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Abbreviations 

Instruments 

ACORNS:  Assessing Contextual Reasoning About Natural Selection 

ATEEK: Assessment Tool for Evaluating Evolution Knowledge 

ATEVO:  Attitudes Towards Evolution 

ATEVO-EG: Attitudes Towards Evolution in General 

ATEVO-EM:  Attitudes Towards Evolution of the Human Mind 

BCI:  Biological Concepts Instrument 

CANS:  Conceptual Assessment of Natural Selection 

CINS:  Concept Inventory of Natural Selection 

EALS:  Evolutionary Attitudes and Literacy Survey  

EALS-SF:  Evolutionary Attitudes and Literacy Survey – short form 

ECKT:  Evolution Content Knowledge Test 

ECT:   Evolution Concept Test 

EEQ:  Evolution Education Questionnaire 

EvoDevoCI: Evolutionary Development Concept Inventory 

FACE: Framework to Assess the Coverage of biological Evolution by school 

curricula 

GAENE:  Generalized Acceptance of Evolution Evaluation 

GeDI:  Genetic Drift Inventory 

I-SEA:  Inventory of Student Acceptance of Evolution 

KAEVO:  Knowledge About Evolution 

KAEVO-A: Knowledge About Evolution Part A 

KAEVO-B: Knowledge About Evolution Part B 

KAEVO-C:  Knowledge About Evolution Part C 

KEE:  Knowledge of Evolution Exam 

MATE:  Measure of acceptance of the theory of evolution 

MUM:  Measure of Understanding of Macroevolution 

ORI:  Open Response Instrument 

PERF:   Personal Religious Faith 

RaProEvo: Randomness and Probability Knowledge Test (context: Evolution) 

SECM: Scales of Conflict with Evolution Measure 

Statistical values 

α:  Cronbach’s alpha 

AIC:  Akaike information criterion 

ANOVA:  analysis of variance 

BIC:  Bayesian information criterion 

CFA:  confirmatory factor analysis 

CI95:  95% confidence interval 

EFA:   exploratory factor analysis 

Est.:  Estimates 

ICC:  intraclass correlation coefficient 

IQR:   interquartile range 

M:  mean 

N:  total sample size 
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n:   sample size 

PAF:  principal axis factoring 

PCA:  principal component analysis 

Q1:  Quartile 1 

Q3:  Quartile 3 

QQ-plots: quantile-quantile-plots 

r:  Pearson correlation 

SD:  standard deviation 

SE:  standard-error 

𝑋2:  LRT results  

Other abbreviations 

BIOHEAD: Biology, Health and Environmental Education for better Citizenship 

e.g.:   for example 

FOWID: Research Group on Worldviews in Germany (Forschungsgruppe für 

Weltanschauungen in Deutschland) 

ISCED: International Standard Classification of Education 

KiL project: Interdisciplinary project named “Measuring the professional knowledge 

of preservice mathematics and science teachers” (Messung 

professioneller Kompetenzen in mathematischen und 

naturwissenschaftlichen Lehramtsstudiengängen) 

MC:   multiple choice 

NOS:   nature of science 

TRAPD: Translation-Review-Adjudication-Pre-test-Documentation 

UK:  United Kingdom 
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1 Introduction 

The theory of evolution, established more than 150 years ago by Charles Darwin and 

independently by Alfred Russel Wallace, provided the first scientific and naturalistic 

explanation for biodiversity, similarities among organisms, and many other biological 

processes. The theory of evolution builds a uniform basis for biology and enabled biology 

to become an independent science. Also, with the help of the theory of evolution, creation, 

as well as teleological and finalistic thinking have become redundant to explain the origin 

of species (including human evolution) and biological changes over time (Vollmer, 

2017). Today, it is a scientific consensus that understanding the processes and concepts 

of evolution is essential to acquire scientific literacy and understand other biological 

processes and relationships (Nationale Akademie der Wissenschaften [Leopoldina], 

2017).  

Since the theory of evolution was published, it gets rejected by some groups of people. 

Today, the problem of people rejecting evolution is a worldwide issue, but it can vary 

greatly from region to region (European Commission, 2005; Gallup, 2017; Ipsos Global 

@dvisory, 2011; Miller, Scott, & Okamoto, 2006). Creationism in its various variants, 

the rejection of evolution in favor of a belief in creation, often plays a significant role in 

resistance to evolution (Scott, 2008).  

In line with its importance, evolution is a central topic in science education research 

(Dunk et al., 2019). At the same time, research has repeatedly shown that students of 

different education levels all over the world struggle to understand important aspects of 

evolution (e.g., Beniermann, 2019; Graf & Soran, 2010; Harms & Fiedler, 2019; 

Champagne Queloz et al., 2017; Sbeglia & Nehm, 2018). These assessments are 

important to reveal the extent to which students understand/accept evolution and the 

reasons why they partially lack acceptance of evolution as well as knowledge about 

evolution. With the help of these insights, teaching strategies can be developed to promote 

acceptance of evolution as a scientific fact and evolutionary theory as its explanation. For 

example, these strategies might support learners to develop the competence to make 

sound judgments about the compatibility of evolution and religion (Barnes & Brownell, 

2017; Barnes et al., 2021; Mead, Hejmadi, & Hurst, 2018).   

With the growing interest in research on evolution knowledge and acceptance, an open 

discussion about their relationship arose (Barnes et al., 2019; Dunk et al., 2019; Glaze & 

Goldston, 2015), not least because of deviating results (e.g., Athanasiou, Katakos, & 
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Papadopoulou, 2016; Großschedl, Konnemann, & Basel, 2014; Trani, 2004). Barnes et 

al. (2019) contributed greatly to the investigation of these different results by showing 

that different instruments, which aim to measure acceptance of evolution, can lead to 

deviating results. Beniermann (2019) analyzed common evolution acceptance 

instruments (MATE (Rutledge & Warden, 1999), EALS (Hawley et al., 2011), I-SEA 

(Nadelson & Southerland, 2012), and GAENE (Smith, Snyder, & Devereaux, 2016) and 

revealed measuring issues influencing results gathered with these instruments. The 

construct knowledge about evolution comprises several underlying concepts, for example, 

adaptation, speciation, and heredity (Urry et al., 2019). Existing instruments that seek to 

measure knowledge about evolution differ in terms of the included evolutionary concepts 

(Mead et al., 2019). Therefore, the results of studies on knowledge about evolution, which 

used different measuring instruments, may be not comparable.  

Numerous instruments exist for measuring acceptance of evolution (Beniermann, 2019; 

Hawley et al., 2011; Nadelson & Southerland, 2012; Rutledge & Sadler, 2007; Rutledge 

& Warden, 1999; Short & Hawley, 2012; Smith et al., 2016) as well as knowledge 

(Anderson et al., 2002; Beniermann, 2019; Bishop & Anderson, 1990; Kalinowski, 

Leonard, & Taper, 2016; Nadelson & Southerland, 2009; Nehm et al., 2012; Perez et al., 

2013; Price et al., 2014; White, Heidemann, & Smith, 2013) and some lack evidence for 

validity and reliability, especially if the instrument has been modified or if it has been 

used in new populations (Mead et al., 2019). An instrument’s lack of evidence for validity 

and reliability is an additional measuring issue that could lead to not comparable or 

misleading findings.  

To date, most evolution education research has been conducted in the United States, 

possibly explained by the public resistance against evolution (Brenan, 2019). In Europe, 

the circumstances are very diverse due to different educational systems, languages, and 

more fragmented research communities (Harms & Reiss, 2019). A systematic literature 

review to examine the level of acceptance of evolution and knowledge about evolution 

as well as the data quality in Europe is still missing. In addition to that, there is no 

comprehensive overview of knowledge and acceptance in Europe, based on comparable 

data gathered with the same instrument. 

This dissertation addresses these open research fields and provides new insights into the 

existing state of research of evolution education in Europe. In the following Chapter 2, 

the underlying theoretical background of this research is explained. The first section 

(Chapter 2.1) examines evolution as a construct that contains multiple underlying 
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concepts. Following this (Chapter 2.2), different conceptions about evolution are 

introduced. Afterward, acceptance of evolution, its assessment, and influencing factors 

are discussed (Chapter 2.3). In Chapter 2.4, different instruments, which seek to measure 

acceptance of evolution or knowledge about evolution, are described. Taking up on this, 

different dimensions of measuring issues are discussed (Chapter 2.5), containing the 

missing definition of key constructs, the issue of the complexity of knowledge about 

evolution, and measuring issues in evolution acceptance instruments. The theoretical 

background will end with a description of evolution education research in Europe and its 

special obstacles (Chapter 2.6). 

