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Everyday teaching requires teachers to deal with a variety of pedagogical issues,
such as classroom disruptions. Against the background of on-going calls for an
evidence-informed practice, teachers should ground their pedagogical decisions not
only on subjective theories or experience-based knowledge but also on educational
theories and empirical findings. However, research suggests that pre- and in-
service teachers rather refer to experiential knowledge than to educational knowledge
when addressing practical, pedagogical issues. One reason for the infrequent
use of educational knowledge is that acquired knowledge has remained inert
and cannot be applied to complex situations in practice. Therefore, implementing
learning with contrastive (i.e., functional and dysfunctional) video examples in teacher
education seems promising to promote pre-service teachers’ acquisition of educational
knowledge. The 2x2-intervention study (N = 220) investigated the effects of
the video sequence (dysfunctional-functional/functional-dysfunctional) and of video
analysis prompts (with/without) on learning outcomes (concept knowledge, application
knowledge) and on learning processes (written video analyses). Results revealed that
the sequence dysfunctional-functional led to higher application knowledge in the post-
test. There was no sequencing effect on concept knowledge. Prompted groups showed
higher concept knowledge and application knowledge in the post-test. Furthermore,
both experimental factors affected learning processes, which resulted in higher learning
outcomes. In conclusion, learning with contrastive video examples in teacher education
seems to be more effective if the video examples are presented in the sequence
dysfunctional-functional and if instructional prompts guide the video analysis. The results
substantiate the relevance of instructional guidance in learning with video examples and
broaden the scope of validity of the concept of learning from errors.

Keywords: teacher education, video examples, erroneous examples, sequencing effects, instructional prompts,
evidence-informed practice

INTRODUCTION

Everyday teaching involves multiple complex situations in which teachers need to decide about
how to act, such as classroom disruptions, learning difficulties, or students who do not engage in
cooperative learning. With the aim of improving teaching practice, teachers are required to take
decisions in their everyday teaching based not only on subjective theories or experiential knowledge
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but also on educational evidence, i.e., educational theories and
empirical findings (Joyce and Cartwright, 2020; Ferguson, 2021;
Slavin et al, 2021). The relevance of promoting evidence-
informed practice in teacher education becomes particularly
obvious in the light of studies showing that pre-service teachers
and in-service teachers infrequently or inadequately draw on
educational evidence in practical issues (e.g., Dagenais et al.,
2012; Lysenko et al, 2015; Csanadi et al, 2021; Hartmann
et al, 2021; Kiemer and Kollar, 2021). Reasons for such an
infrequent or inadequate use of educational knowledge can be
manifold: Research has revealed both cognitive and affective
barriers of evidence-informed practice (Lysenko et al., 2014;
Kiemer and Kollar, 2021; Thomm et al.,, 2021). In particular,
for an evidence-informed teaching practice, knowledge about
educational theories and empirical findings needs to be
cognitively represented in such a way that it can be applied
(Boshuizen et al., 2020). However, even if acquired knowledge
was available, it could run the risk of remaining inert, i.e.,
not being used, when it comes to solving complex problems
(Renkl et al, 1996). Inert knowledge does not necessarily
have metacognitive or motivational causes. A low quality of
available knowledge, especially a low level of elaboration depth,
weak structuredness and/or a missing linkage to concrete
(practical) situations during the phase of knowledge acquisition,
can lead to inert knowledge (De Jong and Ferguson-Hessler,
1996; Renkl et al., 1996). To prevent teachers from inert
knowledge, instructions in teacher education must be designed
in a way that enables pre-service teachers to integrate educational
and experiential knowledge (Hennissen et al., 2017; Lehmann
et al., 2020). Therefore, it seems promising to encourage pre-
service teachers to actively link educational knowledge with
practice-oriented contexts of application already in the phase of
knowledge acquisition.

Classroom videos have become a popular educational tool
for situating learning and linking theory and practice in teacher
education (Gaudin and Chalies, 2015). Classroom videos can
enhance cognitive, meta-cognitive, and motivational outcomes
(e.g., Star and Strickland, 2008; Beitzel and Derry, 2009; Sherin
and van Es, 2009; Barth et al., 2019; Thiel et al., 2020; for an
overview cf. Hamel and Viau-Guay, 2019). To be authentic,
classroom videos do not necessarily need to present real-world
situations. So called “staged” videos, which present a teacher
acting in an exemplary, pre-planned classroom situation with
reduced complexity, enable learners to focus on the teachers’
and students’ key behaviors and their interrelations, e.g., the
success of a teacher’s strategy to intervene in a classroom
disruption (Piwowar et al.,, 2018; Codreanu et al., 2020; Thiel
et al.,, 2020). Another advantage of staged videos is that they
allow for constructing contrastive examples of functional and
dysfunctional teacher behaviors in the same situational context
(Piwowar et al., 2018).

However, it is unclear how contrastive video examples,
i.e, functional and dysfunctional video examples, should
be sequenced and whether instructional guidance should
be included to promote pre-service teachers acquisition of
educational application knowledge. To address this research
desideratum, the present study investigates the effects of the video

sequence (dysfunctional-functional vs. functional-dysfunctional)
and of instructional support (with vs. without) on learning
outcomes and learning processes when learning with contrastive
video examples in teacher education.

THEORETICAL FRAMEWORK

Instructional Challenges of Using Video

Examples in Teacher Education

Although implementing video examples in teacher education
can increase pre-service teachers knowledge integration, a
video should not be regarded to be effective in itself. Simply
presenting video examples does not necessarily induce deep
learning processes (LeFevre, 2004; Seidel et al., 2013; Bates
et al., 2016; Beilstein et al., 2017). Video-based learning brings
several instructional challenges (for an overview cf. Derry
et al,, 2014). As with all learning materials, learners can deal
with video examples less effectively so that they might not
elaborate them deeply enough to benefit from them (Gerjets
et al., 2008; Renkl, 2017). Since classroom videos are dynamical
visualizations like other videos that are merely for entertainment,
learners may underestimate the value of the learning task
and the effort required to understand what is being taught
(underwhelming effect; Lowe, 2004; Kant et al., 2017). This,
in turn, might withdraw cognitive involvement (Lowe, 2004).
Consuming video examples passively or underestimating their
value and/or the effort required could also lead lead to learners
overestimating their learning success (illusions of understanding;
R. Stark et al., 2002).

Moreover, research on (pre-service) teachers’ ability to identify
and to reason about relevant aspects in classroom situations based
on theoretical concepts (also referred to as professional vision;
Sherin and van Es, 2009) suggests that learners have difficulties to
focus on relevant aspects (Star and Strickland, 2008; Goldsmith
and Seago, 2011; Star et al., 2011; for a review cf. Amador
et al., 2021). Learners’ selection of what is relevant and irrelevant
can be biased (Derry et al., 2014). They might be distracted by
irrelevant aspects that, on top, might cause cognitive overload
(Mayer, 2001; Mayer and Moreno, 2003). Therefore, effective
video-based learning requires an appropriate instructional design
(Derry et al., 2014). In particular, research indicates the relevance
of (1) the video content, (2) the sequence of learning objects, and
of (3) the tasks guiding the learning process (e.g., Miller and Zhou,
2007; Borko et al., 2008; Brunvand, 2010; Derry et al., 2014; Hatch
et al., 2016; Tekkumru-Kisa and Stein, 2017).

