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Abstract
Background: Even though evolution is the overarching principle that connects all areas of biology, a significant proportion of pre-service teachers do not intend to teach evolution, minimize the teaching of evolution, or teach alternative ideas in biology classes. To prevent adverse teaching practices and promote effective pre-service teacher education, we aimed to identify and analyze variables that foster or hinder their behavioral intentions to teach evolution.
Method: We adopted a behavioral psychology research perspective and developed a research model based on
the theory of planned behavior to examine behavioral intentions for teaching evolution in biology classrooms. We
extended the model with additional variables that have been delineated by teacher education research as essential
determinants for the behavioral intention to teach evolution. We proposed several hypotheses suggesting that the
attitude toward teaching evolution, subjective norms, perceived behavioral control, personal religious faith, perceived
usefulness, and knowledge about evolution determine a person’s behavioral intention. We conducted a quantitative
cross-sectional study in teacher education to test the hypotheses and surveyed N = 339 pre-service biology teachers
using an online questionnaire. We analyzed the data using a two-stage structural equation model.
Results: We were able to confirm all proposed hypotheses. The most important results revealed that pre-service
teachers’ knowledge about and perceived usefulness of evolution are only moderately pronounced. Moreover, the
subjective norm is a predictor not only of behavioral intention but also of the attitude toward teaching evolution. The
variable of perceived behavior control partly moderates the relationship between knowledge about evolution and
behavioral intention. Additionally, perceived usefulness is an important and marginally stronger predictor of a person’s
attitude than personal religious faith.
Conclusion: The extended model of the theory of planned behavior has highlighted the need for educational programs to increase knowledge about and the perceived usefulness of evolution even stronger. The findings delineated
the effects of essential determinants on behavioral intentions and provided information about the necessary levers of
teacher education.
Keywords: Evolution, Intention, Evolution education, Theory of planned behavior, Teacher education, Pre-service
teacher, Structural equation model, Preference, Teaching, Biology education
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Introduction
More than 150 years have passed since Darwin’s theory
of evolution Darwin (1859) was published. It caused
much resentment at that time, as the theory of evolution
represented a dissent from the social worldviews. Nevertheless, this scientific theory explains the biodiversity
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of life and the origin and change of biological entities.
Therefore, it revolutionized the conceptualization of
biology. Since then, knowledge and understanding of
evolution have been considered essential for the comprehension of and reflection on daily processes that underlie evolutionary concepts such as variation, individual
fitness, and mutations (Council of Europe 2007; Darwin
1859; Nationale Akademie der Wissenschaften Leopoldina [Leopoldina] 2017). For example, evolution empowers students, non-professionals, and researchers to learn
from the COVID-19 situation, weigh the risks of mutations, and promote medical research to effectively combat future viruses (Dillon 2016; Serpa et al. 2021; Smith
2010).
Despite the importance of evolution, a substantial proportion of pre-service and in-service teachers do not
accept it as the currently most powerful scientific explanation for evolutive processes (e.g., Graf and Soran 2010;
Kim and Nehm 2011). Additionally, studies showed that
a substantial proportion of pre-service and in-service
teachers did not intend to teach evolution in biology
classrooms (e.g., Moore and Cotner 2009; Trani 2004) or
aimed to teach creationism instead of or alongside evolution (e.g., Berkman and Plutzer 2011; Moore 2008; Moore
and Cotner 2009; Nehm et al. 2009; Trani 2004). Consequently, a significant proportion of teachers either avoid
or minimize evolution education in school and focus on
alternative beliefs instead (e.g., creationism or intelligent
design; Berkman et al. 2008; Rutledge and Mitchell 2002).
Critically, this most likely means that educators transmit
alternative beliefs and misconceptions to their students
(Berkman and Plutzer 2011; Sickel and Friedrichsen 2013;
Yates and Marek 2014) when in fact, they should have
a crucial role as mediators between scientific evidence
and society (Glaze and Goldston 2015). The Council of
Europe resolution warned of the societal consequences
of teaching creationism in biology classes. They predicted
that “if we prevent our students from accessing scientific
knowledge, we run the risk of their being unable to compete effectively with other students who are being educated in states where science has a key status” (Council of
Europe 2007, p 17).
Due to the visible consequences of detrimental teaching practices, many researchers in teacher education
have recognized the importance of examining teachers’ behavioral intention to teach evolution. Therefore,
current research has identified and summarized multiple variables that may determine teachers’ behavioral
intention (e.g., Großschedl et al. 2014; Nehm et al. 2009;
Pobiner 2016; Sickel and Friedrichsen 2013; Smith 2010).
For example, a teacher’s behavioral intention depends
on cognitive, affective, and contextual variables, such as
the attitude toward evolution and teaching it (e.g., Graf
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2010; Großschedl et al. 2014), subjective norm (e.g.,
Griffith and Brem 2004), perceived behavioral control
(e.g., Sanders and Ngxola 2009), personal religious faith
(e.g., Downie and Barron 2000; Graf and Soran 2010;
Trani 2004), perceived usefulness (e.g., Salman and
Güven 2021), knowledge about evolution (e.g., Griffith
and Brem 2004; Nadelson and Nadelson 2010; Rutledge
and Mitchell 2002; Tekkaya et al. 2012; Trani 2004), and
socio-demographic variables (e.g., Clément 2015; Deniz
and Borgerding 2018; Goldston and Kyzer 2009). However, while theoretical literature reviews identified a conglomerate of determinants for behavioral intention, the
presented empirical studies are limited to only examining
isolated variables. Thus, we aim to systematically investigate primary factors that foster or hinder pre-service
teachers’ behavioral intention to teach evolution in biology classrooms.
We focused particularly on pre-service biology teachers
as they are still forming their teaching personalities. We
consider our contribution relevant because the examined
determinants of behavioral intention can inform adequate teacher preparation and further professional development at an early stage. Moreover, undesirable teaching
behaviors can be understood and resolved early onward
and do not solidify into rigid idiosyncratic behaviors over
years of teaching practice (Tschannen-Moran et al. 1998).
To analyze variables that foster or hinder the behavioral
intention to teach evolution in biology classrooms more
systematically, we draw on the theory of planned behavior
(Ajzen 1985, 1991). This approach from behavioral psychology holds that the determinants of attitude toward a
behavior, subjective norm, and behavioral control determine a behavioral intention and result in a behavior.
The theory is versatile and can be used to analyze a wide
range of behavioral intentions and behaviors (Ajzen 1991;
Francis et al. 2004). Thus, it is frequently used by interdisciplinary researchers in, for example, technology use
in education (e.g., Lee et al. 2010; Sadaf et al. 2012; Teo
2012) and general educational settings (Heuckmann et al.
2020; Kilic 2012; Knauder and Koschmieder 2019; MacFarlane and Woolfson 2013; Martin and Kulinna 2004).
We used this theory to analyze pre-service teachers’
behavioral intentions rather than behavior because preservice teachers have little to no experience with teaching evolution. Furthermore, the behavioral intention has
the strongest predictive power for someone’s behavior
and can thus be used as a proximal measure of behavior (Francis et al. 2004). Beyond that, this theory recommends extending the analyses with background factors
that are important to the specific context being studied.
Including background factors can increase the variance
explained in the target variable (e.g., Ajzen and Fishbein
2005). Accordingly, we extended the theory of planned
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Fig. 1 Theoretical model and research hypotheses

behavior with additional variables (e.g., personal religious
faith, perceived usefulness, and knowledge about evolution), which are repeatedly reported as important determinants of the behavioral intention to teach evolution.

Theoretical background
Behavioral intention and behavior

Behavioral intention is a variable that is based on someone’s motivation and indicates the strength of willingness and effort a person would invest in performing a
behavior. Thus, someone who firmly intends to perform
a behavior most likely acts on it (Ajzen 1985, 1991; Ajzen
and Fishbein 2005). Similar patterns have been discovered in previous studies in the behavioral intention to
teach evolution and the behavior of pre-service and inservice teachers. In particular, it was evident that some
teachers only taught evolution if they were personally
convinced of its merits. Generally, the country or state
and its local educational curriculum stipulate the extent
to which evolution should be taught in biology classes.
The local educational requirements differ significantly
in that some prescribe teaching evolution as early as
elementary school age, and others ban the topic (Deniz
and Borgerding 2018; Lerner et al. 2012; Siani and Yarden
2020). However, even if teaching evolution is required,
the requirements for teaching evolution are not always
heeded in biology classrooms, and teaching evolution
appears to be under the volitional control of teachers
(Moore 2002). Thus, not all teachers adequately meet
teaching requirements. Teachers’ behavioral intention
to teach evolution in their classes varies considerably.
Studies repeatedly report that pre-service and in-service

biology teachers do not accept evolution, doubt its epistemological status, or teach alternative beliefs such as
creationism (Berkman and Plutzer 2011; Bönisch 2010;
Deniz et al. 2011; Graf 2010; Graf and Soran 2010;
Großschedl et al. 2014; Kilic 2012; Nehm and Schonfeld
2007; van Dijk 2009).
Attitude toward a behavior

The variable attitude toward a behavior describes to
what extent someone evaluates a particular behavior as
positive (accepting) or negative (rejecting). If someone
has a positive attitude toward a behavior, that person is
more likely to have the behavioral intention to engage
in the behavior (Ajzen 1991; Lee et al. 2010). Regarding the behavioral intention to teach evolution, it can be
assumed that pre-service teachers’ acceptance or rejection of teaching evolution is crucial to whether they
intend to teach evolution or not (Deniz and Sahin 2016;
Großschedl et al. 2014; Kilic 2012; Smith 2010). Furthermore, an international comparison showed that pre-service teachers’ acceptance of evolution is relatively high
in Germany (Kuschmierz et al. 2020; Miller et al. 2006).
Graf (2010) showed that only 15% of pre-service teachers
and 7% of pre-service biology teachers showed a negative attitude toward teaching evolution. Although this
rate is comparatively low, it accounts for a considerable
proportion of pre-service teachers. With a few exceptions (Southcott and Downie 2012), research findings on
the historical development of pre-service teachers’ attitudes revealed a change in acceptance. Findings indicated
a decline in acceptance and an increase in the rejection
rate in the last three decades (Downie and Barron 2000;
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Miller et al. 2006; Plutzer and Berkman 2008; Unsworth and Voas 2018). Thus, it is crucial to maintain and
strengthen a positive attitude toward teaching evolution.
Regarding the relationship between attitude and behavioral intention, we assume H1:
H1 Pre-service teachers’ attitude toward teaching evolution is predictive of behavioral intention to teach evolution in biology classrooms.

