could also suggest that younger students 
do not perceive a conflict between scientific and religious 
views. The absence of conflict could be due to our sam-
ple’s low level of knowledge. Low knowledge prevents 
students from understanding the overlaps or contradic-
tions of scientific and religious views on evolution. Also, 
separating the subjects in school (i.e., biology or religion 
courses) and the missing interdisciplinary link can pre-
vent the simultaneous confrontation of elaborated sci-
entific and religious perspectives, obscuring potential 
conflicts. As knowledge becomes more differentiated, 
diverging perspectives on evolution might not be com-
patible anymore. Then, the decision to accept evolution, 
understand religious and biological views as Non-Over-
lapping Magisteria (NOMA; Gould 1999), or reject evo-
lution seems almost inevitable (Sinatra et al. 2003).

Contrary to our expectations, only the number of 
used key concepts in our sample is significantly related 
to acceptance, but the number of used misconceptions 
is not. Students’ use of misconceptions in reasoning 
about natural selection in the ACORNS instrument by 
the surveyed participants in our study correlated slightly 

Table 2 Means and standard deviations for the knowledge, acceptance, concept use, and personal religious faith

KAEVO 2.0 Knowledge about evolution 2.0; ATEVO 2.0 Attitudes towards evolution 2.0; PERF 2.0 Personal Religious Faith 2.0; ACORNS KC Assessment of contextual 
knowledge about natural selection (key concepts); ACORNS MIS Assessment of contextual knowledge about natural selection (misconceptions)

Separation of the sample by denominational groups

Sample (N = 172) Protestant (n = 32) Catholic (n = 84) Muslim 
denominations 
(n = 28)

Atheistic (n = 28)

M (SD) M (SD) M (SD) M (SD) M (SD)

KAEVO 2.0 13.22 (3.27) 13.69 (3.43) 13.33 (3.36) 11.50 (3.12) 14.07 (2.40)

ATEVO 2.0 3.99 (0.51) 4.10 (0.53) 3.96 (0.47) 3.70 (0.49) 4.22 (0.50)

PERF 2.0 2.64 (1.27) 2.50 (1.12) 2.52 (1.06) 4.38 (0.59) 1.45 (0.48)

ACORNS KC 9.47 (5.02) 10.69 (5.84) 9.70 (4.88) 7.18 (4.61) 9.64 (4.32)

ACORNS MIS 2.76 (2.96) 2.31 (2.83) 3.02 (2.94) 2.18 (2.79) 3.04 (3.32)
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negatively with the acceptance of evolution, but unlike 
the results by Großschedl et al. (2018), our results were 
insignificant. These findings support the argument of 
previous studies that key concepts and misconceptions 
are not mutually exclusive and that students can have 
key concepts and misconceptions simultaneously (e.g., 
Aptyka et al. 2022; Evans 2001; Opfer et al. 2012).

Differences among students of different denominations 
in knowledge about, and acceptance of evolution, use 
of key concepts, and personal religious faith
We examined whether students of different denomina-
tions in our sample differed in their knowledge about 
evolution, use of key concepts and misconceptions, 
acceptance of evolution, and personal religious faith. 
The analyses revealed that students of Muslim denomi-
nations differed greatly from atheists in terms of general 
knowledge about evolution and from Protestants and 
atheists regarding acceptance of evolution. These explor-
ative results are similar to those of Beniermann (2019) 
and  Lammert (2012) on German students, who showed 
that Protestants and students of Muslim denominations 
differed strongly in their knowledge about evolution and 
moderately in their acceptance of evolution. Explanatory 
approaches suggest that the poor performance of certain 
denominations in knowledge surveys is attributable to 
prevalent negative stereotypes and prejudices about their 
scientific competence (Rios et al. 2015). In addition, there 
are attempts to explain low acceptance scores by a pos-
sible lack of importance of evolution to some denomi-
nations (Betti et al. 2020; Unsworth & Voas 2018). Also, 
the theory of evolution is often associated with atheism 
(Everhart & Hameed 2013). Overall, the students in our 
study showed low general knowledge (Kuschmierz et al. 
2020a).

