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Editorial on the Research Topic
Evidence-informed reasoning of pre- and in-service teachers

Evidence-informed reasoning as an important
requirement for pre- and in-service teachers

How can I help my students acquire the skill of dividing fractions? How can I increase my
students’ learning motivation? What is the reason for Fiona’s learning difficulties? These are
just a couple of problems that teachers face in their classes on a daily basis. To competently
cope with such problems, teachers should be able to retrieve, use, and apply evidence from
Educational Science, Educational Psychology, and subject-matter didactics, and, in that way,
engage in “evidence-informed reasoning” (e.g., Greisel et al., 2023).

This Research Topic assembles scientific contributions that refer to four questions: (1)
What does evidence-based education mean and why is it important? (2) What are barriers for
pre- and in-service teachers’ evidence-informed reasoning? (3) How can pre- and in-service
teachers’ evidence-informed reasoning be scaffolded? (4) How does in-service teachers
evidence-informed reasoning impact student performance?

The contributions within this Research Topic

What does evidence-based education mean and why is it
important?

In their contribution, Dekker and Meeter discuss and evaluate the arguments with
which evidence-based education and especially the view that randomized controlled trials
should be regarded most important to inform educational practice are criticized. Taking the
critique into account, they propose not to dismiss evidence-based education in general and
randomized controlled trials in particular, but show how they should be administered and
complemented to be more informative to research and practice.
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What are barriers for pre- and in-service
teachers’ evidence-informed reasoning?

Three contributions of this Research Topic show that
unfavorable beliefs and low trust toward educational science may
act as barriers for pre- and in-service teachers’ evidence informed-
reasoning:

Voss presents three empirical studies that indicate that pre-
service teachers tend to hold skeptical beliefs about the importance
of educational science for the solution of educational problems,
especially when they have little experience with educational science
as a domain, and when they have a background in natural sciences.
In turn, such unfavorable beliefs seem to go hand in hand with pre-
service teachers’ low engagement in educational science courses.

Schmidt et al. investigate to what extent in-service teachers
trust knowledge claims from educational research. They find that
teachers’ trust in claims from educational research is higher than
their trust in claims made on the basis of anecdotal evidence,
and that their trust in educational science is positively related to
general trust in science. Yet, the authors also show that teachers
trust knowledge claims from educational research more when they
confirm their prior beliefs.

Similarly, Futterleib et al. show that pre-service teachers tend
to devalue findings from educational science when they do not
confirm their prior beliefs. However, this only seems to apply
when the evidence is strong and unambiguous. If the evidence
leaves more room for interpretation, pre-service teachers might
find other ways to protect their beliefs instead of devaluing science.
Furthermore, pre-service teachers assess educational science as
pertinent to investigate educational topics independent of whether
they are confronted with belief-challenging evidence.

Two articles of this Research Topic show that pre- and
in-service teachers’ suboptimal skills regarding the retrieval
and argumentative use of educational evidence may act as
another barrier for pre- and in-service teachers evidence-
informed reasoning:

Zimmermann et al. investigate how pre-service teachers search
for information on educational topics on the internet. They find
that pre-service teachers’ search strategies are often suboptimal,
especially when it comes to evaluating the trustworthiness of
websites and the quality of their content. Yet, even though the
authors hypothesized that the employment of advanced search
strategies should depend on pre-service teachers’ internet-specific
epistemological beliefs, the results do not support this assumption.

Bauer et al. demonstrate that pre-service teachers often have
difficulties using evidence from educational science when arguing
for or against diagnostic judgments. They show empirically that
diagnostic argumentation consists of three facets (justification of a
diagnosis with evidence, disconfirmation of differential diagnoses,
and transparency regarding the processes of evidence generation)
and demonstrate that pre-service teachers often perform poorly
on all three of these facets when arguing for or against certain
diagnostic judgments.

Finally, two articles in this Research Topic stress the problem
that pre- and in-service teachers sometimes lack appropriate
scientific knowledge and hold misconceptions on important
educational evidence that guide their decision-making processes:
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The study by Surma et al. indicates that novice secondary
school teachers hold widespread misconceptions regarding the
effectiveness of different study strategies. Additionally, they
demonstrate that novice teachers are unaware of specific strategies
that educational research has shown to be effective (such
as summarizing or spaced practice). These findings call for
interventions that help novice teachers acquire scientific and sound
knowledge on effective study strategies.

Similarly, Ferguson and Braten show that for some topics (such
as the alleged existence of learning styles), misconceptions and
educational myths are also prevalent among Norwegian pre-service
teachers, while for other topics, they seem to argue in an evidence-
informed manner. Further, Norwegian pre-service teachers seem
to focus especially on teacher behavior as cause for student
performance and less on student factors. In general, participants
rarely refer to educational research during pedagogical decision-
making.

How can pre- and in-service teachers’
evidence-informed reasoning be
scaffolded?

The contributions introduced so far indicate a clear need for
interventions that help pre- and in-service teachers develop their
beliefs and competences regarding evidence-informed reasoning
further. Six articles in this Research Topic investigate how such
interventions could look like:

Rochnia and Grisel investigate how to increase the utility value
pre-service teachers attribute to educational sciences when solving
pedagogical problems. Pre-service teachers read a short description
of either empirical results or a theoretical reflection model which
both illustrated the utility of educational sciences. Then, they had
to summarize it or connect it to their own lives. While utility value
was found to increase in all conditions, the four interventions did
not differ in their effects.

Grimminger-Seidensticker and Seyda study how attitudes and
self-efficacy toward inclusive teaching among physical education
pre-service teachers can be supported. Their participants either
received an information-based seminar, a seminar that combined
theoretical input with practical exercises, or no training. While pre-
service teachers’ self-efficacy did not change in any condition, the
intervention that combined theory input with practical exercises
showed the most positive effects on some of their attitudes toward
inclusive teaching.

Engelmann et al. focus on improving pre-service teachers’
abilities to critically appraise scientific literature. After all
participants were introduced to a set of criteria to appraise scientific
evidence, they were provided with model solutions to several
pedagogical problems and either explained them to a learning
partner (interactive condition) or to themselves (constructive
condition). While students’ skills improved significantly from
pre- to post-test, no differential effects for the experimental
conditions appeared.

Krause-Wichmann et al. compared the effects of different
sample solutions pre-service teachers received after they had
analyzed an authentic classroom case. These solutions either

frontiersin.org
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included example-free or example-based instruction on functional
procedures, and were combined with either example-free, example-
based or no instruction on dysfunctional procedures. The authors
find example-based instruction, both on functional and on
dysfunctional procedures, to work best in order to help pre-service
teachers develop their evidence-informed reasoning scripts further.

Lohse-Bossenz et al. report on the development of a vignette-
based instrument to measure pre-service teachers abilities to
apply scientific knowledge in ambivalent educational situations.
Participants were well able to spot the differences in the quality
levels of teacher behavior that were described in the different
vignettes. Further, a second study shows that an intervention that
was designed to improve participants’ theoretical knowledge led to
a further increase in students’ performance.

Tannert et al. investigate how best to scaffold pre-service
teachers’ conceptual knowledge and reasoning about video cases
through signaling. In one condition, participants were informed
about the use of signals within the videos, whereas students in
the other condition were not. Results indicate that pre-service
teachers from the informed condition acquired more conceptual
knowledge than their uninformed counterparts, while there were
no differential effects on reasoning.

How does in-service teachers’
evidence-informed reasoning impact
student performance?

Grof3 Ophoff et al. investigate the impact of teachers
engagement with educational research on student performance.
Their findings show that students of teachers from schools with
a strong climate toward research use indeed perform better than
students of teachers working at schools that are less research-
informed. Further, they find that trust among colleagues and
organizational learning has a positive impact on research use
climate, which in turn acts as a mediator for student performance.

Conclusions

The articles assembled in this Research Topic provide
important answers on what evidence-informed reasoning is,
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Evidence-based education:
Objections and future directions

Izaak Dekker'?* and Martijn Meeter3

'Rotterdam School of Management, Erasmus University Rotterdam, Rotterdam, Netherlands,
2Research Centre Urban Talent, Rotterdam University of Applied Sciences, Rotterdam, Netherlands,
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Over the past two decades, educational policymakers in many countries have
favored evidence-based educational programs and interventions. However,
evidence-based education (EBE) has met with growing resistance from
educational researchers. This article analyzes the objections against EBE and
its preference for randomized controlled trials (RCTs). We conclude that the
objections call for adjustments but do not justify abandoning EBE. Three
future directions could make education more evidence-based whilst taking
the objections against EBE into account: (1) study local factors, mechanisms,
and implementation fidelity in RCTs, (2) utilize and improve the available
longitudinal performance data, and (3) use integrated interventions and
outcome measures.

evidence-based education, evidence-based policy, randomized controlled trial,
implementation science, evidence-informed education, context-centered research

Introduction

There is a global consensus about the value of good education. Educational science
shows that teachers, programs, and methods can greatly influence learning gains.
Policymakers are increasingly eager to prioritize investments in methods, trainings, and
approaches that are proven to be most effective in line with the tenets of evidence-
based education (EBE). This EBE movement coincided with enormous investments in
education in the United States (“No child left behind” act in 2002 and the “Every Student
Succeeds” act in 2015), the United Kingdom (“What works network” in 2013), China
(Slavin et al., 2021), and recently some other European countries (e.g., National Program
of Education in the Netherlands).

Yet, many educational scientists and educators seem reluctant to endorse EBE, and
EBE seems to only slowly find its way into educational practice (Dagenais et al., 2012;
Van Schaik et al., 2018; Joram et al., 2020). Critiques against EBE are numerous and
highly cited. Scholars criticize the status of randomized controlled trials (RCTs) and
generalizations based on them (e.g., Deaton and Cartwright, 2018; Morrison, 2021).
Others question the cost-effectiveness of educational RCTs, or whether EBE restricts
attention to those interventions that can be studied with RCTs (e.g., Cowen, 2019).
A third strain of critique targeted the broader EBE paradigm and its moral implications
for the teaching profession (e.g., Biesta, 2007, 2010; Wrigley, 2018). The sheer volume of
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criticism might deter practitioners from EBE. Many indeed opt
for using a —seemingly middle-ground- position of “evidence
informed education,” although stakeholders often use the terms
interchangeably (Nelson and Campbell, 2017).

Strikingly, there is limited dialogue between proponents and
critics of EBE. Researchers aligned with the EBE movement
have not always thoroughly dealt with criticism against EBE’s
preference for RCTs and the wider potential repercussions of
EBE for the teaching profession. Slavin (2008, 2017, 2020) and
Slavin et al. (2021) discussed a selection of the objections against
RCTs and EBE but left others unanswered. On the other hand,
some critics may have created a “straw man” by equating EBE
with exclusive reliance on quantitative RCTs (e.g., Wrigley,
2018) and a technocratic view of the teaching profession (e.g.,
Biesta, 2010). The debate runs the risk of losing its intellectual
use when the opposing sides divide into separate streams of
scholarship. This conceptual article contributes to EBE and the
educational research literature by analyzing the critiques against
the EBE and its usage of RCTs, and by proposing ways forward
that take these arguments into account.

The rise of evidence-based
education

In a lecture on “Teaching as a research-based profession” in
1996 (published in 2000), Hargreaves compared the educational
profession to the medical profession. Based on his comparison
he proposed that it would improve education if, similar to
medical science, practitioners could and would make more use
of evidence. In an article that meant to define EBE Davies (1999)
later stated that:

educational activity is often inadequately evaluated by
means of carefully designed and executed controlled
quasi-experiments, surveys, before-and-after studies, high-
observational studies, ethnographic studies which look at
outcomes as well as processes, or conversation and discourse
analytic studies that link micro structures and actions
to macro level issues. Moreover, research and evaluation
studies that do exist are seldom searched for systematically,
retrieved and read, critically appraised for quality, validity,
and relevance, and organized and graded for power of
evidence (p. 109).

He went on to define the task of the EBE movement as:
(1) the capacity and discipline of educators to pose answerable
questions about education, know where to find evidence, assess
the evidence, and determine its relevance to their educational
needs, and (2) the power of educational scientists to establish
sound evidence where it is lacking.

Slavin (2002) subsequently specifically addressed the need
for large-scale experimental evaluations to answer questions
about effectiveness. Causal relations cannot be directly seen,
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they have to be inferred from observations or measurements.
The logic of controlled manipulation is the strongest way to
support such an inference, and randomization with an adequate
sample offers a method that enables a comparison between two
groups that are the same except for receiving the treatment
(Slavin, 2002; Duflo and Banerjee, 2017). In the minds of many,
EBE became synonymous with such experiments (e.g., Newman,
2017; Cowen, 2019; Wrigley and McCusker, 2019). However,
large-scale experiments are complicated and costly to execute,
and although they have become more prevalent since 2000, they
remain altogether a rare phenomenon in the educational field
(Cook, 2007; Pontoppidan et al., 2018; Slavin, 2020). Moreover,
as is clear from Davies' quote mentioned above, EBE is and
should be broader than experimental studies or RCTs.

Objections to evidence-based
education

The pleas of Davies (1999), Hargreaves (2000), and Slavin
(2002) for more EBE stirred a rich variety of critiques from
within the educational research community. Although EBE
stands for both gathering evidence where it is lacking and
improving the capacity of educators to make use of evidence,
most criticism of EBE is targeted at its preference for RCTs.
Perhaps this is due to the dominance of RCTs in the medical
science which EBE emulates, or to Slavin’s (2002) influential call
for experimental research to determine “what works.”

Cook (2002, 2007) summarized the objections to performing
RCTs into (1) philosophical objections (e.g., experiments imply
a descriptive theory of causation that is inferior to explanatory
theories of causation), (2) practical arguments (e.g., offering a
potentially beneficial intervention only to the treatment group
generates inequity), (3) undesirable trade-offs (external vs.
internal validity), (4) the objection that schools will not use
experimental results, and (5) objections that favor other types of
study designs (e.g., quasi-experiments, preferred by researchers
who value design control over statistical control). Since Cook
presented his “typology,” several new objections and new
insights regarding EBE and RCTs in education were published.
Some build on arguments within the existing categories, other
ontological, socio-economic, and normative objections seem to
belong to altogether new categories (e.g., Biesta, 2007; Cowen,
2019).

This analysis builds on the articles from Cook but
reorganizes the used categories in order to prevent conceptual
overlap and make them more parsimonious. The scope of
Cook’s “Philosophical objections” is too wide since philosophy
encompasses both epistemology and ethics. Cook places ethical
arguments in the “practical” category, but the term “practical”
is more easily associated with other concerns such as category 4
(schools will not use the results). Undesirable trade-offs (Cook’s
third category) can be of a epistemological nature, but could
also be ethical, or practical. We therefore cluster all criticisms
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into three types. Objections are categorized as “epistemic”
when they target methodological questions or assumptions
and consequences at the level of philosophy of science (when
do we know what causes what, for example). Socio-economic
objections target the feasibility or repercussions of the EBE
paradigm. Finally, normative objections are ethical by nature
and object to the purpose (or lack thereof) of EBE.

Epistemic objections

Several critics have raised epistemic and methodological
objections to RCTs within EBE. Deaton and Cartwright (2018)
and Cartwright (2019) described how RCTs can only give us
unbiased estimates when randomization does not generate a
random imbalance on variables that are not measured in a
baseline test and covariates or confounders are not correlated
with the treatment. When the sample is a convenience sample,
which is often the case, point estimates from the sample
should not be generalized to the broader population or other
populations (scaling up) or individuals (drilling down). Joyce
and Cartwright (2020) add that external validity in education
is problematic because, in their view, educational contexts
have great influence on how treatments work. They suggest
that educational researchers should therefore study why and
how something might work in a specific context. This means
studying potential support factors, derailers, and the local
structures that afford necessary causal pathways in addition to
average treatment effects (Joyce, 2019; Joyce and Cartwright,
2020).

These epistemic arguments point out the limitations of
RCTs and urge for improved RCTs and the use of additional
types of study designs. However, neither is incompatible with
the EBE maxim that urges educators to use the best available
evidence. In his treatise against the dominance of RCTs,
Morrison grudgingly admits that “pace Churchill, the RCT is the
worst form of design except for all the others” (2021, p. 211).
In other words: there is potentially much wrong with RCTs,
but even more with other designs as a method of inferring
causal relationships. Contributions such as Joyce and Cartwright
(2020) raise the standard for the educational sciences and EBE
and urge both scholars, practitioners, and policymakers, to
be more knowledgeable about the type of research that could
ideally answer contextual questions. From this perspective,
RCTs should be improved and be complimented by other types
of research but still play a vital role.

There are more radical epistemic (and ontological)
objections against EBE. Biesta (2007, 2010) argued that
education is an “open and semiotic system,” which he defines
as “systems that do not operate through physical force but
through the exchange of meaning” (Biesta, 2010, p. 496). What
causes learning is influenced by many variables that cannot
be controlled and depends on interpretations by learners.
We can therefore not determine “causes” in a deterministic
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manner. Does this objection posit a real threat to EBE?
All of society could be argued to be an open and semiotic
system, so taken literally it would make experimentation in
all of the social sciences impossible. However, the “semiotic”
(interpretation-dependent) nature of education does not
preclude experimentation. How educational interventions are
interpreted may be subject to regularities, and these may then
underlie replicable results. In lab experiments, researchers can
attempt to manipulate the factors of interest and hold constant
all other relevant ones. This is impossible in field experiments,
and most social scientists are aware that many confounding
variables could impact results (Duflo and Banerjee, 2017). The
combination of lab and field experiments brings us as close
as we can get to provisionally “proving” causal relationships.
Replications of experimental studies, [which are estimated
to constitute only 0.13% of studies of the articles in leading
educational journals (Makel and Plucker, 2014)], would further
consolidate the reliability of the findings. The remaining
uncertainty is completely compatible with EBE’s maxim of
using “the best available evidence.”

The interpretation-dependent nature of many educational
interventions makes it valuable to study cognitive and affective
factors and processes in addition to behavior. Over the past
decades, several scholars therefore rightly pleaded for studying
mechanisms as well as effects in order to understand why
interventions might cause certain outcomes. This is one of the
epistemological requirements of critical realism. Understanding
the mechanisms that drive the effects of interventions increases
the chance of successfully translating an intervention to another
context. Several scholars accordingly developed theories that
help us to predict and measure the interactions between
interpretations and behavior. The theory of identity-based
motivation, for example, is based on studies of how students
interpret the role of school for their future identity (Oyserman
et al,, 2002, 2006; Oyserman and Destin, 2010). In lab and field
experiments, Oyserman and her colleagues subsequently tested
and showed how these interpretations can be altered. Because
they tested every step in the mechanism and formulated how
the implementation fidelity can be monitored (Oyserman, 2015;
Horowitz et al.,, 2018), this intervention proved transferable to
different contexts.

Another set of Biestas objections targets the epistemology
that EBE assumes. In his articles, Biesta proposes using Dewey’s
epistemology to ground educational science. Instead of using
a representational model of knowledge (spectator view) we
should use Dewey’s transformational model which assumes
that reality is constantly changing. The transformational
epistemology asserts that it is only possible to determine in
hindsight what worked but never what works, because of
the changing nature of reality and because the experimental
methods of science change or distort the very reality that
they aim to measure.

Summarizing the epistemology for EBE as a “spectator view”
is too simplistic and ignores the work done by philosophers

frontiersin.org


https://doi.org/10.3389/feduc.2022.941410
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Dekker and Meeter

of science such as Searle (e.g., 1999) and many others. EBE is
usually grounded in critical or scientific realism which entails
that (ontologically) the world can exist independently of the
mind (or science) and that (epistemologically) theories about
this world can be approximately true. Dewey’s epistemology is
problematic because it erroneously reduces the existence of all
theoretical constructs (among which causality) to operational
relations (Bulle, 2018). Reducing all theoretical constructs to
operational relations means that concepts “can be grasped
only in and through the activity which constitutes it” (Dewey,
1891, p. 144). Vygotsky aptly criticized Dewey’s reduction of
theoretical constructs to operational relations in the following
manner:

“It is impossible, to assimilate the role of the work tool,
which helps man subject natural forces to his will, with that of
the sign, which he uses to act upon himself. The tool is externally
oriented whereas the sign is internally oriented. Attempts to
equate the sign with the external tool, as it is the case in John
Dewey’s works, lose the specificity of each type of activity,
artificially reducing them into one” (Vygotsky, 1978, p. 53).

Dewey’s pragmatist epistemology has, for these reasons,
been cast aside in epistemology, psychology, and the natural
sciences, but it is still foundational for some social-constructivist
views that are present in teacher education (among which
Biestas criticism of EBE). According to Northrop (1946),
pragmatism’s presence in western teacher education led to an
overestimation of practical work and an underestimation of
theoretical mastery; undermining the obligation to master the
subjects that one teaches. However, even if we, for the sake
of the argument, followed this epistemology, it would still be
compatible with learning from experiences and experiments
(e.g., from RCTs). Inferring what will work from what worked
can never be done with absolute certainty, but what has or
hasn’t worked in the past will often provide the best available
evidence for both theorized causal and “operational” relations.
Surely Biesta does not suggest ignoring evidence about what
worked (toward a relevant purpose) in the past when we choose
educational interventions. This would limit even the use of the
professional judgment that Biesta propagates, as this is also
based on previous experiences.

A final interesting epistemic objection to how RCTs are
currently used in EBE was raised by Zhao (2017). He argued
that educational researchers too often fail to take “side-effects”
into account in their trials. If we narrowly focus on one learning
outcome, we might fail to notice trade-offs. Emulating medical
science, as EBE purports to do, should include using a wider
range of relevant outcome measures in RCTs to monitor side
effects. Zhao claims that even some of the most contested
subjects in educational research might be “appeased” if we
acknowledged the trade-offs of different interventions. Using
direct instruction as a didactic teaching strategy leads to higher
learning outcomes, but this fails to convince critics who instead
value the potential “costs” to creativity or professional flexibility.
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Experiments that report on learning outcomes, as well as impact
on creativity and curiosity, will be more constructive to the
debate (Zhao, 2017). Studying potential side effects requires
researchers to improve their study designs (e.g., to exploratively
search for potential side effects qualitatively, track long-term
effects, also measure student and teacher wellbeing, etc.) and be
aware of potential trade-offs.

Socio-economic objections

Performing and replicating large-scale experimental
evaluations is complicated and expensive (Morrison, 2019).
Do they offer a good return on investment? Some scholars
criticize EBE, and large-scale RCTs, for being ineffective
in solving relevant questions to the field (e.g., Thomas,
2016). Lortie-Forgues and Inglis (2019) recently analyzed
141 of the large-scale (median n = 2,386) educational RCTs
commissioned by the Education Endowment Foundation
(EEF) and the National Centre for Educational Evaluation
and Regional Assistance (NCEE) to assess the magnitude
and precision of their findings. Unencouragingly, they
found that some 40% of RCTs they analyzed produced
uninformative results: results were consistent both with
finding no effect at all, or with a large effect comparable to
1 year or maturation and instruction (Bloom et al., 2008).
The interesting question that they raised was, “why?” They
suggested three explanations: (A) the theory on which the
programs are based is unreliable (B) the educational programs
are ineffective because they have been poorly designed or
implemented (C) the studies are underpowered because the
outcome measures they use contain more “noise” than we
previously assumed. Explanation C is similar to an underlying
cause of the wider “replication crisis” in psychology and
other sciences (Maxwell et al., 2015); replication studies with
large enough sample size or better outcome measures would
eventually “solve” the problem by filtering out null findings
(and positive findings) that result from mere chance. In the
other two cases (A and B), the field experiment is doing
education as a whole a service—it is either showing that
some intervention should not be used because it is based
on faulty theories, or that it requires thorough attention to
implementation. For this reason, it would be good if monitoring
implementation fidelity became standard practice within the
field. However, none of the explanations incentivize school
leaders to fund a large-scale evaluation. Few school leaders
feel for investing in a study that is likely to show that the
efforts of their colleagues led to non-significant or small effects.
This suggests a need for governments to reserve sufficient
research funding to accompany educational innovation
(Pontoppidan et al., 2018).

Cowen (2019) raised an interesting objection against
the predominance of RCTs that evidence-based policy has
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caused. He observes that EBE allows policymakers to target
interventions that teachers have to apply instead of policies
which they are accountable for themselves. EBE favors teacher-
level interventions over structural change of the educational
system given that the effects of the latter are near-impossible
to measure with an RCT. Letting teachers teach mathematics
with certain didactics can be evaluated with an RCT, a structural
overhaul of the educational system not. This “bias” does have
an upside. Structural overhauls of the educational system come
with great costs (both financial and mental) and peril; this in
itself should be an argument to be more conservative when
it comes to structural reorganizations than with classroom
interventions. Moreover, Cowen (2019) points out that it
could be solved if EBE would draw from the full range
of available research techniques when it comes to studying
potential benefits to structural changes to educational systems.
This is, again, compatible with the EBE maxim to use the best
available evidence.

Another way in which socio-economic objections about the
costs of large-scale evaluations can be taken into account as well
as possible is by properly weighing the effects that are found.
Greenberg and Abenavoli (2017) and Kraft (2020) recently
offered insightful suggestions on how our interpretation of
experimental evidence should be improved. Many RCTs use
outcome measures developed specifically to measure the
expected effects (often in the form of a survey), and measure the
effects, with standardized effect sizes (Cohen’s d in particular), of
targeted instead of universal interventions. Specifically designed
outcome measures used shortly after the intervention inflate
expectations of the effects on actual practical outcome measures
such as standardized tests and long-term effects. Studying
targeted interventions means using a more homogeneous
sample, which by definition leads to smaller variance in the
dependent variables and thus larger effect sizes (Greenberg and
Abenavoli, 2017). Cohen’s d does not take relative risks into
account and therefore “overvalues” small-scale trials with low
variance. The effects of universal interventions on standardized
test outcomes have therefore often been undervalued compared
to targeted interventions with specific outcome measures. Kraft
(2020) suggests using a different interpretation of effect sizes
that takes the design of the study (large-scale, heterogeneous
sample, “real” outcome measures, etc.), costs per pupil, and
scalability of the intervention into account. This should help
us in making sense of large-scale RCT outcomes and help
define what we should interpret as successful educational
innovations.

Normative objections
Normative objections against EBE are targeted at the aims of

EBE, the paradigm which it stands for, or the moral implications
that it has. While epistemic and socio-economic arguments
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primarily address predominance of RCTs, normative arguments
have mainly been aimed at the broader EBE paradigm. In a
range of articles and books, Biesta (e.g., 2007, 2010) argued
that EBE is misguided because education is not effect-driven
but value-driven, it is an inherently normative profession.
Learning should always be directed at some educational
good. Biesta divides educational goods into three categories:
qualification, socialization, and subjectification. According to
Biesta EBE is misguided because it places too much emphasis on
qualification and too little on subjectification, and because EBE
will inherently value only those outcomes that can be measured.

There are two things to consider here. Are the goals
of EBE misguided? And are there educational goods that
cannot be measured? Every researcher should be transparent
about outcome measures. Every society and school should
likewise test transparent learning goals and outcomes with
every single examination that is undertaken. Outcome measures
such as reading and math achievement are prevalent because
there is an overwhelming democratic consensus about their
value. The more idiosyncratic and subjective goals become,
being a good citizen, or being a good person even, the
less democratic consensus can be found on what they are,
how they can be taught, and how they should be measured.
As soon as a social or personal educational good is agreed
upon, researchers can study it as an academic performance
measure. In elementary schools and secondary schools in most
western countries, the educational goods are partly defined
by democratic governments, and partly by schools that may
be accountable to local districts (as, e.g., in Britain and the
United States) or to parents (either through parent councils or
when they compete for students with other schools). In post-
tertiary education goals are largely determined by the teaching
staff and representatives of a vocational field. Once a school
or institution chooses a certain educational good, they will
usually find ways to assess it. If a vocational school targeted
at hotel management considers “hospitality” an important
educational good, they will find ways to teach it, and also
to assess it. If an art school wants its students to create
authentic masterpieces incorporating personal subjectivity they
will find a way to grade this. The problem of the educational
researcher, how to measure educational goods for which there
is no standardized test, is therefore shared by the teacher or
curriculum designer, and a teacher’s solution can also be used by
the researcher. The argument of Biesta (2010) and others (e.g.,
Wrigley, 2018; Akkerman et al., 2021) rightly draws attention
to the importance of outcome measures both in education and
educational research. Their position becomes incompatible with
EBE once they argue that there are educational goods about
which there is public consensus, that you can teach to students,
but cannot evaluate. The combination of these three premises
is an argument against human ingenuity; it presupposes that
teachers will not find a way to assess what they find important,
and it seems an untenable position.
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Discussion

Newton et al. (2020) offered a useful model for “pragmatic”
EBE for practitioners. The final part of this analysis will build
upon their model by suggesting three directions for furthering
EBE based on the earlier discussed objections to EBE.

Context-centered experiments

RCTs and especially large-scale field experiments fulfill an
important “deciding” role in the ecosystem of educational
research. However, to realize this potential they should meet
high standards of rigor (Morrison, 2021): among others, be
based on theory, have sufficient power, use baseline measures,
randomly assign, and use clear protocols. In addition to
these regular standards, educational researchers conducting
experiments should strive to meet three further standards that
make experiments more useful to educational practice.

The first thing to consider is the context in which the
experiment is conducted (Deaton and Cartwright, 2018).
This means studying support factors, derailers, and the local
structures that afford causally necessary pathways. Qualitative
case studies or qualitative evaluations of these factors can be of
great added value to field experiments. This allows us to not
only learn if something worked in a specific context, but why
it worked differently in several contexts.

Second, studying the causal step-wise process that explains
how interventions work, will allow interventions to be applied
more reliably and transparently. Interventions with a clear
mechanism allow both researchers and teachers to look “under
the hood” whenever an intervention is not producing the
expected effects. “Replication with variation,” studying both the
outcome as well as the mechanisms, is a suitable way to do this
(Locke, 2015).

Third, implementation should be an integral part of the
research design (Moir, 2018). Implementation science has
already been employed in clinical, health, and community
settings, but is relatively new within education (Lyon et al,
2018). In a systematic review of the role of implementation
fidelity in educational interventions, Rojas-Andrade and
Bahamondes (2019) found that the different aspects of
implementation fidelity, and particularly exposure and
responsiveness, were linked to outcomes in 40% of the studies.
There are many different implementation fidelity frameworks,
one suitable example for the educational sciences is Horowitz
etal. (2018) adaptation of the framework of Carroll et al. (2007).
This framework suggests evaluating program differentiation (is
the intervention different from what was done before in this
context?), dosage (how much of the intervention did students
receive?), adherence (did the students receive the intervention
in the intended sequence?), quality of delivery (did the students
experience the key points as true and easy to process?), and
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student responsiveness (how did the students react to the
adherence and quality of delivery?).

All these standards surely do not make it easier, or less
expensive, to conduct large-scale educational experiments. They
should therefore preferably be used when a causal issue is
important but either lacks evidence or when the evidence is
contradictory (Cook, 2007). These high demands shall not
always be met, but offer a standard to aspire to, in order to make
educational experiments even more useful. The earlier referred
to examples of the research into identity-based motivation
(e.g., Horowitz et al,, 2018), research into goal-setting theory
(Morisano et al., 2010; Locke, 2015; Dekker, 2022), and recent
rigorous experiments (e.g., Yeager et al., 2022a,b), fulfill several
of these demands and show that steps toward this ideal are
possible.

Play to the strengths of the
educational domain

Many critics suggest that EBE is hard or even impossible
because the educational domain is different from domains
such as medicine or agriculture (Morrison, 2021). Some
aspects of education do indeed make effectiveness studies
complicated. Yet, there are also aspects that could potentially be
beneficial to EBE.

Schools, colleges, and universities keep track of grades,
status, and many other student and course variables. There
is an abundance of longitudinal performance data already
available to most schools, colleges, and universities. Grading
itself is not free from bias and noise, but with the appropriate
statistical methods (e.g., growth modeling, or multilevel growth
modeling) predictors of performance change can be studied over
time. These methods could improve our insight into long-term
effects of RCTs or longitudinal studies where an experimental
design is not possible or suitable for the question at hand.
Although grades are important, they do not represent the only
educational goods.

Additionally, most schools, colleges, and universities
evaluate their lessons, curriculum, and teachers. These types
of student evaluations can be targeted at anything, and could,
potentially, have research value. Potentially, they rarely stand
up to scholarly standards (Newton et al., 2020). They are rarely
designed with the scientific rigor that the students who fill them
out have to 1 day adhere to. EBE should not just be known for
using or advocating experimental studies, it should be known
for a more scientific approach to educational data as well.

One example of how this could be approached is the
development of research into blended learning. Future studies
into effective forms of blended learning can combine online
user data with qualitative evaluations of onsite education and
performance data, to configure the optimal blends of online and
onsite education for specific courses.
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Integrated interventions and outcome
measures

Two critiques against currently used outcome measures
could bolster EBE. Zhao (2017) proposed studying potential
trade-offs of an intervention. Biesta (2007) argued that instead
of asking “what works” and implying that the educational
good is self-explanatory, educational researchers should ask
which educational goods are at stake. This means reflecting
on and taking responsibility for transparently chosen outcome
measures (Akkerman et al, 2021). At the start of college,
for example, students’ performance and mental health are
interrelated in several ways (e.g., Dekker et al, 2020).
Interventions that aim to improve either learning outcomes
or mental health during this phase should preferably monitor
both to test whether the targeted outcome did not come at
the expense of the other. Several scholars pursue to integrate
these different aspects into the concepts themselves: Kuh
et al. (2005), for example, proposed using the term student
success to stand for a combination of academic achievement
engagement, satisfaction and the acquisition of skills, etc.
Schreiner (2010) similarly introduced the concept of academic
thriving to stand for a combination of performance, community,
and wellbeing. When possible, package interventions could
target combinations of outcomes by addressing the underlying
problems or motivation (e.g., Morisano et al., 2010; Schippers
and Ziegler, 2019). In some cases, the potential trade-
offs or side effects might be less known. In these cases,
it would be wise to qualitatively explore whether students
experienced any unpredicted effects from participating in the
experiment.

Conclusion

In this article, we discussed the criticism against EBE
and its preference for experimental studies. EBE stands for a
combination of (1) the duty of educational professionals to
raise answerable questions, search for evidence, assess it, and
carefully apply it to practice and (2) the duty of educational
researchers to provide rigorous evidence where it is lacking.
Most of the criticism from the research community is directed
at the implications of the second “duty” or the overarching
pursuit of EBE. The arguments raised against EBE and the
RCTs that often come with it call for a nuanced view on the
usefulness of different types of research designs and disciplines.
No argument, however, warrants ignoring the best available
evidence when designing education. There are many problems
to consider when interpreting outcomes from RCTs (e.g., they
create only a probabilistic equivalence between the groups being
contrasted, and then only at pre-test, and many of the ways used
to increase internal validity can reduce external validity). Yet,
in most instances, experimental studies offer the least unreliable
estimators of effectiveness.

Frontiers in Education

14

10.3389/feduc.2022.941410

While reviewing higher education practices, Newton et al.
(2020) describe how, even today, ineffective teaching practices
and subjective student evaluations persist. The opposite of
EBE is not RCT-free educational evidence, but practice
based on no evidence at all, or a wrong application or
interpretation of evidence. The recently growing evidence
base from experimental studies can improve the influence of
educational research on educational practice. Especially if they
are conducted according to high standards of rigor. One risk that
should be avoided though, is catering to a need for extremely
brief answers to simplified questions: “what works?” Articles,
reviews, and books that summarize research findings about what
works into oversimplified promises fall short of delivering on
their promises. As the philosopher Hilary Putnam supposedly
put it: “a philosophy that can be put in a nutshell, belongs in
one.” Dumbing down and summarizing too much stimulates
wrong interpretations of evidence.

Educational researchers that aspire to contribute to EBE
have a responsibility to conduct rigorous research that takes
both epistemic, economic and normative objections into
account. Educational professionals, in turn, have a responsibility
to be curious about, and carefully search and assess the available
evidence.
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As many teachers feel overwhelmed by teaching inclusively, teacher
education programs have to find ways to prepare them for this future
challenge. Due to particular conditions, physical education (PE) teachers
might be a particular target group in this context. With regard to the state
of research, there is a need to identify inputs or learning situations that
might improve the best physical education teachers’ competencies and
underlying cognitive and affective-motivational aspects, such as attitudes,
self-efficacy, or stress perception, to empower physical education teachers
for teaching physical education inclusively. Practical experiences seem to be
a key aspect in this context. Therefore, we conducted a quantitative evaluated
quasi-experimental intervention study with physical education pre-service
teachers to test different forms of promoting inclusion competencies and
their underlying cognitive and affective-motivational constructs. Intervention
group 1 (IG 1) followed an information-based seminar, whereas intervention
group 2 (IG 2) was also taught theoretical units in combination with
practical lessons in the gym that were prepared and conducted by the pre-
service teachers themselves. The control group (CG) did not receive any
specific information or practical experiences on inclusively teaching physical
education. We first hypothesized that both intervention groups (IG 1 and
IG 2), in contrast to the control group, would significantly improve their
attitudes toward inclusion and the self-efficacy to teach inclusively, and
would decrease their perceived stress related to teaching physical education
inclusively (hypothesis 1). Second, we hypothesized that participants of
intervention group 2 would have a significantly stronger increase in positive
attitudes toward inclusion, a stronger increase in self-efficacy, and a greater
decrease in the level of perceived stress related to teaching physical education
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inclusively than participants of intervention group 1 (hypothesis 2). Based
on ANCOVA analysis, we found significant results for some subscales of the
attitudes, but no significant results for stress perception and self-efficacy. In
total, the teaching strategy in intervention group 2 seemed to work best in
enhancing physical education pre-service teachers’ inclusion competencies.

inclusive education, physical education, pre-service teachers, intervention study,

teacher education

Introduction

To date, inclusion and inclusive education have been
implemented in schools in numerous countries (Tant and
Watelain, 2016; Harant, 2017). Based on the United Nations
Convention on the Rights of Persons with Disabilities, which
was ratified in Germany in 2009, inclusive schooling of all
children is mandatory. In the context of education, inclusion can
be defined as the “means of increasing participation in learning
by all students so that their educational needs can be met”
(Qi and Ha, 2012, p. 258). In contrast to this all-encompassing
understanding of inclusion, schools and educational reforms
often only focus on the aspect of inclusion which denotes
the integration of pupils with disabilities into regular schools.
This has subsequently led to the directive that “persons with
disabilities can access an inclusive, quality and free primary
education and secondary education on an equal basis with
others in the communities in which they live” (United Nations
[UN], 2014 Article 24-Education, 2.b).

While discussing inclusion and inclusive education in
schools, the special role of teachers and their competencies
has to be considered. Following Blomeke et al. (2015),
we understand competencies as complex ability constructs
that are context-specific and measurable either by cognitive
and affective-motivational aspects (dispositional view) and
are finally observable in performance (behavioral view).
Conceptually, competencies can be modeled as a continuum.
They are learnable and can thus be improved, e.g., via
continuing education or teacher education programs at
university. However, to successfully implement inclusion
at school, teachers not only need adequate (continuing)
education and sufficient support (e.g., special equipment)
but also positive attitudes toward inclusion (Frankel et al.,
2010) as well as self-efficacy (Block et al, 2013). With
respect to the success of inclusion, to a large extent
it depends on the “willingness of teachers to cater to
the pupils with disability in their class” (Gilor and Katz,
2017, p. 294). Studies have shown that a positive attitude
toward inclusion has a positive effect on teaching and the
integration of students with special educational needs in regular
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classes (Avramidis and Norwich, 2002; Sharma et al., 2008; De
Boer et al., 2011; Killoran et al.,, 2014; Litke and Grosche,
2018b). However, the school subject and the form of disability
affects teachers’ attitudes toward inclusion: physical education
(PE) teachers are less favorable toward including children with
orthopedic, visual or mental impairment in their PE classes,
whereas they are ambivalent about including children with
emotional and behavioral difficulties (Hutzler et al., 2019). As
attitudes toward inclusion have to be focused on a specific
school subject, we are focusing our paper on PE (pre-service)
teachers. In this context, studies have shown that even if PE (pre-
service) teachers have positive attitudes toward inclusion, they
do not feel well prepared to teach inclusively (Reuker et al., 2016
for Germany; in the international context: Morley et al., 2005;
O’Brien et al., 2009), and they feel hardly any self-efficacy in
teaching children with emotional and behavioral difficulties or
mental, visual, or hearing impairment (Leineweber and Thomas,
2017). Fejgin et al. (2005) even point out a positive relationship
between the number of students with special educational needs
in a PE class with the PE teachers’ experienced burnout.

Thus, we need to identify inputs or learning situations
that might improve the best PE teachers’ competencies and
underlying cognitive and affective-motivational aspects, such
as attitudes, self-efficacy, or stress perception, to empower PE
teachers for teaching PE inclusively. “Teaching is currently
seen as an overwhelming profession and it is important to
bring beginning teachers to the place where they feel they
are capable and will be more emotionally equipped to take
on the stressors of the classroom” or in our context, of
the gym (Specht and Metsala, 2018, p. 69). Furthermore,
pre-service teacher education programs may be the optimal
time to address future teachers™ attitudes and concerns about
inclusive education, trying to change them in a positive way
(Sharma et al, 2006; Specht and Metsala, 2018). In this
context, Lautenbach and Heyder (2019) were able to identify
23 studies in general teacher education that attempted to
promote pre-service teachers™ attitudes and self-efficacy, using
different teaching strategies (purely theoretically driven, a
combination of theoretical inputs and practical experiences or

purely practical experiences), and evaluated the impact of these
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teaching strategies in pre-and post-intervention designs. The
study results were inconsistent, showing mostly positive changes
in pre-service teachers’ attitudes, no changes or seldom negative
changes. However, the biggest limitation of these previous
studies is the absence of control groups in the study design.
Thus, it is difficult to link changes to the educational input
(Lautenbach and Heyder, 2019).

Although, we could suggest that particular inputs in teacher
education seminars could have a positive impact on attitudes
toward inclusion as well as on self-efficacy, there is still a need
to examine the extent of changes in different seminar designs,
and with a special focus on PE as a particular school subject
compared to other subjects. Teaching PE takes place under
particular conditions: (1) a large space, where many students
move around in different ways and places at the same time,
which requires a particular kind of classroom or better gym
management to guarantee corporal and emotional safety of all
students (e.g., Grube et al,, 2018). (2) Particular requirements
regarding teachers’ own physical conditions, like own sport
motor competencies or volume of the voice (e.g., Brouwers
et al, 2011). (3) The openness of learning situations in PE
offers students more possibilities of displaying and negotiating
peer relationships. In this context, heterogeneity might result
in exclusion and mobbing processes if PE teachers are unable
to handle, in an appropriate way, differences in sport motor
competencies or in social popularity within their students (e.g.,
Grimminger, 2013, 2014). (4) PE is a field where the ability or
disability of moving in the right way or having the societally
accepted body shape is constantly displayed and that might
be experienced as a humiliating context if PE teachers are not
sensitive toward embarrassing situations (Kerner et al., 2018).
This is mostly the case if PE teachers follow traditional sport
approaches where norms of performances and the “right” body
are anchored. These traditional norms might be a barrier for
teaching PE inclusively (Giese and Ruin, 2018). (5) Another
barrier for including students with special educational needs in
PE is the fear for pupils” safety and the possible negative impact
on peers (e.g., Ko and Boswell, 2013). Thus, PE seems to be
a particular school subject in the context of inclusion and PE
teacher education needs to be tailored to these particular aspects.

In particular, in recent years, there is an increase in
the number of intervention studies to enhance PE (pre-
service) teachers’ attitudes, self-efficacy, or competencies in
teaching PE inclusively. The studies vary in length, formats
of teaching courses (only theoretically, combination of theory
and practice in different contexts) as well as in the study
design (implementation of a control group or not). In this
context, Barber’s case study (2018) is one of the rare qualitative
studies. The author took up the challenge of traditional sport
approaches and with it linked norms and values of (dis-)ability,
and developed a “program modification in pre-service PE
teacher designed to interrupt misconceptions and to construct
new understandings of “dis”ability, to assist teacher education
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students in beginning to develop a philosophy of full inclusion”
(p. 520). The intervention consisted of a one-day visit to an
“Abilities Center” where able-bodied and disabled individuals
interacted with each other. As part of the visit, the pre-service
teachers participated in para sport sessions. The impact of this
visit on the PE pre-service teachers attitudes toward inclusion
and their perception of (dis-)ability was examined with pre-
and post-focus groups, videography of student reflections,
and individual interviews. Barber (2018) noted relatively
minor changes in the pre-service teachers’ attitudes. However,
changes in the perceptions of (dis-)ability could be identified.
The participants became more open to understanding the
potential of the variety of movement experiences for inclusion.
Nevertheless, this change was not reflected in their approach
to lesson planning. All the other studies are quantitative
intervention studies, like Taliaferro and Harris (2014) who
examined the impact of a one-day workshop on PE teachers’
self-efficacy to include students with autism spectrum disorder.
The changes in the intervention group were not significant when
compared to the control group. Additionally, a non-significant
impact on judgments about inclusion was shown by a two-day
workshop with PE teachers (Haegele et al., 2018; no control
group was implemented). Therefore, we could conclude that
the length of an intervention might be crucial. Subsequently,
Taliaferro et al. (2015) examined the effect of participation
in one of two 15-week adapted physical education courses,
with a nine-week experience practicum, on pre-service teachers’
self-efficacy toward the inclusion of students with special
educational needs. The results showed a significant increase
in the pre-service teachers’ self-efficacy across all disability
categories. Therefore, these results implicated the importance
of a certain length of intervention as well as the relevance
of practical experiences. However, as the researchers did not
enroll a control group in their study, the precise effect of the
intervention may be unclear. Thus, Reina et al. (2019) ran a
pre- and post-test quasi-experimental intervention study with
PE teachers with an intervention group, who followed the so-
called Incluye-T training program, and with a control group
who did not participate in this special program. Each of the
six face-to-face sessions (lasting for 3 h) combined a theoretical
component with a practical component, when PE teachers
were asked to modify activities, equipment, and instruction
for students with special educational needs, via the use of
simulations. Physical disabilities, intellectual disabilities, and
visual impairment were addressed. The researchers examined
the effect of this special training program on PE teachers
self-efficacy and could note significant improvements for the
participants in the intervention group compared to the control
group. The development was not affected by school type
or gender. In their follow-up study, Reina et al. (2021)
could even prove the impact of a teacher designed and
implemented disability awareness program on the attitudes
of students toward inclusion. After following the Incluye-T
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training program, the PE teachers developed and implemented
their own disability awareness activities in their regular PE
lessons. The results showed that combined activities that focus
on several disabilities/impairments had the highest impact on
students’ disability awareness.

As pre-service PE teachers do not yet have the same practical
experiences as PE teachers who participate in an in-service
training, the design and content of a training program for pre-
service PE teachers should be particularly tailored. Furthermore,
PE in higher education is a subject for which almost half of
the teaching courses are practical sport courses in which pre-
service teachers develop mostly their own sport performance
as well as their competencies to teach a certain sport discipline
(Erhorn et al., 2020). Thus, Zach et al. (2012) concluded that
extending field experiences as well as movement and sport
classes that emphasize the practice of teaching methods improve
PE pre-service teachers self-efficacy. Hopkins et al. (2018)
also underlined the potential of fieldwork experiences for the
development of a teacher identity. Thus, Lautenbach et al.
(2020) implemented a quasi-experimental intervention study
with PE pre-service teachers to test the effect of a theoretically
based seminar in comparison to a theoretically based seminar
with practical experiences, i.e., participation in inclusive sport
groups, in comparison to a control group with no particular
input about inclusion. The researchers aimed the enhancement
of the pre-service teachers’ attitudes and self-efficacy toward
inclusion, and the reduction of stress perception of teaching
inclusively. Although the results underlined the advantage of the
combined theory-practical seminar, participating in an inclusive
sport group might not be enough with respect to PE pre-service
teachers’ prospective jobs that will require teaching inclusively.

Finally, we can conclude that previous intervention studies
on the enhancement of (pre-service) PE teachers’ attitudes,
self-efficacy, and teaching competencies in an inclusive setting
underline the importance of the intervention length as well
as the relevance of the combination of theoretical inputs with
practical experiences that should be pedagogically accompanied
and reflected upon. Nevertheless, we do not know yet which
kind of practical experience might be successful in pre-service
PE teacher education. Reina et al. (2019) showed the impact
of combining theory with teaching practices for the inclusion
of students with physical disabilities, intellectual disabilities, or
visual impairment for PE teachers. However, is this teaching
strategy also successful for pre-service PE teachers with less
teaching experience? And finally, is the simulation approach in
the practical units the only way to translate theory into practice?