Subjective norm

The subjective norm describes the extent to which someone feels pressured by significant others to follow or not
follow certain behavior. If the social environment supports the behavior in question, the person’s behavioral
intention will probably increase (Ajzen 1991). Studies
have shown that people are generally more inclined
to adopt behavior or communicative positioning that
strengthens their relationships with individuals with
whom they have essential joint commitments. This adaptation to the expectations of significant others or social
norms is particularly pronounced among newcomers
to a group and could correspondingly also apply to preservice teachers, who are soon to be teaching in the new
school environment (Humphrey and Aime 2014; Kahan,
2010; Moreland 1985). For pre-service biology teachers, authoritative colleagues, students’ parents, friends,
family, and superiors could represent significant others
decisive for the behavioral intention to teach evolution
(Humphrey and Aime 2014; Kilic 2012; Siani et al. 2022).
The findings of Brem et al. (2003) indicated that collegeeducated individuals associated teaching evolution with
a “negative ‘spin’ […], seeing it as decreasing spirituality,
increasing selfishness and racism, and interfering with
one’s sense of purpose and self-determination” (p. 198).
Furthermore, studies discerned that teachers neglected
to teach evolution because they felt pressured by others
to teach creationism rather than evolution (e.g., by students’ religious parents), were suspended from school, or
were legally accused (Asghar et al. 2007; Balgopal 2014;
Berkman et al. 2008; Graf and Lammers 2010; Moore and
Karen 2005).
Moreover, the subjective norm can predict the attitude toward a particular behavior (Lung-Guang 2019;
Teo 2012; Venkatesh and Davis 2000). It is assumed that
the social groups people identify with shape their perception and attitude (Torcello 2016). For pre-service
teachers, this could mean that in addition to their behavioral intention, they may also adapt their attitude to the
expectations of significant others. Thus, society-oriented
variables such as social barriers, fear of disapproval,
or immorality concerns could cause alterations in the
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attitude toward teaching (Arthur 2013). The subjective
norm may also indirectly affect individuals’ behavioral
intention to teach evolution. Based on these findings, we
formulate H2 and H3 as follows:
H2 Pre-service teachers’ subjective norm is predictive
of the behavioral intention to teach evolution in biology
classrooms.
H3 Pre-service teachers’ subjective norm is predictive
of someone’s attitude (and indirectly affects the behavioral intention to teach evolution in biology classrooms).
Perceived behavioral control

Perceived behavioral control reflects the extent to which
someone feels competent, skilled, and equipped with
resources to control and perform a behavior (Ajzen
1991). When individuals have a high level of perceived
behavioral control over a particular behavior, they are
more likely to perform it (Ajzen 1991). For example,
if pre-service teachers are confident that they have a
high perceived behavioral control over teaching evolution, they will probably follow the behavioral intention.
Conversely, a low level of perceived behavioral control
can decrease the behavioral intention to teach evolution (Kilic 2012). A low perceived behavioral control can
result from self-concern or the feeling of being unprepared. Additionally, the feeling of lacking materials may
lead to losing perceived behavioral control over teaching
evolution (Griffith and Brem 2004; Kilic 2012; Sanders
and Ngxola 2009). Drawing on these findings, we hypothesize H4:
H4 Pre-service teachers’ perceived behavioral control
predicts the behavioral intention to teach evolution in
biology classrooms.
Personal religious faith

Personal religious faith is a variable reflecting individual
religiosity (Beniermann 2019). Prior studies suggest that
religiosity relates negatively to accepting evolution and
its teaching. Simultaneously, it was detected that it indirectly affects the behavioral intention to teach evolution
(Betti et al. 2020; De Smedt and De Cruz 2020; Downie
and Barron 2000; Moore 2002; Trani 2004). The negative
correlation between personal religious faith and someone’s attitude can be attributed to individuals’ beliefs
shaping the lens through which information such as
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scientific evidence is filtered (Glaze 2013). If individuals perceive a conflict between their fundamental religious beliefs and scientific explanations of evolution, they
will probably reject the latter (Glaze 2013; Köse 2010;
Meadows et al. 2000). Consequently, religious pre-service teachers are more likely to reject evolution in their
classrooms (Deniz and Sahin 2016; Graf and Soran 2010;
Großschedl et al. 2014). Furthermore, they might teach
evolution only to a limited extent (Grogan 2020; Trani
2004). Despite the high probability that religious individuals tend to reject evolution, some religious believers
accept evolution (Downie and Barron 2000; Levesque
and Guillaume 2010), including religious teachers who
teach evolution in biology classrooms (Silva et al. 2015;
Trani 2004) and evolutionary biologists who see no conflict between scientific knowledge and faith as a worldview orientation (Miller 2002; Silva et al. 2015). Excluding
the last presented exceptions, we posit H5:
H5 Pre-service teachers’ personal religious faith predicts the attitude (and indirectly affects the behavioral
intention to teach evolution in biology classrooms).
Perceived usefulness

In this context, the perceived usefulness encompasses the
recognized advantages of behavior for a person and their
performance at the job. This variable is regularly used to
predict the behavioral intention within the technology
acceptance model (Davis 1989). However, this construct
has also been adopted for the theory of planned behavior
(Sadaf et al. 2012). In initial conceptualizations, a disagreement occurred regarding whether perceived usefulness is a direct predictor of the behavioral intention or
whether their relationship is mediated by the attitude
(Davis 1989). Recent studies demonstrated that perceived
usefulness can function as a strong, direct predictor of
attitude and an indirect one of behavioral intention. Previous studies showed that the attitude is expected to be
high when the perceived usefulness is high (Cheng 2018;
Sadaf et al. 2012). Although the variable perceived usefulness has received minimal attention in teacher education, it can be an essential extension to the analysis of the
behavioral intention to teach evolution. Teachers should
be aware of the usefulness of evolution (Salman and
Güven 2021). Therefore, our study suggests H6:
H6 Pre-service teachers’ perceived usefulness is a predictor of the attitude (and indirectly affects the behavioral intention to teach evolution in biology classrooms).
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Knowledge about evolution

This variable covers someone’s knowledge about evolution and underlying key mechanisms, such as natural
selection (Anderson et al. 2002). Although pre-service
teachers are expected to demonstrate a solid knowledge
about evolution, their knowledge frequently does not
correspond to the current scientific understanding of
evolution (Graf and Soran 2010; Großschedl et al. 2018;
Kuschmierz et al. 2020; Nehm et al. 2009). Insufficient
knowledge about evolution is problematic, as pre-service teachers will have an important role in disseminating scientific knowledge to students (Glaze et al. 2015).
Teachers must possess a thorough knowledge about
evolution and be well-prepared to teach evolution (Rutledge and Mitchell 2002; Sickel and Friedrichsen 2013).
If pre-service teachers are not adequately qualified, this
can lead to inaccurate communication about evolution
and even complete avoidance of teaching it (Balgopal
2014; Berkman et al. 2008; Glaze and Goldston 2015).
Recent studies accentuated that knowledge about evolution is positively intertwined with the behavioral
intention to teach evolution. Thus, it constitutes a necessary determinant (Griffith and Brem 2004; Rutledge
and Mitchell 2002; Sickel and Friedrichsen 2013; Smith
2010).
However, profound knowledge about evolution does
not inevitably increase behavioral intention (Nehm and
Schonfeld 2007). Research on the relationship between
knowledge about evolution and teaching evolution
yielded inconsistent results (Balgopal 2014; Großschedl
et al. 2014; Nehm and Schonfeld 2007). Inconsistencies may be attributable to the knowledge-behavior gap,
which can also rigorously guide examining the relationship between knowledge and behavioral intention
as a predictor of behavior. Rimal (2000) found that the
correlation between knowledge and behavior depends
on the ability to exert personal control over the behavior in question. Other studies indicated that updated
knowledge about evolution can enhance the feeling of
being prepared, responsible for teaching evolution in
class, and perceived behavioral control (Griffith and
Brem 2004; Nadelson and Nadelson 2010; Tekkaya et al.
2012). Individuals with a higher perceived behavioral control also exhibit stronger correlations between
knowledge about evolution and behavioral intention than individuals with a lower one (Rimal 2000).
Therefore, knowledge about evolution and perceived
behavioral control are fundamental to investigating
the behavioral intention in question (Griffith and Brem
2004; Knauder and Koschmieder 2019). In consideration of these findings, we hypothesize H7 and H8:
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H7 Pre-service teachers’ knowledge about evolution
predicts the behavioral intention to teach evolution in
biology classrooms.
H8 Pre-service teachers’ knowledge about evolution
predicts perceived behavioral control (and indirectly
affects the behavioral intention to teach evolution in biology classrooms).

Research model
We analyzed the variables that foster or hinder teachers’ behavioral intention to teach evolution in biology
and promote adequate teacher preparations and further
professional development. We employed the validated
theory of planned behavior (Ajzen 1985, 1991; Ajzen
and Fishbein 2005) and complemented it with additional
variables (i.e., personal religious faith, perceived usefulness, and knowledge about evolution) that are repeatedly reported as essential determinants for the behavioral
intention to teach evolution (e.g., Cheng 2018; Clément
2015; Deniz and Borgerding 2018; Griffith and Brem
2004; Trani 2004). The proposed model, including the
eight hypotheses, is presented in Fig. 1.
Methods
To address the research aim, we conducted a quantitative cross-sectional study on teacher education. We
employed an online questionnaire to collect the data and
used them to conduct a structural equation model (Gefen
et al. 2011; Kamel and Guillaume 2019). We followed the
recommendations for a two-stage process by first validating the measurement model and subsequently employing
the structural equation model to analyze our hypotheses
(Gefen et al. 2011; Gerbing and Anderson 1988).
Questionnaire development and measures

The questionnaire was divided into two sections. The first
section covered the theoretically derived constructs. To
develop the constructs of the theory of planned behavior
and generate the questionnaire (Ajzen 1991), we followed
the guideline of Francis et al. (2004). This guideline clearly
instructs how to create the constructs and underlying
items. For example, it includes sample items that should
be adapted to the context under study. According to the
guideline, we (1) outlined the target sample; (2) defined
the behavior with respect to the target, action, context,
and time (TACT); (3) opted for measurement methods (e.g., for the behavioral intention); (4) discussed the
advantages and disadvantages of teaching evolution; (5)
ascertained people who can be considered as authoritative and influential significant others; and (6) determined
what increases or decreases perceived behavioral control.
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We pinpointed the clear focus of the study because a
lack of granularity renders ambiguity unavoidable (Lee
et al. 2010). After establishing a clear focus, we developed the items of the constructs of behavioral intention
(four items), attitude (nine items), subjective norm (four
items), and perceived behavioral control (three items;
Francis et al. 2004).
For the constructs not described in the theory of
planned behavior, we chose items and instruments that
were already available. Therefore, we adopted the validated perceived usefulness construct by Davis (1989) to
the study’s context and employed three items. We used
the Personal Religious Faith 2.0 (PERF 2.0; Beniermann
2019) to assess participants’ religious beliefs. This measure not only captures the religiosity of single denominations but also covers a wide range of monotheistic belief
systems and is appropriate for the targeted sample of
pre-service teachers. Furthermore, this measure and its
10 items were evaluated and modified by experts from
related research fields such as religious sciences, psychology, and sociology to ensure content validity (Beniermann 2019). We additionally employed the Conceptual
Inventory of Natural Selection (CINS; Anderson et al.,
2002) as it is a widely used measure to determine the
knowledge about evolution through natural selection of
pre-service teachers (Anderson et al. 2002; Nehm and
Schonfeld 2008). The CINS comprises 20 items in a multiple-choice test format (one correct and three incorrect
answers). The response options of the items cover 10 evolutionary key concepts (e.g., natural resources, variation
within a population, and differential survival) and distractors based on alternative misconceptions (Anderson
et al. 2002). Sufficient validity of the CINS was ensured
by its being designed or examined by subject area experts
(content validity; Nehm and Schonfeld 2008; Tekkaya
et al. 2011), verified by independent content experts
(face validity; Anderson et al. 2002), and inspected by
principal component (construct validity; Athanasiou
and Mavrikaki 2014; Pinxten et al. 2020) and correlation
analyses (convergent or/and discriminant validity; Fiedler et al. 2019; Nehm and Schonfeld 2008). Additionally, we included one marker variable (on the motivation
to engage in sports) that was theoretically and statistically unrelated to the others. It was used to strengthen
our arguments against common method bias and ensure
discriminant validity (Podsakoff et al. 2003; Semin et al.
2005).
The second section contained, among others, single
self-assessment items to better understand the sample
and the context in which the study took place. These
items capture socio-demographic data; knowledge and
feelings regarding teaching evolution; interest in general
biological topics; the semester; and the teacher’s training
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school type. Furthermore, we adopted and marginally
modified three items from Nehm et al. (2009) to collect
additional data on the conflict between evolution and
religiosity, teachers’ preferred approaches to teaching
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(evolution, creationism, both), and teachers’ preferred
beliefs (evolution, creationism, both). The questionnaire
ended with a request to rate the study’s usefulness and
the conscientiousness of answering the questionnaire.

