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Abstract

Background: The professional knowledge of pre-service teachers is highly important
for effective and successful teaching. In recent years, many research groups
have been engaged in developing simulated classroom environments to capture
especially the pedagogical knowledge (PK) of pre-service teachers, neglecting the
content-related facets of professional knowledge such as pedagogical content
knowledge (PCK).

Objectives: In the present study, we describe the development of a simulated class-
room environment—the Simulated Classroom Biology (SCRB®)—and provide evidence
regarding its validity to assess pre-service biology teachers' action-oriented PCK in
the area of evolution.

Methods: This study examined the evidence supporting the validity of using the
SCRE™ to investigate action-oriented PCK of pre-service biology teachers. The (1) evi-
dence based on test content (expert ratings) and the (2) evidence based on relation
to other variables (known-groups comparison) was obtained. We tested the SCRE"®
with N = 76 German pre-service biology teachers.

Results and Conclusions: Our results show the successfully operationalized PCK in
the SCR® through explicit allocation of specific misconceptions to each virtual
student's answer and the valid measurement of pre-service biology teachers' action-
oriented PCK. This results in a validated simulated classroom environment for pre-
service but also in-service teachers. In the future, the SCRE™ will be developed from
an assessment instrument to a training tool to simulate explicit teaching situations. This
allows to complement the predominantly theoretical components of university-based

teacher education with practice-based simulated classroom environments.
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1 | INTRODUCTION

Teachers strongly influence student achievement. Many scholars have
shown that professional knowledge, the core of professional compe-
tence, is the key element for effective and successful teaching
(e.g., Abell, 2007; Hattie, 2009). Based on Shulman (1987), researchers
generally agree that content knowledge (CK), pedagogical content
knowledge (PCK) and pedagogical knowledge (PK) are essential
domains of professional knowledge which influence teaching and
learning (e.g., Abell, 2007; Baumert & Kunter, 2011). Within the con-
ceptualization of professional knowledge in science education, Shul-
man (1986) stressed the relevance of PCK for creating learning
opportunities and initiating student learning processes. Consequently,
there has been a lot of research on what PCK is (e.g., Magnusson
et al., 1999; Park & Oliver, 2008), how it differs from other knowledge
domains (e.g., GroRschedl et al., 2014; GroRschedl et al., 2015; Mahler
et al, 2017), and how it can be measured and supported
(e.g., Henze & van Driel, 2015). Regarding PCK, knowledge about stu-
dent understanding is essential for the diagnosis of students' miscon-
ceptions in the science teaching process and necessary for future
students' learning success (Fortsch et al., 2018). Recently, a new con-
ceptualization of PCK (Refined Consensus Model of PCK) was intro-
duced by distinguishing different realms of PCK, of which the enacted
PCK (ePCK) represents the specific knowledge and skills of teachers
in particular teaching situations (Carlson & Daehler, 2019). Thus, the
ePCK can be defined and described as a PCK close to action—the
action-oriented PCK.

Previous studies on PCK lacked a focus on its application in
teaching situations in the sense of capturing ePCK. The methodology
of the most quantitative studies which record PCK through question-
naires are not suitable to measure ePCK (e.g., GroBschedl et al., 2019;
Kleickmann et al., 2013). Qualitative approaches (for an overview see
Depaepe et al, 2015), such as interviews (e.g., Juttner &
Neuhaus, 2013; Rozenszajn & Yarden, 2014), video and audio record-
ings (e.g., Park & Oliver, 2008) could address this problem and provide
a deeper insight into ePCK. However, these methodologies often have
small sample sizes and are very time-consuming.

Simulated classroom environments might be a solution for this
problem, as they can capture PCK in action-oriented settings and can
efficiently collect large samples simultaneously (e.g., Dalgarno
et al., 2016). At the same time, this is a central challenge of research
to develop and provide action-oriented settings in which ePCK of
pre-service teachers can effectively be captured. Furthermore, the
user is confronted with a digital ecology that can provide a highly
engaging and realistic interactive science learning experience
(e.g., Fiedler et al., 2002; Plass et al., 2009). To date, most simulated
classroom environments are developed to measure the teachers' PK
in action (e.g., The Simulated Classroom: Fiedler et al., 2002; Fiedler
et al, 2007; Kaiser et al, 2013; Kaiser et al, 2017; Stdkamp
et al., 2008), for example classroom management and diagnostic com-
petence, but they neglect content-related domains (i.e., PCK, CK) of

pre-service teachers' professional knowledge. Respective studies
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show that simulated classroom environments are suitable instruments
for the assessment of action-oriented PK in teachers.

From these generic studies we conclude that simulated class-
room environments represent appropriate tools to capture action-
orientated, content-related professional knowledge (i.e., ePCK, CK)
of pre-service teachers. To test this assumption, we developed the
Simulated Classroom Biology (SCRE™°), a tool measuring (pre-service)
teachers' content-related professional knowledge, that is, ePCK and
CK focusing on the central biological content evolution. Furthermore,
validity evidence based on the test content and on known-groups
comparisons is needed to conclude that the SCR®® actually captures
pre-service biology teachers' knowledge about student understanding
in an action-oriented setting (ePCK).

2 | THEORETICAL BACKGROUND

2.1 | Teachers' professional knowledge

Professional knowledge is described as the core of professional
behaviour, a prerequisite for good teaching and predictive of student
outcomes (e.g., Baumert & Kunter, 2006). Shulman's (1986) conceptu-
alization of professional knowledge as CK, PCK, and PK has recently
served as a framework for several large-scale studies that assessed
and described professional knowledge in science (e.g., ProwiN: Fischer
et al, 2012; KiL: Kleickmann et al., 2013) and in mathematics
(e.g., COACTIV: Kunter et al., 2013). CK and PCK are mainly under-
stood as the content-related domains of professional knowledge,
whereas PK can be seen as a non-content-related (e.g., Fortsch
et al,, 2018; Juttner et al., 2013; Mahler et al., 2017).