In Chapter 3, the overall aims of this dissertation as well as a tabular overview of the 

conducted research are presented. The following chapters (Chapter 4-6) consist of the 

published research papers. Conclusively, the final two chapters contain an overall 

discussion of the dissertation (Chapter 7) as well as implications for future research 

(Chapter 8).   
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2 Theoretical Background 

2.1 Key concepts of evolution 

The topic evolution consists of several underlying key concepts described in the literature 

(e.g., Futuyma, 2013; Tibell & Harms, 2017; Urry et al., 2019). It is important to 

understand these key concepts to gain comprehensive knowledge about evolution 

(Anderson, Fisher, & Norman, 2002; Gregory, 2009; Tibell & Harms, 2017). 

Subsequently, instruments that seek to measure knowledge about evolution 

comprehensively should contain these key concepts (see Chapter 2.4.1). In the following, 

the central key concepts to understand evolution are briefly described.  

Individuals in a population vary in their hereditary traits, which is called variation. During 

the reproduction process, individuals pass on their genomes from generation to 

generation. This can be described as inherited variation (Urry et al., 2019).  

Evolutionary adaptation, natural selection, and biological fitness are three closely linked 

processes. Natural selection means that individuals with certain hereditary traits can 

survive better than individuals without these traits in the same population and 

subsequently produce more offspring. Individuals that can produce more offspring than 

others in the same population have better biological fitness. Over time, this process leads 

to evolutionary adaptations of organisms to their environment. If the environmental 

conditions change, natural selection can result in new evolutionary adaptations to these 

new conditions (Urry et al., 2019).  

A biological species comprises a group of populations with individuals that can 

potentially produce viable and fertile offspring if they interbreed. Speciation means that 

separated populations pass through evolutionary changes and subsequently cannot 

produce viable and fertile offspring with an individual of the other population anymore 

(Urry et al., 2019). 

According to the state of research, the Earth exists for 4.6 billion years (Ogg, Ogg, & 

Gradstein, 2016). This period is called deep time (McPhee, 1981). The appropriate 

understanding of deep time is essential to develop a scientific understanding of evolution 

(Graf & Hamdorf, 2011).  
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2.2 Conceptions about evolution 

Many evolutionary concepts, for instance, that evolution pursues no target or the 

enormous amount of time in Earth’s history (the concept of deep time), are difficult to 

understand with our everyday thinking (e.g., Catley & Novick, 2009; Gregory, 2009). It 

has been shown that students develop pre-instructional ideas about evolution, based on 

their experiences in everyday life (e.g., Fiedler, Tröbst, & Harms, 2017; Nehm et al., 

2012). These alternative conceptions (also called misconceptions, preconceptions, or 

naïve ideas; Graf & Hamdorf, 2011; Leonard, Kalinowski, & Andrews, 2014; 

Maskiewicz & Lineback, 2013) have an impact on the learning success of students, which 

is why science teaching should take these conceptions into account (Bishop & Anderson, 

1990).  

Alternative conceptions about evolution of students in all different education levels have 

been investigated for decades in science education research (Anderson et al., 2002; 

Bishop & Anderson, 1990; Graf & Soran, 2010; Gregory, 2009; Ha, Baldwin, & Nehm, 

2015; Harms & Reiss, 2019; Kalinowski et al., 2016; Nehm & Reilly, 2007; Yates & 

Marek, 2014). It has been found that these alternative conceptions resemble each other 

between students (Gregory, 2009). Thus, typical alternative conceptions can be clustered 

into conceptions categories, to enable a systematic classification. These categories should 

also be part of the education of trainee biology teachers, as they struggle to identify their 

students’ alternative conceptions categories (Fischer et al., 2021). In the following, 

widespread and recurring alternative conceptions about different evolutionary aspects are 

presented. These misconceptions have been discovered in studies around the world 

(detailed overviews have been created by Gregory (2009) and Harms & Reiss (2019)).  

There is a large number of alternative conceptions in terms of evolutionary adaptation 

and natural selection. Teleological thinking or finalistic thinking is the idea that 

adaptation occurs with a purpose and is controlled by a higher authority or the organism 

itself (Bardapurkar, 2008; González Galli & Meinardi, 2011; Gregory, 2009; Rosenberg 

& McShea, 2008; Sinatra, Brem, & Evans, 2008). Persons who argue finalistic think that 

organisms adapt goal-orientated, following either their own goals or goals dictated by the 

environmental conditions. Students who argue anthropomorphic assign human 

characteristics onto animals, plants, or inanimate things (Fiedler et al., 2017; Gregory, 

2009). In a Lamarckian argumentation, morphological traits, which the parent generation 

acquired or modified throughout their lives, are inherited (Crow, 2004; Gregory, 2009; 

Kampourakis & Zogza, 2006). Typological thinking is the idea that individuals of a 
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species have the same main traits, or rather that different types exist within a population 

in which only little variation exists (Alters, 2005; Graf & Hamdorf, 2011; Gregory, 2009; 

Shtulman, 2006). According to Graf and Hamdorf (2011), the focus of typological 

thinking lies on the similarities of the individuals and minor variations are considered 

insignificant. Change without cause is a conception, which means that generation happens 

spontaneously (Brennecke, 2015; Evans, 2001). 

However, apart from evolutionary adaptation and natural selection, alternative 

conceptions on other evolutionary aspects are also known. It is difficult for students to 

evaluate the role of chance and probability in evolution (Fiedler et al., 2017; Greene, 

1990), to read and interpret phylogenetic trees (Phillips et al., 2012; Schramm, Jose, & 

Schmiemann, 2021; Schramm, Schachtschneider, & Schmiemann, 2019), to describe and 

interpret the term biological fitness (Beniermann, 2019; Bishop & Anderson, 1986), and 

to understand the dimensions of deep time as well as to classify events in the history of 

the Earth (Catley & Novick, 2009; Libarkin, Kurdziel, & Anderson, 2018).  

2.3 Acceptance of evolution 

Although evolution is the unifying concept of biology, it has been shown that a relevant 

number of people, also biology university students or teachers, reject evolution (European 

Commission, 2005; Gallup, 2017; Ipsos Global @dvisory, 2011; Miller et al., 2006). The 

assessment of the reasons why people refuse to accept evolution has come to the fore in 

the last decades with the most research conducted in the United States (Dunk et al., 2019). 

Awareness about these influencing factors on acceptance of evolution is the basis for 

fostering the acceptance of evolution and science in schools. It should be mentioned that 

serious measuring issues (see Chapter 2.5) of some common instruments that aim to 

measure acceptance of evolution have been revealed (Barnes et al., 2019; Beniermann, 

2019), which is why conclusions on the state of acceptance of evolution as well as its 

influencing factors and especially comparisons between different study groups should be 

taken with caution.  

Various influencing factors on acceptance of evolution are described in the literature, 

such as knowledge about evolution (Allmon, 2011; Akyol et al., 2012; Athanasiou, 

Katakos, & Papadopoulou, 2012; Cofré, Cuevas, & Becerra, 2017; Deniz, Donnelly, & 

Yilmaz, 2008; Graf & Soran, 2010; Großschedl et al., 2014; Ha, Haury, & Nehm, 2012; 

Lammert, 2012), attitudes towards science (Graf & Soran, 2010; Großschedl et al., 2014; 

Lammert, 2012), understanding of the nature of science (NOS; Allmon, 2011; Akyol et 
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al., 2012; Athanasiou et al., 2012; Dunk et al., 2017; Graf & Soran, 2010), religiosity 

(Allmon, 2011; Athanasiou et al., 2012; Beniermann, 2019; Graf & Soran, 2010; 

Lammert, 2012), or contextual categories (Allmon, 2011; Deniz et al. 2008; Dunk et al., 

2017; Großschedl et al., 2014; Ha et al., 2012).  