Table 1 Validity and reliability for constructs
Variables

Items Formulated items

λ

Behavioral intention (BI)
BI1

It is essential to me to teach evolution.1

.86

BI2

I am enthusiastic about teaching evolutionary biology.1

.79

BI3

I expect to teach evolution.1

.64

BI4

I intend to teach evolution in a scientifically correct way.1

.61

AT1

Teaching evolution in biology classes is/would be… useless – useful.

.79

Attitude towards a behavior (AT)
AT2

Teaching evolution in biology classes is/would be… wrong – good.

.73

AT3

Teaching evolution in biology classes is/would be… uncomfortable – comfortable.

.51

AT4

Teaching evolution in biology classes is/would be… harmful – beneficial.

.77

AT5

Teaching evolution in biology classes is/would be… unpleasant – pleasant.

.64

AT6

Teaching evolution in biology classes is/would be… undesirable – desirable.

.81

AT7

Teaching evolution in biology classes is/would be… misleading – purposeful.

.79

AT8

Teaching evolution in biology classes is/would be… worthless – helpful.

.87

AT9

Teaching evolution in biology classes is/would be… ineffective – effective.

.77

Subjective norm (SN)
R

SN1

Most people I care about think that I should – should not teach evolution.

SN2

People whose opinions I value will encourage me to teach evolution in biology
classes.1

.86

SN3

People whose opinions I value will recommend that I teach evolution in biology
classes.1

.59

SN4

I follow the conviction of my college to make evolution a significant part of my
biology teaching.1

.66

PBC1

My way of teaching evolution is clear and understandable.1

.88

PBC2

I find it challenging to teach evolution.1R

.58

PBC3

I find it easy to teach the information about evolution that I have planned to
teach.1

.77

PU1

Teaching evolution in biology classes increases my effectiveness in my job.1

.93

PU2

Teaching evolution in biology classes improves my performance in my job.1

.84

PU3

Teaching evolution in biology classes increases my productivity.1

.90

PRF1

I believe in God.1

.90

PRF2

I feel that God exists.1

.92

PRF3

I think there are good arguments for the existence of God.1

.87

PRF4

I would describe myself as a faithful person.1

.87

PRF5

Without faith, my life is/would be pointless.1

.78

PRF6

I believe there is a heaven.1

.63

PRF7

I pray and believe that my prayers can change what happens (in the future).1

.85

PRF8

I feel most fulfilled when I am in a close connection with God.1

.88

PRF9

Because of my faith, I have hope for life after death.1

.80

PRF10 My life is meaningful because I am wanted by God1

.88

Perceived usefulness (PU)

Personal religious faith (PRF)

Response format: Items were rated on a 7-point Likert scale (strongly disagree – strongly agree)

R

Inversely worded items were recoded prior to the analyses

CR

AVE

.81

.82

.55

.91

.91

.54

.83

.84

.58

.76

.77

.53

.92

.92

.79

.96

.96

.71

.91

Perceived behavioral control (PBC)

1

α
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Overall, most items were based on a 7-point Likert
scale, where a value of 1 indicated a low (or negative)
and 7 a high (or positive) expression of the respective characteristic. The items of the CINS were scored
dichotomously.
Recruitment and sample

The enrolled study participants were German pre-service biology teachers recruited over four semesters. The
pre-service teachers were asked to participate in the
online questionnaire via an anonymous link to the survey platform Qualtrics. Furthermore, they were free to
forward the link to other pre-service biology teachers.
The questionnaire contained an informed consent form,
information about the data protection, anonymity, and
confidentiality of the survey to minimize the risk of common method bias, for example, social desirability bias.
Moreover, it was noted that no incentives were offered
for participation (King and Bruner 2000; Podsakoff et al.
2003). The participants were informed about the definition of what is meant by “teaching evolution” (see Additional file 1); the procedure and length of the study; the
requirements for participation; the absence of risks associated with participating; and the contact details of the
study administrator. Moreover, we encouraged the preservice teachers to select the answers that best applied
to them and complete the survey diligently to avoid overlooking inversely worded items.
In total, N = 339 pre-service biology teachers participated in our study. Of these, 30 pre-service teachers were
excluded (see the “Preliminary analysis and data preparation” section for more details). Accordingly, the data
of n = 309 (91.2%) pre-service teachers were included
for further descriptive and inferential statistical analyses. The participants needed M = 56.2 min (SD = 23.5) to
answer the questionnaire, found its implementation useful (M = 5.0, SD = 1.4), and indicated that they had completed it conscientiously (M = 6.4, SD = 0.7).
The pre-service teachers were, on average,
M = 25.0 years old (SD = 2.1), and 77.2% were female.
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The denominational affiliation was distributed as follows: 50.2% Catholics, 23.3% Protestants, 6.1% Muslim denominations, 2.3% members of the Christian Free
Church, 1.0% members of the Orthodox Church, 0.6%
Hindus, 12.9% atheists, and 3.6% others. Utilizing the
single self-assessment items, we ascertained that 91.7%
of pre-service teachers saw no conflict between evolution
and religious beliefs. Additionally, 72.1% of the participants favored teaching evolution to their students in biology classes, 0% favored creationism, and 27.9% wanted to
teach both together. Moreover, 83.3% of the participants
reported that they preferred to believe in or accept evolution, 2.8% voted for creationism, and < 14.0% favored
both simultaneously. The pre-service teachers indicated
that they were strongly interested in general biological
topics (M = 6.3, SD = 0.8), rated their knowledge as moderate (M = 4.7, SD = 1.2), and reported that they would
feel comfortable teaching evolution (M = 5.1, SD = 1.3).
The participants were in their M = 2.8 (SD = 1.0) of four
master’s semesters. They studied to become teachers at
schools that educate students for non-academic (special education [29.4%], lower secondary and comprehensive school [29.8%], or vocational school [1.9%]) and
academic track (gymnasium and upper comprehensive
school [38.8%]). The curriculum of all school types mandates teaching evolution (Secretariat of the Standing
Conference of the Ministers of Education Cultural Affairs
of the Länder in the federal republic of Germany [KMK]
2020).
Data analysis
Preliminary analysis and data preparation

We used IBM SPSS Statistics (SPSS) version 28.0 for data
preparation, including screening, purging, and recoding the data of N = 339 cases (International Business
Machines Corporation [IBM] 2021). Moreover, we used
IBM SPSS Statistics to adjust variances across observed
variables to decrease the possibility of threats to the convergent validity (Muthén and Muthén 1998–2010) and to
identify and handle missing data (see Additional file 2).

Table 2 Discriminant validity
Variable

M

SD

1

2

3

4

5

1 Behavioral intention

6.03

0.91

.74

2 Attitude

6.13

0.76

.67**

.74

3 Subjective norm

5.95

1.00

.60**

.58**

.76

4 Perceived behavioral control

4.98

1.07

.44**

.32**

.36**

.73

5 Perceived usefulness

4.31

1.21

.31**

.36**

.26**

.20**

.89

6 Personal religious faith

3.47

1.68

–.17**

–.28**

–.24**

.00

–.10

6

.84

*p < .05 level (2-tailed). **p < .01 level (2-tailed). Values on the diagonal (bold) are the square root of the average variance extracted (AVE), while the off diagonals show
Pearson’s product-moment correlation coefficients
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After that, all further analyses were carried out in RStudio
version 4.2.0 (R Core Team 2022; see Additional file 3).
We filtered the pre-service teachers who studied teaching
for a school type in which evolution is not usually taught
(Ministry for School and Further Education of the State
of North Rhine-Westphalia [MSW NRW] 2008) or cases
that showed extreme statistical outliers regarding the
variable age. Consequently, the overall dataset used for
the descriptive and inferential statistical analyses comprised n = 309 cases, surpassing the minimum number
of required cases to perform a structural equation model
(Francis et al. 2004; Kline 2015; Westland 2010). When
screening the data, we identified four items with missing values (per item < 2%) in the variables we intended
to use for inferential statistics. Therefore, we performed
a missing completely at random (MCAR) test. The test
indicated that data were missing completely at random,
χ2 (196,309) = 111.78, p < 1.00. We used the expectationmaximum (EM) algorithm with multiple imputations to
prepare our dataset for further analysis (Enders 2006).
Subsequently, we applied descriptive statistics for transparent sample descriptions and analyzed the preconditions of data (Fox and Weisberg 2019; Korkmaz et al.
2014; Neter et al. 1990). The results showed that the
data were not normally distributed but that the variables’ relationship was approximately linear; the variance
inflation factor (VIF) indicated no thread to multicollinearity as it was below the recommended threshold of
10 (1.06–1.66); and the Durbin-Watson score suggested
no autocorrelation as it was close to the recommended
threshold of 2 (1.74–2.10; Kline 2015; Neter et al. 1990).
As the data showed no normal distribution, we relied on
a robust maximum likelihood method (MLM) for further analyses. The advantages of this estimator are that
standard errors are robust to non-normality, and it calculates robust fit indices using Satorra-Bentler scaled chisquare statistics (Kamel and Guillaume 2019; Satorra and
Bentler 2001).
Before the validation, we tested and refined the measurement model using the RStudio package “lavaan”
(Rosseel 2012) and analyzed the statistical values in combination with the underlying content to further ensure
the content validity of the constructs (Chin 1998; Gefen
et al. 2011; MacKenzie et al. 2011). It must also be noted
that we did not use the variable knowledge about evolution as a latent construct but as a sum score (Cronbach’s
α = .73, M = 13.23, SD = 3.66) due to its nature (e.g., 20
dichotomously rated items). Thus, the CINS was not
required for validating the measurement model and was
inserted as a sum score in the structural equation model.
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Measurement model and validation

To assess the probability of common method bias, we
applied Harman’s single-factor test. It showed that the
maximal variance of the model explained by one variable was 38.6%. Hence, the explained variance fell below
the upper limit of 50% and indicated no major threat to
common method bias (Podsakoff et al. 2003). Additionally, the applied marker variable showed no to minor correlations with the other variables, strengthening the case
against common method bias (Semin et al., 2005; Simmering et al. 2014).
We then evaluated the convergent validity of the measurement model using the factor loadings (λ), Cronbach’s α, composite reliability (CR), and average variance
extracted (AVE). The loadings reflect how far the manifest variables are deemed a part of the latent variable.
Loadings for each item should be at least .5 to signify
indicator reliability (Chin 1998; Hair et al. 2010). Table 1
shows that the loadings were above the recommended
threshold. The Cronbach’s α and CR are indicators for
the construct reliability. The lowest Cronbach’s α was .76,
and the lowest CR was .77. Thus, both exceeded the recommended threshold of .7 (Fornell and Larcker 1981;
Kline 2015). The AVE indicates convergent validity and
reveals how far one latent construct explains the associated indicators. The AVE did not fall below the recommended threshold of .5 for any of the constructs (Fornell
and Larcker 1981).
Subsequently, we assessed the discriminant validity.
Discriminant validity is given when one variable that is
theoretically unrelated to another is also statistically
unrelated. In this case, discriminant validity can be measured using the Fornell-Larcker criterion. Discriminant
validity exists when the square root of the AVE of a latent
construct (bold diagonal in Table 2) exceeds its correlation with the other latent constructs within the model, as
this indicates that the modeled constructs can be reliably
separated (Fornell and Larcker 1981).
Our data revealed discriminant validity as the square
root of each AVE was always higher than the correlation
between the respective construct with the other ones. To
strengthen the robustness of the discriminant validity, we
further conducted the heterotrait-monotrait (HTMT)
method. The results are summarized in Table 3. The
values of the HTMT do not exceed the threshold of .85
and thus meet the recommended criteria (Henseler et al.
2015).
Overall, the measurement model showed reliable and
valid results. Hence, we continued with the second stage
of the structural equation model analyses. We computed
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Table 3 Heterotrait-monotrait
Variable

1

2

3

4

5

6

1 Behavioral intention
2 Attitude

.78

3 Subjective norm

.74

4 Perceived behavioral control

.54

.36

.44

5 Perceived usefulness

.33

.39

.28

.24

6 Personal religious faith

.16

.28

.25

.07

.66

.07

Shaded boxes are the standard reporting format for the HTMT procedure

fit indices, analyzed regression and determination coefficients, effect sizes, and presented indirect and total
effects.