In general, CK refers to knowledge of facts, terms and the con-
ceptual understanding of these contents (Shulman, 1986) and is
essential for effective teaching (e.g., Ball et al, 2001; Baumert
et al, 2010; Friedrichsen et al, 2009) and student performance
(Sadler et al., 2013). In general, the PCK domain comprises two
facets. The first facet describes knowledge that the teacher uses to
formulate and represent the subject matter in an intelligible way
(Shulman, 1986) and is summarized as knowledge about instructional
strategies. The second facet of PCK focuses on knowledge about stu-
dents' understanding, which is mainly operationalized through the
diagnosis of student misconceptions (Fortsch et al., 2018). In addition,
individual research groups have added further facets, which are cov-
ered by the PCK, such as curricular knowledge and knowledge of
assessment methods (e.g., Tamir, 1988). In contrast to the CK and
PCK domain, the PK domain is not content-related and covers several
facets, such as general knowledge (Kunter et al., 2013) and has a focus
on general aspects of teaching (Shulman, 1987). Regarding PK,
teachers' judgement accuracy is key and describes the relationship
between teachers' judgements of students' achievement and actual
student performance (Stidkamp et al., 2012). For example, a student in
biology class may answer some questions correctly or incorrectly.

Here the teacher needs biological CK and PCK to make a diagnosis.
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The assessment of the student's performance and student's participa-
tion during the lesson requires teacher PK. The judgement accuracy
can be measured by three components, (1) the ranking component,
which shows whether the teacher can correctly assess the character-
istic expression of students, (2) the level component, which indicates
the teachers' ability to correctly assess the average level of a student
characteristic, and the (3) differentiation component, which shows the
ratio of real performance to assessed performance (Stidkamp
et al.,, 2012).

A fundamental model of professional competence in the German-
speaking countries is developed in the COACTIV project and includes
cognitive (e.g., professional knowledge) as well as affectively motiva-
tional (e.g., self-regulation, motivational orientation) aspects (Kunter
et al, 2011). However, this conceptualization neglects the action-
oriented facets which Blémeke et al. (2015) integrated into a new
model. The authors describe the observable teaching action of a per-
son as shown performance. For a long time there was no differentia-
tion between tacit and action-oriented knowledge within professional
knowledge in science education, whereas following psychological
approaches, types of knowledge include declarative knowledge
(knowing what) and action-related knowledge, consisting of proce-
dural knowledge (knowing how) and conditional knowledge (knowing
when and why) (Paris et al., 1983). In 2017, the Refined Consensus
Model of PCK (RCM: Carlson & Daehler, 2019) advanced among
others, the framework of Shulman (1986) and the Magnusson Model
(Magnusson et al., 1999). The RCM provides researchers with a differ-
entiated analysis of teachers' PCK that goes beyond static knowledge
and focuses on dynamic application in action-orientated situations. A
core characteristic of this model is the differentiation of three distinct
realms of PCK—the collective PCK (cPCK), the personal PCK (pPCK),
and the enacted PCK (ePCK)—ranging from the professional knowl-
edge of the community of educators in a field (cPCK), the personal
professional knowledge of individual science teachers (pPCK) to spe-
cific knowledge and skills of teachers in particular teaching situations
(ePCK). Still, the model accounts for the domains of teachers' profes-
sional knowledge (i.e., content knowledge, pedagogical knowledge,
knowledge of students, curricular knowledge, and assessment knowl-
edge) from previous models (e.g., Magnusson et al, 1999;
Shulman, 1987). The categorization of the PCK into three different
knowledge realms (cPCK, pPCK, and ePCK) provides a clear theoreti-
cal framework for the research within PCK (Carlson & Daehler, 2019).
The RCM facilitates the assessment of different PCK domains—
including the knowledge of students' understanding—in an action-
oriented framework (ePCK). Enabling pre-service teachers to apply
their static knowledge in specific teaching situations and measuring
ePCK simulated classroom environments as action-oriented settings

might be a successful approach (Hixon & So, 2009).

2.2 | Simulated classroom environments

Simulated learning environments have recently become increasingly

popular in the context of teacher education (Bradley & Kendall, 2014).
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Simulated classrooms provide solutions to bridge the gap between
real teaching situations in the classroom at school and theory-bound
teacher education at university (Hixon & So, 2009). A simulation is a
simplified but valid, accurate, and dynamic model of reality implemen-
ted in a digital system (Sauvé et al., 2007). New digital technologies
have motivated many research groups to design classroom simulations
and provide them as a tool for observing pre-service teachers' applica-
tion of their professional knowledge under controlled conditions
(e.g., Cheong, 2010; Gurvitch & Metzler, 2009). Most classroom simu-
lations in teacher education focus on the facets of PK, including
classroom management, self-efficacy, and the professional interper-
sonal competence (e.g., TeachME™: Bautista & Boone, 2015; sim-
School: Christensen et al., 2011; VirtualPREX: Dalgarno et al., 2016;
CS-TGCTS: Yeh, 2004), and neglect the content-related facets like
PCK. Here, the computer-based simulated classrooms facilitate
remote access role-plays of the pre-service teacher and virtual stu-
dents, in which the teacher faces real, classroom-specific problems
(Clapper, 2010). In a role-play simulation the user slips into the role of
the individuals involved in teaching (teacher or student) and adopts
their tasks in this simulated scenario (Veletsianos et al., 2010). Gener-
ally, role-play simulations can be distinguished into the non-immersive
simulation which uses texts and images to create a classroom situa-
tion and the immersive simulation which provides visual representa-
tions of a classroom including the application of avatars (Dalgarno
et al., 2016). The realistic integration of the participants through 3-D
representations in the classroom by a role-playing avatar enables
them to identify more closely with their assigned teacher role
(Jamaludin et al., 2009). In contrast, non-immersive classroom
simulations have the advantage of providing complexity reduced
environments under controllable conditions (e.g., Fiedler et al., 2007
Stdkamp et al., 2008).

