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a b s t r a c t

A key challenge for teachers is the on-the-fly assessment of student learning. Video-based simulations
may provide a tool for measuring assessment skills and a basis for learning environments in teacher
education. Based on the framework for teaching practice by Grossman et al. (2009), considerations for
designing video-based simulations that balance authenticity and cognitive demand are derived. Results
show that participants perceived the developed simulation as authentic, were mostly able to rank stu-
dents according to their overall mathematical argumentation skills and showed potential for learning in
their detailed assessment of students. Thus, results indicate the internal validity of the video-based
simulation.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

During everyday classroompractice, teachers face amultitude of
on-the-fly assessment situations in which they gather information
about the learning prerequisites, processes, and outcomes of their
students (Herppich et al., 2018; Praetorius, Berner, Zeinz,
Scheunpflug, & Dresel, 2013; Ruiz-Primo & Furtak, 2007; Thiede
et al., 2015). Across a variety of educational systems worldwide,
these assessment situations arise predominantly during the in-
teractions between teachers and students in class (Birenbaum et al.,
unich (TUM), Arcisstraße 21,

nu).

r Ltd. This is an open access article
2006; Furtak et al., 2016; Kingston & Nash, 2011; Klug, Bruder,
Kelava, Spiel, & Schmitz, 2013). However, empirical data un-
derlines that many novice teachers struggle with this high
complexity in their first years of teaching (Correa, Martínez-
Arbelaiz, & Aberasturi-Apraiz, 2015; Dicke, Elling, Schmeck, &
Leutner, 2015; Levin, Hammer, & Coffey, 2009). Better preparation
for assessment situations during teacherestudent interactions is
therefore essential.

In line with these findings, one of the main challenges in suc-
cessful teacher education is providing learning environments for
future teachers that allow them to acquire practice-oriented
knowledge (Cochran-Smith & Zeichner, 2005; Grossman &
McDonald, 2008). Practice-oriented knowledge is characterized
by knowledge structures with strong links between conceptual
understanding and specific practice-based applications. Typically,
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real classroom settings as the initial environment for knowledge
acquisition and application are seen as too complex for most novice
teachers to link conceptual understanding to practical situations
(Stokking, Leenders, Jong, & van Tartwijk, 2003). Therefore, the
framework for teaching practice developed by Grossman et al.
(2009) proposes strategies to approximate teaching practice by
beginning the learning process in an environment low in
complexity, increasing from there until the point of applying
knowledge to a real classroom setting. While practice in real
classrooms represents the highest authenticity and complexity
concerning professional tasks, other complexity-reduced practices,
such as the analysis of transcripts or vignettes, observation of
videos, and participation in role-plays or simulations, are still
regarded as authentic.

Over the last decade, the use of classroom video has become an
important element in teacher education (Gaudin & Chali�es, 2015;
Kang & van Es, 2018). Research has shown that video-based ap-
proaches represent authentic and complexity-reduced represen-
tations of practice, providing particular opportunities for pre-
service teachers to acquire practice-oriented knowledge (Seidel,
Stürmer, Blomberg, Kobarg, & Schwindt, 2011; Sherin,
Linsenmeier, & van Es, 2009; Tekkumru-Kisa & Stein, 2017; Van
Es & Sherin, 2008). However, the possible negative effects of pro-
cessing video-based information due to suboptimal instructional
designs and high cognitive demand are also discussed in the liter-
ature (Derry, Sherin, & Sherin, 2014). Therefore, balancing
authenticity and cognitive demand remains a major challenge in
designing video-based environments (Blomberg, Renkl, Sherin,
Borko, & Seidel, 2013).

So far, video in teacher education research has been mainly
applied as a medium in digital tools or teacher education courses.
However, in other professional fields, simulations play an impor-
tant role in supporting practice-oriented knowledge acquisition
(Chernikova et al., 2019). Therefore, given recent advances in video-
based research, it seems timely to start developing and testing
simulations for teacher education. In this article, we present a first
attempt in this direction. Staged classroom videos as well as
instructional design features that allow participants to intervene in
a situation and influence the course of action were implemented in
the newly created simulation.

The present article provides first insights into the internal val-
idity of this newly developed video-based simulation. The added-
value can be viewed in three ways: First, the study provides con-
ceptual value, since it exemplarily outlines how concepts of the
framework for teaching practice by Grossman et al. (2009) and
recent advances in video-based research can serve as a basis for
simulation design. Second, the study provides methodological
value, since the content of the simulation is highly driven by evi-
dence stemming from mathematics education in terms of typical
student misconceptions related to mathematical argumentation,
which was embedded in the instructional design of video-based
simulations. Third, the insights provided by this study have prac-
tical relevance in international teacher education contexts, since
the study itself can serve as a prototype for the design of further
simulations.

1.1. Teacher assessment skills: a central professional requirement

Teacher assessment skills are a central element for teachers’
practice and a basic requisite for successful teaching and learning in
the twenty-first century (Darling-Hammond & Bransford, 2007). In
many countries, competency frameworks for teachers include skills
related to the assessment of students, with multiple educational
reforms having been established around such frameworks
(European Commission, 2013). While the assessment of students’
learning and thinking processes is one of the topics that are
currently receiving focus in academic discussions about the
teaching profession (Heitzmann et al., 2019; Loibl, Leuders, &
D€orfler, 2020; Südkamp & Praetorius, 2017), experts highlight
that there is still considerable potential for the further development
of these skills in existing teacher education (Schrader, 2017).
Despite the increasing amount of attention paid toward teachers’
assessment skills within teacher professionalization, there are so
far only a few tools and environments within teacher education
that allow for validly measuring and supporting the improvement
of these skills (Praetorius, Lipowsky, Karst, Lazarides, & Ittel, 2012;
Südkamp, M€oller, & Pohlmann, 2008).