Following these principal questions, we conducted a quasi-
experimental intervention study with two different intervention
groups (IG 1 and IG 2) and a control group (CG). We wanted
to examine the following research question: Which form of
intervention might have a greater impact on attitudes toward
inclusion, on stress perception, and on the self-efficacy to
teach PE inclusively among PE pre-service teachers Therefore,
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the intervention groups underwent two different teaching
programs for the enhancement of important influencing factors,
like attitudes toward inclusion and self-efficacy in teaching
inclusively, as well as for a reduction in perceived stress
regarding an inclusive physical education class. Whereas IG 1
followed an information-based seminar, including theoretical
units on how to plan PE lessons in an inclusive PE context, IG
2 was also taught these theoretical units and additionally put
the theoretical aspects to the test in practical lessons in the gym.
The PE pre-service teachers were responsible for these practical
lessons by planning and conducting the lessons with their fellow
pre-service teachers. Their planning was guided by current
recommendations for designing inclusive physical education
classes (e.g., Tiemann, 2015; Giese and Weigelt, 2017), taking
into account the type of impairment (e.g., learning disabilities,
emotional and behavioral difficulties, physical impairment,
chronic diseases and intellectual impairment) that should be
specifically addressed in each lesson. Like in the study of Reina
et al. (2019), the pre-service teachers should find pedagogical
adaptions or modifications, e.g., in content, rules or material,
with regard to the particular impairment. However, in contrast
to Reina et al. (2019), their fellow pre-service teachers were not
asked to simulate the impairment for various reasons: (1) Not
all types of impairment can be simulated, or the simulation
might possibly result in a display of stereotypes; e.g., how a child
with emotional and behavioral difficulties might behave in PE
in the pre-service teachers’ view. Finally, stereotypes should not
be actively initiated; instead, they should be critically reflected
upon to sensitize pre-service teachers to their own stereotypes in
relation to teaching behavior (Macrae et al,, 1994). (2) The aim
of the intervention study was not to help pre-service PE teachers
experience what it is like to have a disability; that is the aim of
the disability simulation approach (McGowan, 1999). The aim
of the intervention study was to sensitize pre-service PE teachers
to pedagogical strategies for teaching PE inclusively. (3) The
effect of the disability simulation approach on attitudes toward
inclusion is ambivalent; it could have also a negative impact as
participants without disabilities could experience the simulation
as overwhelming due to missing coping strategies (e.g., Flower
et al, 2007). The lessons planned and conducted by the pre-
service teachers were reflected upon afterward by all seminar
participants and were also commented upon by the university
lecturer. The aim of this teaching scenario was to give pre-
service teachers mastery experiences, as they seem to be crucial
predictors of teachers’ self-efficacy regarding inclusive teaching
(Wilson et al,, 2020). The control group was only theoretically
taught how to plan a physical education lesson without specific
information about inclusive pedagogical concepts.

The study was theoretically based on the theory of
planned behavior (Ajzen, 1991) and the self-efficacy theory
of Bandura (1977) to link attitudes with behavior. Thus,
it could be argued that attitudes toward inclusion can
theoretically as well as empirically be linked to teaching
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behavior (Yeo et al., 2014). However, teachers’ attitudes toward
inclusion depend on different contextual variables, like gender,
age, length of professional experience, amount and quality of
teachers’ acquaintance with persons with disabilities, amount
and quality of teachers’ academic training and practicum, the
degree of perceived self-efficacy or competence, the impact
of children’s disability attributes, and the school environment
including type or level of school (e.g., Specht and Metsala,
2018; Hutzler et al,, 2019). In the theory of planned behavior
(Ajzen, 1991), self-efficacy is one of the factors besides personal
external factors, attitudes and subjective norms that influences
the formation of a behavior intention that might lead to a
concrete behavior. As Savolainen et al. (2020) have shown in
a longitudinal cross-lagged study that self-efficacy influences
attitudes toward inclusion, the enhancement of self-efficacy
of (pre-service) teachers seems to be crucial. Specht and
Metsala (2018) also strengthen that especially in pre-service
teacher programs, positive experiences in inclusive educational
settings are important for the development of self-efficacy.
Bandura (1977) hypothesized that self-efficacy determines
whether individuals act, how much effort they will expend and
how long they will continue acting in the face of obstacles
and failures. According to Bandura (1977), self-efficacy makes
a difference in how people think, feel and act. Teachers’ self-
efficacy is a domain-specific aspect (in contrast to general
self-efficacy) and can be defined as “the teacher’s belief in
her or his ability to organize and execute the courses of
action required to successfully accomplish a specific task in
a particular context” (Tschannen-Moran et al.,, 1998, p. 233).
Following Bandura (1977), self-efficacy can be increased by
four sources: (1) mastery experiences or personal experiences
(e.g., performance exposure), (2) vicarious experiences (e.g.,
observing a model performing a task that is within one’s own
abilities), (3) social persuasion (e.g., verbal messages or social
encouragement) and (4) physiological and/or affective responses
(e.g., state of anxiety). In this context, Martins et al. (2015)
showed that pre-service teachers with high self-efficacy highlight
during a practicum, for example, planning and teaching practice
as a mastery experience, lesson observation as a vicarious
experience and post-lesson discussions as persuasion, whereas
pre-service teachers with low self-efficacy might associate the
same learning situations with negative emotions. Thus, self-
efficacy can be a resource to deal with stress (Lazarus and
Folkman, 1984). Stress occurs if the subjective appraisal of the
relevance of a stressor and the appraisal of the individual’s
perceived resources to deal with this stressor lead to the
conclusion that the resources are not enough to handle
the stressor. Hutzler et al. (2005) have suggested that self-
efficacy influences attitudes toward inclusion moderated by
stress perception. Increasing self-efficacy could therefore reduce
perceived stress, enhance attitudes toward inclusive classes and
teaching inclusively and, finally, improve concrete teaching
behavior in inclusive classes.
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With regard to the previous intervention studies in PE
teacher education, we wanted to examine in our quasi-
experimental study which form of intervention might have
a bigger impact on attitudes toward inclusion, on stress-
perception and on the self-efficacy to teach inclusively
among PE pre-service teachers. Based on the results of
previous intervention studies, we first hypothesized that both
intervention groups (IG 1 and IG 2), in contrast to the control
group, would significantly improve their attitudes toward
inclusion and the self-efficacy to teach inclusively, and would
decrease their perceived stress related to teaching PE inclusively
(hypothesis 1). Second, we hypothesized that participants of
IG 2 would have a significantly stronger increase in positive
attitudes toward inclusion, a stronger increase in self-efficacy,
and a stronger decrease in the level of perceived stress related to
teaching PE inclusively than participants of IG 1 (hypothesis 2).

Materials and methods

Participants

25.17;
SD = 2.24; 34 females) from two universities were enrolled
in the study, with IG 1 and CG at one university (taught
by two different teachers) and IG 2 at another university.

In total, 86 PE pre-service teachers (mean age =

The groups did not differ in gender distribution, age and
practical experience with inclusion at school as well as
outside school (e.g., volunteer service), meaning previous
with disabilities
(only operationalized as “yes or no” and not measured

contact or experiences with persons
with respect to intensity or quality of experience). They
differed, however, in their theoretical experiences with the
topic of inclusion after counting the number of seminars
previously attended that dealt with the topic of inclusion.
IG 2 had significantly fewer pre-service teachers without
previous theoretical experience than the other groups.
Table 1 gives an overview of the study population at
pre-measurement.

Participant recruitment was carried out through surveys in

compulsory master’s seminars at the two universities. Allocation

TABLE 1 Overview of the study population at pre-measurement.

IG1 1G2 CG
(n=49) (n=17) (n=20)
Gender 20 females* 9 females 5 females
27 males* 7 males 12 males
Age mean mean mean
age =25.49 age =24.41 age = 25.00
(SD =2.23) (SD=1.91) (SD =2.50)

* Two persons did not indicate their gender.
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to the groups was performed by pre-service teachers’ selection of
the respective seminar. Participation in the study was voluntary.
The pre-service teachers were told that non-participation had
no negative consequences for them and that they could quit
the study at any time. The study protocol was approved by
the ethics committee of TU Dortmund University (approval
number: 2017 3).

Data collection

To test the explicit attitudes toward inclusion, we used
two questionnaires to measure attitudes on a macrosystem
level and on a classroom level. For the macrosystem level,
we implemented the questionnaire on “Attitudes toward an
Inclusive School System” (Liike and Grosche, 2018a; 5-point
Likert scale). In accordance with the definition of attitudes
as constructs that consist of affective, cognitive and behavior-
related components, this questionnaire includes three subscales:
“emotion” (five items; example item: “It would be great if
all children could be taught in an inclusive school system”;
a = 0.69), “behavioral intentions” (five items; example item:
“I would be willing to participate actively in the development
of an inclusive school system” o = 0.69) and “cognition”
(10 items; example item: “T think an inclusive school system
wouldn’t be able to get all children to their best individual
performances”; o = 0.83). To measure attitudes toward inclusion
at the classroom level, we included the “Questionnaire on
Attitudes toward Inclusion for Teachers” (Seifried and Heyl,
20165 6-point Likert scale) with its three subscales: “promotion
of academic competencies” (six items; example item: “Children
with special needs will be equally supported in both an inclusive
class and in a special needs class”; a = 0.85), “willingness to
teach inclusively” (five items; example item: “I can imagine
teaching an inclusive class next term”; o = 0.71) and “social
inclusion” (four items; example item: “Children with special
needs will be treated well by other children in an inclusive class”;
a = 0.51; H = 0.87). The level of subjectively perceived stress
when imagining teaching PE inclusively was measured using the
validated Primary Appraisal Secondary Appraisal Scale (PASA)
(Gaab, 2009; 6-point Likert scale). The PASA consists of four
subscales assessing “challenge” (four items; example item: “The
situation is a challenge for me”; o = 0.42; H = 0.90) and
“threat” (four items; example item: “This situation scares me”;
o = 0.73), which forms the primary appraisal scale (o = 0.44;
H = 0.79). The secondary appraisal scale (o = 0.80) consists of
the subscale “self-concept of own competencies” (four items;
example item: “I know what I have to do in this situation”;
a = 0.52; H = 0.79) and the subscale “control expectancy” (four
items; example item: “I can control a lot myself of what I can do
in this situation”; o = 0.74). A stress index as an indicator for
stress perception can be calculated by subtracting the secondary
appraisal from the primary appraisal mean scores (Gaab, 2009).
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A higher stress index indicates a higher subjective level of
stress. Although the PASA questionnaire examines aspects of
self-efficacy in the particular context of teaching PE inclusively,
we measured the general teacher-related self-efficacy by the
Teacher Self-Efficacy Scale (Schwarzer and Jerusalem, 1999; 4-
point Likert scale). This scale consists of 10 items [example
item: “I am convinced that I can develop creative ways to
cope with system constraints (such as budget cuts and other
administrative problems) and continue to teach well”; a = 0.77].
As Cronbach’s alpha values of some scales might indicate a
low consistency (a < 0.60), we calculated the Coefficient H for
the maximal reliability of these scales. Coeflicient H tends to
provide the highest estimates of internal consistency. It is not
affected by the addition of poor items because its intended use
is for optimally weighted scales. In optimally weighted scales,
items are differentially weighted, so an unrelated item does not
affect reliability (McNeish, 2018). The calculated Coefficient H
for all the scales with a low Cronbach’s alpha value were good.
Therefore, we can also presume the reliability of these scales.

The time between the pre- and post-questionnaire was
fifteen weeks, and it was used for a specific seminar structure
(90-min sessions per week). This was designed to deal
specifically with the topic of inclusion in the intervention
groups, while the control group had no explicit units on the
topic. The two intervention groups differed in the special
design of the seminar. While IG 1 dealt with the topic only
on a theoretical level, IG 2 focused on a combination of
practical and theoretical examinations of inclusive situations as
described above.

Treatment procedures

IG 1 received a theoretical introduction to the Universal
Design for Learning (CAST, 2011; Hall et al., 2012) as well as the
6 plus 1 model (Tiemann, 2016) as guidelines for the planning
and analyses of inclusive PE classes. The topic of inclusive
language was introduced with the example of formulating rules
for a soccer play in PE class; this idea was then transferred to
the general wording in PE exercises. Furthermore, methods of
individual promotion were theoretically discussed.

IG 2 first got a theoretical introduction to basic terms and
teaching concepts of PE with respect to inclusion (Kullmann
et al,, 2014; Tiemann, 2015, 2016), heterogeneity and individual
promotion in physical education (Fediuk, 2008), reflective co-
education (Gief3-Stiiber, 2012; Kastrup and Kleindienst-Cachay,
2016) and intercultural competence (Grimminger-Seidensticker
and Mohwald, 2017). Hereby, we conceptually understood
inclusion as the creation of a positive and meaningful learning
environment for all students, not only for those with special
educational needs (Overton et al,, 2017). In the second part
of the master’s seminar, a practical examination was the focus.
The pre-service teachers were asked to plan and implement
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with their fellow pre-service teachers teaching sequences in
which students with and without specific educational needs
were taught inclusively. The teaching sequences were reflected
upon after implementation. Different specific educational needs
were addressed as examples: learning disabilities, emotional and
behavioral difficulties, physical impairment, chronic diseases,
and intellectual impairment. In the five practical units of the
seminar, the respective procedure was as follows: pre-service
teachers were first informed about the important characteristics
of the impairment - its genesis and distribution and the
resultant experience and behavior of the affected adolescents.
Subsequently, they demonstrated in a sport unit with their
peers a pedagogical inclusive handling of the impairment
(without simulating the addressed impairment). The aim of
this procedure was to give mastery experiences to the pre-
service teachers who were responsible for the lesson. In the
subsequent reflection phase, a discussion was held about which
teaching adaptations specific to the impairment were perceived
by the participating pre-service teachers and how they were
experienced and evaluated by them. In addition, pre-service
teachers disclosed their ideas and presented them for discussion.
Finally, the demonstrated sport units were classified according
to the theoretical models of inclusive physical education. The
aim of this step was to initiate social persuasion processes and to
give other pre-service teachers, who were not responsible for the
lesson, vicarious experiences.

The control group also discussed methods for the individual
promotion of children’s competencies, but not in detail,
and focused on the steps for planning and analyzing PE
lessons in general.

Statistical analyses

In order to determine the effects of the intervention, we
selected analysis of variance with repeated measures as the
statistical test method (King, 2010). Before testing, we ran
t-tests and ANOVAs to check for mean differences in the
dependent variables “attitudes” (including all subscales used),
“stress perception” and “self-efficacy” in the three groups (IG 1,
IG 2, CG) at pre-measurement. As already mentioned, teachers’
attitudes toward inclusion depend on different contextual
variables, like gender, age, length of professional experience,
amount and quality of teachers’ acquaintance with persons
with disabilities, amount and quality of teachers’ academic
training and practicum, the degree of perceived self-efficacy or
competence, the impact of children’s disability attributes and the
school environment (Hutzler et al., 2019). Thus, we also checked
for mean differences in the dependent variables due to gender
and school form, as well as for former experiences with inclusion
at the theoretical level and in practice at school and outside
school. These procedures garnered information about possible
covariates in the subsequent ANOVAs with two measurement
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points (pre- and post-) for the dependent variables “attitudes”
(including all subscales used), “stress perception” and “self-
efficacy” within the three groups. We also included a test for
equality of variances (Levene’s test) of the dependent variables.
If this condition was violated, additional non-parametric
procedures were carried out to test the development over
time (Friedmann test) and the differences between the groups
(Kruskal-Wallis test). This concerned the variables “willingness

» o«

to teach inclusively,” “stress perception” and “self-efficacy.”
Since all non-parametric analyses confirmed the results of the
variance analyses, only the latter will be presented.

In all ANOVAs, Bonferroni was selected for the confidence
interval adjustment to hold the error rate for multiple
comparisons to o = 0.05, and the contrast repeated was chosen.
Effect sizes, such as partial eta squared and Cohen’s d, were
interpreted following Cohen (1988). All analyses were calculated
with IBM SPSS Statistics Version 25 (RRID:SCR_016479).

Results

Descriptive statistics

Table 2 shows that at pre-measurement, significant
differences in all the subscales of attitudes already existed within
the three groups: “emotion” [F (2) = 33.59, p < 0.001; n? =0.51];
“behavioral intentions” [F (2) = 23.19, p < 0.001; n? = 0.42];
“cognition” [F (2) = 6.79, p = 0.002; n? = 0.18]; “promotion of
academic competencies” [F (2) = 9.56, p < 0.001; n? = 0.24];
“willingness to teach inclusively” [F (2) = 10.13, p < 0.001;
n? = 0.25]; “social inclusion” [F (2) = 39.38, p < 0.001;m% = 0.56].
This was true as well as in the level of self-efficacy [F (2) = 4.16,
p = 0.020; % = 0.12]. Specifically, IG 2 significantly differed
from IG 1 and CG in all variables except “self-efficacy,” whereas
IG 2 differed only from CG. Furthermore, males and females
differed in the dependent variable “behavioral intentions” [t
(62) = 2.05, p = 0.044; Cohen’s d = 0.53]. Those with previous
theoretical experiences with the topic of inclusion differed
from those with no previous theoretical experiences with the
dependent variables “emotion” [t (65) = 2.27, p = 0.027; Cohen’s
d = 0.56], “behavioral intentions” [t (65) = 3.06, p = 0.003;
Cohen’s d = 0.76], “promotion of academic competencies”
[t (62) = 2.55, p = 0.013; Cohen’s d = 0.65] and “social
inclusion” [t (64) = 2.10, p = 0.040; Cohen’s d = 0.53]. Those
with practical experiences with inclusion at school differed
from those with no practical experiences at school in the
dependent variable “cognition” [t (20) = 2.64, p = 0.016; Cohen’s
d = 1.18]. Pre-service teachers with practical experiences with
inclusion outside school differed from pre-service teachers with
no practical experiences with inclusion outside school in the
dependent variable “stress perception” [t (60) = -2.34, p = 0.022;
Cohen’s d = 0.61].
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TABLE 2 Descriptive statistics of the dependent variables at pre-measurement.

Group N  Mean Mean Mean Mean Mean Mean Mean Mean “self

“emotion” “behavioral “cognition” “promotion of “willingnessto  “social “stress efficacy”

(SD) intentions” (SD) academic teach inclusion” perception” (SD)
(SD) competencies”  inclusively” (SD) (SD)
(SD) (SD)

IG1 35 2.03(037) 2.06 (0.54) 2.01 (0.40) 3.41(0.54) 3.28 (0.42) 3.64(0.52)  -0.07(0.46)  3.14(0.37)
1G 2 17 3.16(0.61) 3.05 (0.60) 248 (0.72) 4.26 (0.88) 3.91(0.74) 501(0.81)  -0.0.51(1.09)  3.25(0.26)
CG 15 225(0.52) 1.99 (0.41) 1.88 (0.37) 3.41(0.74) 3.15 (0.49) 348(0.31)  -0.07(0.46)  2.91(0.32)
Males 35 230(0.52) 2.12(0.71) 2.07 (0.55) 3.56 (0.74) 330 (0.60) 3.82(0.68)  -0.12(0.70)  3.13(0.37)
Females 29 2.40(0.72) 2.47 (0.64) 2.14 (0.52) 3.67 (0.83) 3.53 (0.60) 4.09(0.94)  -043(0.78)  3.13(0.34)
Theory yes 36 2.53(0.77) 252(0.72) 2.10 (0.64) 3.87(0.84) 3.45 (0.68) 415(0.98)  -042(0.86)  3.16(0.37)
Theory no 33 2.17(047) 2.03(0.55) 2.11(0.41) 3.39(0.62) 333 (0.49) 3.73(0.58)  -0.14(0.55)  3.06(0.33)
Practical school 19 2.32 (0.73) 2.04(0.74) 227(0.32) 3.49 (0.39) 3.45 (0.39) 4.03 (0.87) 0.21(0.63) 3.06 (0.32)
yes
Practical school 3 2.67 (0.46) 2.13 (0.50) 1.73 (0.38) 3.50 (0.17) 3.00 (0.20) 367 (0.14)  -0.54(0.81)  3.30 (0.44)
no
Practical outside 29  2.37 (0.69) 2.34(0.65) 2.00 (0.62) 3.66 (0.78) 3.50 (0.74) 4.05(0.86)  -0.52(0.80)  3.15(0.35)
school yes
Practical outside 38  2.36 (0.66) 226 (0.72) 218 (0.47) 3.62(0.79) 333 (0.46) 3.89(0.84)  -0.10(0.64)  3.09(0.36)

school no

answers in the concerned variables.

Impact of the intervention

As there were significant mean differences in the dependent
variables at pre-measurement, we decided to calculate repeated
ANCOVA measures with the pre-test score as the covariate
(Jamieson, 2004). Thus, we set gender and previous theoretical
or practical experience with inclusion at school or outside school
as covariates if there were mean differences in the dependent
variables at pre-measurement within the different groups.

Concerning attitudes toward inclusion, we observed for
“emotion,” “behavioral intentions” and “social inclusion” neither
a significant interaction nor a significant main effect from pre-

» <«

to post-measurement. However, for “cognition,” “promotion of
academic competencies” and “willingness to teach inclusively,”
we identified significant effects that will be outlined in the
following. For “cognition,” we observed a significant time effect
from pre- to post-measurement [F (1.29) = 22.03, p < 0.001;
n? = 0.43] as well as a significant group-by-dependent variable
interaction effect, mediated by the covariate [F (1.29) = 6.09,
P =0.002; 1% = 0.39]. Post hoc analysis revealed that the attitude
“cognition” increased significantly in all three groups [IG 1
meanyost = 2.27, SDpost = 0.35;5 ¢ (19) = -3.24, p = 0.004; Cohen’s
d = 0.78; IG 2 meanyo = 3.18, SDpogy = 0.54; ¢ (10) = -5.94,
P < 0.001; Cohen’s d = 0.98; CG meanyost = 2.25, SDpost = 0.41; ¢
(3) =-4.98, p =0.016; Cohen’s d = 0.87]. However, by controlling
for the mean differences at pre-measurement, the increase in
IG 2 was significantly higher than in IG 1 [t (29) = -1.95,
p = 0.047; Cohen’s d = 0.76]. However, there was no significant

difference in the increase to CG or between IG 1 and CG. For
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IG 1, intervention group 1; IG 2, intervention group 2, CG, control group; N, sample size; SD, standard deviation. Differences in the number of participants are due to dropout or missing

“promotion of academic competencies,” we found a significant
group-by-time interaction effect [F (1.29) = 3.43, p = 0.049;
n% =0.22]. Post hoc analysis showed that the attitude “promotion
of academic competencies” increased significantly in IG 2 from
pre- to post-measurement (meanposs = 4.46, SDposy = 0.77)
in comparison to IG 1 (meanp,y = 3.13, SDposy = 0.43) and
CG (meanypss = 3.08, SDpost = 0.11), for which no significant
changes could be observed [F (2) = 8.63, p = 0.001; 12 = 0.37].
For “willingness to teach inclusively,” we noted a significant
time effect from pre- to post-measurement [F (1.29) = 7.03,
p = 0.013; 0> = 0.20] as well as a significant covariate-by-
dependent variable interaction effect [F (1.29) = 6.24, p = 0.018;
n% = 0.18]. Post analysis revealed that only in IG 2 did the
attitudes “willingness to teach inclusively” increase significantly
from pre- to post-measurement [# (9) = -3.55, p = 0.006; Cohen’s
d = 0.79], and that the increase in IG 2 was significantly higher
than in IG 1 [F (2) = 7.79, p = 0.002; 12 = 0.33].

Regarding stress perception and self-efficacy, there were
no significant interactions or main effects from pre- to post-
measurement.

Discussion

Preparing pre-service teachers for teaching inclusively
seems to be one of the most important challenges of
teacher education. With the ratification of the United Nations’
Convention on the Rights of Persons with Disabilities, inclusion
has become not only a societal desire but a personal right. The
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increasing number of children with special needs who are taught
in a “regular” school context has led to new challenges for PE
teachers in not always ideal structural conditions. As teacher
competencies seem to be a key factor in teaching successfully in
inclusive settings, teacher education programs must focus on the
promotion of these domain-specific competencies, which can be
seen as new or additional skills, behaviors and beliefs (Darling-
Hammond and Bransford, 2005). As PE differs in several aspects
from other school subjects, a particular focus on (pre-service) PE
teachers is needed.

In recent years, several intervention studies on (pre-service)
PE teachers have been conducted to enhance their attitudes and
self-efficacy toward teaching inclusively. The results underline
the importance of the intervention length as well as the
relevance of the combination of theoretical inputs with practical
experiences that should be pedagogically accompanied and
reflected upon. Similar to studies of general education, some
of the previous studies with (pre-service) PE teachers were
limited in their results due to methodological problems
(e.g., no implementation of a control group). Furthermore,
it was still unclear which kind of practical experience in
combination with theoretical inputs might be (more) successful
in improving attitudes, self-efficacy, and stress perception of
inclusive teaching in pre-service PE teacher education. Thus,
we conducted a quasi-experimental intervention study with pre-
and post-measurement, consisting of fifteen 90-min teaching
sessions, and comparing different intervention programs (IG 1,
IG 2) in relation to a control group. We hypothesized that the
two different intervention groups (IG 1, IG 2) would develop
enhanced attitudes toward inclusion and self-efficacy regarding
teaching inclusively as well as decreased perceived stress related
to teaching PE inclusively compared to the control group.
Furthermore, we hypothesized that the development in IG 2,
where the PE pre-service teachers underwent a combination
of theoretical input and practical application, would be greater
than in IG 1, where the PE pre-service teachers followed an
exclusively theoretical information-based seminar.

Based on the ANCOVA analysis, we can state significant
results for some subscales of the attitudes. However, there were
no significant results for stress perception and self-efficacy.

The attitude “cognition” increased significantly in all three
groups from pre- to post-measurement. By controlling for the
mean differences at pre-measurement, the increase in IG 2
was significantly higher than in IG 1. Thus, the teaching units
of the intervention groups and of the control group seem
to have led to an enhancement of the cognitive aspect of
attitudes toward inclusion, meaning that an inclusive school
system can be implemented without any problems and that
it would enhance social justice. In particular, PE pre-service
teachers of the IG 2 fostered this cognitive aspect after the
intervention. Whereas the information-based approach was also
successful in promoting the attitude that teaching inclusively is
possible, the theoretical approach in combination with practical
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experience had even more impact. The attitude “promotion
of academic competencies” increased significantly from pre to
post in IG 2, whereas there was no significant change in IG 1
and CG. Thus, PE pre-service teachers from IG 2 experienced
an increase in the belief that teachers can support equally
both children with and without special needs in an inclusive
context. It appears that the practical experience in which pre-
service teachers of IG 2 planned PE lessons according to
students’ special educational needs (e.g., learning disabilities,
emotional and behavioral difficulties, physical impairments,
chronic diseases and intellectual impairments) increased PE
pre-service teachers positive attitudes toward dealing with
different levels of proficiency, whereas the particular and
non-particular information-based approach to teaching in an
inclusive context had no impact.

The attitude “willingness to teach inclusively” showed a
significant increase only in IG 2. This attitude can be seen as
a behavioral-affective component and is content-related with
respect to self-efficacy or control expectancy. PE pre-service
teachers from IG 2 felt significantly more competent to teach
inclusively after the intervention and were less afraid of teaching
inclusively than PE pre-service teachers from IG 1 or from CG.
Although, they did not teach “real” students with disabilities, the
combination of theory and practical teaching experiences with
fellow pre-service teachers had more impact on their attitudes
than the purely information-based approach in IG 1 or the
non-specific theoretical approach in the CG. This might be also
a limitation of the present study, as teaching PE lessons with
fellow pre-service teachers is an artificial context. In contrast to
Reina et al. (2019), we decided not to work with a simulation
procedure to prevent the risk of triggering stereotypes (Macrae
et al,, 1994), and to prevent negative effects of overwhelming
and missing coping strategies in simulation procedures (Flower
et al,, 2007). However, we need future study courses in which
PE pre-service teachers are theoretically prepared to teach an
inclusive PE class and put into practice these theoretical units
with an inclusive school class. This field experience should be
theoretically reflected upon afterward. However, getting into
contact with the target group seems not always the best and
most effective way to promote teachers’ competencies and their
underlying cognitive-affective constructs, such as attitudes or
self-efficacy, as it has been shown by Anttila et al. (2018) that
putting into practice theoretically planned PE lessons with a
group of asylum seekers does not enhance per se PE pre-service
teachers’ intercultural competencies and attitudes; it might even
have a counteractive effect by emphasizing patriarchal feelings
of superiority. Thus, we should develop teaching formats that
combine theory-driven seminar units with practical experiences
in teaching an inclusive PE class, which should be implemented
carefully. In this context, reflection upon the experiences
and especially feelings during the practical teaching situations
seems to be crucial. To initiate the reflection process, video
sequences from the video-recorded lessons conducted by the
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pre-service teachers could be used as stimulators. Therefore,
it might be important for the pre-service teachers to decide
for themselves which video sequences to use for the reflection
(Hinternesch et al., 2021).

Regarding the study design, a mixed-methods study
combining quantitative and qualitative data seems to be crucial
to understand theoretically expected or unexpected changing
processes. In this regard, our study is limited with respect to
quantitative data, and we do not know, for example, if and
what the PE pre-service teachers experienced with respect to
the intervention programs as sources to enhance their self-
efficacy, as Martins et al. (2015) determined. We also did not
operationalize the impact of the pre-service teachers attitudes
and self-efficacy on concrete teaching behavior outside the study
context. Finally, the impact of these and other context variables
(e.g., school environment) is one of the most frequently lacking
or ambivalent links in research on teaching (PE) inclusively
(Hutzler etal., 2019), and it needs to be tackled urgently in future
studies on (PE pre-service) teachers.

Furthermore, the reflections upon the teaching experiences
should also focus on the role of power relations that are
anchored in the school context and have an impact on how
(PE) teachers perceive their role and privileges. This aspect
is underlined in seminar formats using the critical pedagogy
approach, which should also be carefully implemented so as
not to overwhelm pre-service teachers (see, e.g., Shelley and
McCuaig, 2018). Following Barber (2018), it seems also to be
important to reflect upon traditional understandings of (dis-
)ability, performance, body norms, and values that interfere
with a traditional understanding of elite sport. In this context,
it should not be neglected that most pre-service PE teachers
enter PE teacher education programs with particular (positive)
socialization experiences in the (elite) sport context, and they
try to remain connected to the field of sport via their occupation
(O’Neil and Richards, 2018). Many PE teacher candidates were
successful athletes, who had experienced physical education
curricula dominated by traditional teaching strategies and
contents, and they have already developed strong subjective
theories about traditional sport content in PE (Richards et al.,
2014). Furthermore, Morgan and Hansen (2008) found out that
PE teachers’ teaching strategies are linked to personal school
experiences in PE. These socialization effects are reinforced by
a recruitment strategy for future PE teachers that focuses on
traditional sport competencies and selects those who mirror
and share the traditional values and norms (Richards et al,
2020). In combination with a teaching curriculum that is also
traditionally orientated toward sport, pre-service PE teachers
are not challenged in their experiences and attitudes. The PE
teacher candidates perceive their study courses, and later PE,
just as a continuation of their sport identity (Curtner-Smith,
2017). Therefore, there is a need to reflect upon the recruitment
strategies for PE teacher education and to develop a procedure
to attracts PE teacher candidates representing diversity in sport

Frontiers in Education

26

10.3389/feduc.2022.909255

and movement experiences (O’Neil and Richards, 2018) as
well as in social backgrounds like gender, ethnicity, race, and
socioeconomic status (Flintoff and Webb, 2012). Furthermore,
we need to rethink PE teacher curricula and look for teaching
strategies that challenge PE teacher candidates’ experiences and
attitudes. This also includes the need for critical biography
work on teacher educators’ socialization experiences, norms,
and values, as they might be seen as crucial role models for a
future inclusive PE setting (Flintoff et al., 2015).

Conclusion

In conclusion, by taking into account the small sample size
of our study as limitation, the combination of a theoretical
approach with practical experiences in teaching PE units with
peer pre-service PE teachers seems to have more impact
on the development of positive attitudes toward inclusion
than only theoretically based approaches. Thus, our study
underlines the importance of mastery experiences in settings
that might be similar like the “real” professional context
but can be still considered as a kind of “test environment.”
The complexity might be reduced, and pre-service teachers
might not feel overwhelmed due to probably (still) missing
teaching competencies. Thus, the reflection upon the practical
experiences and especially feelings during the practical teaching
situations seems to be crucial. Finally, we need to develop
teaching formats that are on the one hand adapted to PE pre-
service teachers’ competencies, but challenge on the other hand
the professional development by systematically implementing
opportunities for critical (self-)reflection.
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Teachers need to be able to inform and justify their teaching practice based
on available research knowledge. When searching for research knowledge,
the Internet plays a crucial role as it allows teachers to search for and
access evidence long after their own education at university. On the
Internet, however, educational information can have varying levels of scientific
groundedness (e.g., science articles or blogs from colleagues), and research
indicates that (pre-service) teachers struggle to find, select, and evaluate
online educational information. Itis precisely for this reason that it is important
to educate (pre-service) teachers on how to competently source online
information. This study describes pre-service teachers’ search strategies when
sourcing online educational information about the topic “students’ use of
mobile phones in class.” It sheds light on their use of (1) basic or advanced
search strategies and (2) the role of Internet-specific epistemological beliefs
(ISEBs). N = 77 pre-service teachers conducted a realistic search on the
Internet and selected those web items (WI) that they perceived relevant for
justifying whether mobile phones should be used in class. Their sourcing
behavior was screen-recorded and analyzed. Most selected WI were found
via search engines of Google LLC (91.4%). Advanced search strategies were
defined as (1) using two or more search engines (performed by 62.3% of
participants), (2) adapting search terms and/or formulating new search terms
(90.9%), (3) selecting at least one WI that was not listed among the first
four ranks on the first search engine results page (54.7%), and (4) checking
for the trustworthiness of the author/source (14.3%) or the quality of the
content (13%). Binary logistic regressions were used to analyze the relationship
between ISEBs and (1) search strategies and (2) science-relatedness of WI as
dependent variables. The predictor ISEB did not contribute to the models,

frontiersin.org
30


https://www.frontiersin.org/journals/education
https://www.frontiersin.org/journals/education#editorial-board
https://www.frontiersin.org/journals/education#editorial-board
https://doi.org/10.3389/feduc.2022.976346
http://crossmark.crossref.org/dialog/?doi=10.3389/feduc.2022.976346&domain=pdf&date_stamp=2022-09-15
https://doi.org/10.3389/feduc.2022.976346
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/feduc.2022.976346/full
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Zimmermann et al.

10.3389/feduc.2022.976346

meaning that differences in participants’ ISEBs did not significantly relate to
their search strategies nor to the science-relatedness of WI, all g < |0.36|,
Wald < 0.64, p > 0.43. The role of pre-service teachers’ search strategies
is discussed with respect to teachers’ evidence-informed reasoning and its
implications for teacher education.

pre-service teachers, evidence, search strategies online, sourcing competencies
online, Internet-specific epistemological beliefs

Introduction

During their professional lives, teachers are confronted with
a broad range of pedagogical questions and problems, such
as questions like, “Should I allow my students to use their
mobile phones in classes?” “What’s best for their learning, to
allow mobile phones or to ban them from classes?” Teachers,
like many other practitioners, need to deal with such questions
and problems in an evidence-informed manner. This means
that they need to justify their answers, decisions, and practices
professionally by engaging in complex epistemic processes,
including searching for, interpreting, and using the evidence
that is “(a) most relevant to the [pedagogical] decision and
(b) has the highest degree of certainty” (Spencer et al,, 2012,
p. 133) (Fischer et al,, 2014). Accordingly, educational research
and policy standards of teacher education demand pre-service
teachers to ground their decisions and actions in evidence from
educational research rather than base them on gut feelings (e.g.,
Bauer and Prenzel, 2012; Bromme et al., 2014; Hikkinen et al.,
2017; Thomm et al,, 2021b). In this sense, sourcing relevant
evidence is a crucial part of (pre-service) teachers’ evidence-
informed practices.

In this endeavor, the Internet plays a crucial role as it
allows pre-service and in-service teachers to search for up-
to-date educational information and access evidence easily,
long after they have left university (Williams and Coles, 2007;
Bromme et al.,, 2014; Caena and Redecker, 2019). For example,
during their entire professional lives, teachers have to decide
which teaching methods are best suited to achieve newly
defined learning goals, such as helping their students develop
media skills. This was particularly evident under the specific
circumstances of the COVID-19 Pandemic when teachers
around the world had to teach at a distance and therefore had to
adapt their regular practices to the opportunities and challenges
of the new online (or hybrid) teaching methods. In addition to
these society developments which require new forms of teaching
and learning, scientific evidence on teaching and learning are
also constantly changing (Bromme and Goldman, 2014), and
teachers can use the Internet to become informed about the
current educational scientific findings on a particular topic.
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Pre-service and in-service teachers seem to use the
Internet frequently to extract educational information related
to pedagogical problems (Williams and Coles, 2007; Bougatzeli
et al,, 2017), but sourcing relevant evidence from the Internet
can come with several hurdles: Teachers can access a variety
of information easily, but this information may have varying
levels of scientific groundedness (e.g., open access education
science journals, open educational resources, science-related
blogs, or blogs from colleagues) and may be inaccurate due
to unavailable gatekeeping mechanisms (Metzger and Flanagin,
2013; Hendriks et al., 2015). Thus, (pre-service) teachers have to
evaluate the relevance and quality of a considerable amount of
educational information. In this context, (pre-service) teachers
report frustration and worry about being unable to find
accurate information or evaluate it appropriately—even if they
are intrinsically motivated to explore further and connect the
information to other scientific sources during online searches
(synthesizing evidence constitutes an appropriate scientific
practice: Rousseau and Gunia, 2016) (Chen et al., 2019; Iding
et al., 2009). Furthermore, when sourcing relevant educational
evidence from the Internet, (pre-service) teachers need to
deal with the affordances offered by the search engines and
other media they are using online (e.g., blogs or video
platforms). In this sense, it is becoming increasingly important
to educate pre-service and in-service teachers on the skills they
need to find, select, evaluate, and use science-related online
information (e.g., European Digital Competence Framework for
Educators [DigCompEdu]: Caena and Redecker, 2019). Often
discussions on online sourcing competencies are based on the
complex and interrelated constructs of information literacy
(Duke and Ward, 2009; Hikkinen et al.,, 2017; Caena and
Redecker, 2019). So, although (pre-service) teachers should
be trained to be competent at sourcing evidence from the
Internet—first, to keep themselves up-to-date in the sense
of informal lifelong learning and, second, to teach their
students how to source online information competently (e.g.,
Wilson et al, 2011; Caena and Redecker, 2019)—little is
known about how they actually source online information
and what strategies they actually use. Thus, it is important
to understand how pre-service teachers source evidence from
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the Internet when aiming to find a solution for a pedagogical
problem. The present study aims at describing pre-service
teachers’ sourcing behaviors on the Internet by focusing on
(1) behaviors related to basic or advanced search strategies
and (2) understanding the role that pre-service teachers’
epistemological beliefs about knowledge from the Internet (i.e.,
Internet-specific epistemological beliefs [ISEBs]) play in their
searches.

Approaches to searching for
information on the Internet

Several theories and approaches from diverse research
fields (e.g., communication science, information science, and
psychology) exist that aim to describe how individuals search for
information. While some models consider information searches
to be iterative, stepwise processes (e.g., Kuhlthau, 1993),
empirical research supports models that consider information
searches as dynamic and gradual processes with cognitive,
affective, as well as behavioral dimensions (e.g., Griffin et al,
1999; for an overview of information searching models, see,
e.g., Joseph et al.,, 2013; Ghasemaghaei and Hassanein, 2019)
(e.g., Wilson et al.,, 2002; Hyldegard, 2006; Jiang et al., 2015;
Orlu, 2016). The Risk Information Search and Processing model
(RISP; Griffin et al, 1999), for instance, is based on the
Heuristic-Systematic Model of information processing (HSM:
Chaiken, 1980; Eagly and Chaiken, 1993) and the theory of
planned behavior (Ajzen, 1991). It argues that searching for
and evaluating information (e.g., the relevance and quality
of information) are dependent on each other, meaning that
cognitive processes related to both overlap simultaneously.
Aside from the assumption that the processes of searching
for and evaluating information go hand in hand, the RISP
model, at its core, focuses on the psychological need for
information sufficiency, which drives any search for information
(Griffin et al, 2004; Yang et al, 2014). Furthermore, the
model points out that personal characteristics, subjective norms,
channel beliefs (i.e., beliefs about information channels, such
as the Internet, which is considered a mediated information
channel: Dunwoody and Griffin, 2014), and one’s self-efficacy
in sourcing information are important factors that drive
the extent to which one performs critical elaboration while
sourcing information. Similarly, many approaches on sourcing
online information assume that individuals either process
information in a heuristic or a systematic way depending on
several factors (e.g., motivation or epistemic beliefs) (Metzger
and Flanagin, 2013; Bromme and Goldman, 2014; Stadtler
et al, 2017), and numerous empirical studies have found
that individuals use various cues (e.g., the rank of a search
result: Haas and Unkel, 2017) when selecting and evaluating
online information (Sundar, 2008; Choi and Stvilia, 2015)
(for an overview of discussed heuristics in evaluation of

Frontiers in Education

32

10.3389/feduc.2022.976346

online information, see Sundar, 2008; Metzger and Flanagin,
2013). However, research about whether these cues are
actually processed in a heuristic rather than a systematic way
when searching for online information is still in its infancy
(Schemer et al., 2008; Yang et al., 2014; Meinert and Kramer,
2022).

In addition to the RISP model, Brand-Gruwel et al. (2009)
describe the processing of information when aiming to make
informed decisions about scientific issues by focusing on
the specific conditions of searching for information on the
Internet. They describe five components for successfully solving
information problems related to online searching behaviors:
(1) Similar to the initial steps in the RISP model (Griffin
et al,, 1999), first, individuals define the information problem
at hand; (2) they formulate corresponding search queries that
are submitted to the search engine; (3) they evaluate search
results presented on the search engine result page (SERP) to
determine which information to access; (4) then, as in the RISP
model, they evaluate the information provided by websites by
considering aspects such as source parameters, their own prior
knowledge, and information from other sources; and, finally, (5)
they integrate information across multiple websites to reach a
solution to the information problem (i.e., build a comprehensive
mental representation of the problem and plan interventions;
see also the processing of multiple documents, as considered
in the Multiple Document Task-based Relevance Assessment
and Content Extraction model (MD-TRACE) (Rouet and Britt,
2011). Accordingly, the model highlights the relevance of
individuals’ use of search engines and their formulation of
search terms, which may affect the selection as well as the
evaluation of online information. During web searches, for
instance, selecting from the search results presented on a SERP
requires choosing between a high number of alternative search
results that usually only display sparse information (i.e., a title,
short excerpt of the web page, and the URL). According to both
models, a (pre-service) teacher’s decision about which search
results to click on (e.g., to check for further information) also
depends on other factors, such as their prior knowledge, beliefs,
or time capacities.

While pre-service teachers may use different strategies
when sourcing online educational information (e.g., depending
on their online sourcing competencies or on their individual
epistemic beliefs, as will be outlined in 1.2 and 1.3), other factors,
such as how they enter search terms, browse information, and
select search results, are also impacted by media affordances. In
this vein, media affordances (e.g., the algorithm a search engine
uses) determine not only how specific media are used but also
the ways in which individuals can engage with the technology
(Evans et al,, 2016). For example, when acquiring (scientific)
information, (pre-service) teachers, like other information
seekers, tend to use only one type of search engine (i.e., Google)
(Bougatzeli et al., 2017), such that their sourcing will be limited
by the default characteristics of the search engine and its SERPs,
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such as the algorithm the engine uses to present search results,
the interface it offers for individuals to manually filter search
results, or the sparsity of information it displays. The uncritical
use of only one search engine means that one risks selecting
search results in a biased way, as the results are predetermined by
the affordances of the search engine; Kammerer et al. (2009), for
instance, investigated individuals’ interaction with two different
search engines, one being a traditional query-based search
system and one being an exploratory tag-based search system
wherein individuals could interactively tag related search results.
While the findings indicated that individuals’ prior knowledge
affected how many keywords they used for their inquiry, the
use of the tag-based search interface was found to possibly
compensate for differences in prior knowledge, as individuals
who used the tag-based search engine used the tagging feature
to give feedback on the relevance of search results, spent more
time and were more engaged with the interface, and summarized
their search inquiry by giving more arguments.

Furthermore, the algorithm a search engine uses to
determine the order of results may influence whether a (pre-
service) teacher selects any of the search results and whether
they perform any further search queries. Research indicates
that individuals would rather view/select the highest-ranked
search results on a SERP (e.g., Eysenbach and Kohler, 2002; Pan
et al., 2007; Wirth et al., 2007; Salmerodn et al., 2013; Haas and
Unkel, 2017). However, by selecting information only because
of its rank on the SERP, one risks choosing information of low
relevance or even low quality. In two experiments, Kammerer
and Gerjets (2014) varied not only the trustworthiness and
rank of the search results that were displayed on the SERP
but also the interface of the search engine; they did this to
investigate whether and how individuals select higher-ranked
results even when they are less trustworthy. The students in
the first experiment were highly impacted by the rank of the
search results: when the search results on the top of the page
were the less trustworthy ones, the students selected more of the
least trustworthy search results and spent more time on them,
and, vice versa, students selected fewer of the most trustworthy
results and spent less time on them, which led students to list
fewer arguments from the most trustworthy sources. In a follow-
up experiment, this effect (namely, that individuals selected and
viewed search results according to their ranking by the search
engine, not their relevance) were highly decreased when the
search engine’s interface displayed the results in a three-by-three
grid; thus, the affordances offered by the search engine matter.

Thus, it is reasonable that different search engine
affordances not only lead to different search results but
also impact how individuals conduct their search queries.
Likewise, pre-service teachers’ selection and evaluation of
information depend both on how they conduct their searches
(e.g., formulation of search keywords) (e.g., Hinostroza
et al,, 2018) and on personal factors (e.g., epistemic beliefs)

(Kammerer and Gerjets, 2012).
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Basic vs. advanced strategies of
sourcing online information

We conclude that a variety of media affordances play a
crucial role when sourcing online information. Furthermore,
searching for information on the Internet is considered a
complex process involving several searching behaviors (e.g.,
formulating search terms, evaluating search results presented on
the SERP) (Brand-Gruwel et al,, 2009). In this context, (pre-
service) teachers can use several strategies to achieve a search
task, e.g., search for relevant, appropriate, complete, and correct
information on the Internet to ground an evidence-informed
decision about an educational issue. However, defining which
search strategies reflect competency (and which do not) is
challenging, as defining the success of online information
sourcing may differ depending on personal desires (e.g., one’s
epistemic aim in relieving uncertainty about a topic) or
normative standards (e.g., achieving understanding about a
topic in alignment with the requirement of a search task)
(Hendriks et al., 2020).

While standards and policies for teacher education in
general demand that (pre-service) teachers ground their
decisions and actions in science-related evidence (e.g., Bauer
and Prenzel, 2012), teacher competence frameworks also
exist that aim to describe (pre-service) teachers’ competencies
in sourcing online information. For instance, the European
Framework for the Digital Competencies of Educators uses
a progress scale to define levels of searching strategies (i.e.,
Newcomer, Explorer, Integrator, Expert, Leader, Pioneer); it
considers the use of other sources (e.g., official repositorium)
in addition to a search engine as a very advanced strategy (i.e.,
Leader) for identifying and assessing relevant information and
resources (Redecker and Punie, 2017). Similarly, the framework
considers that evaluating the reliability of online information
and resources and their suitability for an educational issue is an
Expert-level search strategy.

Furthermore, research so far has used several indicators to
describe behaviors related to searching strategies that likely lead
to more relevant and appropriate search results and, thus, are
considered more advanced search strategies. In this sense, the
aspects of advanced search strategies most often focused on by
researchers include the decision to use a certain search engine,
the formulation of keywords to find, scan, evaluate, and select
relevant search engine results, and the selection of the most
relevant information (Hinostroza et al., 2018).

As described above, the affordances of media may crucially
impact the results of one’s search task. In this sense, it seems in
particularly alarming that for any decision about what type of
search engine to use, Google has the strongest dominance, with
a global market proportion of over 92% (StatCounter, 2022). At
the same time, different studies highlight the potential threat of
search engines’ biases, especially in terms how they may shape
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people’s opinions, as individuals seem to over-rely on Google
search results (Ballatore, 2015; Salehi et al.,, 2018). Hence, a
skilled search strategy that limits the risk of search engines
biases might entail using multiple search engines, as this might
decrease the outsized effects that one search engine’s algorithm
can have when pre-selecting and ranking search results.

Similarly, another crucial aspect of one’s search strategy is
selecting relevant search results. Again, several studies indicate
that individuals have problems critically reading and scanning
the lists of results on a SERP and tend to simply select the search
results at the top of the list (e.g., Salmerén et al,, 2013; Rieh et al,,
2016). This means that selecting lower-ranked links on a SERP
or links that are not on the first SERP might indicate a more
critical consideration of more search results and, thus, might
indicate advanced search strategies.

Furthermore, formulating search terms plays an important
role in the search strategy, as writing complete sentences or
using very few different search terms and synonyms could lead
to results that are too general and irrelevant (Hinostroza et al.,
2018). Accordingly, adapting and using new search terms is
considered an advanced search strategy that might help (pre-
service) teachers retrieve more relevant search results regarding
their search task.