Video Content: Functional and Dysfunctional Teacher
Behaviors

Classroom videos, for instance, can present a teacher handling
students’ misbehavior, giving instructions, or dealing with
complex materials, which can be reflected by pre-service
teachers against the background of educational theories and
empirical findings (Brunvand, 2010). In addition to presenting
real-world classroom situations, it is often recommended to
provide pre-service teachers with examples illustrating how to do
something by the means of a teacher modeling “best practice”
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(Oonk et al., 2004; Rosaen et al., 2004; Sonmez and Hakverdi-
Can, 2012). While enabling a vicarious experience of what
works, functional examples contribute to building knowledge
about what to do best (Oser et al., 2012). However, examples of
how not to do something can also be beneficial for learning, as
learners are encouraged to identify, comprehend, explain, and/or
fix dysfunctional procedures by referring to underlying rules or
principles (Grofle and Renkl, 2007; Durkin and Rittle-Johnson,
2012; Booth et al., 2013; Barbieri and Booth, 2020). By performing
elaboration processes, learners acquire knowledge of what to do
and what not to do in certain situations (negative knowledge;
Oser et al,, 2012). A cognitive conflict (Piaget, 1985) is assumed
to be a key mechanism of why dysfunctional examples support
learning (Melis, 2005; Tsovaltzi et al., 2012; Booth et al., 2013,
2015). During learning, cognitive conflicts occur when learners
are confronted with situations in which the pre-knowledge-based
expectation of what happens is inconsistent or in contradiction
with the actual outcome of the situation; thus, learners are
encouraged to resolve the inconsistency, and learning processes
are fostered (Maharani and Subanji, 2018).

Thiel et al. (2020) investigated the effects of one functional
vs. one dysfunctional video example on pre-service teachers’
professional vision and knowledge acquisition on the topic
of classroom management. The video examples presented two
contrasting courses of one classroom situation due to the
teacher acting functionally or dysfunctionally, i.e., in accordance
with educational evidence on classroom management or in
contradiction with it. Working with the functional video led
to a higher increase of knowledge than learning with the
dysfunctional video. However, there were no significant effects
on professional vision. The authors concluded that the model
applying theoretical concepts in a functional way was more
effective in anchoring these concepts. Nonetheless, Thiel et al.
(2020) did not investigate the effects of learning with both the
functional and the dysfunctional video examples.

Although their study was conducted in a different domain
than teacher education, Durkin and Rittle-Johnson (2012)
showed that comparing contrastive examples, i.e., respective
functional and dysfunctional examples, was more likely to reduce
misconceptions and to promote knowledge acquisition than
comparing functional examples with each other. Applying these
results to classroom videos, it seems promising to provide pre-
service teachers with both a functional and a dysfunctional
example to be compared against the background of evidence-
based rules or principles. When reconstructing key relations
of dysfunctional and functional procedures (e.g., its effects or
consequences), learners must reflect on links between current and
prior knowledge so that learners might elaborate the according
rules or principles more deeply (Chi, 2000; Piwowar et al.,
2018). From here, the question arises of how to sequence
contrastive video examples.

Sequence: Dysfunctional-Functional or
Functional-Dysfunctional?

When learning with multiple learning objects, such as contrastive
video examples, the objects must be sequenced in a way of
evoking cognitive processes that are beneficial for learning

(Reigeluth et al., 1980; Renkl and Atkinson, 2007; Van Gog
et al., 2008). Research on sequencing effects, when learning with
video examples in teacher education, has primarily focused on
the questions whether to present video examples or underlying
rules and principles first (Beitzel and Derry, 2009; Seidel et al.,
2013; Blomberg et al., 2014). In science education, Kant et al.
(2017) investigated whether to present video examples on how
to conduct scientific experiments before or after problem-solving
activities. However, research on how to sequence multiple video
examples is scarce. Some studies from different domains than
teacher education indicated that a simultaneous presentation
of written examples is more beneficial to learning and transfer
than a sequential presentation of written examples (e.g., Gentner
et al., 2003; Star and Rittle-Johnson, 2009). As it is impossible
to present multiple video examples simultaneously, the only
option left for contrastive video examples is to present them
one after another, either in the order dysfunctional-functional or
functional-dysfunctional. To our knowledge, the question of how
to sequence contrastive video examples has not yet been resolved.

Considering the genuine logic of learning from errors, which
is (1) noticing that an error was committed, (2) reconstructing
the error by comparing it to one functional solution and (3)
deriving error avoidance strategies (Oser and Spychiger, 2005;
Oser et al., 2012; Tulis et al., 2016), it seems favorable to present
the dysfunctional example first. The phenomenon of negative
stimuli attracting more attention than positive ones (negativity
bias; positive-negative asymmetry; Ohira et al., 1998) suggests that
presenting a dysfunctional example before a functional example
is more likely to guide learners’ attention to target incidents than
the other way around (Grofle and Renkl, 2007; Booth et al., 2013;
Barbieri and Booth, 2020).

Tasks Guiding the Learning Process: Need for
Instructional Prompts?
To build up integrated and well-defined knowledge structures
in video-based learning, learners need to process information
deeply and reflect on the situation presented (Bransford et al.,
2000). From a cognitive perspective, instructions should be
designed in a way that does not overwhelm the learners and
overload their working memory capacity (Kirschner et al., 2006).
Thus, in order for students to link the practical situation
presented in the video (i.e., the vicarious experience) with
educational knowledge, balancing authenticity and cognitive
demand is crucial when learning with classroom videos
(Blomberg et al., 2013, 2014; Codreanu et al., 2020). In addition,
task difficulty, which is strongly related to students’ prior
knowledge base, must be considered (Codreanu et al., 2020).
Although contrastive video examples, in particular, suggest
reflection processes on how and why the situations presented
differ, the videos in themselves do not guarantee productive
reflection: Not all learners might spontaneously identify key
relations (i.e., key behaviors and their effects or consequences)
in the situations presented, or, if they do so, they might not
spontaneously reflect on them, although they would be able
to do so (Cherrington and Loveridge, 2014). Beilstein et al.
(2017), for instance, showed that pre-service teachers’ levels of
video analysis varied in relation to the focus requested (i.e.,
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unspecified, on teacher behavior, and on student behavior).
To support learners’ knowledge construction, instructions on
contrastive video examples must be designed in a way that
requests clear objectives, draws learners’ attention to elements
relevant to learning, and encourages them to engage in effective
learning activities they would not engage in spontaneously (e.g.,
Brunvand, 2010; Blomberg et al., 2014).

When learning with contrastive video examples, superficial
and fragmentary learning might be especially precarious, because
failure to reflect on why certain behaviors are dysfunctional might
lead learners to rehearse inappropriate behaviors (Bandura,
1977; Tsamir and Tirosh, 2005; Durkin and Rittle-Johnson,
2012; Metcalfe, 2017; Loibl and Leuders, 2019). Therefore,
it seems promising to incorporate video analysis prompts
that do not only aim at the integration of visual and
written representations (Renkl and Scheiter, 2017) but also
directly focus on teachers’ and students’ key behaviors and
their interrelations. Such prompts could prevent learners from
underestimating task value and from elaborating the examples
superficially; further, they might optimize the use of working
memory capacity, increase mental effort, and enhance germane
learning processes (Chen and Bradshaw, 2007; Schworm
and Renkl, 2007; Gerjets et al., 2008; Bannert, 2009; Van
Merriénboer and Sweller, 2010; Wagner et al, 2016; Renkl,
2017). Especially, the sequence dysfunctional-functional might
profit from video analysis prompts that encourage learners
to scrutinize the dysfunctional model. Hence, the potential
risk of internalizing dysfunctional procedures (Metcalfe, 2017)
might be reduced.