The lack of tools and environments in teacher education may be
due to the fact that researchers are still exploring the prerequisites
and processes involved in on-the-fly formative assessment (Alonzo,
2011; Black&Wiliam, 2009; Furtak et al., 2016), while research has
focused on summative assessment situations for a long time, e.g., in
grading (Schrader & Helmke, 1987; Spinath, 2005; Südkamp,
Kaiser, & M€oller, 2012). Moreover, there is a certain disagreement
regarding the investigation of teachers’ assessment skills: While
there is a considerable amount of research on the accuracy of
teacher assessments (Helmke & Schrader, 1987; McElvany et al.,
2009; Südkamp, M€oller, & Pohlmann, 2008), substantial discrep-
ancies between findings collected through different methods make
drawing conclusions difficult (Spinath, 2005). For example, some
researchers asked teachers to rank students, leading to quite a
general assessment based on a comparison of all students within a
social setting (McElvany et al., 2009), while others compared
teachers’ assessments of students to experts’ evaluations (Karst &
F€orster, 2017). Finally, some researchers focused on the evaluation
of specific subskills, knowledge aspects, and other characteristics
exhibited by students that might serve as cues for the assessment of
the skill-to-analyze.

In the context of mathematical argumentation skills, research
has highlighted the value of mathematical content knowledge
(Weigand et al., 2014), methodological knowledge (Heinze & Reiss,
2003), and the use of problem-solving strategies (Schoenfeld, 1992)
as a basis for such skills (Ufer, Heinze, & Reiss, 2008). Accordingly,
the accurate assessment of each of these three content dimensions
can be regarded as a prerequisite for the formative and summative
assessment of students’ mathematical argumentation skills. In
particular, focusing on these three content dimensions supports
pre-service teachers in learning that these content dimensions are
likely not represented homogeneously within each student but that
students have distinct profiles regarding these dimensions. Next to
profiles of overall high or low skills in all three content dimensions,
mixed profiles, particularly concerning methodological knowledge
and the use of problem-solving strategies, have been described.
These student profiles, stemming from evidence in mathematics
education (Reiss & Ufer, 2009), can serve as a basis for designing a
video-based simulation, e.g., for staging videos and defining roles
for the simulated students, representing avatars for identified
profiles in research.

1.2. Authenticity of a simulation: an approximation of practice

To support pre-service teachers in acquiring practice-oriented
professional knowledge and skills, experts call for a close relation
to real-world professional situations (Bl€omeke, Gustafsson, &
Shavelson, 2015; Herppich et al., 2018; Kaiser et al., 2017;
Koeppen, Hartig, Klieme, & Leutner, 2008). In common teacher
education programs, this is often realized in the form of school
internships; however, these can be rather demanding for pre-
service teachers and represent quite complex situations (Stokking
et al., 2003). For example, even if pre-service teachers in
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internships only observe teaching, they often lack sufficient pro-
fessional knowledge (see also F€ortsch et al., 2018) to notice and
interpret significant situations in the classroom and thus may miss
learning opportunities (Seidel & Stürmer, 2014). Therefore, teacher
education must find additional ways to a) determine the current
skills of pre-service teachers and b) provide environments inwhich
they can practice relevant and specific skills. Grossman et al. (2009)
call such opportunities to engage in practices that are similar to
professional teaching practice approximations of practice.

Two aspects of such approximations of practice in teacher ed-
ucation should be considered and need to be balanced: authenticity
regarding real-world practice and complexity regarding required
cognitive demands. Other research approaches, which also refer to
the balance between authenticity and cognitive demand, point
toward simulations, defined as something that “imitates one pro-
cess by another process” (Hartmann, 1996, p. 83). Both approaches
agree that, from the perspective of the learner, it is essential that
the trained behavior can be easily transferred to real-world situa-
tions. Thus, the learner should perceive the represented situation as
authentic (Seidel, Blomberg, & Stürmer, 2010) and feel sufficiently
present (Schubert, Friedmann, & Regenbrecht, 2001) to become
involved in the actual learning situation. Moreover, to exhibit their
skills in artificial situations, learners must be cognitively involved
(Dankbaar et al., 2016) and focus their attention on the situation
(Witmer & Singer, 1998). Research shows that the simulation’s
presented opportunity to engage in the process of action supports
the cognitive involvement of learners (Paas, Tuovinen, Tabbers, &
van Gerven, 2003). This is also supported by Chen and Wu
(2012), emphasizing that in order to learn from approximations
of practice, students must be motivated to be active participants in
the learning process.

The call for approximations of practice in teacher education is
currently often answered by the use of videos (Bl€omeke,
Gustafsson, & Shavelson, 2015; van Es, Tekkumru-Kisa, & Seago,
2020). Videos capture the authenticity of classroom practice,
bringing to life the work of teaching for careful study (Brophy,
2004; Kang & van Es, 2018). Previous research has shown the
success of using video in investigating and fostering the acquisition
of relevant teacher skills, e.g., in mathematics teaching and other
domains (Friesen, Kuntze,& Vogel, 2018; Kaiser, Busse, Hoth, K€onig,
& Bl€omeke, 2015). In particular, prior research has shown that
classroom situations represented in videos are perceived as
authentic (Seidel et al., 2010). In some approaches, instead of videos
demonstrating real-world classroom situations, they are used to
exhibit pre-planned, artificial classroom situations e then called
staged videos. This type of video entails the risk of reduced
authenticity regarding its content and representation of real-world
situations. In particular, the selection and composition of the video
content, as well as the surrounding setting can contribute to their
similarity to professional teaching practice. Still, the research
underlined that staged classroom videos are generally experienced
as authentic by pre-service teachers (B€ottcher & Thiel, 2018;
Piwowar, Barth, Ophardt, & Thiel, 2017). Furthermore, staged
videos provide several benefits in terms of reduced complexity,
since they may allow pre-service teachers to more clearly focus on
specific events and eliminate other possibly distracting factors such
as background noise, peripheral movement, and actions. Therefore,
a video-based simulation using staged videos may provide an
authentic approximation of practice for pre-service teachers to
investigate and practice relevant teaching skills, such as the on-the-
fly assessment of student thinking.