Finally, another important aspect of search strategies is
evaluating the information and source quality (e.g., Bromme
and Goldman, 2014; Redecker and Punie, 2017). Research
indicates that selecting information is often influenced by
criteria that are less relevant for actually evaluating the
quality and relevance of information (e.g., design and usability;
Hinostroza et al, 2018; rank on SERP; Haas and Unkel,
2017) than by criteria being more relevant for evaluating
the information quality itself or the trustworthiness of the
authors/sources [e.g., authors’/sources’ expertise that may at
least help pre-service teachers decide whether they can rely
on the information provider, especially when they are not
able to critically elaborate the quality of information, such
as when they do not have enough time to do so (Bromme
and Goldman, 2014)]. Thus, checking for the quality of
information and for the trustworthiness of its authors/sources
is considered an advanced strategy that likely helps pre-
service teachers to retrieve relevant, appropriate, correct,
and complete information (e.g., Bromme and Goldman,
2014).

(Internet-specific) epistemological
beliefs and their role for pre-service
teachers’ searching behavior and
selection of scientific evidence

According to Schommer (1990), epistemic beliefs consist
of several dimensions that are relatively independent of each
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other and are conceptualized as beliefs about knowledge and
how knowledge emerges. In general, one’s beliefs about the
nature of scientific knowledge—as part of epistemic cognition
(Chinn et al.,, 2014)—may directly influence which strategies
and practices they employ during online sourcing (Muis,
2007; Barzilai and Zohar, 2016; Hendriks et al., 2020). Braten
et al. (2005) were the first to investigate special aspects of
epistemic beliefs regarding the Internet (which is considered
an information channel in the RISP model: Dunwoody
and Griffin, 2014). They argue that because “hypermedia
technologies such as the Internet allow for new ways of
presenting knowledge and new ways of knowing, measures
of personal epistemology should probably focus specifically
on beliefs about the nature of knowledge and knowing
in such technological environments” (Briten et al, 2005,
p. 147). As such, they invented a measurement of epistemic
beliefs that focuses specifically on beliefs about the nature of
knowledge and knowing in Internet-based environments (i.e.,
ISEBs).

Like epistemic beliefs in general, an individual’s ISEBs
may also influence how they search for information on the
Internet. In this sense, one study found that students with
more educational years tended to have advanced epistemic
beliefs regarding the uncertainty of Internet-based knowledge
(i.e., constructivist oriented), which made them more likely to
suspect that the Internet is a good source containing accurate
knowledge, as well as more inclined to justify and evaluate
Internet-based knowledge with other sources (Chiu et al., 2016).
Research on (pre-service) teachers’ ISEBs and their sourcing
behavior seems inconsistent, as some research indicates that in-
service teachers’ advanced epistemological beliefs could mean
that they use more sophisticated online search strategies (i.e.,
selecting less irrelevant information) to filter and organize
information than those with less advanced beliefs (Tsai et al,,
2011); yet, other research indicates that pre-service teachers’
ISEBs did not have a significant impact on their online search
strategies (Yilmaz and Cakmak, 2016).

When it comes to (pre-service) teachers preferences for
scientific or anecdotal evidence (e.g., experiences of colleagues),
research has indicated that (pre-service) teachers tend to prefer
anecdotal evidence (e.g., Braten and Ferguson, 2015; Kiemer
and Kollar, 2021). Of course, relying on anecdotal evidence
can be important in, for example, determining the practicability
of certain teaching methods in specific situations. However,
anecdotal evidence rarely meets the systematic standards for
knowledge generation that forms of scientific evidence often
do (e.g., Spencer et al, 2012). In a recent study by Hendriks
et al. (2021), pre-service teachers judged the trustworthiness
of a researcher vs. An experienced teacher depending on what
epistemic aims the pre-service teachers held (i.e., their aims
at achieving epistemic ends, such as gathering knowledge or
getting practical explanations; see also Chinn et al., 2014); when
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pre-service teachers aimed for a theoretical explanation about
schooling, they judged the researcher to be more trustworthy.
Thus, it seems as though pre-service teachers select evidence
according to their epistemic beliefs, as their judgment of certain
sources of information depending on their epistemic aims
indicates that they have assumptions about how the source
can help fulfill their epistemic aims. In this sense, pre-service
teachers’ epistemic beliefs about the nature of knowledge and
knowing on the Internet may affect not only their actual
searching behavior but also whether they select scientific vs.
anecdotal evidence.

Rationale of this study

Given this theoretical and empirical background, we wanted
to describe pre-service teachers’ sourcing strategies by focusing
on behavioral processes related to their selection as well as
evaluation of online information (Griffin et al., 1999). We
focused on aspects of search strategies that are considered
specific to sourcing information on the Internet and play a
crucial role in sourcing relevant information (e.g., use of search
engines; Brand-Gruwel et al,, 2009; Kammerer and Gerjets,
2014). As pre-service teachers’ ISEBs may also relate to how
they source information on the Internet (e.g., Tsai et al,
2011; Dunwoody and Griffin, 2014), we additionally assessed
participants’ ISEBs.

The goals of the present research were twofold: First, we
aimed at describing pre-service teachers searching strategies
when sourcing online educational information (Research
Question 1). Therefore, we investigated whether participants
used basic vs. advanced search strategies and, thus, analyzed
several behavioral aspects that are considered crucial for
the competencies in sourcing information on the Internet;
these aspects included (1) the frequencies of types of search
engines used, (2) the number of used search engines, (3) the
adaptation or formulation of (new) search terms, (4) the selected
information’s rank on SERP and the SERP page number it
came from, and (5) the instance of any type of quality check
(e.g., Salmerén et al, 2013; Bromme and Goldman, 2014;
Hinostroza et al., 2018). Second, we investigated the relation
of pre-service teachers’ ISEBs to their searching strategies as
well as to the science-relatedness of their selected information
(Research Question 2).

RQLI:

educational information, and what strategies do they use

How do pre-service teachers search for online

when sourcing these?

RQ2: Are pre-service teachers Internet-specific epistemic
beliefs related to their searching strategies and/or to their

selection of evidence?
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Materials and methods

Participants

Study participants included 91 pre-service teachers from
three universities in Germany who were studying at the
bachelor’s or master’s degree level to become secondary school
teachers. Participation was voluntary, and participants received
an allowance of 20€. Data from 12 participants were excluded
(1) due to issues in recording their search behaviors via screen
video, (2) due to issues with the Internet connection during the
investigation, or (3) because the time they spent on conducting
the experiment differed more than one standard deviation
from the mean duration. This resulted in a final sample of
N =77 participants (51 females and 1 diverse) aged 18-41 years
(M =25.29, SD = 5.06). The participants’ average length of study
at the time of the survey was 4.4 semesters (SD = 2.99). The
time spent on conducting the search task was M = 15.76 min
(SD = 8.64). Of the sample, n = 27 participants were studying at
the master’s level and n = 50 were at the bachelor’s level.

Participants reported that they used a computer, notebook,
or et for an average of M = 4.01 (SD = 2.51) hours per week.
The average time spent on the Internet was reported to be
M = 5.01 (SD = 3.05) hours per week. The weekly time for
information seeking on the Internet was reported to be M = 1.99
(SD = 1.55) hours per week, and for online information seeking
about educational topics they reported to invest an average of
M = 1.56 (SD = 1.22) hours per week. Participants rated their
self-perceived prior knowledge about the topic “students’ use of
mobile phones in class,” as neither very low nor very high (i.e.,
based on four items: M = 2.48; SD = 0.82). Participants’ attitudes
toward banning mobile phones was balanced (i.e., based on four
items: M = 2.96; SD = 1.04).

Procedure

The investigation was conducted from November 2019 to
January 2020. As the investigation was performed on-site at the
university, participants had access to the network and freely
accessible licensed scientific books and sources of the university.
Each participant worked alone in front of the computer, at their
own pace, guided by the instructions of the online survey (by
Questback EFS Surveys) (i.e., without verbal instructions from
the investigators). In the beginning of the study, an open web
browser window (i.e., Mozilla Firefox) was on display showing
all participants the same university website.

In the beginning of the survey, the demographic variables
were assessed, as were participants’ self-reported ISEBs. In the
next step, the following fictional scenario was constructed: All
participants were asked to imagine themselves as teachers. They
had the task of searching for information about mobile phone
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use in class in preparation for a fictional school conference
about this topic (see Supplementary material 1). For this, they
were asked to select relevant web content (henceforth called
web items, WI) that would allow them to build an opinion
about the topic. Then, all participants were asked to search for
about 20 min for educational information about the topic and
to select two or four WI (see also, section “The number of
selected web items related to the search task as control variable”).
Accordingly, all participants sought pedagogical information on
the same topic of “students’ use of mobile phones in class”
on the Internet. Based on their actual search results, they
selected online W1 that they perceived to be relevant for forming
opinions and making decisions. Participants were allowed to
select any type of WI (e.g., scientific articles, videos, and blog
entries). During the search task, participants’ search behavior
was captured by recording their screens.

The educational topic

Students’ use of mobile phones in class is a highly debated
topic. It is not only a question of school administration but
also a topic that is frequently addressed by the media and
academics. Schools in Europe, and in Germany’s federal states,
regulate the use of mobile phones in classes very differently.
The research within the field of educational sciences deals with
the advantages and disadvantages of mobile phone use in class
regarding students’ attention and learning outcomes, as well
as students’ social and digital competencies (e.g., Sung et al,
2016). This topic was selected for the search task because it
has practical relevance and because diverse and conflicting
educational evidence can be found on the Internet.

The number of selected web items
related to the search task as control
variable

The data in this study were collected as part of a larger online
experiment with the hypothesis that participants would reason
their selection of WI differently depending on whether they
reason in an individual or collaborative setting (Zimmermann
and Mayweg-Paus, 2021). After participants were told about the
search task (which is reported here and was nearly the same for
all participants regardless of which experimental condition they
were eventually assigned to) participants were divided into two
groups according to the experimental conditions. As part of the
experiment, the only aspect that differed between experimental
conditions during the search task was that participants were
asked to select either four WI in the individual reasoning
condition or two WT in the collaborative condition. Thus, n = 33
participants were part of groupswebitems> and 50 participants
were placed in groupawebitems-
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Since in this study we exclusively focused on the information
search process (i.e., the search task of the experiment), in
the following we do not differentiate between individual and
collaborative reasoning settings. However, as participants either
selected two or four WI during the search task, in this study we
can control for any effects due to the number of selected WI
related to the search task (i.e., two vs. four WI). In this sense,
the number of search results/links that students were told to
select might also have impacted their searching behavior. Thus,
in a preparatory analysis, we analyzed whether the number of
selected WI related to the search task had any influence on
participants’ searching strategies, i.e., (1) the number of search
engines they used, (2) whether they adapted or formulated new
search terms; (3) the rank and number of SERP associated
with the WI they selected; and (4) whether they performed
a quality check.

Four binary logistic regressions with the categorial
independent variable two vs. four WI were analyzed. The
dependent variables were defined as binary variables (i.e., as in
the main analysis). The independent variable was not found
to contribute to the models, meaning that selecting two vs.
four WI did not significantly influence participants’ search
behavior: (1) f = —0.16, SE = 0.48, Wald = 0.11, p = 0.74;
(2) B =145, SE = 111, Wald = 1.71, p = 0.19% (3) § = 0.21,
SE = 0.34, Wald = 0.39, p = 0.53, and (4) = —0.33, SE = 0.54,
Wald = 0.38, p = 0.54. All together, this means that the number
of WI that the participants were told to select during the search
task (i.e., whether participants selected two vs. four WI) had
no significant influence on the dependent measures and, thus,
was not included in our main analyses. Therefore, the results
reported below come from analyzing the first two selected WI
of participants in the groupswebitems as well as the two selected
WTI of participants in the groupawebitems-

Measurements

Science-relatedness of selected web items

In sum, we analyzed 154 WI that were selected by
participants (i.e., two WI for each participant). We considered
those WI to be science related if the content referred to
primary or secondary scientific sources (i.e., scientific journal
articles, scientific reports, monographs, scientific blogs, school
textbooks, or university theses). They were considered not to
be science related if the content referred to journalistic sources
or anecdotal evidence (i.e., online news portals, information
platforms, or blogs or YouTube videos by teachers) (first author
and last author, 2021).

Basic vs. advanced search strategies

To shed light on participants’ search strategies, we followed
in line with the literature and analyzed the following aspects:
(1) the frequencies of the search engine types used among all
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participants and for each participant, (2) the number of search
engines participants used during the entire searching process,
(3) whether participants adapted or formulated new search
terms during the searching process, (4) the rank on the SERP
and the SERP page number associated with the W1 they selected,
and (5) whether they checked the quality of sources during
the search process.

The frequencies of the search engine types used (e.g., Google
or Ecosia) refers to the two selected WI (i.e., the type of search
engine that was ultimately used to find the selected WI). The
frequencies represent how often the search engines were used
among all participants.

The number of search engines used indicates the quantity of
different search engines a participant used during his/her search
task (i.e., even if the used search engine did not lead to the
final selected WI). In cases where a participant used at least two
search engines to retrieve web results (e.g., to compare results or
to conduct further research), the search strategy (in terms of the
number of used search engines) was considered advanced.

The variable adapting or formulating new search terms
indicates whether a participant (1) specified searches by using
variations of the same search term, (2) used new search terms,
or (3) used a mixed strategy that included specified terms and
new search terms. In the case that a participant used one or
both strategies, the search strategy (in terms of search term
adaptation) was considered advanced.

The variables number of SERP and rank of WI on SERP
indicate, respectively, whether the WI was selected on the first,
second, or subsequent SERP and, when it was selected from the
first SERP, what its rank was. When participants did not simply
select one of the first four WI on the first SERP but instead
selected at least one of the two WI from a lower rank or from
one of the following SERPs, this was considered an advanced
strategy, as it indicates that participants considered more than
only the highest-ranked WI.

The variable quality check indicates whether a participant
checked for the of the
author/source or the credibility of the statements via

quality (i.e., trustworthiness
hyperlinks). For instance, we considered it a quality check
when a participant examined a prior search result by using
the name of the provider as a search term. In the case that a
participant checked for quality during the search process, this
was considered an advanced search strategy.

Lastly, to examine each participant’s overall search strategy
for the entire search process, an overall index was calculated to
give insights into participants’ competencies in sourcing. The
index was calculated based on the four aspects of a search
strategy, namely whether participants (1) used more than one
search engine, (2) formulated new or adapted the search terms,
(3) did not select WI from the first four ranks on the first
SERP, and (4) checked for quality of sources and content. Thus,
for each participant, an index of i = 0 was calculated, and the
value was added by i + 1 if one of the search strategy aspects
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was fulfilled. Thus, the index depicts five competence levels of
information searching (from 0 to 4) that are described as follows:
basic search strategy, advanced search strategy, intermediate
search strategy, proficient search strategy, expert search strategy.

Internet-specific epistemological beliefs

We assessed participants’ ISEBs based on the questionnaire
by Braten et al. (2005). The questionnaire addresses dimensions
concerning web-based knowledge (what one believes that
knowledge is like on the web) and web-based knowing (how one
comes to know on the web). The 14 items yielded an internal
consistency of Cronbach’s o« = 0.87.

Results

Science-relatedness of selected web
items

Of the total 154 WI participants selected, 32 WI (20.8%)
were determined to be science related (see first author and
last author, 2021, for a list of all selected WI, incl. hyperlinks
and how often they were selected among all participants). We
also analyzed whether any (and how many) of the science-
related WI were among those WI that participants considered
relevant for building an opinion about the search topic. Fifty
out of all 77 participants did not select any science-related WT;
the other 27 participants selected at least one WI that was
determined to be science related. Interestingly, these findings
indicate that while most participants did not select any science-
related WI, still about one-third of the participants at least
considered scientific evidence in addition to other forms of
information (e.g., anecdotal evidence from teacher colleagues in
blogs, or journalistic information) for building an opinion about
a pedagogical problem.

The type of search engines

Google was by far the most frequently used search engine.
More than three-quarters of the selected WI (78.0%) were found
via Google. Furthermore, Google Scholar (6.0%), YouTube
(2.7%), Google Videos (2.0%), Google News (2.0%), and Google
Books (0.7%) were used for WI selection. Thus, over 90% of
the selected WI were reached via search engines of Google
LLC. The second most often used search engines were the
university’s library search engine (i.e., Primus) and Google
Scholar, considered two scientific search engines. The only used
commercial search engine that was not associated with Google
LLC was Ecosia (2.7%), which is a non-scientific search engine.
Table 1 displays the frequencies of all used search engine types
by referring to participants’ selected WI.
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Results in terms of search strategies

Use of more than one search engine

We analyzed the use of more than one search engine, as
this is considered an advanced search strategy. Most participants
(62.3%) did use more than one search engine: About one-third
of participants used either two or three search engines, and a
small group (5.2%) even used four search engines. In contrast,
still more than one-third of all participants used only one search
engine (37.7%) (Table 2). Even though a rather high proportion
of participants used an advanced search strategy, namely using
at least two search engines, it is important to again highlight that
even different search engines might be associated with a single
company (i.e., as in this study: Google LLC).

Adaptation or formulation of new search terms

Another important aspect of a skilled search strategy is
formulating new search terms or adapting the search terms
during the search process. The strategy adapting search terms
was used by almost one-third of participants (29.9%), while
almost one-fifth (19.5%) formulated new search terms. Both
strategies were used by n = 32 participants (41.6%), while n = 7
(9.1%) used only one search term (Table 3). Accordingly, n = 70
participants (90.9%) used an advanced search strategy regarding
formulating new or adapting search terms.

Position of selected web items on search
engine result page

In terms of 152 WI, almost all the selected WI (148 WI,
97.4%) stemmed from the first SERP (Table 4). Furthermore, in
terms of 151 WI, most of the selected WI (104 WI, 68.8%) were
selected from those WI that were highly ranked (i.e., in first four
listed results) (Table 5: The coding of two —respectively, three—
WI was not possible due to technical issues). As described above,
we also analyzed whether participants considered lower-ranked
WI for their sourcing process. Results showed that for 54.7% of
all participants, at least one of their WI (of the two selected)
stemmed neither from the first four ranks nor from the first
SERP, indicating an advanced search strategy.

TABLE 1 Frequencies of used search engine types.

Search engines WI* Percentage
Google 117 78.0
University library search engine 9 6.0
Google scholar 9 6.0
Ecosia 4 2.7
YouTube 4 2.7
Google videos 3 2.0
Google news 3 2.0
Google books 1 0.7
Total 150 100

*All participants selected two WI. Coding of four WI was not possible due to
technical issues.
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Quality check

Another important aspect of skilled search strategies is
checking the quality of sources and content during a search
process. For participants’ analysis of their search processes,
we considered two different forms of quality checks. First,

TABLE 2 Number of used search engines.

Number of search engines used  Frequency  Percentage
Only one search engine used 29 37.7

Two search engines used 23 29.9
Three search engines 21 27.3
More than three search engines 4 5.2

Total 77 100
TABLE 3 Adaption of or using of new search term.

Form of adaption Frequency Percentage
Search term specified 23 299

New search term 15 19.5
Specified and new search term 32 41.6

Only one term for all WI 7 9.1

Total 77 100
TABLE 4 Search engine’s result page.

Selected result page WI* Percentage
First page 148 97.4
Second page 3 2.0

Third page 1 0.7

Total 152 100

*All participants selected two WI. Coding of two WI was not possible due to
technical issues.

TABLE 5 Rank of WI on the result page.

Rank result page Responses
WI* Percentage

1 37 245
2 23 15.2
3 26 17.2
4 18 119
5 7 46
6 10 6.6
7 10 6.6
8 7 46
9 6 40
10 7 46
Total 151 100

*All participants selected two WI. Coding of three WI was not possible due to
technical issues.

TABLE 6 Quality check.

Form of quality check Frequency Percentage
No quality check 56 72.7
Author/source has been checked 11 14.3
Source was checked 10 13.0
Total 77 100
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checking the author/source on other websites was done by n =11
participants (14.3%). Second, checking sources or statements in
relation to the content of the WI was done by n = 10 participants
(13.0%) (Table 6). Conclusively, n = 21 participants (27.3%)
carried out at least one quality check and, therewith, used an
advanced search strategy.

Participants’ overall search strategies

Lastly, we calculated an overall index to describe an
advanced search strategy; the index was calculated based on the
aforementioned aspects: (1) use of more than one search engine,
(2) new/adaption of search terms, (3) no selection of a WI from
the first four ranks on the first SERP, and (4) quality check.
Only a small group of n = 4 participants (5.2%) performed a
very basic search strategy, meaning that no criteria were met.
This group only entered one search term, only used one search
engine, selected their two WI from the first four ranks on
the first SERP, and did not check for quality. Another small
group of n = 8 participants (10.4%) pursued an advanced search
strategy in which only one of the four advanced search strategies
was applied. The largest group, n = 32 participants (41.6%),
performed an intermediate search strategy using two of the four
advanced search strategies. Almost one-third of participants,
n =24 (31.6%), used a proficient search strategy in which three
of the four advanced strategies were applied. The group that
used an expert search strategy, in which all four advanced search
strategies were used, consisted of n = 9 participants (11.7%) (see
Table 7). This group used more than one search engine, adapted
the search term (or used new search terms), selected at least one
WI that was not found on the first SERP within the first four
ranks, and, finally, checked for quality.

The relation between Internet-specific
epistemological beliefs and basic vs.
advanced search strategies as well as
science-relatedness of web items

Four binary logistic regressions were used to analyze the
relationship between ISEB and use of the four aspects of search
strategies as dependent variables. The dependent variables were
defined as binary variables, i.e., participants either (1) used more
than one search engine, (2) used new search terms, (3) did
not select a WI from the first four ranks on the SERP, or (4)
performed quality checks. The predictor ISEB did not contribute
to the models, meaning that differences in participants’ ISEBs
did not significantly relate to their search behavior, (1) § = 0.21,
SE = 0.39, Wald = 0.29, p = 0.59; (2) f = 0.04, SE = 0.65,
Wald = 0.005, p = 0.95; (3) f = 0.21, SE = 0.38, Wald = 0.31,
p=0.58,and (4) f = —0.20, SE = 0.42, Wald = 0.24, p = 0.63.

To investigate whether participants’ ISEBs related to their
selection of WI, two further binary logistic regressions were
conducted with the first as well as the second selected WI
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as dependent binary variables (science-related vs. not science-
related). Again, the predictor ISEB was not found to contribute
to both models, meaning that differences in participants’ ISEBs
did not significantly relate to whether the first or second selected
WI was science related (first selected WIL: S = 0.36, SE = 0.45,
Wald = 0.64, p = 0.43; second selected WI: f = —0.05, SE = 0.44,
Wald = 0.01, p = 0.91).

Discussion

Pre-service teachers’ search strategies

With respect to describing pre-service teachers’ search
strategies in sourcing online educational information (RQI),
we analyzed several aspects as indicators of participants’ search
behaviors in terms of their use of different search engines, their
adaptation of keywords to find WI, as well as their selection
and evaluation of relevant WI. Interestingly, more than 90%
of participants used search engines from Google LLC (e.g.,
Google’s search engine or YouTube) to select their WI. As one
aspect of an advanced search strategy, 29.9% of participants used
two, 27.3% used three, and 5.2% used four search engines to
combine their search results. However, 37.7% of all participants
limited their searches to only one search engine. While it is
promising to see that the other 62.4% of participants used more
than one search engine, most of these search engines were
associated with Google LLC. In terms of the position of WI, an
alarming majority of selected WI (68.8%) were ranked among
the first four search results of the first SERP. Thus, participants’
selections of WI that they perceived relevant for building an
opinion about the educational topic might be influenced by
the specific media affordances of Google (e.g., search engine
algorithm, interface) (Pan et al.,, 2007; Kammerer et al., 2009;
Haas and Unkel, 2017).

In terms of adapting search terms as an aspect of a skilled
search strategy, almost every participant (90.9%) either adapted
the preliminary search term or formulated new search terms
during their sourcing process, which likely helped them to
retrieve more relevant WI (e.g., Hinostroza et al., 2018).

Checking the quality of sources and content is considered an
important aspect of search strategies related to the evaluation of

TABLE 7 Sum index about applied advanced search strategies.

Index about applied advanced Frequency  Percentage
search strategies

Basic search strategy 4 52
Advanced search strategy 8 10.4
Intermediate search strategy 32 41.6
Proficient search strategy 24 312
Expert search strategy 9 11.7

Total 77 100

For all tables, the sum of the percentages may deviate slightly from 100% due to rounding.
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information (e.g., Bromme and Goldman, 2014). In this sense,
we analyzed (1) whether participants used the name of sources
as a subsequent search term to indicate any checking of source’s
trustworthiness and (2) whether participants clicked on further
hyperlinks to indicate whether they checked for relevance and
the quality of the online information. It turned out that only
about one-quarter of all participants carried out such strategies
in evaluating the information (27.3%).

To give participants an overall competency score for their
information sourcing, we combined all the single aspects into
an index; this allowed us to see how many participants achieved
more than one criterion of an advanced search strategy. In
this vein, a promising number of n = 33 participants (43.3%)
used a proficient or expert search strategy, in which they
applied three or four, respectively, out of the four criteria for
advanced strategies. However, still n = 12 participants (15.6%)
did not fulfill any or more than one criterion of advanced
search strategies.

(Pre-service) teachers are encouraged to base their decisions
and practices on evidence from educational research (e.g., Bauer
and Prenzel, 2012; Fischer et al., 2014), as scientific evidence is
most relevant to pedagogical issues and has a high degree of
certainty (Spencer et al., 2012). In a direct comparison, (pre-
service) teachers seem to prefer anecdotal rather than scientific
evidence (e.g., Braten and Ferguson, 2015; Kiemer and Kollar,
2021). Accordingly, it is interesting to see that in this study, pre-
service teachers indeed selected science-related WI in addition
to non-science-related WI (e.g., with anecdotal evidence in blogs
from teachers), whereby about one out of every five WI was
science related (i.e., primary scientific sources).

With respect to the relation of pre-service teachers’ ISEB to
their searching strategies as well as their selection of evidence
(RQ2), participants’ ISEB did not significantly relate to their
search strategies nor the science-relatedness of their selected
WI. While this result is in line with some previous research
(Yilmaz and Cakmak, 2016), it is still not possible to make a
conclusive statement about any possible relation, since some
research findings indicate that there is a relation between ISEB
and search strategies (Tsai et al., 2011).

Limitations

With respect to measuring pre-service teachers search
strategies, it is important to mention that the described aspects
(i.e., used search engine types, number of used search engines,
adaptation of search terms, the rank of the selected WI on
the SERP, and the quality check) were determined by using
the screen-recorded videos that showed participants’ search
behavior during a realistic search task, where participants were
allowed to select those WI that they perceived relevant for
building an opinion about the educational topic. Thus, even
though this study’s search task represents a relatively externally
valid investigation, the analyzed aspects only serve as indicators
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for pre-service teachers’ actual competencies in sourcing online
educational information. In this sense, these aspects only serve
as hints on certain manifestations of sourcing competencies,
as we only assessed participants’ sourcing behaviors that were
visible on their screens (e.g., selected W1, formulation of search
terms). As such, we were not able to indicate, for instance,
what information participants’ read while browsing through
the SERP’ search results. In this sense, our use of the mere
presence or absence of certain searching aspects represents
only a first insight into pre-service teachers’ actual sourcing
competencies. For example, a participant may not have needed
to check for a source’s trustworthiness (i.e., use the name
of the author/source as new search term during the search
task)—no matter whether this checking refers to anecdotal
evidence (e.g., of a teacher colleague in a YouTube video) or to
scientific evidence (e.g., a journal article)—if they were already
familiar with the author/source and, thus, might have already
been aware of their level of expertise. Similarly, with respect
to calculating the index for a participant’s overall sourcing
competency, we must note the four aspects used to calculate
the index may have different levels of relevance for assessing
sourcing competency. For example, regarding effectively and
efficiently selecting relevant online information, the number of
used search engines may not be quite as important as checking
the quality check of a WI. Despite this limitation, the index
provides a useful heuristic that gives an overview of pre-service
teachers’ overall search strategies by revealing the presence (or
absence) of the single aspects related to skilled search strategies.

Regarding pre-service and in-service teachers’ sourcing of
educational information, one of the most important reasons
that they may search for information on the Internet is simply
because information on the Internet is accessible. However, in
terms of searching for primary scientific evidence (e.g., scientific
articles), even the Internet has obstacles, and teachers usually
do not have the same access to such content that individuals
at universities do. In our study, the participating pre-service
teachers had access to the university network and, thus, were
able to access scientific journal articles. Future research, thus,
might investigate whether (pre-service) teachers’ selection of
science-related evidence might differ when they do not have
access to scientific journals or how the search strategies may
differ between pre-service and in-service teachers, for example
because in-service teachers may have fewer capacities to spend
time on intensive sourcing of online information. In this vein,
we must also note that in our study, future teachers were
explicitly asked to source online information to build their
opinions. In the everyday life of a teacher, this prerequisite does
not necessarily exist and teachers perhaps not engage in any
research reception and evidence-informed practices at all, for
instance, because they may perceive a lack of sourcing skills or a
lack of time (Thomm et al., 2021a).

While the topic of students’ mobile phone use in class is
highly relevant for (pre-service) teachers, this study only focused
on a single educational topic. As such, we cannot necessarily
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generalize pre-service teachers’ search strategies to other search
tasks and topics. Hence, future research may expand these
findings by focusing on different topics. In this context, it might
be interesting to investigate whether the degree of scientific
certainty related to a topic might lead to differences in pre-
service teachers’ searching behavior as well as to different results
in terms of any impact of pre-service teachers’ ISEBs on these
searching behaviors. Similarly, it would be valuable for future
research to explicitly examine whether the sourcing behavior
of (pre-service) teachers changes over time and whether both
technical and societal developments have an impact on their
search strategies (e.g., with respect to developments of the search
engine’s adjustments to filter search results or a pandemic-
related situation where teachers may have had to search more
frequently for online information to adjust their teaching). In
this context, we assume that the results of the present study
can also be transferred to today’s search strategies of (pre-
service) teachers, at least to a large extent, since the findings
indicate above all that (pre-service) teachers’ awareness of the
relevance of any influence of the search engines’ affordances
could be increased.

Conclusion and implications

In this study, we described pre-service teachers search
strategies when sourcing online educational information about
the topic “students’ mobile phone use in class” by focusing on
several aspects of their sourcing behavior that indicate skilled
search strategies.

As these aspects are only considered indicators for
competency in sourcing online information (e.g., Hinostroza
et al,, 2018), future research my expand this study’s description
of pre-service teachers' search strategies by investigating
whether any advanced strategy (e.g., adaptation of search terms
or use of more than one search engine) indeed leads to more
relevant information that is also of good quality. In this sense,
any attempt to educate pre-service teachers on the skills related
to advanced search strategies would also benefit from knowing
which aspects of an advanced search strategy are the most
important for retrieving relevant information. Yet, defining
what exactly constitutes success in sourcing online information
is challenging (e.g., Hendriks et al., 2021), so future research
may benefit from considering not only pre-service teachers’ self-
perceived relevance of information but also objective judgments
about this information’s quality and relevance (e.g., ratings
from educational research experts). In line with the RISP
model (Griffin et al., 1999)—and other approaches that consider
multiple ways of processing (online) information—determining
success in sourcing online may also be related to personal
factors, such as ones’ motivation to find relevant information,
and, thus, could be considered in future research. Similarly,
considering a pre-service teacher’s degree of motivation for
retrieving relevant online information, future research should
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consider their personal background knowledge about search
engines at a declarative as well as a procedural level (e.g., to
assess whether they understand how search engines and their
algorithms work and how interfaces can be used), as differences
in such knowledge may also influence their sourcing behaviors.
Lastly, with respect to in-service teachers’ evidence-informed
practices, future studies may examine how any selection of
relevant online educational information (e.g., scientific evidence
when it comes to theoretical explanations or reports from
colleagues when it comes to practical tips: Hendriks et al,
2021) indeed is used, for instance, for teachers’ actual lesson
preparation and whether teachers’ awareness about potentially
influences caused by the media affordances on the Internet
indeed leads to, for instance, finding and selecting the most
relevant online information. Overall, searching for, selecting,
and evaluating relevant information is, of course, not only
important for the teaching profession, but sourcing information
competently is of special relevance for teachers, as it relates
not only to their own lifelong learning and evidence-informed
practices, but it may also influence how they teach their students
to competently source relevant online information (e.g., Caena
and Redecker, 2019).

Taken together, the findings of this study indicate that
most pre-service teachers adapted their search terms to retrieve
more relevant information. However, at the same time, it is
alarming that most of the pre-service teachers were likely
influenced by the affordances of Google’s search engines, as
they often only used one search engine and almost always
selected information that was ranked highly on the SERP, even
though the search task was to select information that they
perceived to be relevant for building an opinion about the
topic. In this sense, the study clearly emphasizes that it is
important to increase (pre-service) teachers’ awareness about
media affordances and about their own search strategies when
sourcing online educational information. This has practical
implications for teacher trainings and in-service teachers’
sourcing practices. Also, the findings raise the question of
whether increasing awareness about the potential influence
of search engines’ affordances may help (pre-service) teachers
overcome the biases of search engines or go beyond using
only basic search strategies that enforce these biases (e.g.,
only selecting high-ranked information). So far, it is unclear
whether merely alerting pre-service teachers about the potential
influence of search engines helps to increase their awareness of
how search engine algorithms work; alternatively, it may also
be necessary to implement specific interventions into teacher
trainings that educate them about not only why but also how to
use more advanced search strategies to retrieve relevant online
educational information efficiently and effectively (e.g., how to
adapt search terms effectively or why and when to use more
than one search engine). In this context, it seems promising
to implement interventions into teacher trainings that focus
on fostering pre-service teachers’ critical reflection about their
own search strategies (e.g., settings in which pre-service teachers
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collaboratively reflect on their own search strategies; first author
and last author, 2021). In particular, promoting (pre-service)
teachers’ critical questioning of their own search strategies
and, for instance, whether selected online information indeed
is relevant—as metacognitive strategies (Kuhn, 1999)—may
allow them to face the challenges of an ever-evolving media
environment on the Internet.

By describing pre-service teachers” use of basic vs. advanced
strategies, this study provides a foundation for further in-
depth investigations into the strategies pre-service teachers
use to search for online educational information. In this
context, individual aspects like motivation, knowledge about
search engines, or epistemic beliefs about knowledge from the
Internet should be considered. Furthermore, the study points
at the importance of considering the complex array of media
aspects that influence online information searches (i.e., media
affordances, such as search engines’ algorithms) as well as
the importance of fostering pre-service teachers’ awareness
about potential biases caused by these aspects. All in all, it
seems important to foster pre-service teachers’ critical reflection
about their own search strategies and to additionally promote
their knowledge about search engines’ affordances and the
potential biases caused by using certain search engines; giving
them this type of knowledge may increase their critical search
strategies (e.g., reflecting critically about whether the high-
ranked information indeed is the most relevant information,
or whether authors are trustworthy). This seems particularly
important, as this study’s findings indicate that pre-service
teachers need to improve their sourcing competencies regarding
using search engines, selecting information on SERPs, and
checking for information quality and sources’ trustworthiness.
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A goal of teacher education is to promote evidence-based teaching. Teacher
beliefs are assumed to act as facilitators or barriers to evidence-based thinking
and practices. In three sub-studies with a total of N = 346 German student
teachers, the extent of student teachers’ beliefs about education science
and their consequences and sources were investigated. First, the results
of questionnaire data indicated that student teachers held skeptical beliefs
about education science: On average, they perceived education science
as less complex than their subject disciplines and as less important for
successful teaching than their subject didactics. Additionally, they endorsed
myths about learning and teaching. Second, the more skeptical the student
teachers’ beliefs, the lower their engagement in education science courses
within teacher education. Third, hypotheses about potential sources of these
skeptical beliefs were experimentally tested as starting points for changing
beliefs. The results showed that the “soft” research methods typical of
education science and a general tendency to perceive research findings
as trivial (hindsight bias) might contribute to this devaluation. Furthermore,
students studying the natural sciences and students with little experience with
education science held more skeptical beliefs.

evidence-based practice, pre-service teachers’, beliefs and assumptions, education
science, misconceptions

Introduction

There are increasing demands for teaching to evolve into a more evidence-based
profession (Slavin, 2002; Bauer and Prenzel, 2012; Ferguson, 2021). Such demands relate
not only to educational policy but also to teachers’ professional thinking and behavior
(Davies, 1999; Bauer and Prenzel, 2012; Niemi, 2016). Many countries require in their
teacher education standards that teachers should be able to plan and design lessons based
on scientific evidence (e.g., see Bauer and Prenzel, 2012, for an overview). Orientation
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toward the best available knowledge is standard in other
professions, such as medicine (Sackett et al., 1996; Helmsley-
Brown and Sharp, 2003). However, teachers rarely draw on
evidence when planning, analyzing, and reflecting on job-
related situations (Dagenais et al., 2012; Patry, 2019). A central
reason for this lack of evidence-based thinking lies in teachers’
beliefs (e.g., Patry, 2019). There is evidence that people
in general hold skeptical beliefs about disciplines such as
psychology or education science (Lilienfeld, 2012). The content
of such disciplines is commonly perceived as less complex than
that of the natural sciences (Keil et al, 2010). In particular,
the research methods in disciplines such as education science
seem to be perceived as “soft” (Munro and Munro, 2014,
p. 533), providing less valid results than “hard” (Munro and
Munro, 2014, p. 533) methods in the natural sciences. Similarly,
(prospective) teachers often belief that findings from education
science are of little relevance to their teaching in the classroom
(Broekkamp and Hout-Wolters, 2007). These beliefs contradict
research findings highlighting the importance of teachers’
knowledge of empirical evidence from education science -
for example, knowledge about effective teaching methods or
effective classroom management strategies (e.g., Konig and
Pflanzl, 2016; Ulferts, 2019; Voss et al., 2022) - for their
professional success.

Consequently, in a series of three studies, I investigated
whether student teachers held skeptical beliefs about education
science and examined the consequences and sources of such
skeptical beliefs. First, I implemented questionnaires capturing
the extent of student teachers’ beliefs about the importance
and complexity of education science compared to the subject
disciplines and the subject didactics. Second, I examined the
consequences of such skeptical beliefs for engagement in
education science courses within the teacher education program
by using correlational data. Third, I conducted experimental
studies to test hypotheses about sources of student teachers’
skeptical beliefs.

Beliefs about evidence from education
science

Conceptualizations of teachers’ professional knowledge
typically distinguish three domains of teachers’ professional
knowledge (Shulman, 1987): content knowledge (Krauss et al.,
2008), pedagogical content knowledge (Krauss et al., 2008),
and pedagogical-psychological knowledge (Voss et al.,, 2011).
In accordance with this topology, in many countries, teacher
education curricula (e.g., the curricula of the German teacher
education system) require pre-service teachers to take courses
in three disciplines (Bauer and Prenzel, 2012), namely in
the subject disciplines to acquire content knowledge (i.e., the
knowledge about the subject matter they will be teaching),
subject didactics to acquire pedagogical content knowledge (i.e.,
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how to make the subject matter accessible to their future
students), and education science to acquire knowledge about
pedagogical-psychological phenomena relevant for students’
learning in general (e.g., knowledge about learning strategies,
students’ motivation, assessment).

Prior research has indicated that beliefs about education
science as a discipline within teacher education are rather
skeptical (Cramer, 2013; Siegel and Daumiller, 2021). Beliefs
are personal views about the self and the world that are
thought to be true (Richardson, 1996). Beliefs are organized in
a complex mental network and often termed subjective theories
(Patry, 2019). Analogously to scientific theories, people use such
subjective theories or beliefs to describe, explain, and predict
phenomena, but such beliefs have a different epistemic status.
While scientific theories are based on objectifiable, justifiable
bodies of knowledge, beliefs are based on experience. Thus,
beliefs do not meet the criterion of being objectifiable through
scientific evidence (Richardson, 1996). Therefore, systems of
beliefs typically contain elements that are not based on scientific
The
skeptical beliefs about education science primarily manifest

evidence and not consistent with scientific theories.

themselves with respect to two aspects.

First, teachers often doubt that empirical evidence from
education science is important for teachers (Beycioglu et al,
2010; Dagenais et al.,, 2012; Cain, 2016; Thomm et al., 2021a).
Many teachers assume that such evidence is not applicable
to their practice (e.g., Merk et al,, 2017; Joram et al, 2020;
review by van Schaik et al.,, 2018) and perceive a gap between
education science research and daily challenges in the classroom
(Broekkamp and Hout-Wolters, 2007; Merk et al., 2017).
There is also some evidence that student teachers perceive
the education science even as less important than the subject
disciplines (e.g., Cramer, 2013).

Second, research on epistemological beliefs has shown that
student teachers often hold unsophisticated epistemological
beliefs about education science topics (Guilfoyle et al., 2020;
Moser et al, 2021). Epistemological beliefs are subjective
theories about knowledge and knowing (Hofer, 2001).
Existing conceptualizations identify various dimensions of
epistemological beliefs. However, most conceptualizations
include complexity of knowledge as one such dimension (e.g.,
Schommer, 1990; Hofer and Pintrich, 1997). Research results
have indicated that student teachers hold rather unsophisticated
beliefs (e.g., Brownlee et al,, 2001) and, for instance, believe
that education science content is not particularly complex
(Lilienfeld, 2012). Even children rate psychological questions as
easier to answer than questions from disciplines like chemistry
or physics (Keil et al., 2010).

In addition to general beliefs about education science
as a discipline of teacher education, student teachers often
hold misconceptions about specific educational topics.
established
research findings in a discipline (Bensley and Lilienfeld, 2017).

Misconceptions are beliefs contradicted by
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Research has shown that teachers and student teachers often
endorse misconceptions (e.g., Dekker et al.,, 2012; Bensley and
Lilienfeld, 2017; Pieschl et al, 2021). Such misconceptions
are: instruction needs to be adapted to specific learning styles
(Macdonald et al., 2017; Eitel et al., 2021), it is primarily the
teacher’s personality that matters for teaching success (Darling-
Hammond, 2006), having more experience automatically
makes one a better teacher, smaller class sizes automatically
lead to better student learning (Menz et al.,, 2021a). Existing
research exposes these four statements as misconceptions.
For instance, (1) there is no solid evidence that there is any
benefit to adapting instruction to learning styles (e.g., Kirschner
and van Merriénboer, 2013). Several studies have (2) shown
that teachers’ profession-specific competencies (rather than
general personality traits) are important for teaching success
(e.g., Kunter et al, 2013). Evidence also indicates that (3)
teachers with more experience are not automatically better
teachers, but that it depends on how teachers leverage their
experiences (Friedrichsen et al, 2009; Kleickmann et al,
2013). Several studies (4) have indicated that a smaller class
size is no guarantee for better learning (Hattie, 2009). Such
misconceptions that receive widespread endorsement are also
called myths (e.g., neuromyths, Dekker et al., 2012).

Consequences of student teachers’
beliefs for their learning

It is assumed that beliefs have consequences for people’s
motivation and behavior (Fives and Buehl, 2012; Buehl and
Beck, 2015), because they are thought to serve as a filter for
interpreting new experiences (Pajares, 1992): Humans always
perceive situations through the lens of their existing beliefs,
which affect how they select and process information and how
they make decisions in a given situation (Fives and Buehl, 2012;
Patry, 2019).

This filtering effect of beliefs is assumed to be particularly
important in the context of teaching and teacher education
(Yadav et al., 2011; Brownlee et al., 2017). Beliefs are formed
very early during our school careers (for an overview, see, for
example, Pajares, 1992; for an empirical study, see, for example,
Haney and McArthur, 2002). Accordingly, student teachers
bring a set of fixed beliefs based on their experiences with them
into their teacher education program. It is assumed that these
beliefs shape what and how pre-service teachers learn during
teacher education (Fives and Buehl, 2012; Stark, 2017; Ferguson,
2021). For instance, inadequate beliefs or misconceptions may
lead to an oversimplification of complex information and result
in poor learning outcomes (Schommer-Aikins, 2004; Moser
et al,, 2021). Accordingly, the results of interview studies with
rather small samples (Holt-Reynolds, 1992; Bondy et al., 2007)
have shown that students interpret situations in line with
their beliefs. Furthermore, in a study with Norwegian student
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teachers, Braten and Ferguson (2015) found evidence that more
positive beliefs by student teachers about the importance of
formalized sources of knowledge (such as research articles or
textbooks) are associated with higher motivation to learn from
formal teacher training courses (see also Chan, 2003 for a
study with student teachers from Hong Kong and Siegel and
Daumiller, 2021 for a mixed-method study with a relatively
small sample).

Sources of student teachers’ beliefs

Because beliefs about teaching and learning are based on
years of one’s own school experiences, these beliefs are thought
to have multifarious sources (Lilienfeld, 2012).

(1) Disciplinary culture: People often assume that the
impact of science on society strongly differs across disciplines
(Janda et al., 1998; Richardson and Lacroix, 2021). Physics and
mathematics typically have the highest prestige, whereas social
sciences such as psychology, sociology, or education science
have the lowest (e.g., Simonton, 2006; Klavans and Boyack,
2009). This low prestige may contribute to the devaluation
of education science among student teachers. Furthermore,
research on epistemological beliefs has revealed interindividual
differences in students beliefs by disciplinary culture: Students
studying “soft” disciplines (e.g., psychology, education science)
held more sophisticated epistemological beliefs than students
of “hard” sciences (e.g., mathematics, physics, biology, Paulsen
and Wells, 1998; Karimi, 2014). However, there are also
contradictory research results. For instance, Rosman et al.
(2020) found hardly any differences in epistemological beliefs
between biology and psychology students.

(2) Experience with the academic discipline: Based on
experiences from their own school days, student teachers enter
teacher education with a fixed set of beliefs about teaching
and learning (Richardson, 1996; Fives and Buehl, 2012). These
beliefs are often at odds with the scientific theories taught
at universities (Joram, 2007; Fives and Buehl, 2012). As they
gain more experience with the academic discipline of education
science, student teachers should develop a more appropriate
representation of it. Accordingly, (limited) research results
indicate that students with more experience (e.g., students with
more courses in the discipline or students in a master’s degree
program vs. bachelor’s degree program) hold more positive
beliefs about the discipline than students with less experience
(Bartels et al., 2009, for psychology students; Moser et al., 2021,
for pre-service teachers).

(3) “Soft” research methods of the discipline: Many
people have an unfavorable opinion of psychology’s scientific
quality (Lilienfeld, 2012). It is interesting to note that
neuropsychological evidence is perceived more like “hard”
sciences than the other “softer” subdisciplines of psychology
(Keil et al,, 2010). For instance, there is manifold evidence
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on the seductive allure effect (Weisberg et al.,, 2008): People
judge explanations of psychology findings as better when
those explanations contain logically irrelevant neuroscience
information (e.g., Weisberg et al, 2008; Hopkins et al,
2016). Consequently, distrust in the reliability of evidence
from soft sciences such as education science may also be
rooted in the typical research methods of education science
as opposed to “harder” sciences such as chemistry, physics, or
neuropsychology (Lilienfeld, 2012). For instance, Munro and
Munro (2014) found evidence in a scenario-based approach that
students evaluated the quality of evidence generated with brain
magnetic resonance imaging (e.g., MRI) more favorably than
evidence from cognitive tests.

(4) Preference for information from anecdotal sources:
Drawing upon their own experiences in school, teachers often
prefer anecdotal information from practitioners to inform their
practice compared to evidence from scientific sources (e.g.,
Ferguson, 2020; Kiemer and Kollar, 2021). Research results
have demonstrated that the preference for such non-scientific
(i.e., anecdotal) sources contributes to shaping student teachers’
misconceptions about topics from education science (Menz
etal., 2021Db).

(5) Hindsight bias: Many people believe that most
knowledge from “soft” disciplines is obvious (Lilienfeld, 2012).
This tendency to view outcomes as foreseeable once we know
them is termed hindsight bias (the “I knew it all along” effect,
Lilienfeld, 2012, p. 120). Research results have shown that this
tendency is pronounced among human beings in general (e.g.,
in political elections, Blank et al., 2003), as well as among student
teachers concerning topics from education science (Wong,
1995). Hindsight bias concerning evidence from education
science may thus also contribute to student teachers’ skeptical
beliefs about education science.

Thus, there is evidence for potential sources of the skeptical
beliefs, but studies with actual samples of student teachers that
systematically explore these different sources are lacking.

The present study

Data come from three sub-studies from a research program
investigating German secondary school student teachers’ beliefs
about education science. In Germany, secondary school
teacher training programs are divided into a bachelor’s degree
program (six semesters) and a master’s degree program (four
semesters). Student teachers study at least two subjects and
take courses in the subject didactics of these two subjects
as well as in education science. Bachelor’s degree programs
at most universities have a clear focus on the two subject
disciplines, with the most credits awarded in the subject
disciplines, while master’s degree programs have a stronger
focus on education science and subject didactics. Although
German universities are organized in a federal system with
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differences across the federal states, this overall structure is
found in each state.