Non-immersive simulation, like the Simulated Classroom (SCR) is
a suitable tool to illustrate classroom interaction (i.e., role-play
between teacher and students) in an action-oriented setting. Here,
the pre-service teachers slip into the role of the teacher and can pose
questions to the virtual students in a virtual lesson. Additionally, the
SCR can capture different facets of professional knowledge, which
must be applied by the teacher to achieve an accurate assessment of
the virtual students. Initially, the SCR was a computer-based tool to
measure action-oriented diagnostic knowledge for the PK domain in
an experimental environment on judgement biases such as teachers'
error of central tendency and naive theories about the behaviour of
individuals and stereotypes (Fiedler et al., 2002; Fiedler et al., 2007).
Stdkamp et al. (2008) expanded the existing SCR in order to handle
more complex educational psychological contents. Now the
researchers could integrate their own tasks, questions and answers
into the system, which in turn increased the ecological validity of the
instrument. This made it possible to analyse the diagnostic judge-
ments of pre-service teachers in a more differentiated way. Recently,
the SCR was used to disentangle effects of virtual students' achieve-
ment and motivation on teachers' assessments of both constructs
(Kaiser et al., 2013) and to analyse how minority status impacts

teachers' assessments (Kaiser et al., 2017).
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Whilst in educational psychology teachers' accuracy of judge-
ments, based on the differentiation, ranking, and level-component
(Fiedler et al., 2002; Fiedler et al., 2007; Stdkamp et al., 2008) is a
measure of diagnostic knowledge (i.e., PK), models on teachers' PCK
consider the diagnosis of subject-specific misconceptions as key
(e.g., GroRschedl et al., 2018; Ziadie & Andrews, 2018). Teachers need
to know valid and reliable assessments to identify students' miscon-
ceptions in their subject (e.g., CANS, CINS, ACORNS for evolution in
biology; Ziadie & Andrews, 2018). However, teacher-student interac-
tions require consistent diagnosis of students' misconceptions
(i.e., ePCK) during real classroom discussions on, for example, natural
selection. In order to assess pre-service teachers' knowledge about
students' understanding during student-teacher-interactions, the ini-
tial SCR was expanded to the Simulated Classroom Biology (SCRE"),

which focuses the theory of evolution.

2.3 | Teaching and learning evolution

Within biology education, the diagnosis of students' understanding
about the evolutionary theory is paramount because evolutionary the-
ory is key to a conceptual understanding of all topics in the field of
biology (e.g., Anderson et al., 2002; Basel et al., 2014; Bruckermann
et al., 2021; Furtak, 2012; Opfer et al., 2012). Unfortunately, the
evolutionary theory has always been considered very challenging in
the science curriculum, and traditional teaching often fails when it
comes to expanding students' understanding to scientific explanations
(e.g., Bishop & Anderson, 1990; Gregory, 2009; Kampourakis &
Zogza, 2008; McVaugh et al., 2011; Opfer et al., 2012; Shtulman, 2006).
Educators and researchers identified common misconceptions among
students as well as the public and instructional strategies to overcome
these. Thus, a knowledge base is provided for the professional knowl-
edge of teachers about the theory of evolution (for an overview: on mis-
conceptions, see Gregory, 2009; on teaching strategies, see Harms &
Reiss, 2019; Ziadie & Andrews, 2018).

Despite its functionality as conceptual organizer for learning
about evolution (e.g., Opfer et al., 2012; Tibell & Harms, 2017) the
key concept of natural selection itself evokes numerous misconcep-
tions, especially in explaining the adaption of individuals and popula-
tion to their environment (e.g., Bishop & Anderson, 1990; Ferrari &
Chi, 1998). Most misconceptions are based on the belief that evolu-
tion occurs because individual organisms actively evolve and adapt
during their lifetime (e.g., Bishop & Anderson, 1990; Nehm &
Schonfeld, 2008; Settlage Jr, 1994). Teleological and anthropomorphic
explanations as well as the misconception of use or disuse are wide-
spread and intensively researched categories of misunderstanding. In
teleological explanations the development of a trait is target-oriented
and purposeful. Here, traits arise because they result in a survival
advantage for the organism (e.g., Alters & Nelson, 2002; Andrews
et al,, 2011; Bishop & Anderson, 1990; Kampourakis & Zogza, 2008;
Nehm & Reilly, 2007; Nehm & Schonfeld, 2008; Settlage Jr, 1994;
Sinatra et al., 2008). Anthropomorphic misconceptions are character-

ized by the transfer of human characteristics—physical and mental—
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on other living organisms (Byrne et al., 2009). Trait changes result
from intentional and purposeful action through the individual to cope
with new environmental conditions (e.g., Demastes et al., 1995;
Gregory, 2009; Sinatra et al., 2008; Tamir & Zohar, 1991). Similar to
anthropomorphic misconceptions is the belief that individuals also
have an influence on the physical change through their use or disuse
of organs or abilities. After the development of the new traits these
are passed on to future generations (e.g., Andrews et al., 2011;
Brumby, 1984; Kalinowski et al., 2016; Kampourakis & Zogza, 2008;
Prinou et al., 2008). All these misconceptions ignore several evolution-
ary mechanisms of natural selection and follow a causal explanatory
pattern. Supporting students in acquiring conceptual knowledge
about the theory of evolution requires teachers to diagnose the most
common student misconceptions (e.g., Gregory, 2009), which the
teachers' PCK on the theory of evolution presupposes (Ziadie &
Andrews, 2018).

Different contexts influence the probability of an expressed mis-
conception regardless of the specific misconception categories. For
example, the biological domain (i.e., bacteria, plants, animals, and
humans) influences the appearance of a misconception (Opfer
et al., 2012). Thus, fewer misconceptions are associated with plants
than with animals, for example (Nehm et al., 2012). Moreover, stu-
dents are more adept at explaining a gained trait than the loss of a
trait in the process of natural selection (Nehm et al., 2012; Nehm &
Ha, 2011).

24 | Aspects of validity

In previous studies, the SCR was used to measure action-oriented PK
(Fiedler et al., 2002; Fiedler et al., 2007; Stidkamp et al., 2008). How-
ever, there is a lack of evidence on what findings need to be consid-
ered in research on teaching and learning evolution within biology
education by developing a simulated classroom environment and,
whether the ePCK of pre-service teachers in a simulated classroom
(i.e., through the SCR®®) leads to valid conclusions. This is one of the
key challenges of the present research, to be able to measure the
ePCK of pre-service biology teachers via an action-oriented setting—
the SCRE®,

In the development and evaluation of a test instrument to mea-
sure teachers' ePCK validity is a fundamental element to be consid-
ered (e.g., GroR3schedl et al., 2019). Validity indicates the degree to
which theory and evidence support the interpretation of test results
(Kane, 2013). Accordingly, validation concerns not the test instrument
itself but the interpretation of results that the test provides (AERA
et al., 2014). The current study focuses two aspects of validity, that is,
evidence based on the test content and on the relation to other
variables.