1.3. Cognitive demand of a simulation: task difficulty

Although it is widely accepted that a task within an
approximation of practice should be as authentic as possible, its
difficulty must also be considered. The difficulty of a task is strongly
related to the acquired knowledge base of the learner; many diffi-
culties that pre-service teachers face can be attributed to a lacking
connection between the complex requirements of practical tasks
and the acquired conceptual knowledge (Bauer & Prenzel, 2012;
Grossman & McDonald, 2008). In particular, it appears to be diffi-
cult for students to relate conceptual professional knowledge ac-
quired at university to specific practical assessment situations in
classrooms (Alles, Apel, Seidel, & Stürmer, 2019). Therefore, when
designing tasks for simulations, a balance between authenticity and
the level of cognitive demand should be considered, allowing
participants to link the practical task to their acquired conceptual
knowledge. This concept, called the decomposition of practice, in-
volves breaking down practice into its constituent parts for the
purposes of teaching and learning (Grossman et al., 2009).

One way to achieve the decomposition of practice is to break
down a task within a simulation to a level that pre-service teachers
can master individually. When developing assessment tools for
teacher education, this level should ideally be designed in a way
that allows most participants to be grouped around a medium level
of difficulty with enough potential for higher levels of difficulty,
which allows for the measurement of positive learning de-
velopments (cf. Seidel & Stürmer, 2014). Besides, task difficulties
can be varied in meaningful ways by, e.g., starting with tasks that
are likely to be easier before moving on to more cognitively
demanding tasks. When applying this perspective to a simulation
that measures pre-service teachers’ skills in assessing students’
mathematical argumentation skills, a measure of its cognitive de-
mand could involve comparing participants’ judgments of observed
student skills with expert judgments, thus using a measure of
judgment accuracy (Südkamp & M€oller, 2009). In addition, an
easier task could involve ranking the observed students according
to their overall mathematical argumentation skills. A detailed
assessment of students’ mathematical argumentation skills
considering multiple underlying content dimensions, such as
mathematical content knowledge or methodological knowledge,
would likely be more difficult to provide. Therefore, the selection of
assessment tasks with varying levels of difficulty is important to
address the respective cognitive demand of all participants.

1.4. Aim of study

The main aim of the present study was to provide first insights
into the internal validity of a newly developed video-based simu-
lation by balancing authenticity and cognitive demand. In partic-
ular, the video-based simulation was intended to be applicable in
initial teacher education and useable for measuring pre-service
teachers’ acquired assessment skills at various times throughout a
teacher education program, thus allowing for adequate room for
increased performance. The first goal of this study was to investi-
gate whether participants perceived the video-based simulation as
an authentic approximation of practice, thus allowing for a
contextualized, valid method for measuring assessment skills. The
second goal of the study was to investigate if the decomposition of
the professional situation resulted in an adequate level of cognitive
demand, measured by participants’ success in the assessment tasks
and, therefore, the ability to measure a range of pre-service
teachers’ assessment skills.

RQ 1: How do pre-service teachers experience the video-based
simulation regarding an authentic approximation of practice?

Participants’ perceptions of a high level of authenticity in the
simulations’ videos, the embedding of the videos in the simulation,
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and the participants’ reported cognitive involvement and motiva-
tion were anticipated to provide empirical support for a valid
approximation of practice.

RQ 2: How do the two tasks in the video-based simulation
indicate adequate levels of difficulty and distributions of student
performances in mastering the assessment situation?
(i) Task 1: Provide a correct ranking of the represented students

according to their overall mathematical argumentation
skills.

(ii) Task 2: Produce accurate, detailed assessments of the spe-
cific skills and characteristics of mathematical argumenta-
tion skills as exhibited by the students in the video-based
simulation.

Based on the observed distribution of participants’ responses,
adequate levels of difficulty were given if participants reached an
average medium score. This implies that the measurement of par-
ticipants’ assessment skills via the two tasks exhibits neither ceiling
nor floor effects. Nevertheless, the scoring distribution of the par-
ticipants’ responses for each task should show enough variance to
measure differences in their assessment skills. The ranking of stu-
dents according to their overall mathematical argumentation skills
(Task 1) was hypothesized to be less difficult than a detailed
assessment of the specific aspects of the students’ argumentation
skills (Task 2).

2. Method

2.1. Participants

The recruitment of participants took place within a course in a
German bachelor’s program for pre-service high school teachers.
The pre-service teachers participated voluntarily after a regular
meeting for the course. Participation was remunerated but did not
influence the course’s grading nor the students’ passing. In the
design and implementation of the study, researchers adhered to the
standards of the Ethical Principles of Psychologists and Code of
Conduct (American Psychological Association, 2017). The sample
consisted of 28 pre-service high school teachers (13 female, 15
male). The average age was 21.5 (SD ¼ 2.0). The course, fromwhich
the data collection took place was for pre-service high school
teachers in their third semester of their bachelor’s program. As in
this program, the pre-service high school teachers go through the
same curriculum, most of the participants in the study were in their
third semester. Most participants had completed two university
mathematics modules (each module includes two lectures and two
exercises per week) in previous semesters. Likewise, most partici-
pants had completed two modules focusing on mathematics edu-
cation and two modules in pedagogy and educational psychology.
All participants had gained at least some practical experience in
teaching. Additionally, most had completed about two weeks of
internships in schools. During this time, they had taught, on
average, 2.6 (SD¼ 1.3) lessons on their own. Besides, all participants
had experience in private tuition to students in mathematics
(M ¼ 2.9 years; SD ¼ 1.3).