However, the relationships of each of these factors with the acceptance of evolution are 

partly elusive. For instance, numerous studies have investigated the relationship between 

knowledge about evolution and acceptance of evolution with deviating results. Some 

studies revealed a positive relationship (e.g., Akyol et al., 2012; Buchan, 2019; Deniz & 

Sahin, 2016; Dunk et al., 2017; Großschedl, Seredszus, & Harms, 2018; Nadelson & 

Sinatra, 2009; Nehm et al., 2013; Stanisavljevic, Papadopoulou, & Djuric, 2013) while 

others stated that there is no relationship between those two constructs (e.g., Akyol, 

Tekkaya, & Sungur, 2010; Athanasiou et al., 2016; Sinatra et al., 2003; Tekkaya, Akyol, 

& Sungur, 2012). Sinatra et al. (2003) assumed that the knowledge about evolution has 

to reach a certain level before it influences the acceptance of evolution and Beniermann 

(2019) demonstrated evidence for this assumption by comparison of different sampling 

groups. 

In summary, it can be said, that whereas the body of research is solid in the United States, 

there is no comprehensive European overview of the state of knowledge about evolution 

and acceptance of evolution as well as their relationship to date (reasons for that are 

discussed in Chapter 2.6.1).  

2.4 Measuring instruments 

Many instruments that seek to measure acceptance of evolution or knowledge about 

evolution have been developed. Additionally, in some studies (e.g., Deniz & Sahin, 2016; 

Irez & Bakanay, 2011; Lammert, 2012; Mead et al., 2018; Stanisavljević et al., 2013; 

Tekkaya et al., 2012), the initial instruments have been modified, such as the number or 

even content of items. In the following, only the initial instruments and their sources of 

evidence for validity and reliability are discussed because of the large number and varying 

quality of the modified instruments (AERA et al., 2014). The focus will be on commonly 

used instruments, according to recent reviews in the literature (Beniermann, 2019; Mead 

et al., 2019).  

2.4.1 Instruments measuring knowledge about evolution 

Assessing Contextual Reasoning about Natural Selection (ACORNS; Nehm et al., 

2012). The ACORNS consists of open-ended questions based on the ECT (Bishop & 
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Anderson, 1990). The questions contain the key concepts natural selection and non-

adaptive change. Nehm et al. (2012) developed the ACORNS to assess “[…] students’ 

abilities to use natural selection to explain evolutionary change […]” (Nehm et al., 2012, 

p. 93) in different reasoning contexts like trait gain vs. loss, animals vs. plants, or familiar 

vs. unfamiliar taxa/traits. 

It was tested with 28 undergraduate students. Nehm et al. (2012) assumed content validity 

because numerous biological scenarios are represented by the questions. The authors 

conducted student interviews for internal consistency and provided evidence for an 

appropriate external structure by comparing the ACORNS results with the results of 

another commonly used evolution knowledge instruments (CINS, see later in this 

Chapter). Reliability was tested in two ways. Good internal consistency was proved via 

Cronbach’s alpha and IRR (Nehm et al., 2012). 

 

Conceptual Assessment of Natural Selection (CANS; Kalinowski et al., 2016). The 

CANS contains 24 multiple-choice questions on natural selection. Kalinowski et al. 

(2016) focused on four species because these examples are supposed to expose particular 

misconceptions: anteaters (use and disuse), bowhead whales (effect of the environment 

on evolution), saguaro cacti (thinking about plants), and mosquitoes (thinking about 

resistance to disease or pesticides). The 24 multiple choice questions aim to assess five 

concepts that relate to natural selection: variation, selection, inheritance, mutation, and 

evolution by natural selection. Three to five answer options are provided. All questions 

use common alternative conceptions as distractors (Kalinowski et al., 2016). 

The CANS aims to assess the knowledge of college students in introductory biology 

courses. It was tested with 218 students enrolled in an introductory biology course 

designed for biology majors. Kalinowski et al. (2016) provided two sources of evidence 

for each reliability and validity. The reliability of the instrument was proved based on 

internal consistency via Cronbach’s alpha and stability via test-retest administration. 

Content validity was examined by an expert review, intention of answer processes 

(substantive) by student interviews (Kalinowski et al., 2016).  

 

Conceptual Inventory of Natural Selection (CINS; Anderson et al., 2002). The CINS 

consists of 20 multiple choice questions on natural selection. The framing of each 

question is a real-world context based on scientifically studied evolutionary events. The 

questions deal with ten different evolutionary concepts (two questions each): Biotic 
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potential, population stability, natural resources, limited survival, variation within a 

population, variation inheritable, differential survival, change in a population, the origin 

of species, and origin of variation. Each question offers four answer options, including 

common alternative conceptions as distractors (Anderson et al., 2002). 

The CINS aims to trigger students’ basic concepts of ecology and genetics, with which 

they explain natural selection, rather than testing natural selection as a process itself 

(Anderson et al., 2002). CINS was developed to evaluate the knowledge of undergraduate 

non-majors (pre- and post-instruction knowledge) and undergraduate majors (pre-

instruction knowledge). The final version of CINS was tested with 206 students at a 

community college. Anderson et al. (2002) provided one source of evidence for reliability 

and three sources of evidence for validity. The reliability of the instrument was measured 

by checking internal consistency via Kuder-Richardson 20. The content validity was 

examined by experts, the internal structure by a principal component analysis (PCA). 

PCA revealed an extraction of seven components as the best solution (with a loading > 

0.4 on at least one component). The components accounted for 53 % of the total variance 

(Anderson et al., 2002). Since the inventory was developed by means of a heterogeneous 

population, the authors stated that their instrument could be generalized (Anderson et al., 

2002).  

 

Evolution Concept Test (ECT; Bishop & Anderson, 1990). The ECT contains six items 

on natural selection, two of them in an open-ended question format, and four as a 5-point 

rating scale supplemented by an additional handwritten explanation. Bishop & Anderson 

(1990) focused on three zoological examples: the evolution of the ability to run fast in 

cheetahs, the evolution of blind salamanders from sighted ancestors, and the evolution of 

webbed feet in ducks. In the cheetah and salamander item (open-ended), students should 

describe how a biologist would explain the respective evolutionary process. In the four 

rating items, students should rate different aspects of the evolution of webbed feet in 

ducks.  

The ECT was tested with 110 non-major undergraduate students enrolled in a non-

major’s introductory biology course. Bishop & Anderson (1990) provided two sources of 

evidence for validity. Content validity was ensured by analyzing the lecture material and 

required texts used in the students’ courses and substantive by student interviews (Bishop 

& Anderson, 1990). The authors indicated that reliability was checked by using interrater 

reliability (IRR) but did not provide any proving statistics. 
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Evolutionary Development Concept Inventory (EvoDevoCI; Perez et al., 2013) 

The EvoDevoCI consists of eleven multiple-choice items with four answer options each. 

Perez et al. (2013) included six key concepts about evolutionary developmental biology. 

The EvoDevoCI includes zoological and botanical contexts, familiar and unfamiliar taxa, 

examples within and between species as well as scenarios with gain vs. loss of traits. The 

final version of the EvoDevoCI was tested with 539 students.  

Perez et al. (2013) provided three sources of evidence for reliability and validity each. 

The instrument’s reliability was tested based on internal consistency via Cronbach’s alpha 

and stability via test-retest administration. Cronbach’s alpha varied among the subgroups 

with questionable to acceptable values. Content validity was examined by expert reviews, 

substantive by student interviews, and external structure by using point biserial 

correlation (Perez et al., 2013). 

 

Genetic Drift Inventory (GeDI; Price et al., 2014). The GeDI contains 22 agree/disagree 

statements on the genetic drift as a process of evolutionary change. The statements relate 

to six different misconceptions about genetic drift, which were identified via analyzing 

previous studies and interviewing students (Price et al., 2014). The authors developed the 

GeDI to assess concepts of upper-division biology students. GeDI’s final version was 

tested with 661 students in upper-division biology courses at three institutions (Price et 

al., 2014). The authors provided two sources of evidence for reliability and three sources 

of evidence for validity. The reliability of the instrument was tested based on internal 

consistency via Cronbach’s alpha and stability via test-retest administration. Cronbach’s 

alpha varied over the different courses between questionable and good values. Content 

validity was examined by an expert review and literature analysis, substantive by student 

interviews, and generalization by surveying different populations (Price et al., 2014). 