The first aspect is validity evidence based on test content. Here,
the relationship between the test content and the construct to be
measured by the test instrument is analysed. Test content includes,
for example, the topics, the wording or format of the items, and the

guidelines for processing and scoring. Expert ratings are often used to
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verify test content. Expert judgements give an indication of the con-
tent validity between the test items and the theoretical construct
(AERA et al., 2014; Sireci & Faulkner-Bond, 2014).

The second aspect is validity evidence based on the analysis of
the relationship between test results and other variables. This rela-
tionship can refer both to the consideration of different groups
(known-groups) and to different constructs as external variables
(Mathesius et al., 2019). The known-groups method requires that at
least two different groups work on a test. Thus, the test values can be
interpreted as valid if the two groups show different, theoretically
predicted results with respect to the same construct, depending on
their preconditions (Hattie & Cooksey, 1984).

3 | RESEARCH QUESTIONS

In this study, we investigate the validity evidence for the use of the
SCRE™ to measure pre-service biology teachers' action-oriented PCK
(ePCK), operationalized via the diagnoses of students' misconceptions
as part of their knowledge about student understanding. We consider
(1) evidence based on the test content and (2) evidence based on
known-groups comparisons as sources of validity evidence.

The SCR®® should provide a measure of pre-service teachers'
ePCK, which is reflected in the diagnosis of misconceptions. The vir-
tual students' answers must be reliably assigned to the operationa-
lized misconceptions. Therefore, we used expert ratings to verify the
content of the virtual student answers, that is, whether the answer
actually contains a specific misconception or expresses a scientific

way of thinking.

I. To what extent do the expert judgements support the validity
evidence of the developed virtual student answers with regard to
the specific categories of misconceptions (validity evidence based

on test content)?

For the measurement of pre-service teachers' ePCK, scores on
the measure should vary for groups known to differ in terms of the
specific information prompts. We therefore created groups with spe-
cific PCK by prompting PCK-related or PCK-unrelated information.

I. To what extend is the SCRB® sensitive to the given PCK-related
prompt in biology education (PCK) and educational psychology

(PK) (validity evidence based on known-groups comparison)?

3.1 | Hypotheses

|. Experts who have not been involved in the item development
can correctly judge the specific category of misconception or sci-
entific explanations that the items in the SCRE® are intended to
measure.

II. The SCR®*® has good discriminatory power, that is, a PCK-related
prompt:
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a. increases pre-service teachers' diagnoses of specific miscon-
ceptions categories in virtual student answers (refer to PCK).
b. does not increase pre-service teachers' judgement accuracy of

virtual students' lesson achievement (refer to PK).

4 | METHODS

41 | Sample

The participants were N = 76 pre-service teachers from two universi-
ties in Northern Germany enrolled in a teacher education program
(24% male) with biology as one of their subjects. The teacher prepara-
tion in Germany is organized in two phases with phases leading to a
degree after three years (bachelor) and five years (master). A total of
n = 38 participants studied in the Bachelor teacher education pro-
gram, n = 37 in the Master teacher education program and one partic-
ipant did not provide any information. A proportion of 86.8% aspired
to a teaching profession for the academic track (i.e., grammar school)
and 13.2% for the nonacademic tracks (i.e., interdenominational
school). The age of the study participants ranged between ages
18 and 42, mainly between ages 21-23 (51%), 24-26 (26%), and
27-30 (16%).

42 | Devglopment of the simulated classroom
biology (SCR®®)

The initial developed non-immersive Simulated Classroom (Fiedler
et al., 2002; Fiedler et al., 2007; Stidkamp et al., 2008) was expanded
to the SCR®°. Therefore, we created a virtual biology lesson for the
application in the SCRB® with questions on evolution. We prepared
(N = 27) questions on the process of natural selection covering all
groups of organisms (i.e., bacteria, plant, animal, and human). Further-
more, we developed the questions to address the gain or loss of a trait
as well as whether the trait has a morphological or physiological ori-
gin. For each individual question we designed possible virtual students
answers (N = 476; between 8-30 words), based on theory and
authentic student answers from exams (Baalmann et al., 2004;
Gregory, 2009; see Table 1). For each question (N = 27; questions
having between 30-84 words) the virtual students' answers repre-
sented a scientifically correct explanation or a misconception (anthro-

pomorphic, teleological, use or disuse; see Table 2).

43 | Procedure

For this study, the pre-service teachers taught a virtual lesson within
the computer-based simulation SCR®® on laptops. The laptops were
set up in university lecture halls and pre-service teachers' participation
in the study lasted 60 minutes. In the virtual lesson, the pre-service
teachers performed a teaching sequence—following a question-

answer scheme to diagnose virtual students' misconceptions—and a
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Scheme for the development of evolutionary biological questions and possible student answers in the SCRE"

TABLE 1
Domain
Evolutionary
direction Type of trait Bacteria Plant
Loss Morphological 2 questions with 35
Physiological answers
Gain Morphological 5 questions with 93
Physiological B
TABLE 2

Red Bentgrass (Agrostis tenuis)

3 questions with 50
answers

4 questions with 74
answers

Animal Human

2 questions with 28
answers

3 questions with 54
answers

4 questions with 66
answers

4 questions with 76
answers

Example question and possible student answers about the red bentgrass (botanical organism; gain of a trait, physiological trait)

Possible teachers' question: “The red bentgrass is a common grass sometimes found close to copper mines. In these locations the soil is very coppery
and has a toxic effect on many plants. Investigations show that the red bentgrass shows a high copper-tolerance that could not be established in
conspecifics living beyond the coppery soils. How can the tolerance to copper be explained considering principles of evolutionary biology?”

Anthropomorphic students' answer: “The red bentgrass had the intention to develop a copper-resistance in order to be able to live on soils around

copper mines.”

Teleologic students' answer: “The copper-resistance of the grass had the purpose to grow even in areas around copper mines.”

Use or disuse students' answer: “The intense utilization of the copper-resistance on polluted soils accelerated the development of this trait.”