In the present study, I first compared student teachers’
beliefs about education science with their beliefs about their
subject disciplines and subject didactics. I assumed a devaluation
of education science in terms of beliefs about the importance of
education science for teaching and the complexity of education
science (Sub-Study 1). Furthermore, I expected that student
teachers, on average, would endorse myths about educational
topics (Sub-Study 3). Second, consequences of these beliefs were
investigated with the assumption that skeptical beliefs about
education science would be associated with a lower engagement
with research from education science and a lower openness to
scientific evidence (Sub-Study 2). Third, possible sources of the
devaluation of education science were examined. Specifically,
I investigated (a) the impact of the subjects students were
studying as an indicator of the disciplinary culture [i.e., natural
science subjects (STEM) vs. other subjects; Sub-Study 1], (b) the
impact of students’ level of experience with education science
(i.e., students in the bachelors vs. master’s degree program;
Sub-Study 1). As further possible sources, I investigated in
two experimental studies (c) whether student teachers tend to
devaluate evidence from studies using soft research methods
in comparison to hard research methods (Sub-Study 2), (d)
whether student teachers prefer information from anecdotal
(vs. scientific) sources (Sub-Study 2), and (e) whether student
teachers tend to believe that evidence from education science is
trivial (hindsight bias; Sub-Study 3).

Sub-Study 1
Hypotheses

I assumed that students would hold skeptical beliefs
about the importance and complexity of education science.
Furthermore, I expected moderating effects of the subject
the student teachers were studying and their degree program
(bachelor’s versus master’s level).

(1) Hypotheses on the importance of the disciplines for
professional success:

e Student teachers believe that education science is
less important for professional success than their
subject disciplines and subject didactics (importance
devaluation hypothesis).

e The tendency to devalue the importance of education
science is more pronounced among student teachers
studying a STEM subject than among students not studying
a STEM subject (importance-by-subject hypothesis).

e The tendency to devalue the importance of education
science is more pronounced among student teachers in the
bachelor’s degree program than among student teachers
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in the master’s degree program (importance-by-degree
hypothesis).

(2) Hypotheses on the complexity of the disciplines:

e Student teachers evaluate education science as less
complex than their subject disciplines and subject didactics
(complexity devaluation hypothesis).

e Student teachers studying a STEM subject devalue the
complexity of education science more strongly than student
teachers not studying a STEM subject (complexity-by-
subject hypothesis).

e The tendency to devalue the complexity of education
science is more pronounced among student teachers
in the bachelor’s degree program than among student
teachers in the master’s degree program (complexity-by-
degree hypothesis).

I conducted an a priori power analysis in G*Power (Faul
et al., 2009) for analyses of variance with the between-subject
factors degree program (bachelor’s vs. master’s degree) and
subject (STEM vs. non-STEM), with beliefs as the within-
subject factor (three levels: beliefs about education science,
subject disciplines, and subject didactics; expected medium-
sized intercorrelations), and their interaction (o = 0.05, power
B = 0.80). The results indicated that a sample size of N = 36
would be sufficient to detect the expected medium-sized main
effects for the within-subject factor, and a sample size of N = 206
would be sufficient to detect the expected small interaction
effects between the within-subject factor and the between-
subject factors.

Materials and methods

Sample

A total of N = 210 student teachers from the University of
Freiburg participated in Sub-Study 1 (Table 1). About 50% of
the participants were enrolled in a master’s degree program (i.e.,
Master of Education), the others were enrolled in a bachelor’s
degree program with the option to subsequently pursue a Master
of Education. Among participants, 65% were studying at least
one STEM subject.

Instruments
Beliefs about the disciplines

Student teachers answered questions about the importance
of education science, the students’ subject disciplines, and
subject didactics for professional success and the complexity
of the topics covered in these disciplines. The item wording
was parallel for the three disciplines. Student teachers indicated
their agreement with statements about the importance and
complexity of each discipline on 6-point Likert scales ranging
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from 1 (=completely disagree) to 6 (=completely agree). An
example item measuring beliefs about the importance of the
discipline for professional success is: Comprehensive knowledge
of theories and concepts from education science/my subject
disciplines/my subject didactics helps to cope with the daily
challenges of being a teacher (7 items for each discipline). An
example item measuring beliefs about the complexity of the
topics in the discipline is: You have to think hard to understand
the topics in education science/my subject disciplines/my subject
didactics (4 items for each discipline; see Table 2 for
descriptive statistics and Table 3 for the intercorrelations among
the scales).

Degree program and subjects

Additionally, student teachers indicated their degree
program (master’s or bachelor’s degree program) and the
subjects they were studying. The subjects were coded as STEM
(students studying at least one STEM subject; i.e., mathematics,
physics, chemistry, computer science, or geography) versus
non-STEM (students studying two subjects in the linguistics,
humanities, or social sciences).

Results

Do student teachers evaluate education
science as less important than their subject
disciplines and subject didactics?

I computed an analysis of variance with discipline as
the within-subject factor (i.e., education science, subject
disciplines, and subject didactics) and beliefs regarding
their importance as the dependent variable. Furthermore, I
included the students’ subjects (STEM vs. non-STEM) and
degree program (master vs. bachelor) as between-subject
factors to investigate the moderator hypotheses. The results
showed a significant large main effect of discipline, F(2,
352) = 59.166, p = 0.000, n2 = 0.25 [controlling for gender
with no significant effect: F(1, 352) = 1.051, p = 0.351,
n2 = 0.00]. To uncover the significant main effect of discipline,
I computed a planned contrast following the importance

TABLE 1 Overview of the three sub-samples.

Sub-Study 1 Sub-Study 2 Sub-Study 3

n 210 87 49
Age: M (SD) 22.74 (3.05) 24.52 (2.35) -
Gender: % female 73 67 53
Subjects: % with at least 65 18 -
one STEM

Degree program: % 49 100 100
master’s level

Semester (first subject): 2 2 1
mode
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TABLE 2 Descriptive statics for the instruments measuring student teachers’ beliefs about the three disciplines (Sub-Study 1 and Sub-Study 2).

Sub-Study 1 Sub-Study 2
No M SD a No M SD a
Importance of the discipline for professional success
Education science 7 3.80 0.97 0.87 7 4.11 1.14 0.94
Subject disciplines 7 3.87 0.97 0.81 7 3.65 0.82 0.74
Subject didactics 7 4.89 0.87 0.89 7 5.21 0.66 0.82
Complexity of the discipline
Education science 4 3.20 0.99 0.76 4 3.17 0.99 0.82
Subject disciplines 4 4.85 0.94 0.84 4 4.84 0.90 0.77
Subject didactics 4 3.18 0.90 0.82 4 2.97 0.84 0.83
No = number of items per scale; M = mean; SD = standard deviation; o = Cronbach’s alpha, ratings vary between 1 (=completely disagree) and 6 (=completely agree).
TABLE 3 Intercorrelations of the instruments (Sub-Study 1).
1 2 3 4 5 6
1 Importance education science 1
2 Importance subject disciplines 0.05 1
3 Importance subject didactics 0.36% 0.16* 1
4 Complexity education science -0.01 0.02 -0.13 1
5 Complexity subject disciplines 0.02 -0.24* 0.25% -0.20* 1
6 Complexity subject didactics 0.09 0.03 -0.16% 0.34% 0.02 1
*p < 0.05.

devaluation hypothesis that students rated education science
as less important than the subject disciplines and subject
didactics. Consequently, I specified the contrast with the
+1, subject didactics +1,
education science = -2. The contrast was statistically significant,
F(1, 176) = 34.240, p = 0.000, n2 = 0.16. Thus, the results

supported the importance devaluation hypothesis: Student

weights: subject disciplines

teachers evaluated subject didactics and subject disciplines
as more important for professional success than education
science. Descriptively, student teachers rated their subject
didactics as particularly important compared to the other two
disciplines (Table 2).

The interaction with subject was not statistically significant
[F(2,352) =1.822,p =0.163, n2 =0.01]. Thus, the results did not
support the importance-by-subject hypothesis that devaluation
of education science is more pronounced among students
studying a STEM subject.

In contrast, the interaction effect with degree program
was statistically significant [F(2, 352) = 5.173, p = 0.006,
n? = 0.03; small effect, Figure 1]. A simple effects analysis
with Bonferroni correction of the alpha level revealed that
student teachers at the master’s level rated education science
( 0.001) - and subject didactics (p 0.000) - as
significantly more important than students at the bachelor’s level

(Figure 1). In contrast, the difference for subject disciplines
by degree program (p = 0.992) was not statistically significant.
Hence, the results partially supported the importance-by-degree
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hypothesis that devaluation of education science is more
pronounced among students at the bachelor’s compared to
master’s level.

Do student teachers evaluate education
science as less complex than their subject
disciplines and subject didactics?

An analysis of variance with discipline as the within-subject
factor (i.e., education science, subject disciplines, and subject
didactics), subject and degree program as between-subject
factors, and beliefs about complexity as the dependent variable
revealed a significant, large main effect, F(2, 348) = 150.982,
p = 0.000, 12 = 0.47 [again controlling for gender with no
significant effect: F(1, 348) = 0.170, p = 0.8431, n2 = 0.00].
To test the complexity devaluation hypothesis that student
teachers rate education science as less complex than their
subject disciplines and subject didactics, I computed a
+1,

planned contrast with the weights: subject disciplines =
subject didactics = +1, education science = -2. The contrast
was statistically significant, F(1, 174) = 78.269, p = 0.000,
n2 = 0.31. Hence, in line with the hypothesis, student teachers
evaluated the complexity of education science significantly
lower than the complexity of their subject disciplines and
subject didactics.

Furthermore, the results indicated a significant interaction
effect for both moderators, that is, subject [F(2, 348) = 5.366,
p = 0.005, 1% = 0.03] and degree program [F(2, 348) = 7.235,
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Importance-by-Degree Hypothesis
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FIGURE 1

Subject disciplines
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Interaction effects: Importance of the disciplines for professional success as a function of degree program (Sub-Study 1). The figure displays
beliefs about the importance of the three disciplines for professional success among students at the bachelor’s vs. master’s level. *p < 0.05 in

the simple effects analyses.

p = 0.001, n? = 0.04; Figure 2]. A simple effects analysis
with Bonferroni correction of the alpha level revealed that
students with and without a STEM subject differed significantly
on all three variables: In line with the complexity-by-subject
hypothesis, students with a STEM subject rated the complexity of
education science significantly lower (p = 0.021), the complexity
of their subject disciplines significantly higher (p = 0.019),
and the complexity of subject didactics lower (p = 0.028) than
students without a STEM subject. Regarding the complexity-
by-degree hypothesis, the simple effects analysis indicated that
students at the bachelor’s level rated the complexity of their
0.003) and the
complexity of subject didactics significantly higher (p = 0.009)

subject disciplines significantly lower (p =

than students at the master’s level. Contradicting the hypothesis,
students from the two programs did not differ significantly with
regard to their ratings of the complexity of education science
(p = 0.160).

Summary

In line with the assumptions, I found evidence for a
devaluation of education science among student teachers: On
average, they perceived education science as less important
for professional success than subject didactics and as less
complex than their subject disciplines. The results also
yielded moderating effects: The tendency to devalue the
importance of education science was more pronounced
among students with less experience with education science
(i.e., bachelors degree students) than among students with
science (i.e., master’s

more experience with education

degree students). In addition, the tendency to devalue the
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complexity of education science was more pronounced
among students with a STEM subject than among students
without a STEM subject.

Sub-Study 2
Hypotheses

I investigated the consequences of the skeptical beliefs for
engagement and possible sources (soft versus hard research
methods and anecdotal versus scientific sources of evidence)
with the following assumptions.

(I) T hypothesized that more skeptical beliefs about
education science would be associated with lower engagement

with research from education science:

e Students with more negative beliefs are less willing
to exert effort in educational science courses (beliefs
engagement hypothesis).

e Students with more negative beliefs are less open to
evidence-based practices (beliefs openness hypothesis).

(2) As potential sources for the devaluation of education
science, I expected:

e Students consider research findings from studies using soft
research methods (typical methods from education science,
such as surveys, systematic observations, standardized
tests) to be less trustworthy than findings from studies
using hard research methods (typical research methods
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FIGURE 2
Interaction effects: Complexity of the disciplines as a function of subject and degree program (Sub-Stud 1). The figure displays beliefs about the
complexity of the three disciplines among students with a STEM subject (STEM) versus no STEM subjects (non-STEM; A) and for students at the
bachelor’s versus master's level (B). *p < 0.05 in the simple effects analyses.

from the natural sciences, such as EEG, fMRI; research
method hypothesis).
e Student teachers perceive information reported by
colleagues (i.e., anecdotal source) as more trustworthy than
information from empirical educational research (scientific

source; source of evidence hypothesis).

An a priori power analysis in G*Power for a linear multiple
regression analysis to test the hypotheses on the engagement
(a0 = 0.05, power p = 0.80, 9 predictors) indicated that a sample
size of N = 74 would be sufficient to detect a medium-sized
effect. For the hypotheses on the sources, I conducted two
experimental manipulations (soft versus hard research methods;
anecdotal versus scientific source). The power analysis for an
ANOVA with a within-subject factor with two levels indicated
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that a sample size of N = 46 would be sufficient to detect a
medium-sized effect.

Materials and methods

Sample

In total, N = 87 student teachers participated in Sub-Study 2
(Table 1). All participants were in the first to fourth semester of
the Master of Education.

Instruments
Beliefs about the disciplines

Student teachers completed the same instrument as in Sub-
Study 1 on their beliefs about the importance of the three
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disciplines for professional success and the complexity of the
disciplines (Table 2).

Engagement with education science

Two aspects of engagement with education science were
measured using 15 6-point Likert scale items (completely
disagree to completely agree). First, eight items captured student
teachers’ willingness to make an effort in education science
(Cronbach’s o = 0.88; adapted from Jonkmann et al,, 2013).
An example item is: I do my best in education science
courses. Second, seven items were adapted from Aarons (2004)
to measure openness to evidence-based practices (Cronbach’s
a =0.70). An example item is: I would use new methods that have
been proven effective in research, even if they were very different
from what I am used to doing.

Vignettes about research findings

A total of 11 short vignettes about research findings were
constructed. For each vignette, participants indicated how
trustworthy the research findings were (6-point Likert scales,
very trustworthy to not at all trustworthy). They were instructed
that trustworthiness means the extent to which they would
rely on and trust these findings. The vignettes were included
in two versions of the questionnaire with two experimental
within-subject variations:

The (1) research method was experimentally varied for five
research findings. Each finding existed in two versions: one
based on a typical research method from neuroscience (research
method = hard; e.g., the recording of brain activity/results
from EEG/results from fMRI showed..) and one based on
a typical research method from education science (research
method = soft, e.g., the results of a standardized survey/of
a systematic observation/of a standardized test showed...).
The research findings were counterbalanced across the two
questionnaire versions.

The (2) source of evidence was experimentally varied for
the other six research findings: Again, each finding existed
in two versions that were identical except that one was
based on a report by a colleague (source = anecdotal: e.g.,
In my daily school life, I often observe that..) and one on
a scientific source (source = science; e.g., Research results
have shown that...). The vignettes were also counterbalanced
across questionnaire versions, and each participant rated three
findings from an anecdotal source and three findings from a
scientific source.

Other than these two experimental variations (source
and research method), the vignettes were parallelized in
terms of content (e.g., testing effect, self-regulated learning,
homework), length (word count), and readability (Flesch,
1948). Neither the vignettes experimentally varying the research
method nor those varying the source of information differed
significantly from one another in terms of length and readability
(Table 4).
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Results

Are beliefs about education science related to
engagement with education science?

I conducted a regression analysis of willingness to make
an effort in education science on beliefs about the importance
and complexity of education science, the students’ subject
disciplines, and subject didactics (controlling for gender, subject,
and additionally for university, because students in this sub-
study studied either at the University of Freiburg or the
University of Education in Freiburg). Importance of education
science and complexity of education science (and subject)
were significant predictors of willingness to make an effort,
whereas beliefs about the importance and complexity of the
students’ subject disciplines and subject didactics did not explain
differences in willingness to make an effort in education science
courses (Table 5). Thus, in line with the beliefs engagement
hypothesis, stronger beliefs that education science is important
for professional success and that education science is complex
were associated with students being more willing to make an
effort in their education science courses.

An analogously computed regression analysis of openness
to evidence-based practices on beliefs about the importance
and complexity of education science, subject disciplines, and
subject didactics (also controlling for gender, subject, and
university) showed that importance was a significant predictor,
but complexity was not. Thus, partly in line with the hypothesis,
more strongly believing that education science is important
was associated with students being more open to evidence-
based practice.

Do soft research methods and students’
preference for anecdotal information
contribute to the devaluation of education
science?

The analysis of variance with research method as the within-
subject factor (i.e., soft vs. hard), trustworthiness of the findings
as the dependent variable (and gender, subject, and university as
control variables) revealed a significant small to medium-sized
main effect of research method [F(1, 69) = 7.127, p = 0.009,
n? = 0.09]. This main effect supported the research method
hypothesis: Student teachers rated findings obtained with hard
research methods as more trustworthy than findings obtained
with soft research methods. With the exception of university
[F(1, 69) = 4.982, p = 0.029, nz = 0.06], none of the covariates
showed a significant effect.

An analogous analysis of variance with source of evidence
as the within-subject factor (i.e., anecdotal vs. scientific) also
revealed a significant medium-sized main effect of source [F(1,
68) = 4.324, p = 0.041, n2 = 0.06, no significant effects of any
of the covariates]. This result indicated that — contradicting the
source of evidence hypothesis — student teachers rated findings
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TABLE 4 Means, standard deviations, and one-way analyses of variance in length and readability of the vignettes (Sub-Study 2 and Sub-Study 3).

Research method (Sub-Study 2)

Soft Hard F(1,8) P d
M SD M SD
Word count 46.67 16.37 48.83 16.63 0.05 0.825 0.13
Flesch index 11.67 10.65 11.33 12.31 1.73 0.096 -0.03
Source of information (Sub-Study 2)
Anecdotal Science F(1, 10) P d
M SD M SD
Word count 71.67 14.71 70.50 17.85 0.02 0.904 -0.07
Flesch index 26.83 5.64 27.33 5.54 0.02 0.880 0.09
Correctness of research findings (Sub-Study 3)
Correct Incorrect F(1, 10) P d
M SD M SD
Word count 49.50 11.83 50.50 11.31 0.02 0.884 0.09
Flesch index 15.17 10.30 17.67 9.29 0.19 0.668 0.25
Myths (Sub-Study 3)
Correct Incorrect F(1,6) P d
M SD M SD
Word count 33.25 9.84 32.00 5.72 0.05 0.833 -0.15
Flesch index 27.75 10.87 26.75 17.80 0.00 0.927 -0.0.7

from scientific sources as more trustworthy than findings from
anecdotal sources.

Summary

Regarding the consequences of student teachers’ beliefs,
in line with the hypothesis, the results indicated that more
skeptical beliefs about education science were related to lower
engagement with research from education science and - at least
for skeptical beliefs about the importance of education science -
to lower openness to scientific evidence.

Furthermore, regarding possible sources of these skeptical
beliefs, the experimental manipulation results indicated
that
findings from studies with soft research methods as less
trustworthy than
studies with hard research methods - but with a rather

student teachers, on average, evaluated empirical

equivalent empirical findings from

small effect size. Thus, education science’s typical soft

research methods might contribute to its devaluation.
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Against the expectation, findings from anecdotal sources
were given lower trustworthiness ratings than equivalent
findings from scientific sources. However, this effect was
also small.

Sub-Study 3
Research questions
Do (1) student teachers tend to perceive evidence from

education science as trivial and (2) do they believe in myths
regarding education science?

Materials and methods
Sample

A total of N = 49 student teachers participated in
Sub-Study 3 (Table 1). All participants were in the first
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semester of their Master of Education program at the
University of Freiburg.

Instruments: Vignettes about research findings
and myths

The participants were also presented with short vignettes
about research findings from education science, again with
an experimental manipulation, but this time regarding the
correctness of the research findings: Each of the six findings
overall was presented in two versions, one as actually found
in the research (e.g., research findings showed that performance
improved), and one not in line with the research results (e.g.,
research findings showed that performance did not improve).
The correctness of the findings was also counterbalanced across
questionnaires and randomly assigned to subjects. Participants
had to indicate on a 6-point Likert scale how obvious these
findings were to them (very obvious to not at all obvious). They
were instructed to rate whether the findings were expectable
and not surprising (i.e., obvious) or surprising and contradicted
what they would have expected (i.e., not obvious).

Furthermore, four similar vignettes on typical
misconceptions (i.e., myths) about phenomena from education
science were developed in two versions (incorrect = myth vs.
correct) and randomly assigned to the students. The four myths
were (1) the need to adapt instruction to students’ learning
styles (need to adapt vs. do not need to adapt), (2) impact of
teacher personality (it is primarily a teacher’s personality that
matters for teaching success vs. a teacher’s personality is not
the primary factor for teaching success), (3) impact of teaching
experience (having more experience automatically makes one
a better teacher vs. does not automatically make one a better

TABLE 5 Results of the regression analysis predicting engagement
with education science (Sub-Study 2).

Predictors Willingness to make an effort ~ Openness
B p
Importance of the discipline for professional success
Education science 0.34%% 0.56%*
Subject disciplines -0.11 0.05
Subject didactics 0.01 -0.07
Complexity of the discipline
Education science 0.36% -0.12
Subject disciplines 0.02 -0.17
Subject didactics -0.07 0.18
Control variables
University* -0.08 0.09
Subject® 0.26* 0.06
Gender® -0.15 -0.04
R? 0.36 0.22

N =76;*p < 0.05,*p < 0.01.
1 = University of Freiburg, 2 = University of Education in Freiburg. °1 = at least one
STEM subject, 2 = no STEM subjects. 1 = female, 2 = male.
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teacher), (4) impact of class size on student learning (smaller
class sizes automatically lead to better student learning vs. do
not automatically lead to better learning). These vignettes were
also parallelized and did not significantly differ in terms of
length or readability (Flesch, 1948; Table 4).

Results

The a priori power analysis for an analysis of variance with
a within-subject factor with two levels (incorrect vs. correct)
indicated that a sample size of N = 46 would be sufficient to
detect a medium-sized effect.

Do student teachers perceive evidence from
education science as trivial?

In the analysis of variance with correctness as the within-
subject factor (i.e., correct vs. incorrect) and obviousness as the
dependent variable (controlling for gender), the main effect was
not significant [F(1,43) =1.918, p = 0.173, 1? =0.04]. The means
were above the theoretical midpoint of 3.5 (Table 6), indicating
that, in line with the hindsight assumption, students on average
tended to evaluate findings from education science as rather
obvious - independent of whether the findings were correct or
incorrect. Descriptively, the mean was higher for the incorrect
than the correct research findings (Table 6).

Do student teachers endorse myths about
education science?

The analogously computed analysis of variance for myths
with the within-subject factor correctness and obviousness as
the dependent variable (controlling for gender) revealed a large
main effect for correctness [F(1, 43) = 40.434, p = 0.000,
n? = 0.49]. This result suggested that students strongly believe

TABLE 6 Means and standard deviations of vignettes
(Sub-Studies 2 and 3).

M SD
Research method (Sub-Study 2)*
Soft 4.34 0.93
Hard 4.47 0.87
Source of evidence (Sub-Study 2)*
Anecdotal 4.05 0.89
Scientific 4.41 0.72
Research findings (hindsight bias, Sub-Study 3)°
Correct 3.89 0.89
Incorrect 4.09 0.95
Myths (Sub-Study 2)°
Correct 3.09 1.21
Incorrect 5.01 1.38

AN = 77, dependent variable = trustworthiness of the finding. N = 47, dependent
variable = obviousness of the finding.

frontiersin.org


https://doi.org/10.3389/feduc.2022.976791
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Voss

in the myths: They rated the incorrect findings (i.e., the myths)
as much more obvious and expected than the correct findings
(see Table 6 for descriptive statistics).

Summary

The results of Sub-Study 3 suggest that, consistent with
the hindsight bias, student teachers retrospectively evaluated
research findings from education science as trivial (“I knew it
all along”). Furthermore, on average, student teachers strongly
believe in myths about learning and teaching.

Overall discussion

I examined whether student teachers devaluate education
science compared to their subject disciplines and subject
didactics. Additionally, I investigated the consequences and
potential sources of the devaluation.

Do student teachers hold skeptical
beliefs about education science?

The results of three sub-studies indicated a pronounced
devaluation of education science among student teachers in
a German sample. I found evidence for this devaluation
based on different research approaches (quasi-experimental
questionnaire data and data from experimental studies) and
reflecting several aspects.

First, in the questionnaire Sub-Study 1 with a large sample,
student teachers perceive education science as less complex than
their subject disciplines on average.

Second, student teachers perceive education science as less
important for teaching success than subject didactics on average.

These skeptical beliefs about the importance of education
science for teaching success are not in line with the empirical
evidence: Research results indicate that teachers’ knowledge
about topics from education science is related to teaching
success in terms of instructional quality and achievement:
Higher pedagogical-psychological knowledge of teachers is
associated with higher learning support of the students (Voss
etal,, 2014,2022), a more efficient classroom management (Voss
et al,, 2014, 2022), and higher students’ achievement (Konig
and Pflanzl, 2016). This importance of teacher knowledge
is not limited to pedagogical-psychological knowledge. It
has also been shown that pedagogical content knowledge
is related to the teaching success (e.g., Baumert et al., 2010),
and content knowledge has been shown to be an essential
basis for developing pedagogical content knowledge (e.g.,
Friedrichsen et al., 2009; Kleickmann et al., 2017). Thus, the
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three domains of teacher knowledge are important, pedagogical-
psychological knowledge, pedagogical content knowledge, and
content knowledge. This is in line with the national standards
or guidelines for teacher education of many countries. Such
standards describe what teachers should know and be able
to do and typically cover aspects of all three domains of
teacher knowledge (Bauer and Prenzel, 2012). Consequently,
in Germany, student teachers must take courses in the three
disciplines - subject disciplines, subject didactics, and education
science — to acquire pedagogical-psychological knowledge,
pedagogical content knowledge, and content knowledge.
Thus, the devaluation of education science’s importance for
teaching found in the present study on average among
student teachers is not consistent with either education
policy standards or empirical research. Therefore, it seems
necessary to target such inappropriate beliefs for change
during teacher education. The devaluation tendency is also
mirrored in motivational constructs, as research, for instance,
indicated that the subject interest of teachers is higher than
the interest in education science (e.g., Pozas and Letzel,
2021).

Third, in the experimental Sub-Study 3, student teachers
turned out to strongly believe in myths about learning. Although
plenty of research debunks the myths as myths (e.g., Kirschner
and van Merriénboer, 2013; Macdonald et al., 2017; Eitel et al.,
2021), the student teachers in the present sample believe in
these myths. Thus, the results suggest a need to break down
misconceptions of student teachers (Menz et al,, 2021a; Prinz
et al, 2021). In the present study, four such myths were
examined as examples. However, other myths exist, such as
that some students are information-savvy digital natives and
that learners can multitask (Kirschner and De Bruyckere, 2017).
Future research should address such other myths.

Are skeptical beliefs related to
engagement in education science
courses?

The devaluation of education science compared to subject
disciplines and subject didactics is especially relevant in light of
the assumed filtering effect of beliefs (e.g., Pajares, 1992; Patry,
2019) and thus the assumed importance of beliefs for future
teachers’ professional thinking and learning (e.g., Fives and
Buehl, 2012). The results of the present study indicate that these
beliefs matter for student teachers’ motivation: More skeptical
beliefs about the complexity and importance of education
science were associated with lower engagement with research
from education science and less openness to scientific evidence
(the latter statistically significant only for skeptical beliefs
about the importance of education science). Thus, the results
suggest that the devaluation of education science is crucial,
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as it is related to the quality of students’ uptake of learning
opportunities. This result is in line with the assumed importance
of beliefs for learning and the uptake of learning opportunities
during teacher education (Fives and Buehl, 2012; Stark, 2017;
Ferguson, 2021). The questionnaire data of the present study
thus complement the results of smaller interview studies (e.g.,
Holt-Reynolds, 1992; Bondy et al., 2007). However, further
research is needed to examine other indicators of uptake of
learning opportunities in teacher training. In the present study,
self-report data on motivation and openness were used. An
important next step would be to investigate the associations of
student teachers’ beliefs with alternative measures of motivation
(Fulmer and Frijters, 2009). Possible alternative approaches
include the use of observational data (e.g., tasks chosen or
persistence when engaging in tasks) or analyses of students’
authentic learning materials (e.g., learning protocols, lesson
plans).

Furthermore, more research is needed to examine the
assumed detrimental effect of skeptical beliefs about evidence
from education science on teaching success as prior research
is ambiguous. For instance, some studies found that teachers
with more skeptical beliefs about evidence-based practices
do not differ in the frequency of the use of evidence-
based practices from teachers with less skeptical beliefs (e.g.,
McNeill, 2019, see also Krammer et al, 2021, for believing
in neuromyths). At the same time, other studies showed that
positive beliefs about evidence are related to more frequent use
of evidence-based practices (Combes et al,, 2016). Additionally,
evidence on beliefs, in general, indicated congruencies between
teacher beliefs and teaching practices (e.g., overview from
Buehl and Beck, 2015).

What are potential sources of skeptical
beliefs about education science?

Knowledge of the sources of student teachers’ skeptical
beliefs may serve as starting points for breaking down
dysfunctional beliefs and misconceptions.

Therefore, first, in the questionnaire Sub-Study 1, I
investigated whether the devaluation of education science
depends on students’ selected subject disciplines and degree
programs as potential sources of skeptical beliefs about
education science. The results indicated that the tendency
to devaluate the complexity of education science was more
pronounced among students of STEM subjects than students
with no STEM subjects. Thus, disciplinary culture obviously
plays a role in shaping the tendency to devaluate the complexity
of education science compared to students’ subject disciplines.
Furthermore, the devaluation of the importance of education
science compared to subject didactics was moderated by student
teachers’ experience with education science: Student teachers
at the bachelor’s level devaluate the importance of education
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science for teaching success more strongly than student teachers
at the master’s level. The participants of the present study
were student teachers from Freiburg University. During the
bachelor’s degree program at Freiburg University, student
teachers have to complete only one module on education
science, whereas in the master’s degree program, significantly
more credit hours are devoted to education science. Thus,
on average, bachelor’s students have less experiences with
education science. The results of the present study suggest
they are more prone to dysfunctional beliefs about education
science, whereas student teachers with more experience (i.e.,
in the master’s degree program) appear less prone to such
devaluations. This might be because students in the bachelor’s
degree program have little knowledge about education science
as a professional discipline and thus might lack the awareness
of the importance of the discipline. This explanation would
also have parallels to the Dunning-Kruger effect (Kruger and
Dunning, 1999), a prominent effect in metacognitive research
indicating that people with little knowledge in a domain tend
to be unaware of their deficient knowledge. As a consequence
of the moderating effect of experience, it seems vital to create
learning opportunities early in teacher training programs that
support students in reflecting on their skeptical beliefs about
education science and forming a more appropriate conception
of the discipline and its importance for teaching success. In
light of research on typical gender differences (e.g., women are
less likely to choose STEM subjects than men; Roloff Henoch
etal, 2015), it is interesting to note that I found no effect of the
covariate gender.

Second, experimental evidence indicated in the present
study a dysfunctional pattern in the reception of research
findings from education science. This also sheds light on
potential sources for the devaluation of education science.
The results of the experimental Sub-Study 2 indicate that
the soft research methods typical of education science might
contribute to its devaluation: Student teachers on average
evaluated empirical findings from studies with soft research
methods as less trustworthy than equivalent empirical findings
from studies with hard research methods. Thus, student teachers
need more knowledge about research methods and their validity
(Vossetal., 2020; Thomm et al., 2021b) to reduce this potentially
biased perception of the quality of research findings based on
different methods.

Contrary to the assumption, findings from anecdotal sources
were given lower trustworthiness ratings than equivalent
findings from scientific sources. Prior research indicates that
student teachers prefer teachers as sources of information
compared to researchers (Menz et al., 2021b), have more positive
beliefs about the utility of anecdotal information compared to
educational research, and use anecdotal sources more frequently
than scientific evidence (Kiemer and Kollar, 2021). Together
with the results of the present study, this may indicate that even
though student teachers evaluate information from scientific
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sources as more trustworthy, they use scientific sources less
frequently than anecdotal sources. Additionally, Hendriks et al.
(2021) found that the perceived trustworthiness of teachers and
researchers depends on students’ specific epistemic goal. Further
research should shed light on this apparent contradiction
by investigating beliefs about different sources together with
concrete use of these sources in teaching and students” goals.
Finally, student teachers in the experimental Sub-Study 3
tended to believe that evidence from education science is trivial.
This hindsight bias is a general phenomenon that has also
been investigated in areas other than education (e.g., Blank
et al,, 2003). I found the tendency to perceive evidence about
learning and teaching as common sense and foreseeable in the
study among student teachers. Thus, this tendency may also
contribute to the evolution of skeptical beliefs about education

science.

Strengths and limitations

A main strength of this study was the combination of a
quasi-experimental sub-study with experimental sub-studies.
In doing so, evidence to describe phenomena was generated,
such as the average level of student teachers’ beliefs about
education science compared to their beliefs about their subject
disciplines and subject didactics. In addition, evidence to explain
phenomena was generated in the experimental sub-studies,
such as why student teachers perceive research findings from
education science as less trustworthy than research findings
from STEM subjects.

The samples of the three sub-studies consisted of a total
of 346 student teachers from two universities in Germany.
They studied different subject disciplines and were enrolled
in different degree programs (bachelor’s and master’s). These
results might be generalized to countries with similar conditions
(e.g., culture, teacher education system). However, the results
cannot be generalized to differently structured teacher education
systems. As the a priori power analyses indicated, the sample
sizes were sufficient to detect the expected effects. Nevertheless,
larger samples would be desirable in future research to examine
the importance of further moderators, such as the amount
of student teachers’ teaching experience, the length of time
they have been in a teacher education program, or the prior
knowledge about the disciplines.

Another limitation is the use of cross-sectional data.
In the present study, the degree programs (bachelor’s and
master’s) served as a proxy for experiences with education
science. However, longitudinal data would be necessary to draw
conclusions about the development of student teachers’ beliefs
over the course of teacher training. For example, a longitudinal
study with student teachers in Germany found a decline in
beliefs about the importance of education science over time on
average (Cramer, 2013). As these results contradict the results
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of the present cross-sectional study, with more positive beliefs
among students with more experience with education science,
further research is needed to elucidate this contradiction.

Another limitation is how the consequences of skeptical
beliefs were measured in Sub-Study 2, as the participants
provided self-reports on engagement with education science.
The self-report instrument was adapted from validated
instruments (e.g., Aarons, 2004; Jonkmann et al, 2013).
However, further studies with alternative measures, such as
observational data or analyses of authentic learning materials,
are needed.

Furthermore, the experimental sub-studies provided
evidence for potential sources of skeptical beliefs about
education science. For instance, the results indicate that student
teachers rate research findings based on hard research methods
as more trustworthy than equivalent research findings based on
soft research methods like those typical of education science.
However, as a further limitation, the direct impact of these
sources on the formation of student teachers beliefs was
not examined and should be addressed in future research.
Additionally, future research should investigate other potential
influencing factors. For instance, student teachers’ professional
roles might also affect their beliefs about education science.
Similar to research on motives for teaching (e.g., Watt et al,
2012), some student teachers might see themselves primarily as
experts on their subject matter. Those student teachers might
be highly interested in the subject and pass on the subject
matter to the students. On the contrary, for other student
teachers, educating students might be much more part of their
professional role. As a result, those students might be more
interested in education science and might also have more
positive beliefs about the discipline.

Conclusion

Overall, the findings of the sub-studies indicate that student
teachers, on average, held skeptical beliefs about education
science. This poses a challenge to those involved in teacher
education: Student teachers bring inappropriate beliefs and
misconceptions into their teacher education program, and these
beliefs are related to their engagement with the learning content.
The findings support the assumption that beliefs are facilitators
or barriers to the use of evidence in instructional situations
(Fischer, 2021). Thus, it seems important to address beliefs
early in teacher education programs (Stark, 2017), encourage
students to reflect on their beliefs, and create specific learning
opportunities to break down misconceptions and inappropriate
beliefs.

The results of the present study on the potential sources
of student teachers’ skeptical beliefs can provide information
on where to start. They should be considered alongside
(e.g., 2003) and evidence

theoretical models Gregoire,
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on how to successfully change beliefs (Gill et al, 2004;
Kleickmann et al., 2016; Prinz et al., 2021).
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When facing belief-contradictory scientific evidence, preservice teachers
tend to doubt the potency of science and consult scientific sources less
frequently. Thus, individuals run the risk not only to maintain questionable
assumptions but also to develop dysfunctional stances toward research as
a reliable source of knowledge. In two studies, we (a) replicated findings
on the so-called scientific impotence excuse (SIE) in education and (b)
differentiated the effects on the potency and pertinence of science to
investigate educational topics to better understand the nature of SIE-related
science devaluation. Both studies followed a 2 x 2 mixed experimental
design: Preservice teachers assessed their prior belief about an educational
topic (i.e., effectiveness of grade retention) before and after reading either
confirming or disconfirming scientific evidence concerning the topic. Study
1 (N = 147 preservice teachers; direct replication) confirmed the central
prior findings of science devaluation when belief-evidence conflicts occur.
In contrast, the results of Study 2 (N = 152; follow-up study) revealed
no systematic devaluations of science when disentangling the facets of
potency and pertinence. Despite partial devaluation tendencies, both studies
revealed that preservice teachers adapted their prior beliefs to the evidence
presented. These findings extend previous research by providing insights into
the conditions of science devaluation.

preservice teacher education, prior beliefs, motivated reasoning, science devaluation,
evidence-based practice
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Introduction

When people are confronted with scientific evidence that
contradicts their entrenched prior beliefs, they often engage
in a variety of defensive responses in order to brush aside
the evidence rather than to revise their personal assumptions
(Kunda, 1990; Chinn and Brewer, 1993, 1998; Nauroth et al.,
2014). One defensive response of such motivated reasoning can
be to devalue the potency of science to study a given issue, at
all. Munro (2010) dubbed this response the scientific impotence
excuse (SIE): Facing belief-inconsistent scientific evidence,
individuals dismiss the information on the grounds “that the
topic of study is not amenable to scientific investigation”
(Munro, 2010, p. 579). This tendency is highly problematic,
because people do not only discount the particular piece of
evidence; worse, they devalue the potency of science as an
epistemic enterprise to attain valid knowledge about the topic.
Employing the SIE may, thus, pave the way to generalized
science denial (e.g., Nisbet et al, 2015; Lewandowsky and
Oberauer, 2016; Hornsey, 2020).

Recently, Thomm et al. (2021a) showed that the SIE
could also account for why preservice teachers develop critical
stances toward educational research findings—a crucial barrier
to implement evidence-informed practices as early as in initial
teacher education (e.g., van Schaik et al, 2018). Despite
reporting generally positive attitudes toward educational
research, preservice teachers began to question its potency
to examine the topic at stake when facing belief-inconsistent
educational research findings. However, it remains unclear
whether this devaluation concerns only participants’ doubt on
the epistemic value of research (i.e., its potency to provide valid
knowledge) or extends to their doubt on the pertinence of
research to investigate the topic at hand. The latter would be
worse, because it strips educational research of its role as a
relevant social institution to deliver reliable and valid knowledge
on the topic.

In two experiments, we aimed to inspect the stability of
prior findings and to disentangle the nature of devaluation in
the context of preservice teachers’ evaluation of educational
research and its findings. Study 1 sought to replicate directly the
main findings of Thomm et al. (2021a). The direct replication
was chosen to test the previously found and surprising pattern
showing that preservice teachers devalued the potency of science
while adjusting their beliefs in the direction of the evidence
presented. We also intended to corroborate the findings of the
prior study, especially as it is one of the few to address preservice
teachers’ science devaluation. Study 2 complemented previous
studies by investigating the potential effects of devaluation
on both the potency and pertinence of educational research.
This contribution extends prior research, as it evaluated the
stability of the SIE as a mechanism of science devaluation and
offers a differentiation of its effects on educational research’s
potency and pertinence. Thereby, the studies provide important
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insights into the pitfalls that must be considered when preservice
teachers engage with scientific evidence in research-based
teacher education.

Understanding devaluation of
educational research

Research on motivated reasoning indicates that individuals
tend to argue away information that threatens their prior
beliefs (Kunda, 1990; Chinn and Brewer, 1993, 1998; Nauroth
et al., 2014; Britt et al., 2019). Chinn and Brewer (1993, 1998)
identified several ways in which people react to such belief-
discrepant evidence. Instead of revising prior assumptions,
individuals may turn to ignore, reject, or reinterpret anomalous
information to protect their beliefs. The SIE, as posed by Munro
(2010) on the basis of cognitive dissonance theory (Festinger,
1957), complements this array of protective mechanisms,
but goes beyond the mere rejection of a piece of scientific
evidence. Using the SIE, individuals resolve the belief-evidence
discrepancy by devaluating the ability of science to study
the topic, that is, science’s potency. Thus, individuals justify
devaluation by claiming that the issue cannot be investigated by
the means of science, and run the risk to develop unfavorable,
generalized attitudes toward it. Munro (2010) also suggests that
people are particularly prone to employ the SIE if the scientific
information is strong and, thus, cannot be argued away easily
(e.g., by referring to flawed methods). Indeed, SIE arguments
are apparent in public debates, for example, when proponents of
homeopathy claim that its effects cannot be studied by standard
scientific methods such as randomized controlled trials.

Across two experiments, Munro (2010) provided evidence
for the SIE. After indicating their prior beliefs about a
specific medical claim, participants read scientific evidence
(i.e., short abstracts) that either confirmed or disconfirmed
this claim. In line with the SIE, the results showed that
participants systematically discounted the potency of science
to study the topic if the read evidence contradicted their
prior beliefs. Moreover, they generalized their doubt to the
investigation of other unrelated scientific topics and were
even less inclined to choose scientific sources to inform
themselves. Complementing the overall picture, participants
also resisted changing their prior beliefs. Drawing on these
studies, Thomm et al. (2021a) examined whether the SIE
could also be observed when preservice teachers faced belief-
discrepant evidence from educational research. Education is a
particularly interesting field to study the SIE, first, because there
is a sharp contrast between the developments to make teaching
a more research-based profession (Bauer and Prenzel, 2012;
Rousseau and Gunia, 2016), and the empirical observations
that teachers rarely draw on educational research and, rather,
rely on personal observations and common sense (Dagenais
et al, 2012; Lysenko et al, 2014; Pieschl et al, 2021).

frontiersin.org


https://doi.org/10.3389/feduc.2022.1006766
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Futterleib et al.

Second, the social sciences may be particularly vulnerable
to devaluation, as they are often perceived as “soft” and
unreliable (Berliner, 2002). Hence, people may overestimate
their own abilities in judging and explaining educational
issues—a tendency exacerbated by the seeming verification
of beliefs through everyday observations (Thomm et al,
2021b).

In line with Munro’s (2010) results, Thomm et al. (2021a)
found that preservice teachers facing belief-discrepant evidence
on an educational issue (i.e., the effectiveness of grade retention
on low-achieving students’ academic progress) devalued the
potency of science, and showed a lower preference for scientific
sources to further inform themselves about this topic. This
devaluation occurred even though participants reported overall
positive attitudes toward educational research. However, unlike
the evidence reported in Munro (2010), participants did not
expand their doubt about scientific potency to the investigation
of other educational or unrelated topics. Moreover, participants
tended to change their beliefs in the direction of the presented
evidence. Apparently, this evidence worked as a refutation of
participants’ prior beliefs (cf. Tippett, 2010; Kendeou et al,,
2014), even though the scientific abstracts used in the study were
not designed according to refutation text principles.

Though these studies corroborated the main hypotheses
regarding the SIE, the stability and nature of the effect require
further inquiry. First, given its significance in the educational
context, replication of the effect is important to evaluate
its consistency and strength. Second, different aspects of the
devaluation need to be disentangled more thoroughly, as
elaborated below.

Disentangling devaluation of
potency and pertinence of
educational research

Since many educational topics are accessible to one’s own
experiences and observations (Calderhead and Robson, 1991;
Pajares, 1992; Richardson, 1996; Menz et al., 2021a), it may
not be immediately obvious why these topics are subject
to research, at all, and that research knowledge might be
useful for teachers. Consequently, devaluation may not be
confined to the potency of research to study educational topics;
people may also contest that educational research is pertinent
to do so (cf. Bromme and Thomm, 2016). While potency
refers to the assigned epistemic value of research, pertinence
represents a normative ascription of the relevant expertise to
it and a mandate to contribute valuable knowledge about the
domain at stake (Kitcher, 2011; Bromme and Gierth, 2021).
Thus, questioning the pertinence of educational research is
a more fundamental form of science rejection than doubting
its potency. Discounting pertinence would allow dismissing
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educational research simply as “fishing in foreign waters,” even
if one had to admit that scientific methods principally can
contribute valid knowledge.

Existing studies have not yet differentiated (preservice)
teachers’ appraisal of the potency and pertinence of educational
research. However, some studies implicitly have addressed
aspects related to pertinence. As mentioned above, there is
a multitude of studies indicating that (preservice) teachers
frequently judge educational research as irrelevant and detached
from their practice (McIntyre, 2005; Hammersley, 2013;
Winch et al, 2015; Farley-Ripple et al., 2018; van Schaik
et al, 2018 Thomm et al, 2021b) and favor experience-
based knowledge, instead (e.g., Braten and Ferguson, 2015;
van Schaik et al, 2018; Kiemer and Kollar, 2021). Cain
(2017) found that teachers did not only question the validity
of findings but assigned science “no greater authority than
their own experiences or other forms of information” (p.
13). Though such findings shed some light on teachers
perceptions of the pertinence of educational research, it is
still an open issue how such perceptions are influenced
by belief-evidence conflicts and how this relates to potency
appraisals.

Overview of the studies

The present contribution aimed to provide to a better
understanding of the nature of the devaluation of educational
research through preservice teachers by examining the
SIE in two studies. Study 1 was a direct replication of
Thomm et al. (2021a) that aimed to inspect the stability
and strength of the effect of belief-evidence conflicts on the
SIE. Study 2 was a follow-up (Schmidt, 2009) that aimed to
differentiate the assessments of the perceived potency and
pertinence of educational research as facets of devaluation,
and to increase the external validity of prior findings. Both
studies were preregistered!. To prevent possible cross-
participation, they were conducted simultaneously with
participants being assigned randomly to one of the respective
studies.

Study 1

For the direct replication, we stated the same hypotheses as
Thomm et al. (2021a). Though, as elaborated above, some of
their results were inconsistent with the theoretical predictions
and Munro’s (2010) results (i.e., hypotheses H2a and H3, below),
we decided to retain the original hypotheses because they reflect

1 Study 1: https://osf.io/prj87
Study 2: https://osf.io/m4eaj
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the theoretical reasoning behind the SIE (Munro, 2010). Hence,
we examined the following hypotheses:

H1la: Preservice teachers are more critical about the potency
of educational research to study a specific educational topic
when scientific evidence contradicts rather than confirms
preservice teachers’ prior beliefs.

H1b: Preservice teachers reading scientific evidence that
contradicts rather than confirms their prior beliefs will show
a decreased preference for scientific sources and, conversely,
an increased preference for non-scientific sources.

Hlc: Preservice teachers choose scientific sources less often
than non-scientific sources to seek additional information

about the specific educational topic.

H2a: Preservice teachers generalize their devaluation of
educational research by doubting educational research’s
potency to study further educational topics.

H2b: There are no carry-over effects of science devaluation
to topics from other unrelated domains (medicine and
pseudo-scientific).

H3: Preservice teachers retain their prior beliefs although

scientific evidence might contradict them.

Methods

For the direct replications, all methods followed the design,
materials, and procedures of Thomm et al. (2021a).

Design

Study 1 was a 2 x 2 mixed experiment with the
within-participants factor prior belief (before vs. after reading
the evidence) and the between-participants factor evidence
(confirming vs. disconfirming the effectiveness of grade retention).
Accordingly, preservice teachers were randomly assigned to one
of two conditions, reading either confirming or disconfirming
scientific evidence on the effectiveness of grade retention (GR)
to reduce potential deficits in students’ school achievement.
Before and after reading the assigned evidence, participants
reported their respective beliefs about GR effectiveness.

Participants
Based on an a priori power analysis with GPower 3.1 (Faul
et al,, 2009), we aimed at an effective sample size of N = 202
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preservice teachers to detect the effects of at least 2 = 0.087 (cf.
Thomm et al., 2021a) with 95% power (o = .05) in a multiple
linear regression?.

Participants were recruited online through invitation via
participant databases, advertisements at university lectures, and
mailing lists in Germany. Participation was voluntary and
participants could withdraw at any time without giving reasons
or experiencing any consequences. As an incentive, participants
could enroll in a lottery with winnings in the amount of 10-20€.