Results
Structural equation model

First, we calculated the fit indices of our structural equation model. The analysis of the central χ2 distribution
(Jöreskog, 1969) showed that our model did not hold
an exact central χ2 distribution, χ2 (508,309) = 820.63,
p < .001. Such a non-central distribution is not uncommon. Nevertheless, alternative tests must be used to
analyze the data and determine whether this model is
a helpful approximation for the research aim in question (Gefen et al. 2011). Accordingly, we analyzed the
fit indices: the root mean square error of approximation (RMSEA), standardized root mean square residual
(SRMR), comparative fit index (CFI), and Tucker-Lewis
index (TLI). The RMSEA and SRMR showed a (very)
good approximate fit when showing values below .5 and
a (good) approximate fit with values below .8 (Browne

and Cudeck 1992; Hu and Bentler 1999; Kamel and Guillaume 2019). Our model revealed a good to approximate
fit with a robust RMSEA = .045 and SRMR = .077. Additionally, the robust CFI = .952 and the robust TLI = .947
indicated a very good model fit as they surpassed the
threshold of .9 for a good fit (Kamel and Guillaume 2019;
Marsh et al. 2004; Satorra and Bentler 2001).
Second, we investigated standardized regression
and determination coefficients (see Fig. 2). The results
showed that the attitude (β = .57, p < .001), subjective
norm (β = .23, p = .002), and perceived behavioral control (β = .18, p < .001) significantly affected the behavioral
intention to teach evolution in biology lessons. Moreover, the subjective norm (β = .57, p < .001), personal religious faith (β = –.12, p = .027), and perceived usefulness
(β = .19, p = .001) had a significant effect on the attitude
of teachers and are predictive for 48.4% of the variance
of attitude (Cohen 1988). Knowledge about evolution
affected behavioral intention (β = .11, p = .028) and perceived behavioral control (β = .18, p = .002). Moreover, knowledge about evolution explained only a small

Fig. 2 Results of the structural equation model. Critical t-values. *1.96 (p < .05); **2.58 (p < .01).
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amount (3.4%) of the variance of perceived behavioral
control. Overall, the variables attitude, subjective norm,
perceived behavioral control, and knowledge about
evolution led to 65.4% of the variance in the behavioral
intention being explained, indicating a high goodness of
fit (Cohen, 1988).
Third, based on recommendations for good scientific reporting of structural equation models (Gefen
et al. 2011), we calculated the effect size ƒ2. This effect
size is used to determine the substantive significance
and, thus, the importance of the independent variables
for explaining the variance of one dependent variable
(Cohen 1988). To calculate the effect size, the change in
the explained variance R2 must be examined when one of
the paths, from the independent variables to a dependent variable, is included in or excluded from the model.
Accordingly, we ran the model once in the original version and then repeated calculating the model by iteratively excluding one path at a time. Thereby, we examined
the changes in the explained variance R2. Subsequently,
we applied the following formula to obtain the effect size
ƒ2: ƒ2 = R2included – R2excluded / (1 – R2included). Conventionally, ƒ2 values of .02 represent small, .15 medium, and .35
large effects (Chin 1998; Cohen 1988). Table 4 shows that
almost all paths have a small effect. For example, excluding perceived usefulness reduced the variance explained
in attitude from R2 = .484 to R2 = .461 (ƒ2 = .04). This
effect is small but still higher than the change in the
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variance explained in attitude when dropping personal
religious faith, which is only visible in the third decimal
place as it decreased from R2 = .484 to R2 = .476 (ƒ2 = .02).
Conversely, the change in the variance explained is strong
when the paths from the subjective norm to the attitude
or from attitude to behavioral intention are excluded. The
former dropped from R2 = .484 to R2 = .212 (ƒ2 = .53),
and the latter from R2 = .654 to R2 = .480 (ƒ2 = .50).
Fourth, we focused the analyses on the mediators,
indirect and total effects. The standard method for calculating these effects in the used R package “lavaan” is
the delta method (Rosseel 2012; Sobel 1982). As this
method is critically discussed (Zhao et al. 2010), we
applied a bias-corrected and accelerated (BCa) bootstrap with 5000 resamples. The BCa bootstraps offer
the general advantage of assigning precision measures
to the data, such as confidence intervals (CIs), and controlling and checking the stability of the results, even
after 5000 resamples. BCa bootstrapping is advantageous as it corrects both the bias and the skewness of
the bootstrap distribution (Preacher and Hayes 2008).
Taken all together, the results of the effects and bootstraps are depicted in Table 5. All indirect effects are
significant, as the 95%-CIs do not cross zero, confirmed
by the significant z-values. To determine the nature of
the mediation, we included direct and indirect effects
in the analysis. Since the direct and indirect paths were
significant, we concluded that the model contained

Table 4 Hypotheses testing
Hypotheses

Beta

H1: Attitude → Behavioral intention

H2: Subjective norm → Behavioral intention

H3: Subjective norm → Attitude

H4: Perceived behavioral control → Behavioral intention

H5: Personal religious faith → Attitude

z-values

.57

7.48**

Supported

.50

.23

3.06**

Supported

.03

.57

7.42**

Supported

.53

.18

3.54**

Supported

.09

− .12

H6: Perceived usefulness → Attitude

− 2.21*

.19

H7: Knowledge about evolution → Behavioral intention

H8: Knowledge about evolution → Perceived behavioral control

ƒ2

Decision

3.29**

Supported

.02

Supported

.04

.11

2.19*

Supported

.03

.18

3.12**

Supported

.04

Critical z-values. *1.96 (p < .05); **2.58 (p < .01)

Table 5 Indirect and total effects
Effect type
Indirect

Hypotheses
SN → AT → BI

PRF → AT → BI

PU → AT → BI

Total
1

KaE → PBC → BI

SN → BI + (SN → AT*AT → BI)

KaE → BI + (KaE → PBC*PBC → BI)

Beta

SE

.33

.04

− .07

.02

.11

.03

.03

.01

z-value
6.01**
− 2.13*

95%-CI [LB, UB]

95%-CI [LB, UB]1

[.18, .35]

[.18, .36]

[− .06, − .00]

[− .07, − .00]

2.97**

[.03, .13]

[.03, .14]

2.35*

[.00, .04]

[.01, .05]

.55

.06

7.63**

[.33, .57]

[.33, .59]

.14

.03

2.93**

[.03, .17]

[.03, .17]

BCa bootstrap with 5000 samples. Critical z-values. *1.96 (p < .05); **2.58 (p < .01); BI behavioral intention, AT attitude towards a behavior, SN subjective norm, PBC
perceived behavioral control, PU perceived usefulness, PRF personal religious faith, KaE knowledge about evolution
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partial mediations. More specifically, we found complementary mediation in the paths from the subjective
norm over the attitude to the behavioral intention and
from knowledge about evolution over perceived behavioral control to behavioral intention. These results
suggest that the effect of the subjective norm and
knowledge about evolution on behavioral intention is
reinforced through mediation (Zhao et al. 2010).

Discussion
This study contributes to the prevailing discourse on
teacher education by revealing that attitude, subjective
norm, perceived behavioral control, personal religious
faith, perceived usefulness, and knowledge about evolution are significant determinants of behavioral intention
to teach evolution.
Behavioral intention to teach evolution

Our study showed that the pre-service teachers had a
high behavioral intention to teach evolution in biology
classes. They were highly enthusiastic and motivated
to teach in the future. No one stated that they would
replace evolution with creationism in their teaching and
they showed a high interest in general biological topics.
When comparing the behavioral intention with suitable
reference groups, the study of Großschedl et al. (2014),
conducted in Germany, showed pre-service teachers
with comparably high behavioral intention. Studies in
other countries indicated lower behavioral intention than
our sample (Deniz et al. 2011; Deniz and Sahin 2016;
Nehm et al. 2009; Nehm and Schonfeld 2007). However,
the study of Plutzer et al. (2020) on American science
teachers showed encouraging improvements of evolution
education instructions from 2007 to 2019. Kilic’s (2012)
findings suggested that the sociocultural background
may be related to the manifestation of the behavioral
intention to teach evolution, as they concluded that German pre-service teachers are more disposed to teach evolution than Turkish ones.
Although the single self-assessment items revealed
that no pre-service teacher would exclusively teach creationism, 27.9% indicated that they would teach evolution and creationism simultaneously. These results allow
considerable latitude for interpreting how a pre-service
teacher would contrast evolution and creationism in the
class (similar to the findings of Moore and Cotner 2009).
Addressing both components should not necessarily be
viewed as detrimental. However, teaching must be carefully conducted (Scott and Branch 2003). For example, if
such biology lessons aim to present the strengths of evolution and demarcate the boundaries between evolution
and creationism, this could help students understand
evolution even better (Reiss 2009).
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Behavioral intention, attitude toward teaching evolution,
and subjective norm

In interdisciplinary research (e.g., Heuckmann et al.
2020; Knauder and Koschmieder 2019; Lee et al. 2010)
and research on teacher education (e.g., Deniz and Sahin
2016; Großschedl et al. 2014), attitude is described as a
critical determinant of behavioral intention. Similarly, we
found that a positive attitude toward teaching evolution
was the strongest determinant for pre-service teachers’
behavioral intention. This high intention was reflected
by pre-service teachers perceiving teaching evolution in
biology classes as desirable, helpful, effective, useful, and
purposeful. The attitude toward teaching evolution was
comparable to other German (Großschedl et al. 2014,
2018; Kuschmierz et al. 2020) and relatively high in comparison to international results (Miller et al. 2006). These
results suggest that a positive attitude toward teaching
evolution is relatively consistent, conflicting with other
results suggesting attitudes are deteriorating (Downie
and Barron 2000; Miller et al. 2006; Plutzer and Berkman
2008; Unsworth and Voas 2018).
The subjective norm was the second strongest predictor of behavioral intention. Consistent with Kilic (2012),
significant others play a critical role in conditioning
pre-service teachers’ behavioral intentions. Additionally, we revealed that this social sphere strongly affects
the attitude toward teaching evolution and that the effect
of subjective norms on behavioral intention is partially
mediated through this attitude. The relationship between
the three variables could be explained by pre-service
teachers, as newcomers to their field, being more willing to adapt their attitudes and behavioral intention to
their social environment than long-term members of
such an environment (Humphrey and Aime 2014). The
demographics of our sample may also contribute to the
relationship between subjective norms, attitudes, and
behavioral intention. Studies analyzing the Big Five personality traits suggested that individuals who are professionalizing in teaching (Üstüner 2017) or are female
(Rubinstein 2005) are more likely to have agreeable personalities. High agreeableness implies that they are altruistic, cooperative, and accommodating. This tendency
to agreeableness can be disadvantageous if significant
others criticize the teaching of evolution, as pre-service
teachers could be negatively swayed by this (Arthur 2013;
Balgopal 2014).
Attitude toward teaching evolution, personal religious
faith, and perceived usefulness