In our study, students most often used the key con-
cept of resource limitation, followed by the three core 
concepts of variation, heritability, and individual fit-
ness. The dominant use of these concepts could be 
associated with the intervention. Nevertheless, the 
results are similar to findings in America (Nehm & Ha 
2011; Nehm et al. 2010; Opfer et al. 2012) and a compa-
rable frequency of use of the key concepts of individual 
fitness, resource limitation, and variation by German 
university students (Großschedl et  al. 2018). The key 
concept of resource limitation might have occurred 
relatively often in this specific sample as it is a less 
abstract and more accessible explanation for natural 
selection than other concepts, such as variation, which 
is rooted in molecular biology (Tibell & Harms 2017).

Regarding the differentiation of denominations, we 
found moderate to significant differences between the key 
concepts used by students of different denominations. It 

was noticeable that students of Muslim denominations 
used the fewest key concepts and differed significantly 
from at least one denominational group in their use of 
individual fitness, resource limitation, and competition. 
The differences were most pronounced on the key con-
cept of resource limitation because students of Muslim 
denominations differed significantly from all other com-
parison groups. The reasons for the differences in the use 
of key concepts and misconceptions between students 
of different denominations are still poorly understood. 
Nevertheless, the results of our explorative approach are 
similar to those of Rachmatullah et  al. (2018) regarding 
differences in the use of the key concept of resource limi-
tation. They compared pre-service teachers from Indo-
nesia (the world’s largest Muslim majority) and America. 
They only found descriptive differences (p = .055) in the 
use of the key concept of resource limitation, with Indo-
nesian participants using the concept less often than 
American participants. Because little research has been 
conducted on the denomination-specific use of key 
concepts and misconceptions, we recommend further 
research to assess these differences in more detail.

In this examined sample, misconceptions occurred less 
often than key concepts and did not dominate responses. 
These results oppose the ones of Lammert (2012). Purely 
descriptively, students in our sample used the miscon-
ception of adaptation most frequently. Our result is in 
accordance with earlier qualitative findings showing that 
German upper secondary school students explained the 
evolutionary change as an intentional, active change of 
an organism (Baalmann et al. 2004). However, our find-
ings differ from those of German university students, 
who most frequently used the misconception of need 
(Großschedl et  al. 2018). This contrast may indicate an 
argumentative shift from younger students using inter-
nal, active, and purposeful causes (Brennecke 2015) to 
older students using a more passive process with an 
external cause (e.g., environmental pressure) as argu-
ments for evolutionary changes.

Furthermore, the misconception of adaptation often 
includes aspects of teleological reasoning (Kuschmierz 
et al. 2020b). Students might have resorted to teleologi-
cal reasoning because they had to explain evolutionary 
change retrospectively and could have interpreted the 
wording of the ACORNS items as including a finalistic 
event with evoked start-finish-scenario.

Our explorative results again support the assumption 
that key concepts and misconceptions co-exist (Nehm & 
Ha 2011; Opfer et  al. 2012). For example, the argument 
about evolutionary change based on the key concept of 
resource limitation was partly followed by the argument 
that an individual must actively adapt (misconception) to 
gain higher individual fitness and be the individual that 
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has the greatest chance of survival in the given environ-
ment (see also Großschedl et al. 2018).

Students of different denominations in our sample did 
not show differences in the use of misconceptions. One 
explanation for the missing differences in misconcep-
tions between students of different denominations can 
be derived from cognitive psychological perspectives. 
Research in this area stated that teleological thinking, 
including misconceptions (e.g., need), is a pervasive fea-
ture of common human thinking, prevalent in all cultures 
and religions (Kelemen 2011).

Regarding personal religious faith, all denominational 
groups in this specific sample differed in personal reli-
gious faith except Catholics compared to Protestants. 
Students of Muslim denominations disclosed the highest 
and atheists the lowest scores in personal religious faith. 
These results are similar to those of Lammert (2012), 
showing differences between denominations and the 
effect of the denominations on personal religious faith for 
German students. Our results can be complemented by 
the findings of a recent survey conducted by the Federal 
Office for Migration and Refugees and the German Islam 
Conference in Germany (2020), showing that the major-
ity of participants with a migration background stated 
to be strong to rather devout (approximately 82%; inde-
pendent from their denomination). For the participants 
of Christian denominations without a migration back-
ground, the proportion of persons being strong to rather 
devout (approximately 55%) and being rather not or not 
at all devout (approximately 45%) was almost balanced 
(Federal Office for Migration and Refugees and Ger-
man Islam Conference 2020). In relation to our results, 
this may suggest that personal religious faith reflects 
other variables that influence learning about evolution, 
such as cultural diversity represented by migration back-
ground. In addition, socio-economic status should also 
be considered since Barnes et al. (2017a) found a corre-
lation between students’ acceptance of evolution and the 
parental education level as well as the parents’ attitudes 
toward evolution to be predictive of students’ acceptance 
of evolution.