A total of N = 237 participants completed the study. During
data cleaning, we deleted cases according to preregistered
exclusion criteria as follows: n = 15 participants who had not
provided informed consent or had withdrawn it; one case who
was not enrolled in a teacher education program; n = 30
participants with unreasonable response times for completing
the experiment (i.e., <5 or >120 mins); and n = 44 participants
who had spent less than 1 min on the evidence reading task. This
reflects an exclusion rate of 38%. The final sample of N = 147
still provided 85.4% power and allowed detecting effects as low
as f* = 0.076 with 80% probability. Preservice teachers in the
final sample were mostly female (83.7%) and M = 21.9 years
old (SD = 2.77 years). They were mostly studying in a bachelor’s
degree program (49.7%) and had completed, on average, 3.82
semesters (SD = 1.92). Further, 31.3% were enrolled in a master’s
degree program with a duration of study of M = 8.22 semesters
(SD = 1.71). The remaining 19% studied in traditional state
examination programs (with no separate Bachelor’s and Master’s
phase) with a duration of study of M = 4.9 semesters (SD = 2.7).

Procedure

The study was realized as an online experiment. After the
general introduction and giving informed consent, participants
reported demographic information (i.e., age, gender, study
program). Subsequently, they rated their prior belief about
the effectiveness of GR. Then, they read an introductory text
on the topic of GR and were randomly assigned to one of
two conditions presenting either confirming or disconfirming
scientific evidence (i.e., five short abstracts) on the effectiveness
of GR. After reading the evidence, participants rated the potency
of science to study the topic at stake (topic-specific potency), as
well as the potency of science to study further domain-related
and domain-unrelated topics (domain-related and domain-
unrelated potency). They further judged their preferences for
scientific and non-scientific sources to learn more about GR
effects (source preference) and were asked to select their most
preferred source (source choice). Finally, participants reassessed
their beliefs about the effectiveness of GR. Having finished
the experiment, participants had the option to withdraw their
consent for data usage and received a thorough debriefing.

2 Due to a technical error, the preregistered power analysis indicated
a recommended sample size of N = 181, but N = 202 participants would
have been needed to achieve the power of 95%.
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Materials

Preservice teachers first read a

text describing a recently published review summarizing

short introductory

scientific studies about the effects of GR on remedying low-
performing students’ deficits in school achievement. Next, each
experimental group received five abstracts, each summarizing
an empirical study on GR. The abstracts had been designed
and tested by Thomm et al. (2021a) for the target group and to
provide equivalent levels of length and complexity across the
experimental conditions. The abstracts had a standardized form
equivalent to typical study abstracts and ended with a clear
final conclusion on the effectiveness of GR. Overall, they were
representative of scientific research in this field regarding the
applied methods, results, and conclusions. Across the evidence
conditions, results and conclusions varied from confirming to
disconfirming the effectiveness of grade retention. For more
information on the development of the materials, see Thomm
et al. (2021a); materials are available in the corresponding
Appendix S1.

Measures

Unless indicated otherwise, the answer format for all
measures described below was a 9-point rating scale (1 = do not
agree at all, 9 = very much agree).

Prior belief was measured by rating the statement
“Repeating a grade helps struggling students to compensate for
their achievement deficits.”

Topic-specific doubt on the potency of science to study the
effectiveness of GR was assessed by rating the statement “The
question whether GR helps struggling students to compensate
their deficits in achievement is one that cannot be answered
using scientific methods” (cf. Munro, 2010).

To measure the generalization of science devaluation,
participants assessed the potency of science to study six
additional educational topics (e.g., impact of class size on
learning outcomes) and eight unrelated topics. The unrelated
topics covered health issues (e.g., cell phone radiation causing
cancer) and pseudo-scientific topics (e.g., astrology as a
possible predictor of personality; Munro, 2010). Per topic,
the participants rated the statement “How far can scientific
methodologies be used to determine whether (e.g., computer-
based learning supports students’ knowledge acquisition)?”
(I = not at all, 9 = very well). Items were averaged per domain
and resulted in sufficiently reliable scores (education: a = 0.68,
medicine: o = 0.81, and pseudo-science: o = 0.73).

As a measure of source preferences participants received
a list of seven scientific (i.e., findings from scientific studies;
educational scientist) and non-scientific sources (i.e., opinions
and experiences of teacher, school student who repeated a class,
teacher association, proponent and opponent of GR). They
judged how likely they would be to seek information from each
source. Both scales yielded acceptable reliability (preference for
scientific sources, a = 0.62; preference for non-scientific sources,
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a = 0.63)%. In addition to their source preferences, participants
had to choose one source from the list that they would finally
consult (source choice).

Analyses

We performed all analyses using R 4.0.2 (R Core Team,
2022). To test hypotheses Hla, Hlb, H2a, and H2b (ie,
moderating effects of prior belief on the relation of scientific
evidence and doubt of scientific potency, respectively their
source preferences), we conducted multiple regression analyses
using Hayes’ PROCESS macro 4.1 for R (Hayes, 2022). The
evidence condition was dummy-coded (0 = confirming vs.
1 = disconfirming the effectiveness of GR), and prior belief was
centered at the grand mean. For testing H2b, we set o = 0.20
because the null hypothesis was the target (i.e., no generalization
of doubting science to topics from unrelated domains).

To test Hlc, we ran a binary logistic regression regarding
whether belief-evidence conflicts decrease the choice of a
scientific source (coded as 1) over a non-scientific one (coded
as 0). H3 (ie., belief change) was tested by a repeated-
measures ANOVA.

As preregistered, we applied transformations to variables
exhibiting highly asymmetric distributions prior to analysis in
order to avoid biased standard errors and significance tests
(Tabachnick and Fidell, 2014; Fox, 2016). Highly asymmetric
distributions were characterized by both P-P plots and
significant tests of skewness (z > | 2.58|, indicating p < 0.01;
Field et al.,, 2013). We applied log transformation to variables
with positive moderate skew (i.e., topic-specific potency),
inverse transformation to variables with extreme positive skew
(i.e., pseudo-scientific topics potency), and a reflect-and-log
transformation for variables exhibiting moderate negative skew
(i.e., domain-specific potency, preference for scientific sources;
Tabachnick and Fidell, 2014).

Results

Table 1 provides an overview of the descriptive statistics.
Scale means indicated that participants altogether had favorable
beliefs about the potency of science and a noteworthy preference
for scientific sources to inform themselves about educational
topics.

Devaluation of the potency of science and its
sources (hypotheses la—1c)

To test H1a, we regressed doubt over the potency of science
on evidence condition, prior beliefs, and their interaction.
Analyses yielded a statistically significant overall effect, F(3,

3 Like Thomm et al. (2021a), we averaged the preference ratings
for proponent and opponent of GR because of their high correlation
(r=0.89, p < 0.001).
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TABLE 1 Study 1: Descriptive statistics by evidence condition.

M (SD) Skew (SE) Kurtosis (SE)
Evidence confirming effectiveness of grade retention
Belief about GR effectiveness (T1) 5.63 (2.08) —0.53(0.28) —0.52 (0.55)
Belief about GR effectiveness (T2) 7.40 (1.36) —1.27 (0.28)* 2.47 (0.55)
Doubt on science’s potency to study GR 2.16 (1.55) 2.09 (0.28)* 4.38 (0.55)
Potency to study related educational topics 6.40 (1.38) —1.21(0.28)* 2.50 (0.55)
Potency to study unrelated topics
Medicine 5.81 (1.84) —0.67 (0.28) 0.06 (0.55)
Pseudo-science 2.11 (1.36) 1.79 (0.28)* 3.69 (0.55)
Source Preference
Scientific sources GR 7.73 (1.00) —0.76 (0.28)* 0.05 (0.55)
Non-scientific sources GR 6.06 (1.34) —0.28 (0.28) 0.37 (0.55)
Evidence disconfirming effectiveness of grade retention
Belief about GR effectiveness (T1) 5.90 (2.13) —0.40 (0.28) —1.03 (0.56)
Belief about GR effectiveness (T2) 3.35(1.85) 0.90 (0.28)* -0.10 (0.56)
Doubt on science’s potency to study GR 3.11 (2.10) 1.04 (0.28)* 0.19 (0.56)
Potency to study related educational topics 6.18 (1.33) —1.43 (0.28)* 4.37 (0.56)
Potency to study unrelated topics
Medicine 5.45 (1.54) —0.11 (0.28) —0.14 (0.56)
Pseudo-science 2.65(2.09) 1.56 (0.28)* 1.64 (0.56)
Source Preference
Scientific sources GR 7.36 (1.52) -0.96 (0.28)* 0.29 (0.56)
Non-scientific sources GR 5.71(1.42) -0.28 (0.28) 0.00 (0.56)

Values represent untransformed data; GR = grade retention; *P-P-plots and significant tests of skew (z > | 2.58|,p < 0.01) indicated serious skewness.

143) = 4.90, p = 0.003, R* = 0.09. In line with our assumption,

the interaction term of evidence condition and prior beliefs 06 Prior Belief in Effectiveness
confirmed a significant moderation effect of prior belief, of Grade Retention
b = 004, SE(b) = 002, t = 2.02, p = 0.046. Figure 1 | e
depicts the crossover interaction entailed by Hla. Additionally, - —- 4sD
the regression model yielded a statistically significant main
effect of evidence condition, b = 0.14, SE(b) = 0.05, Fo4 '
t=3.15,p=0.002. 5
Probing the interaction, we conducted a simple slopes §
analysis. Findings revealed a statistically significant simple effect é
of evidence condition for participants with both high [ie., 1 g .
SD above the sample mean; b = 0.23, SE(b) = 0.06, t = 3.66, 02
p < 0.001] and average prior belief [i.e., at the sample mean;
b=0.14, SE(b) = 0.05, t = 3.15, p = 0.002], but not for participants
with low prior belief [i.e., 1 SD below the sample mean; b = 0.05,
SE(b) =0.06,t =0.80, p = 0.452]. That is, particularly participants 0.0
with strong or average prior beliefs in GR effectiveness tended C°”f"”“EiC%ence on GR Eﬁecﬁve?,i:g:nmmmg
to doubt the potency of science when evidence contradicted FIGURE 1
their prior beliefs. Doubt on the potency of science to study the effectiveness of

To test H1b, we regressed the preferences for scientific grade retention.

sources on evidence condition, prior beliefs, and their

interaction. The overall model was statistically significant, F(3,

142) = 3.64, p = 0.014, R? = 0.07, and yielded a statistically Subsequent simple slopes analysis revealed a statistically
significant interaction, b = 0.04, SE(b) = 0.02, t = 2.54, significant effect of evidence on participants with high prior
p =0.012 (Figure 2). belief [i.e., 1 SD above the sample mean; b = 0.13, SE(b) = 0.05,
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Preference for scientific soures. Higher values indicate lower
source preference ratings due to transformation

t = 247, p = 0.015] but not for participants with average
[ie., at the sample mean; b = 0.03, SE(b) = 0.04, t = 0.95,
p = 0.346] and low prior belief [i.e., 1 SD below sample mean;
b = —0.06, SE(b) = 0.05, t = —1.13, p = 0.260]. Thus, facing
belief-discrepant evidence, participants with high prior belief in
the effectiveness of GR tended to have a decreased preference for
scientific sources.

An analogously performed regression with preference
for non-scientific sources did not attain significance, F(3,
142) = 0.87, p = 0.456, R? =0.02.

The logistic regression for source choice (Hlc) failed to
attain statistical significance for the overall model [x%(3) = 7.60,
p = 0.055], even though the interaction effect entailed by
the hypothesis yielded statistical significance [b = —0.40,
¥2(1) = 4.81, p = 0.028].

Generalization of science devaluation to
further domain-related and unrelated topics
(hypotheses 2a and 2b)

Contrary to H2a, the regression model for the potency
of science to investigate further educational topics (H2a)
did not yield statistical significance, F(3, 143) = 0.79,
p = 0.501, R? = 0.02. The same was true for the regression
models for unrelated medical [F(3, 143) = 0.63, p = 0.600,
R?> = 0.01] and pseudo-scientific topics [F(3, 143) = 0.52,
p = 0.671, R? = 0.01]. The latter two findings, however, are
in line with the expected null effects for these dependent
variables (H2b). Hence, participants did not generalize their
doubt over the potency of science to other related or
unrelated topics.
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Belief change regarding the effectiveness of grade retention
(Study 1).

Belief change in the face of
belief-contradictory evidence (hypothesis 3)

A mixed ANOVA with the within-participants factor belief
(before vs. after reading the evidence) and the between-
participants factor evidence condition (confirming vs.
disconfirming evidence) yielded statistically significant main
effects of evidence condition [F(1, 144) = 54.14, p < 0.001,
n? = 0.22] and prior belief [F(1, 144) = 6.92, p = 0.009,
1% = 0.01], as well as a statistically significant interaction [F(1,
144) = 218.76, p < 0.001, n? = 0.26] (Figure 3). Follow-up
dependent samples ¢-tests indicated that participants changed
their beliefs in the direction of the presented evidence.
Participants who had read confirming evidence increased their
belief in the effectiveness of GR, #(73) = 9.40, p < 0.001, d = 1.09,
whereas participants reading disconfirming evidence decreased

it, #(71) = 11.38, p < 0.001, d = 1.34.

Conclusion

Study 1 aimed to directly replicate the findings of Thomm
et al. (2021a). We found the same pattern of findings as the
original study with comparable (small) effect sizes, the only
exception being the non-significant overall model of source
choice. Both studies support the SIE (Munro, 2010): In the face
of strong, belief-threatening evidence that cannot be brushed
aside easily, people may turn to devalue the potency of science
to study the issue to protect their beliefs (H1a). This discounting
also affected preferences for scientific sources (H1b). However,
concerning source choice (HIc), we only found a tendency in
the expected direction: The significant interaction effect was
invalidated by the non-significant overall test such that this
result should not be interpreted. These discrepant findings
suggest that a lower preference for scientific sources does not
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translate into increased preference for non-scientific sources, per
se, hence, favoring the choice of the latter. Preservice teachers
are, instead, more likely to consider scientific sources to answer
a (scientific) question.

In contrast to the findings by Munro (2010), the results
of this study and Thomm et al. (2021a) unanimously suggest
that individuals do not necessarily transfer devaluation to
further related and unrelated topics. Our results indicate that
preservice teachers did not generalize their doubt about the
potency of science to other educational research topics (H2a).
There was also no evidence of carry-over effects to unrelated
medical or pseudo-scientific topics. Thomm et al. (2021a)
already discussed that individuals perceive knowledge domains
differently and, therefore, may not automatically generalize
devaluation across unrelated domains. Overall, this may indicate
that the devaluation implied by the SIE seems to be a topic-
related phenomenon, at least at first encounter.

Moreover, despite the reported difficulty to initiate belief
revision (e.g., Richardson, 1996; Lewandowsky et al, 2012),
both Thomm et al. (2021a) and this replication found
that participants’ prior beliefs shifted toward the conclusion
supported by the read evidence. Though unexpected, these
findings can possibly be explained by literature on knowledge
revision and refutational texts (Tippett, 2010; Kendeou et al,,
2014; Butterfuss and Kendeou, 2021). We will elaborate more
deeply on both issues in the general discussion.

In summary, despite the discrepant result regarding Hlc,
overall, we conclude that the present study successfully
replicated the main findings reported in Thomm et al. (2021a).

Study 2

It remained an open question whether the devaluation
found from Study 1 mainly related to doubt regarding
the epistemic value of research, or whether it extends to
the perceived pertinence of science to investigate a topic.
These aspects of devaluation can occur independently or in
combination. For example, individuals can question the potency
of science to investigate a specific issue, while still considering
science as generally pertinent to providing reliable and valid
knowledge on it. As discussed above, devaluating the pertinence
of science would constitute an even stronger case of science
devaluation compared to discounting potency, solely. Thus, to
better understand the nature of SIE-related devaluation, Study
2 examined whether belief-evidence conflicts affect both the
perceived potency and pertinence of educational research to
study educational topics. Regarding potency, we tested the same
hypotheses as in Study 1. Concerning pertinence, we stated two
research questions focused on the specific educational topic (i.e.,
GR effects) and on generalization to other relevant topics. We
did not expect or test for generalization to other unrelated (i.e.,
medical and pseudo-scientific) topics, because we considered
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pertinence assessments as a strongly topic-related phenomenon
(i.e., educational research is pertinent to answer educational
research questions, but not for questions from other domains).

In addition to these substantive issues, in Study 2, we also
sought to enhance the external validity of the experimental
materials. To assure experimental control, Thomm et al.
(2021a) and Study 1 had presented participants with the same
texts across both evidence conditions, manipulating only the
direction of the results and conclusion. In Study 2, we presented
summaries of original published studies on grade retention
effects as evidence. Consequently, participants read different
studies in the respective condition.

Methods

All methods and procedures were identical to Study 1 unless
indicated otherwise, below.

Design and procedure

Perception of the pertinence of educational research
was added as a dependent variable to the design. This
resulted in minor modifications of the procedure: After
reading the introductory text and the scientific evidence,
participants assessed the topic-specific potency and topic-
specific pertinence of science, both displayed on one page of
the online questionnaire. Next, participants rated the potency of
science to study educational topics (domain-related) and other
topics (domain-unrelated). Afterward, participants answered
the pertinence questions on further educational topics. We
deliberately placed potency before pertinence assessments
for each respective topic, instead of balancing their order.
This was done to ensure that potency measures remained
unaffected by the respective pertinence measures and to
maintain comparability to the effects on potency across Study
1 and Study 2. We judged this as being more important than
ruling out potential position effects (see general discussion).

Participants

A total of N = 221 participants completed Study 2. We
removed cases according to the preregistered exclusion criteria
as follows: n = 10 participants with missing consent declarations;
n = 2 participants not enrolled in a teacher education program;
n = 9 for unreasonable response times (i.e., <5 or >120 mins);
and n = 48 participants who spent less than 1 min on the
page with the evidence (experimental manipulation); overall
exclusion rate 31.2%. The final sample (N = 152) still yielded
sufficient statistical power (86.7%) and allowed detecting effects
as low as £ = 0.074 with 80% probability. Participants in the
final sample were mostly female (84.1%), M = 22.23 years old
(SD = 3.24 years) and mostly studying in a bachelor’s degree
program (49.3%) with a duration of study of M = 3.88 semesters
(SD = 1.91). Of the participants, 33.6% were enrolled in a

frontiersin.org


https://doi.org/10.3389/feduc.2022.1006766
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Futterleib et al.

master’s degree program (M = 8.61 semesters, SD = 2.74), and
17.1% in a state examination program (M = 5.23 semesters,
SD =2.69).

Materials

To create a new set of scientific abstracts, either confirming
or disconfirming the effectiveness of GR, that were analogous in
design to Study 1, we carried out an extensive literature research
to identify appropriate original research articles addressing the
effectiveness of GR. We then formed pairs of studies, one
confirming and one disconfirming the effectiveness of GR, that
were comparable in publication year, outcome variables, and/or
the methods used. Due to the use of original studies as a basis,
the abstracts were not equivalent across conditions, as they
had been in Study 1. Specifically, the evidence presented to
disconfirm the effectiveness of GR was more diverse than it
was in the previous studies, reporting both null findings and
negative effects of GR. We harmonized the abstracts in structure,
length (M = 168.2, SD = 18.8 words), and complexity (e.g.,
statistical methods) to enhance comparability across conditions.
Moreover, we added the original author names and the year
of publication. The material was pretested and revised via
cognitive interviews with N = 10 students from different
subjects (i.e., psychology, education, and teaching) regarding
comprehensibility, consistency, and methodological soundness.
The abstracts are available in the respective OSF directory.

Measures

The measures of prior belief (both measurement points),
topic-specific potency, and potency for domain-related and
domain-unrelated topics were identical to Study 1. However, the
reliabilities of the potency scales for related and unrelated topics
were weaker than in Study 1 (education: o = 0.55, medicine:
0.63). To maintain the
consistency of the measures across studies, we decided to retain

a = 0.76, and pseudo-science: o =

these scales as they were. The results for potency for further
educational topics should be interpreted cautiously due to the
low reliability of this scale.

We made minor adjustments in source preference and choice
to cover a broader range of scientific sources (i.e., research
results in scientific journals, scientific textbooks, opinion of an
educational scientist, applied educational, or popular science
journals) and non-scientific sources (i.e., the education section
of the daily press, educational guidebooks, the experiences of a
seasoned teacher, the experiences of other preservice teachers,
the experiences of family or friends). Because of these changes,
we inspected the factorial structure with exploratory factor
analysis and built scales on this basis. Two items had to be
deleted due to high cross-loadings. The resulting scales had
acceptable reliabilities (preference for scientific source o = 0.70;
preference for non-scientific sources o = 0.80).

Topic-specific doubt on the pertinence of science was
measured with the statement “Science is not pertinent
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to answer the question of whether GR helps struggling
students to compensate for their deficits in achievement.”
Pertinence devaluation items regarding further educational
topics referred to the same topics as the potency assessments.
Participants rated, for each topic, the statement “To what
extent is science pertinent to investigate whether (e.g.,
computer-based learning supports students knowledge
acquisition)?” The average

reliability: o = 0.83.

scores displayed acceptable

Results

Table 2 provides an overview of the descriptive statistics.
Scale means indicated that participants had favorable beliefs
about the potency and pertinence of science and a high
preference for scientific sources to inform themselves about
the educational topic at stake. The ratings of potency and
pertinence were positively correlated for both grade retention
(r=0.46, p < 0.001) and the further educational topics (r = 0.45,
p <0.001).

Devaluation of potency and pertinence of
science, scientific source preferences, and
source choice (hypotheses 1a, 1b, and 1c;
Research question 1)

To inspect potential devaluation, we tested the impact
of belief-evidence conflicts on the assessments of both the
potency and pertinence of science. The overall regression model
for topic-specific potency (log-transformed) failed statistical
significance, F(3, 148) = 2.19, p = 0.092, R?> = 0.04, even
though the interaction effect entailed by Hla was significant,
b =0.06, SE(b) = 0.02, t = 2.34, p = 0.02. The regression model
for topic-specific pertinence (log-transformed) on evidence
condition, prior beliefs, and their interaction also failed
statistical significance, F(3, 148) = 1.84, p = 0.142, R* = 0.04.

Also, the
preference (H1b) was not statistically significant, F(3,
148) = 0.07, p = 0974, R> = 0.001. The analogously
performed regression for non-scientific source preferences
(reflected square-root-transformed)  yielded a
statistically significant overall model [F(3, 148) = 2.94,
p = 0.035, R? = 0.04], but no significant individual
effects. Finally, the logistic regression for source choice
(Hlc) also x2(3) = 3.3,
p=0.308.

regression model for scientific source

and

remained non-significant,

Generalizing science devaluation to further
educational and unrelated topics (hypotheses
2a and 2b; Research question 2)

Contrary to H2a, participants showed no systematic
devaluation of the potency of science to
other educational topics, F(3, 148) = 0.18, p =

investigate
0.905,
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TABLE 2 Study 2: Descriptive statistics by evidence condition.

10.3389/feduc.2022.1006766

M (SD) Skew (SE) Kurtosis (SE)
Evidence confirming effectiveness of grade retention
Belief about GR effectiveness (T1) 5.77 (1.74) -0.42 (0.30) -0.13 (0.60)
Belief about GR effectiveness (T2) 7.47 (1.18) -1.09 (0.30) 1.86 (0.60)
Doubt on science’s potency to study GR 2.37(1.51) 1.35 (0.30)* 1.46 (0.60)
Doubt on science’s pertinence to study GR 2.31(1.43) 0.73 (0.30) -0.64 (0.60)
Potency to study related educational topics 6.60 (1.12) 0.09 (0.30) -0.49 (0.60)
Pertinence to study related educational topics 6.89 (1.44) -0.58 (0.30) 0.17 (0.60)
Potency to study unrelated topics
Medicine 6.06 (1.31) -0.04 (0.30) -0.82 (0.60)
Pseudo-science 2.61 (1.52) 1.17 (0.30)* 1.31 (0.60)
Source Preference
Scientific sources GR 7.54 (1.25) -0.97 (0.30)* 0.42 (0.60)
Non-scientific sources GR 6.01 (1.60) -0.11 (0.30) -0.39 (0.60)
Evidence disconfirming effectiveness of grade retention
Belief about GR effectiveness (T1) 5.79 (1.88) -0.45 (0.25) -0.52 (0.50)
Belief about GR effectiveness (T2) 2.94 (1.54) 1.01 (0.25) 0.51 (0.50)
Doubt on science’s potency to study GR 2.57 (1.62) 1.10 (0.25)* 0.64 (0.50)
Doubt on science’s pertinence to study GR 2.09 (1.47) 1.58 (0.25)* 2.61 (0.50)
Potency to study related educational topics 6.67 (1.08) -0.33(0.25) 0.75 (0.50)
Pertinence to study related educational topics 7.08 (1.38) -0.65 (0.25) 0.20 (0.50)
Potency to study unrelated topics
Medicine 6.28 (1.42) -0.24 (0.25) 0.13 (0.50)
Pseudo-science 3.12 (2.09) 1.10 (0.25)* 0.32 (0.50)
Source Preference
Scientific sources GR 7.57 (1.08) -0.72 (0.25)* 0.31 (0.50)
Non-scientific sources GR 5.92 (1.86) -0.33(0.25) -0.74 (0.50)

Values represent untransformed data; GR = grade retention; *both P-P-plots and significant tests of skew (z > | 2.58|, p < 0.01) indicated serious skewness.

R? = 0.004. Analogously, there were no effects on pertinence
assessments (reflected and square-root-transformed) for these
additional educational topics, F(3, 148) = 1.22, p = 0.303,
R? =0.02.

In line with H2b, regression models for potency regarding
medical [F(3, 148) = 0.58, p = 0.626, R* = 0.001] and pseudo-
scientific topics [log-transformed; F(3, 148) = 1.05, p = 0.374,
R? = 0.02] were non-significant.

Belief change in the face of
belief-contradictory evidence (hypothesis 3)
The mixed ANOVA for belief change yielded statistically
significant main effects of evidence condition [F(I,
149) = 11577, p < 0.001, 12> = 0.35] and prior belief
[F(1, 149) = 47.63, p < 0.001, n2 = 0.09], as well as a
statistically significant interaction [F(1, 149) = 229.56,
p < 0.001, n* = 0.33] (Figure 4). Follow-up t-tests for
dependent samples indicated that participants changed
their beliefs in the direction of the evidence presented.
Participants who had read confirming evidence increased
their belief in the effectiveness of GR, #(60) = 8.31,
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p < 0.001, d = 1.06, and vice versa, t(90) = 13.9, p < 0.001,
d=1.47.

Conclusion

Study 2 provided mixed findings. In contrast to Study 1,
it did not confirm the effect of topic-specific devaluation of
science. Further, the findings from Study 2 did not indicate
that participants tended to decrease their preferences for
scientific sources and we did not observe any generalization
to the study of other topics. The latter finding is in line with
Study 1 and Thomm et al. (2021a). Regarding the perceived
pertinence of science, a comparable pattern emerged: Despite
being confronted with belief-challenging evidence, preservice
teachers did not devalue the pertinence of science systematically.
Finally, as in these prior studies, there was evidence of belief
change in the direction of the presented evidence.

Overall, the results of Study 2 suggest that there was no
systematic devaluation of science, thus raising the question
of how stable and far-reaching the effects of belief-evidence
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Belief change regarding the effectiveness of grade retention
(Study 2).

conflicts on science devaluation are. However, as elaborated in
more detail below, the discrepant pattern of results in Study 2
may be due to differences in the newly developed abstracts. The
more heterogeneous evidence provided in the abstracts might
have seemed less conclusive to the participants and left them
with more opportunity to argue away the evidence.

General discussion

Discussion

Understanding the mechanisms of science devaluation
is of great societal importance (Chinn and Brewer, 1998;
Lewandowsky and Oberauer, 2016; Britt et al., 2019; Hornsey,
2020; Kienhues et al, 2020). The present study addressed
such a mechanism, the SIE, that occurs when individuals
encounter belief-threatening scientific evidence (Munro, 2010).
As indicated above, this may frequently occur with educational
topics (Asberger et al., 2021; Thomm et al., 2021a). Moreover,
tendencies to devalue knowledge from educational research
seem to be already prevalent in preservice teachers (van Schaik
et al,, 2018). To advance our understanding of the SIE and the
related science devaluation, Study 1 replicated the preliminary
findings from Thomm et al. (2021a). In Study 2, we aimed
to draw a more detailed picture by distinguishing the effects
on appraisals of the potency and the pertinence of science. To
integrate the results, Table 3 provides an overview of how the
findings from the two present studies relate to prior research by
Munro (2010) and Thomm et al. (2021a). The below discussion
follows the order of the main hypotheses around the SIE, that is,
the effects on the devaluation of science’s potency and sources

Frontiers in Education

72

10.3389/feduc.2022.1006766

(Hla-Hlc), the generalization of devaluation (H2a-H2b), and
the resistance to belief change (H3). Subsequently, we address
the findings on pertinence from Study 2.

Devaluation of sciences potency and sources. The core
hypothesis associated with the SIE is that people tend to
devalue the potency of science to address a scientific issue when
facing strong belief-threatening evidence. In addition to the
direct assessment of the topic-related potency (Hla), source
preferences (H1b), and choice (Hlc) are indicators of such
devaluation. The three studies that implemented the original
paradigm (i.e., Munro, 2010; Thomm et al,, 2021a; Study 1)
delivered corroborating evidence on these hypotheses. One
apparent discrepancy is that Study 1 identified only a descriptive
tendency regarding the effects on source choice (ie., non-
significant overall model despite a significant interaction). This
result needs to be contextualized in the mostly small effect
sizes identified in the existing studies. Generally, the effects
of encountering a single belief-evidence conflict on science
devaluation seem to be small when judged by conventional rules
of thumb. That being said, Thomm et al. (2021a) argue that these
small effects should not be underestimated because, so far, we
know little about the accumulative effects of repeated conflict
experiences. In summary, despite the mentioned constraints,
Study 1 indicates, in concert with prior research, that the SIE
is a valid mechanism of science devaluation.

In contrast to these findings, Study 2 did not confirm
the hypothesized devaluation tendencies. As hinted above,
we are of the opinion that this discrepancy is most likely
due to the changes in the materials applied in Study 2
(though other explanations are possible, such as chance,
small/instable effects, or the interference of an additional
pertinence assessment). Whereas, in the former studies,
participants received methodologically strong and consistent
evidence, the abstracts in Study 2 offered participants more
opportunities to challenge the evidence itself. As Munro
(2010) suggested, employment of the SIE may be more
likely when there is very little opportunity to dismiss the
validity of the evidence. Thus, the participants in Study
2 may have been able to reduce the cognitive conflict
in other ways, rather than turning to the SIE. In this
light, one might argue that changing the experimental
materials in Study 2 was unfortunate because this may
have diminished the likelihood to observe the effect of
interest. We would respond, however, by saying that these
materials more closely resembled the results teachers might
encounter from a real literature search. The results from
(educational) research rarely point unanimously toward
a consistent answer. In contrast, though from this point
of view the materials used in Study 1 and Thomm et al.
(2021a) may seem somewhat artificial, they also represent
the evidence teachers might encounter in real life. For
example, journalistic media

reports frequently present

research findings as conclusive and consistent, without
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TABLE 3 Comparison of findings on hypotheses about effects of the scientific impotence excuse.

Increased doubt Decreased Decreased Increased doubt on Belief
on potency of preference for probability for potency of science for maintenance
science for specific scientific sources choice of scientific other topics (H3)
topic (H1a) (H1b) sources (H1c)
Study Related Unrelated
(H2a) (H2b)

Munro (2010) Yes Yes Yes - Yes Yes
Thomm et al. (2021a) Yes Yes Yes No No No
Study 1 (replication) Yes Yes No No No No
Study 2 (follow-up)’ No* No No No* No No
TOnly study that provided participants with evidence presenting heterogeneous effects regarding the topic; *findings are identical for pertinence assessments.
communicating uncertainty (e.g., van der Bles et al, 2020). occur for teachers when the evidence contradicts not

the different abstracts used in Studies 1 and 2
may pertain to different situations in which individuals

Hence,

encounter research. The findings from Study 2 inspire
further research to evaluate more closely the conditions under
which individuals are inclined to employ the SIE over other
potential responses (Chinn and Brewer, 1998). Specifically,
future studies might examine the effects of the presence
and types of (a) methodological information contained in
the abstracts and (b) information about the uncertainty
associated with the evidence (e.g., different numerical or
verbal formats for communicating uncertainty; van der Bles
et al, 2020). Using such features to vary the strength and
conclusiveness of the evidence would permit the creation
of settings that should be differentially prone to elicit the
SIE. Next to contributing to a better understanding of
science devaluation, such studies could also make a valuable
contribution to enhancing science communication (Kienhues
et al., 2020).

Generalization to further related and unrelated topics.
In contrast to Munro (2010), neither Thomm et al. (2021a)
nor the present experiments delivered any evidence of
generalization of devaluation to other related (i.e., educational)
and unrelated (i.e., medical and pseudo-scientific) topics.
The reasoning behind the respective hypotheses was that, if
people discount the potency of science to deliver knowledge
on a topic, this doubt would likely extend to similar topics,
if not to all of (empirical) science. However, it appears that
the generalization effects identified by Munro (2010) do not
replicate, at least in applications with educational topics.
Hence, we conclude that devaluation may not transfer easily,
at least from single belief-evidence conflicts. This might
be good news, at first glance. However, the experiences of
belief-evidence conflicts may be aggravated by additional
information and
Nauroth
(2014) found that computer gamers devaluated

factors, such as tensions between the
the

et al

individual’s social identity. For example,

the scientific evidence on the negative effects of gaming
that threatened their social identity. Similar effects may
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only their topic-related beliefs but also their professional
identities or the values and practices of their community
of practice. These issues should be addressed in further
studies.

Resistance to belief change. Unlike Munro (2010), Thomm
et al. (2021a) and both present studies found belief change
in the direction of the evidence read with sizeable effects.
This occurred even though beliefs are notoriously difficult to
change (Richardson, 1996: Lewandowsky et al., 2012; Swire
et al, 2017; Menz et al, 2021b). This belief change may
seem surprising in light of the observed tendencies to devalue
science. Two issues arise in this regard. First, the question
regarding how the belief change might have been initiated
can be answered by drawing upon the Knowledge Revision
Components Framework-Multiple Documents (KReC-MD;
Butterfuss and Kendeou, 2021). Though not explicitly designed
that way, the studies’ materials may have served the central
principles of knowledge revision. For example, the introductory
text on GR and the subsequent study abstracts may have
simultaneously activated and contrasted prior and new
knowledge and, thus, served the KReC-MD’s principles of
co-activation and competing activation. Second, one might
wonder about the depth and stability of the belief change.
The current data provide no evidence on this, unfortunately.
While the result might reflect a true belief revision, it
might as well be an instance of what Chinn and Brewer
(1993, 1998) call peripheral theory change. That is, individuals
might have provisionally changed their espoused beliefs
while still preserving the original one. According to Thomm
et al. (2021a), peripheral theory change is one explanation
for the seeming contradiction between simultaneous science
devaluation, as found in Study 1, and belief change. Being
confronted with five pieces of fully (Study 1; Thomm
et al, 2021a) or quite (Study 2) consistent evidence that
covered various educational contexts and methodological
approaches might have been strongly persuasive to participants.
Hence, in the post assessment, they may have reported
what they should believe according to science without
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actually believing it, as expressed in their devaluation of
science’s potency. Another explanation is that a true belief
change may have occurred, but under epistemic vigilance
(cf. Sperber et al, 2010). That is, participants might not
have changed their beliefs blindly but added a doubt
over science as a cognitive marker that the experienced
epistemic conflict had not been solved satisfactorily (Thomm
et al, 2021a). Despite these open questions, the finding
that reading multiple science texts can initiate belief change
may be promising. As a potential implication for teacher
education, it may be helpful to present multiple sources
of evidence to back up positions that may conflict with
students’ prior beliefs. Moreover, teacher educators might
address rejection strategies like the SIE explicitly to make
students aware of problematic reactions to belief-inconsistent
information.

Devaluation of science’s pertinence. Study 2 did not deliver
any evidence of SIE-related effects on the participants
appraisal of the pertinence of educational science to
investigate GR effectiveness or further educational topics.
That is, the experiences of belief-evidence conflicts do
not seem to raise preservice teachers doubts regarding
relevant societal institution

educational research as a

for contributing knowledge about educational issues.
This result may be seen as reassuring. However, because
pertinence was investigated only in Study 2, we do not
the effects

occurred had participants

know whether on pertinence would have
faced the

from Study 1.

more consistent
The

regarding the Study 2 materials discussed above may

evidence materials limitations
apply to pertinence, too. Moreover, as aforementioned,
we cannot rule out that the potency and pertinence
assessments interfered with each other. Hence, despite
the that  the

conditions of pertinence devaluation (as well as its relation

demonstrated null effects, we suggest
to potency devaluation) are a worthwhile subject for

further investigation.

Limitations

Beyond the issues discussed already, we acknowledge the
following limitations. First, both studies evaluated science
devaluation by examining the exemplary educational topic
of GR effectiveness. Investigating the generalizability of the
results to other educational topics would be warranted.
Second, applying the preregistered exclusion criteria led to a
substantial reduction in both studies’ sample sizes. Though
unfortunate, this is a common problem in online research.
The resulting statistical power was still sufficiently high, but
since the effects of the SIE seem to be small, future studies
should use larger samples. Third, the minimum reading
time criterion may have disadvantaged fast readers. In the
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same vein, though excluding participants without sufficient
exposure to the treatment is reasonable, time criteria are
always somewhat arbitrary. Latent class analysis of time on
task might provide a more principled approach for this
purpose (Bauer, 2022). Finally, the reliabilities of the source
preference scales proved quite low in Study 2, as compared
with Study 1 and Thomm et al. (2021a). Low reliabilities
may have led to less precise and attenuated estimates of the
regression coefficients.

Conclusion

Despite the discussed limitations, our contribution advances
prior research to gain a deeper understanding of the
mechanisms of science devaluation and, more generally,
preservice teachers’ attitudes toward and interactions with
scientific evidence (van Schaik et al, 2018; Thomm et al,
2021b; Ferguson et al, 2022). Study 1 provided an overall
successful direct replication of earlier findings regarding SIE-
related science devaluation. Though Study 2 delivered no
indication of science devaluation, it supported Munro’s (2010)
assumptions about the conditions under which the SIE occurs.
Interestingly, in line with Thomm et al. (2021a), both studies
hint that preservice teachers may have overall favorable attitudes
toward science that, however, may be damaged under certain
conditions. Moreover, we added evidence that belief change may
be initiated (at least provisionally) by confronting preservice
teachers with multiple pieces of scientific evidence, even when
the texts do not fully satisfy the principles proposed in the
refutation and knowledge revision literature (Tippett, 2010;
Kendeou et al., 2014; Butterfuss and Kendeou, 2021).

Regarding practical implications, our findings raise the
question of how teacher education can help to mitigate potential
devaluation mechanisms. To this end, teacher educators need
to explicitly address (preservice) teachers’ prior beliefs about
course-related topics that can shape how they interact with the
research-based knowledge they are required to learn (Fives and
Buehl, 2012; Asberger et al., 2021; Menz et al.,, 2021b). Making
participants aware of the likelihood of conflicts between their
prior beliefs and course contents, as well as of typical devaluative
responses to such conflicts, may be effective preemptive
measures in advance of learning. By informing participants
about cognitive biases and potential devaluation mechanisms in
advance, it could help them to expect and resolve the conflicts
that sometimes arise, as well as to foster an open attitude toward
conflicting information. Such techniques of inoculation, related
refutation, and debunking have been found effective in other
contexts and can be adopted by teacher educators (Kendeou
etal,, 2014; Cook et al., 2017; Lewandowsky and van der Linden,
2021; Pieschl et al,, 2021). However, this requires equipping
them with the knowledge of how to implement such methods
in their lectures.
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The beliefs teachers hold may provide information about their more or less
evidence-informed reasoning about educational issues. However, gaining a
clear picture of teachers’ beliefs has proven difficult. A promising line of
inquiry uses scenario-based approaches to assess teachers’ enacted beliefs.
Accordingly, we assessed 75 Norwegian pre-service teachers’ beliefs about
student ability, sources of teaching knowledge, and teacher efficacy by
analyzing their written responses to authentic classroom scenarios, with
these responses also providing information about participants’ reasoning
about the scenarios. While participants’ responses seemed to be evidence-
informed in many ways, there were also indications of the opposite, such
as limited consideration of educational research in pedagogical decision-
making. The results contribute uniquely to an understanding of pre-service
teachers’ beliefs and reasoning about educational issues. As such, they may
help researchers and teacher educators to better understand the beliefs pre-
service teachers hold, as well as to facilitate further development of these
beliefs. Implications for future research and teacher education are discussed.

teacher beliefs, teacher education, pre-service teachers, scenario-based assessment,
evidence-informed reasoning

Introduction

On which information pre- and in-service teachers base their decisions and actions
is an important question for teacher education, as well as for the society at large.
Exemplary teacher education programs are theoretically-rather than craft-oriented and
grounded in the complexities of modern teaching (Kitchen and Petrarca, 2016). At the
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same time, pre-service teachers in the information society have
more access to scientific, research-based knowledge than their
predecessors. Still, empirical studies have clearly documented
pre- as well as in-service teachers’ preference for informal or
experience-based over research- or evidence-informed sources
of teaching knowledge (Thomm et al.,, 2021¢; Ferguson et al,
2022). Possible reasons for this dilemma include lacking
competency or efficacy in using and reasoning about research-
based knowledge, or even unwillingness to do so (Thomm
et al, 2021b). Teacher educators meet students who have
vast experiences as students in classrooms. Based on those
experiences, pre-service teachers in initial teacher education
programs may hold well-developed, potentially powerful belief
systems about education that are incompatible with established
bodies of knowledge from relevant fields, such as the educational
and learning sciences (Menz et al., 2021). Further, these beliefs
are likely to influence their interactions with educational
theories and research (Ferguson et al., 2022).

Reproduction of teaching practices primarily grounded in
own experiences may be undesirable, detrimental even, for
student learning and development (Csandi et al., 2021), as well
as being inconsistent with current national and international
policies that recommend evidence-informed practice where
reasonable (European Commission, 2007). Thus, there have
been several investigations into teachers’ evidence-informed
reasoning (or the lack of it) about educational problems
(Csandi et al.,, 2021; Zimmermann and Mayweg-Paus, 2021),
with evidence-informed reasoning referring to taking relevant
theory and research into consideration when making decisions
and taking action to solve educational problems (Ferguson,
2021). In this study, we wanted to explore this problem
space from a teacher beliefs perspective. Inspired by a broad
framework of teacher beliefs (Fives and Buehl, 2008; Fives
et al, 2019) and state-of-the-art methods for investigating
beliefs (Bullough, 2015; Sabatini et al., 2018; Lunn Brownlee
et al, 2021), we designed and tested an innovative scenario-
based problem-solving approach in addressing how pre-service
teachers enacted their beliefs about student ability, sources
of teaching knowledge, and teacher efficacy, also looking for
signs of evidence-informed reasoning in their written responses
to those scenarios. Of note is that our focus on these three
types of beliefs (i.e., beliefs about student ability, sources of
teaching knowledge, and teacher efficacy) was based on the
empirically grounded framework of teacher beliefs discussed
by Fives and Buehl (2008, 2016), Fives et al. (2019). As parts
of a belief system (Fives and Buehl, 2008), such beliefs may
be more or less congruent, with beliefs in the malleability
of student ability, formalized sources of teaching knowledge
(i.e., educational theory and research), and their own ability
to support learning for all students potentially indicating
a congruent system of teacher beliefs. This study did not
aim to investigate relations between beliefs about student
ability, sources of teaching knowledge, and teacher efficacy,
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however. And, while we also did not aim to investigate
relations between such teacher beliefs and evidence-informed
reasoning, the scenario-based approach to studying beliefs
about educational issues that we used may act as a window
to exploring both beliefs and evidence-informed reasoning. In
what follows, we present a conceptualization of teacher beliefs
and relevant work on beliefs about student ability, sources of
teaching knowledge, and teacher-efficacy. Before we present
our scenario-based study and discuss the implications of our
findings for teacher educators and educational researchers, we
briefly discuss a scenario-based approach to studying teacher
beliefs.

Teacher beliefs

beliefs
experience-based propositions held by teachers that influence

Teacher are individual interpretations and
their teaching (Fives et al., 2019; Ferguson and Lunn Brownlee,
2021). Given teachers’ long apprenticeship of observation
(Lortie, 1975) and, not least, participation in educational
settings, their beliefs are likely to be rather deeply entrenched,
and may act as a barrier to acquisition of new knowledge in the
form of theories and research in teacher education (Guilfoyle
et al, 2020; Menz et al, 2021). Following Fives and Buehl
(2008), we view teacher beliefs as parts of a belief system that
gives meaning to their interactions, intentions, and actions
(Buehl and Beck, 2015; Buehl and Fives, 2016; Dweck and
Molden, 2017). Broadly speaking, teacher belief researchers
have focused on how pre-service teachers and teachers frame
and comprehend their experiences, for example, how they
interpret students’ behavior and academic performance, plan
and adapt their teaching, and perceive themselves as teachers.
Presumably, such beliefs will also influence the sources of
teaching knowledge they choose to engage with, whether in
terms of educational research literature or respected practice
teachers and colleagues (Tschannen-Moran and Hoy, 2001;
Fives and Buehl, 2008). Some beliefs that teachers hold can be
termed misconceptions or misinformation beliefs because they
indicate reliance on incorrect information or lack of evidence,
whereas other teacher beliefs can be termed accurate because
they indicate reliance on correct information or evidence

(Ecker et al., 2022).

Teachers’ beliefs about student ability

A well-known example of the potential role of teachers’
beliefs about student ability is the original Pygmalion effect
study by Rosenthal and Jacobsen (1968). In that study, teachers
were led to believe that a proportion of the young students
in their classrooms were so-called “late-bloomers,” as identified
by a fictitious diagnostic test, and could therefore be expected
to experience higher cognitive growth and resulting gains
in IQ scores in the future, a prediction that was confirmed
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and upheld in follow-up studies. The results of this well-
known, yet oft miscited study, have been used to highlight
the importance of teachers’ views of their students and the
students’ chances of future success (Jussim and Harber, 2005).
Proposed explanations for the actual, resulting differences
in performance by alleged late-bloomers and the control
group included differences in amounts and types of feedback,
emotional support, and availability in terms of time spent
with the different students, as well as the provision of suitably
challenging opportunities for growth for those who were
identified as “late-bloomers” (Jussim, 1986).

Such effects also have resonance in the work of Dweck
et al. (e.g, Dweck and Leggett, 1988; Dweck, 2000; Yeager
and Dweck, 2012; Dweck and Molden, 2017). In essence,
DwecKs meaning system theory holds that beliefs about the
malleability or stability of human attributes, such as ability or
intelligence, give meaning to situations in which those attributes
are involved. More specifically, viewing ability as malleable
is considered more adaptive in learning and achievement
settings because it can lead to mastery goals, strategic effort,
and persistence and ingenuity in the face of challenge or
setback (Dweck, 2000; Dweck and Molden, 2017). For teachers,
their views of students’ ability are also likely to influence
their perceptions and behaviors in terms of the goals and
ambitions they hold for the students and how they interpret
student behavior in the classroom (Hattie, 2012). That is,
teachers viewing student ability as malleable may be more
likely support learning for all students and attribute students’
successes and failures to their own teaching, among other
factors, rather than to stable attributes of the students. On the
other hand, teachers viewing student ability as stable, may be
more likely to attribute different levels of academic performance
to different levels of “smartness” and thus harbor higher
ambitions for the smarter students. Accordingly, empirical
studies focusing on teachers’ beliefs about student performance
(Jonsson et al.,, 2012; Patterson et al, 2016) have suggested
that teachers who attribute student performance to underlying,
stable ability are more likely to hold stereotypical views of
students (Jonsson and Beach, 2012), for example, as “smart,”
“bright,” “lazy,” or “ungifted,” which, in turn, influence the
teaching practices these teachers tend to engage with their
students (Patterson et al., 2016).

Patterson et al. (2016), who examined 53 American
pre- and in-service teachers’ beliefs about factors influencing
student academic performance using a quantitative, survey-
based approach, identified distinct factors related to the school
(e.g., the school culture), the family (e.g., parents’ income and
education), and the students themselves (e.g., their intelligence).
These authors argued that the relative weight of teachers
beliefs about the importance of the different factors would
contribute to differences in their approaches to students, for
example, in terms of teacher effort, instructional methods, and
interactions.
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Teacher beliefs about sources of teaching
knowledge

Beliefs about sources of knowledge and, in turn, how
individuals select, evaluate, and use such sources are essential
epistemic questions with particular relevance to teacher beliefs
and reasoning, given the perennial debates on the nature of
teaching knowledge and valid sources of teaching knowledge
(Shulman, 1987; Buehl and Fives, 2009; Thomm et al., 2021c).
Teachers” beliefs about sources of teaching knowledge may
be considered a domain-specific form of source of knowledge
beliefs (Buehl and Alexander, 2001; Guilfoyle et al., 2020), which
will likely influence the information teachers chose to engage
with and use.