When designing prompts used with contrastive video
examples as an educational mean for promoting the acquisition
of application knowledge of pre-service teachers, it seems
appropriate to refer to the concept of professional vision (e.g.,
Sherin and van Es, 2009) and to link it with the genuine
logic of learning from errors: Literature on professional vision
(e.g., Seidel and Stiirmer, 2014; Schifer and Seidel, 2015;
Gegenfurtner et al, 2020; Kramer et al, 2021) suggests a
systematic process of (1) noticing and (2) reasoning to be
relevant for dealing with different kinds of classroom events,
such as classroom disruptions. While noticing refers to selecting
relevant information in classroom situations, reasoning refers
to interpreting the noticed information based on scientific
knowledge by verbalizing a description, a possible explanation,
and future-oriented consequences of what has been noticed.
Learning from errors requires that learners are given the
opportunity to realize a certain procedure to be dysfunctional,
to understand why the procedure is dysfunctional, and to
derive error avoidance strategies (Oser and Spychiger, 2005).
Since reconstructing a dysfunctional procedure is relevant to
yield the benefits of learning from errors, most work on
dysfunctional examples includes tasks that require the learner
to provide explanations (e.g., Barbieri and Booth, 2020).
Findings from the study by Durkin and Rittle-Johnson (2012)
indicate that comparison prompts asking learners to identify
communalities and differences between multiple examples
enhance learning. Furthermore, in the context of mathematics
education, Loibl and Leuders (2019) showed that learners

with comparison prompts outperformed the ones without
when learning with functional and dysfunctional solutions
after problem-solving. Mediation analyses hinted at elaboration
processes mediating this effect.

Against this background, three decisive reflection prompts
can be derived that are (1) recognizing key relations (between
the teacher’s and pupils’ behaviors or the other way around
in both the dysfunctional and functional video example), (2)
comparing these key relations and (3) deriving error avoidance
strategies as consequences for the own teaching practice. However,
it is unclear to what extent such video analysis prompts promote
pre-service teachers’ knowledge acquisition when learning with
contrastive video examples.

Research Questions and Hypotheses

In the present study, pre-service teachers learned evidence-
based classroom management rules and principles by
analyzing two contrastive video examples in which the same
teacher in the same context acted one time functionally (a
functional video example) and one time dysfunctionally
(a dysfunctional video example) in terms of classroom
management (cf. Thiel et al., 2020). The study investigated
to what extent the sequence of contrastive video examples
(dysfunctional-functional vs. functional-dysfunctional) and
video analysis prompts (with vs. without) affected different
dimensions of learning outcomes, learning processes, and
subjective dimensions.

(1) In terms of learning outcomes, it was investigated
to what extent the factors sequence and prompts affected
(a) declarative knowledge dimensions (i.e., concept
knowledge about evidence-based classroom management
principles) on the one hand, and (b) more complex
procedural knowledge dimensions (i.e., application knowledge
about evidence-based classroom management principles)
on the other hand.

(2) Concerning the learning processes, the effects on the
process of (a) recognizing key relations in the dysfunctional video
example, (b) recognizing key relations in the functional video
example, (c) comparing key relations, and (d) deriving error
avoidance strategies were examined in the written video analyses.

(3) Above that, the study investigated the effects of the factors
sequence and prompts on four subjective dimensions, namely,
on (a) perceived mental effort and (b) perceived task difficulty,
which serve as two indicators for cognitive load (Schmeck et al.,
2015). Furthermore, in order to make statements about possible
illusions of understanding (R. Stark et al., 2002; cf. Instructional
challenges of using video examples in teacher education), effects
on the (c) students’ perceived learning success were investigated.
To detect potential underwhelming effects caused by the video-
based learning environment (Kant et al., 2017; cf. Instructional
challenges of using video examples in teacher education), it was
also analyzed to what extent the factors sequence and prompts
affected (d) students’ perceived task value.

(4) Moreover, it was analyzed to what extent the sequencing
effect on learning outcomes was serially mediated by the
learning processes for the conditions with and without video
analysis prompts.
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FIGURE 1 | The conceptual regression model (Hypothesis 4). df, dysfunctional-functional; fd, functional-dysfunctional.

Recognizing Comparing Deriving error
key key avoidance
relations relations strategies
Concept
Sequence knowledge/
(df vs. fd) Application
\ \ knowledge
Prompts
(+vs.-)

The following hypotheses were formulated:

Hypothesis 1. Regarding learning outcomes, i.e., (a) concept
knowledge and (b) application knowledge, the sequence
dysfunctional-functional and the prompts were expected to
lead to higher learning outcomes, respectively. Furthermore,
the group with the sequence dysfunctional-functional in
combination with the prompts was assumed to show the highest
learning outcomes.

Hypothesis 2. Similarly, the sequence dysfunctional-
functional and the prompts were assumed to be more
likely to promote the learning processes of (a) recognizing
key relations in the dysfunctional video example, (b)
recognizing key relations in the functional video example,
() comparing key relations, and (d) deriving error
avoidance strategies. In addition to this, it was expected
that the group with the sequence dysfunctional-functional
in combination with the prompts shows the deepest
learning processes.

Hypothesis 3. The sequence dysfunctional-functional and the
prompts were also assumed to lead to (a) higher ratings of
perceived mental effort, (b) lower ratings of perceived task
difficulty, (c) higher ratings of perceived learning success, and
(d) higher ratings of perceived task value. The highest (for b
lowest) ratings of each dependent measure were assumed with the
sequence dysfunctional-functional combined with the prompts.

Hypothesis 4. The postulated sequencing effect on learning
outcomes (i.e., concept knowledge, application knowledge) was
assumed to be serially mediated by the learning processes (i.e.,
recognizing key relations in both video examples, comparing key
relations, deriving error avoidance strategies) for the conditions
with and without the prompts (cf. Figure 1).

MATERIALS AND METHODS

Participants and Design
In the present experimental intervention study, N = 220 pre-
service teachers (age: M = 20.97, SD = 2.60; 60% female)

participated during a regular teacher studies course at Saarland
University in their first academic year. Since the data collection
took place before their first internship at school, the students were
novices concerning the treated topic of classroom management
as well as in analyzing video examples. The factors sequence
[dysfunctional-functional (df) vs. functional-dysfunctional (fd)]
and prompts [with (+) vs. without (—)] were varied in a 2x2-
factorial between-subjects design, resulting in four experimental
groups with n = 55 participants each (cf. Table 1). To secure
internal validity of the study, the participants were randomly
assigned to the conditions (Goodwin and Goodwin, 2013). The
groups df+ and df— were shown the dysfunctional video example
first, which was followed by the functional video example. The
group df+ received video analysis prompts, whereas df— did
not. The functional video example was presented to fd+ and
fd— before the dysfunctional video example, with fd+ receiving
prompts and fd— not. A power analysis for 2x2-ANOVA with
f=0.20, @ = 0.05, 1-B = 0.80 showed that a sample size of N = 199
would be sufficient to identify medium-sized effects.

Procedure and Material

The participants were tested in different rooms according to
their assigned sequence (df or fd). To guarantee an identical
procedure, the experimenters followed a detailed manual and
were trained beforehand. At the start of the session, in a 15-min
pre-test, all control measures were assessed. Then, in a 25-min
pre-training, a handout of 1,900 words served as an instructional
text on the content to be learned in the session, which was
respective evidence on effective classroom management (e.g.,

TABLE 1 | 2x2-factorial, experimental design.