Denominations can predict knowledge about evolution, 
and personal religious faith can predict acceptance 
of evolution
Finally, we explored how much variance in the variables 
of knowledge about and acceptance of evolution can 
be explained by students’ personal religious faith and 
denominations. In our sample, the group Muslim denom-
inations was a significant predictor of a lack of knowl-
edge about evolution to a small extent, whereas personal 
religious faith did not. Moreover, personal religious 
faith predicted the acceptance of evolution moderately, 

whereas a person’s denomination was no significant pre-
dictor. In our study, personal religious faith was only a 
significant predictor of acceptance of evolution but not 
of knowledge about evolution, even though students of 
Muslim denominations had the highest personal religious 
faith. Similarly, Dunk et  al. (2017) found that the effect 
of the denomination variable was reduced when other 
factors, such as religiosity, were included. The results 
of our study suggest reconsidering the role of personal 
religious faith and denomination when investigating 
knowledge about evolution. Exemplarily, demographic 
data show that most people of Muslim denominations in 
Germany have a migration background (Federal Office 
for Migration and Refugees and German Islam Confer-
ence 2020). Furthermore, the survey conducted by the 
Federal Office for Migration and Refugees and the Ger-
man Islam Conference revealed that around 43% of the 
population in Germany aged 16 and older with a migra-
tion background and a religious affiliation do not have a 
school-leaving qualification or own a compulsory one. In 
contrast, this applies only to 15–20% of the persons with-
out a religious affiliation (with or without a migration 
background) or people without a migration background 
belonging to Christian denominations (Federal Office for 
Migration and Refugees and German Islam Conference 
2020). These results indicate educational inequality for 
individual groups. Combining facts about inequality with 
our results may indicate systemic educational or linguis-
tic disadvantages, like lower economic status, of specific 
persons that should be considered as covariates in future 
studies.

Our results support previous findings that personal 
religious faith is associated with acceptance of evolu-
tion but less with knowledge about evolution (Barnes 
et  al. 2017a).  They provide complementary evidence 
that people with no or low personal religious faith are 
more accepting of evolution than strongly religious peo-
ple (Betti et  al. 2020; Lammert 2012; Unsworth & Voas 
2018).

In research, hypothesis suggest that attitudes towards 
evolution are rooted in a nation’s socio-cultural and 
historical contexts, and therefore differences in accept-
ance might be greater between countries than within 
one country (Clément 2015a). With regard to our sam-
ple, the differences in acceptance of evolution might be 
further explained by the identity-protective cognition of 
the culturally diverse students (Barnes et al. 2021b). The 
identity-protection cognition “refers to the tendency of 
culturally diverse individuals to selectively credit and dis-
miss evidence in patterns that reflect the beliefs that pre-
dominate in their group” (Kahan 2017, p. 1). Therefore, 
some of our sample’s Muslims may reject evolution as 
part of their group identity.
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Especially for people with insufficient knowledge about 
evolution in our sample, there are indications that not 
only increasing knowledge about evolution is vital to 
increase acceptance. Other studies imply that a learner’s 
willingness to overcome controversial views on evolu-
tion might be more important in increasing acceptance 
of evolution than knowledge (Sinatra et al. 2003). Taking 
this idea into consideration, not only the direct effect of 
the personal religious faith or denomination but also the 
effect mediated by the perception of conflict between per-
sonal religious faiths and the science-based perspective 
on evolution could impact the acceptance or rejection of 
evolution. Barnes et  al. (2021b) found that the percep-
tion of conflict between personal religious faith (especially 
regarding the belief in god) and evolution is predictive of 
acceptance of evolution. This relation was expressed in the 
higher perception of conflict was associated with lower 
acceptance. Moreover, previous research analyzing partic-
ipants’ perception of conflict shows the tendency that per-
sons of non-Catholic Christian or Muslim denominations 
are most likely to perceive conflict among the examined 
denominational groups (Barnes et  al. 2021b). Transfer-
ring these findings to our results, we cannot rule out the 
hypothesis that low acceptance scores in our sample origi-
nated from personal religious faith, the perception of con-
flict between faith, and religion. An explanation may be, 
as Barnes et  al. (2017b) have suggested, that a combina-
tion of certain denominations and personal religious faith 
leads to the perception of conflict. A potential percep-
tion of a conflict could explain the results concerning the 
students of Muslim denominations. However, it must be 
noted that there are country-specific differences in per-
sonal religious faith and denominations. These differences 
could be attributed to, for example, the strength of belief, 
participation in religious practices, and the level of literal 
interpreting of the sacred scriptures (Clément 2015b; Sch-
neider 2020). The perception of conflict may also help to 
understand differing relations between personal religious 
faith and acceptance of evolution for other denomina-
tions. As Catholics and Protestants in our study did not 
differ in the degree of personal religious faith but accept-
ance of evolution, it would be interesting to examine 
whether they also differed in their perception of conflict 
between the religious and scientific views and whether 
the perception of conflict could explain variance in the 
acceptance of evolution. Additionally, examining atheists’ 
perceptions of conflict would be interesting, as previous 
research suggests that atheists associate evolution with 
an atheist perspective (Barnes et al. 2020a). Future studies 
should investigate the perception of conflict to make reli-
able statements about the relationship between denomi-
nations and personal religious faith with the acceptance of 
evolution.