While beliefs about sources of knowledge traditionally
have been conceptualized as falling on a continuum from
reliance on external authority to personal construction of
knowledge (Schommer, 1990; Hofer and Pintrich, 1997), more
recent conceptualizations have highlighted the importance
of testimony from external sources in advanced, scientific
reasoning (Chinn et al,, 2011). In terms of teaching, valuable
testimony may come from both collegial and scientific sources.
Thus, teachers may come to rely on a mix of craft, experience-
based and theoretical, research-based knowledge sources,
which makes their resulting teaching knowledge somewhat
personalized in the sense that it is influenced by teachers’ life
experiences in addition to recognized bodies of knowledge from
different fields (Shulman, 1987; European Commission, 2007).

Buehl and Fives (2009) used a mixed-methods approach
to study beliefs about sources of teaching knowledge among
110 pre- and in-service teachers who responded to open-ended
questions such as “where does knowledge of how to teach
come from?” The authors identified the following six main
themes related to sources of teaching knowledge in participants’
responses: formal education in terms of pre-service education
and professional development; formalized bodies of knowledge,
including research articles and the Internet; observational (or
vicarious) learning from other teachers; collaboration and
shared meaning making; enactive experiences from personal,
professional, and other experiences; and self-reflection and
synthesis of information and experiences. In accordance with
this study, pre-service teachers’ and teachers’ emphasis on
personal, enactive, and experienced-based knowledge has been
confirmed in later work (e.g., Braten and Ferguson, 2015;
Kiemer and Kollar, 2021; Thomm et al., 2021c; Ferguson et al.,
2022). Still, the mechanisms explaining this emphasis have only
recently become the object of more systematic investigation.
For example, Hendriks et al. (2021) found an interaction
between pre-service teachers’ epistemic aims (gaining insights
into educational research vs. receiving practically applicable
knowledge), which were experimentally manipulated, and how
they judged the expertise of researchers vs. teachers. Specifically,
when the aim was theoretical explanations of education, the
pre-service teachers ascribed more expertise to researchers than
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to teachers, but when the aim was to gain more practical
knowledge, they ascribed more expertise to experienced teachers
than to researchers. Further, pre-service teachers who perceived
educational research to be more useful were also more likely to
ascribe higher expertise to researchers.

Perceived irrelevance of educational research among pre-
service teachers and teachers may highlight the need for
teacher educators to make their own evidence-based practice
more explicit (Ferguson, 2021) and try to foster beliefs about
educational research as ways of considering one’s own practice
in a different light (Guilfoyle et al., 2020). That existing beliefs
about sources of knowledge may act as obstacles to engaging
with educational evidence is also consistent with findings
reported by Thomm et al. (2021a). These authors introduced
the idea of motivated reasoning about educational research that
contradicted pre-service teachers’ existing beliefs, showing that
pre-service teachers may be more critical to the usefulness of
educational research in reasoning about an educational issue
when the evidence is at odds with their own prior beliefs.
However, Thomm et al. (2021a) also found that pre-service
teachers reported positive views of scientific (i.e., educational
sciences) sources.

Teacher-efficacy beliefs

Teacher-efficacy beliefs refer to the beliefs teachers hold
about themselves and their ability to perform given tasks,
especially supporting learning, engagement, and performance
in students (Tschannen-Moran et al., 1998; Tschannen-Moran
and Hoy, 2001). Originating in Bandura’s (1997) construct
of perceived self-efficacy, teacher-efficacy applies to teachers’
beliefs about personal or collective efficacy, or a combination
of the two (Tschannen-Moran et al., 1998). Further, teacher-
efficacy may influence how opportunities and challenges in
the teaching environment are perceived, as well as the choice
of learning activities, effort, and perseverance (Skaalvik and
Skaalvik, 2007), and its influence may even extend to the
levels of lesson planning and organization (Tschannen-Moran
and Hoy, 2001). Teacher-efficacy is a multi-dimensional and
context-specific construct that is based on teachers’ prior
experiences and their interpretations and attributions (Skaalvik
and Skaalvik, 2007). More specifically, its dimensionality
includes efficacy for adapting instruction to student needs,
motivating and engaging students, managing classrooms and
maintaining discipline, cooperating with colleagues and parents,
coping with changes and challenges, and influencing student
outcomes (Tschannen-Moran and Hoy, 2001; Skaalvik and
Skaalvik, 2007, 2014).

Fives and Buehl (2008) drew parallels between teacher-
efficacy and lay theories of intelligence (see Section “The present
study”), extending views of malleable or stable human attributes
to the area of teaching. That is, teachers may hold the belief
that teaching ability is a stable attribute they are born with (or
not), as opposed to viewing teaching as skills and knowledge
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that can be learned and further developed, with the latter view
possibly being more conducive to engaging with and making
use of educational research and theories. Thus, teachers who
believe they can make an influence may not only be more likely
to invest effort in their teaching, but also to draw on more, and
varied sources of teaching knowledge in doing so. Patterson et al.
(2016) further suggested that high-efficacy teachers tend to focus
on the aspects of teaching situations they can control, which, in
turn, may contribute to feelings of efficacy as well as satisfaction.

A scenario-based approach to
measuring teacher beliefs

Gaining an understanding of pre-service teachers’ beliefs
and associated reasoning is important if teacher educators
and researchers are to capitalize on the funds of knowledge,
or correct the misconceptions or non-availing beliefs, that
these fledgling teachers possess. However, measuring the
“messy construct” (Pajares, 1992) of teacher beliefs is a
tricky business (Tschannen-Moran and Hoy, 2001; Schraw
and Olafson, 2015). Earlier studies have employed manifold
approaches, with “questionnaires, verbal reports, performance
observations, self-reflective writing, tests and exams, vignettes,
scales, portfolios, visual representations, and instructional and
classroom artifacts” dominated existing assessment strategies
in the literature (Schraw and Olafson, 2015, p. 90). A major
assessment issue that is particularly troublesome for teacher
belief researchers is the unclear relation between reported
beliefs and beliefs enacted in practice (Buehl and Beck, 2015).
For example, there is some evidence that teachers’ espoused
beliefs are not present in their enacted practices and that
teachers engage in practices they indicate that they do not
support (Buehl and Beck, 2015). Further, beliefs may be
enacted in different ways depending on context, but such
context-specificity may be difficult to capture by quantitative
methods such as questionnaires that ask teachers to think
about their past or future practice in abstract and general
terms (Patterson et al,, 2016). Similarly, the provision of pre-
conceived answers in multiple-choice measures may provide
appealing alternatives that draw attention to desired or ideal
responses that are not commensurate with the intricate realties
of practice.

On the other hand, qualitative approaches have several
advantages in trying to capture messy constructs, including
the discovery (rather than testing) of variables and allowance
for deeper understanding of complex constructs and relations
(Olafson et al., 2015). Well-designed, transparent qualitative
methods may therefore offer new insights into pre-service
teachers’ beliefs. One such approach, which also has been used
in other areas of educational psychology research (Hartmann
et al, 2021; Lunn Brownlee et al, 2021; Wang et al,
2021), is scenario-based. Basically, a scenario-based approach
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presents an imagined or hypothesized event or context that
establishes a credible purpose for the individual’s decisions
and actions. As such, it not only provides a framework
for the assessment but also represents a step toward more
ecological validity (Sabatini et al, 2018). In this study, we
aimed to create a series of domain-specific scenarios that
were instructionally relevant to the participants and covered
the constructs that we targeted. These scenarios introduced
hypothetical problematic events related to teaching and learning
that required decisions and actions on part of the participants
(see Section “Materials” for further description of the content of
these scenarios).

Compared to self-reports or questionnaires, the scenario-
based approach that we implemented allows for exploration
of beliefs at a level closer to enactment, and it may thus
be more useful in exploring the context-dependent nature of
beliefs (Bullough, 2015). For example, Kiemer and Kollar (2021)
recently explored a scenario-based approach to assessment in
their investigation of teacher beliefs, asking pre-service teachers
to advise a colleague about their actions in an imagined
teaching scenario. Accordingly, in this study, we opted for
a scenario-based approach as a potentially valid method for
exploring pre-service teachers beliefs about student ability,
sources of teaching knowledge, and teacher-efficacy. In doing
this, we were inspired by similar attempts to use a scenario-
based approach in related fields, such as epistemic beliefs
and multiple-text comprehension (Barzilai and Weinstock,
2015; Sabatini et al.,, 2018; Lunn Brownlee et al., 2021;
Wang et al., 2021).

The present study:

Building on prior theoretical and empirical work focusing
on teacher beliefs, as well as the assumption that practical,
problem-based contexts (i.e., scenarios) may provide entry
points for considered reflection (Hartmann et al, 2021),
we implemented a scenario-based approach in studying pre-
service teachers’ beliefs about student ability, sources of
teaching knowledge, and teacher-efficacy as they reasoned about
authentic pedagogical problems. Specifically, we addressed the
following research questions:

(1) What beliefs do pre-service teachers hold about student
ability, sources of teaching knowledge, and teacher-efficacy,
as revealed by a scenario-based approach?

(2) What do participants’ responses to the scenarios reveal
about their reliance on evidence from educational research
to inform their decisions and actions?

1 This study is part of a large longitudinal mixed methods project
(Ferguson et al., 2022). However, the research questions, the materials,
the analyses, and the results are all unique to this study and not reported
elsewhere.
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Materials and methods

Participants

Participants were 75 second-year pre-service teachers
enrolled in 4-year teacher education programs at a public
university college in southeast Norway (49 female, 26 male;
Mge = 21.10, SD = 4.22). Eighty-nine percent of the participants
had Norwegian as their first language and the rest were
proficient in Norwegian. Participation was rewarded by entry
into a prize draw for one of two gift cards (approx. USD 85) for
shopping centers.

The
guidelines (Norwegian
of Education and Research, 2011) and consisted of 240
European Credit

teacher education programs followed national

for teacher education Ministry
Transfer and Accumulation System
(ECTS) credits. Sixty ECTS credits were allocated to
Pedagogy and Pupil-Related Skills (PEL) (often
referred to as Education Studies in international literature;
e.g., Guilfoyle et al, 2020). The remaining 180 ECTS
credits (e.g.

foreign

class

focused on subject-specific mathematics,

Norwegian language, English as a language)
knowledge, skills, and general competences. For more detailed
information about these teaching education programs, see

Afdal and Spernes (2018).

Materials

Participants were presented with and responded to three
scenario-based problem-solving tasks in writing (see Appendix
A for the exact wording of each scenario). Scenario one
described a sixth-grade classroom context in which students’
performance on a natural science test varied greatly, and the
participants were asked to discuss possible reasons for observed
differences among students, with this discussion presumably
reflecting their beliefs about students’ ability, as well as other
factors that might influence performance.

The second, two-part scenario was designed to capture
participants’ beliefs about sources of teaching knowledge and
their reasoning about such sources. Based on the large variation
in student performance noted in scenario one, participants
were asked (a) to describe sources of knowledge they would
use to design a new teaching sequence taking the large
differences among students into consideration and (b) to justify
their decisions.

Scenario three asked participants to imagine a future
situation where they have become the science teacher of a
challenging class. Participants were asked to discuss their
possibilities to ensure a satisfactory learning outcome for
all students in this class, based on their own strengths and
weaknesses as a teacher. This task was designed to capture
participants’ beliefs about teacher-efficacy.
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All scenarios were group-administered on paper and
participants responded in writing. There were no time limit for
reading or responding to the scenarios.

Data analysis

The thematic analysis of the scenario responses was both
grounded in the data and informed by the authors’ knowledge
and interpretation of prior theoretical and empirical work on
teacher beliefs, including work on beliefs about student ability,
sources of teaching knowledge, and teacher efficacy (e.g., Dweck,
2000; Skaalvik and Skaalvik, 2014; Braten and Ferguson, 2015;
Guilfoyle et al,, 2020). Please see Sections “Teachers’ beliefs
about student ability,” “Teacher beliefs about sources of teaching
knowledge,” “Teacher-efficacy beliefs,” for further discussion of
the work that informed the authors’ thematic analysis of the
scenario responses. We applied a three-stage coding process in
interacting with the data and relevant literature to explore and
elaborate the emergent themes.

First, we studied anonymized participant responses for
each scenario. Responses were segmented into units of analysis
representing distinct and coherent ideas of varying extent. This
means that the idea units could vary from a single word (e.g.,
the name of a specific source of teaching knowledge, such as
“Internet”) to a sentence or string of sentences that reflected
participants’ beliefs or reasoning.

We initially identified 176 idea units in response to the
first scenario. Fifty-three (30%) of these idea units were
hand coded by both authors, and the first author coded the
remaining 123 idea units.

For the second scenario, 133 ideas were identified for the
first part of the scenario, targeting participants’ beliefs about
sources of teaching knowledge. Forty-six (35%) of these were
coded by both authors. Regarding the second part of the
second scenario, asking participants to justify their choices of
sources, 47 idea units representing reasoned justifications were
identified, of which 12 (26%) were coded by both authors. Of
note is that 30 participants failed to provide justifications for
choices of sources but rather described their own teaching plans.
While these ideas may reflect participants’ beliefs and reasoning,
their failure to provide sources for their thinking impaired our
ability to make claims about these participants’ reasoning and its
sources (see limitations in the “Discussion” section).

For the third scenario, we identified 183 idea units referring
to ways of teaching the challenging class, 46 idea units referring
to strengths that might increase their chances of successfully
teaching the new class, and 15 idea units referring to weaknesses
that might hinder their success in this regard. Both authors
coded 52 (28%), 22 (48%), and five (36%) idea units relating
to ways of teaching, strengths, and weaknesses, respectively,
and the remaining idea units were coded by the first author,
consulting the second author whenever uncertainties were
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encountered. Please note that while the units of analysis
remained intact throughout the data analysis, some of the
numbers were altered because categories were merged in the
third step of the analysis. Whenever a percentage of the idea
units was coded by both authors, the authors collaboratively
read, segmented, and categorized those idea units, resolving any
disagreements through discussion.

The first step of the data analysis, described above, involved
multiple readings of each participant’s responses and led to the
creation of a set of precursory codes. As such, our preliminary
analysis focused on fundamental, yet rather specific themes that
emerged from the data, for example, specific ways of interacting

»

with students (e.g., “use a strict tone,” “be a clear leader;” “show
interest in pupils.”). In the second step of the analysis, which
also was collaborative, we therefore focused on identifying
broader themes based on the preliminary analysis (for example,
“classroom management,” “relational approaches,” “variation in
teaching methods.”).

In the third step of the data analysis, participants’ responses
were transcribed and imported into NVivo. In NVivo, each of
the emergent themes in step 2 became a parent node while the
preliminary codes were represented by initial child nodes. Our
use of NVivo increased the transparency of the data and allowed
for further insight into the contents of each emerging theme, as
well as comparison of parent and child nodes across the whole
data set. This allowed us to re-examine the emerging themes and
how they related to each other in terms of prevalence, as well
as to gain more insight into the depths and variations within
each theme and possible overlaps. To avoid redundancy, we
also merged previously identified themes that were similar in
content and formed meaningful sub-themes, for example with
respect to types of motivation (e.g., “make the learning materials
exciting” and “make teaching interesting” were both coded as
“motivating approaches”).

Given the nature of the questions, the three focal themes
were: (1) teacher beliefs about students’ ability, (2) beliefs
about sources of teaching knowledge, and (3) beliefs about
teacher-efficacy. However, our scenario-based approach and
the rich nature of the resulting data also allowed for other
emerging themes to be identified and provide information about
participants’ beliefs and reasoning.

Results

Participants enacted a range of educationally relevant beliefs
in response to the three scenarios, including, but not limited
to student ability, sources of teaching knowledge, and teacher-
efficacy. We were also able to identify signs of (more-or-less)
evidence-informed reasoning in their responses. The wording
of the scenario-based problems also elicited justifications for
participants’ choices of sources of teaching knowledge (Scenario
2) and suggestions for a teaching approach based on perceived
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strengths and weaknesses (Scenario 3). Tables 1-5 include an
overview of the emerging themes and sub-themes for each
scenario, as well as illustrative idea units within those themes. In
the following, we present an overview of the different emerging
themes and also highlight variation within each theme.

Scenario 1

The first scenario focused on possible reasons for variation
in student performance on a natural science test, designed
to capture participants’ beliefs about student ability (Dweck,
2000; Patterson et al., 2016). As can be seen in Table 1, we
identified five emergent themes that concerned reasons for
differences in student performance, which we labeled teaching,
individual differences, motivational differences, sociocultural
context, and test context. Moreover, each theme consisted of
several sub-themes, which we also describe in this section. The
most prevalent idea units (n = 70) reflected beliefs about the
role of the teacher and aspects of their teaching practice in
creating differences in student performance, encompassing the
sub-themes of adapted teaching, management of teaching, and
variation in teaching methods. Adapted teaching (n = 44) refers
to the principle of adapted teaching, an approach which has
a central position within the Norwegian egalitarian education
system (Norwegian Ministry of Education and Research, 1999).
For example, “that I, as a teacher, haven’t adapted my teaching
well enough,” “In this case I, as a teacher, haven’t done a good
enough job with evaluation, to pinpoint where all my students
are in the knowledge acquisition process,” and “that the way I
taught wasn’t directed toward the whole class, but rather toward
a smaller group that had more knowledge about the subject. The
activities could have been set up on a more individual basis”
were ideas falling within the sub-theme of adapted teaching.
15) included ideas about the
central role of the teacher in the students’ learning process (e.g.,

Management of teaching (n =

“Perhaps one has failed to go through the topic in a thorough
manner” and “It might be that the teacher hasn’t explained the
subject well enough”). Variation in methods (n = 11) refers to
engaging in different teaching methods in class, for example,
“if one has just been teaching from the blackboard then it may
be smart to vary (teaching methods) more” and “Maybe the
skewed results are caused by the fact that one has varied teaching
methods too little. Maybe one needs to use other teaching
methods to reach the whole class.”

Beliefs about individual differences were reflected in 53 of
the idea units concerning differences in student performance.
There were seven sub-themes referring to ability [#n = 15;
e.g., “there will be a variety of students with different talents
and abilities in every class. Therefore, there is no ‘unnatural’
distribution (of results) here”], social and academic learning
difficulties (n = 15; e.g., “there may be trouble at the social level,
personal problems, illness etc.” and “There may be reading and
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writing difficulties in this group of students”), concentration
(n = 7, e.g., “the differences may be because not everyone
has managed to concentrate on the teaching”), time needed to
learn (n = 7, e.g., “some people take longer time before they
understand the curriculum”), learning styles [n = 5; e.g., “Some
students learn best with an auditive learning style, some (are)
more visual and some more tactile”], learning strategies [n = 2;
e.g., “Many (students) do not know which working methods suit
them best and study for a test by reading from the start to the
end of the chapter”], and maturity (n = 2; e.g., “the students are
at different levels of maturity. They don’t develop at the same
tempo”) as reasons for differences in student performance on
the science test.

Beliefs
in 42 idea units. Within this theme, there were six sub-

about motivational differences were reflected

themes: Individual interest, effort, situational interest, general

motivation, willingness to learn, and goal-orientation.

Individual interest (n = 15) focused on students’ levels of
intrinsic interest as a reason for differences in performance, for
example, “It may also be caused by interest, the five students
who have been (i.e., scored) extremely poorly are not so into
the topic, while the five who have performed well think the
topic is interesting.” Effort (n = 13) concerned investment of
personal resources in the time preceding the test, for example,
“effort before the test” and “It may also be that some of the
students didn’t “bother” to read - that this is the reason for
the poor results.” Situational interest (n = 7) is regarded
as more contextualized and transitional than is individual
interest (Hidi, 2001). From participants’ responses, it seems that
more emphasis was placed on the teacher’s effort in sparking
situational interest (i.e., in comparison to individual interest),
for example, “whether one (the teacher) has made it interesting
enough to engage everyone” and “(the teacher) hasn’t awakened
enough “nosiness” in their students.” General motivation (n = 4)
ideas were broad references to “motivation” without any further
specification, such as “motivation. . . probably has a lot to say.”
Willingness to learn (1 = 2) were specific statements referring to
a will to learn, such as “another factor can also be the students’
own will to learn.” Finally, goal-orientation (n = 1) concerned
(the lack of) students’ engagement with learning goals specified
by the teacher: “It may also be the case that the students just
don’t care about achieving the specified goals.”

The 21 idea units reflecting beliefs about the sociocultural
context could be categorized into the sub-themes of home
situation, resources and equipment, and classroom culture.
Home situation (n = 14) referred to support, interest, and
pressure from the students’ families, for example, “Help and
being followed up at home also play an important role” and
“whether they have parents who can push their children to
read extra.” Resources and equipment (n = 4) concerned both
teaching resources and students’ physical placement in the
classroom, for example, “This is mainly caused by a lack of time
and resources for the individual students” and “equipment, etc.
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TABLE1 Emergent themes, sub-themes, and illustrative idea units based on responses to Scenario 1.

Emergent theme

Sub-themes

Illustrative idea units

Teaching (n = 70)

Individual differences (n = 53)

Motivational differences (n = 42)

Sociocultural context (n = 21)

Test context (n = 15)

Adapted teaching (n = 44), management of

teaching (n = 15), variation in teaching methods

(n=11)

Ability (n = 15), learning difficulties (n = 15),
concentration (n = 7), time to learn (n = 7),

learning styles (n = 5), learning strategies (n = 2),

maturity (n = 2)

Individual interest (n = 15), effort (n = 13),
situational interest (n = 7), general motivation
(n = 4), willingness to learn (n = 2), goal
orientation (n = 1)

Home situation (n = 14), resources and equipment

(n = 4), classroom culture (n = 3)

Test preparation (n = 8), test difficulty (n = 7)

Other students have perhaps not gotten the adapted teaching that
they need, and have therefore not benefited from teaching that has
been the same across the board for the whole class (§104); It might
be that the teacher hasn’t explained the subject well enough (S27);
Had the teacher maybe tried to vary the teaching (S71).

In every class there are a variety of students with different abilities
and starting points (S7); The differences may be because not
everyone has managed to concentrate in class (S16); For example,
specific reading or writing difficulties (S15); Some may have
diagnoses, language difficulties, etc. that stop them from learning so
much (548).

Motivation is also a big factor here (S43); Students who did badly
may have problems with motivation and interest for the topic or
subject (S91).

A culture for doing one’s best has not been established, and there is

no culture for creating a sense of wonder (S9); Help and support at

home also play an important role (S34); I think students’ placement
in the classroom can have a lot to say. Some students perhaps need

to sit closer to the board to see. .. (S100).

It’s possible that the test wasn’t targeted to different levels (of ability)
(S32); That the questions on the test were formulated in a difficult
way (S16); As teacher I should give notice 1 week in advance so that
students can prepare (S21).

Numbers refer to idea units within each emergent theme and sub-theme. S followed by a number refers to a particular participant.

TABLE 2 Emergent themes, sub-themes, and illustrative idea units based on responses to Scenario 2.

Emergent theme

Sub-themes

Illustrative idea units

Informal (n = 58)

Formal (n = 32)

Digital media resources (n = 28)

Colleagues (n = 31), students (n = 14), own
resources (n = 12), family and friends (n = 1)

Textbooks and educational literature (n = 29),
teacher education (n = 2), research (n = 1)

T would discuss with my colleagues. . . Maybe I can get some colleagues to
observe my lessons to see what I can do better and what I have to change
(S5); Initially I would ask students how they thought they learned best (S20).

1 would have checked books from teacher education curriculum (S78); Old
textbooks (S53).
Relevant internet pages such as: smartskole.no (https://www.smartskole.no/)

(SmartSchool.no) (S25); nrk.no (national broadcasting company) (S28);
nettartikler (internet articles) (S42); films on YouTube (S49).

Numbers refer to idea units within each emergent theme and sub-theme. S followed by a number refers to a particular participant.

TABLE 3 Emergent themes, sub-themes, and illustrative idea units based on responses to the second part of Scenario 2.

Emergent theme

Sub-themes

Illustrative idea units

Gaining new ideas and
inspiration for own consideration
(n=13)

Others’ experiences (n = 10)

Specific answers and
pre-prepared exercises (n = 9)
Research-based or professional
knowledge (n = 2)

Other pedagogical justifications
(n=13)

Student participation (n = 5), academic adaption
(n = 3), concretization (n = 2), variation (n = 2),
accessibility (n=1)

In order to gain more perspectives on how to awaken interest in students
(S3); I would use the internet to get ideas (S29).

As a rule, they will find themselves in similar situations and have tried out
different tasks in their own classes (S29); they talk from experience (S45).

You can find good to go exercises for smartboard use (525), If I didn’t have
any answers, I would check the internet or ask friends/family (S53).

To gather some professional material about the subject (542).

To connect (the subject and learning materials) to news and facts that are
relevant for students and their everyday life (S51).

Numbers refer to idea units within each emergent theme and sub-theme. S followed by a number refers to a particular participant.
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TABLE 4 Emergent themes, sub-themes, and illustrative idea units based on responses to Scenario 3: Approaches to teaching the challenging class.

Emergent theme Sub-themes

Illustrative idea units

Adapting instruction Formal and informal evaluation (n = 31), academic
(n=114)
variation (n = 19), motivating approaches (n = 11),

flexibility of homework (n = 3)

Classroom management
(n=43)

Social interactions with
students (n = 31)
evaluation of social competence (1 = 3)

Cooperation with
parents and colleagues
(n=2)

Classroom environment (n = 24), leadership (n = 19)

Relational approaches (n = 13), teacher’s way of being

Collaborate with parents, collaborate with colleagues

adaption (n = 27), organization of instruction (n = 23),

(n=9), student participation (n = 6), formal and informal

First I would give a test to check the academic level. Converse with the class
about what kind of teaching works for them (S15).

It is important to set clear rules for what is allowed in class, and make clear
demands of students (then everyone feels that they have been seen) (S5);
Create a good and secure classroom environment (S90).

It would be important for me to get to know all of the pupils well, so that I
would know how they work and “have more strings to play on” (S4).

Try to collaborate with parents to make sure that the majority of students are
supported at home (S20); Ask for a classroom assistant (S40).

Numbers refer to idea units within each emergent theme and sub-theme. S followed by a number refers to a particular participant.

TABLE 5 Emergent themes, sub-themes, and illustrative idea units based on responses to Scenario 3: Strengths and weaknesses as a teacher.

Emergent theme Sub-themes

Illustrative idea units

Positive personal characteristics
(n=29)

Humanistic views (n = 8), patience and calmness

(n = 6), warmth, kindness, and openness (n = 5),

creativity (n = 4), communication skills (n = 4),

all-rounder (n = 2)

Mastery of tasks (n =9)
matter (n=1)

Personal weaknesses (n = 4) Lack of experience or efficacy

Task-related weaknesses (n = 11)

Pedagogical competence (n = 8), mastery of subject

Lack of structure (n = 8), lack of knowledge (n = 3)

“... Tappreciate all children and believe there is good in everyone. ..” (S4); I
am patient, which can be useful (S49).

My strengths as a teacher are that I can assess their academic level and guide
them on their way (S73); I would have a lesson plan and the knowledge to
answer nearly everything they wonder about (523).

My weakness is that I panic when I don’t know how to handle a situation,
especially when the situation is new for me (S83); I feel this could be difficult,
as I am still young and relatively uncertain (5100).

I don’t know the class, that could be a weakness (S37), I am not very good at
being an authoritarian (teacher) (S55).

Numbers refer to idea units within each emergent theme and sub-theme. S followed by a number refers to a particular participant.

has a meaning.” Also, classroom culture (n = 3) was highlighted
as a possible reason for differences in student performance,
for example, “There is no culture for doing one’s best in the
classroom.”

Finally, test context (n = 15) was believed to be a reason
for the differences in student performance. The ideas that fell
into this theme concerned aspects of the test and the testing.
The sub-themes were test preparation and test difficulty. Test
preparation (n = 8) reflected the view that the teacher had given
too short notice of the test (i.e., 3 days), for example, “I, the
teacher, should give notice 1 week in advance so the students
can get prepared.” Test difficulty (n = 7) concerned the wording
of the test questions and the academic level of the test, for
example, “that the questions in the test were formulated in a
difficult manner” and “Maybe the test was too demanding for
the students.”

Scenario 2

The second scenario was designed to target participants’
beliefs and reasoning about sources of teaching knowledge
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by asking them to consider where they would gather ideas
for a teaching plan in a natural science class and how they
would justify their decisions. Participants expressed a range
of ideas about sources of knowledge that were captured by
three main themes (see Table 2). Notably, an overweight of
the ideas (n = 58) reflected a reliance on informal and craft-
based knowledge sources, while 32 ideas reflected a reliance on
more formal, evidence-informed sources of teaching knowledge.
There were also 28 idea units that indicated reliance on digital
media resources located on the Internet.

Informal and craft-based sources of teaching knowledge
contained the sub-themes of colleagues, students, own internal
resources, and family and friends. Colleagues (n = 31) emerged
as a particularly prevalent knowledge source for the participants,
and it was evidenced in idea units such as “I would discuss
with my colleagues... Maybe I can get some colleagues to
observe my lessons to see what I can do better and what I
should change. . .It might be an idea to observe other teachers
in their teaching for inspiration” and “As a new teacher, I can
talk to more experienced teachers.” Students (n = 14) were
also considered a source of knowledge for our participants,
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for example, “I could have talked to the students to find out
which methods they would learn most from” and “ask the
students how they want the lessons to be.” Participants’ own
experience, knowledge, thinking, reasoning, and creativity were
categorized together to form a sub-theme (n = 12) indicating
reliance on their own, internal resources, exemplified by “earlier
experiences” and “I would use elements of the earlier lesson that
had proven to be good and discard the parts that didn’t work.”
Discussion with family and friends whilst being observant of
student confidentiality, was also a suggested source (n = 1).
Within more formal sources of teaching knowledge,
textbooks and educational literature (n = 29), teacher education
(n = 2), and research (n = 1) were identified as sub-themes.
Textbooks and educational literature included subject specific
and education textbooks, teacher guides, and the national
curriculum, for example, “I would look to relevant literature on

» <«

learning strategies,” “I would have used the book from education
studies;,” and “TI would also look at the goals from the core
curriculum in the upcoming topic.” Teacher education was
referenced infrequently (e.g., “and from teacher education”),
and research only featured in one of the participants’ responses
(“If someone has researched this, then it is interesting to see
what results they attained”).

Finally, digital media resources located on the Internet can
be exemplified by “maybe I could have found some suggestions
on the internet” and “find good and complete teaching plans for
smartboard.” There were also references to specific webpages,
for example https://www.nrk.no/ (the national broadcasting
company; see Table 2).

Of note is that a number of the participants (n = 30) failed
to answer the question of where they would gather ideas for the
teaching plan, simply presenting their own suggestions for such
a plan. Since the participants were explicitly asked to provide the
sources of their ideas, these responses were considered invalid in
the context of this study and will, therefore, not be presented.

In the second part of Scenario 2, participants were asked
to give reasons for their choices. Forty-seven idea units were
identified, with eight students responding to the first part of
the scenario failing to respond to the second part (i.e., not
justifying their suggested sources of knowledge). The responses
referred to four knowledge-related justifications: gaining new
ideas and inspiration in order to consider these and use them
as they wished (n = 13), testimony/others” experience, mainly
referring to colleagues (n = 10), looking for specific answers
and pre-prepared exercises (n = 9), and using research-based
or professional knowledge as evidence (n = 2). There was
also one category of responses (other pedagogical justifications,
n = 13) that referred to pedagogical principles such as academic
adaption and variations as justifications.

The most common justification, gaining ideas and
inspiration, focused on getting suggestions for classroom
practice, with references to “gathering more perspectives” that
could be adapted in the way participants wished (e.g., “in
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this way I could see who learns from what... and arrive at
something that works”). References to similar situations and
experience-based knowledge were, not surprisingly, common
justifications, with experienced colleagues given particular
importance [e.g., “if they’ve gone through the curriculum (on
this topic) before”]. Participants were also interested in finding
solutions and pre-prepared, perhaps tried and tested, exercises
from the internet and textbooks, perhaps suggesting a lack of
motivation to use evidence to make reasoned decisions about
their teaching (e.g., “there are lots of good exercises on the
internet”). There were sparse justifications referring to the need
for professional (i.e., evidence-informed) knowledge (gathering
professional materials on the topic). Finally, participants also
failed to provide epistemic justifications for their choice of
sources of teaching knowledge, rather referring to pedagogical
reasons for their choices. Sub-themes in the emerging theme
of pedagogical justifications referred to student participation,
academic adaption, variation, and accessibility, for example “it

»

is important to vary teaching,” “because the students have easy

access to these (sources).”

Scenario 3

The third scenario was designed to capture participants’
beliefs about their perceived efficacy by asking them to consider
their chances for ensuring a satisfactory learning outcome for
all students in a challenging class, taking their own strengths
and weaknesses as a teacher as a point of departure. For
this scenario, a large proportion of the participants (n = 69)
detailed specific approaches they would use. We identified the
four main themes of adapting instruction (n = 114), classroom
management (n = 43), social interactions with students (n = 31),
and co-operation with parents and colleagues (n = 2). These
main themes and their respective sub-themes are presented and
exemplified in Table 4.

Approaches that were coded as adapting instruction
consisted of six sub-themes: Formal and informal evaluation of
student knowledge and learning preferences (n = 31), academic
adaption (n = 27), organization of instruction (n = 23), variation
(n = 19), motivating approaches (n = 11), and flexibility and
homework (n = 3). Formal and informal evaluation of student
knowledge and learning preferences was mainly concerned
with students’ academic strengths and weaknesses, but also
with preferences in terms of learning strategies and teaching
methods, for example, “What is it that the students think is
challenging? What do students think about this subject? I would
start by asking this kind of question to find out more about
them” and “What do they find difficult and which methods
do they think work for them?” Building on such processes
of evaluation, many participants highlighted the importance
of adapted education, for example, “Make the topic a little
more concrete and directed toward everyday life” and “I would
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have gone through the materials thoroughly with the class, and
thereafter maybe let them work with tasks that are adapted to
each individual.” Organization of instruction referred to specific
ways of working with the challenging class, for example, “I
would have taken the students on a lot of excursions” and “Here
I would have to try out different exercises, forms of teaching, and
so on. When I eventually learn what works and not, I would go
for more of those methods.” Variation for variation’s sake was
also reflected in quite a few idea units, such as “I would also vary
the teaching, so that the students could get to see several sides of
me.” Motivating approaches were directed toward fun, interest,
and mastery, for example, “I would therefore use creativity to
make the teaching more fun and exciting.” Finally, a few idea
units referred to flexibility and homework as approaches (e.g.,
“.. .something they have prepared at home. In my time at school,
I have also seen that giving homework is usual and can help on
tests.”

Beliefs about classroom management consisted of idea units
focusing on class environment (n = 24) and class leadership
(n = 19). Class environment concerned the culture within the
classroom, social competence, and attitudes, as well as security,
for example, “Show the students that each and every one is seen
every day and be a secure (adult)” and “tried to have a good
dialog with the students continually, so that I know what the
students’ expectations of me are.” Class leadership was more
related to a strict tone in the classroom, being a clear leader, and
establishment of clear rules. The aspects of leadership seemed to
be tightly linked to one another, for example, “when I come into
this class, it will be important for me to show who I want to be as
an adult and leader for them and what I expect from them” and
“Keep quite a strict tone.”

The emergent theme termed social interactions with
students focused primarily on emotional and relational aspects
of teacher-student interactions, and the sub-themes concerned
relational approaches (n =13, e.g., “and form good relations with
the students” and “let them get to know me”), teacher’s way of
being (n = 9, e.g., “The absolute first thing I would do is to go
into this class without too many prejudices. Everyone deserves a
chance with me as a new teacher”), student participation (n = 6,
e.g., “Itis also important to get input from the students and take
these into consideration”), and formal and informal evaluation
of social competence (n = 3, e.g., “In this class I would use a
lot of time getting to know them. Find out what they like, also
out of school”).

Finally, two idea units reflected beliefs about co-operation
with parents (“tried to collaborate well with the parents, so
that as many of the students as possible were being attended
to at home”) and colleagues (“perhaps ask for an assistant
at the start”).

With respect to participants perceived strengths and
weaknesses in relation to teaching the challenging class, we
identified two emerging themes representing beliefs about
strengths (viz., positive personal characteristics and mastery
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of tasks) and two emerging themes representing beliefs
about weaknesses (viz., personal weaknesses and task-related
weaknesses). These main themes and their respective sub-
themes are presented and exemplified in Table 5.

Idea units concerning positive personal characteristics
(n = 29) could be categorized into six sub-themes: holding
humanistic views and appreciating personal differences (n = 8,
e.g., “That I appreciate all children and think that everyone has
some good in them is an advantage”); patience and calmness
[n =6, e.g., “my strength in the classroom is that I am calm
and this can be “infectious” (i.e., spread widely) in the class”];
warmth, kindness, and openness (n = 5, e.g., “I think I would get
to know the class quickly, I am good at being open”); creativity
(n =4, e.g,, “I am a creative person”); communication skills
(n=4, e.g, “That I am a clear leader also helps”); and being “all-
rounders” (n = 2, e.g., “My strength is all-roundedness”). Idea
units concerning mastery of tasks (n = 9) referred to pedagogical
competence (n = 8, e.g,, “I am good at adapting my teaching,
so I know that everyone has a good learning outcome from my
lessons” and “My strengths as a teacher are that I can evaluate
their level and support them on the way”) and mastery of subject
matter (n = 1, “I will have the knowledge to answer almost
anything they might wonder about”).

Regarding weaknesses participants believed could hinder
their ability to help all students learn (n = 15), personal
weaknesses (n = 4) focused on lack of experience or efficacy, for
example, “My weakness is that I panic when I don’t know how
to handle a situation, especially if the situation is new for me”
Finally, task-related weaknesses included lack of structure (n =38,
e.g., “From time to time I am easy to get to digress” and “My
biggest weakness is that I might get carried away with myself if I
think something is more interesting than the students do”) and
lack of knowledge about the subject or the students (n = 3, e.g.,
“I don’t know the class, which might be a weakness”).

Discussion

In this study, we introduced problem-based contexts to
gain insight into second-year pre-service teachers’ beliefs about
student ability, sources of teaching knowledge, and teacher-
efficacy. We also aimed to investigate what participants
responses revealed about their reliance on educational research
as a means of informing their pedagogical decisions and actions,
given that researchers and teacher educators have highlighted a
lack of evidence-informed decisions and actions among teachers
and student teachers (Braten and Ferguson, 2015; Guilfoyle
et al., 2020; Kiemer and Kollar, 2021).

Our findings align with prior research (Fives and Buehl,
2008; Braten and Ferguson, 2015; Ferguson et al., 2022) but
also provide new insight by merit of participants’ responses to
scenarios and their reasoning about the described problems.
In particular, the pre-service teachers’ beliefs about student
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performance actually placed most emphasis on the role of the
teacher, their actions, and the ways they interact with students
and adapt and vary their teaching methods and exercises.
While taking the importance of their role to heart is, indeed,
important, it is also relevant that the future teachers appreciated
that students present themselves with individual differences in
terms of ability, learning difficulties, and focus on learning.
However, it is somewhat discouraging that beliefs in learning
styles also feature prominently in the minds of some of our
participants and are used to explain individual differences
among students.

In terms of student motivation, our participants’
beliefs seemed evidence-informed with respect to multiple
motivational variables, such as interest, effort, and goal-
While that

inexperienced teachers tend to think of motivation in terms

orientation. previous studies have found
of a unidimensional construct that is, or is not, present in
students (Patrick and Pintrich, 2001), participants in this study
seems to hold more nuanced beliefs (see also, Ferguson and
Braten, 2018). Moreover, participants considered contextual
factors such as the sociocultural background and context of
students’ learning and aspects of the test that featured in the
scenario. Thus, our findings aligned with previous research
by Patterson et al. (2016), which identified school, family,
and student factors relating to teachers™ beliefs about student
performance. However, participants in this study seemed more
focused on their own responsibility, given the prevalence
of the category of teaching in the responses to Scenario 1.
While it is neither uncommon for new teachers to have more
focus on their own behavior than that of their students, nor
unwarranted, given supporting evidence (Hattie, 2012), it may
also be important for teacher educators to help pre-service
teachers focus on other (important) factors that influence
student performance, to help avoid teacher burnout in the long
run (Skaalvik and Skaalvik, 2007).

Concerning the findings relating to the second scenario,
about sources of teaching knowledge and participants
justifications for their choices, the categories of responses may
be somewhat unsurprising, disappointing even, since most
participants opted to rely on informal knowledge sources
such as experienced colleagues, and since participants hardly
referred to educational research at all, neither as sources of
teaching knowledge nor when justifying their choice of sources.
In general, participants’ beliefs about sources of teaching
knowledge therefore could not be considered consistent with
or conducive to evidence-informed reasoning about sources of
teaching knowledge and their justification. However, the nature
of our data and the scenario-based approach allowed for added
insights such as the ways in which the participants intended to
use sources of knowledge. Although they were intent on finding
out what colleagues might do in similar situations, they also
signaled considerable independence in these situations. That is,
participants intended to gain colleagues’ perspectives as one of
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several views, sometimes also including student perspectives
or knowledge from educational literature as other sources
of teaching knowledge. While some of our participants were
interested in finding readymade teaching exercises, it is difficult
to draw further conclusions as to how the pre-service teachers
intended to use these sources, since this was not elaborated in
participants’ responses.

Regarding participants’ responses to the third scenario,
designed to assess teacher efficacy, they detailed specific
approaches to ensuring satisfactory learning outcomes in a
challenging class before discussing their chances of success
in light of their own strengths and weaknesses as a teacher.
The four main themes of adapting instruction, classroom
management, social interactions with students, and co-
operation with parents and colleagues may be mapped on to
measures of teacher-efficacy that are designed to reflect the
multi-dimensional nature of teachers’ work (Tschannen-Moran
and Hoy, 2001), as well as the aims of the Norwegian national
curriculum and school reforms (Skaalvik and Skaalvik, 2007).

Teacher-efficacy may be influenced by the factors that
teachers view as important in influencing student performance.
Thus, the pre-service teachers in this study who regarded
factors relating to the teacher as being important for student
performance may have had higher teacher-efficacy than those
who focused more on internal student factors (individual
differences) and socio-cultural differences relating to, for
example, home circumstances (Skaalvik and Skaalvik, 2007).
This is because factors relating to the teacher may support
their experience of being able to exert effort and behaviors
that influence student outcomes, compared to factors that are
more out of their control. Further, the personal characteristics
and task-related strengths and weaknesses that were highlighted
by participants seemed more-or-less evidence-informed. As
such, they adequately referred to aspects of teaching knowledge
and experience, although a few of the responses concerning
personal characteristics also suggested that views of certain
characteristics of teachers as innate, rather than learned,
still exist. Such responses were sparse, however, and perhaps
somewhat ambiguous as they did not reveal the underlying
mechanism of growth vs. fixed views (Dweck, 2000).

In sum, the results from this study uniquely contribute
to the literature by showing the nuances of teacher beliefs
about student performance, sources of teaching knowledge,
and teacher-efficacy, and they provide further insight into pre-
service teachers’ limited consideration of research as evidence
in pedagogical decision-making. We believe that our study has
both methodological and theoretical implications in addition to
its importance for practice.

Our study used a methodological approach that provides
a more contextualized understanding of teachers’ beliefs and,
thus, can be assumed to generate more valid responses than
those typically generated by asking participants to rate their
beliefs on a questionnaire (Schraw and Olafson, 2015). However,
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our study also highlighted that pre-service teachers, despite
the scenario-based approach, may find it somewhat difficult
to explain and justify the sources of teaching knowledge that
they draw on. More generally, teacher beliefs may often be
tacit and difficult to articulate, and more research is needed
on the relation between tacit beliefs and teaching practice, as
well as on how future teachers can be helped to articulate their
beliefs. Our results may also raise issues concerning the nature
of evidence in teacher knowledge and educational research, and
the extent to which empirical, experimental data may have to
be supplemented with more ecologically valid studies that probe
teacher thinking. For example, such studies may ask teachers
with more and less experience to think aloud to determine how
knowledge sources are actually used and how teachers try to
integrate theory and practice.

Hopefully, the picture of teacher beliefs that we have painted
in this study may help teacher educators understand pre-
service teachers’ beliefs and help them develop availing beliefs
in teacher education (Sugrue, 1997; Schraw and Olafson, 2015;
Lunn Brownlee et al., 2016; Mor-Hagani and Barzilai, 2022).
Further, it may help teacher educators correct misconceptions
among pre-service teachers that are detrimental to their own
and their future students’ learning (Menz et al., 2021), as well
as to nurture their tendency to engage in evidence-informed
practice (Buehl and Beck, 2015; Csandi et al., 2021; Hendriks
et al,, 2021). Working with pre-service teachers beliefs in
teacher education may also help future teachers think about
concrete situations in terms of more abstract, theoretical, and
evidence-informed sources of teaching knowledge, rather than
acting on gut-feeling or (unexamined) habits (Csandi et al,
2021; Kiemer and Kollar, 2021; Spernes and Bjordal, 2022). In
particular, our study may inform teacher educators about the
nuances of beliefs they may encounter in teacher education
programs, and how those beliefs may be consistent with what
they teach in the programs but also take the form of some
stubborn misconceptions (Menz et al., 2021) that need special
attention. Changing such misconceptions may require extensive
modeling and scaffolding by teacher educators who open up
their own teaching beliefs and practices to demonstrate the
evidence-base they employ in their teaching, and how it aligns
with their educational beliefs (Ferguson, 2021).

Limitations and future research

A limitation of the present study is the nature of
participants’ succinct answers to the scenarios, with think-
aloud data presumably allowing for firmer conclusions
regarding participants’ reasoning and use of evidence, in
particular. Presumably, more ecological validity could also
have been achieved by having pre-service teacher complete
learning logs or observing them in action. However, our
methodological approach was less invasive for our participants
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(and their students) and had no potential negative real-life
consequences. In future research, a scenario-based approach
may be extended by use of video cases or scenarios that can
be discussed collectively and with the added advantage of
time to reflect. Also, real-life examples may be presented
as a starting point for discussions of theoretical constructs,
characteristics, and teacher moves (Csandi et al, 2021;
Spernes and Bjordal, 2022).

Of note is also that the themes emerging from the
data and interpreted by the researchers, of course, do not
contain exhaustive lists or possibilities when it comes to
(pre-service) teachers’ beliefs or reasoning. This is related
to the content of the scenarios that we created. Although
these three scenarios were designed to capture beliefs and
reasoning about student ability, sources of teaching knowledge,
and teacher efficacy, respectively, the hypothetical problem
contexts they represented also might have been more or
less likely to elicit evidence-informed thinking drawing on
relevant educational research. For example, whereas the second
scenario, in particular, may have provided valuable information
about participants’ evidence-informed reasoning (or the lack
of it), the third scenario might have been better suited
to activate participants’ self-perceptions or self-evaluations
than their reasoning about the usefulness or relevance of
educational research. In future studies, it therefore seems
important to both broaden the scope of the scenarios and
ensure that they are equally well suited to reveal evidence-
informed reasoning (or the lack of it) on the part of the
participants. In this way, it may also be possible to maintain
a clearer, more distinct focus on evidence-informed reasoning
in analyzing and reporting scenario-based data, rather than
focusing on beliefs and exploring to what extent these beliefs
might or might not align with evidence-informed reasoning
about educational issues, as we did in the current study. We
acknowledge that it could be regarded as a limitation of this
study that the data we collected did not lend themselves
to a clear differentiation between beliefs and reasoning in
participants’ responses to the scenarios, with the signs of
evidence-informed reasoning (or the lack of it) that we were
able to identify being interwoven with participants’ beliefs about
student ability, sources of teaching knowledge, and teacher-
efficacy.

Further, our data collection was a one-shot event in two
particular programs of teacher education. What we were able
to gain is therefore a snapshot in time of pre-service teachers
in two teacher education programs in Norway that could be
extended by conducting data collection at multiple time points
taken throughout the teacher education period across different
programs. As such, much more research is needed to obtain
deeper insights into teacher beliefs and reasoning over time and
in different contexts. Finally, we would like to highlight the need
for more qualitative investigations into the mechanisms that
connect teachers’ beliefs and their (evidence-based) reasoning.
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Appendix A

The teaching scenarios

You are about to answer three questions. Read each task carefully and take the time you need to answer thoroughly.

Question A: You are teaching a 6th grade natural science class. The class consists of 22 students, 10 boys and 12 girls. After working
with the topic “the human body,” you set a class test on that chapter. The class received 3 days notice about the test. The test results
show that five students completed all tasks correctly, while five students performed very poorly on the test. The test performance was
average for the rest of the class. Discuss reasons for these great differences in students’ learning outcomes. Answer the question as fully
as possible. Use the time you need to reflect when you respond.

Question B: You are now going to create a teaching plan for the next topic in natural science class that takes into consideration the
great differences in student learning outcomes that were apparent on the last test. Where will you gather ideas for this teaching plan?
Give reasons for your choices.