Scientific students' answer: “The change of the environmental conditions led to the shift of the evolutionary pressure whereby only those plants that

are copper-resistant can survive in coppery soils.”

grading sequence—to assess the overall performance of the class. The
simulation of the virtual lesson adhered to the procedure described
below.

Before starting the teaching and grading sequence, the SCRE® on
the laptop screen informed the pre-service teacher of the duration of
the study, information about data privacy, the virtual lesson's topic
(evolution—natural selection) and the class level to be taught (12th
grade). When the SCRB"® simulation started, the pre-service teachers
were randomly assigned to either a control group or the experimental
group. In the control group receiving PCK-unrelated information
prompts, pre-service teachers were given a brief overview on biology
in school, science, and education. In the experimental group receiving
PCK-related information prompt, pre-service teachers were given an
overview of the three misconception categories and a scientific
explanation.

The teaching sequence of the virtual lesson started after the pre-
service teachers received the different information prompts. The
teaching sequence followed a question-answer scheme in which the
pre-service teacher asks a question and the virtual students answer.
The pre-service teachers could ask these virtual students questions
about natural selection that could be selected from a set of pre-
defined questions (see Development section). In the simulated class-
room, the virtual class consisting of nine virtual students was repre-
sented by students' photos and their names (see Figure 1). The virtual
students' answers varied according to their pre-set ability profile. The
class was divided into three groups of three virtual students. For each
group a different ability profile was determined (i.e., 20%/50%/80%
probability of correct answers). If the virtual students answered incor-
rectly, they always expressed a specific misconception about evolu-
tion (i.e., anthropomorphic, teleological or use/disuse). We combined

each specific misconception category with each ability profile, what

resulted in the nine students. For example, one of the virtual students
answered only 20% correctly, while all other answers articulated a tel-
eological misconception. Students who wanted to answer a question
virtually raised their hand. This was indicated by a little hand-icon and
orange-coloured background of the students' photo (see virtual stu-
dents 1-7 in Figure 1). Pre-service teachers then selected one virtual
student to answer the question. The virtual student's answer was pro-
vided in a box. The pre-service teacher immediately had to diagnose
the answer after reading it. This means that the pre-service teachers
had to assess whether the virtual students' answer was scientifically
correct or not and, if it was wrong, which misconception was
expressed. The pre-service teachers had 30 minutes to ask as many
questions and call up as many virtual students as they needed to diag-
nose each virtual student's misconception and overall class perfor-
mance regarding natural selection. The grading sequence immediately
followed.

In the grading sequence, the pre-service teachers had to assess
the virtual students' proportion of correct answers (on a scale from
0% to 100%), which is described as the overall performance
(i.e., lesson achievement). Finally, pre-service teachers had to enter
their demographical data and were informed about the aims of the
SCR®®,

44 | Measures

During the teaching sequence we captured the pre-service teachers'
assessment of the virtual students' misconceptions and scientific
explanations by recording the number of accurate diagnoses as a mea-
sure of their ePCK. During the grading sequence we recorded the pre-

service teachers' evaluation of the proportion of virtual students'

85U80]7 SUOWILIOD 8AIIERD) 3|cedl|dde s Aq peusenob ke sejore VO ‘8sn JO '3 10j Akeud1 18Ul UO 48] UO (SUORIPUCD-pUR-SLUBIALI0D A8 | 1M AeIq1 U1 |UO//SANY) SUORIPUOD PUe SWie | 83U 88S *[£202/50/6T] U0 AriqiTauIluO A8]IM ‘BIM YeulolqigsIseAIN AQ 8T/ZT' BOI/TTTT OT/I0p/Wo0 A3 |1M AReid 1 jpuljuo//Sdiy Wwoiy papeojumod ‘9 ‘220 ‘62.2S9ET



FISCHER ET AL.

Simulated Classroom Biolo

ken: XEcvYW

Journal of Computer Assisted Learning_W“_Eyjﬂ

Time: 11:36

Subcategory Questions

Animal
Plant
Human

Questions

Categorie — Set of questions: The
following questions can be selected by
the pre-service teachers.

Bacteria
N

Y — Groups of

Oenothera biennis - toxins
Cuscuta - plant organs
Tobacco plant - defense mechanisms
Stomata in land plants

Mimulus - flower morphology

Virtual class: Presentation
of the nine students and their
names. The students who want
to give an answer are
highlighted in orange and
marked with a little finger
symbol.

Question addressed to class

The red bentgrass is a common grass sometimes found close to copper-
mines. In these locations the soil is very coppery and has a toxic effect on
many plants. Investigations show that the red bentgrass shows a high
copper-tolerance that could not be established in conspecifics living
beyond the coppery soils. How can the tolerance to copper be explained
considering principles of evolutionary biology?

The pre-service teachers could ask
questions about the natural selection of
bacteria, plants, animals, and humans
(here: question on natural selection of
plants).

o P

Red bentgrass - copper resi
Trifolium repens - cyanide production

—
Question addressed to the class — complete question: The complete question

which the students should answer is displayed.

Questions — Plant species: Seven questions
can be selected for the group of plants (here:

the copper-resistence of the red bentgrass).

FIGURE 1 Screenshot of the teaching sequence in the SCRE®

correct answers over the entire virtual lesson as a measure of their
PK. All data were recorded and stored as csv-data sets.

ePCK: We operationalize ePCK as the knowledge about student
understanding. This is reflected in the diagnosis of specific categories
of misconceptions in virtual students' answers by the pre-service
teachers during the teaching sequence in the SCR®®, The relative fre-
quency of correct diagnosis of misconceptions in virtual student
answers is quantified as a measure of ePCK.

PK: We operationalize PK as the judgement accuracy regarding
the assessment of the virtual students' lesson achievement by the
pre-service teachers during the grading sequence in the SCR®°. We
measure judgement accuracy in three components (Sidkamp
etal.,, 2012):

i. The ranking component, as the correlation coefficient between
pre-service teachers' ratings of virtual students' relative fre-
quency of correct answers and their actual relative frequency.

ii. The level component, as the difference between the class mean
of pre-service teachers' ratings of virtual students' relative fre-
quency of correct answers and the actual class mean.

iii. The differentiation component, as the ratio of the class variance
of pre-service teachers' ratings of virtual students' relative fre-

quency of correct answers and the actual class variance.