Factor 2: Prompts

Factor 1: Sequence With [+] Without [-]
Dysfunctional-functional [df] df+ (n = 55) df— (n = 565)
Functional-dysfunctional [fd] fd+ (n = 55) fd— (n = 55)
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15 minutes 25 minutes 90 minutes 35 minutes
4 \ [ ( Y Y 4 )
Learning Dysfunctional Functional Promut
Pre-test material video example video example = dp 4 Post-test
(Pre-training) with prompt 1 with prompt 2
\ ] \ \ A A \ y,
( \ ( { Y Y \ { A
Learning Functional Dysfunctional Promnt
Pre-test material video example video example e dp 4 Post-test
(Pre-training) with prompt 1 with prompt 2
\ ] \ \ A VAN \ J
( \ ( ( Y ) ()
Learning Dysfunctional Functional
Pre-test material video example video example Post-test
(Pre-training) (without prompt 1) (without prompt 2)
\ ) \ \. A y, -
( \ ( ( Y ) )
Learning Functional Dysfunctional
Pre-test material video example video example Post-test
(Pre-training) (without prompt 1) (without prompt 2)
\ J \ \ A y, —___
FIGURE 2 | Procedure for the four experimental groups (df+; fd+; df—; fd—).
TABLE 2 | Means and standard deviations for all variables, depending on the experimental condition.
Variable Condition
df+ fd+ df— fd—
M (SD) M (SD) M (SD) M (SD)
Prior concept knowledge 1.20 (0.78) 1.24 (0.67) 1.31(0.96) 1.13(0.82)
Prior application knowledge 0.27 (0.32) 0.28 (0.33) 0.38 (0.53) 0.33 (0.47)
Attitudes toward the use of educational evidence 3.76 (1.01) 3.98 (1.01) 3.72 (1.07) 3.85(0.82)
Academic self-concept 4.45 (0.72) 4.46 1.01) 4.59 (0.75) 4.45 (0.69)
Concept knowledge 9.80 (4.17) 9.90 (3.40) 8.75 (2.96) 8.64 (2.57)
Application knowledge 14.52 (3.69) 10.70 (3.01) 9.07 (4.45) 6.85(3.12)
Recognizing key relations, dysfunctional VE 4.45 (2.28) 4.13 (1.96) 5.18 (3.43) 2.36 (1.92)
Recognizing key relations, functional VE 6.15 (8.11) 3.09 (2.08) 3.13 (2.56) 1.09 (1.32)
Comparing key relations 4.33 (2.63) 2.89 (1.80) 0.31(0.81) 0.11(0.42)
Deriving error avoidance strategies 4.78 (2.59) 3.87 (1.81) 0.38 (1.47) 0.31 (1.12)
Perceived mental effort 4.40 (1.26) 4.36 (1.24) 4.76 (1.17) 3.93 (1.20)
Perceived task difficulty 2.53(1.07) 2.49 (1.00) 2.29(0.92) 2.31 (0.96)
Perceived learning success 4.93 (1.14) 4.96 (0.94) 5.27 (1.06) 4.91 (1.01)
Perceived task value 5.67 (0.81) 5.81(0.84) 6.12 (0.62) 5.71 (0.80)

VE, video example.

Kounin, 1970; Ophardt and Thiel, 2013). At the beginning
of the 90-min training phase, the participants briefly became
acquainted with the individual worksheets to be used for the
video analysis. With the worksheet, all the participants received

the general instruction to analyze the two video examples to
be followed behind the backdrop of classroom management
evidence taught in the pre-training phase. The worksheets
were irrespective of the sequence of the video examples, but

Frontiers in Education | www.frontiersin.org

May 2022 | Volume 7 | Article 869664


https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles

Wilkes et al.

Contrastive Video Examples

]
-
o
-
-
-
=]
-
)
o
|
~
x
%
©
I ©
A
< (=]
%
© O
I & ©
N
I o o
«
O 0 ®
I O «
- 9 -
< o o o
X
%
0 O © ®
I - © I @
¥ Q9 9 Q
% oo<|Do
k%)
9]
> © v T OO
<@ I N © o O ©
& e
i o o o o o
T | W T [
o
IS
n *
€ © 0w O © ™ ®
D N K N © = A
o) o 9o - - Qo
= - S O O o S o
D |
Q
7 ®
; o
8 o}
3 E 4
T - IS
> o c
= S
T 9 =
=
= 154 2
o} Q S
g 3 B
lo} >
ko) O S
2 2 €0 s
[} Q <
D O ¢
S 338 gs°
B 2308 098
3 2 £ 2 o90d0
o o x ¥ 5 05 3 =
= E o 33 3 »
S ¥ 5 £ 2 = 0200
8] = 2 8= 2 ¢ X
® O % 2 ® 0 X 4
= D O O 9 c - &
® O = = o X g £
= C Q 0 g « = N
5} S 9 0 £ a® €
= O ® T & © 6 O
m - . 30T 9 = §
— S 0 E & S @ 0O
= = £ O Q O D
© oo < <O <@
w
|
o
< .
= — a ™ < 0w O~

0.363**
0.215**
0.167*
0.192**
—0.022
—0.067

0.203** 0.461**
0.250™
0.209**

0.141*
—0.041

—0.039 0.073 0.111

—0.081
—0.035

0.056

Recognizing key relations, functional VE

8.

0.575™
0.389**
0.075

0.520**
0.442**
0.150*
0.043

0.000
0.012

0.063

0.050

Comparing key relations

9.

0.677*
0.013

0.027

0.072

Deriving error avoidance strategies

10.

0.103
0.090
—0.026
—0.059

0.008
—0.198**

0.172*
0.058

0.089

—0.045

0.120
0.078

Perceived mental effort

0.211*

0.086
—0.032
—0.071

0.007
—0.032
—0.032

Perceived task difficulty

12.

13.

-0.216"*
—0.135*

0.182**
0.253**

0.004
—0.021

0.153* 0.135* 0.145* 0.202**
0.487** 0.150* 0.106

0.089

0.147*
0.058

Perceived learning success

0.368**

0.189**

Perceived task value

*p < 0.01, "p < 0.05 (two-tailed); VE, video example.

they varied with the presence of additional video analysis
prompts (cf. Prompts).

Dependent on the sequence (i.e., dysfunctional-functional
vs. functional-dysfunctional; cf. Sequence), the dysfunctional or
functional video example was presented one time from the front
of the room. The video examples used in the training phase
were taken from the video data base FOCUS Video Portal' and
were kindly made available to us by the Free University of
Berlin (2018). The videos were produced at the Free University
of Berlin for use in teacher training. For this purpose, a script
was developed based on real classroom situations, evaluated
by teachers, scientifically validated, and then implemented with
actors and students from a theater group (cf. Thiel et al,
2017, 2020; Piwowar et al., 2018). Both video examples lasted
about 8 min and started with the same initial situation in
a ninth-grade class. Both video examples addressed typical
classroom management situations (e.g., dealing with chatter,
inattentiveness, or refusal to work)- with the difference that
the teacher showed different pre- and intervention strategies
that influenced the course of the lesson either in a negative or
positive way. In other words, the video examples presented two
contrasting courses of one classroom situation due to the teacher
acting either in contradiction with evidence-based classroom
management principles (e.g., Kounin, 1970; Ophardt and Thiel,
2013), or in accordance with it. In the dysfunctional video
example, the teacher made typical novice errors, which resulted
in an unfavorable course of action and increased disruptions in
the lesson. In the functional video example, the teacher reacted
appropriately to disruptions in the lesson, and thus positively
influenced the course of action. The single interventions differed
only in the degree of effectiveness (ie., dysfunctional vs.
functional), but were comparable regarding their context and
the demands on the teacher (e.g., starting a lesson with a
routine, structuring a lesson clearly and smoothy, monitoring,
group mobilizing, reacting clearly to a certain misbehavior;
cf. Kounin, 1970; Ophardt and Thiel, 2013). For instance,
in the dysfunctional video example, the teacher involuntarily
encouraged the pupils to talk, as she began the lesson without
a routine, such as saying “good morning” (cf. Kounin, 1970;
Ophardt and Thiel, 2013). In contrast, in the functional video
example, the teacher signaled the start of the lesson by closing the
door, interrupted the pupils’ conversation by walking around, and
started with the routine of saying “good morning” (for further
information on the video examples, cf. Piwowar et al., 2018 as well
as Thiel et al., 2017, 2020). As the worksheets that were used with
the videos in the present study differed from those that were used
in the studies by Piwowar et al. (2018) and Thiel et al. (2020), the
worksheets were piloted and evaluated in advance during another
regular teacher studies course at Saarland University.