Question C: Imagine a year has passed. You are now teaching a new 6th grade class in natural science. This class is known for being
the school’s most challenging class to teach. You have taken over as form teacher for this class since their previous form teacher has
retired. Discuss your chances of being able to ensure a good learning outcome in natural science for all the students in this class—taking
your own strengths and weaknesses as a teacher as a point of departure.
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Research on diagnosing in teacher education has primarily emphasized
the accuracy of diagnostic judgments and has explained it in terms of
factors such as diagnostic knowledge. However, approaches to scientific
argumentation and information processing suggest differentiating between
diagnostic judgment and diagnostic argumentation: When making accurate
diagnostic judgments, the underlying reasoning can remain intuitive, whereas
diagnostic argumentation requires controlled and explicable reasoning
about a diagnostic problem to explain the reasoning in a comprehensible
and persuasive manner. We suggest three facets of argumentation for
conceptualizing diagnostic argumentation, which are yet to be addressed
in teacher education research: justification of a diagnosis with evidence,
disconfirmation of differential diagnoses, and transparency regarding
the processes of evidence generation. Therefore, we explored whether
preservice teachers’ diagnostic argumentation and diagnostic judgment might
represent different diagnostic skills. We also explored whether justification,
disconfirmation, and transparency should be considered distinct subskills
of preservice teachers’ diagnostic argumentation. We reanalyzed data of
118 preservice teachers who learned about students’ learning difficulties
with simulated cases. For each student case, the preservice teachers had
to indicate a diagnostic judgment and provide a diagnostic argumentation.
We found that preservice teachers’ diagnostic argumentation seldom involved
all three facets, suggesting a need for more specific training. Moreover, the
correlational results suggested that making accurate diagnostic judgments and
formulating diagnostic argumentation may represent different diagnostic skills
and that justification, disconfirmation, and transparency may be considered
distinct subskills of diagnostic argumentation. The introduced concepts of
justification, disconfirmation, and transparency may provide a starting point
for developing standards in diagnostic argumentation in teacher education.

KEYWORDS

teacher education, diagnostic argumentation, scientific argumentation, diagnostic
accuracy, diagnostic judgment, diagnostic knowledge
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Introduction

Diagnostic skills are relevant in many fields, one of which is
teacher education (Heitzmann et al,, 2019). Teachers’ diagnosing is
a prototypical practice scenario for evidence-oriented practice, and
as such, it is crucial for teachers” professionalism (Fischer, 2021).
Previous research on teachers’ diagnosing has primarily
investigated diagnostic accuracy—i.e., the correctness of diagnostic
judgments—because inaccurate judgments can easily disadvantage
students by, for example, leading to unsuitable or insufficient
educational interventions (e.g., Loibl et al., 2020; Urhahne and
Wijnia, 2020; Kramer et al., 2021a). Besides making accurate
diagnostic judgments, communicating diagnostic considerations
is another vital aspect of diagnostic skills, for example, for purposes
such as reporting diagnostic findings (Bauer et al.,, 2020) or
collaborative diagnosing (Kiesewetter et al., 2017). However, thus
far, there is no clear conceptualization of diagnostic argumentation,
which we define as explaining a diagnostic judgment and the
underlying reasoning comprehensibly and persuasively (see
‘Walton, 1990; Berland and Reiser, 2009). It is also unclear whether
professionals (e.g., teachers) who can make accurate diagnostic
judgments are capable of offering sufficient diagnostic
argumentation. This raises the question of whether accurate
diagnostic judgment and diagnostic argumentation are fully based
on the same knowledge—reflecting one overarching diagnostic
skill—or whether they need to be considered different subskills of
diagnosing. This differentiation might have implications for
teaching diagnostic skills, such as the definition of learning
objectives and the design and implementation of learning
environments (see Grossman et al., 2009).

To our knowledge, no systematic research has differentiated
between the concepts of diagnostic argumentation and diagnostic
judgment. Therefore, we propose a conceptualization of diagnostic
argumentation that consists of three facets: justification of a
diagnosis with evidence, disconfirmation of differential diagnoses,
and transparency regarding the processes of evidence generation.
We explore diagnostic argumentation in terms of these three
facets and investigate whether they indicate one joint underlying
skill or different aspects of diagnostic skills by analyzing their
interrelations with one another and with a potentially joint
knowledge We
disconfirmation, and transparency in diagnostic argumentation

base. also explore how justification,
are related to the accuracy of diagnostic judgments in the context

of teacher education.

Diagnosing in teacher education

Teacher education is one of the fields in which learning
diagnostic skills is an important matter of professionalization
(Grossman, 2021). In particular, teachers have to diagnose
students’ performance, progress, and learning prerequisites
(e.g., Praetorius et al., 2013; Stidkamp et al., 2018). However,
these aspects also include the initial identification of clinical
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problems, such as learning difficulties (e.g., dyslexia) and
behavioral disorders (e.g., attention deficit hyperactivity
disorder, i.e., ADHD; e.g., Poznanski et al., 2021). In all these
contexts, we broadly define diagnosing as a “goal-oriented
collection and interpretation of case-specific or problem-
specific information to reduce uncertainty in order to make [...]
educational decisions” (Heitzmann et al., 2019, p. 4). Other
associated terms are used for diagnosing in teacher education
as well, such as assessment (e.g., Herppich et al., 2018). As part
of teachers’ professional activities, diagnosing is crucially
related to the discussion around teachers’ evidence-oriented
practice (Stark, 2017) and is possibly a prototypical practice
scenario (Fischer, 2021). Teachers are expected to use
knowledge on theories, methods, procedures, and findings from
educational research (e.g., Kiemer and Kollar, 2021) to reflect
their experiences, possibly overcome dysfunctional intuitive
approaches and—at least partially—guide their diagnostic
activities and interventions. Teacher education programs are
increasingly acknowledging the relevance of facilitating
diagnostic skills, and research in teacher education has also
addressed the issue of how diagnostic skills are learned (e.g.,
Chernikova et al., 2020; Loibl et al., 2020; Sailer et al., 2022).

Teachers’ diagnostic judgments

Previous research on teachers’ diagnosing has focused on how
teachers make diagnostic judgments (e.g., Loibl et al., 2020;
Urhahne and Wijnia, 2020; Kramer et al., 2021a). Loibl et al. (2020)
suggested distinguishing between the processes and products of
teachers’ diagnostic judgments In terms of product indicators,
research on teachers' diagnostic judgments has focused on
the
judgments—because inaccurate judgments can lead to unsuitable

diagnostic accuracy—i.e., correctness of diagnostic
or insufficient educational interventions that easily disadvantage
students (e.g., Urhahne and Wijnia, 2020). There is also an
increasing amount of research investigating teachers’ judgment
processes, for example, in terms of diagnostic activities such as
generating hypotheses, generating and evaluating evidence, and
drawing conclusions (e.g., Wildgans-Lang et al., 2020; Codreanu
etal, 2021; Kramer et al., 2021a). In addition, research has begun
to focus more on the role of information processing in teachers’
judgment processes (e.g., Loibl et al., 2020). Teachers’ diagnostic
judgment processes can involve intuitive information
processing—i.e., fast recognition of patterns of information—
which facilitates flexible and adaptive acting in the classroom;
teachers can also engage in controlled information processing
when spending time and effort on consciously evaluating evidence
and its causal relations (Kahneman, 2003; Evans, 2008). Teachers’
information processing in making diagnostic judgments depends
on situational characteristics (Loibl et al., 2020), such as the
available time for making a judgment (Ricu et al., 2022), the
consistency and conclusiveness of the available evidence, and

teachers’ perceptions of their situational accountability (Pit-ten
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Cate et al., 2020). In classrooms with multiple students, teachers
often need to make intuitive judgments, prioritize tasks, and decide
where to invest their time and cognitive resources (Feldon, 2007;
Vanlommel et al., 2017). With respect to achieving diagnostic
accuracy, research suggests regarding judgment processes (e.g., in
terms of information processing) as processes that interact with
teachers’ characteristics, especially their diagnostic knowledge
(e.g., Loibl et al., 2020; Kramer et al., 2021a).

The role of diagnostic knowledge

Diagnostic knowledge is generally considered an important basis
of diagnostic skills (Heitzmann et al., 2019). Having a sufficient base
of specific diagnostic knowledge seems to be a necessary condition
for achieving accurate diagnostic judgments (Kolovou et al., 2021). In
addition, advanced diagnosticians' well-organized knowledge
structures enable them to recognize patterns of critical case
information correctly, without necessarily conducting a controlled
analysis of the underlying causal relations (see Kahneman, 2003;
Evans, 2008; Boshuizen et al., 2020). Research has suggested that
performing complex cognitive tasks requires not only knowledge
about relevant concepts but also knowledge about how to
systematically approach the task (e.g., Van Gog et al,, 2004). In the
context of teacher education, Shulman (1986) suggested that, besides
domain-specific content, distinguishing between different types of
knowledge—such as conceptual and strategic knowledge—is relevant
to capturing different functionalities of knowledge, such as acting
adaptively in response to various problems and situations. In the
course of developing strategic knowledge, basic aspects of conceptual
knowledge are abstracted and integrated with episodic knowledge
into cognitive scripts about approaching certain problems or
situations (e.g., Shulman, 1986; Schmidmaier et al., 2013; Boshuizen
et al,, 2020). This means that conceptual and strategic knowledge
about the same specific content are likely related but address different
aspects of solving a task. Conceptual and strategic knowledge have
been adapted and empirically investigated in the context of
diagnosing in medical education (e.g., Stark et al., 2011; Schmidmaier
et al, 2013): conceptual diagnostic knowledge (CDK) consists of
concepts, such as diagnoses and their relations with each other and
with evidence, whereas strategic diagnostic knowledge (SDK) refers to
how to proceed in diagnosing a specific problem (i.e., how to reject
or confirm differential diagnoses and which informational sources
provide critical evidence for doing so). Researchers addressing
diagnosing in teacher education have also suggested distinguishing
between CDK and SDK (e.g., Fortsch et al., 2018). Therefore, CDK
and SDK seem crucial for correctly processing relevant case
information and making accurate diagnostic judgments.

Diagnostic argumentation

Beyond making accurate diagnostic judgments, there are
instances in which teachers or other diagnosticians need to
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explain their reasoning and the resulting diagnostic judgment in
a comprehensible and persuasive manner, which we suggest to
designate as diagnostic argumentation (see Walton, 1990; Berland
and Reiser, 2009). Diagnostic argumentation is required in
situations in which explanations are directed toward a recipient,
such as a collaborating teacher or school psychologist (e.g.,
Kiesewetter et al., 2017; Csanadi et al., 2020; Radkowitsch et al.,
2021). The context of identifying students’ clinical problems is
one example in which diagnostic argumentation is particularly
relevant for teachers, as in many educational systems, final
judgments about clinical diagnoses are made by clinical
professionals (e.g., school psychologists), with whom teachers
might need to collaborate (Albritton et al., 2021). However, also
in other contexts, diagnostic argumentation facilitates a
collaborative process of considering and reconciling competing
explanations and thus, if necessary, can help improve the
diagnosing (see Berland and Reiser, 2009; Csanadi et al., 2020).
There are also nonimmediate dialogical situations (see Walton,
1990), such as writing a report about diagnostic findings (Bauer
etal., 2020), in which information may need to be comprehensible
and persuasive to potential recipients at a later point in time.

Especially when engaging in a face-to-face critical exchange
of arguments in collaborative or otherwise dialogical diagnosing,
teachers might involve in argumentation processes and a
controlled analysis of the available evidence and potential
explanations before making a diagnostic judgment. Collaborative
generation and evaluation of evidence and a critical evaluation of
others’ arguments can improve the quality of argumentative
outcomes (Mercier and Sperber, 2017; Csanadi et al., 2020). In
other contexts, teachers might make intuitive judgments without
a controlled analysis of all the available evidence and causal
relations. If the information processing for a diagnostic judgment
mainly involves intuitive pattern recognition, parts of the
reasoning can remain implicit (Evans, 2008). However,
comprehensively explaining a judgment and its underlying
reasoning initially requires that the reasoning be explicable or at
least constructible in retrospect. In terms of nondialogical
situations, such as writing reports, initial evidence suggests that
compared to medical education, there seems to be a lower
standardization in teacher education (Bauer et al., 2020), which
could facilitate constructing persuasive explanations in retrospect.
For these reasons, it might not necessarily be a given that teachers
who make accurate judgments in nondialogical diagnostic
situations are capable of subsequently providing comprehensible
and persuasive explanations of their reasoning. This open question
has yet to be explored by research.

Justification, disconfirmation, and
transparency in diagnostic
argumentation

To explore how diagnostic judgment and diagnostic
argumentation are related, it is first necessary to define what kind
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of information is expected to be provided in the context of
diagnostic argumentation. We argue that besides providing
comprehensible explanations, diagnostic argumentation also aims
to persuade potential recipients of the presented reasoning
(Berland and Reiser, 2009) and, thus, requires providing
information that enables a recipient’s understanding and
evaluation of the efforts made during diagnosing (see Chinn and
Duncan, 2018). Therefore, to further define the concept of
diagnostic argumentation, we suggest three facets that might
facilitate recipients’ understanding of the presented reasoning:
justification, disconfirmation, and transparency. We propose that
these three facets of diagnostic argumentation resemble
approaches in scientific argumentation (see Sampson and Clark,
2008; Mercier and Heintz, 2014), namely justifying one’s reasoning
1958),
disconfirming alternative explanations (e.g., Lawson, 2003), and

with evidence (e.g., Toulmin, considering and
emphasizing the credibility of informational sources with
methodological transparency (e.g., Chinn et al., 2014). In what
follows, we explain the three facets in further detail.

Justification denotes the provision of evidence in support of a
claim (e.g., Toulmin, 1958; Hitchcock, 2005), which allows
recipients to raise potential issues about the reasoning that was
presented. In the context of diagnostic argumentation, diagnostic
judgments are claims that need to be justified by providing
evidence derived from the case information. Therefore,
justifications evaluate relevant case information as evidence from
which to draw conclusions concerning a judgment (see Fischer
etal, 2014).

Disconfirmation
diagnoses that may have been hypothesized when diagnosing a

emphasizes discussing differential
given case. As a process of uncertainty reduction (Heitzmann
et al., 2019), diagnosing involves generating and evaluating
different hypotheses (Klahr and Dunbar, 1988; Fischer et al.,
2014) that resemble competing claims in argumentation.
Similar to the scientific approach of disconfirmation (e.g.,
Gorman et al., 1984), a rebuttal of competing claims supports
the persuasiveness of the final claim (e.g., Toulmin, 1958;
Lawson, 2003). In diagnostic argumentation, differential
diagnoses are competing claims that should be explicated and
discussed to facilitate the persuasiveness of the final judgment
by demonstrating that alternative explanations have been
considered. Recipients can build on this information to evaluate
and criticize whether relevant differential diagnoses have been
missed or mistakenly rejected.

Transparency regarding the processes of evidence generation
provides information about the reliability of the methodology for
generating evidence from informational sources (Chinn et al,,
2014; Fischer et al., 2014). In diagnostic argumentation,
transparency is achieved by describing the processes underlying
evidence generation, thus allowing recipients to evaluate the
presented evidence and diagnostic conclusions. Explicating how
evidence was generated facilitates a recipient’s understanding and
ability to criticize the quality of the evidence and, ultimately, the
validity of the conclusions (Vazire, 2017).
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Analogously to approaches involved in scientific
argumentation (see Sampson and Clark, 2008; Mercier and
Heintz, 2014), we suggest that justification, disconfirmation, and
transparency in diagnostic argumentation facilitate a recipient’s
understanding and evaluation of the efforts made during
diagnosing. We are unaware of any research in teacher education
that has conceptualized or investigated a skill similar to what
we have defined as diagnostic argumentation, including the facets
of justification, disconfirmation, and transparency. Therefore, in
this study, we aimed to explore the interrelations between
justification, disconfirmation, and transparency in diagnostic
argumentation, as well as their relations with making accurate
diagnostic judgments, and the explanatory roles of CDK and SDK

(see Figure 1).

Research questions

We propose that justification, disconfirmation, and
transparency are three relevant facets of diagnostic argumentation
and that diagnostic argumentation and diagnostic judgment
might represent two distinct diagnostic skills that may, however,
both be partially explained by CDK and SDK. Understanding the
interrelations between these skills and knowledge might provide
relevant information for teacher educators and the field of
teacher education.

In investigating the proposed concept of diagnostic
argumentation, it is also important to explore whether
justification, disconfirmation, and transparency might represent
distinct subskills or indicators of one joint underlying diagnostic
skill (RQ1). To approach this question, we investigated how the
individual facets (1a) and different combinations of the facets (1b)
occur within preservice teachers’ diagnostic argumentation and
analyzed the facets’ relations (1c) in preservice teachers” diagnostic
argumentation. We assumed that finding close relationships
would indicate a joint basis of knowledge and skills; by contrast,
small relationships or a lack thereof would indicate that the three
facets represent different subskills of diagnostic argumentation.

In terms of distinguishing between the three facets as different
subskills, a related question is to what extent justification,
disconfirmation, and transparency are based on conceptual
diagnostic knowledge and strategic diagnostic knowledge (RQ2).
Because CDK and SDK are thought to be a major basis for the
reasoning presented in diagnostic argumentation (Heitzmann
et al, 2019), we assumed that they also partially explain
justification, disconfirmation, and transparency; that is, CDK and
SDK may be needed to generate evidence from informational
sources (explicated in transparency) and to make a warranted
connection between the evidence and a diagnosis (explicated in
justification) or several differential diagnoses (explicated in
disconfirmation). Exploring the degree to which CDK and SDK
explain justification, disconfirmation, and transparency in
diagnostic argumentation can provide an initial basis for future
research on teachers’ prerequisites for diagnostic argumentation.
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Given that diagnostic argumentation additionally aims to
be persuasive instead of solely verbalizing the reasoning made
while processing information, further knowledge and skills
beyond CDK and SDK may contribute to justification,
disconfirmation, and transparency in diagnostic argumentation.

For the same reason, we assumed that, despite a presumably
joint basis of CDK and SDK, diagnostic accuracy might not
necessarily be related to justification, disconfirmation, and
transparency. Therefore, we explored whether diagnostic
judgment (indicated by diagnostic accuracy) and diagnostic
argumentation (indicated by justification, disconfirmation, and
transparency) might represent different diagnostic skills (RQ3). In
doing so, we assumed that identifying close relationships would
indicate a joint underlying diagnostic skill; by contrast, small
relationships or a lack thereof would indicate that diagnostic
argumentation and diagnostic judgment might represent different
diagnostic skills.

Materials and methods
Participants

In this study, we reanalyzed data that were originally collected to
train an Al-based adaptive feedback component for a simulation-
based learning environment (see Pfeiffer et al., 2019). A total of 118
preservice teachers participated in the data collection and processed
simulated cases pertaining to students’ clinical problems. Participants
were M =22.96years old (SD = 4.10), the majority were women (102
women, 15 men, and 1 nonbinary), and they were in their first to
13th semester (M = 4.62, SD = 3.40) of a teacher education program.
We recruited preservice teachers in all semesters because relevant
courses about students’ clinical problems were not compulsory or
bound to a specific semester but could be taken in any semester.
Participants subjectively rated their prior knowledge of students’
clinical problems prior to receiving any instruction about the content
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of the study. On average, they indicated a medium rating of their
own prior knowledge (on a rating scale ranging from 1 to 5 points:
prior knowledge about ADHD, M = 2.78, SD = 0.81; prior knowledge
about dyslexia, M = 2.47, SD = 0.76). We assumed that this sample
mirrors the diverse population of preservice teachers.

Research design

We chose a quantitative and correlational research design to
determine the relationships between the following variables:
justification, disconfirmation, and transparency in diagnostic
CDK and SDK;
diagnostic judgment.

argumentation; and the accuracy of

Simulation and tasks

We asked participants to take on the role of a teacher and
process eight cases of primary and secondary students with
performance-related or behavioral problems that might or might
not indicate a clinical diagnosis in the range of ADHD or
dyslexia. Two independent domain experts, one school
psychologist and one psychotherapist for children and
adolescents, validated the case materials before they were
implemented in CASUS, a case-based online learning
environment.' Participants solved the cases consecutively. The
cases included several informational sources, such as samples of
the students’ written exercises and school certificates, reports of
observations from inside and outside the classroom, and
conversations with the respective students, their parents, and
other teachers (the German-language case materials can
be accessed at https://osf.io/hn7wm/). Participants could freely
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choose how many and which informational sources to consult
and in which order they wanted to do so (see Figure 2).

One example is the case of a secondary school student
named Anna, who is showing symptoms of attention-deficit
disorder (ADD). An initial problem statement describes Anna
as a fifth-grade student, 11 years old, who constantly needs to
be pushed to finish her tasks and who has poor grades in many
subjects, especially the core subjects, such as math and the
language subjects. The learners could examine written
observations of Anna’s in-class and out-of-class behavior, read
recordings of conversations with Anna or with her parents and
several teachers, or look at Anna’s last annual report and an
example of a written exercise. Her behavior is described as very
calm and distracted. She reads very slowly, and it is difficult for
her to answer questions about a text that she has just read. She
often fails to follow the exact instructions for tasks or fails to
complete them fully. Moreover, she often does not bring all the
required school supplies or arrives late in the morning. At a
parent-teacher conference, Annas mother backs up the
impression of disorganized and slow learning behavior when
talking about Anna’s homework. Anna’s last annual report and
the conversations with the other teachers show that her grades
are also affected by her inattentiveness, except artistic subjects
and gym class. She mostly interacts with one friend and tends to
remain distant from the other students. Anna herself points out
that it is hard for her to concentrate because she feels easily
distracted. However, at home, where there are fewer ambient
noises, she can focus on and enjoy reading, drawing, and
painting. Overall, the case information is designed in such a way
that the diagnosis of ADD is the most likely diagnosis, despite

10.3389/feduc.2022.977631

the fact that several differential diagnoses may be relevant. The
other cases included the same kinds of informational sources as
Anna’s case.

To complete a case and move on to the next case, participants
had to complete two tasks. First, they had to make a diagnostic
judgment, answering the question of whether the simulated
student has issues that warrant further diagnosing of a clinical
problem and, if so, which diagnosis may apply. Second, we asked
participants to write an argumentation text about their conclusions
and their reasoning about the case. For the purpose of this study,
participants received no further guidance or support regarding
how to write their diagnostic argumentation.

Procedure

The data were collected on computers in a laboratory
setting, with three to 20 participants simultaneously joining the
study. They worked individually at separate desks and were not
permitted to speak to each other. We introduced the participants
to the aims and procedure of the study and familiarized them
with the learning environment. After giving informed consent
to participate in the study, participants received randomly
assigned codes to log on to the CASUS learning environment to
anonymize the data. When entering the online learning
environment, participants first received a 25min theoretical
input concerning the topic of diagnosing in general and the
diagnosing of ADHD and dyslexia in particular to activate
existing knowledge and ensure the minimum amount of
knowledge required for solving the cases. Participants were not
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Example of the case materials in the simulation-based learning environment.
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allowed to take any notes or go back to the input part at a later
point to avoid biases in subsequent testing and learning.
Following the theoretical input, participants spent around
that CDK and
SDK. Subsequently, participants entered the learning phase

25min on a pretest assessed their
consisting of the eight simulated cases, with a break of 10 min
after four cases. They had to finish one case at a time to gain
access to the next case. All participants received the cases in the
same sequence. The time on task for all cases was around 1 h.
Subsequently, participants spent around 25 min on a posttest.
Generally, participants were allowed to work at their own pace.
Overall, participants spent around 3h from login to logout.
During the study, researchers were available to help with
technical issues or questions about navigation but did not
answer any content-related questions. Participants received
monetary compensation of 35 euros.

Data sources and measurements

The data sources used for the presented analyses are the CDK
and SDK scores from the pretest as well as the written diagnostic
judgments and diagnostic argumentation texts from six of the
eight cases. We decided to exclude two cases from the analysis
because their case information turned out to be more ambiguous
and inconclusive compared to the other cases.

Diagnostic knowledge

Conceptual diagnostic knowledge

CDK was assessed in the pretest after participants received the
theoretical input. We used 14 single-choice items about diagnosing
ADHD and dyslexia with four answer options each (one correct
answer and three distractors). The CDK questionnaire was
developed prior to the study to assess participants’ CDK, which
was considered relevant for processing the simulated cases. Two
independent domain experts, one school psychologist and one
psychotherapist for children and adolescents, validated the CDK
questionnaire. One example item is “Which of the following is not
one of the cardinal symptoms of ADHD?” with the answer options
(a) Inattentiveness, (b) Hyperactivity, (c) Impulsivity, and (d)
Impatience. Participants received one point per correct answer.
The points were aggregated into a total score, ranging from 0 to 14
points, for CDK.

As suggested by Stadler et al. (2021; see also Diamantopoulos
and Siguaw, 2006; Taber, 2018), we calculated variance inflation
factors (VIFs) for all items to avoid having redundant items
representing the formative knowledge construct. The maximum
VIF was VIF,,, = 1.30, which is well below the recommended
cut-off of 3.3.

Strategic diagnostic knowledge

Subsequent to assessing CDK, we measured SDK using four
key-feature cases (two key-feature cases about ADHD and two
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about dyslexia) with two multiple-choice questions each (see
Page et al., 1995). Key-feature cases present a brief description
consisting of a few sentences before asking about the strategic
approaches used to diagnose the case. The key-feature cases
were developed prior to the study to assess participants’ SDK,
which was considered relevant for processing the simulated
cases. Two independent domain experts, one school
psychologist and one psychotherapist for children and
adolescents, validated the key-feature cases. One example
key-feature case introduced the fourth grader Luis, who has
always been a rather poor reader but has begun to fall farther
behind his classmates over the last few months and just recently
again received the lowest grade in the class on a reading test.
He cannot summarize the contents of a short text even
immediately after reading it and can only read aloud very
slowly. Apart from his performance issues, he has a chronic
disease due to which he cannot regularly attend school for
stretches of several weeks. After reading this brief case
description, two multiple-choice questions were asked.

The first of the two multiple-choice questions per key-feature
case asked participants to choose all relevant differential diagnoses
out of a list of clinical as well as non-clinical differential diagnoses
(one to three correct options out of seven to nine answer options).
Participants received points for correctly choosing relevant
options and not choosing irrelevant options. We calculated one
mean score across all options per key-feature case, resulting in a
diagnosis score of 0 to 1 for the first question for each
key-feature case.

The second of the two multiple-choice questions per
key-feature case asked participants to choose from a list of further
approaches and resources relevant to confirm or disconfirm a
given set of differential diagnoses (three to six correct options out
of seven to 10 answer options). Participants received points for
correctly choosing relevant options and not choosing irrelevant
options. We calculated one mean score across all options per
key-feature case, resulting in a resource score of 0 to 1 for the
second question for each key-feature case.

The four diagnosis scores and four resources scores were
accumulated into a total score of 0 to 8 points for SDK on the
pretest. There were no redundant items (VIF,,, = 1.09).

Accuracy of diagnostic judgment

To measure diagnostic accuracy, we coded all the written
diagnoses as accurate (1 point), partially accurate (0.5 points),
or inaccurate (0 points). We coded written diagnoses as
accurate if indicating a diagnosis that was considered the
correct solution when designing the cases (e.g., ADD for the
case Anna). The written diagnoses were coded as partially
accurate if correctly indicating the higher-level class of
diagnoses for the accurate diagnosis (e.g., if the correct
diagnosis was ADD and the participants indicated ADHD). A
total of 12.5% of the diagnoses were double-coded, resulting
in an interrater reliability (IRR) of Cohen’s k = 0.80 (Cohen,
1960). The internal consistency across the six cases was
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McDonald’s ® = 0.37 (McDonald, 1999). For further analyses,
we calculated a total score from the points achieved for
diagnostic accuracy with a possible range of 0 to 6 points.

Justification, disconfirmation, and
transparency in diagnostic argumentation

We operationalized justification, disconfirmation, and
transparency based on a coding of the six cases’ diagnostic
argumentation texts.

Justification

We operationalized the presence or absence of justification in
diagnostic argumentation as evaluating evidence co-occurring
with drawing conclusions within the temporal context of two
sentences, resulting in 1 or 0 points per diagnostic argumentation.
In this study, we reanalyzed data that were originally used to train
an Al-based adaptive feedback algorithm for a simulation-based
learning environment (see Pfeiffer et al.,, 2019). Four expert
raters coded the diagnostic argumentation texts segmented by
sentences regarding the categories evaluating evidence and drawing
conclusions. They initially read the complete diagnostic
argumentation before coding evaluating evidence and drawing
conclusions for the individual sentences. Evaluating evidence was
defined as explicitly presenting or interpreting case information
(e.g., “Markus behaves aggressively and gets offended very easily”).
Drawing conclusions was defined as explicitly accepting or
rejecting at least one diagnosis (e.g., “I think most likely the
diagnosis is ADHD”). The raters simultaneously coded 15% of the
data before dividing the rest of the data because of substantial
agreement (IRRs: Fleiss’ k = 0.71 for drawing conclusions; Fleiss’
k = 0.75 for evaluating evidence; Fleiss, 1971; Landis and Koch,
1977). The internal consistency across six cases was sufficient
(McDonald’s o = 0.60; McDonald, 1999). We calculated a total
justification score for each participant, with a possible range of 0
to 6 points.

Disconfirmation

We operationalized disconfirmation as present if two or
more differential diagnoses were addressed, resulting in 1 or 0
points per diagnostic argumentation. This round of coding was
done separately from the coding of justification and
transparency for the purpose of our reanalysis. Two expert
raters coded the diagnostic argumentation texts of six cases
regarding a set of differential diagnoses. The coding scheme
consisted of 27 differential diagnoses, which included
non-clinical (e.g., insufficient schooling, emotional stress, and
problematic home environment) and clinical differential
diagnoses (e.g., ADHD, ADD, dyslexia, and autism). The raters
considered the facet of disconfirmation as being included in the
diagnostic argumentation if two or more of these differential
diagnoses were discussed in one diagnostic argumentation,
independent of which diagnosis the participant indicated as the
final diagnosis. The raters simultaneously coded 15% of the data
before dividing the rest of the data (overall IRR: Cohen’s
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K = 0.92; Cohen, 1960). The internal consistency was sufficient
(McDonald’s o = 0.60; McDonald, 1999). We calculated a total
disconfirmation score for each participant, with a possible range
of 0 to 6 points.

Transparency

We operationalized transparency in diagnostic argumentation
as at least one explication of generating evidence, resulting in 1 or
0 points per diagnostic argumentation. The coding for
transparency was done in in the same round as the coding for
coded the
argumentation texts regarding generating evidence, which was

justification. Four expert raters diagnostic
defined as an explicit description of accessing informational
sources (i.e., tests or observations; e.g., “I observed Anna’s school-
related behavior and achievement”). The raters simultaneously
coded 15% of the data before dividing the rest of the data because
of substantial agreement (IRR: Fleiss’ k = 0.70; Landis and Koch,
1977). The internal consistency was sufficient (McDonald’s
® = 0.71; McDonald, 1999). We calculated a total transparency

score for each participant, with a possible range of 0 to 6 points.

Statistical analyses

For RQ1, we explored the descriptive statistics of justification,
disconfirmation, and transparency in preservice teachers
diagnostic argumentation texts in terms of both individual facets
(1a) and facet combinations (1b). We considered facet
combinations as types of argumentation texts and depicted them
in relation to the individual facets using Epistemic Network
Analysis (ENA; Shaffer, 2017). The ENA algorithm analyzes and
accumulates co-occurrences of elements in coded data, such as the
three facets of argumentation within individual argumentation
texts, to create a multidimensional network model, which is
depicted as a dynamic network graph. To determine the types of
argumentation texts, we grouped the argumentation texts
according to the presence or absence of each argumentation facet
in each argumentation text. The ENA algorithm then accumulated
co-occurrences of the three facets across the argumentation texts
to create a network model. We depicted this model as a
two-dimensional network graph that showed the relative location
of the argumentation types within the resulting two-dimensional
space. We used the ENA online tool to create the network graphs.>
In addition to the descriptive analyses, we calculated Pearson
with
disconfirmation, and transparency scores (1c). To investigate RQ2,

correlations participants’  overall  justification,
we calculated a multivariate multiple linear regression with the
predictors CDK and SDK and the dependent variables
justification, disconfirmation, and transparency. For RQ3, we first
created two separate ENA networks by grouping the diagnostic

argumentation texts that addressed either accurate or inaccurate
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TABLE 1 Prevalence of the individual facets justification, disconfirmation, and transparency in the 709 diagnostic argumentation texts.

Number of argumentation texts including the facet

Number of argumentation texts missing the facet

Justification 468 (66%)
Disconfirmation 183 (26%)
Transparency 327 (46%)

241 (34%)
526 (74%)
382 (54%)

TABLE 2 Prevalence of the argumentation types, indicated by combinations of the facets Justification (J), Disconfirmation (D), and Transparency

(T), in the 709 argumentation texts.

Argumentation types, indicated by Number of facets

Number of argumentation texts

Percent of argumentation texts

combinations of the three facets included

JDT 3 83 11.7%
JDO 2 90 12.7%
JOoT 2 129 18.2%
ODT 2 7 1.0%
JOO 1 166 23.4%
0oDO 1 3 0.4%
00T 1 108 15.2%
000 0 123 17.3%

diagnostic judgments; we tested the difference between the group
means locations in the network space using a t-test. To facilitate
the statistical testing of the groups’ network differences, we used
the option of means rotation, which aligns the two group means
on the X-axis of the network, thus, depicting systematic variance
in only one dimension in the two-dimensional space (Shaffer,
2017). Moreover, we again calculated Pearson correlations,
including the participants’ overall scores for diagnostic accuracy,
justification, disconfirmation, and transparency. We also explored
partial correlations, controlling for CDK and SDK. For RQ1c and
RQ3, including multiple comparisons (three Pearson correlations
each), the significance level was Bonferroni-adjusted to o = 0.0167
(o =0.05/3). For the other analyses, the significance level was set
to o= 0.05.

Results

RQ1: Justification, disconfirmation, and
transparency

To investigate whether justification, disconfirmation, and
transparency represent distinct subskills or one joint underlying
diagnostic skill (RQ1), we analyzed the prevalence of the
individual facets (1a) and the combinations of the facets (1b) in
preservice teachers’ individual argumentation texts. Moreover,
the
disconfirmation, and transparency in preservice teachers

we analyzed relationships  between justification,
diagnostic argumentation (1c). We considered findings of close
relations to indicate a joint basis of knowledge and skills, and
small or no relations to indicate that the three facets represent

different aspects of diagnostic skills.
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RQla: Prevalence of the facets in preservice
teachers’ argumentation texts

Analyzing the descriptive statistics of the prevalence of
justification, disconfirmation, and transparency in preservice
teachers’ individual argumentation texts, we found that
justification was the most common of the three facets in all
diagnostic argumentation texts (see Table 1): Participants
explicitly stated conclusions and justified them by evaluating
evidence alongside the conclusion in 66% (M = 0.66; SD = 0.47)
of all argumentation texts. Disconfirmation was found in 26%
(M = 0.26; SD = 0.44) of all diagnostic argumentation texts,
indicating that the majority of diagnostic argumentation texts did
not involve differential diagnoses but tended to focus on one final
diagnosis. Moreover, we found transparency concerning the
processes of evidence generation in 46% (M = 0.46; SD = 0.50) of
all argumentation texts, indicating that approximately half of the
diagnostic argumentation texts explained the processes of
evidence generation.

RQ1b: Combinations of the facets in preservice
teachers’ argumentation texts

Descriptive statistics of the combinations of justification,
disconfirmation, and transparency are outlined in Table 2. The
combinations of the three facets can be considered different
types  of which
we distinguished using the following abbreviations: ] indicates

diagnostic ~ argumentation  texts,
the presence of justification, D indicates the presence of
disconfirmation, T indicates the presence of transparency, and
O indicates the absence of a facet (e.g., JOT indicates
justification and transparency without disconfirmation; see

Table 2 for all argumentation types and their prevalence). A
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without disconfirmation.

Argumentation types (indicated by colored squares) plotted in a two-dimensional space to indicate the relationship between the argumentation
types and the individual facets (indicated by gray nodes) and the co-occurrences of the facets (indicated by blue lines). argumentation types are
characterized by: J, Justification; D, Disconfirmation; T, Transparency; O, Absence of a Facet. For example: JOT, Justification and transparency

notable pattern was that argumentation texts addressing more
than one diagnosis usually discussed the different diagnoses
by evaluating evidence to make and justify conclusions (JDT
and JDO), whereas hardly any argumentation texts addressed
differential diagnoses without making and justifying related
(ODT and ODO).
argumentation texts frequently presented a confirmatory

conclusions However, diagnostic
justification of a single diagnosis without discussing
alternative explanations (JOT and JOO). Consequently,
including disconfirmation in diagnostic argumentation was
dependent on including justification, but justification in
diagnostic argumentation was not dependent on including the
facet of disconfirmation, suggesting a relationship of
unidirectional dependency.

To illustrate the types of argumentation texts and their
relationships with the individual facets, we used ENA to plot both
the argumentation types (indicated by colored squares) and the
individual facets (indicated by gray nodes) in a two-dimensional
space (see Figure 3). The two-dimensional space was built based
on the co-occurrences of two argumentation facets each, which
are indicated by the blue lines. The thickness of the blue lines
represents the relative frequency of the co-occurrences (e.g., the
thick line between justification and transparency relates to the 212
co-occurrences of justification and transparency in JDT and JOT).
The positioning of argumentation types (indicated by the colored
squares) along the X-axis is relative to the facets’ co-occurrences,
which is why JOT is located toward the right-sided node of
transparency and JDO is located toward the left-sided node of
disconfirmation. The central positioning of justification is due to
its high overall prevalence (see Table 1). The positioning of
argumentation types along the Y-axis indicates the argumentation
texts’ comprehensiveness regarding the three facets, with the
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extremes of /DT (all facets are present) and OOO (all facets
are missing).

Overall, the findings indicate that preservice teachers tend to
primarily provide justification in their diagnostic argumentation
as an antecedent to including disconfirmation, transparency, or
both. Moreover, the results suggest that there may be a
relationship of unidirectional dependency of disconfirmation
on justification.

RQlc: Relations of justification,
disconfirmation, and transparency

Beyond exploring the three facets in the individual
argumentation texts, we also analyzed the descriptive statistics
and correlations of preservice teachers’ justification,
disconfirmation, and transparency across the cases. The
descriptive results of the facets’ total scores (see Table 3) were
consistent with the pattern found in the individual
argumentation texts (see Table 1). Participants mostly focused
on justification (M 3.83, SD 1.58), rarely used
disconfirmation (M = 1.53, SD = 1.41), and put a medium
emphasis on transparency (M = 2.67, SD = 1.81). The

correlational analysis (see Table 3) indicated that justification

and disconfirmation were significantly correlated, with a large
effect (r = 0.568, p <0.001). By contrast, transparency was not
significantly correlated with justification (r = 0. 055, p = 0.554)
or disconfirmation (r = 0.025, p = 0.787). Considering the
unidirectional dependency of disconfirmation on justification
(see the results of RQ1b), we interpreted the overall result
pattern as suggesting that justification, disconfirmation, and
transparency are distinct facets of diagnostic argumentation
rather than indicators of a uniform skill.
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TABLE 3 Descriptive results and Pearson correlations of preservice teachers’ scores for the three argumentation facets justification,
disconfirmation, and transparency, as well as conceptual and strategic diagnostic knowledge and diagnostic accuracy.

M SD 1. 2. 3. 4. 5.
1. Justification 3.83 1.58
2. Disconfirmation 1.53 141 r=0.568, p=0.000
3. Transparency 2.67 1.81  r=0.055p=0.554 r=0.025p=0.787
4. Conceptual diagnostic knowledge 8.86 1.66  r=0.265p=0.004 r=0.234,p=0.011 r=0.041,p=0.659
5. Strategic diagnostic knowledge 6.70 039  r=0.252,p=0.006 r=0.042,p=0.652 r=0.194,p=0.035 r=0.130,p=0.161
6. Diagnostic accuracy 4.42 094 r=0.284,p=0.002 r=0.105p=0.259 r=0.059p=0.526 r=0.185p=0.045 r=0.222,p=0.016

RQ2: Relations of conceptual and
strategic diagnostic knowledge with
justification, disconfirmation, and
transparency

To explore the extent to which CDK and SDK predicted the
dependent variables of justification, disconfirmation, and
transparency, we calculated a multivariate multiple linear
regression. Participants achieved M = 8.86 points (SD = 1.66)
out of a maximum of 14 points on the CDK test and M = 6.70
points (SD = 0.39) out of a maximum of eight points on the SDK
test (see Table 3). The Pearson correlations of the three
argumentation facets with the variables CDK and SDK are
reported in Table 3. The overall regression model with the
predictors  CDK SDK  significantly  predicted
justification—F(2, 115) = 7.725, p = 0.001—and explained
11.8% of the variance. Both CDK (p = 0.236, p = 0.009) and
SDK (B = 0.222, p = 0.013) contributed significantly to the
model. Similarly, disconfirmation was significantly predicted by

and

the overall regression model, with the predictors CDK and
SDK—F(2, 115) = 3.331, p = 0.039—explaining 5.5% of the
variance. Whereas CDK (f = 0.232, p = 0.012) contributed
significantly to the model, SDK did not (f = 0.012, p = 0.898).
By contrast, transparency was not significantly predicted by the
overall regression model, including both predictors, CDK and
SDK—F(2, 115) = 2.264, p = 0.109—which explained 3.8% of
the variance. CDK (B = 0.016, p = 0.861) was not a significant
predictor of transparency; however, SDK (B = 0.192,
p = 0.040) was a significant predictor of transparency in
diagnostic argumentation.

Overall, justification, disconfirmation, and transparency were
each partially explained by CDK, SDK, or both, with small effect
sizes. Across the three facets, there were considerable differences
in the amounts of variance explained by CDK and SDK. Moreover,
the pattern in which CDK and SDK predicted justification,
disconfirmation, and transparency differed considerably.

RQ3: Relationship between diagnostic
judgment and diagnostic argumentation

To explore whether diagnostic judgment and diagnostic
argumentation represent different diagnostic skills, we started

Frontiers in Education

again by plotting argumentation texts in ENA. First,
we grouped argumentation texts according to diagnostic
accuracy to compare argumentation concerning inaccurate
versus accurate judgments. Second, we explored preservice
teachers’ total scores to investigate whether diagnostic
accuracy correlated with justification, disconfirmation, and
transparency in diagnostic argumentation.

To explore whether the argumentation texts differed if
concerning an accurate vs. an inaccurate judgment, we grouped the
individual argumentation texts by diagnostic accuracy and created
one overall ENA network per group. We descriptively compared
the networks of the groups of argumentation texts concerning
accurate judgments (see Figure 4A) and inaccurate judgments (see
Figure 4C), which we found to be highly similar (see also the
comparison plot in Figure 4B, which shows the other two networks’
differences). To determine whether the two groups of
argumentation texts differed significantly, we centered the
networks, resulting in the two group means (indicated by colored
squares, with confidence intervals indicated by colored dashed
boxes) depicted in Figure 4B.

All networks in Figure 4 were rotated to align both group
means to the X-axis, which enabled statistical testing of group
differences in a single dimension (Shaffer, 2017). The positioning
of the group mean of argumentation texts concerning inaccurate
judgments (M = —0.01, SD = 0.38, n = 100) was not statistically
significantly different from the positioning of the group mean of
argumentation texts concerning accurate judgments (M = 0.01,
SD = 0.41, n = 457; (153.53) = 0.56, p = 0.58, Cohen’s d = 0.06).
The analysis suggests that, overall, argumentation texts did not
differ if addressing an accurate versus an inaccurate judgment.

We proceeded with a correlational analysis of preservice teachers’
total scores to investigate whether their overall diagnostic accuracy
was correlated with justification, disconfirmation, and transparency
(see Table 3). On average, participants achieved a diagnostic accuracy
of M = 4.42 points (SD = 0.94) out of a maximum of six achievable
points. We found that participants’ diagnostic accuracy and
justification were significantly correlated, with a small effect
(r = 0.284, p = 0.002). By contrast, diagnostic accuracy was not
significantly correlated with either disconfirmation (r = 0.105,
P =0.259) or transparency (r = 0.059, p = 0.526).

To determine the role of CDK and SDK in explaining the
relationship between diagnostic accuracy and justification,
we calculated a partial correlation between diagnostic accuracy and
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FIGURE 4

Networks across diagnostic argumentation texts, grouped by diagnostic accuracy and rotated by group means: (A) shows the network of
diagnostic argumentation texts concerning inaccurate judgments. (C) shows the network of diagnostic argumentation texts concerning accurate
judgments. (B) shows the comparison plot, which depicts the differences between the other two networks, as well as the group means (indicated
by colored squares) and confidence intervals (indicated by colored dashed boxes) of the other two networks.

justification, statistically controlling for CDK and SDK (see Table 3
for the Pearson correlations of CDK and SDK with the argumentation
facets and diagnostic accuracy). We found that the resulting partial
correlation between diagnostic accuracy and justification in
diagnostic argumentation remained significant, with a small effect
(r=0.211, p = 0.023). Thus, controlling for CDK and SDK hardly
decreased the effect size of the correlation between diagnostic
accuracy and justification. Consequently, our results suggest that
CDK and SDK are not the variables that primarily explain the
relationship between diagnostic accuracy and justification.

Overall, the results only indicate a weak relationship between
the accuracy of preservice teachers’ diagnostic judgments on the
one hand, and justification, disconfirmation, and transparency in
their diagnostic argumentation on the other. CDK and SDK did
not explain the small correlation between diagnostic accuracy and
justification. Moreover, groups of argumentation texts concerning
inaccurate versus accurate judgments did not show a statistically
significant difference. These findings suggest that diagnostic
judgment and diagnostic argumentation can be considered
different diagnostic skills.

Discussion

In exploring whether justification, disconfirmation, and
transparency represent distinct subskills or one joint underlying
diagnostic skill (RQ1), we found that preservice teachers primarily
provide justification in their diagnostic argumentation as an
antecedent to including disconfirmation or transparency in their
diagnostic argumentation. Furthermore, we found a unidirectional
dependency of disconfirmation on justification; diagnostic
argumentation texts presenting more than one diagnosis usually
discussed the differential diagnoses by evaluating evidence to make
conclusions; however, preservice teachers often only argued for their
final diagnosis without discussing competing explanations.
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Concerning the interrelations between justification, disconfirmation,
and transparency, we found that they were distinguishable facets of
diagnostic argumentation. Determining the extent to which
justification, disconfirmation, and transparency were explained by
CDK and SDK (RQ2), we found that justification was predicted by
CDK about diagnoses and evidence as well as SDK about diagnostic
approaches and activities. Disconfirmation of different diagnoses was
only predicted by CDK of diagnoses. By contrast, transparency about
the diagnostic approaches for generating evidence was only predicted
by SDK of diagnostic proceedings for generating evidence. However,
the variance explained by CDK and SDK was low. Furthermore, the
accuracy of diagnostic judgments and justification, disconfirmation,
and transparency in diagnostic argumentation did not necessarily
seem to be related (RQ3). Overall, groups of argumentation texts
addressing either accurate or inaccurate diagnostic judgments did not
show a statistically significant difference. However, in contrast to
disconfirmation and transparency, we found that justification in
diagnostic argumentation was significantly correlated with the
accuracy of diagnostic judgments. Despite statistically controlling for
CDK and SDK, the relationship between the accuracy of diagnostic
judgments and justification in diagnostic argumentation remained
significant, suggesting that other variables may be important in
explaining the relationship.

Overall, we interpreted the results as suggesting that
diagnostic judgment and diagnostic argumentation might
be different diagnostic skills. Finding a relationship between the
accuracy of diagnostic judgments and justification in diagnostic
argumentation supports the relevance and validity of the construct
of diagnostic argumentation. Yet, the argumentation facets
seemed to be sufficiently distinguishable from one another and
from diagnostic accuracy. Finding differences regarding the
predictive patterns of CDK and SDK (see Fortsch et al., 2018)
supports the notion that justification, disconfirmation, and
transparency are distinct subskills of diagnostic argumentation.
Justification involves explicitly evaluating evidence as the basis for
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concluding a diagnosis (see Fischer et al., 2014; Heitzmann et al.,
2019). Therefore, justification requires CDK about relevant
concepts (e.g., diagnoses, evidence, and their interrelations; see
Fortsch et al.,, 2018). Moreover, justification requires making
warranted connections between evidence and diagnoses (e.g.,
Toulmin, 1958) to conclude or reject diagnoses, which seems to
be facilitated by SDK (see Fortsch et al., 2018). Disconfirmation
involves addressing differential diagnoses to demonstrate that
alternative explanations have been considered (e.g., Toulmin,
1958; Lawson, 2003), which seems to primarily require CDK
about differential diagnoses. By contrast, transparency, which
involves describing the processes behind evidence generation (see
Chinn et al., 2014; Vazire, 2017), seems to rely on SDK when it
comes to the process of diagnosing a specific problem (e.g., which
informational sources can deliver critical evidence).