4.5 | Validity

45.1 | Validity evidence based on the test content

To proof the evidence based on the test content, we use expert rat-

ings. The experts (N = 10) were mainly from the field of biology

education and included both researchers and practitioners with vari-
ous degrees in biology. They evaluated the items in terms of miscon-
ceptions by assessing each item's belonging to one of the three
categories (i.e., anthropomorphic, teleological, use or disuse) or sci-
entifically correct. Within SCRB"°, ePCK is measured by diagnosing
the misconceptions articulated in the answers of the students.
Accordingly, it is mandatory that our student answers explicitly
express the intended misconception. Each expert received a coding
manual which in theory clearly defines the misconceptions to be
judged and presents a number of examples. The content validity
ratio (CVR= (n; — (§))/3) by Lawshe (1975) was adapted to quantify
the agreement between the expert judgements. Here, n; = number of
experts who judge an item as theoretically intended (i.e., the miscon-
ception we integrated into the virtual student answer was successfully
identified by the experts) and N = total number of experts (N= 10). A
CVR of at least 0.78 is necessary to consider an item or scale as valid
(Frey, 2018).

Due to the large number of items (i.e., questions and corre-
sponding answers), each expert rated a baseline pool (N = 8) and an
additional share of the remaining questions (N = 19) and answers.
The experts rated eight questions (baseline pool; questions from
the different groups of organisms: bacteria, plants, animals and
humans) and the corresponding 128 possible virtual student
answers. In the second part, the experts were divided into five
groups (two experts per group) which had to evaluate another four
questions and corresponding virtual student answers (N = 64) in
addition to the baseline pool. We were able to cover all 27 ques-
tions and corresponding student answers for the SCRE"® with this
expert rating scheme. We revised or selected the questions and the
corresponding virtual student answers based on the feedback from

the experts.
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45.2 | Validity evidence based on relation to other
variables (known-groups comparison)

Another important source of validity evidence is the analysis of the
relationship between test results and external variables. Here, the
external variable is an information prompt (i.e., PCK-related or PCK-
unrelated information) that is given to different groups (i.e., known-
groups: experimental group and control group).

The sample is divided into two groups with different information
prompts to provide evidence based on a known-groups comparison.
The relative diagnosis rates for the identification of specific miscon-
ceptions and of scientific explanations in virtual student answers were
calculated separately for both groups. A Pearson chi-square test was
performed to show group differences of these rates. Differences indi-
cate the extent to which the information influences the diagnosis of
misconceptions and scientific explanations within biology education
(ePCK). Additionally, we addressed the components of judgement
accuracy between the groups. We applied t-tests to determine if the
PCK prompt influenced judgement accuracy of the pre-service

teachers as a measure of pedagogical knowledge (PK).

5 | RESULTS
5.1 | RQ1: Validity evidence based on test content
The experts evaluated the baseline pool of virtual student answers

with an overall CVR,can = 0.915. The CVR ean €xceeds the threshold
of 0.78 (Frey, 2018), indicating that virtual student answers clearly

Misconceptions in Student Answers
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expressed a specific misconception or scientific explanation. A differ-
entiated view of the expert rating shows that the items (baseline pool)
were evaluated with an overall CVRean = 0.911 and the remaining
sets of items were evaluated with an overall CVRean between 0.859
and 1. Furthermore, the items were assessed regarding evolutionary
direction of the trait (i.e., gain or loss) with an inter-rater agreement of
96.25% and the type of a trait (i.e., morphological or physiological)
with an inter-rater agreement of 86.25%. This also confirmed the con-

ceptual development of our question pool.

5.2 | RQ2: Validity based on relation to other
variables (known-groups comparison)

Pre-service teachers in the control group who received PCK-unrelated
information asked a total of n = 1378 questions, whereby 50.7%
(n = 699) of the virtual student answers contained a misconception.
They correctly diagnosed anthropomorphic misconceptions in 43.0%
(n = 99), use or disuse misconceptions in 56.7% (N = 123), and teleo-
logical misconceptions with 29.4% (n = 74) (see Figure 2). Overall, the
control group selected the appropriate category across misconcep-
tions with 43.0% (n = 300; for a graphic representation see Figure 2).
In contrast, pre-service teachers in the experimental group who
received PCK-related information asked a total of n = 1556 questions,
whereas 51.2% (n = 796) virtual student answers were scientifically
correct, and 48.8% (N = 760) expressed a misconception. They cor-
rectly diagnosed 76.2% (n = 198) of anthropomorphic misconcep-
tions, 70.8% (n = 177) of misconceptions regarding use or disuse, and

56.4% (n = 141) of teleological misconceptions. In total, they correctly

Use or Disuse Teleologic

56.7%

29.4%

PE P

- - .I

19.4%

8.8%

Diagnoses of Student Answers

. Scientific . Anthropomorph . Use or Disuse . Teleologic

FIGURE 2 Control group: Relative frequency of diagnosis of students' answers with regard to expressed misconceptions categories or

scientific explanations
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diagnosed 67.8% of all misconceptions and showed a significantly
higher rate than the pre-service teachers in the control group
(1) = 97.28, p < 0.001). Regarding the correct diagnosis rate of the
scientific explanations of the virtual students, the difference between
both groups was not significant (X2(1) = 0.06, p = 0.804) (for a graphic
representation see Figure 3).

We examined the differences between the experimental and the
control group on the three judgement accuracy components to check
whether the PCK-related information has an impact on the judgement
accuracy of the pre-service teachers. Pre-service teachers in the con-
trol group reached a mean ranking component of M, = 0.31
(SD = 0.34, Min = —0.48, Max = 0.88), whereas the experimental
group has a mean ranking component of M, = 0.34 (SD = 0.35,
Min = 0.30, Max = 0.90), the difference was not significant, even
with an increased alpha-level of o = 0.25 (t[73] = 0.27, p = 0.787).
For the mean level component, a result of M,, = —0.02 (SD = 0.17,
Min = —0.51, Max = 0.38) was obtained for the control group and
M, = 0.05 (SD = 0.16, Min = —0.35, Max = 0.33) for the experimen-
tal group. However, the corresponding t-test does not allow rejecting
group difference in the level component of judgement accuracy
(t[73] = 1.94, p = 0.056). Within the control group there is a mean

Misconceptions in Student Answers
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differentiation component of M; = 0.57 (SD = 0.25, Min = 0.04,
Max = 1.10) and for the experimental group of M; = 0.60 (SD = 0.33,
Min = 0.06, Max = 1.61). The t-test shows no significant group differ-
ences with respect to the differentiation component (t[73] = 0.47,
p = 0.643; see Table 3).