2.2. Design of the video-based simulation

To design a video-based simulation to investigate pre-service
teachers’ assessment skills, the research team developed a set of
staged video clips depicted typical one-on-one teacherestudent
interactions during class, which were then embedded in a simu-
lation based on the principles of problem-oriented learning (Gr€asel,
Fischer, & Mandl, 2000) and student scaffolding (Tabak & Kyza,
2018; see also the recent meta-analysis on scaffolding in simula-
tions by; Chernikova et al., 2019). Each video clip includes a
simulated teacher and one of four simulated students from seventh
grade at a German high school (Andreas, Barbara, Christian, and
Doris). In the video clips, a simulated teacher and the simulated
students are discussing the students’ progress and argumentation
in the context of a geometry proof task: The simulated students
must prove that opposite sides of a parallelogram are of equal
length based on the information that parallelogram pairs of sides
are parallel. The participants of the simulation take on the role of a
pre-service intern e matching their prior experiences e asked to
assess the mathematical argumentation skills of these four simu-
lated seventh graders during the course of the simulation.

For the production of the staged video clips, the research team
followed Dieker et al.’s (2009) recommendations, which contain
three consecutive phases: first, the selection of evidence-based
practices; second, vignette script development; and third, video
production. During the first phase, the team conducted a literature
review of important mathematical student skills and their assess-
ment in school. Based on the review, the team identified mathe-
matical argumentation skills as a relevant content for the
assessment situation. Studies from mathematics education have
identified different mathematical content dimensions as predictive
of students’ performance in handling mathematical argumenta-
tions in proofs (Sommerhoff, Ufer, & Kollar, 2015; Schoenfeld,
1992). Based on Ufer, Heinze, & Reiss (2008) and Sommerhoff,
Ufer, & Kollar (2015), the current study focused on three of these
dimensions: students’ mathematical content knowledge (Weigand
et al., 2014), methodological knowledge (Heinze& Reiss, 2003), and
problem-solving strategies (Schoenfeld, 1992). During the second
phase, the research team developed a contextual frame and
detailed scripts for the staged video clips of the four simulated
students. Guided by van Hiele’s model for describing the develop-
ment of the geometric thinking of children (Usiskin, 1982), four
different student profiles were designed: Andreas (profile A), Bar-
bara (profile B), Christian (profile C), and Doris (profile D).1 The
profiles represented different mathematical argumentation skill
levels, varying on the three selected mathematical content di-
mensions. Andreas (profile A) was designed to have the weakest
mathematical argumentation skills, Doris (profile D), the strongest,
and Barbara (profile B) and Christian (profile C) medium-low and
medium-high mathematical argumentation skill levels, respec-
tively. A script was written for each student profile, containing the
detailed verbal exchanges of the teacherestudent interactions as
well as blueprints of the simulated students’ sketches and records
in the exercise books. During the third phase, the research team
created and edited video footage to generate a representation of
teaching practice. The footage contained eight staged video clips
per student profile, with consecutive teacherestudent interactions
regarding the geometry proof task. The teacherestudent in-
teractions included the progress, thoughts, and questions each
simulated student shared during their short discussions with the
simulated teacher. One camera additionally showed the sketches
and records of the simulated student whenever they became
relevant in the conversation (see Fig. 1). Each video clip lasted
approximately 1 min (M ¼ 71 s, SD ¼ 22), and each included cues
related to at least two of the three mathematical content di-
mensions. Besides the verbal statements of the simulated students,
cues related to these content dimensions could also be found in the
students’ sketches and records.
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The staged video clips were then embedded in the simulation.
The video-based simulation had an underlying structure consisting
of four main parts (see Fig. 1). In part one, the simulation started by
familiarizing the participants with the assessment situation of the
simulation: Participants were welcomed to the simulated teacher’s
classroom as observing pre-service interns. Consequently, the
participants were introduced to their assessment task: The simu-
lated teacher asked them to assess the mathematical argumenta-
tion skills of four simulated students so that he could choose tasks
for their individual learning support in subsequent classes. Partic-
ipants received information on the assessment purpose and the
three content dimensions of mathematical argumentation skills on
which they were to focus. In part three, the assessment situation,
participants could then work independently in the simulated
classroom situation to gather information about the simulated
students by watching the video clips and taking notes. Initially, the
participants observed each simulated student once in their inter-
action with the simulated teacher. After this first round which
included the watching of four video clips and every subsequent
round of videowatching, participants were able to interact with the
simulation and determine the future process by choosing to either
observe the simulated student further or deciding they had gath-
ered sufficient information for the assessment of this particular
simulated student. In total, a maximum of 20 video clips could be
observed, and participants were free to decide how to distribute
these observations among the simulated students. This limitation
of 20 video clips was set to simulate an authentic classroom situ-
ation in which teachers must divide their attention between all
students in a class instead of having an unlimited number of in-
teractions with one (or four) specific students. In addition, this
limitation was also set to keep participation in the simulation
feasible and comparable across the participants’ assessment pro-
cess. The notes participants were allowed to take for each obser-
vation during the assessment process would help during the fourth
part of the simulation. Here, participants were asked to formulate
their notes into a written assessment of each simulated student,
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which was introduced in the simulation as to be passed on to the
simulated teacher. Then, participants ranked the simulated stu-
dents according to their overall mathematical argumentation skills
from weakest to strongest (Task 1). Subsequently, the participants
assessed the students’ mathematical argumentation skills
regarding the three mathematical content dimensions using Likert
response items (Task 2).

2.3. Measures and instruments

2.3.1. Authenticity of simulation
To assess the extent to which the video-based simulation was

perceived as an authentic approximation of practice, participants
rated their perception on four different scales after working with
the simulation (see Table 1). The two scales for perceived authen-
ticity consisted of three items each and were both adapted from
Schubert et al. (2001). They were used to address the authenticity
of the videos showing the teacherestudent interactions (authen-
ticity of videos) and the representation of the assessment situation
in the entire simulation (authenticity of simulation). Additionally,
two scales with four items each and addressing the cognitive
involvement (Vorderer et al., 2004) and motivation of the partici-
pants were implemented. Participants rated each of the four scales
on a five-point Likert response scale. The scale for motivation is
based on the expectancy-value theory (Wigfield & Eccles, 2000)
and measures the value factor of motivation by asking about the
value of the assessment task.