The participants could make notes while watching the video
example and they were given 30 min afterward to analyze it
in a written form, either guided by prompts (i.e., prompt 1;
cf. Prompts) or not. Subsequently, the experimenter started the
second video example (dysfunctional or functional) followed by

'The FOCUS Video Portal is part of the K2 teach project at the Freie Universitit
Berlin under the direction of Prof. Dr. Felicitas Thiel.
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another 30 min for the analysis (with prompts 2-4 or without).
During the video analyses, the students were allowed to use the
handout, but they had to put it away before the final phase
started. In this final phase of 35 min, the subjective measures
were assessed, and the performance test was administered (for an
overview of the procedure, cf. Figure 2).

Sequence

During the training, the sequence of the video examples
was experimentally varied. The groups with the sequence
specification dysfunctional-functional (df+, df—) watched and
analyzed the dysfunctional video example first. Subsequently, the
functional video example was presented to be analyzed. In the
other two groups (fd+, fd—), the sequence was changed, but the
procedure remained the same.

Prompts

In addition to the general instruction to analyze the video
examples against the background of classroom management
evidence (cf. Procedure and Material), the worksheets for
the supported groups (df+, fd+) provided four video analysis
prompts, whereas the participants of the non-supported groups
(df—, fd—) did not receive any video analysis prompts. The
prompts were adapted from the concept of professional vision,
which was transferred on the genuine logic of learning from
errors (cf. Sequence: Dysfunctional-Functional or Functional-
Dysfunctional? and Tasks Guiding the Learning Process: Need
for Instructional Prompts?): Prompts 1 and 2 instructed the
participants to recognize key relations in each video example,
irrespective of the sequence of the video examples (“Recognizing
key relations: Please explain which key behavior of the teacher
you have noticed while watching the video caused certain key
reactions of the students you have noticed - or the other
way round.”). Prompt 3 asked the participants to explain the
different courses of the action by comparing the key relations of
both video examples with each other (“Comparing key relations:
Please explain the different courses of the action by comparing
the key relations of both videos with each other.”). Prompt
4 required them to derive suitable error avoidance strategies
(“Deriving error avoidance strategies as consequences for own
practice: Please describe how you would concretely avoid the
teacher’s dysfunctional behaviors you have identified in terms of
classroom management in your own school practice.”).

Measures

Learning Outcomes

A self-designed learning performance test on the topic of
classroom management was administered to assess learning
outcomes. The test included three recall tasks to measure
concept knowledge (e.g., “Please explain what effective classroom
management means referring to Kounin’s principles.”) and
six application tasks to measure application knowledge. Five
application tasks required evaluating the acting of teachers in a
short scene, which was provided as a written text vignette (“The
scenes below could be observed in everyday teaching. Please
discuss whether the teacher acts functionally or dysfunctionally
against the background of classroom management evidence.”).

—
W
)

Sequence
-a—df

fd

Recognizing key relations in the
dysfunctional VE (max. 15)

0 T 1
+ Prompts =

FIGURE 3 | Interaction plot regarding recognizing key relations in the
dysfunctional video example. VE, video example.

Each scene described behaviors of one pupil or a group of pupils
and of the teacher in classroom (between 80 and 220 words
per scene). The participants could score a maximum of four
points per scene. The sixth application task asked the students
to outline options to action to a students’ misbehavior described
in a written vignette (two students continuously interrupting
the lesson by talking and giggling; 50 words; “Please discuss
how you would act as a teacher in the following scenario
and justify your actions based on the phases of functional
intervention you have justlearned.”). The participants could score
a maximum of eight points for this task. Like the worksheets,
the learning performance test was also piloted and evaluated
in advance during another regular teacher studies course at
Saarland University.

Two raters were trained to evaluate the answers blind to
conditions. To calculate inter-rater reliability, ten percent of the
sample (n = 22) was double-coded. A mean Cohen’s kappa of
k = 0.93 for recall tasks and of k = 0.85 for application tasks
indicated a satisfactory inter-rater reliability. The total scores for
concept knowledge and application knowledge were calculated by
adding the scores achieved by the participants in each of the tasks
(for concept knowledge: max., 16 points; Cronbachs o = 0.60; for
application knowledge: max., 28 points; Cronbachs o = 0.65). All
the tasks met satisfactory item parameters with a difficulty index
0.20 < p; < 0.80 and a discriminating power 7; (;—; > 0.20.

Learning Processes

To measure learning processes, two intensively trained raters
coded the written video analyses. According to the concept
of learning from errors (Oser and Spychiger, 2005), the
following variables were computed by scoring the number of
correctly mentioned aspects: (1) recognizing key relations in the
dysfunctional video example (max., 15; e.g., “It is noticeable
that the teacher tries to start the lesson without welcoming
the students and waiting until they are quiet. This encourages
the students to remain restless and not to listen to her.”), (2)
recognizing key relations in the functional video example (max., 15;
e.g., “In that video, the teacher closes the door before starting the
lesson, and she walks around, which signals the students that they
should now keep their voices down. Then, the lesson is officially
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FIGURE 5 | Interaction plot regarding perceived mental effort.

important to me.”), which had to be rated on a 7-point Likert
scale, ranging from 1 = not at all true to 7 = very much true
(Cronbach’s o. = 0.89).

Control Measures

Prior concept knowledge and prior application knowledge were
assessed by a short version of the learning performance test (cf.
Learning Outcomes) with one of the recall tasks (max., 8 points)
and one of the application tasks that required evaluating the
acting of teachers in a short scene (max., 4 points). Furthermore,
attitudes toward the use of educational evidence were assessed by

nine items adopted from Wagner et al. (2016; “Teachers should
apply educational evidence when reflecting on their teaching.”;
1 = not at all true, 5 = very much true; Cronbach’s a = 0.90).
The participants’ academic self-concept was assessed by five items
(Dickhduser et al., 2002; e.g., “I hold my talent for educational
studies for 1 = low, 7 = high.”; Cronbach’s a. = 0.79).

Analytic Strategy
For all global tests of significance, a = 0.05 was applied
as a level of significance. For the interrelated measures of
learning outcomes, learning processes and the two cognitive
load measures, 2x2-factorial multivariate analyses of variance
(MANOVAs) with the experimental factors sequence and
prompts were calculated. For all other subjective measures, as
well as subsequent to the MANOVAs, 2x2-factorial ANOVAs
were computed. For significant interaction effects, planned
contrast tests were performed. The Bonferroni-Holm correction
was applied to account for potential alpha error inflation.
Hayes’s (2018) PROCESS macro for SPSS version 3.5 was
used to examine the postulated mediation (Hypothesis 4). Two
moderated serial mediation models were computed with three
mediators in a row (i.e., recognizing key relations in both video
examples, comparing key relations, deriving error avoidance
strategies), with the factor sequence as predictor/as moderator
(Figure 1). Concept knowledge was used as a dependent
measure in Model 1 and application knowledge in Model 2.
For regression-based analyses, all mediating and dependent

TABLE 5 | Results of moderated serial mediation analyses with the mediators as dependent variables.

Predictors 1st stage mediator

2nd stage mediator

3rd stage mediator

Recognizing key relations

Comparing key relations

Deriving error avoidance strategies

Model summary R2 = 0.31, F(3, 216) = 32.31, p < 0.001

R2 = 0.59, F(4, 215) = 78.56, p < 0.001

R2 = 0.59, F(5, 214) = 62.60, p < 0.001

B t p B t P B t P
Sequence 0.44 7.85 <0.001 0.04 0.88 n.s. 0.03 0.67 n.s.
Prompts 0.33 5.77 0.051 0.61 13.07 <0.001 0.53 8.39 <0.001
Sequence x Prompts —0.08 —1.40 n.s. 0.15 3.44 <0.001 0.04 0.94 n.s.
Recognizing key relations 0.28 5.41 <0.001 0.02 0.36 n.s.
Comparing key relations 0.29 4.20 <0.001

The model summaries (R?, F-values, p-values), B-coefficients, t-values, and p-values of the single paths. Note: Significant results are printed in bold letters.