6 | DISCUSSION

The present study reports the validity of using a German-language
simulated classroom environment called the SCR®® to investigate and
measure the ePCK of pre-service biology teachers. More precisely, it
reports the diagnosis of common misconceptions about the evolution-
ary process of natural selection. Thus, the SCR®® must be developed
in a way that the construct (i.e., knowledge about student understand-
ing) is detected without the influence of construct-irrelevant variance
(AERA et al., 2014). We focus on validity evidence based on test con-
tent and relationships to other variables.

The first research question is addressed using the validity evi-
dence based on the test content gained by expert judgements. The

test content of the items needs to adequately represent the construct

Use or Disuse Teleologic

70.8%

56.4%

18.4%

15.2%

13.2%

5.2%
.

. Scientific . Anthropomorph . Use or Disuse . Teleologic

FIGURE 3
scientific explanations

TABLE 3 Results of the ranking,
level, and differentiation component
subdivided by control and experimental

group Ranking component

Level component

Differentiation component

Sample. N = 76.

Experimental group: Relative frequency of diagnosis of students' answers with regard to expressed misconceptions categories or

Control group Experimental group

M SD Min. Max. M SD Min. Max.
031 034 -048 0.88 034 035 030 092
-002 017 -051 0.38 005 016 -035 033
0.57 0.25 004 110 0.60 0.33 0.06 161
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knowledge about student understanding which is necessary for the
valid interpretation of the test results. In this study, researchers work-
ing in the field of biology education and biology teaching assigned the
items (baseline pool) to common misconception categories or scien-
tific ways of thinking. This resulted in an almost perfect agreement
(CVRean = 0.911; see Ayre & Scally, 2014) with the intended word-
ing of the items. Additional items have similar agreements (CVRhean
between 0.859-1). However, the overall CVRean of 0.915 is pro-
posed to be sufficient for indicating validity based on test content
(Ayre & Scally, 2014). Thus, the virtual student answers clearly
expresses a specific category of misconception or a scientific way of
thinking and we can assume the virtual student answers can be used
as a valid measure of the knowledge about student understanding.
Confirmation biases can be ignored (Guion, 1977) as the experts were
not involved in the development of the SCRE®.

The second hypothesis, which focuses on the validity criterion of
known groups, predicted that pre-service teachers who received a
PCK-related information prompt (experimental group) show a higher
diagnosis of specific misconception categories than their colleagues
who received a PCK-unrelated information prompt (control group). In
accordance with the hypothesized group differences, we found a sig-
nificant difference in the diagnostic rate of the specific misconception
categories between the groups (Xz(l) = 97.28, p < 0.001). Thus, the
PCK-related information prompt influences the diagnosis of miscon-
ceptions positively and revealed the sensitivity of the SCR®® for
ePCK. In this regard, the diagnosis of misconception is based on the
ePCK of the pre-service teachers (e.g., Fortsch et al., 2018; Lucero
et al., 2017). Within the specific misconception categories, some mis-
conceptions were more likely to be diagnosed than others. Accord-
ingly, pre-service teachers sometimes have difficulties in making
correct assessments regarding their students. For example, the
anthropomorphic misconception is assessed as supposedly more
unscientific than the teleological misconception. At the same time, the
teleological misconception was less frequently diagnosed as a non-
scientific way of thinking than the other two misconceptions (anthro-
pomorphic, use or disuse). An explanation for this could be given by
empirical studies, which showed that many everyday problems are
explained in a goal- or purpose-oriented way. If a transfer of these
explanatory schemes to the evolutionary process of natural selection
occurs, misconceptions may result (Gresch & Martens, 2019).

We conclude that this evidence supports the validity of our inter-
pretation of the test results as measures for ePCK since the group
means differ in the expected directions. In contrast, we observed no
group differences in the diagnosis of scientifically correct virtual stu-
dent answers (X2(1) = 0.06, p = 0.804), indicating that the knowledge
for the content-related assessment of an answer (i.e., scientifically
correct or incorrect; refers to CK) differs from the knowledge about
student understanding (i.e., diagnosis of specific misconception cate-
gories; refers to PCK; e.g., Fortsch et al, 2018; Grof3schedl
et al., 2015). The PCK-related information prompt does not seem to
influence the accuracy of pre-service teachers (based on their PK,
Sudkamp et al., 2008), in terms of the correlation between judge-

ments of lesson achievement and actual achievement. Neither does it

FISCHER ET AL.

seem to influence the lesson judgement variance relative to the actual
achievement variance. However, we cannot exclude that the PCK-
related information on misconceptions led to different mean class
judgement levels, possibly in terms of stricter judgements in the
experimental condition. Although group differences do not appear to
be major at first glance, these results provide clues to the distinction
of knowledge needed to (1) diagnose common misconceptions in vir-
tual student answers (ePCK) and (2) assess virtual students' lesson
achievement (PK).

As previously mentioned, validity cannot be stated universally but
rather only for a specific interpretation of test results (AERA
et al., 2014; Kane, 2013). In summary, this study provides evidence
that the content of the items corresponds to the theoretical meaning
of knowledge about student understanding (evidence based on test
content) and indicates the sensitivity of the SCR®® for ePCK by differ-
ences in the relative frequency of diagnosing specific misconceptions
categories in the virtual students answers between the experimental
and control group (known- groups). Therefore, the present simulated
classroom environment—the SCRE°—may be validly used to provide
findings on the ePCK in biology education. Furthermore, the valida-
tion of results in the SCRE™® contributes to closing the gap from the
availability of simulated classroom environments, which only cover
the pre-service teachers' action-oriented PK by now allowing the
measurement of ePCK in biology.