2.3.2. Cognitive demand of simulation
The difficulty of the assessment tasks in the video-based

simulation, which served as indicators of its adequate demand for
participants, was determined using two approaches (Helmke &
Schrader, 1987; McElvany et al., 2009): (i) participants’ assess-
ment of the students’ overall mathematical argumentation skills in
Table 1
Description of the scales for authenticity: Number of items (N), items, and internal cons

Scales N Items

Authenticity of videos 3 I think the video clips are authentic.
The video clips came across like a real-life
The experience of the video clips was sim

Authenticity of simulation 3 I think the simulation is authentic.
The tasks I had to cope during the simula
The experience in the simulation was sim

Cognitive involvement 4 I focused heavily on the situation.
In the meantime, I have forgotten that I a
I have immersed myself in the situation.
I was fully committed.

Motivation 4 I think it is important to be able to cope w
Even if these tasks are not part of a grade
It is useful to deal with these tasks.
It would be useful to deal with these task

Note. Likert response scale from 0 (disagree) to 4 (agree).

Table 2
Description of the mathematical content dimensions: Number of items (N) and items.

Scales N Items

Mathematical content knowledge 3 The student knows
The student has pro
The student knows

Methodological knowledge 3 The student knows
The student knows
The student knows

Problem-solving strategies 2 The student can use
The student can pla

Note. Likert response scale from 1 (disagree) to 4 (agree).
rank order and (ii) their detailed assessment of each student
regarding the three content dimensions.

Rank order assessment of student profiles. By design, the student
profiles could be ranked, as the students exhibited mostly coherent
cues related to their mathematical argumentation skills in the
video clips, which highlighted their different skill levels. For a
correct ranking assessment of the profiles as “A B C D” (from low to
high), participants received three points. For each switching of two
profiles in their ranking, one point was subtracted, creating a range
from zero to three points (e.g., “A B D C” switched C and D, resulting
in a score of 2; “A D B C” switched B and D, and C and D, resulting in
a score of 1).

Accuracy of detailed assessment: student profiles and content di-
mensions. The participants assessed each of the four simulated
students according to three different mathematical content di-
mensions: mathematical content knowledge, methodological
knowledge, and problem-solving strategies (see Table 2). For the
two knowledge dimensions, participants assessed the four simu-
lated students on three items each. For the problem-solving stra-
tegies dimension, participants answered two items for each
simulated student. Each of the items addressed a distinct aspect of
the students’ mathematical argumentation skills in terms of ge-
ometry proofs. The response format for these items was a four-
point Likert response scale.

Prior to the study, two mathematics education researchers
independently rated the four student profiles regarding each of the
above-mentioned aspects with a substantial interrater agreement
(Cohen’s k ¼ 0.80). A consensus approach was applied in case of
differences. The accuracy of the participants’ ratings was based on
this solution. For each item, participants received one point in the
case of agreement with this solution and zero points for non-
agreement. Assessment accuracy for each specific student profile
istency (Cronbach’s Alpha).

a

.74
situation.
ilar to the experience in a real-life situation.

.71
tion came across like a real-life situation.
ilar to the experience in a real-life situation.

.76
m participating in a study.

ith these tasks. .85
d assignment, it is important to succeed in them.

s, as it is generally useful to be able to cope with these types of tasks.

the characteristics of basic terms in geometry.
totypical conceptions for basic terms in geometry.
relationships and connections between basic terms in geometry.
what kind of arguments are valid in a proof.
that a proof begins with the conditions and ends with the claim.
that a proof is an entire sequence of arguments.
different heuristic strategies to solve problems independently.
n his or her course of action independently, monitor it, and adjust it if necessary.



2 The following significance levels are used throughout the article: ***p < .001,
**p < .010, *p < .050.
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and mathematical content dimension was defined as the mean
score of the items of the particular content dimension for that
student profile. The overall assessment accuracy of a student profile
or content dimension was calculated as the mean of the relevant
items.

2.4. Formative expert feedback on the simulation

Additionally, the research team used an external validation to
increase the quality of the simulation. In different phases of the
development of the video-based simulation, the research team
incorporated the opinions of external mathematics education ex-
perts (criteria: more than five years of secondary school experience
and currently active in teacher education). In an initial feedback
phase, researchers interviewed three external mathematics edu-
cation experts after reviewing the entire prototype of the video-
based simulation. Their feedback on the instructions and
handling of the simulation influenced changes made to its design
(e.g., which information about the classroom situation was neces-
sary and how and when notes could be taken during the observa-
tion process). In a second feedback phase, seven external
mathematics education experts worked on the video-based simu-
lation and were asked to evaluate it regarding a) the authenticity of
the simulated situation, b) the assessment tasks, and c) the mea-
surement of the assessment skills of the participants. As a result,
the authenticity of the simulated situation presented in the video
clips (M¼ 2.81, SD¼ 0.88) and the authenticity of the simulation in
terms of its instructions (M ¼ 2.14, SD ¼ 0.79) were rated generally
positively by these experts (see above for a description of the
scales). In total, the experts’ ratings, as well as their open com-
ments, highlighted that they perceived the video-based simulation
as an authentic approximation of an assessment situation. The
experts pointed out that the task was instructed in a precise and
understandable way. They considered the student profiles to be
coherently designed with explicit cues for the three content di-
mensions. The comments from these external reviews of the video-
based simulation indicate that the student profiles represented
mathematical argumentation skills as described in the literature.
Regarding the measurement of the assessment skills, the expert
reviews stated that the items for the detailed assessment were
suitable for measuring the pre-service teachers’ skills in this situ-
ation. Their reviews from the second feedback phase showed that
these external mathematics education experts were largely in
agreement with the solution for the detailed assessment developed
by the two mathematics education researchers.