Implications for research and education
This explorative study can be used to derive theoretical 
and practical implications for research in evolution edu-
cation. It expands the understanding of denominational 
differences because we examined secondary school stu-
dents of different denominations and their knowledge 
about evolution, use of key concepts and misconceptions, 
acceptance of evolution, and personal religious faith in 
one study.

Our results confirm a positive correlation between 
knowledge about and acceptance of evolution. We con-
tributed to the research field of evolution education 
by exemplarily showing that the correlation between 
knowledge and acceptance is not as strong in our sam-
ple of secondary school students as it is for pre-service 
(Großschedl et  al. 2018) or in-service teachers (Benier-
mann 2019). The results from our explorative approach 
provide a basis for comparison with other samples, sug-
gesting that promoting acceptance is less important for 
younger individuals than for older ones (Kuschmierz 
et al. 2020b). Nevertheless, as we found a positive corre-
lation between knowledge about and acceptance of evo-
lution, facilitating acceptance could benefit all students in 
increasing knowledge (including the average secondary 
student). It is not the function of biology class to demand 
that students change their denomination or personal reli-
gious faith to increase acceptance (Ohly 2012). Instead, 
teachers should be aware that students could perceive 
conflicts. This perception of conflict could cause them 
to close themselves off from the topic of evolution, hin-
dering the learning process (Waschke & Lammers 2012).
One reason for this conflict may be the association of 
acceptance of evolution with atheism for which Barnes 
et  al. (2020a) found that religious students who clas-
sify evolution as atheistic perceived higher conflict than 
those who classify it as agnostic Barnes et al. (2020a). The 
importance of the acceptance of evolution for teaching 
has been discussed for a long time without a clear solu-
tion being able to be established. Smith & Siegel (2016) 
see value in facilitating the acceptance of evolution as it 
combines the acquisition of knowledge with the ability to 
actively participate in society. Therefore, they proposed 
an approach with the fundamental goal of promoting 
the understanding of evolution. In subsequent steps, the 
acceptance of the students should also be promoted with 
this approach. The aim of this acceptance promotion is 
the insight evolution being considered an appropriate 
scientific explanation of biological phenomena. We con-
sider this distinction between the promotion of the scien-
tific perspective detached from the evaluation of religious 
perspectives to be valuable. Therefore, recommenda-
tions rather suggest that fostering acceptance needs to 
be adapted to the students individually. This critical view 



Page 13 of 17Gutowski et al. Evolution: Education and Outreach            (2023) 16:9  

can be justified by the fact that there are already studies 
showing that a forced imposition of an accepting attitude 
can have exactly the opposite effect and can lead to res-
ignation (Elsdon-Baker 2015; Unsworth & Voas 2021). 
This should be explicitly avoided. Instead, approaches to 
promote acceptance of evolution in the sense of devel-
oping the willingness to learn about evolution could be 
to support students to reconcile their religious attitudes 
with the scientific view of evolution (e.g., agnostic evo-
lution; Barnes et  al. 2020b; Sinatra et  al. 2003). In our 
sample, Protestants showed a relatively strong correlation 
between the use of key concepts when reasoning about 
natural selection and acceptance while showing an aver-
age level of personal religious faith. To validate these 
findings, a more extensive study with more participants 
representing all denominational subgroups would be 
valuable.