The participants in our sample exhibited moderate
personal religious faith. Only 2.8% of the pre-service
teachers stated that they believed in and accepted creationism. The findings corroborate the “religion light”
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phenomenon observed in Germany, describing a religious orientation that is only minimally pursued (Ziebertz et al. 2003). Moreover, the findings indicate that
the pre-service teachers’ personal religious faith had a
small negative direct effect on attitude and a small negative indirect effect on behavioral intention. The research
discourse on the effects of personal religious faith presented mixed results. Some results indicated that the
attitude toward religion has no predictive power regarding accepting evolution or the preference to teach it
(Großschedl et al. 2014), while others revealed a strong
negative relationship (Graf and Soran 2010). The results
might be explained by the fact that some people can reconcile scientific evidence about evolution and religious
beliefs, showing no or minor correlations between personal religious faith and their attitude toward evolution.
Others perceive a conflict that causes a strong negative
relationship (cf. Köse 2010). This assumption would
explain the small effect of personal religious faith on our
sample’s attitude toward teaching evolution. Our results
revealed that 91.7% saw no conflict between evolution
and religious beliefs, and 14% of the pre-service teachers
preferred to believe in and accept evolution and creationism simultaneously.
Additionally, the variable perceived usefulness had a
small positive effect on the attitude toward teaching evolution, which was stronger than that of personal religious
faith. Moreover, perceived usefulness is an indirect predictor of behavioral intention. The sense of usefulness of
teaching evolution was moderate in our study, indicating
that a significant proportion of the participants did not
want to recognize or did not recognize its benefits. However, biology teachers must understand the importance
of their subject (Nadelson and Nadelson 2010; Salman
and Güven 2021). Evolution is the overarching principle
for all areas of biology (Darwin 1859). Thus, it should be
viewed as a tool that meaningfully connects all areas of
biology and should be leveraged as such in teaching (Leopoldina 2017). To teach biology successfully, teachers
should view evolution as enhancing their teaching effectiveness, productivity, and performance. Even if pre-service teachers do not appreciate its usefulness, they must
understand that teaching evolution is part of their job,
and ignoring it is even unlawful in some countries, such
as Germany (e.g., KMK 2020).
Behavioral intention, perceived behavioral control,
and knowledge about evolution

The perceived behavioral control of the pre-service
teachers was moderate to high and positively affected
the behavioral intention. The results showed that most
participants were confident that they would be able to
teach evolution successfully, and they felt competent
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to conduct lessons in a planned manner. These findings
are supported by Kilic (2012), who highlighted that German pre-service biology teachers estimated the ease of
teaching evolution as higher than Turkish ones. Related
studies also encountered contrasting results identifying
limitations of perceived behavioral control, for instance,
due to insufficient curriculum time, lack of materials, or
the complexity of evolution (Kilic 2012; Nadelson and
Nadelson 2010; Sanders and Ngxola 2009; Siani and
Yarden 2022).
Our results further disclosed moderate knowledge
about evolution. These results are comparable to other
studies in Germany (Großschedl et al. 2014, 2018) and
America (Nehm et al. 2013), which likewise revealed
approximately moderate knowledge about evolution.
Moreover, we confirmed that knowledge about evolution
is predictive of behavioral intention to teach evolution
(cf. Großschedl et al. 2014; Sickel and Friedrichsen 2013;
Smith 2010). If knowledge about evolution increases,
behavioral intention also increases. Problematically,
despite only moderate knowledge about evolution, we
found a relatively high behavioral intention to teach
evolution. The pre-service teachers were already in the
penultimate semester of their university education.
Accordingly, they will likely be released into the teaching profession without their knowledge about evolution
reflecting the current scientific understanding. Thus,
despite teachers aiming to provide scientifically sound
information, mediocre knowledge about evolution or
mixed messages will most likely be transmitted to students. This can be particularly problematic because it can
appear to students as if non-scientific information are
being legitimized (Plutzer et al. 2020).
Additionally, we established that knowledge about evolution had a small positive effect on perceived behavioral
control. These findings are consistent with Griffith and
Brem (2004), who showed that teachers felt they could
teach evolution more easily when they possessed up-todate knowledge. Even familiarity with evolution enhances
the feeling of being qualified to teach it (Nadelson and
Nadelson 2010). We further detected that perceived
behavioral control functioned as a mediator between
knowledge about evolution and the behavioral intention
to teach it. More explicitly, we ascertained that knowledge about evolution could strengthen the behavioral
intention to teach evolution if perceived behavioral control was moderate. Thus, perceived behavioral control
appears crucial for the intention to perform a behavior.
The findings that perceived behavioral control functions
as a moderator can spark future research determining
whether perceived behavioral control might moderate
the gap between knowledge and behavioral intention
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rather than the gap between knowledge and behavior (cf.
Rimal 2000).
Theoretical implications for research in teacher education

The implications of the discussed results can be summarized as follows:
First, we contributed to the current research by showing that the intention to teach evolution is likely to be
shaped by the sociocultural backgrounds of pre-service
teachers. This facilitates future studies that can examine
the determinants in different sociocultural contexts.
Second, this study demonstrated the power of a
behavioral psychology research perspective. For the
first time, we combined the constructs of the theory
of planned behavior with background factors in a single model and examined the various effects on the
behavioral intention to teach evolution. We expanded
the body of knowledge regarding variables previously
empirically examined in isolation.
Third, we presented a profound and transparent
research approach as we derived our research model
from the validated theory of planned behavior and the
guideline for constructing a questionnaire conforming with the theory (Ajzen 1991; Francis et al. 2004).
Additionally, we followed common recommendations
for creating a two-stage structural equation model
(Gefen et al. 2011) and used well-established (e.g.,
Cohen 1988; Fornell and Larcker 1981) and recently
developed and endorsed statistical approaches (e.g.,
Henseler et al. 2015). The disclosed study documents,
the access to the data, and the stepwise description of
the analyses allow repeating results and conducting
similar studies with little economic effort. As far as
replication of results is concerned, it must be explicitly ensured that the identical versions of programs
and packages are used. Otherwise, the results may
deviate. For future quantitative research, it would be
desirable to examine other samples, such as instructors of science teaching methods or educators of other
disciplines, diverse cultures, countries, and levels of
expertise. Additionally, our research model could be
extended to include other context-specific variables
or be adapted to investigate different behavioral intentions, such as the teaching of other controversial biological topics. Besides quantitative studies, follow-up
studies using a mixed-method or qualitative research
approach could corroborate the reported findings
and contextualize pre-service teachers’ instructional
approach decisions.
Fourth, we found that the subjective norm is not
only a predictor of behavioral intention but also of
the attitude toward teaching evolution. This finding
extends the theory of planned behavior and improves

Page 14 of 19

the analysis of the behavioral intention of pre-service
teachers. Whether this extension of the theory holds
benefits for other samples remains to be determined.
Fifth, although other disciplines have revealed that
the variable perceived usefulness is an important predictor of someone’s attitude, this variable has received
minimal attention in teacher education. Thus, like Salman and Güven (2021), we contributed to teacher education by highlighting the importance of the perceived
usefulness for facilitating a positive attitude toward
teaching evolution.
Practical implications for teacher education and further
professional development

We recommend that future studies, which analyze preservice and in-service teachers’ intention to teach evolution, also survey the variables which we identified
as important. Such a survey can reflect the status quo
and provide a basis for tailoring educational interventions to the needs at hand. Since the most important
determinants of behavioral intention to teach evolution are the attitude toward teaching evolution, subjective norm, and perceived behavioral control, these three
should not be neglected in teacher education. Teacher
education programs could promote a positive attitude
toward teaching evolution by raising pre-service teachers’ awareness of their beliefs (Sanders and Ngxola 2009);
intentionally addressing multifaceted attitudes toward
teaching evolution; sensitively and respectfully fostering controversial discussions in a value-free space; and
providing a safe space for acknowledging controversy
(Griffith and Brem 2004; Hermann 2008). Furthermore,
based on the subjective norm, pre-service teachers might
benefit from assistance regarding conflict-prone contexts
and conflict management strategies to cope, for instance,
with social pressure and related challenges (Griffith and
Brem 2004; Plutzer et al. 2020; Sanders and Ngxola 2009;
Siani et al. 2022; Sickel and Friedrichsen 2013). Additionally, debating skills and understanding arguments for
or against evolution could provide a more stable stance
when feeling pressured (Asghar et al. 2010; Dotger et al.
2010; Glaze and Goldston 2015). Tactics to improve perceived behavioral control could include providing preservice teachers with materials and strategies for teaching
and enabling them to gain experience in how to teach
complex topics such as evolution (Hermann 2008; Reiss
2022; Sickel and Friedrichsen 2013). It is important to
note that unilateral fostering of perceived behavioral
control can also lead to problems if its relationship to
knowledge about evolution is neglected. An example of
an unfavorable relationship would be when there is an
unrealistically high perceived behavioral control and a
low level of knowledge about evolution. This imbalance
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could lead to misconceptions being confidently passed on
to students (cf. Yates and Marek 2014).
Furthermore, teacher education programs could inform
pre-service teachers about religious leaders who reconcile
religiosity and evolution to minimize pre-service teachers’ feelings of conflict between both approaches. This
educational method could additionally involve creating
awareness of a possible intuitive cognitive bias (Barnes
and Brownell 2017; Hermann 2013). Individuals with a
negative attitude toward teaching evolution could benefit
from educational programs that discuss and reflect on
multifaceted perspectives and strengthen teachers’ cultural competence (Barnes and Brownell 2017; Brem et al.
2003; Brownell et al. 2018; Meadows et al. 2000).
Additionally, we found that the pre-service teachers in
our study require support to build a solid knowledge of
evolution. Effective teacher education could include more
intensive evolution courses (Ha et al. 2015; Nadelson and
Southerland 2010; Siani and Yarden 2022). Moreover,
teacher education programs could raise awareness of the
usefulness of teaching evolution for pre-service teachers
by enabling contact with approachable and authentic scientists (Nadelson and Hardy 2015; Tekkaya et al. 2012)
and thematizing comprehensible examples from daily life
science with relevance to pre-service teachers, such as
the spread of viruses or vaccine development (e.g., Hillis
2007; Pobiner 2016; Smith 2010).
Limitations

Despite the insightful findings, this study has limitations.
First, the generalizability of its findings is limited (Hedges
2013). Although the findings are transferable to similar samples, they must be replicated to increase external
validity.
Second, although many validity criteria for the CINS
have been met, this measurement revealed limitations
that should be considered when employing it. For example, limitations were evident in psychometric flaws showing low discriminability and many items with high and
similar difficulty levels. Moreover, unlike open response
measures, the CINS did not adequately capture individual, heterogeneous conceptions of natural selection
(Nehm and Schonfeld 2008). Despite these shortcomings,
the total CINS scores generally reflect reliable and valid
inferences regarding participants’ understanding and are
sufficient for this study (Nehm and Schonfeld 2008).
Third, we asked pre-service teachers to refer to past
situations in school or place themselves in their future
position as biology teachers when answering the questionnaire. We also requested that they answer the questions to the best of their ability and select the answers
that best applied to them. However, in our study, we
could not clarify the extent to which the surveyed
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pre-service teachers enacted their behavioral intention in
daily school life.
Fourth, while we could explain a substantial amount of
the variance in the behavioral intention to teach evolution, namely 65.4%, the flip side of the coin also showed
that 34.6% of the variance remained unexplained. Therefore, it is necessary to investigate which additional variables can increase the explained variance.