2.5. Analyses

Descriptive statistics were computed to describe and explore
participants’ perception of the simulation as an approximation of
practice. Descriptive statistics are presented in this article for the
perceived authenticity of the videos and the simulation as well as
the participants’ cognitive involvement and motivation. To explore
the difficulty of the assessment tasks, descriptive statistics for the
difficulty of the rank order assessment and the accuracy of the
detailed assessment were computed. Additionally, one-way
repeated measures analyses of variances (rmANOVAs) of the ac-
curacy of the detailed assessment were computed to reveal differ-
ences in accuracy between the assessments of the student profiles
and content dimensions. All participants were included in the an-
alyses, as no specific outliers (e.g., not regarding superficial pro-
cessing of the simulation) could be identified. For testing the
conjectures empirically, the rmANOVAs were computed with con-
trasts and bonferroni-adjusted post-hoc analyses for multiple
comparisons to analyze any differences in the accuracy of the
student profile assessments or content dimensions in more detail.
As a prerequisite for analyzing the differences in the accuracy of

the four student profiles, the Shapiro-Wilk test was computed. It
showed the normality of the accuracy in rating profile B (Barbara)
(p ¼ .254) and C (Christian) (p ¼ .097)2, however, the test yielded
significant results for profile A (Andreas) (p ¼ .002) and D (Doris)
(p ¼ .035). Due to the robustness of a rmANOVA under an appli-
cation of non-normally distributed data (Schmider, Ziegler, Danay,
Beyer, & Bühner, 2010), the rmANOVA was computed with no
further adjustments as the Mauchly test for violations of sphericity
was not significant (p¼ .606). Regarding differences in the accuracy
of the three content dimensions, the Shapiro-Wilk test revealed the
normality of the assessment accuracy for mathematical content
knowledge (p ¼ .842) and methodological knowledge (p ¼ .319).
Even though the test yielded a significant deviation from normality
for problem-solving strategies (p ¼ .007), the rmANOVA was
computed with no further adjustments as the Mauchly test for vi-
olations of sphericity was not significant (p ¼ .235).

3. Results

3.1. Descriptive results for participants’ use of the simulation

In the present study, the median working time of the partici-
pants was 1.2 h for the video-based simulation. Most participants
watched 13 video clips (M ¼ 12.68, SD ¼ 5.64), but the full range of
the allowed number of video clips (4e20) was used across partic-
ipants. The participants decided to watch approximately the same
number of video clips across the different student profiles. They
watched an average of 3.04 (SD ¼ 1.60) video clips for the weaker
student profile Andreas, 3.36 (SD ¼ 1.62) video clips for the
medium-low student profile Barbara, 3.07 (SD ¼ 1.46) video clips
for the medium-high student profile Christian, and 3.21 (SD ¼ 1.71)
video clips for the high-performing student profile Doris. For all
student profiles, the participants used the provided text boxes for
taking notes during the assessment situation. In the last part of the
video-based simulation, all participants gave their final assessment.
It took them approximately half a minute (Mdn ¼ 30 s) to rank the
student profiles according to their overall mathematical argu-
mentation skills. In about a minute per student profile, they
answered the questions for the detailed assessment (profile A:
Mdn ¼ 63 s, profile B: Mdn ¼ 77 s, profile D: Mdn ¼ 53 s). Only for
Christian (profile C) did participants use approximately 2 min
(Mdn¼ 121 s). This might be due to the fact that this student profile
was the first profile shown to participants during the simulation,
and the questions were still new for the participants.

3.2. Authenticity of simulation

On average, the participants evaluated the authenticity of the
videos and simulation, as well as their cognitive involvement and
motivation in the upper half of the Likert response scale (see
Table 3). Their motivation was rated highest, with an average of
3.25 in the top fourth of the response scale, followed by the
authenticity of the videos with an average of 2.73 in the top third of
the response scale. The standard deviations for all the scales were
to be similarly small (SD < 0.81). None of the participants rated on
the lowest end of the response scale. Between 50% (authenticity of
simulation) and 93% (motivation) of the given answers were in the
highest two ratings on the response scales. In contrast, only 4% (one
participant; for both authenticity scales and motivation) to 18%



Table 3
Descriptive statistics for authenticity: Percentage of choices, mean values (M), and the standard deviation (SD) of the scales.

Scales Does not apply % Hardly applies % Partly applies % Mostly applies % Applies % M SD

Authenticity of videos 0 4 32 54 11 2.73 0.70
Authenticity of simulation 0 4 46 39 11 2.50 0.75
Cognitive involvement 0 18 21 54 7 2.37 0.81
Motivation 0 4 4 43 50 3.25 0.70

Note. N ¼ 28. Likert response scale between 0 (does not apply) and 4 (applies).
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(cognitive involvement) of the answers were in the lowest two
ratings on the response scales.
3.3. Cognitive demand of simulation

3.3.1. Rank order assessment
Overall, participants received an average score of 2.57 points

(SD ¼ 0.57) (in a range from zero to three points) on the rank order
assessment task. Four different rank orders were observed for the
sample (see Table 4). Regarding the difficulty of this task for the
participants, 61% of the participants correctly answered the ranking
task by arranging the student profiles from A to D. Thirty-six
percent of the participants switched the order of two student
profiles: either the twomedium-level students (B and C) or the two
stronger students (C and D). One participant switched three stu-
dent profiles.
Table 4
Descriptive statistics for the rank order of the student profiles: Number of partici-
pants (N), percentage of participants (%), and scoring (Score).

Rank order N % Score

A B C D 17 61 3
A C B D 7 25 2
A B D C 3 11 2
C A B D 1 3 1

Note. N ¼ 28. The score ranges from 0 to 3.