Upper secondary school students in our sample could 
apply key concepts in different evolutionary examples. 
Still, a significant number of misconceptions in students’ 
understanding of evolution remained. To promote bet-
ter scientific understanding among students, it would be 
helpful to contrast the differences between key concepts 
and misconceptions in the class and reflect on cognitive 
biases (e.g., Aptyka et  al. 2022; Nehm et  al. 2012). The 
frequent use of the misconception of adaptation could 
be due to ambiguous tests and learning situations. For 
future research, we suggest rephrasing the last part of 
the ACORNS item to a more neutral wording: “Explain 
this evolutionary process of change”. The active form of 
the verb “to evolve” in the ACORNS item might have 
caused teleological, anthropomorphic, or intentionality 
misconceptions. Such reformulated items would focus on 
the evolutionary change process rather than a supposed 
active change of individuals from one species to another. 
As practical advice, we also recommend that educators 
refrain from using ambiguous wording in oral and writ-
ten language (e.g., information texts or task instructions) 
to avoid that adaptation being understood as actively 
controlled by an individual instead of a passive process 
(Baalmann et al. 2004). Therefore, it is essential to famil-
iarize pre-service teachers with linguistic subtleties dur-
ing their studies. Pre-service teachers should learn to use 
language purposefully to prevent or at least minimize 
misunderstandings and to develop a deeper understand-
ing of complex processes of evolution.

Moreover, the results imply that students of different 
denominations differ in using specific concepts. These 
results suggest that the variable denomination is gaining 
importance in evolution education research. In terms of 
practical education, these findings imply that it might be 
essential to adopt learning content, especially the thema-
tized concepts, to different individuals to provide equal 

support to students with denomination-specific difficul-
ties. The varying use of key concepts by students from 
different denominations raises the intriguing questions of 
why certain concepts occur, what prior experiences they 
are based on, and to what extent these concepts corre-
spond to or contradict statements in religious scriptures.

We included the denomination as an additional vari-
able when investigating the relationship between per-
sonal religious faith and knowledge about evolution. This 
approach elicited that personal religious faith is not a 
direct predictor of knowledge. Still, particular denomi-
nations (Muslim denominations vs. atheistic) explained 
a small amount of the variance in the knowledge about 
evolution. Thus, we recommend that future studies 
addressing variables on religious characteristics should 
include the denomination to minimize the potential for 
biased interpretations. In addition, we confirmed that 
the personal religious faith of a secondary school stu-
dent, rather than their denomination, predicts variance 
in acceptance of evolution (e.g., Kuschmierz et al. 2020b).

Our study indicates that students may differ in prior 
knowledge and acceptance of evolution and personal reli-
gious faith, especially when students differ in denomina-
tions. Biology teachers should consider the spectrum of 
individual factors related to religious characteristics to 
adequately respond to all students and increase every-
one’s learning quality. Diversity awareness is crucial for 
educators to reflectively classify differences in students’ 
knowledge (e.g., Barnes et al. 2017b, 2020a; Truong et al. 
2018).

It is also important to note that there is currently a con-
siderable debate about whether the relationship between 
personal religious faith and acceptance of evolution may 
be moderated by an individual’s perception of conflict 
between religious and scientific views (e.g., Barnes et al. 
2020a, b, 2021a, b). Since the role of perception of con-
flict was not examined in this study, further quantitative 
studies are needed to complement our chosen variables 
with a perception of conflict and qualitative studies that 
analyze the emergence of this conflict.

Although there is room for optimization in the future, 
our findings can guide approaches for practice for sen-
sitization of potentially perceived conflict. Pre-service 
teachers could benefit from a stronger focus on cultural 
competencies during their university education, but also 
in-service teachers should be offered specialized training. 
For example, a clear distinction between religious and 
scientific views and guidance on becoming aware of and 
reflecting on one’s conflict could be crucial for teacher 
preparation (e.g., Anderson 2007; Barnes et al. 2021b). It 
could enable educators to observe tensions between reli-
gious and scientific views and assist them in dealing with 
these professionally and reflectively (Dunk et  al. 2019; 
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Truong et al. 2018). These multi-perspective approaches 
could help reduce conflicts, prevent religious students 
from closing their minds to evolutionary contexts, and 
facilitate effective learning (Waschke & Lammers 2012). 
However, a certain balance of discourse must be main-
tained when including different perspectives in biology 
lessons. The instruction must focus on the biological per-
spective and scientific knowledge about evolution, but at 
the same time, educators should not force their students 
to change their personal religious faith or denomination 
(Ohly 2012).