6.1 | Limitations

The newly developed SCRB® is the first attempt to investigate ePCK
of pre-service teachers in an action-oriented simulated classroom
environment. In accordance with our study design we used the fol-
lowing sources for validity evidence: (1) evidence based on the test
content and (2) evidence based on relation to other variables to pro-
vide a use argument for the valid interpretation of the test results in
the SCRB®. However, the Standards for Educational and Psychological
Testing provide various further sources of validity. These include the
evidence based on internal structure, evidence based on response
processes, and evidence based on the consequences of testing (AERA
et al., 2014), which we did not include in this first validation approach.

Our approach for providing content validity was relatively
straightforward compared to other approaches. We used a distinct
operationalization of misconceptions which likely led to the very high
agreement on the answer categories across expert raters. In the
SCRB° we used virtual student answers that are somewhat simplistic
compared to more potential real-life student answers.

The known-groups comparison in the SCRE® was based on an
information prompt in which a part of the sample received informa-
tion helpful in processing the SCRB® while the remaining pre-service
teachers received no helpful information. This comparison supports
the valid interpretation of the results in the SCRB°. However, other
group differences, which we have not considered in order to support
this validity criterion, can also be taken into account, such as differ-

ences regarding the teaching career (e.g., academic or non-academic
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track), the status of the university career (e.g., graduate or undergrad-
uate students), the teaching experience (e.g., pre-service or in-service
teachers) or the studied subjects (e.g., one or two natural science sub-
jects; e.g., GroB3schedl et al., 2019; Mathesius et al., 2019).

In the current SCR®°, we used student answers from three com-
mon misconception categories (i.e., anthropomorphic, teleological, and
use or disuse). However, research has identified various categories of
misconceptions about evolution (e.g., Bishop & Anderson, 1990;
Gregory, 2009; Nehm & Schonfeld, 2008; Settlage Jr, 1994). For
example, religious beliefs were abandoned because they do not have
much influence in Germany (e.g., GroRschedl et al., 2018), but in other
countries they do (e.g., Berti et al., 2010; Billingsley et al., 2016).

Finally, the SCR®® is a complexity reducing simulated classroom
environment designed to come close to reality of a real classroom
(e.g., Fiedler et al., 2007; Stdkamp et al., 2008). However, the instru-
ment is still an environment of reduced information, blanking out
other factors that influence teaching, such as student disruptions, a
change in the student's ability during the virtual school lesson, the
virtual students' tone, gaze, and gestures or answers that do not
represent attempts to successfully answer the posed question
(i.e., classroom management; PK). Thus, it is necessary to control the
manipulated variables in the SCRE® to reduce the noise of the investi-
gation. Nevertheless, we would like to emphasize that the standardi-
zation of the virtual school class (photos, associated name) as well as
the possible virtual student answers contribute significantly to reduc-
ing the complexity of the simulated classroom environment. The
resulting consequences, such as a lower realism of the SCRB©, are

consciously accepted in order to ensure constant conditions.

6.2 | Implications for further research

Few simulated classroom environments have been developed to mea-
sure and promote action-oriented facets of PK (e.g., Bautista &
Boone, 2015; Christensen et al., 2011; Dalgarno et al., 2016), but
none that cover ePCK. We were successful in validating the SCR®® in
German language so far, but still aim to use and compare the instru-
ment in other countries and expand the range of participants. We
therefore integrated new questions about the process of natural
selection and corresponding answers from American college students
(Nehm et al, 2012; ACORNS). Future studies with the SCR®™® wiill
focus on the extent to which pre-service teachers are able to diagnose
misconceptions with regard to the evolutionary direction of a trait
(i.e., loss or gain), the type of trait (i.e., physiological or morphological)
or the domain (i.e., bacteria, plant, animal or human) of the biological
example. Some studies have already examined the influence of these
factors in relation to diagnostic ability (e.g., Nehm et al., 2012; Opfer
et al., 2012). Furthermore, students' ability level was fixed during the
teaching sequence of 60 minutes. Pre-service teachers, however,
need to understand and diagnose changes in students' abilities as they
are likely to change during teaching. Thus, other studies should use
the SCRB® in a longitudinal design that presents the same class but

with changing ability profiles on multiple occasions to test pre-service
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teachers' ability for detecting students' ability growth. Beyond the
diagnosis of misconceptions (e.g., Gregory, 2009), pre-service teachers
need to cover another key facet of PCK—instructional strategies
(e.g., the conceptual change strategy)—in order to respond adequately
to misconceptions regarding evolution (e.g., Ziadie & Andrews, 2018).
New versions of the SCRE™ will integrate adequate instructional strat-
egies (i.e., strategies to overcome specific misconceptions), which
must be selected by the pre-service teacher. We are currently con-
ducting initial validation studies. In addition, future versions of the
SCRB® should attempt to replicate previous results with similar
research questions to generalize the findings as much as possible. In
the future, the SCRE™ will be developed from an assessment instru-
ment to a training tool to simulate explicit teaching situations. In this
training tool, university students will have the opportunity to train
action-oriented professional knowledge. In this context, further chal-
lenges in the use of simulated classroom environments, such as more
realistic representation (e.g, animated avatar), embodiment
(e.g., through facial expressions, gestures, and tone of voice), and fur-
ther background information (e.g., prior knowledge, experiences, and
interests) of virtual students would also need to be intensively
addressed (e.g., Jamaludin et al., 2009). A further goal is to provide
direct feedback on performance in the SCR®® through a new devel-
oped report module. Following previous research on technological
pedagogical content knowledge (TPACK), which describes a teacher's
knowledge regarding the use of technologies in the teaching/learning
process, the SCRE™ can be used to examine if and how the use of this
simulated classroom environment affects the development of
TPACK (Cox & Graham, 2009). Furthermore, teachers need knowl-
edge of how to use the technology when working with the SCRB"°
and that the TPACK model lends itself to this. In particular, the fact
that the SCRB® itself, as a technology-intensive learning environ-
ment, meets the demands for integrating TPACK into teacher edu-
cation programs emphasizes the need for attention to this concept
in future simulated classroom environments (Niess, 2011). Thus,
the SCR®® will significantly contribute to preparing future biology
teachers for the challenges of teaching and learning evolution in

class.
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