Fig. 2. Detailed assessment accuracy for all four simulated student profiles. Left:
comparison of the assessment accuracy of the two outmost and the two medium-level
student profiles. Right: comparison of assessment accuracy of the four individual
student profiles.
3.3.2. Accuracy of detailed assessment
Table 5 shows the accuracy of the participants’ detailed

assessment regarding the three content dimensions (agreement
with expert judgments) for the four student profiles. Descriptive
data show that the assessment accuracy was highest for Doris, the
strongest student (M ¼ 0.68, SD ¼ 0.21). Assessment accuracy was
slightly lower for the weakest student, Andreas (M ¼ 0.54,
SD ¼ 0.32), and lowest for the medium-level students, Christian
(M ¼ 0.39, SD ¼ 0.22) and Barbara (M ¼ 0.37, SD ¼ 0.18). The
assessment accuracy of the content dimensions for the student
profiles was highest for the items belonging to the mathematical
content knowledge of the students (M ¼ 0.60, SD ¼ 0.22), lower for
methodological knowledge (M ¼ 0.46, SD ¼ 0.14), and the lowest
for problem-solving strategies (M ¼ 0.42, SD ¼ 0.15). The overall
assessment accuracy average in this video-based simulation was
Table 5
Descriptive statistics for level of difficulty: Mean values (M) and standard deviation (SD)

Scales Andreas Barbara

M (SD) M (SD)

Mathematical content knowledge .61 (0.37) .44 (0.33
Methodological knowledge .57 (0.45) .44 (0.22
Problem-solving strategies .38 (0.22) .29 (0.25
Total .54 (0.32) .37 (0.18

Note. N ¼ 28. The accuracy of the assessment is expressed as the normalized agreemen
(perfect agreement with the solution).
0.50 (SD ¼ 0.14). In other words, approximately half of the partic-
ipants’ ratings matched the solution.

3.3.3. Differences in the accuracy of the detailed assessments
The first rmANOVA showed significant overall differences in the

accuracy of assessing different student profiles (F(3, 81) ¼ 12.36,
p < .001), highlighting a large effect size of h2 ¼ 0.23. Planned
contrasts revealed a statistically significant difference in the accu-
racy of assessing the two outmost student profiles, the weakest and
strongest (Andreas and Doris), and the two medium-level student
profiles (Barbara and Christian). There was a mean difference of
0.23 between both types of profile (SE ¼ 0.04, Bonferroni-adjusted
p < .001; see Fig. 2). In addition, post-hoc pairwise comparisons
revealed a significant difference in the accuracy of assessing the
strongest student, Doris (M ¼ 0.68, SD ¼ 0.21), and the two
medium-level students. The difference in the accuracy of assessing
the profile Doris and the profile Barbara (M ¼ 0.37, SD ¼ 0.18) was
0.31 (SE ¼ 0.06, Bonferroni-adjusted p < .001) and the difference in
the accuracy of assessing the profile Doris and the profile Christian
(M ¼ 0.39, SD ¼ 0.22) was 0.29 (SE ¼ 0.06, Bonferroni-adjusted
p < .001). A significant difference in the accuracy of the student
profiles for Andreas (M ¼ 0.54, SD ¼ 0.32) and Barbara (M ¼ 0.37,
of accuracy for each student profile and each content dimension.

Christian Doris Total

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

) .48 (0.40) .83 (0.28) .60 (0.22)
) .36 (0.24) .56 (0.27) .46 (0.14)
) .36 (0.33) .64 (0.36) .42 (0.15)
) .39 (0.22) .68 (0.21) .50 (0.14)

t with the solution and ranges from 0.00 (no agreement with the solution) to 1.00



Fig. 3. Detailed assessment accuracy for all content dimensions.
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SD ¼ 0.18) was found: 0.17 (SE ¼ 0.06, Bonferroni-adjusted
p ¼ .035) (see Fig. 2).

The second rmANOVA determined that the mean accuracy of
the participants revealed statistically significant overall differences
between the three mathematical content dimensions (F(2,
54) ¼ 16.40, p < .001) with a large effect size of h2 ¼ 0.17. Post-hoc
analyses revealed significant differences in the accuracy of the
mathematical content knowledge (M ¼ 0.60, SD ¼ 0.22) and the
methodological knowledge (M ¼ 0.46, SD ¼ 0.14) assessments of
the students, with a difference of 0.14 (SE ¼ 0.03, Bonferroni-
adjusted p < .001), as well as their problem-solving strategies
(M ¼ 0.42, SD ¼ 0.15), with a difference of 0.19 (SE ¼ 0.04,
Bonferroni-adjusted p < .001) (see Fig. 3).
4. Discussion

This article focuses on the use of video-based simulations as
assessment tools and learning environments for the development
of pre-service teachers’ professional skills in university-based
teacher education (Cochran-Smith & Zeichner, 2005). Such simu-
lations are currently being discussed as promising new measure-
ment systems for improving teachers’ professional skills (van Es,
Tekkumru-Kisa, & Seago, 2020); however, few such simulations
have been created and validated until now. Based on the framework
for teaching practice by Grossman et al. (2009), an authentic
approximation of practice and a suitable level of cognitive demand
can be determined as important dimensions of video-based simu-
lations that allow for practice-oriented teacher learning. This study
considered a newly created video-based simulation focusing on
teachers’ assessment skills regarding students’ mathematical
argumentation skills as a) an approximation of a real-world pro-
fessional situation in mathematics classrooms and b) a decompo-
sition of relevant mathematics education content and its adaption
to pre-service mathematics teacher assessment skill levels.