TABLE 6 | Results of regression models with concept knowledge and application knowledge as dependent variables.

Predictors Concept knowledge

Application knowledge

Model summary

R2 = 0.09, F(4, 215) = 5.44, p < 0.001

R? = 0.36, F(4, 215) = 30.52, p < 0.001

B t P B t P
Sequence —0.11 —1.58 n.s. 0.20 3.29 0.001
Recognizing key relations 0.20 242 0.016 0.15 2.16 0.032
Comparing key relations 0.13 1.35 n.s. 0.30 3.73 <0.001
Deriving error avoidance strategies 0.06 0.73 n.s. 0.17 2.31 0.022

The model summaries (R, F-values, p-values), B-coefficients, t-values, and p-values of the single paths. Note: Significant results are printed in bold letters.
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variables were z-standardized and grouping variables were coded
as contrasts with —1 and +1. The number of bootstrap samples
was set at 10,000 to test indirect paths of mediation. Significant
effects were interpreted referring to 95% confidence intervals not
including zero.

RESULTS

Table 2 displays the means and standard deviations of all
variables for all experimental groups. One-way ANOVAs revealed
no significant between-group differences regarding the control
measures prior concept knowledge, prior application knowledge,
attitudes toward the use of educational evidence, and academic
self-concept, Fs < 1. Table 3 presents the results of the correlation
analysis and Table 4 those of the contrast tests.

Learning Outcomes

The two measures of learning outcomes, i.e., concept knowledge
and application knowledge, showed a weak to moderate positive
correlation (Table 3). The 2x2-factoriall MANOVA using
the factors sequence and prompts as between-subject factors
and both concept knowledge and application knowledge as
dependent measures revealed significant main effects with large
effect sizes of the video sequence, A = 0.84, F (2, 215) = 20.55,
p < 0.001, npz = 0.16, and of the prompts, A = 0.70, F (2,
215) = 4521, p < 0.001, 1, = 0.296. The interaction between
both factors was not significant, A = 0.99, F (2, 215) = 1.59,
p=0.207.

Regarding concept knowledge, the subsequent 2x2-ANOVA
revealed no significant main effect of the video sequence, F < 1.
There was only a small-sized main effect of the prompts, F (1,
216) = 6.67, p = 0.010, 1,* = 0.030, indicating that learners with
the prompts outperformed learners without the prompts in the
post-test. In line with the results of the MANOVA, there was no
interaction, F < 1.

Concerning application knowledge, however, ANOVA results
revealed a significant main effect with large effect size of the
video sequence, F (1, 216) = 38.34, p < 0.001, n,? = 0.151.
The learners who watched the video examples in the sequence
dysfunctional-functional outperformed the learners who watched

the same video examples in the inverse sequence. In addition,
there was a large-sized significant main effect of the prompts, F (1,
216) = 90.84, p < 0.001, 1,* = 0.296, indicating that the prompts
led to a higher level of application knowledge. The interaction
effect was not significant, F (1, 216) = 2.69, p = 0.102.

Learning Processes

A 2x2-MANOVA using the learning process variables as
dependent measures revealed a large-sized significant main effect
of the video sequence, A = 0.75, F (4, 213) = 17.65, p < 0.001,
np? = 0.249 and of the prompts, A = 0.35, F (4, 213) = 99.03,
p < 0.001, n,* = 0.650. Furthermore, there was a medium-
sized significant interaction between both factors, A = 0.78, F (4,
213) =7.89, p < 0.001, npz =0.129.

The 2x2-ANOVA with recognizing key relations in the
dysfunctional video example as a dependent variable revealed
a medium-sized main effect of the video sequence, F (1,
216) =22.22, p < 0.001, 1,* = 0.093. Analyzing the dysfunctional
video example first was beneficial to recognizing key relations
in this video. There was no significant main effect of the
prompts, F (1, 216) = 2.41, p = 0.122. A significant hybrid
interaction, F (1, 216) = 13.93, p < 0.001, npz = 0.061, allows
to interpret the main effect of the video sequence globally
(Figure 3). Contrast tests showed that the learners analyzing
the dysfunctional video example at the second position without
prompts (fd—) recognized fewer key relations in this video than
each of the other groups (ps < 0.001; Table 4).

Regarding recognizing key relations in the functional video
example, the subsequent 2x2-ANOVA revealed a significant
main effect of the video sequence with large effect size, F
(1, 216) = 63.93, p < 0.001, 1,*> = 0.228, indicating that the
learners who studied the functional video example after the
dysfunctional video example recognized more key relations than
those who studied the functional video example first. In addition
to this, there was a large significant effect of the prompts, F
(1, 216) = 62.12, p < 0.001, npz = 0.223, showing that the
prompts enhanced recognizing key relations in the functional
video example. The interaction between the factors sequence and
prompts did not reach the level of statistical significance, F (1,
216) = 2.56, p = 0.111.

Concerning comparing key relations results revealed a small-
sized significant main effect of the video sequence, F (1,
216) = 13.38, p < 0.001, n,> = 0.058. The learners who
analyzed the dysfunctional video example first made more
comparisons than those working the other way round. There
was also a significant and large main effect of the prompts, F
(1, 216) = 230.98, p < 0.001, np2 = 0.517, which indicated that
the prompts increased the number of comparisons. Moreover,
there was a significant ordinal interaction, F (1, 216) = 7.63,
p = 0.006, np?> = 0.034. Thus, both main effects can be
interpreted globally (Figure 4). Pairwise contrast tests showed
that the group who analyzed the video examples in the sequence
dysfunctional-functional with the help of the prompts reported
most comparisons compared to each of the other groups
(ps < 0.05; Table 4).

With respect to deriving error avoidance strategies, there was
a small-sized significant main effect of the video sequence, F (1,
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216) = 3.96, p = 0.048, 1, = 0.018. The sequence dysfunctional-
functional led the participants to derive more error avoidance
strategies than the inverse sequence. Moreover, there was a large-
sized significant main effect of the prompts, F (1, 216) = 260.80,
p < 0.001, ny? = 0.547. The learners with the prompts derived
more strategies than those without. There was no significant
interaction between the two factors, F (1, 216) = 2.88, p = 0.091.

As Table 3 displays, all correlations between learning
processes and learning outcomes were significant and positive,
reaching from weak correlations in the case of concept
knowledge to moderate and high correlations in the case of
application knowledge.

Subjective Dimensions

The 2x2-factorial MANOVA with the cognitive load indicators
(i.e., perceived mental effort and task difficulty) as dependent
variables showed a significant main effect of the video sequence,
A =0.97,F(2,215) =3.66, p = 0.027, npz =0.033, but none of the
prompts, A =0.99, F (2, 215) = 1.24, p = 0.293. The interaction
effect was significant, too, A = 0.97, F (2, 215) = 3.24, p = 0.041,
np? =0.029.

A subsequent 2x2 ANOVA with perceived mental effort as a
dependent variable showed a small-sized significant sequencing
effect, F (1, 216) = 7.80, p = 0.008, npz = 0.032. In line with the
MANOVA, there was no significant main effect of the prompts,
F < 1. Due to a small-sized significant hybrid interaction, F (1,
216) = 5.95, p < 0.016, 1,* = 0.027, the main effect of the video
sequence can be interpreted globally (Figure 5). The sequencing
effect occurred particularly in the absence of the prompts, since
contrast tests revealed only significant differences between the
groups without the prompts (df- and fd-): In these groups, the
participants working with the dysfunctional video example first
reported higher perceived mental effort than those working with
the functional video example first (ps < 0.001; Table 4).