 

Knowledge About Evolution (KAEVO; Beniermann, 2019). The KAEVO consists of 

three parts (A, B, and C) including 14 multiple-choice questions, 18 true/false statements, 

as well as three timeline estimation items. The items were developed based on multiple 

other knowledge about evolution tests (e.g., Bishop & Anderson, 1986; Brennecke, 2015; 

Graf, 2008; Jiménez-Aleixandre, 1992; Lammert, 2012). KAEVO-A contains nine 

multiple choice questions about the evolutionary key concepts evolutionary adaptation 

and natural selection, biological fitness, speciation, and heredity of phenotype changes. 
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Multiple contexts (zoological and botanical as well as familiar and unfamiliar contexts) 

were used for the questions on evolutionary adaptation and natural selection. KAEVO-

B contains six true/false statements about different evolutionary concepts like speciation 

or human evolution. KAEVO-C comprises three items on deep time. Respondents should 

classify three events in the history of the Earth, the existence of humans, dinosaurs, and 

the first living beings, chronologically on a timeline without any dates that ranges from 

‘origin of the Earth’ to ‘today.’  

The KAEVO was tested with four different cohorts of respondents (N = 1,129): high 

school students (Grades 7, 9, 10, and 11), biology university students, and biology 

teachers (Beniermann, 2019). The intended target group for the KAEVO is high school 

students (from Grade 7 on), undergraduates (majors and non-majors), and teachers 

(Beniermann, 2019). Beniermann (2019) provided five sources of evidence for validity 

and one source of evidence for reliability. Content validity was tested in multiple ways. 

First, by a literature review of instruments to assess understanding of evolution or single 

evolutionary concepts. Second, by two interview surveys on undergraduates and high 

school students for developing the distractors. Third, by expert ratings (experts in the field 

of biology education and evolutionary biology) of the test items. Fourth, substantive 

validity was supported by a pre-test with younger learners (Grades 7-12). The internal 

structure was tested by a Principal Component Analysis, the external structure with 

correlational analyses. Fifth, a comparison across contextual diversity by testing four 

different age groups lead to the assumption that the scores are meaningful across 

populations and contexts. In terms of reliability, the internal consistency was tested by 

Cronbach’s alpha (Beniermann, 2019). 

 

Measure of Understanding of Macroevolution (MUM; Nadelson & Southerland, 

2009). The MUM contains 27 multiple-choice items with four answer options each, and 

one open-ended question. Nadelson & Southerland (2009) included five different key 

concepts for the understanding of macroevolution: deep time, phylogenetics, speciation, 

fossils, and nature of science.  

The MUM was tested with three cohorts of students: 667 students enrolled in a first-

semester introductory biology course and two additional cohorts of students (n = 74 and 

n = 54) of an upper-level evolution course (Nadelson & Southerland, 2009). Nadelson & 

Southerland (2009) provided one source of evidence for reliability and validity each. 

Content validity was supported by textbooks analysis and an expert review. The authors 
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tested internal consistency of the MUM for the entire sample and all three single cohorts 

via Cronbach’s alpha reporting good values for the entire sample and questionable to 

good values for the subgroups.  

2.4.2. Instruments measuring acceptance of evolution 

Attitudes Towards Evolution (ATEVO; Beniermann, 2019). The ATEVO consists of 

eight five-point rating scale items. Each item consists of a statement and the five answer 

options ‘agree’, ‘somewhat agree’, ‘undecided’, ‘somewhat disagree’, and ‘disagree.’ 

The instrument was developed to measure only acceptance of evolution, meaning that it 

should not contain any religious statements and should only require very basic knowledge 

about evolution (Beniermann, 2019). For the ATEVO, the term ‘attitude’ was defined as 

it describes a connection between a word, fact, individual object (attitude object), and its 

subjective evaluation. Thus, ‘attitude towards evolution’ describes personal opinions 

about the statement that evolution occurs as positive, neutral, or negative. A positive 

attitude towards evolution is called ‘acceptance,’ while a negative attitude is called 

‘rejection.’ Beniermann (2019) stated that the ATEVO can be separated into two 

subscales with four items each. ATEVO-EG measures attitudes towards evolution in 

general, ATEVO-EM attitudes towards evolution of the human mind.  

The ATEVO was tested in four studies (N = 9,311) on the general public, high school 

students, biology and non-biology undergraduates, biology teachers, and a group of non-

religious people to ensure that it is usable for the general public, groups of different ages 

and education, as well as non-religious and religious people (Beniermann, 2019).  

Sources of evidence for validity and reliability are the same as for the KAEVO (see 

Chapter 2.4.1), as they were developed together, except for the ATEVO being tested in 

four instead of one study.  

 

Evolutionary Attitudes and Literacy Survey (EALS; Hawley et al., 2011; EALS short 

form; Short & Hawley, 2012). Two forms of the EALS were developed, the long form 

(EALS) including 104 rating-scaled questions, and the short form (EALS-SF) containing 

64 rating-scaled items. The EALS consists of 16 lower- and six higher-order constructs 

that assess factors, which could potentially influence the acceptance of evolution, such as 

moral values, attitudes towards Creationism or Intelligent Design, and science 

understanding and attitudes.  

The EALS was tested with 371 undergraduates representing nearly 40 different majors 

(Hawley et al., 2011). The authors provided one source of evidence for reliability and 
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validity each. Evidence for internal structure validity was provided with loadings from a 

confirmatory factor analysis (CFA). The reliability of the instrument was tested based on 

internal consistency via Cronbach’s alpha (Hawley et al., 2011). 

The EALS-SF was developed because the authors assumed the EALS-LF to be too 

excessive for educators and researchers (Short & Hawley, 2012). The instrument was 

tested with 526 undergraduates from an introductory biology course. Evidence for 

validity and reliability was provided using the same methods as for EALS (Short & 

Hawley, 2012).  

 

Generalized Acceptance of Evolution Evaluation (GAENE; Smith et al., 2016). The 

GAENE contains 13 rating-scaled items explicitly developed to measure only acceptance 

of evolution without measuring religiosity and knowledge about evolution 

simultaneously (Smith et al., 2016). The authors define acceptance of evolution as “[…] 

the mental act or policy of deeming, positing, or postulating that the current theory of 

evolution is the best current available scientific explanation of the origin of new species 

from preexisting species.” (Smith et al., 2016, p. 1296).  

The GAENE was tested with high school students as well as undergraduates of multiple 

institutions. The authors provided evidence for validity by Rasch analysis and a principal 

component analysis (PCA). Reliability was tested via Cronbach’s alpha (Smith et al., 

2016). 

In response to concerns with prior validation (Sbeglia & Nehm, 2018), the GAENE was 

revised (Glaze et al., 2020). New items were added to address extremes, problematical 

items were removed from the instrument. Subsequently, the new version of the GAENE 

was validated via convergent validity and Rasch analysis. 

 

Inventory of Student Acceptance of Evolution (I-SEA; Nadelson & Southerland, 

2012). The I-SEA contains 24 items on three different topics: microevolution, 

macroevolution, and human evolution. It was tested with high school students as well as 

undergraduates. 

The authors provided two sources of evidence for validity and one source of evidence for 

reliability. Content validity was supported by expert reviews. An exploratory factor 

analysis (EFA) was used to provide evidence of internal structure. Internal consistency 

was provided with Cronbach’s alpha (Nadelson & Southerland, 2012). 
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Measure of Acceptance of the Theory of Evolution (MATE; Rutledge & Warden, 

1999; Rutledge & Sadler, 2007; Barnes et al., 2022). The MATE consists of 20 five-point 

rating scale items and was developed to measure the acceptance of evolution by assessing 

perceptions of concepts considered fundamental to evolution. The original version 

(Rutledge & Warden, 1999) was tested with high school biology teachers. However, the 

MATE was updated twice. The first updated version was tested with undergraduate non-

majors (Rutledge & Sadler, 2007). The second updated version, the ‘MATE 2.0’, was 

revised based on cognitive interviews with 62 students and subsequently tested with 2881 

students in 22 classes. 

The authors reported evidence for content validity by an expert review, internal structure 

validity by a PCA, and evidence for internal consistency reliability using Cronbach’s 

alpha (Rutledge & Warden, 1999). For the first updated version, only evidence for 

reliability using Cronbach’s alpha was reported (Rutledge & Sadler, 2007). The MATE 

2.0 was validated by cognitive interviews, a Rasch dimensionality analysis, and a 

correlation analysis with other measures of acceptance of evolution (Barnes et al., 2022). 