Limitations
The limitations of the study should be considered when 
interpreting the results. The sizes of some denomina-
tional groups are small (around 30 persons), limiting the 
generalizability of these results and the exclusion of false 
negative errors (see the section “Discussion”). Due to the 
relatively small sample size in the subsamples, our study 
should be seen as an exploratory study in the research 
field. Moreover, the group sizes of the denominational 
groups differed significantly. The different-sized groups 
result from a random sample of the population in Ger-
many. Since denominations are not evenly distributed in 
Germany, this is also reflected in our study. We cannot 
exclude that the unbalanced design may somehow biased 
the results. Nevertheless, we took this risk to maintain 
other advantages of randomized sampling (e.g., higher 
external validity; Döring et  al. 2016). Additionally, the 
chosen procedures, such as the ANOVA, are robust to an 
unbalanced design, especially when variances are homo-
geneous. Furthermore, the post-hoc tests used were 
selected according to their suitability for unbalanced 
designs so that effects due to unequal group sizes could 
be mitigated (Field 2018).

In addition, it must be noted that the nonsignificant 
correlations for each denomination should be assessed 
with caution. We do not insist on discarding the null 
effects. However, since the results show significant cor-
relations, we point out that we cannot exclude false neg-
ative errors due to the small sample sizes of the groups 
divided into denominations.

Overall, we recommend that studies on denominations 
use a cross-sectional study design, assess data of a larger 
sample, and use our effect to calculate the optimal sample 
size in an a priori calculation (Döring et al. 2016). When 
deciding on the suggested sample survey, two choices 
should be considered. First, researchers could select 
a sample representing the cross-section of secondary 
school students, as we did, with the associated unequal 
distribution of denominations. Second, researchers could 
use non-randomized sampling and recruit the same 
number of respondents for each denomination. One of 

the advantages of our approach is maintaining the exter-
nal validity; an advantage of non-randomized sampling is 
that it is easier to technically retain the equality of group 
sizes. Additionally, we recommend collecting informa-
tion on students’ migration status in future studies. We 
incorporated data from the Federal Office for Migra-
tion and Refugees and German Islam Conference (2020) 
to contextualize and discuss our findings. Yet, it would 
have been more insightful if this information was directly 
available for each student in the sample.

It should also be noted that our results are not neces-
sarily generalizable to other European countries, as both 
the predominant denominations in the various European 
countries and the importance of religiosity for the popu-
lation differ (Becuwe & Baneth 2021; Pickel 2013).

Conclusions
This study sought to exploratively investigate the rela-
tionship between secondary school students’ knowledge 
about and acceptance of evolution and underlying pro-
cesses such as natural selection. It aimed to gain deeper 
insights into possible obstacles (personal religious faith, 
denomination) affecting this relation. Our results con-
firm correlations between knowledge about and accept-
ance of evolution. Furthermore, we identified differences 
in the sample regarding knowledge about evolution, use 
of key concepts when reasoning about natural selec-
tion, acceptance of evolution, and personal religious 
faith among students of different denominations, but 
not regarding students’ use of misconceptions. Students’ 
extensive use of misconceptions with anthropomorphic 
and teleological components may also indicate a need 
for more deliberate and well-reflected communication 
(e.g., the wording in tasks or educators’ language use) 
about natural selection. Regression analyses imply that 
denominations could predict knowledge about evolution, 
and personal religious faith could predict acceptance of 
evolution. These results suggest that future studies that 
include religious characteristics variables should assess 
a person’s denomination. Additionally, students’ percep-
tions of conflict between religious and scientific views 
should be assessed to ascertain the origins of these con-
flicts. Overall, this study strengthens the idea that stu-
dents’ religious characteristics are relevant for evolution 
class. This may imply that educators must be aware of 
these variables, deal with conflicts sensitively, and guide 
students to find an individual reconciliation method. 
Future studies should qualitatively investigate the 
denomination-specific differences in using key concepts 
and misconceptions. Qualitative research could improve 
knowledge about the relationship between different evo-
lutionary key concepts, unscientific misconceptions, and 
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religious views. It could inform about possible learning 
obstacles for students of different denominations.

The findings of our study provide in-depth insights into 
students’ knowledge about evolution and suggest possi-
ble internal conflicts that may hinder the acceptance of 
evolution.
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