Concerning perceived task difficulty, there was neither a
significant main effect of the video sequence, F < 1, a significant
main effect of the prompts, F (1, 216) = 2.47, p = 0.118, nor a
significant interaction, F < 1.

With respect to perceived learning success, results did not
reveal significant main effects of the video sequence, F (I,
216) = 1.37, p = 0.244, or of the prompts, F (1, 216) = 1.08,
p = 0.300. The interaction was not significant either, F (1,
216) = 2.03, p = 0.155.

The 2x2 ANOVA with perceived task value as a dependent
variable revealed neither a significant main effect of the video
sequence, F (1, 216) = 1.70, p = 0.193 nor one of the prompts,
F (1, 216) = 2.79, p = 0.096. However, there was a significant
disordinal interaction with small effect size, F (1, 216) = 6.90,
p = 0.009, ny® = 0.031 (Figure 6). The group watching
the dysfunctional video example first and having no prompts
reported the highest perceived task value. The difference was
significant in comparison to the group with the same sequence
but with the prompts and in comparison to the group without
the prompts and with the reversed (ps < 0.05; Table 4).

Correlation analyses revealed significant but weak positive
relations between perceived mental effort and learning outcomes.
Neither the relation between learning outcomes and perceived
task difficulty nor the relation between learning outcomes and
perceived task value was significant. Perceived learning success
showed a weak, positive correlation with concept knowledge but
not with application knowledge (Table 3).

Serial Mediation

Two moderated serial mediation analyses were computed to
examine whether the sequencing effect on concept knowledge
(Model 1) and on application knowledge (Model 2) was serially
mediated by the learning processes (i.e., recognizing key relations
in both video examples as the first-stage mediator, comparing
key relations as the second-stage mediator and deriving error
avoidance strategies as the third-stage mediator) for both
conditions with and without prompts (Hypothesis 4, Figure 1).
The results of comprised regressions are displayed in Tables 5, 6,
those of the indirect paths in Table 7.

Regarding concept knowledge (Model 1), the learning process
variables did not serve as serial mediators. Here, only the indirect
path with recognizing key relations as a single mediator was
significant for both conditions with the prompts and without

TABLE 7 | Indirect effects for the moderated serial mediation models regarding learning outcomes for the groups with and without prompts: B-coefficients and 95%

confidence intervals (Cl).

Tested indirect paths Model 1: Concept knowledge

Model 2: Application knowledge

With prompts Without prompts With prompts Without prompts
B CI[LL; UL] B CI [LL; UL] B CI [LL; UL] B CI [LL; UL]
pv->ml->ov 0.072* [0.015; 0.143] 0.104* [0.023; 0.193] 0.054 [-0.001; 0.123] 0.078 [-0.001; 0.166]
pv - > m2- > ov 0.025 [-0.015; 0.079] —0014 [—0.043; 0.008] 0.057* [0.010; 0.116] —0.032* [-0.067; —0.009]
pv - > m3- > ov 0.005 [-0.012; 0.030] —0.001 [-0.012; 0.01Q] 0.013 [-0.012; 0.050] —0.002 [-0.022; 0.013]
pv->ml->m2->ov 0.013 [—0.008; 0.039] 0.019 [-0.011; 0.057] 0.031* [0.012; 0.058] 0.044* [0.017; 0.085]
pv->mi->m3->ov 0.001 [-0.0083; 0.006] 0.001 [—0.005; 0.008] 0.001 [-0.005; 0.010] 0.002 [-0.008; 0.013]
pv->m2->m3->ov 0.004 [-0.007; 0.018] —0.002 [-0.010; 0.004] 0.010* [0.001; 0.027] —0.005* [-0.015; —0.001]
pv->ml->m2-> m3->ov 0.002 [—0.0083; 0.009] 0.003 [-0.005; 0.012] 0.005* [0.001; 0.013] 0.007* [0.001; 0.018]

*Significant result. pv, predictor variable (sequence factor); m1, recognizing key relations; m2, comparing key relations; m3, deriving error avoidance strategies; ov, outcome

variable. Significant results are printed in bold letters.
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(Table 7). In Model 2, however, results revealed that the
sequencing effect on application knowledge was serially mediated
by the processes of recognizing key relations, comparing key
relations and deriving error avoidance strategies for both
conditions with the prompts and without (Table 7). All indirect
paths of the model that included comparing key relations as a
mediator turned out to be significant, too (Table 7).

DISCUSSION

The present study focused on the effects of sequencing contrastive
video examples and incorporating video analysis prompts in the
context of an error-based approach in the domain of teacher
education. The internal validity of the study can be regarded
as secured, as the four experimental groups did not differ
significantly with respect to potential confounding variables.

Effects of the Factors Sequence and

Prompts on Learning Outcomes

Concerning learning outcomes, basic declarative knowledge
dimensions (i.e., concept knowledge) and complex procedural
knowledge dimensions (i.e., application knowledge) were
assessed. Theoretical considerations, as well as the low correlation
between concept and application knowledge, suggested that both
constructs should be analyzed separately. However, Hypothesis
1 was only partly confirmed. As expected, the acquisition of
concept knowledge was supported by prompts, whereas the
effect on application knowledge was even more pronounced.
Presenting the video examples in the order dysfunctional-
functional fostered the acquisition of application knowledge but
not of concept knowledge, which contrasts with our assumptions.
The postulated superiority of the condition with the sequence
dysfunctional-functional and with the prompts was confirmed
only descriptively for application knowledge, which might be
caused by power restrictions. The video sequence did not affect
the acquisition of concept knowledge. Thiel et al. (2020) showed
that the functional video example enhanced the acquisition of
declarative knowledge facets. In the present study, providing
both video examples might have had a compensatory function
irrespective of the video sequence. The sequence following the
genuine logic of learning from errors and the processes triggered
by it (Oser and Spychiger, 2005) seemed to be particularly
decisive for the acquisition of more complex and procedural
knowledge facets.

Relating Results of Learning Processes
and of Learning Outcomes

Most of our assumptions regarding Hypothesis 2 were confirmed.
As expected, learning processes were supported by presenting
the dysfunctional video example first and by providing prompts
afterward. The postulated effects of the prompts were even
stronger than those of the video sequence, except for recognizing
key relations in the dysfunctional video example, for which
an interaction effect was detected. An interaction effect was
confirmed for comparing key relations, too. As expected, the

group who analyzed the videos in the sequence dysfunctional-
functional with the help of prompts made the most comparisons.
The findings converge with the significant positive correlations
of the learning processes with the learning outcomes (especially
application knowledge) and with the results of the moderated
serial mediation analyses.

The acquisition of application knowledge and learning
processes was enhanced by presenting the dysfunctional video
example first. The sequence dysfunctional-functional may have
induced a cognitive conflict that, in turn, enhanced learning
with the functional video example (Piaget, 1985; cf. Booth et al,,
2015). Furthermore, negative stimuli attract more attention than
positive ones (negativity bias; positive-negative asymmetry; Ohira
et al.,, 1998). The dysfunctional example seems to have guided
learners’ attention to target incidents (Grof3e and Renkl, 2007;
Booth et al., 2013; Barbieri and Booth, 2020) and stimulated them
to find corresponding incidents in the subsequent functional
example, even without being requested by the second prompt. In
contrast to this, the learners who analyzed the functional video
example first were initially presented to classroom interactions
that were conformed to the instructional text presented before.
They might have recognized fewer key relations in both video
examples, as the relations in the initial, functional video example
were too self-evident to them to be classified as relevant (Miller,
2011; Scheiner, 2021), especially if no guidance was provided.