Regarding the first research question, the results of this study
revealed that the embedded video clips were perceived as
authentic representations of practice, matching prior research on
videos capturing the authenticity of classroom practice (Brophy,
2004). Despite the use of staged videos, the presented student
profiles and their performance on the geometry proof task were
perceived as authentic, thus extending prior results on the special
medium of staged videos (B€ottcher & Thiel, 2018; Piwowar et al.,
2017). During the simulation, participants were given the task to
assess the students’ mathematical argumentation skills by watch-
ing teacherestudent interactions in multiple video clips and had
the possibility to influence the course of working with the simu-
lation by being able to decide on the number of video clips required
to finally assess students’ argumentation skills. Despite the fact that
this environment is quite new for both the participants as well as in
(video-based) teacher education research in general, the simulation
was perceived as authentic, thus mirroring a real-world profes-
sional task. This is also reflected by the external mathematics ed-
ucation experts’ qualitative evaluations of the simulation.
Therefore, it can be concluded that this newly developed video-
based simulation appears to be a useful practice representation of
a highly relevant professional task in mathematics teaching. The
findings indicated that a valid approximation of practice was
created that may be used to help participants acquire practice-
oriented knowledge that can effectively be transferred from the
simulated environment to real-world practice (Grossman et al.,
2009). Furthermore, participants reported being highly cogni-
tively involved in the simulation. In research on simulations, this is
considered an important part of participants’ presence in a situa-
tion, which means that a certain sense of actually being in a virtual
environment develops (Schubert et al., 2001). This supports the
hypothesis that the participants’ behavior in the simulation may
mimic real-world situations.

Analyses regarding the cognitive demand of the simulation
tasks showed that the basic task of ranking the observed student
profiles according to their overall mathematical argumentation
skills (Task 1) was well-mastered. The results regarding the detailed
assessment of the students’ argumentation skills (Task 2) revealed
adequate levels of difficulty in rating the student profiles on the
three content dimensions. The targeted medium scoring level was
reached, with an adequate distribution around the mean and po-
tential for positive development in the direction of the upper scale
of the assessment tasks. As expected, the ranking of the student
profiles seemed to be less difficult than providing a detailed
assessment of specific aspects of student’s argumentation skills.
These findings further suggest the internal validity of the simula-
tion, since the implementation of research results from prior
mathematics education research regarding commonly observed
student skills is in line with our empirical findings of participants’
ranking of our simulated students, and an adequate distribution
around the mean (Reiss & Ufer, 2009). In addition, these findings
indicate that the goal of achieving an adequate level of difficulty is
an indicator of whether the decomposition of a complex profes-
sional task can be reached (Seidel, Stürmer, Sch€afer, & Jahn, 2015;
Tekkumru Kisa& Stein, 2015). This indicates that the simulation can
be used as an assessment instrument to a) measure pre-service
teachers’ assessment skills and also b) capture the development
of these assessment skills. However, the necessary room for
improvement shows that a higher degree of complexity (e.g.,
realized by inconsistent, simulated student profiles) may indicate
an area for future learning once the aspects featured in this simu-
lation have been mastered.

Altogether, the results of this study show that it is possible to
develop a video-based simulation that successfully combines two
important concepts: i) being perceived as authentic and approxi-
mating a real-world classroom situation and ii) cognitive demand
not overwhelming pre-service teachers so that participants have
the opportunity to acquire practice-oriented knowledge. This also
underlines, that both concepts e authenticity and cognitive de-
mand e while related, are not two ends of a continuum, which
would limit simulations to either be authentic or have a suitable
cognitive demand, but that both concepts differ and can be suc-
cessfully combined in the creation of video-based simulation. This
appears to be a prerequisite for participants to successfully transfer
their behavior to the real world.

Although this study’s results are promising, some limitations
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must be considered. First, the reported study included a sample of
28 participants. This number of participants is relatively small and
reduces the value of the study to a certain degree. Therefore, future
studies should provide additional evidence by a) collecting quali-
tative data for further insights into participants’ assessment skills;
b) gaining insights into learner subgroups and the behavior of the
simulation regarding these groups and c) regarding further aspects
of validity. Such further aspects of validity can be considered con-
ducting, e.g., comparisons using other instruments and external
criteria (e.g. Seidel & Stürmer, 2014; Jahn, 2014). However, the
special design of the simulation and its specific, context-related
tasks make comparisons difficult. Moreover, the adequacy of the
simulation as an assessment and learning instrument for (pre-
service) teacher education should be further validated using par-
ticipants with varying levels of experience to produce more reliable
data regarding the simulation’s demands at those levels. However,
the results regarding the simulation’s authenticity can be assumed
generalizable to other cohorts, and, as the current difficulty of the
detailed analysis was mediocre, there should be some room for
both less and more experienced students to use the simulation as
well. In particular, additional student profilesdincluding those
showing inconsistent student behavior or other difficulty-
generating aspects of real-life students and classroom sit-
uationsdcan be easily added. Finally, the study was mainly based
on the framework for teaching practice and considerations
regarding the concepts of decomposition and approximation of
practice developed by Grossman et al. (2009). However, further
research, which might vary conceptual frameworks or concepts of
frameworks in systematic ways with the goal of further improving
teacher education, is required.

5. Conclusion

The presented study introduced a video-based simulation in the
field of teacher education research, focusing on pre-service teach-
ers’ assessment skills regarding students’ mathematical argumen-
tation skills. By basing the design of the simulation on concepts of
the framework for teaching practice (Grossman et al., 2009), a
balance between authenticity and cognitive demand emerged as
the central design target. In conclusion, this video-based simulation
can serve as an evidence-based approximation of practice with the
potential to be used in further interventions within teacher edu-
cation programs. The added-value can be viewed in three ways:
First, the study is of conceptual value since it represents an exem-
plary application of concepts of the framework for teaching practice
in the design of a video-based simulation. Balancing authenticity
and cognitive demand served as a basis in the development of a
simulation in the context of mathematics education. Second, the
study is of methodological value since the findings provide further
positive evidence regarding the successful implementation of evi-
dence stemming from mathematics education research on
observed student argumentation skills in the simulation. Based on
the findings of this study, the video-based simulation seems useful
for teacher education as part of the valid assessment of practice-
oriented knowledge and its acquisition. Third, this simulation
might also be used to support teachers’ learning when it is enriched
with further learning tasks and possibilities for reflection. There-
fore, the study has practical implications for teacher education in
various educational contexts, since training the assessment of
students’ mathematical argumentation skills is part of many
mathematics teacher education programs worldwide.
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