Conclusion
In summary, extant research in teacher education recognized the importance of studying variables that foster
or hinder teachers’ behavioral intention to teach evolution as this can provide information about effective preservice and in-service teacher education and prevent
adverse teaching practices (e.g., Großschedl et al. 2014;
Nehm et al. 2009; Pobiner 2016; Sickel and Friedrichsen
2013; Smith 2010). While researchers have identified
many variables, these are often considered in isolation
and lack a theoretical framework accounting for the various determinants shaping teaching intentions. Therefore,
this study’s contribution was to systematically analyze
variables that foster or hinder the behavioral intention
to teach evolution in biology classrooms. We employed
the theory of planned behavior with its associated variables behavioral intention, attitude, subjective norm,
and perceived behavioral control (Ajzen 1985, 1991;
Ajzen and Fishbein 2005). To adapt the theory to our
study’s focus, we incorporated the background variables
of personal religious faith, perceived usefulness, and
knowledge about evolution. Additionally, we included
socio-demographic variables in our analyses, as this helps
contextualize the findings (e.g., Clément 2015; Deniz and
Borgerding 2018; Goldston and Kyzer 2009; Griffith and
Brem 2004; Salman and Güven 2021; Sanders and Ngxola
2009; Trani 2004). We conducted a structural equation
model to test our hypotheses. The results supported all
eight hypotheses of this study. Overall, our results illuminate primary determinants of behavioral intention to
teach evolution and their relationships. Moreover, we
have deepened the understanding of the requirements
for effective teacher education and can promptly inform
teacher education and further professional development.
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12052-022-00175-1.
Additional file 1. This file contains the definition of teaching evolution.
Additional file 2. This file comprises the output of the Little’s test of missing completely at random (MCAR) and the multiple imputing by using the
expectation-maximum (EM) algorithm in SPSS.
Additional file 3. This file encompasses the script for the analyses and the
results of the article.

Aptyka and Großschedl Evolution: Education and Outreach

(2022) 15:16

Acknowledgements
We thank the pre-service teachers for participating in this study and critically
discussing the preliminary results.
Author contributions
HA reviewed the literature, and JG and HA contributed to developing the
research goals and objectives. HA developed the research design, collected
the data, took the lead in writing, performed the statistical analyses, and
designed the tables and figures. All authors contributed to the critical review
and read and approved the final manuscript. All authors read and approved
the final manuscript.
Funding
Open Access funding enabled and organized by Projekt DEAL. This research
received no specific grant from the public, commercial, or not-for-profit funding agencies.
Availability of data and materials
The data supporting this study’s findings are available in the repository
zenodo at https://doi.org/10.5281/zenodo.7082082.

Declarations
Ethics approval and consent to participate
We complied with ethical principles and guidelines (National Commission
for the Protection of Human Subjects of Biomedical and Behavioral Research
[NCPHS], 1979). Participants used an anonymous link to the online survey and
were provided with informed consent at the beginning of the study. They did
not receive a reward for their participation.
Consent for publication
Not applicable.
Competing interests
The authors declare no competing interests.
Received: 30 April 2022 Accepted: 25 October 2022

References
Ajzen I. From intentions to actions: a theory of planned behavior. In: Kuhl
J, Beckmann J, editors. Action control: From cognition to behavior.
Berlin: Springer Berlin Heidelberg; 1985. p. 11–39. https://doi.org/10.
1007/978-3-642-69746-3_2.
Ajzen I. The theory of planned behavior. Organ Behav Hum Decis Process.
1991;50(2):179–211. https://doi.org/10.1016/0749-5978(91)90020-T.
Ajzen I, Fishbein M. The influence of attitudes on behavior. In: Johnson BT,
Zanna MP, editors. The handbook of attitudes. New York: Lawrence
Erlbaum Associates; 2005. p. 173–221.
Anderson DL, Fisher KM, Norman GJ. Development and evaluation of
the conceptual inventory of natural selection. J Res Sci Teach.
2002;39(10):952–78. https://doi.org/10.1002/tea.10053.
Asghar A, Wiles JR, Alters B. Canadian pre-service elementary teachers’ conceptions of biological evolution and evolution education. McGill J
Educ (online). 2007;42(2):189–209. https://mje.mcgill.ca/article/view/
2219. Accessed 4 Nov 2022.
Arthur S. Evolution acceptance among pre-service primary teachers.
Evol Educ Outreach. 2013;6(20):1–11. https://doi.org/10.1186/
1936-6434-6-20.
Asghar A, Wiles JR, Alters B. The origin and evolution of life in Pakistani high
school biology. J Biol Educ. 2010;44(2):65–71. https://doi.org/10.1080/
00219266.2010.9656196.
Athanasiou K, Mavrikaki E. Conceptual Inventory of Natural Selection as a
tool for measuring Greek university students’ evolution knowledge:
differences between novice and advanced students. Int J Sci Educ.
2014;36(8):1262–85. https://doi.org/10.1080/09500693.2013.856529.

Page 16 of 19

Balgopal MM. Learning and intending to teach evolution: concerns of preservice biology teachers. Res Sci Educ. 2014;44(1):27–52. https://doi.
org/10.1007/s11165-013-9371-0.
Barnes ME, Brownell SE. A call to use cultural competence when teaching
evolution to religious college students: introducing Religious Cultural
Competence in Evolution Education (ReCCEE). CBE Life Sci Educ. 2017.
https://doi.org/10.1187/cbe.17-04-0062.
Beniermann A. Evolution – von Akzeptanz und Zweifeln: Empirische Studien
über Einstellungen zur Evolution und Bewusstsein [Evolution – about
acceptance and doubts: Empirical studies on attitudes towards evolution and consciousness]. Springer Spektrum. 2019. https://doi.org/10.
1007/978-3-658-24105-6.
Berkman MB, Plutzer E. Science education. Defeating creationism in the courtroom, but not in the classroom. Science. 2011;331(6016):404–5. https://
doi.org/10.1126/science.1198902.
Berkman MB, Pacheco JS, Plutzer E. Evolution and creationism in America’s
classrooms: a national portrait. PLoS Biol. 2008;6(5): e124. https://doi.
org/10.1371/journal.pbio.0060124.
Betti L, Shaw P, Behrends V. Acceptance of biological evolution by first-year
life sciences university students. Sci Educ. 2020;29(2):395–409.
https://doi.org/10.1007/s11191-020-00110-0.
Bönisch J. Pädagogischer Sündenfall [Pedagogical fall of mankind]. Süddeutsche Zeitung. 2010. https://www.sueddeutsche.de/k arriere/k reat
ionismus-im-schulunterricht-paedagogischer-suendenfall-1.477324.
Accessed 11 Apr 2022.
Brem SK, Ranney M, Schindel J. Perceived consequences of evolution:
college students perceive negative personal and social impact in
evolutionary theory. Sci Educ. 2003;87(2):181–206. https://doi.org/10.
1002/sce.10105.
Browne MW, Cudeck R. Alternative ways of assessing model fit. Sociol
Methods Res. 1992;21(2):230–58. https://doi.org/10.1177/00491
24192021002005.
Brownell SE, Barnes ME, Truong JM. Can six minutes of culturally competent
evolution education reduce students’ level of perceived conflict
between evolution and religion? Am Biol Teach. 2018;80(2):106–15.
https://doi.org/10.1525/abt.2018.80.2.106.
Cheng EWL. Choosing between the theory of planned behavior (TPB)
and the technology acceptance model (TAM). Educ Tech Res Dev.
2018;67(1):21–37. https://doi.org/10.1007/s11423-018-9598-6.
Chin WW. The partial least squares approach to structural equation modeling.
In: Marcoulides GA, editor. Modern methods for business research, vol.
295. New York: Lawrence Erlbaum Associates; 1998. p. 295–336.
Clément P. Muslim teachers’ conceptions of evolution in several countries.
Public Underst Sci. 2015;24(4):400–21. https://doi.org/10.1177/09636
62513494549.
Cohen, J. Statistical power for the behavioral sciences. 2nd ed. Hillsdale (NJ):
Lawrence Erlbaum Associates, Publishers; 1988.
Council of Europe. Resolution 1580. The dangers of creationism in education.
2007. https://assembly.coe.int/Documents/WorkingDocs/2007/EDOC1
1375.pdf. Accessed 11 Apr 2022.
Darwin C. On the origin of species by means of natural selection, or the preservation of favoured races in the struggle for life. New York: D. Appleton
and Company; 1859.
Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of
information technology. MIS Q. 1989. https://doi.org/10.2307/249008.
De Smedt J, De Cruz H. The challenge of evolution to religion. Cambridge
University Press. 2020. https://doi.org/10.1017/9781108685436.
Deniz H, Borgerding LA. Evolution education around the globe. Cham:
Springer; 2018. https://doi.org/10.1007/978-3-319-90939-4.
Deniz H, Sahin EA. Exploring the factors related to aacceptance of evolutionary
theory among Turkish preservice biology teachers and the relationship
between acceptance and teaching preference. Electron J Sci Educ.
2016;20(4):21–43. https://doi.org/10.1002/tea.20223.
Deniz H, Çetin F, Yılmaz I. Examining the relationships among acceptance of
evolution, religiosity, and teaching preference for evolution in Turkish
preservice biology teachers. Rep Natl Center Sci Educ, 2011:31(4).
Dillon J. On scientific literacy and curriculum reform. Int J Environ Sci Educ.
2016;4(3):201–13.
Dotger S, Dotger BH, Tillotson J. Examining how preservice science teachers
navigate simulated parent–teacher conversations on evolution and

Aptyka and Großschedl Evolution: Education and Outreach

(2022) 15:16

intelligent design. Sci Educ. 2010;94(3):552–70. https://doi.org/10.1002/
sce.20375.
Downie J, Barron N. Evolution and religion: attitudes of Scottish first year
biology and medical students to the teaching of evolutionary biology.
J Biol Educ. 2000;34(3):139–46. https://doi.org/10.1080/00219266.2000.
9655704.
Enders CK. Analyzing structural equation models with missing data. In:
GR Hancock, RO Mueller, editors. Structural equation modeling: A second course. Greenwich (CT): IAP–Information Age Publishing, Inc. 2006.
p. 315–344.
Fiedler D, Sbeglia GC, Nehm RH, Harms U. How strongly does statistical reasoning influence knowledge and acceptance of evolution? J Res Sci Teach.
2019;56(9):1183–206. https://doi.org/10.1002/tea.21547.
Fornell C, Larcker DF. Evaluating structural equation models with unobservable variables and measurement error. J Mark Res. 1981;18(1):39–50.
https://doi.org/10.2307/3151312.
Fox J, Weisberg S. An R companion to applied regression. Sage Publications.
2019. https://socialsciences.mcmaster.ca/jfox/Books/Companion/.
Accessed 03 Jan 2022.
Francis J, Eccles MP, Johnston M, Walker AE, Grimshaw JM, Foy R, Kaner EFS,
Smith L, Bonetti D. Constructing questionnaires based on the theory
of planned behaviour: A manual for health services researchers. 2004.
https://openaccess.city.ac.uk/id/eprint/1735/1/TPB%20Manual%20FIN
AL%20May2004.pdf. Accessed 4 Nov 2022.
Gefen D, Rigdon EE, Straub DW. An update and extension to SEM guidelines
for administrative and social science research. Manag Inf Syst Q.
2011. https://doi.org/10.2307/23044042.
Gerbing DW, Anderson JC. An updated paradigm for scale development
incorporating unidimensionality and Its assessment. J Mark Res.
1988;25(2):186–92. https://doi.org/10.2307/3172650.
Glaze AML. Evolution and pre-service science teachers: investigating
acceptance and rejection. Tuscaloosa: The University of Alabama;
2013.
Glaze AL, Goldston MJ. U.S. science teaching and learning of evolution: a
critical review of the literature 2000–2014. Sci Educ. 2015;99(3):500–
18. https://doi.org/10.1002/sce.21158.
Glaze AL, Goldston MJ, Dantzler J. Evolution in the southeastern USA:
factors influencing acceptance and rejection in pre-service science
teachers. Int J Sci Math Educ. 2015;13(6):1189–209. https://doi.org/
10.1007/s10763-014-9541-1.
Goldston MJ, Kyzer P. Teaching evolution: narratives with a view from
three southern biology teachers in the USA. J Res Sci Teach.
2009;46(7):762–90. https://doi.org/10.1002/tea.20289.
Graf D. Evolutionstheorie—Akzeptanz und Vermittlung im europäischen
Vergleich [Theory of evolution—acceptance and teaching in european comparison]. Heidelberg: Springer; 2010. https://doi.org/10.
1007/978-3-642-02228-9.
Graf D, Lammers C. Evolution und Kreationismus in Europa [Evolution and
creationism in Europe]. In: Evolutionstheorie-Akzeptanz und Vermittlung im europäischen Vergleich [Evolutionary theory acceptance and
education in a European comparison]. Heidelberg: Springer; 2010,
9–28. https://doi.org/10.1007/978-3-642-02228-9_2.
Graf D, Soran H. Einstellung und Wissen von Lehramtsstudierenden zur Evolution—ein Vergleich zwischen Deutschland und der Türkei [Attitudes
and knowledge of student teachers on evolution—a comparison
between Germany and Turkey]. In: Evolutionstheorie—Akzeptanz und
Vermittlung im europäischen Vergleich [Evolutionary theory—acceptance and teaching in European comparison]. Heidelberg: Springer;
2010, 141–161. https://doi.org/10.1007/978-3-642-02228-9_10.
Griffith JA, Brem SK. Teaching evolutionary biology: pressures, stress, and
coping. J Res Sci Teach. 2004;41(8):791–809. https://doi.org/10.1002/
tea.20027.
Grogan C. Teaching evolution in the deep South: a mixed methods study of
the teachers’ practices for evolution and the influence of state standards, personal beliefs, and challenges to teaching evolution [Doctoral
dissertation, Texas Tech University]. Texas. 2020. https://ttu-ir.tdl.org/
bitstream/handle/2346/85731/GROGAN-DISSERTATION-2020.pdf?
sequence=1&isAllowed=y. Accessed 4 Nov 2022.
Großschedl J, Konnemann C, Basel N. Pre-service biology teachers’ acceptance
of evolutionary theory and their preference for its teaching. Evol Educ
Outreach. 2014;7(1):18. https://doi.org/10.1186/s12052-014-0018-z.