Adequate instructional guidance seemed to be essential to
trigger comparison processes and, especially, the reflection of
these processes by deriving error avoidance strategies. The
groups who were not supported by the video analysis prompts
did rarely engage themselves in the processes of comparing
key relations and deriving error avoidance strategies. The
findings replicate the findings of other studies in the context of
teacher education, in which prompts supported problem-solving
activities and the acquisition of educational knowledge (e.g.,
Chen and Bradshaw, 2007; Wagner et al., 2016). Furthermore,
they substantiate the relevance of instructional guidance in the
context of example-based learning (Schworm and Renkl, 2007;
Renkl, 2017; Mayer, 2020).

Hypothesis 4 was completely confirmed regarding application
knowledge and, partly, for concept knowledge. While the
sequencing effect on application knowledge was mediated by all
postulated process variables in a row for both conditions with
and without the prompts, only recognizing key relations turned
out to be a significant mediator for the acquisition of concept
knowledge. Integrating the theoretical concepts, which were
provided during the pre-training, and corresponding behaviors,
presented in the video example, proved to be particularly crucial
for knowledge consolidation (Thiel et al., 2020). However, the
processes following the genuine logic of learning from errors
(Oser and Spychiger, 2005) did not seem to be important for
the acquisition of concept knowledge but of more complex
knowledge facets. Nevertheless, according to both the correlation
and the mediation analyses, especially comparing processes
appeared to be decisive for the acquisition of complex knowledge
dimensions. Comparing key relations turned out as the most
important mediating variable, as all indirect paths, including
this variable, were significant. Furthermore, it seemed to have
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built the source for the final process of deriving error avoidance
strategies, as these variables were highly related. The findings
are in line with the evidence on the benefits of comparisons for
learning and transfer (Rittle-Johnson and Star, 2009; Star and
Rittle-Johnson, 2009; Durkin and Rittle-Johnson, 2012; Loibl and
Leuders, 2019; Rittle-Johnson et al., 2019). However, mediation
results were independent of the prompting procedure. That
might hint at a potential internal script (Fischer et al., 2013) that
corresponds with the rationale of learning from errors, and that is
particularly activated by the sequence dysfunctional-functional.
Finally, these results of the present study have broadened the
scope of validity of the concept of learning from errors by
supporting its process-related assumptions.

Impact of the Factors Sequence and

Prompts on Subjective Dimensions

Most assumptions of Hypothesis 3 could not be confirmed. The
participants’ perceived mental effort was influenced by the video
sequence, but not by the prompts. A small interaction between
both experimental factors showed that the participants working
with the functional video example first reported lower mental
effort than those in the dysfunctional-functional conditions if
they were not provided with the prompts. As perceived mental
effort can be cautiously interpreted as an indicator of germane
cognitive load (for an overview on the discourse about cognitive
load indicators, cf. Korbach et al, 2018), the investment of
germane resources in the functional-dysfunctional condition
without the prompts was comparably low. This result is also
consistent with the fact that the learners in that group recognized
and compared fewer key relations than the learners in all other
conditions. The second indicator of cognitive load, task difficulty
(Schmeck et al., 2015), was influenced neither by the video
sequence nor by instructional guidance, which might be due to
a floor effect limiting the variance. This floor effect might also be
an explanation for the low correlation between task difficulty and
prior knowledge.

Similarly, concerning the ratings of perceived learning success,
the variance seemed to be limited by a ceiling effect, which
might have caused the non-significant results regarding this
variable. All groups rated the task difficulty equally low and their
learning success equally high, which might also be explained by
illusions of understanding (Stark et al.,, 2002). Nonetheless, as
the learners’ success in the complex application tasks did not
correlate either with their evaluation of task difficulty or with
their perceived learning success, these findings might also result
from the complexity of the knowledge acquisition process under
consideration; the complexity makes self-evaluations of learning
outcomes difficult and can result in various biases influencing the
subjective ratings.

Concerning the learners’ perceptions of the task value, the
interaction effect and subsequent comparisons showed that the
learners who studied the dysfunctional video example first,
without the prompts, reported the highest task value. Perceived
task value correlated highly with both the perceived learning
success and with attitudes toward the use of educational
evidence used as a control variable in the present study. These

attitudes, as well as the perceived learning success, seem to
be more important predictors of perceived task value than
specific aspects of the learning environment. From a pedagogical
perspective, it is important to experience a task as effective and
valuable for sustainable learning (e.g., Lawanto et al., 2014).
The latter findings regarding subjective dimensions support the
pedagogical relevance of the approach using staged contrastive
video examples, as it compensated for potential underwhelming
effects (Lowe, 2004).

Limitations

Concerning methodical limitations, the sample size was too
small to detect potential small-sized effects and to use more
refined statistical procedures like structural equation modeling.
The regression-based approach applied in the present study did
not account for potential variable reciprocity or autoregressive
effects. All subjective measures, including the cognitive load
measures, were assessed after and not during the training itself.
Therefore, they might not have provided reliable information
about the learning process (Korbach et al., 2018).

Other limitations result from the procedure and the design
of the learning environment. It must be noted that, although
all groups seemed to have profited from the approach, nobody
reached the theoretical maximum of the outcome tasks. The
entire procedure was completed in one session to avoid
sample failures and between-group communication. However,
the session lasting about 3 h was, perhaps, too strenuous for some
of the participants, which might have influenced their learning
success negatively. Perhaps, more key relations would have been
recognized by the learners if they had been able to watch the video
examples multiple times and to stop the video in a self-paced
learning environment, or to analyze the videos collaboratively
(Derry et al., 2014; Thiel et al., 2020).

The external validity of the study is another limitation.
The participants in our study were at the beginning of their
university courses and rather novices concerning both the
treated topic and the learning approach. Hence, it is unclear
whether students who are at the end of their studies profit
from instructional prompts, too (cf. expertise-reversal effect;
Kalyuga et al, 2003). More generally, there is a need of
understanding how much prior knowledge is needed to use
contrastive examples with instructional prompts effectively,
which points at the question of the benefits of pre-training
materials. Besides this, we tested our approach in the context
of a specific learning topic (classroom management) for which
a set of evidence-based rules and principles exists so that
the topic can be regarded as rather well-structured. Further
research must clarify whether the results can be generalized for
less-structured topics, which would complicate evidence-based
decision-making.

Conclusion, Implications, and Future

Directions

In conclusion, the findings of the present study indicate
that analyzing contrastive video examples following the order
dysfunctional-functional combined with specific instructional
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prompts that focus on the processes of error-based learning
proved to be a promising approach to foster the acquisition
of educational knowledge in the context of teacher education.
Thus, the results provide valuable support for designers of
learning environments in the context of teacher education
that aim at fostering pre-service teachers acquisition of
concept knowledge in terms of classroom management, and
the ability to apply it in classroom situations. Above that,
the findings suggest that contrastive video examples should
be implemented as a concrete educational tool in teacher
educational courses to demonstrate future teachers the potentials
of using educational evidence in practice, as well as to prepare
them for evidence-informed practice. Error-based learning
approaches are often criticized because of the potential risk
of internalizing dysfunctional procedures (cf. Metcalfe, 2017).
Our findings do not support this critique. The quality of
implementing an error-based learning approach and inducing
the specific processes of recognizing key relations of a
dysfunctional procedure, comparing these key relations with
a functional solution, and deriving error-avoidance strategies,
seems to be the crucial point in order to support the
acquisition of functional knowledge. Given the amount of
research on video-based learning in teacher education and
on dysfunctional examples, presented in the outset of this
article, the field might benefit from an integrative view,
combining these so far rather unconnected strands of research.
Thus, it is of importance for future research to accumulate
evidence on how to combine different scaffolds to effectively
support pre-service teachers (and in-service teachers) in
the acquisition of applicable scientific knowledge. Applying
such an integrative perspective, teacher educators should
also design teacher trainings for areas other than classroom
management, from which both pre-service teachers and in-
service teachers could benefit.
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