2.5 Measuring issues 

The quality of measuring instruments influences the results and finally the conclusions 

drawn in research (Mead et al., 2019). However, numerous international comparative 

surveys measuring the knowledge about evolution (European Commission, 2005) or the 

acceptance of evolution (Brenan, 2019; Hameed, 2008; Ipsos Global @dvisory, 2011; 

Miller et al., 2006; Pew Research Center, 2015) only used one multiple choice question 

with few answer options to make assertions about the respondents’ level of knowledge or 

acceptance. A limited number of answer options (true/false, e.g., in Miller et al., 2006) 

forces respondents to choose between few options on a complex topic (Pobiner, 2016). 

These study results can therefore be misleading. Another crucial point is that it is 

questionable to declare a question in a knowledge about science test (e.g., in European 

Commission, 2005) as a question about acceptance of evolution (see Miller et al., 2006), 

as lacking knowledge can then be misinterpreted as a creationist position.   

It is essential to distinguish strictly between knowledge about evolution and acceptance 

of evolution in measuring instruments. Although some people may have scientifically 

accurate conceptions about evolution, they still can reject that evolution is actually 

happening (McCain & Kampourakis, 2018). Another potential bias is caused by several 

comparative studies focusing merely on human evolution to measure acceptance of 
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evolution (e.g., Brenan, 2019; Pew Research Center, 2015). Human evolution causes 

higher discomfort (Rughiniş, 2011) and is known to be less accepted (Barnes et al., 2019; 

Beniermann, 2019) than the evolution of plants and animals.  

Mead et al. (2019) emphasized the importance of high measurement standards in their 

review of the most commonly used measuring instruments in evolution education 

research. They found that some instruments entirely lacked evidence for reliability and 

validity (e.g., KEE (Moore & Cotner, 2009)) and several original populations had a 

narrow character (e.g., MATE). Additionally, Mead et al. (2019) stated that only scarce 

new evidence of validity or reliability was provided for new uses of the instruments and 

some authors did not provide information about the version or the portion of the original 

instrument that was used (e.g., Gregory & Ellis, 2009). Summed up, it can be stated that 

it is crucial to verify the quality of an instrument again if it has been changed in any way 

or is intended to be applied to a new target group. Conclusions drawn from studies, in 

which these measurement standards were violated, must be taken with caution.  

2.5.1 Definition of key constructs 

In previous studies, inconsistent definitions of terms like knowledge, attitudes, and 

acceptance lead to different operationalizations (Ha et al., 2012; McCain & 

Kampourakis, 2018; Smith et al., 2016). A prominent example is the MATE, one of the 

most commonly used evolution acceptance instruments. It is not clear what is meant by 

acceptance in the context of the MATE, because it is not clearly defined (Smith 2010; 

issues on existing evolution acceptance instruments, for instance, the MATE, are 

discussed in Chapter 2.5.3.  

It is discussed in the literature if this ambiguous use of key constructs could be mainly 

responsible for the partially conflicting results in science education research 

(Konnemann, Asshoff, & Hammann, 2012; Mead et al., 2019; Smith et al., 2016).  

2.5.2 Complexity of knowledge about evolution 

As discussed in Chapter 2.1, the topic evolution consists of several underlying key 

concepts. Regarding the gain of knowledge, these concepts are independent of each other 

(see e.g., Beniermann, 2019). In particular, this means that a student could potentially 

understand natural selection while not understanding speciation at all. Thus, when 

measuring knowledge about evolution, it is important to check what key concepts are 

covered by the measuring instrument. It can be assumed that an instrument that solely 

asks for natural selection can only measure knowledge about natural selection and not 

knowledge about evolution.  



Theoretical Background 

 19 

Most of the instruments that are intended to measure knowledge about evolution (see 

Chapter 2.4.1) focus solely on natural selection (the CANS, Kalinowski et al., 2016; the 

CINS, Anderson et al., 2002; the ECT, Bishop & Anderson, 1990) as one of the main 

mechanisms of evolution. Other instruments cover the concepts evolutionary 

developmental biology (the EvoDevoCI, Perez et al., 2013), genetic drift (the GeDI, Price 

et al., 2014), or macroevolution (the MUM, Nadelson & Southerland, 2009). The 

KAEVO (Beniermann, 2019), however, is so far the only instrument that was developed 

to measure the knowledge about numerous evolutionary concepts, including both 

microevolution and macroevolution. It is crucial to choose the best fitting instrument for 

the intended purpose when planning a survey, for instance, the MUM if only the 

knowledge about macroevolution should be surveyed. However, it should be stated that 

data gathered with different instruments should not be compared in the sense of higher 

knowledge in group A than in group B, since the comparison is then biased because 

different evolutionary concepts are covered.  

2.5.3 Measuring issues in evolution acceptance instruments  

Within the last years it has been repeatedly shown that different evolution acceptance 

instruments can lead to different results in comparable target groups (Barnes et al., 2019; 

Konnemann, Asshoff, & Hammann, 2016; Metzger et al., 2018; Rachmatullah et al., 

2018; Romine et al., 2018; Sbeglia & Nehm, 2018; Sbeglia & Nehm, 2019). There are 

several explanatory approaches for this problem. First, similar to the issue discussed in 

Chapter 2.5.2, the evolution acceptance instruments’ varying foci on human evolution, 

microevolution, macroevolution, or evolution in general may explain the inconsistent 

results (Barnes et al., 2019). Studies in the United States showed that the acceptance of 

microevolution is higher than the acceptance of macroevolution or human evolution 

(Barnes et al., 2019; Nadelson & Hardy, 2015; Nadelson & Southerland, 2012). Second, 

the varying and partially unclear definition of the term acceptance may be a reason for 

the diverging results (see Chapter 2.5.1). Third, items may unintentionally measure for 

instance knowledge about evolution or religious faith instead of acceptance of evolution 

(Beniermann, 2019; Konnemann et al., 2012). The MATE (see Chapter 2.4.2 for 

instrument’s details) contains items asking for the age of the Earth, which may mask not 

knowing the age of the Earth as a Creationist position (Beniermann, 2019).  

Summed up, it can be stated that multiple obstacles regarding measurement standards 

have to be cleared when assessing knowledge about evolution and acceptance of 

evolution.  
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2.6 Evolution education research in Europe 

In contrast to the United States, the amount of conducted research varies between 

European countries. The situation in Europe is characterized by fragmented research 

communities, different languages, and different education systems, making comparisons 

of acceptance of evolution and knowledge about evolution between respondents of 

different European countries much more complicated than within the United States. For 

instance, instruments usually must be translated to the local language before surveying, 

which may bias the results. Additionally, as discussed in Chapter 2.5, study results of 

different countries can only be compared to each other if the same instruments have been 

used and numerous measurement standards have been followed.  

Few comparisons between European countries exist (e.g., Clément 2015; Pinxten, 

Vandervieren, & Janssenwillen, 2020; Šorgo et al., 2014). These comparisons can help 

to understand how the different education systems, various cultural backgrounds within 

Europe may cause different acceptance of evolution and knowledge about evolution. 

European countries differ significantly regarding evolutionary concepts in school 

curricula, national anti-evolution movements, public acceptance of evolution, as well as 

students’ knowledge about different evolutionary concepts (Graf, 2010; Harms & Reiss, 

2019; Sá-Pinto et al., 2021), biology teacher education programs, and teachers’ attitudes 

towards teaching evolution (Deniz & Borgerding, 2018). Still, a comprehensive overview 

of the level of acceptance of evolution and knowledge about evolution in Europe does not 

exist.  
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3 Aims of the dissertation and overview of the conducted 

research 

Although acceptance of evolution and knowledge about evolution have been investigated 

for decades, several problems are still present and must be tackled (see Chapters 2.5 and 

2.6). Still, numerous measuring issues, caused by evolution knowledge instruments 

measuring knowledge about only a few evolutionary concepts (see Chapter 2.5.2), or 

instruments mixing acceptance of evolution, knowledge about evolution, and religious 

faith (see Chapter 2.5.3), bias the body of research. Additionally, as described in Chapters 

2.4 and 2.5, evidence for validity and reliability is often not provided, when using an 

adapted version of an instrument or an instrument in a new target group.  

Fragmented research communities in Europe lead to a patchwork of research on 

acceptance of evolution and knowledge about evolution in Europe (see Chapter 2.6). To 

date, a state of the conducted evolution education research in Europe has not been 

systematically reviewed and published. Also, a comprehensive investigation of the level 

of acceptance of evolution and knowledge about evolution in a comparable target group, 

gathered with the same instrument, has not been conducted so far.  