Page 17 of 19

Großschedl J, Seredszus F, Harms U. Angehende Biologielehrkräfte: evolutionsbezogenes Wissen und Akzeptanz der Evolutionstheorie [Pre-service
biology teachers: knowledge and acceptance of evolutionary theory].
ZfDN. 2018;24(1):51–70. https://doi.org/10.1007/s40573-018-0072-0.
Ha M, Baldwin BC, Nehm RH. The long-term impacts of short-term professional
development: science teachers and evolution. Evol Educ Outreach.
2015. https://doi.org/10.1186/s12052-015-0040-9.
Hair JF, Black WC, Babin BJ, Anderson RE. Multivariate data: analysis & global
perspectives. London: Pearson Education; 2010.
Hedges VL. Recommendations for practice: justifying claims of generalizability. Educ Psychol Rev. 2013;25(3):331–7. https://doi.org/10.1007/
s10648-013-9239-x.
Henseler J, Ringle CM, Sarstedt M. A new criterion for assessing discriminant
validity in variance-based structural equation modeling. J Acad Mark
Sci. 2015;43(1):115–35. https://doi.org/10.1007/s11747-014-0403-8.
Hermann RS. Evolution as a controversial issue: a review of instructional
approaches. Sci Educ. 2008;17(8):1011–32. https://doi.org/10.1007/
s11191-007-9074-x.
Hermann RS. On the legal issues of teaching evolution in public schools. Am
Biol Teach. 2013;75(8):539–43. https://doi.org/10.1525/abt.2013.75.8.4.
Heuckmann B, Hammann M, Asshoff R. Identifying predictors of teachers’
intention and willingness to teach about cancer by using direct and
belief-based measures in the context of the theory of planned behaviour. Int J Sci Educ. 2020;42(4):547–75. https://doi.org/10.1080/09500
693.2020.1717671.
Hillis DM. Making evolution relevant and exciting to biology students. Evolution. 2007;61(6):1261–4. https://doi.org/10.1111/j.1558-5646.2007.
00126.x.
Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis:
conventional criteria versus new alternatives. Struct Equ Modeling.
1999;6(1):1–55. https://doi.org/10.1080/10705519909540118.
Humphrey SE, Aime F. Team microdynamics: toward an organizing approach
to teamwork. Acad Manag Ann. 2014;8(1):443–503. https://doi.org/10.
5465/19416520.2014.904140.
International Business Machines Corporation. (2021). IBM SPSS Statistics for
MacOS [Computer software]. IBM Corp.
Jöreskog KG. A general approach to confirmatory maximum likelihood factor
analysis. Psychometrika. 1969;34(2):183–202. https://doi.org/10.1007/
BF02289343.
Kahan D. Fixing the communications failure. Nature. 2010;463(7279):296–7.
https://doi.org/10.1038/463296a.
Kamel G, Guillaume B. Structural equation modeling with lavaan. John Wiley
& Sons; 2019.
Kilic DS. Biyoloji öğretmen adaylarinin evrim öğretimi niyetleri [Pre-service
biology teacher’s intention to teach evolution]. Hacet Üniv Eğit Fakültesi Derg. 2012;42:250–61.
Kim SY, Nehm RH. A cross-cultural comparison of Korean and American science teachers’ views of evolution and the nature of science. Int J Sci
Educ. 2011;33(2):197–227. https://doi.org/10.1080/095006909035638
19.
King MF, Bruner GC. Social desirability bias: a neglected aspect of validity
testing. Psychol Mark. 2000;17(2):79–103. https://doi.org/10.1002/(SICI)
1520-6793(200002)17:2%3c79::AID-MAR2%3e3.0.CO;2-0.
Kline RB. Principles and practice of structural equation modeling. New York:
Guilford Press; 2015.
Knauder H, Koschmieder C. Individualized student support in primary school
teaching: a review of influencing factors using the Theory of Planned
Behavior (TPB). Teach Teach Educ. 2019;77:66–76. https://doi.org/10.
1016/j.tate.2018.09.012.
Korkmaz S, Göksülük, D, Zararsiz G. MVN: an R package for assessing multivariate normality. R J 2014;6(2). https://journal.r-project.org/archive/2014-2/
korkmaz-goksuluk-zararsiz.pdf.
Köse EÖ. Biology students’ and teachers’ religious beliefs and attitudes
towards theory of evolution. Hacet Üniv Eğit Fakültesi Derg.
2010;38(38):189–200.
Kuschmierz P, Meneganzin A, Pinxten R, Pievani T, Cvetković D, Mavrikaki E,
Graf D, Beniermann A. Towards common ground in measuring acceptance of evolution and knowledge about evolution across Europe:
a systematic review of the state of research. Evol Educ Outreach.
2020;13(1):1–18. https://doi.org/10.1186/s12052-020-00132-w.

Aptyka and Großschedl Evolution: Education and Outreach

(2022) 15:16

Lee J, Cerreto FA, Lee J. Theory of planned behavior and teachers’ decisions regarding use of educational technology. J Educ Technol Soc.
2010;13(1):152–64. https://www.jstor.org/stable/jeductechsoci.13.1.
152#metadata_info_tab_contents. Accessed 4 Nov 2022.
Lerner LS, Goodenough U, Lynch J, Schwartz M, Schwartz R. The state of state
science standards. Thomas B. Fordham Institute. 2012. http://www.
edexcellencemedia.net/publications/2012/2012-State-of-State-Scien
ce-Standards/2012-State-of-State-Science-Standards-FINAL.pdf.
Accessed 4 Nov 2022.
Levesque PJ, Guillaume AM. Teachers, evolution, and religion: no resolution in
sight. Rev Relig Res. 2010;51(4):349–65. https://www.jstor.org/stable/
20778528. Accessed 4 Nov 2022.
Lung-Guang N. Decision-making determinants of students participating in
MOOCs: merging the theory of planned behavior and self-regulated
learning model. Comput Educ. 2019;134:50–62. https://doi.org/10.
1016/j.compedu.2019.02.004.
MacFarlane K, Woolfson LM. Teacher attitudes and behavior toward the inclusion of children with social, emotional and behavioral difficulties in
mainstream schools: an application of the theory of planned behavior.
Teach Teach Educ. 2013;29:46–52. https://doi.org/10.1016/j.tate.2012.
08.006.
MacKenzie SB, Podsakoff PM, Podsakoff NP. Construct measurement and validation procedures in MIS and behavioral research: integrating new and
existing techniques. MIS Q. 2011. https://doi.org/10.2307/23044045.
Marsh HW, Hau K-T, Wen Z. In search of golden rules: comment on hypothesistesting approaches to setting cutoff values for fit indexes and dangers
in overgeneralizing Hu and Bentler’s (1999) findings. Struct Equ
Modeling. 2004;11(3):320–41. https://doi.org/10.1207/s15328007s
em1103_2.
Martin JJ, Kulinna PH. Self-efficacy theory and the theory of planned behavior:
teaching physically active physical education classes. Res Q Exerc Sport.
2004;75(3):288–97. https://doi.org/10.1080/02701367.2004.10609161.
Meadows L, Doster E, Jackson DF. Managing the conflict between evolution &
religion. Am Biol Teach. 2000. https://doi.org/10.2307/4450848.
Miller KR. Finding Darwin’s God: a scientist’s search for common ground
between God and evolution. J Hist Biol. 2002;35(1):181–3.
Miller JD, Scott EC, Okamoto S. Public acceptance of evolution. Science.
2006;313(5788):765–6. https://doi.org/10.1126/science.1126746.
Ministry for School and Further Education of the State of North Rhine-Westphalia. Richtlinien und Lehrpläne für die Grundschule in NordrheinWestfalen: Deutsch, Sachunterricht, Mathematik, Englisch, Musik, Kunst,
Sport, Evangelische Religionslehre, Katholische Religionslehre [Guidelines and curricula for elementary school in North Rhine-Westphalia:
German, physical education, mathematics, English, music, art, physical
education, Protestant religious education, Catholic religious education].
Ritterbach Verlag GmbH. 2008. https://www.schulentwicklung.nrw.de/
lehrplaene/upload/klp_gs/LP_GS_2008.pdf. Accessed 4 Nov 2022.
Moore R. Teaching evolution: do state standards matter? Bioscience.
2002;52(4):378–81. https://doi.org/10.1641/0006-3568(2002)052[0378:
TEDSSM]2.0.CO;2.
Moore R. Creationism in the biology classroom: what do teachers teach & how
do they teach it? Am Biol Teach. 2008;70(2):79–84. https://doi.org/10.
2307/30163208.
Moore R, Cotner S. The creationist down the hall: does it matter when teachers
teach creationism? Bioscience. 2009;59(5):429–35. https://doi.org/10.
1525/bio.2009.59.5.10.
Moore R, Karen K. The teaching of evolution & creationism. Am Biol Teach.
2005;67(8):457–66. https://doi.org/10.2307/4451886.
Moreland RL. Social categorization and the assimilation of “new” group members. J Pers Soc Psychol. 1985;48(5):1173–90. https://doi.org/10.1037/
0022-3514.48.5.1173.
Muthén LK, Muthén BO. Mplus user’s guide, 6 edn. Los Angeles: Muthén &
Muthén; 1998–2010.
Nadelson LS, Hardy KK. Trust in science and scientists and the acceptance
of evolution. Evol Educ Outreach. 2015. https://doi.org/10.1186/
s12052-015-0037-4.
Nadelson LS, Nadelson S. K-8 educators perceptions and preparedness for
teaching evolution topics. J Sci Teacher Educ. 2010;21(7):843–58.
https://doi.org/10.1007/s10972-009-9171-6.