Thus, in a first step, the existing body of research in the field of evolution education in 

Europe should be systematically reviewed. In the next step, an instrument measuring both 

acceptance of evolution and knowledge about evolution separately must be composed.  

Here, all previously mentioned measurement issues must be considered. In the last step, 

this comprehensive instrument should be used to survey respondents of a comparable 

target group in several European countries.  

This dissertation aims to expand the existing body of research on evolution education 

following these research foci:  

(1) creating an overview of the state of evolution education research in Europe,  

(2) composing a high-quality instrument measuring acceptance of evolution and 

knowledge about evolution, and 

(3) conducting a standardized European cross-country assessment on acceptance of 

evolution and knowledge about evolution.  

The following sections (Chapters 4-6) consist of the three published papers. Additionally, 

Table 1 provides an overview of the paper contents.  
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Table 1:  Overview of the paper contents. 

 

Paper I 

Publication Kuschmierz, P., Meneganzin, A., Pinxten, R., Pievani, T., 

Cvetković, D., Mavrikaki, E., ... & Beniermann, A. (2020). Towards 

common ground in measuring acceptance of evolution and 

knowledge about evolution across Europe: a systematic review of 

the state of research. Evolution: Education and Outreach, 13(1), 1-

24. https://doi.org/10.1186/s12052-020-00132-w 

Key words Acceptance of evolution, Europe, evolution education, evolutionary 

knowledge 

Aims 1. Providing a systematic overview of the current state of research 

regarding evolution knowledge and acceptance of groups that 

are particularly relevant in the context of science education 

(students and teachers) across Europe 

2. Analyzing the quality of used instruments in terms of evidence 

for validity and reliability 

Design  Systematic analysis of the state of research 

Contribution • Corresponding author, literature review in English language for 

most instruments, key word search in English language for all 

key words, data compiling and analysis, manuscript 

conceptualization and writing 

Paper II 

Publication Kuschmierz, P., Beniermann, A., & Graf, D. (2020). Development 

and evaluation of the knowledge about evolution 2.0 instrument 

(KAEVO 2.0). International Journal of Science Education, 42, 

2601-2629. https://doi.org/10.1080/09500693.2020.1822561 

Key words diagnostic assessment, evolutionary concepts, Evolution education, 

knowledge, learning, misconceptions 

Aims 3. Introducing the KAEVO 2.0 instrument that measures 

knowledge about evolution comprehensively 

Providing sources of evidence for validity and reliability of KAEVO 

2.0 

Design  Instrument validation study 

Sample N = 406 

• 136 biology university students 

• 124 non-biology university students 

146 high school students 

Contribution Corresponding author, data gathering, data analysis, manuscript 

conceptualization and writing 

Paper III 

Publication Kuschmierz, P., Beniermann, A., Bergmann, A., Pinxten, R., Aivelo, 

T., Berniak-Woźny, J., … & Graf, D. (2021). European first-year 

university students accept evolution but lack substantial knowledge 

about it: a standardized European cross-country assessment. 

Evolution: Education and Outreach, 14(1), 1-22. 

https://doi.org/10.1186/s12052-021-00158-8 
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Key words Europe, Evolution acceptance, evolution knowledge, higher 

education, multilevel modeling, socioscientific issues, religious faith 

Aims 1. Providing the first comprehensive overview of the knowledge 

about evolution and the acceptance of evolution in Europe based 

on comparable data 

2. Identifying influencing factors on acceptance of evolution 

3. Identifying the impact of diverse cultural backgrounds and 

evolution-related curricula on acceptance of evolution in 

participating European countries 

Design  Cross-country comparative pen-and-paper study  

Sample N = 11,723  

• first-year university students of 26 European countries, who had 

recently finished upper secondary education and were enrolled 

in a biology-related or non-biology study program 

• students who are not older than 25 years 

• students who graduated from upper secondary education less 

than two years before the survey 

Contribution Corresponding author, principal investigator of the project, data 

gathering, data analysis, manuscript conceptualization and writing 
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4 Paper I 

Kuschmierz, P., Meneganzin, A., Pinxten, R., Pievani, T., Cvetković, D., Mavrikaki, E., 

... & Beniermann, A. (2020). Towards common ground in measuring acceptance 

of evolution and knowledge about evolution across Europe: a systematic review 

of the state of research. Evolution: Education and Outreach, 13(1), 1-24. 

https://doi.org/10.1186/s12052-020-00132-w 
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5 Paper II 

Kuschmierz, P., Beniermann, A., & Graf, D. (2020). Development and evaluation of the 

knowledge about evolution 2.0 instrument (KAEVO 2.0). International Journal 

of Science Education, 42, 2601-2629.  

https://doi.org/10.1080/09500693.2020.1822561 
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6 Paper III 

Kuschmierz, P., Beniermann, A., Bergmann, A., Pinxten, R., Aivelo, T., Berniak-Woźny, 

J., … & Graf, D. (2021). European first-year university students accept evolution 

but lack substantial knowledge about it: a standardized European cross-country 

assessment. Evolution: Education and Outreach, 14(1), 1-22. 

https://doi.org/10.1186/s12052-021-00158-8 
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7 Discussion and perspectives 

The following sections contain an overall discussion of the results considering the 

research focus of this dissertation (Chapter 7.1) as well as a summary of the limitations 

(Chapter 7.2). In addition, implications for future research are presented (Chapter 7.3).  

7.1 Overall discussion 

The three papers published as part of this dissertation contribute to the evolution 

education research by filling relevant research gaps. First, based on a systematic review, 

a comprehensive overview was provided on how much research in Europe in terms of 

acceptance of evolution and knowledge about evolution has been conducted in the last 

decade as well as its quality in terms of measurement standards. Subsequently, a category 

system for interpretation of measuring results was introduced to make results gathered 

with different evolution knowledge and acceptance instruments comparable. Second, the 

KAEVO 2.0, an instrument that measures the knowledge of evolutionary concepts that 

are essential for understanding evolution was developed and validated for target groups 

of different age and education levels. Third, the first standardized European survey to 

assess evolution acceptance and knowledge as well as influencing factors on evolution 

acceptance, was conducted. Utilizing a validated, comprehensive questionnaire, the 

“Evolution Education Questionnaire” (EEQ; Beniermann et al., 2021), 11,723 first-year 

university students in 26 European countries were surveyed. 

7.1.1 The state of evolution education research in Europe and resulting needs 

The first research focus was to identify all relevant conducted evolution education 

research in Europe, to compile a systematic overview of the state of research and the 

resulting needs. Paper I contributes to this research focus by investigating how frequently 

commonly used instruments for measuring acceptance of evolution and knowledge about 

evolution were applied across Europe within the last decade. It was revealed that the 

assessment of acceptance of evolution and knowledge about evolution in Europe lacks 

standardization and, therefore, comparable data. To make the results gathered with 

different instruments more comparable, percentage-orientated score categories for the 

interpretation of results based on the categories published in Paper II and the MATE 

(Rutledge & Sadler, 2007) were introduced for the evolution knowledge and acceptance 

instruments most commonly used in Europe.  
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However, only about one-third of the reviewed studies reported evidence for validity and 

reliability of the used instrument, even if the original instrument had been modified or 

translated. This goes in line with the review of Mead et al. (2019), who also found a lack 

of evidence for validity and reliability for reused instruments. Moreover, the amount of 

conducted studies varies greatly between European countries. Consequently, the amount 

and quality of data from European countries differ so much that a comprehensive 

comparison of acceptance of evolution and knowledge about evolution with this body of 

research is not possible. 

In summary, the data basis analyzed in Paper I is insufficient for a reliable comparison of 

European countries. The resulting need for standardized European cross-country 

assessments on acceptance of evolution and knowledge about evolution is addressed by 

Paper III (see Chapter 6). 

7.1.2 Composition of the instrument 

The second research focus of this dissertation was to compose an instrument measuring 

acceptance of evolution and knowledge about evolution, considering all measurement 

problems described in the literature (see Chapter 2.5). This instrument should be ready-

to-use for target groups of different age and education levels in various countries. Papers 

I, II, and III contribute to this research focus. Paper I emphasizes the need for standardized 

research in Europe. In Paper II, a part of the resulting instrument was introduced and 

validated, whereas as part of Paper III, the final questionnaire, the EEQ, was introduced 

and translated into 23 European languages. 