Page 18 of 19

Nadelson LS, Southerland SA. Examining the interaction of acceptance and
understanding: how does the relationship change with a focus on
macroevolution? Evol Educ Outreach. 2010;3(1):82–8. https://doi.org/
10.1007/s12052-009-0194-4.
National Commission for the Protection of Human Subjects of Biomedical and
Behavioral Research. The Belmont Report: Ethical principles and guidelines for the protection of human subjects of research. 1979. https://
www.hhs.gov/ohrp/regulations-and-policy/belmont-report/read-the-
belmont-report/index.html.
Nationale Akademie der Wissenschaften Leopoldina. Evolutionsbiologische
Bildung in Schule und Universität [Evolutionary biology education in
school and university]. 2017. https://www.leopoldina.org/uploads/tx_
leopublication/2017_Stellungnahme_Evolutionsbiologie.pdf. Accessed
4 Nov 2022.
Nehm RH, Schonfeld IS. Does increasing biology teacher knowledge of evolution and the nature of science lead to greater preference for the teaching of evolution in schools? J Sci Teacher Educ. 2007;18(5):699–723.
https://doi.org/10.1007/s10972-007-9062-7.
Nehm RH, Schonfeld IS. Measuring knowledge of natural selection: a comparison of the CINS, an open-response instrument, and an oral interview. J
Res Sci Teach. 2008;45(10):1131–60. https://doi.org/10.1002/tea.20251.
Nehm RH, Kim SY, Sheppard K. Academic preparation in biology and advocacy
for teaching evolution: biology versus non-biology teachers. Sci Educ.
2009;93(6):1122–46. https://doi.org/10.1002/sce.20340.
Nehm, R., Ha, M., Großschedl, J., Harms, U., & Roshayanti, F. American, German,
Korean, and Indonesian pre-service teachers’ evolutionary acceptance,
knowledge, and reasoning patterns. Proceedings of the National Association for Research in Science Teaching (NARST), Rio Grande, Puerto
Rico; 06–09 Apr 2013.
Neter J, Wasserman W, Kutner MH. Applied linear statistical models: regression,
analysis of variance, and experimental designs. 3rd ed. Burr Ridge (Ill.):
Irwin; 1990.
Pinxten R, Vandervieren E, Janssenswillen P. Does integrating natural selection
throughout upper secondary biology education result in a better
understanding? A cross-national comparison between Flanders, Belgium and the Netherlands. Int J Sci Educ. 2020;42(10):1609–34. https://
doi.org/10.1080/09500693.2020.1773005.
Plutzer E, Berkman M. Trends: evolution, creationism, and the teaching of
human origins in schools. Public Opin Q. 2008;72(3):540–53.
Plutzer E, Branch G, Reid A. Teaching evolution in U.S. public schools: a continuing challenge. Evol Educ Outreach. 2020;13(1). https://doi.org/10.
1186/s12052-020-00126-8
Pobiner B. Accepting, understanding, teaching, and learning (human) evolution: obstacles and opportunities. Am J Phys Anthropol. 2016;159:232–
74. https://doi.org/10.1002/ajpa.22910.
Podsakoff PM, MacKenzie SB, Lee JY, Podsakoff NP. Common method biases
in behavioral research: a critical review of the literature and recommended remedies. J Appl Psychol. 2003;88(5):879–903. https://doi.org/
10.1037/0021-9010.88.5.879.
Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing and
comparing indirect effects in multiple mediator models. Behav Res
Methods. 2008;40(3):879–91. https://doi.org/10.3758/BRM.40.3.879.
R Core Team. R: A language and environment for statistical computing. R
Foundation for Statistical Computing. 2022. https://www.R-project.org/.
Accessed 4 Nov 2022.
Reiss MJ. The relationship between evolutionary biology and religion. Evolution. 2009;63(7):1934–41. https://doi.org/10.1111/j.1558-5646.2009.
00714.x.
Reiss MJ. Learning to teach controversial topics. In: Handbook of research on
science teacher education. Routledge. 2022; 403–413. https://doi.org/
10.4324/9781003098478-36.
Rimal RN. Closing the knowledge-behavior gap in health promotion: the
mediating role of self-efficacy. Health Commun. 2000;12(3):219–37.
https://doi.org/10.1207/S15327027HC1203_01.
Rosseel Y. lavaan: an R package for structural equation modeling. J Statist
Softw. 2012;48(2):1–36. https://doi.org/10.18637/jss.v048.i02.
Rubinstein G. The big five among male and female students of different faculties. Personality Individ Differ. 2005;38(7):1495–503. https://doi.org/10.
1016/j.paid.2004.09.012.

Aptyka and Großschedl Evolution: Education and Outreach

(2022) 15:16

Rutledge ML, Mitchell MA. High school biology teachers’ knowledge structure,
acceptance & teaching of evolution. Am Biol Teach. 2002;64:21–8.
https://doi.org/10.2307/4451231.
Sadaf A, Newby TJ, Ertmer PA. Exploring factors that predict preservice teachers’ intentions to use Web 20 technologies using decomposed theory
of planned behavior. J Res Technol Educ. 2012;45(2):171–96. https://doi.
org/10.1080/15391523.2012.10782602.
Salman M, Güven T. The evolution usefulness scale: development, reliability,
and validity. Kastamonu Eğit Derg. 2021;29(3):778–88. https://doi.org/
10.24106/kefdergi.933194.
Sanders M, Ngxola N. Identifying teachers’ concerns about teaching evolution.
J Biol Educ. 2009;43(3):121–8. https://doi.org/10.1080/00219266.2009.
9656166.
Satorra A, Bentler PM. A scaled difference chi-square test statistic for moment
structure analysis. Psychometrika. 2001;66(4):507–14. https://doi.org/10.
1007/BF02296192.
Scott EC, Branch G. Evolution: what’s wrong with ‘teaching the controversy.’
Trends Ecol Evol. 2003;18(10):499–502. https://doi.org/10.1016/S0169-
5347(03)00218-0.
Secretariat of the Standing Conference of the Ministers of Education and
Cultural Affairs of the Länder in the federal republic of Germany.
Bildungsstandards im Fach Biologie für die Allgemeine Hochschulreife
[Educational standards in biology for the general university entrance
qualification]. Carl Link. 2020. https://www.kmk.org/fileadmin/Dateien/
veroeffentlichungen_beschluesse/2020/2020_06_18-Bildungsstandar
dsAHR_Biologie.pdf. Accessed 4 Nov 2022.
Semin GR, Higgins T, de Montes LG, Estourget Y, Valencia JF. Linguistic signatures of regulatory focus: how abstraction fits promotion more than
prevention. J Pers Soc Psychol. 2005;89(1):36–45. https://doi.org/10.
1037/0022-3514.89.1.36.
Serpa S, Ferreira CM, Sá MJ, Santos AI. COVID-19 and scientific literacy. JESR.
2021. https://doi.org/10.36941/jesr-2021-0024.
Siani M, Yarden A. Evolution? I don’t believe in it. Sci Educ. 2020;29(2):411–41.
https://doi.org/10.1007/s11191-020-00109-7.
Siani M, Yarden A. “I think that teachers do not teach evolution because it is
complicated”: difficulties in teaching and learning evolution in Israel.
Int J Sci Math Educ. 2022;20(3):481–501. https://doi.org/10.1007/
s10763-021-10179-w.
Siani M, Stahi-Hitin R, Yarden A. Student opposition to learning evolution and
how teachers deal with this following a teacher training course. J Sci
Teacher Educ. 2022. https://doi.org/10.1080/1046560X.2021.2003934.
Sickel AJ, Friedrichsen P. Examining the evolution education literature with a
focus on teachers: major findings, goals for teacher preparation, and
directions for future research. Evol Educ Outreach. 2013;6(1):1–15.
https://doi.org/10.1186/1936-6434-6-23.
Silva HM, Gibram DE, Tracana RB, Carvalho GS. Can one accept the theory
of evolution and believe in God as well? Procedia Soc Behav Sci.
2015;197:770–9. https://doi.org/10.1016/j.sbspro.2015.07.178.
Simmering MJ, Fuller CM, Richardson HA, Ocal Y, Atinc GM. Marker variable
choice, reporting, and interpretation in the detection of common
method variance. Organ Res Methods. 2014;18(3):473–511. https://doi.
org/10.1177/1094428114560023.
Smith MU. Current status of research in teaching and learning evolution: II.
Pedagogical Issues. Sci Educ. 2010;19(6–8):539–71. https://doi.org/10.
1007/s11191-009-9216-4.
Sobel ME. Asymptotic confidence intervals for indirect effects in structural
equation models. Sociol Methodol. 1982;13:290–312. https://doi.org/
10.2307/270723.
Southcott R, Downie JR. Evolution and religion: attitudes of Scottish bioscience students to the teaching of evolutionary biology. Evol Educ Outreach. 2012;5(2):301–11. https://doi.org/10.1007/s12052-012-0419-9.
Tekkaya C, Sungur S, Akyol G. Turkish preservice science teachers’ understanding of natural selection: some preliminary findings. WAJES.
2011;30(1):57–68. https://doi.org/10.1080/0260747032000162316.
Tekkaya C, Akyol G, Sungur S. Relationships among teachers’ knowledge
and beliefs regarding the teaching of evolution: a case for Turkey.
Evol Educ Outreach. 2012;5(3):477–93. https://doi.org/10.1007/
s12052-012-0433-y.
Teo T. Examining the intention to use technology among pre-service teachers:
an integration of the technology acceptance model and theory of

Page 19 of 19

planned behavior. Interact Learn Environ. 2012;20(1):3–18. https://doi.
org/10.1080/10494821003714632.
Torcello L. The ethics of belief, cognition, and climate change pseudoskepticism: implications for public discourse. Top Cogn Sci. 2016;8(1):19–48.
https://doi.org/10.1111/tops.12179.
Trani R. I won’t teach evolution; it’s against my religion. And now for the rest of
the story. Am Biol Teacher. 2004. https://doi.org/10.2307/4451708.
Tschannen-Moran M, Hoy AW, Hoy WK. Teacher efficacy: its meaning and
measure. Rev Educ Res. 1998;68(2):202–48. https://doi.org/10.3102/
00346543068002202.
Unsworth A, Voas D. Attitudes to evolution among Christians, Muslims and the
non-religious in Britain: differential effects of religious and educational
factors. Public Underst Sci. 2018;27(1):76–93. https://doi.org/10.1177/
0963662517735430.
Üstüner M. Personality and attitude towards teaching profession: mediating
role of self efficacy. JETS. 2017;5(9):70–82. https://doi.org/10.11114/jets.
v5i9.2536.
van Dijk EM. Teachers’ views on understanding evolutionary theory: a
PCK-study in the framework of the ERTE-model. Teach Teach Educ.
2009;25(2):259–67. https://doi.org/10.1016/j.tate.2008.09.008.
Venkatesh V, Davis FD. A theoretical extension of the technology acceptance
model: four longitudinal field studies. Manage Sci. 2000;46(2):186–204.
https://doi.org/10.1287/mnsc.46.2.186.11926.
Westland JC. Lower bounds on sample size in structural equation modeling.
Electron Commer Res Appl. 2010;9(6):476–87. https://doi.org/10.1016/j.
elerap.2010.07.003.
Yates TB, Marek EA. Teachers teaching misconceptions: a study of factors
contributing to high school biology students’ acquisition of biological
evolution-related misconceptions. Evol Educ Outreach. 2014;7(1):1–18.
https://doi.org/10.1186/s12052-014-0007-2.
Zhao X, Lynch JG Jr, Chen Q. Reconsidering Baron and Kenny: myths and
truths about mediation analysis. J Consum Res. 2010;37(2):197–206.
https://doi.org/10.1086/651257.
Ziebertz H-G, Kalbheim B, Riegel U. Religiöse Signaturen heute. Ein religionspädagogischer Beitrag zur empirischen Jungendforschung. [A religious education contribution to empirical youth research]. Gütersloh:
Gütersloher Verlangshaus, Herder; 2003.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