Paper I contributes to this research focus by emphasizing the need for standardized 

research (see Chapter 5). It was revealed that the diversity of used evolution knowledge 

and acceptance instruments makes it complicated or even questionable to compare within 

as well as between educational groups, educational systems, and countries. Additionally, 

because of the high number of languages in Europe, the instruments were often translated 

into the respective local language but no additional evidence for validity was provided. 

An instrument, which is translated and validated in multiple local languages and is easily 

accessible would contribute to the goal of standardized research in Europe. Paper III 

contributes to this goal. As part of Paper III, the questionnaire consisting of the KAEVO 

2.0 and the ATEVO was extended by the PERF (Beniermann, 2019), which measures 

religious faith as a potential predictor for acceptance of evolution. The resulting 

questionnaire, the EEQ, was translated into a total of 23 European languages and 

published as a standardized and ready-to-use protocol (Beniermann et al., 2021).  
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Paper II introduced the KAEVO 2.0, which is based on the KAEVO 1.0 (Beniermann, 

2019). The KAEVO 1.0 represented an appropriate basis for an instrument that measures 

knowledge about evolution comprehensively, as it already included numerous 

evolutionary concepts compared to other evolution knowledge instruments (e.g., the 

ECT, Bishop & Anderson, 1990; the CINS, Anderson et al., 2002; the CANS, Kalinowski 

et al., 2016; the GeDI, Price et al., 2014; see Chapter 2.4.1). Based on content analyses 

of two German school curricula as well as of common and internationally distributed 

textbooks (Evolution, Futuyma, 2013; Campbell Biology, Urry et al., 2017), the KAEVO 

1.0 was extended and modified resulting in the KAEVO 2.0. Taking the importance of an 

instrument’s systematic evaluation during its development into account, as emphasized 

by Mead et al. (2019), numerous evidence for validity and reliability was provided (see 

Chapter 4) to meet the quality control standards established by the American Educational 

Research Association (AERA et al., 2014).  

It was decided to take the ATEVO (Beniermann, 2019) as the acceptance of evolution 

instrument for multiple reasons. First, Beniermann (2019) delivered a clear definition of 

acceptance to ensure appropriate utilization of the instrument. Second, the ATEVO, 

consisting of eight items, is rather short (compared to e.g. the EALS with its 104 items) 

and therefore well-fitting for a survey not only on acceptance of evolution, but also 

influencing factors and knowledge about evolution. Third, the ATEVO has been validated 

for target groups of different age and education levels, whereas most other evolution 

acceptance instruments have only been validated for narrow target groups (e.g., the 

EALS; see Chapter 2.4.2). Fourth, other potential sources of bias, like mixing up 

knowledge about evolution, religious faith, and acceptance of evolution, have been 

considered during the developing process (Beniermann, 2019).  

Summed up, the second research focus provides a foundation for future standardized 

evolution education research worldwide. The EEQ is:  

(1) an appropriate and sound questionnaire for multiple target groups based on the 

investigation of several sources of validity evidence,  

(2) selective between acceptance of evolution and knowledge about evolution, 

(3) comprehensive regarding the evolutionary concepts added and the integrated 

construct ‘attitudes towards evolution of the human mind’,  

(4) ready-to-use in 23 European languages, 
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(5) easily expandable, as it can be translated into other languages by following the 

standardized and ready-to-use protocol (Beniermann et al., 2021; see Chapter 7.3 for 

details).  

7.1.3 Conduction of a standardized European cross-country assessment on acceptance 

of evolution and knowledge about evolution 

The third research focus, resulting from the requirements discussed in Chapter 7.1.1, was 

to conduct a standardized European cross-country assessment on acceptance of evolution 

and knowledge about evolution. Paper III contributes to this research focus. Following 

the previously mentioned measurement standards, the EEQ was applied to a clearly 

defined target group (first-year university students enrolled in various programs; see 

Chapter 6 for details). 

It was shown that the students mostly accepted evolution. The country affiliation and its 

associated cultural differences played only a minor role in evolution acceptance. Previous 

studies conducted in single European countries reported varying results from the rejection 

of evolution or undecided positions (e.g., Akyol et al., 2012; Athanasiou & 

Papadopoulou, 2012; Bilen & Ercan, 2016) to acceptance of evolution (e.g., Beniermann, 

2019; Betti, Shaw, & Behrends, 2020; Gefaell et al., 2020). In contrast to the high 

acceptance of evolution, the students, even those enrolled in biology-related programs, 

often lacked knowledge about evolution. Students in biology-related study programs 

knew significantly more about evolution (M = 5.53, SD = 2.54; score range: 0–12) than 

students from non-biology study programs (M = 3.85, SD = 2.22; score range: 0–12), but, 

in most countries, not as much as one might expect (see Chapter 6). Multilevel modeling 

was applied to account for variations in acceptance of evolution between students at level 

1 and universities at level 2. Religious faith was revealed as the most critical factor 

predicting acceptance of evolution along with other factors such as knowledge about 

evolution or whether a student was enrolled in a biology-related study program.  

In summary, it can be stated that Paper III built a novel basis for the European evolution 

education research community. For instance, it was shown that evolution is broadly 

accepted among European students who recently enrolled in a university. Additionally, 

new research questions arose from the results of this study, for instance why first-year 

university students in Europe do not know much about evolution. 
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7.2 Limitations 

In Chapter 4-6, different limitations of the conducted research are discussed. This section 

gives an overview of the most substantial limitations regarding this dissertation.  

7.2.1 Limitations of the composed instrument 

The KAEVO 2.0 contains four items on natural selection, including different contexts in 

terms of zoological and botanical as well as familiar and unfamiliar contexts. However, 

Nehm and Ha (2011) emphasized that students also tend to respond to questions on 

natural selection differently in terms of trait gain and trait loss. All natural selection items 

of the KAEVO 2.0 refer to trait gain. This issue could be addressed by adding items to 

cover the trait gain versus trait loss context. However, this would extend the length of the 

KAEVO 2.0 even more. The decision to not include some important evolutionary 

concepts like genetic drift in the KAEVO 2.0 is based on the German school curriculum 

(see Chapter 4) as it was utilized as the basis for content analyses. Therefore, depending 

on the country and the education level, researchers might miss some concepts. The 

KAEVO 2.0 could be adapted with items on other evolutionary concepts in the future. 

However, a modular structure of the questionnaire would be best suited for this purpose, 

for example by adding a part D to the KAEVO 2.0 to maintain the initial structure and 

ensure comparability of research results.  

The EEQ has been translated into 23 languages to be ready-to-use in many countries. The 

translation process is a source of potential bias. We addressed this with the help of 

national biology or biology education experts by retranslating the questionnaires. To 

standardize this process even more, the Translation-Review-Adjudication-Pre-test-

Documentation (TRAPD; European Social Survey, 2014) method is recommended for 

future translations. Using this method, problematic translations could be identified 

reliably (Harkness, 2003). Also, additional sources of evidence should be examined in 

different European countries, to make sure that the respondents in the respective countries 

understand all items of the EEQ.  

7.2.2 Limitations of the standardized European cross-country assessment on acceptance 

of evolution and knowledge about evolution 

The European cross-country assessment conducted as part of this dissertation is limited 

in terms of the generalizability of the data. Within the surveyed countries, sample sizes 

and shares of non-biology students and biology-related students varied. As a result, the 

samples are not representative for all surveyed countries. However, the standardized 
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comparison and the large total sample size are still valuable giving substantial insights 

into the evolution knowledge and acceptance of European first-year university students.  

Seven different explanatory variables were added sequentially to the multilevel model to 

investigate whether and to what extent they explain variances in the acceptance of 

evolution. However, additional variables, like sociocultural factors and ‘nature of science 

understanding’ (e.g., Urhahne et al., 2011) as well as ‘trust in science’ (e.g., Nadelson et 

al., 2014), which have been shown to interact with the acceptance of evolution (Akyol et 

al., 2010; Graf & Soran, 2010; Großschedl et al., 2014), also could have been surveyed 

to explain more variance in evolution acceptance. 

7.3 Implications 

This dissertation contributes to the expansion of the existing body of research on 

evolution education in Europe by disclosing and filling research gaps in terms of 

instrument quality as well as standardized research and its results. The following 

implications can be derived from the research conducted: 

Standardized research is essential to gather valid, reliable, and comparable data. Applied 

instruments should always be validated newly for the intended target group (Mead et al., 

2019). For this reason, a standardized and ready-to-use protocol has been published for 

the EEQ (Beniermann et al., 2021), the questionnaire that has been composed as part of 

this dissertation. The application advice encompasses survey instructor guidelines, a 

spreadsheet for data entry, data preparation advice, calculation instructions, score 

categories for interpretation of results for all parts of the EEQ, and instructions for future 

translations of the EEQ. Using this advice, future researchers from around the world could 

take up the standardized European cross-country assessment and compare their results to 

the results that have been implemented as part of this dissertation.  

Although this dissertation provides the first standardized European cross-country 

comparison in terms of evolution knowledge and acceptance of a clearly defined target 

group, it can only serve as a basis for European evolution education research that should 

be conducted in the future. Showing that country affiliation plays only a minimal role in 

the acceptance of evolution among European first-year university students, it would be 

of interest to investigate if this is also true for a broader sampling group. Additionally, 

the reason for the predominant lack of evolution knowledge among university students 

should be further investigated. The data gathered in Paper III could be used to compare 

students’ knowledge of single evolutionary concepts. Also, the proportion of different 
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alternative conceptions could be investigated. In doing so, concept-depending difficulties 

in understanding could be revealed and, in a next step, compared to evolutionary concepts 

in the respective school curricula of European countries.  

A detailed and standardized comparative analysis of the European countries’ school 

curricula could help to understand the role of school curricula in the context of knowledge 

about evolution. The recently published “FACE” (Framework to Assess the Coverage of 

biological Evolution by school curricula; Sá-Pinto et al., 2021), an instrument for 

curricula analysis, could be used to analyze European school curricula. Subsequently, this 

data could be collated with the results of the standardized European cross-country 

assessment presented in this work. 

Religious faith as the main predictor for the acceptance of evolution emphasizes that it is 

important to investigate the relationship between evolution and religion further in terms 

of fostering acceptance of evolution. Different approaches were recently published (e.g., 

Tolman et al., 2020; Sbeglia & Nehm, 2020; Siciliano-Martina & Martina, 2019). Since 

instructors are often still reluctant to address this sensitive topic (Barnes & Brownell, 

2016), understanding the reasons for the conflict with evolution as well as validated 

modules of high didactic quality could help to reduce this reluctance.  The EEQ, or parts 

of it, could be used in these modules to query knowledge but also to encourage 

conversations.
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Abstract 

In modern biology, evolution is the key concept and thus, of great importance in biology 

education. It has repeatedly shown that representatives of different age groups or 

education levels have difficulties understanding evolutionary concepts. Also, research 

about the acceptance and rejection of evolution has come to the fore in recent decades. 

With the growing body of evolution education research, measurement issues complicate 

the situation in terms of the possibility to compare data of different surveys. Additionally, 

the discussion about influencing factors on acceptance of evolution like knowledge about 

evolution or religious faith has arisen and is still ongoing due to deviating results in 

publications.  

Three papers have been published as part of this dissertation project. All three papers 

focus on the measurement issues in evolution education and particularly on the unclear 

situation of the fragmented research situation in Europe. Paper I concentrates on a 

systematic literature review on the state of evolution education research in Europe while 

taking measurement issues into account. Findings indicate a lack of standardized 

assessment of acceptance of evolution and knowledge about evolution across Europe and, 

therefore, reasonably comparable data. Paper II introduces an updated version of an 

instrument (KAEVO 2.0) to measure the knowledge about such evolutionary concepts 

that are essential for understanding evolution. Paper III takes the findings of Paper I up 

and provides the first standardized European cross-country assessment of evolution 

acceptance and knowledge. By use of a validated, comprehensive questionnaire, the 

‘Evolution Education Questionnaire (EEQ)’ that assesses evolution acceptance and 

knowledge, as well as influencing factors on acceptance of evolution. 11,723 first-year 

university students in 26 countries were surveyed. It was demonstrated that European 

first-year university students in biology-related as well as non-biology related study 

programs generally accept evolution but lack substantial knowledge about it. A multilevel 

model revealed religious faith as the main influencing factor on acceptance of evolution, 

whereas for instance, the country’s affiliation is negligible. As part of Paper III, the EEQ 

has been translated into 23 different languages. 

Overall, this dissertation expands the existing body of research on evolution education by 

(1) creating a systematic overview of the state of evolution education research in Europe,  

(2) composing an instrument based on the investigation of several sources of validity 

evidence to measure acceptance of evolution and knowledge about evolution 

comprehensively, which is currently available in 23 languages and can be easily 

translated into other languages by use of a standardized ready-to-use protocol, and 

(3) conducting the first standardized European cross-country assessment on acceptance 

of evolution and knowledge about evolution. 
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Zusammenfassung 

Evolution ist das Schlüsselkonzept der modernen Biologie und damit auch im Hinblick 

auf die Bildung im Bereich der Biologie von zentraler Bedeutung. Wiederholt wurde 

gezeigt, dass Vertreter verschiedener Altersgruppen und Bildungsniveaus 

Schwierigkeiten damit haben, evolutionäre Konzepte zu verstehen. Auch die 

Auseinandersetzung der Wissenschaft mit Akzeptanz und Ablehnung der Evolution ist in 

den letzten Jahrzehnten in den Vordergrund getreten. Mit dem wachsenden Korpus der 

Evolutionsbildungsforschung erschweren messtheoretische Probleme die Situation im 

Hinblick auf die Vergleichbarkeit von Daten verschiedener Erhebungen. Auch ist die 

Diskussion über Einflussfaktoren, wie beispielsweise Wissen über Evolution oder 

religiöser Glaube, auf das Konstrukt Akzeptanz der Evolution aufgekommen und ist 

aufgrund abweichender publizierter Ergebnisse noch immer aktuell.  

Im Rahmen dieses Dissertationsprojekts wurden drei Artikel veröffentlicht. Alle drei 

Artikel befassen sich mit den messtheoretischen Problemen in der 

Evolutionsbildungsforschung und insbesondere mit der unklaren Situation der 

fragmentierten Forschung in Europa. Artikel I befasst sich mit einer systematischen 

Literaturübersicht über den Stand der Evolutionsbildungsforschung in Europa, auch unter 

Berücksichtigung von messtheoretischen Problemen. Die Ergebnisse deuten darauf hin, 

dass es an einer standardisierten Erfassung des Wissens über Evolution und der 

Akzeptanz von Evolution in Europa und damit an vergleichbaren Daten mangelt. Artikel 

II stellt eine aktualisierte Version eines Instruments (KAEVO 2.0) zur Messung des 

Wissens über evolutionäre Konzepte, die für das Verstehen von Evolution essenziell sind, 

sowie dessen Validierung vor. Artikel III knüpft an die Ergebnisse von Artikel I an und 

liefert die erste standardisierte europäische länderübergreifende Erhebung mit 11.723 

Erstsemesterstudierenden aus 26 Ländern. Hierzu wird ein validierter, umfassender 

Fragebogen, der 'Evolution Education Questionnaire (EEQ)', der Akzeptanz der 

Evolution, Wissen über Evolution, sowie Einflussfaktoren auf die Akzeptanz der 

Evolution erfasst, verwendet. Es zeigte sich, dass europäische Studienanfänger die 

Evolution im Allgemeinen akzeptieren, dass es ihnen aber an substanziellem Wissen 

darüber mangelt. Dies gilt für Studierende eines biologieverwandten Studiengangs sowie 

für Studierende eines Studiengangs ohne Bezug zur Biologie. Es zeigte sich, dass der 

religiöse Glaube der Haupteinflussfaktor für die Akzeptanz der Evolution ist, während 

zum Beispiel die Länderzugehörigkeit vernachlässigbar ist. Im Rahmen von Artikel III 

wurde der EEQ in 23 verschiedene Sprachen übersetzt. 

Insgesamt erweitert diese Dissertation den bestehenden Korpus der 

Evolutionsbildungsforschung, indem sie  

(1) einen breiten Überblick über den Stand der Evolutionsbildungsforschung in Europa 

schafft,  
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(2) ein valides und reliables Instrument zur Messung der Akzeptanz der Evolution und 

des Wissens über Evolution zusammenstellt, das zurzeit in 23 Sprachen verfügbar ist und 

problemlos mit Hilfe des standardisierten, gebrauchsfertigen Protokolls in weitere 

Sprachen übersetzt werden können sollte und 

(3) eine standardisierte europäische länderübergreifende Erhebung zur Akzeptanz der 

Evolution und zum Wissen über die Evolution durchführt.
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