Large amounts of variance in justification, disconfirmation, and
transparency remained unexplained by CDK and SDK. Our findings
raise the question of which additional kinds of knowledge and skills
may be used when formulating justified, disconfirming, and
transparent diagnostic argumentation. Beyond CDK and SDK,
we propose two additional variables that might play a role in
explaining justification, disconfirmation, and transparency within
diagnostic argumentation: (1) knowledge about standards in
diagnosing and diagnostic argumentation (see Chinn et al., 2014;
Bauer et al., 2020) and (2) argumentation skills that are transferrable
across domains (Hetmanek et al., 2018). In teacher education, there
seems to be limited agreement about standards in diagnostic
practices compared with other fields, such as medical education
(Bauer et al,, 2020). Teacher education programs do not yet
systematically teach agreed-upon standards for communicating in
situations that require what we defined as diagnostic argumentation.
Consequently, preservice teachers likely do not have much
knowledge about standards in diagnostic argumentation. There
might also be differences between teacher and medical education in
what are considered suitable standards for diagnostic argumentation
(Bauer etal., 2020). Moreover, teachers and teacher educators might
vary in their views regarding the role of scientific standards in
diagnostic argumentation. Therefore, it is important to continue to
discuss such standards in teacher education. We suggest using
justification, disconfirmation, and transparency as a starting point
from which to further discuss, systematize, and teach standards for
diagnostic argumentation in teacher education.

The performance differences and higher prevalence of
justification observed in the current study may be explained by
argumentation skills that are transferrable across domains. It has
been suggested that cross-domain transferable skills can, to some
extent, compensate for a lack of more specifically relevant knowledge
(e.g., knowledge about standards in diagnostic argumentation;
Hetmanek et al.,, 2018). Accordingly, knowledge about standards in
diagnostic argumentation, as well as cross-domain transferable
argumentation skills, may be relevant for explaining justification,
disconfirmation, and transparency in preservice teachers’ diagnostic
argumentation beyond their CDK and SDK. Other possible sources
of variance are additional kinds of knowledge used in diagnosing
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that were not considered in this study, such as scientific knowledge
that is not pertinent to the context (e.g., Hetmanek et al., 2015) or
subjective theories, beliefs, and epistemic goals (Stark, 2017).

CDK and SDK also did not explain the relationship found
between the accuracy of diagnostic judgments and justification in
diagnostic argumentation. Beyond a joint knowledge base, another
variable that could potentially explain the relationship between
accuracy and justification may be the different types of information
processing that occur during the judgment process (see Loibl et al.,
2020). The literature on dual-process theories (see Kahneman,
2003; Evans, 2008) suggests that controlled information processing
results in more conscious and explicable reasoning compared to
intuitive information processing (e.g., pattern recognition; see
Evans, 2008). Thus, a controlled analysis of evidence during the
judgment process could affect the accuracy of diagnostic judgments
(see Coderre et al., 2010; Norman et al., 2017) and at the same time
facilitate justification in diagnostic argumentation.

Limitations and future research

One methodological limitation that needs to be discussed is
the low internal consistency of diagnostic accuracy across
diagnostic judgments, which may hide further correlations that
were not observed in the results. Low internal consistency values
are a common issue in measurement instruments with small
numbers of items (e.g., Monteiro et al., 2020). However, we did not
assume that low internal consistency was a major issue for our
interpretations because we still found the theoretically expected
relations of diagnostic accuracy with the variables CDK and SDK.

The operationalization of the judgment process in the
simulation-based learning environment might be considered to limit
generalizability to real-life practice situations, in which teachers’
judgment processes might take place over several days or weeks and
involve higher degrees of complexity and ambiguity compared to our
simulated cases. However, in our simulation, preservice teachers
could decide by themselves how much evidence they wanted to
collect, and in which order they would access which informational
sources (e.g., conversation protocols). Therefore, we argue that, for
the purpose of our research goals, the simulation provided a
sufficient representation of a real-world diagnostic situation.

Descriptive results of the participants’ performance in all
three argumentation facets across the measurement points of the
different cases suggest that participants’ performance generally
decreased throughout the data collection. The long duration of
the study might have exhausted the participants or decreased
their motivation. In addition, some participants might have
concluded from the order of the tasks in the simulated cases that
they would not need to include their initially indicated diagnostic
judgments as a conclusion in their subsequently written
diagnostic argumentation texts. Given that the operationalization
of justification required participants not only to evaluate evidence
but also to explicate conclusions in their argumentation texts,
their argumentation skills in terms of justification might have
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been underestimated in our study. Therefore, generalizing to
teachers in authentic classroom situations based on our
participants’ performance should be done with caution.

There are areas other than students’ clinical problems in which
teachers’ diagnosing is relevant (e.g., assessing a student’s level of
skill). Our choice of topic might limit the generalizability of the
findings to other areas of diagnosing in teacher education. However,
we consider the conceptualization of diagnostic argumentation (i.e.,
justification, disconfirmation, and transparency) presented in this
article nonspecific to the content area of clinical problems. Thus,
we expect the result pattern to be replicable in other areas of teachers’
diagnosing, which could be investigated in further research.

To explore the research questions addressed in this paper,
we reanalyzed the data collected in a prior cross-sectional study.
The sample was too small to employ structural equation modeling,
which would have been preferable to analyzing the data with
correlation and regression analyses. Although our results provide
initial evidence of the potential relationships between the
investigated constructs, they must be replicated in future research
using larger samples and advanced methods.

Future research is necessary to further validate the findings that
diagnostic argumentation is a diagnostic skill that is distinct from
diagnostic judgment. For this purpose, we recommend the approach
to investigate preservice teachers performance based on both
qualitative and quantitative data as illustrated in our study. In
particular, possible joint predictors of accurate diagnostic judgments
and justified diagnostic argumentation, such as controlled
information processing during the judgment process, require further
clarification because CDK and SDK did not seem to explain the
relation between accuracy and justification. Additionally, further
research in teacher education should investigate the knowledge and
skills that underlie justification, disconfirmation, and transparency
beyond CDK and SDK, such as knowledge about standards in
diagnosing, cross-domain transferrable argumentation skills, as well
as subjective theories, beliefs, and experiential knowledge regarding
evidence-oriented practice.

In our study, we did not specify a particular recipient to whom
preservice teachers should direct their diagnostic argumentation.
However, diagnostic argumentation might vary considerably
depending on the recipient (e.g., a teacher colleague, a school
psychologist, or a parent) and the argumentative situation (during a
collaborative judgment process or subsequent to making a
judgment). For example, prior research in collaborative diagnosing
has emphasized the potential role of meta-knowledge about the
collaborating professionals role and responsibilities (Radkowitsch
etal,, 2021). Therefore, future studies might systematically investigate
the role of different recipients in teachers’ diagnostic argumentation.

Research may also validate whether professionals in teacher
education perceive justification, disconfirmation, and
transparency as facilitating comprehensibility and persuasiveness
in diagnostic argumentation or whether our suggested conception
of argumentation facets needs to be further specified for the area
of teacher education. One interesting and potentially relevant
direction in which to further develop our conception might
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be found in the literature on professional vision, which
distinguishes between describing and interpreting evidence as
two different forms of how evidence is reported and evaluated in
the context of teachers’ diagnosing (Seidel and Stiirmer, 2014;
Kramer et al., 2021b). Moreover, researchers could explore the
potential of different learning opportunities and support
measures for fostering preservice teachers’ diagnostic
argumentation. Similarly, researchers could investigate whether
diagnostic judgment and diagnostic argumentation have similar
or different developmental trajectories and might benefit from

similar or different forms of instruction.

Conclusion

In this article, we presented evidence suggesting that diagnostic
judgment and diagnostic argumentation might represent different
diagnostic skills. Preservice teachers do not necessarily seem to
be equally capable of making accurate diagnostic judgments on the
one hand, and formulating justified, disconfirming, and transparent
diagnostic argumentation on the other. We suggest that justification,
disconfirmation, and transparency can be considered relevant facets
and distinct subskills of diagnostic argumentation, as our results
appear to indicate differences in the underlying knowledge bases.
Despite the fact that CDK and SDK explain some variance in
justification, disconfirmation, and transparency, the portion of
variance they explain might be rather small. Thus, additional variables
may be relevant predictors of justification, disconfirmation, and
transparency in diagnostic argumentation, such as knowledge of
diagnostic standards or cross-domain transferable argumentation
skills. Including these additional constructs in further investigations
would be a promising direction for future research on diagnostic
argumentation. In addition, it seems particularly important that
researchers and educators in the field of teacher education, as well as
in-service teachers as practitioners in the field, further reflect on
standards in diagnosing and diagnostic argumentation. Justification,
disconfirmation, and transparency may serve as a productive set of
constructs for establishing standards for teachers diagnostic
argumentation in the future.
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This survey research, assessed whether novice secondary school teachers
knew and understood the effectiveness of empirically-supported learning
strategies, namely spaced practice, retrieval practice, interleaved practice,
using multimodal representations, elaborative interrogation and worked-
out examples. These ‘proven’ strategies can be contrasted with frequently
used learning strategies that have been found to be less effective, such as
re-reading, taking verbatim notes, highlighting/underlining, summarizing, and
cramming. This study broadens previous research on teachers’ knowledge of
learning strategies by both refining and extending the methodology used in the
scenario studies, and by administering it to a different, previously unexplored
population. Novice teachers enrolled in a teacher training program (N=180)
in Flanders, Belgium were presented with a three-part survey, consisting
of open-ended questions, learning scenarios and a list of study strategies.
The results show that misconceptions about effective study strategies are
widespread by novice teachers and suggests that they are unaware of several
specific strategies that could benefit student learning and retention. While
popular but less effective strategies such as highlighting and summarising were
commonly named by them in open-ended questions, this was not the case for
proven effective strategies (e.g., studying worked-out examples, interleaving,
and using multi-modal representations) which were not or hardly mentioned.
We conclude that this study adds to the growing literature that it is not only
students, but also novice teachers who make suboptimal metacognitive
judgments when it comes to study and learning. Explicit instruction in
evidence-informed learning strategies should be stressed and included in
both teacher professional development programs and initial teacher training.

KEYWORDS

learning strategies, study strategies, teaching, teacher education, memory

Introduction

Educators are often asked for advice on how to improve their students’ self-study
behavior. This requires teachers to expand their teaching of subject-specific information
with teaching their students how to best process this information (i.e., how to study;
Weinstein and Mayer, 1986). Research into human cognition has provided information on
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concrete learning strategies that support student learning (e.g.,
Dunlosky et al.,, 2013), but has also shown that many learners have
flawed mental models of how they learn, making them more likely
to mismanage their learning (Bjork et al., 2013). Teachers are in
the position to teach students how to optimize their use of study
time to promote efficient and effective learning and better
retention of knowledge and skills in both generic learning to learn
lessons or within their subject-specific classes (Education Council,
2006). Since the beginning of the 21* century, learning strategy-
instruction has indeed become part of several national curricula
(Glogger-Frey et al., 2018). The idea is that teachers’ use of the
evidence-base on effective study-strategies when advising students
can improve students’ self-study behavior (see, e.g., Biwer et al,
2022, for a practical implementation of an evidence-based
program). To move from the evidence into the actual design of
pedagogical practices informed by this best-evidence, it is
necessary to have a deep understanding of what, how, and when
something works in optimal circumstances. To improve students’
study behaviors, it is worth exploiting the most promising
guidelines that have been shown to work for the largest possible
group of pupils. Implementation of a so-called evidence-informed
approach on teaching and learning, based on stable and robust
scientific findings (best-evidence), then offers the chance to raise
practice (see, e.g., Slavin, 2020). The question is, however, whether
novice teachers have this accurate knowledge of the evidence on
which they can base their practice. Knowledge, acquired during
teacher education, can work as a starting point in their teaching
career upon which the can gain further expertise during their
ensuing professional career (Berliner, 2001). In this survey
research, we assessed whether novice secondary school teachers,
who recently graduated from initial teacher training, in Flanders
(Belgium) have accurate knowledge of the effectiveness and
non-effectiveness of particular study strategies.

Effective strategies for acquiring
knowledge and skills

Research on teachers’ knowledge is multifaced because of the
multiple definitions given to the knowledge itself (Elbaz, 1983;
Shulman, 1986; Darling-Hammond and Bransford, 2005).
Teachers’ knowledge about effective study-strategies is part of
what Lee Shulman termed principles of teachers’ propositional
knowledge (i.e., ‘know that, principles derived from empirical
research and theory about learning and instruction (Shulman,
1986; Verloop et al., 2001)). Well over a century of laboratory and
applied research in cognitive and educational psychology has
brought us a number of well-established principles: certain
learning strategies promote retention more and lead to more
durable learning than others (Pashler et al., 2007; Dunlosky et al.,
2013; Fiorella and Mayer, 2016). These strategies can be labeled as
study strategies when students independently employ them to
promote their learning by achieving goal oriented instructional
tasks, often characterized by tests or exams (Winne and Hadwin,
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1998; Dinsmore et al., 2016). Many experiments where learners
are taught or encouraged to apply specific study strategies, such as
rereading, spacing practice, summarizing or highlighting have
been conducted to determine if and how they work and to
determine which lead to longer-lasting learning (as opposed to
achievement on exams). Several key reviews reach converging
findings (Pashler et al., 2007; Dunlosky et al., 2013; Putnam and
Roediger, 2018; Weinstein et al., 2018). In their extensive review,
Dunlosky et al. (2013) discussed 10 frequently used and researched
strategies: spaced practice, retrieval practice, interleaved practice,
rereading, imagery use for text learning, keyword mnemonic,
highlighting, summarization, self-explanation and elaborative
interrogation. They assessed the effectiveness of these strategies
for different age groups, subject areas, types of learning materials,
study tasks and types of learning. Spaced practice and retrieval
practice were, amongst others, qualified as useful strategies that
promote learning, whereas highlighting, rereading, summarizing
and keyword mnemonics were seen as strategies with low utility.
Similarly, Pashler et al. (2007) identified seven effective learning
and study strategies that overlap considerably with Dunlosky et al.
(2013): spaced practice, studying worked examples, combining
graphics with verbal descriptions, using concrete representations,
retrieval practice and elaborative interrogation. These findings has
led the National Council on Teacher Quality (NCTQ) to describe
six learning and study strategies as the core of prospective teachers’
knowledge base on effective learning processes, as their
effectiveness is supported by evidence from multiple sources and
replications, ranging from lab-based studies with paired associates
as study materials to real classroom-settings with authentic study
materials (Pomerance et al., 2016; Weinstein et al., 2018). In
Table 1 these six strategies are presented and accompanied by an
example of their implementation in students’ self-study.

Distributed or spaced practice (i.e., study sessions of the same
material are distributed across time) usually improves retention of
that material in comparison to massing study of that same material
in one long session, keeping total study time equivalent in both
conditions. In a typical experiment, Nazari and Ebersbach (2019)
compared two groups of secondary school students on learning
mathematical calculations (basic probability) in either spaced
fashion (i.e., three practice sessions of 15min on three consecutive
days) or massed fashion (i.e., one 45-min session delivered within a
single day). Students in the spaced condition outperformed the
students in the massed condition on post-tests after 2 and 6 weeks.
Distributing practice extends the total time hypothesis (i.e., people
tend to learn more as a simple function of time spent on the learning
task; Ebbinghaus, 1964) with a timing aspect: introducing spacing
gaps between study sessions enhances long term retention. This
advantage is known as the spacing effect. For recent reviews, see
(Carpenter, 2017; Wiseheart et al., 2019; Latimier et al., 2021).

A related strategy is interleaved practice, where learners alternate
amongst several separate but related topics during one practice
session as compared to blocked practice devoted to a single topic
(Firth et al., 2021). When interleaving (also known as variability of
practice; Van Merriénboer and Kirschner, 2018), practice of each
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TABLE 1 Six effective study strategies applied to students learning.

Study strategy Practical application

10.3389/feduc.2022.996039

Distributed/spaced practice
before the exam.

Interleaving practice

Students can plan to restudy course materials on multiple days before an exam, rather than massing their study on the day and night

After studying negative slopes in graphs, students can switch to studying positive, zero, and undefined slopes; next time, students can

study the four in a different order, promoting discrimination and selecting appropriate strategies for problem solving.

Retrieval practice
in a textbook.
Elaborative interrogation
blood flows in a particular order.
Example-based study

Multi-modal learning

‘When learning about social science, students can practice by recalling answers to questions rather than immediately looking up answers

When students are studying an expository text of the human circulatory cycle, students can ask and explain themselves why and how

Students can study worked-out examples to self-explain the procedure to solve quadratic equations.

Students combine verbal and pictorial information when learning about the hydrological cycle.

specific topic or task is separated from the next occurrence by the
practicing of other topics or tasks. For example, in study sequence
A-B-C-B-A-C-A-B-C... there are three tasks between the first and
second instance of A, one between the first and second instance of
B, and so forth. Thus, by using interleaved practice, learners also
achieve spacing effects but the reverse is not necessarily true. Simple
spacing (A-A-A-interval-A-A-A) does not lead to interleaving.
Interleaving practice is appropriate when students must learn to
distinguish among concepts or terms, principles or types of
problems that appear to be similar on the surface, or see deeper level
similarities in concepts that appear on the surface to be different
(e.g., when to use the formulae for acceleration, velocity, and
resistance). For recent reviews, see, for example, Firth et al. (2021),
Carvalho and Goldstone (2017), and Kang (2016).

Retention is also enhanced when learners engage in retrieval
practice (practice testing) as a study strategy. Here students retrieve
what they have learned either by testing themselves or by being
tested by others such as peers or the teacher. Simply put, when
students are tested on a particular learning material, they are
required to retrieve it from their long term memory to get the
correct answer. Note, these are no-stakes tests meant to support
learning and not to assess learning (summative testing), to unfold
the study process (formative testing) or as a means for self-
evaluation. Retrieval strategies have been shown to be superior to
non-retrieval strategies such as restudying, re-reading or copying
the information, a benefit known as the testing effect (Adesope
et al., 2017; Sotola and Crede, 2021).

Elaboration entails study strategies that foster conscious and
deliberate/intentional connecting of the to-be-learned material
with pre-existing (i.e., prior) knowledge (Hirshman, 2001). To
take advantage of elaboration, students can, for instance, engage
in what is known as elaborative interrogation (i.e., posing and
answering questions about to-be-learned material). The practice

» <

of asking epistemic questions such as “why,,” “when,” and “how;’
can help increase students’ understanding and retention of
concepts (Ohlsson, 1996; Popova et al, 2014). Elaborative
interrogation demands more than just recall of facts requiring
learners to think about information on a deeper level, on such
things as causal mechanisms and comparisons between important

concepts (Pressley et al., 1987).
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Learning from multimodal representations of to-be learned
material (i.e., complementing text-based study materials with
explanatory visual information such as graphs, figures and
pictures) facilitates student learning and retention compared to
studying single representations. Verbal and pictorial coding has
additive effects on recall (Paivio, 1986; Camp et al., 2021; Mayer,
2021). Tlustrations are especially helpful when the concept is
complex or involves multiple steps (Eitel and Scheiter, 2015).

Finally, students learn more by alternating between studying
worked-out examples (i.e., studying example problems with their
solution) and solving similar problems on their own than they do
when just given problems to solve on their own (Kalyuga et al.,
2001; Renkl, 2002). Renkl et al., 1998; Kirschner et al., 2006; Van
Gog et al, 2019). Students’ procedural knowledge can
be improved by replacing approximately half the practice
problems with fully-worked-out examples and then removing
steps, one at a time (i.e., partially worked-out examples) until
only the problem remains. A common variation is to combine
worked examples with prompts to allow students to explain the
information to oneself (Bisra et al., 2018). Connecting concrete
examples to more abstract representations also allows students to
apply concepts in new situations (Weinstein et al., 2018).

Popular but less effective study strategies

Teachers’ propositional knowledge about less effective study-
strategies can also be useful; knowing which strategies are less
effective should not be ignored in evidence-informed practice
(Gorard, 2020). Research has shown that students often employ
suboptimal study-strategies such as re-reading, taking verbatim
notes, highlighting/underlining, and cramming (see, e.g., Morehead
et al., 2016; Anthenien et al., 2018; Dirkx et al., 2019). However, in
order to recognize, identify and evaluate these strategies when used
by their students in order to eventually correct this, it is necessary for
teachers to have an accurate understanding of them. Suboptimal
strategies can be misleading when it comes to allocating study time
in self-paced learning (Dunlosky et al., 2013).

Re-reading texts, an often used and suggested study strategy,
is a passive study strategy as it does not require effortful processing
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of the text (Morehead et al., 2016; Dirkx et al., 2019). Moreover, it
provides students with the false impression of successful learning
due to the increased perceived fluency at second reading of the
text (Rawson and Dunlosky, 2002). That is to say, when reading a
text for a second time students recognize the information in the
text but this is quite different from being able to remember it. A
similar manifestation of this metacognitive overconfidence can
be observed with students copying or rewriting notes or texts
(Kobayashi, 2005). Here students passively engage in often
verbatim copying of information which does not require a type of
processing of the information that stimulates long-term retention,
such as elaboration or retrieval processes. Highlighting or
underlining is a popular study strategy because of its ease of use
and its assumed potential for assisting the storage for important
sections in text materials (Morehead et al., 2016; Dirkx et al.,
2019). Although there is evidence to suggest that students recall
highlighted information better than the non-highlighted
information, in general, students’ highlighting habits are mostly
ineffective as they usually underline unessential information, or
too much or too little information (Ponce et al., 2022). Cramming
is a widely used study strategy where students mass their study
sessions directly prior to exams or tests (Hartwig and Dunlosky,
2012). Massing study sessions, though fruitful for recall at a short
retention interval (i.e., performance on a test), yields sub-standard
recall in the long-term (i.e., learning).

Although summarizing and concept mapping could be seen as
potential examples of active and generative study strategies (Fiorella
and Mayer, 2016), the results of their use are often disappointing.
Summarizing is the act of concisely stating key ideas from to-be-
learned material using one’s own words and excluding irrelevant or
repetitive material. While summarizing is effective in certain
domains and study tasks (e.g., summarizing short expository texts
for history lessons), research has shown that there are a few
important boundaries (e.g., procedural knowledge in for instance
physics and chemistry is not appropriate for creating a summary as
is vocabulary learning; Dunlosky et al., 2013). Concept mapping
might be considered as a form of summarizing where a graphic
organizer is created by identifying key words or ideas, by placing
them in nodes, by drawing lines linking related terms and by writing
about the nature of the relationship along those lines (Schroeder
et al., 2018). Similar to summarizing, boundary conditions of the
strategy have been identified. For instance, Karpicke and Blunt
(2011) found that for studying text passages retrieval practice is more
effective than concept mapping while observing the learning
materials. Studies have also shown that students can struggle to
create summaries or concept maps of sufficient quality if they have
only received basic instructions (e.g., capturing the main points and
on excluding unimportant material, see Rinehart et al., 1986; Bednall
and James Kehoe, 2011; Schroeder et al., 2018) or have either not
sufficiently practiced summarizing or concept mapping so as to
acquire the necessary skills to do it well or lack the necessary prior
knowledge to identify what is important.

However, as noted by Miyatsu et al. (2018), even the
aforementioned more shallow strategies can be tweaked into a
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more effective approach by enriching or combining them with
effective strategies. For instance, rewriting notes by reorganizing
them elicits elaborative processing and studying one’s summary
followed by trying to reproduce it without the summary being
visible takes advantage of the benefits of the testing effect. It is
known that students who solely engage in less effective strategies
(e.g., highlighting without engaging in retrieval practice) tend to
reduce their potential of recall and transfer (Blasiman et al., 2017).

Why do students not know what is
germane to their learning?

The accumulated knowledge from cognitive psychology about
how to study effectively and how to avoid ineffective study
strategies does not necessarily lead to improved learning behavior
by students. The majority of self-report questionnaires reveals that
students are often not aware of the advantages of retrieval practice,
spaced practice, and elaboration strategies and do not often
implement them in their self-regulated learning. Most students
use strategies, such as repeatedly rereading their learning materials
or massing their study, which hamper, rather than improve, their
effectiveness as learners (see, e.g., Kornell and Bjork, 2007;
Karpicke et al., 2009; McCabe, 2011; Hartwig and Dunlosky, 2012;
Dirkx et al,, 2019). This might be partially explained by two
accounts. First, students (and teachers were former students) are
susceptible to — often false — metacognitive intuitions or beliefs
about learning which influences their knowledge (for an overview
of biases and classic beliefs in human learning, see, e.g., Koriat,
1997; Bjork et al., 2013). For instance, monitoring judgments of
learning is typically based on cognitive cues that learners consider
to be predictive for their future memory performance, that is, they
confuse initial performance with learning for long-term
maintenance (Soderstrom and Bjork, 2015). Ineffective strategies
such as massed practice (as opposed to spaced practice), blocked
practice (as opposed to interleaved practice), rereading (as
opposed to elaboration and retrieval practice) intuitively seem to
be more satisfying and fluent because the learner makes quicker
gains during initial study. These quick gains create “illusions of
learning” such as the stability bias which make learners believe
that their future performance will remain as high as during initial
study (Kornell and Bjork, 2009).

Study strategies such as spaced practice, interleaved practice
and retrieval practice reduce this illusion of learning. They can
be grouped under the overarching concept of desirable difficulties,
learning strategies that initially feel difficult in that they do cause
errors and appear to slow down learning, but result in long lasting
learning (Bjork, 1994). Even when learners experience memory
benefits from these desirable difficulties, earlier research has
shown a lack of awareness of the effectiveness of the strategies
when predicting their own future learning while using spaced
practice (Rawson and Dunlosky, 2011), retrieval practice (e.g.,
Roediger and Karpicke, 2006), and interleaved practice (e.g.,
Kornell and Bjork, 2008; Hartwig et al., 2022).
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A second reason why students might not use the most effective
study techniques is that students never learned how to study
effectively or having learnt it, have not properly practiced it so as
to make it a part of their repertoire, or struggle to maintain
beneficial habits of studying (Fiorella, 2020). One influential
source of such information is the teacher, who could provide
students with metacognitive instructions (see further). Research
suggests that teachers could improve students’ knowledge about
study strategies by embedding explicit strategy instruction into
their subject-content teaching (Putnam et al., 2016; Rivers, 2021).
However, several surveys indicate that only 20-36% of students
report having been taught about study strategies (Kornell and
Bjork, 2007; Hartwig and Dunlosky, 2012). In large international
assessments, Flemish students self-report that only 55% of their
teachers support their learning processes (OECD, 2019).

The case for explicit strategy instruction

Pintrich (2002) and Muijs and Bokhove (2020) suggest that
explicit instruction of study-strategies should consist of pointing
out the significance of a strategy (‘know that] i.e., conceptual or
propositional knowledge), how to employ the strategy in
classroom settings (‘know how; i.e., prescriptive or procedural
knowledge), and monitoring and evaluating proper use of the
strategy while providing instructional scaffolds. For instance,
students in courses with explicit instruction on implementing
retrieval practice in self-study were more likely to use the strategy
compared to the control group who did not receive explicit
instruction (McCabe, 2011). Biwer et al. (2020) compared two
groups of undergraduate students who were randomly assigned to
either a 12-week “Study Smart”-program where they received
explicit instruction on metacognitive knowledge or a control
group. During three sessions students learned about when and
why particular learning strategies were effective; reflected on and
discussed their strategy use, motivation, and goal-setting;
experienced ineffective versus effective strategies (i.e., highlighting
versus practice testing) and practiced the strategies in subject-
specific courses. Students in the Study-Smart-condition gained
more accurate knowledge of effective study strategies (e.g., rated
methods based on retrieval practice as more effective and
highlighting as less effective) and reported, for instance, an
increased use of practice testing and less usage of ineffective study
strategies such as highlighting and rereading.

If teachers do not have the propositional knowledge relating
to effective study strategies, they cannot be expected to use, model
them or explicitly teach students to use them. Willingham (2017)
describes this as the necessity to “have a mental model of the
learner”: because the teacher can recognize the underlying
mechanisms in instructional methods or study approaches (e.g.,
retrieval processes while using flashcards), they can also transfer
these strategies to novel situations. Teacher knowledge has indeed
been defined as a central element and precursor of teaching
competence (for a full discussion on teacher knowledge for
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teaching and learning, see, e.g., Toom, 2017). Understanding the
essential theoretical concepts of the strategies is required to notice,
scaffold, and teach strategy-use in generic learning-to-learn
courses or subject-specific courses (Glogger-Frey et al., 2018).
Earlier studies on the use of research evidence find that teachers
pay limited attention to best-evidence findings and rarely consult
it to improve their practices (Dagenais et al., 2012; Walker et al.,
2019). In addition, there is some evidence that teachers do not
begin their careers with this foundational knowledge about
effective strategies for learning and study. Research by the National
Council for Teaching Quality in United States showed that the way
in which essential information on effective learning is covered in
the written study material used in in pre-service teacher education
programs is inadequate (Pomerance et al., 2016). This was partially
replicated by Surma et al. (2018) for Dutch and Flemish teacher
education. They found that in general, teacher education textbooks
and syllabi do not sufficiently cover essential learning strategies
from cognitive psychology or, in some cases, do not cover them at
all. For instance, only three teacher education programs (out of
24) provided textbooks and syllabi with a full coverage on spaced
practice and retrieval practice (i.e., conceptual information,
prescriptive information on how to apply the strategy in regular
classrooms, and references to research). Such results indicate that
teacher candidates may be under-informed, or not informed by
their study materials about effective learning strategies.

In addition to research on the textbooks and syllabi used in
teacher education, survey research is an often-used method to
gain insight in teachers’ knowledge. McCabe (2018) had academic
support instructors rate a list of 36 study strategies for their
effectiveness on 5-point Likert-scale (from not effective to
extremely effective). Several effective study strategies were
recognized as effective (e.g., retrieval practice, answering
questions, spacing study sessions), whereas some (e.g., multi-
modal learning, interleaved practice) were less recognized.
Ineffective study strategies (e.g., rereading, copying notes
verbatim) consistently had lower ratings. McCabe also asked the
instructors to predict the outcomes of four learning scenarios
where two contrasting study strategies were contrasted, each one
describing a ecologically valid/realistic educational situation.
Learning scenarios are a type of vignette-based research, which is
becoming more popular in social science studies because it allows
respondents to react to context-specific cues such as real-life
classroom conditions (Aguinis and Bradley, 2014). The use of
learning scenarios to grasp instructors’ knowledge has since then
been replicated and extended for other populations, such as
pre-service teachers and in-service teachers (Halamish, 2018;
Firth et al., 2021), university instructors (Morehead et al., 2016)
and medical faculty (Piza et al., 2019). The results were mixed,
with some educators capable of both identifying some effective
strategies (e.g., retrieval practice contrasted with the more passive
restudying, Firth et al, 2021) and simultaneously being
unsuccessful in distinguishing an effective strategy from a less
effective one (e.g., interleaved practice versus blocked practice in
all off the aforementioned studies). Table 2 provides a summary of
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all the studies on metacognitive judgments of learning strategies
using scenario-methodology.

Broadening the research base on
knowledge of effective study strategies

The current research broadens previous research on teachers’
knowledge of effective study strategies by both refining and
extending the methodology used in the earlier scenario studies,
and by administering it to a different, previously unexplored
population (i.e., novice teachers). Earlier studies using the
scenario-method had some limitations regarding the number of
study strategies being assessed/rated, the sampling method used,
and the lack of open-ended questions that were presented to
the respondents.

First, most studies only examined a limited number of
learning scenarios where more effective study strategies were
contrasted with less effective ones (Morehead et al., 2016;
Halamish, 2018; Firth et al., 2021). Only spacing, testing, and
interleaving were included in each study, which are all examples
of study strategies within the desirable difficulties paradigm (see
Table 2). Other study strategies with a robust evidence base, such
as studying worked-out examples, elaboration and using multi-
modal representations were rarely or not assessed by teachers.
Moreover, retrieval practice, for example, has not been assessed in
relation to a non-passive study strategy (such as concept mapping).
Increasing the number of scenarios is particularly interesting
because the study strategies can also be interpreted as instructional
strategies from the teacher’s perspective. For instance, teachers can
use retrieval practice by integrating regular low stakes quizzes in
their classrooms (Agarwal et al., 2021). As such, the knowledge
about the strategies in the scenarios also provides insight into the
teacher’s pedagogical knowledge. In the present research
we introduce the participants to seven learning scenario’s which
tackle all the aforementioned limitations.

Second, in previous studies the sample ranged from
pre-service teachers to more experienced teachers (Halamish,
2018; Firth et al,, 2021), but did not explicitly gauge the knowledge

10.3389/feduc.2022.996039

of novice teachers (i.e., teachers who very recently graduated from
teacher training institutions; see participants). This is valuable
because novice teachers have not benefitted from wide-ranging
practical classroom experience nor professional development
programs, both of which might be influential to clarify how
human memory works in the classroom. Earlier research did not
find significant differences between pre-serve and in-service
teachers (Halamish, 2018; Firth et al., 2021). This study adds to a
baseline measurement of novice teacher knowledge, which might
contribute to the understanding of the impact of teacher education
on imparting the essential knowledge and skills to start
the profession.

Third, authors of the previous studies indicated that the
sampling of teachers was probably not consistently representative
due to selection bias arising from convenience sampling
(Halamish, 2018; Firth et al., 2021). In Firth’s study Firth et al.
(2021), data were collected from students in one teacher training
college and in-service teachers were sampled using self-selection.
Halamish (2018), recruited respondents by self-selection through
a call in an online teacher discussion group. We used cluster
sampling, where the sample population is selected in groups
(clusters) based on location and timing.

Finally, it is also worth pointing out that earlier survey
research used closed-answer questioning (McCabe, 2011;
Morehead et al., 2016; Blasiman et al., 2017; Halamish, 2018; Firth
et al, 2021) and, thus, did not ask for spontaneous
recommendations on effective study strategies using open-ended
questions (with notable exceptions for McCabe (2018), who asked
academic support-centers to prioritize three learning strategies,
and Glogger-Frey et al. (2018), who limited their research to
comprehension-oriented learning strategies). McCabe (2018)
found limited evidence for the use of terms from cognitive
psychology (such as retrieval practice or metacognition) which
could indicate that the academic support-center heads were not
familiar with the evidence-base in the field of effective learning
and studying. Open-ended questions examine the respondents’
organization of the knowledge schemes present. If teachers have
sufficient in-depth knowledge of effective learning strategies, they
will be able to prioritize and coherently explain why one strategy

TABLE 2 Metacognitive judgments of learning strategies using scenario-methodology.

McCabe Morehead Morehead McCabe Halamish Halamish Firthetal. Firthetal.

(2011) etal. (2016) etal. (2016) (2018) (2018) (2018) (2021) (2021)
Country respondents Us UsS UsS UsS ISR ISR UK UK
respondents Under-graduate  Undergraduate ~ University level Academic Pre-service In-service Pre-service In-service

Instructors Study-advisors teachers teachers teachers teachers

Retrieval vs. restudying 30% 49% 62% 59% 49% 48% 4.82% 4.7%
Interleaving vs. blocking 16% 13% 23% 12% 3.18% 2.93%
Spacing vs. massing 10% 69% 74% 23% 28% 40% 5.27% 4.45%

Dual coding vs. single coding

Generating vs. non generating

52%
80%

Percentages of respondents who preferred the study strategy with empirical support in the scenario. *Scores of respondents on a 7-point Likert scale (1, the evidence-based study strategy

is not effective - 7: the evidence-based study strategy is very effective).
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is preferred to another. It is therefore expected that novice teachers
can access their knowledge about effective learning-strategies
according to the knowledge structures they possess. One would
expect that the most effective learning strategies (such as spaced
practice and retrieval practice) would be recalled first (Glogger-
Frey etal., 2018). This is especially important because an adequate
knowledge organization is predictive for the accessibility of that
information at a later stage (Prawat, 1989). Open questions should
also be positioned at the beginning of the survey because
measuring this coherent knowledge is more challenging when the
respondents have not already been shown a list of study strategies:
prior knowledge is activated by the list, which can lead to bias in
the assessment.

The current study

Taken together, the results of earlier research on teachers’
knowledge of study strategies indicates that teacher knowledge
might not be sufficient or even available to equip their students
with effective study strategies. It is hypothesized that, based on
earlier research, novice teachers might not be aware of the
effectiveness of study-strategies such as retrieval practice,
interleaved practice and spaced practice and that spontaneous
study advice might include less effective strategies. Given the
methodological concerns in the particular context of survey
research in the area of teachers’ propositional knowledge of
evidence-based study strategies, more research is needed. The
present study examines knowledge about the effectiveness of study
strategies within novice secondary school teachers and further
examines whether these teachers’ spontaneous study-strategy
advice is underpinned by research into human learning. This
study thereby gives insight into the baseline level of knowledge of
novice teachers and extends the methodology used in previous
research by adding learning scenarios and open-ended questions.

Materials and methods
Participants

Participants were 240 novice teachers who followed an
introductory course for novice teachers in secondary education,
organized in two provinces in Flanders, Belgium from 19 Flemish
teacher education institutions encompassing both bachelor and
master-level teacher education programs. Novice teachers were
defined, based on the theory of stages of expertise development,
as practicing teachers with comparable in-group and between-
group professional experience before they reached the stadium of
advanced beginners, which is reached at approximately 1.5 years
of experience, above which an increased teachers expertise level
can be expected (see, e.g., Sabers et al., 1991).

The participants were informed about the research and that
the survey data would be used for research purposes. The
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participants were then asked to consent to their responses being
used in this research. One participant did not consent and was
excluded from all analyses. Of the remaining 239, 59 participants
indicated they had more than 2 years of teaching experience and
were excluded from the analysis. This resulted in a final sample of
180 respondents (Median age =25; SD =6.5; Mean 25.7; male =62;
female=118).

Procedure

The survey was administered to a large population at an
annual kick-oftf meeting for all novice teachers in two provinces
where 19 teacher education institutions were represented.
Permission from the Flemish pedagogical support network was
asked and obtained to conduct the research. There was no
response bias, as most teachers attending the meeting were
expected to participate by their school leaders. The pen and pencil
survey, which took approximately 30min to complete, was
administered live during the meeting. The survey was completed
by the participants anonymously.

The open-ended questions were placed at the start of the
survey in order to identify the study strategies that teachers would
‘spontaneously’ recommend (i.e., recall from their long-term
memory) before being primed by the learning scenarios or lists of
study strategies. Respondents then completed the second part (i.e.,
seven learning scenarios) and the final part (i.e., study strategy
list) of the survey before providing demographic information (age,
gender, type of teacher education, teacher education institute,
years of teaching experience, subject-domain of teaching).
Respondents were restricted from viewing the remaining parts of
the survey and could not return to earlier answered questions to
limit prior questions influencing subsequent answers.

Materials

The instrument used in this study consisted of three major
parts: open-ended questions on study strategy advice; learning
scenarios based on the learning scenarios as described by McCabe
(2011, 2018), Morehead et al. (2016), and Halamish (2018); and a
list of study strategies (based on McCabe, 2018) that respondents
had to rate for effectiveness.

Open-ended questions

First, participants were asked to write down three study
strategies they would recommend to their students to help them
pass a subsequent test. They were instructed to think about
general, not subject-specific study strategies. So as not to influence
respondents with the direction of their response, no answer
categories were provided. In the second open-ended question,
more context-specific cues were added by articulating that the test
would take place in 3 weeks and the student had already studied
the material once, prompting participants to deliberately consider
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spaced and/or retrieval practice as preferred study strategy. For the
second question, teachers were asked to recommend one single
study strategy to their students.

Following the open design of qualitative studies (Creswell
and Creswell, 2017), the data from the first open question was
analyzed before moving to the second open question. First, the
first author read every answer to gain a general overview. As a
second step, the first author followed a process of mixed coding,
both theoretical (i.e., based on the 15-category coding scheme of
Dirkx et al., 2019, as described below) and in vivo (i.e., based on
the participants’ responses). Third, after coding 20 questions, the
first author cleaned the codes, and made a final lists of codes
with relevant example statements. This process resulted in a
coding scheme consisting of 16 categories. Fourth, data from the
free-response question about the three most recommended
study strategies were then classified into 16 categories. The first
10 codes in the coding frame by Dirkx et al. (2019) correspond
to the 10 learning strategies discussed by Dunlosky et al. (2013).
The following four codes correspond to strategies that were not
covered by the above-mentioned article but are often reported as
being used as a study strategy by students. The categories added
by Dirkx and colleagues were copying (i.e., copying of course
materials; see also Blasiman et al., 2017), generating examples
(see Karpicke et al., 2009), cramming (as opposed to spaced
practice), and solving practice problems (i.e., solving problems
provided in students’ learning materials such as textbooks and
electronic learning environments). Another final category was
added after the second phase of coding, namely the code in
which recommendations are collected that form the ‘behind-the-
scenes of studying” and that are not dominated by information-
processing, such as time-management, avoidance of behaviors
counterproductive for learning, concentration, study aids,
attitude, self-discipline, intrinsic or extrinsic motivation (Credé
and Kuncel, 2008). These constructs are also important in
research on learning and metacognition but go beyond the scope
of this article, which focuses on cognitive learning strategies that
facilitate long-term learning.

After the coding process, the percentage of teachers with a
response in each category was calculated. When teachers specified
more study strategies than asked for, the additional strategies were
the
recommendation students should test themselves several times

nevertheless included in the results. For instance,
before the test, consists of two study strategies (i.e., retrieval
practice and spaced practice). Two researchers assessed 25% of the
surveys whether the students’ responses were an example of one
of the strategies that would fit into the coding frame of Dirkx et al.
(2019). The coders discussed their findings, and intercoder
reliability was found to be 82%, which was satisfactory. When
inconsistencies were uncovered, the researchers re-reviewed the
recommendations until they reached agreement. To establish
intercoder reliability, the researchers reanalyzed the same selection
of responses after a period of 4 months and obtained a 96% level
of agreement with previous coding results. The first author coded

the remaining surveys twice.
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Learning scenarios

The second part of the survey consisted of seven hypothetical
study scenarios, each describing two students using two different
study-strategies, one empirically validated as being effective and
one not. Each scenario was based on a educationally relevant
study that investigated the effectiveness of study strategies (see
Table 3). The participants were asked which strategy they would
recommend to their students to achieve long-term learning (i.e.,
better outcomes as measured by delayed-test scores) given a
particular situation.

For example, one scenario contrasting spaced practice and
massed practice presented the following situation: Two students
are preparing for a written test in 3 weeks. They have to study one
chapter, comprising both theory and practice problems. Student
A spaces their practice and study over the 3 weeks. Student B
studies and practices intensively just prior to the test (i.e., the night
before). All told, they study an equal amount of time. Rate the
effectiveness of both students’ study strategies for long
term retention.

In each scenario, participants used a 5-point Likert-scale to
score each strategy of each student in the scenarios. The use of
separate scores per strategy made it possible to assess both the
absolute perceived effectiveness of each strategy and the difference
in perceived effectiveness between the strategies. The authentic
context provided in the scenarios was designed to activate prior
knowledge about cognitive learning strategies. The retrieving and
interleaving scenarios were drawn from previous surveys
(McCabe, 2011, 2018; Halamish, 2018) with minor modifications
in wording to make the learning scenarios more appropriate for
Flemish respondents. This can be seen as replicating and extending
the evaluation of learning scenarios presented in the
aforementioned studies. The remaining five scenarios were novel
(spacing vs. massing; worked examples vs. problem solving; dual
coding vs. single coding; elaborative interrogation vs. rereading;
retrieving vs. mind mapping), with similar style and length, and
were reviewed by a team of international experts in cognitive
science and translatory research in order to validate their contents.
After an iterative process of three rounds of feedback, full
consensus was reached on the content and wording of the
new scenarios.

TABLE 3 Seven learning scenarios.

Comparison of study strategies
(effective versus less effective)

Inspired by

1. Retrieving vs. restudying Roediger and Karpicke (2006)
Experiment 1.

2. Spacing vs. Massing Carpenter et al. (2009)
3. Interleaving vs. blocking Rohrer and Taylor (2007)
4. Worked examples vs. problem solving Sweller and Cooper (1985)
5. Dual coding vs. single coding Mayer and Gallini (1990)
6. Elaborative interrogation vs. rereading ~ Smith et al. (2010)

7. Retrieving vs. mindmapping Karpicke and Blunt (2011)

frontiersin.org


https://doi.org/10.3389/feduc.2022.996039
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Surma et al.

Study strategy list

In the final part of the survey, participants were provided with
a list of 22 specific study strategies (obtained and adapted from
McCabe, 2018) and they were asked to rate on a 5-point Likert
scale, on average, how effective they thought each strategy was for
their students’ learning. The list was slightly refined by adding
some elaborated comments to the initial statements by McCabe.
For example, in the original study strategy list ‘Using pictures’ is
adapted to ‘Search pictures in order to clarify difficult concepts; as
the first statement did not describe how pictures should be used.

Statistical analyses

All survey data was analyzed via SPSS. The alpha level was set
to 0.05 for all statistical tests reported. For the analysis of the
learning scenarios, paired samples t-tests were used to compare
the mean ratings given to the empirically validated and
non-empirically validated study strategies for each scenario and
the resulting effect size are reported with Cohen’s d (De Winter
and Dodou, 2010). Positive effect sizes showed effects supporting
the evidence-based study strategy, while negative effect sizes
showed effects supporting the non-evidence-based strategy.
Hinge-points for small, medium or large effects were 0.2, 0.5, and
0.8, respectively. The data from the seven scenarios were combined
to form an overall accuracy score for each participant. For each
scenario question, each individual participant was coded as a 0 if
the non-empirically validated strategy was given a higher rating
than the empirically validated strategy and a 1 if the empirically
validated scenario was given a higher rating than the
non-empirically validated scenario. Accuracy scores ranged from
a minimum score of 0 (zero correct scenario judgments) to a
maximal score of 7 (all scenarios were judged correctly). The
overall accuracy comparing groups (e.g., masters vs. bachelors and
gender) across all scenarios were calculated via chi-square tests.

For the analysis of the study scenarios, descriptive statistics
were calculated. Paired t-tests were used to compare items that
rely on the same strategy (e.g., “test yourself with practice tests”
and “use flashcards to test yourself” both rely on the testing effect).

Results

To identify relevant clustering in the dataset, a number of
exploratory analyses were first carried out. There were no
significant results from analyses comparing correct strategy
endorsements from the learning scenarios among self-reported
teacher education types (collapsing into three categories for
universities, universities of applied sciences or adult education
programs; (y*=6.141; p>0.05)), nor bachelor/master level
(r*=4.872; p=0.56) nor were strategy endorsements correlated
with teachers years of experience (i.e., 0 or lyear teaching
experience; y*=6.244; p=0.396) nor were strategy endorsements
correlated with age (y*=154.732; p=0.256) or gender (y*=6.620;
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p=0.357). It was not possible to compare the various teacher
education institutions and subject domains due to a limited
number of respondents per teacher education institution or
subject domain. As a result, associations with the demographic
factors mentioned earlier will not be examined further.

Learning strategy recommendations

For a full overview of the top-three recommendations that
would be given to students if they were studying for a test, see
Table 4. Here, we present the most notable results: Summarization
was advised by 95% of the teachers. Less than half suggested
taking a practice test and only 19 (10%) explicitly mentioned that
repeating the subject matter in more than one session (spaced
practice) was advantageous. In contrast, 38 teachers (21%) said
that students should cram the material just before the test. Self-
explanation was a relatively often suggested strategy (39%),
especially in the context of trying to explain the subject matter to
yourself or explaining it to someone else. Some effective strategies,
such as studying worked examples, interleaving, and using
multimodal representations were not or hardly mentioned.

Less effective study strategies such as copying notes, using
mnemonics or re-reading were given less attention. When

TABLE 4 The frequency of recommended study strategies per open
question.

Open question 1 Open question 2:
Study advice fora  Study advice for a
test (3 answers test in 3 weeks (1
per participant answer per
allowed) participant allowed)
Summarizing 172 (95%) 27 (15%)
Practice testing 81 (45%) 15 (8%)
Self-explaining 71 (39%) 7 (4%)
Highlighting 59 (33%) 2 (1%)
Cramming 38 (21%) 5(3%)
Doing practice problems 34 (19%) 57 (32%)
Rereading 30 (17%) 10 (6%)
Elaborative interrogation 18 (10%) 0 (0%)
Spaced practice 19 (10%) 95 (53%)
Organizational & 11 (6%) 26 (14%)
practical advice
Copying 10 (6%) 0 (0%)
Keyword mnemonics 6 (3%) 0 (0%)
Imagery use — 4 (2%) 0 (0%)
multimodal coding
Thinking of real-life 4 (2%) 1(1%)
examples
Interleaved practice 1(1%) 0 (0%)

3.08 advices per teacher 1.34 advice per teacher

The first figure in each cell indicates the absolute frequency of how many times a
particular strategy was recommended by a respondent. The second figure indicates the
percentage of respondents who recommended the study strategy.
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highlighting was mentioned as a recommendation (33%), it was
in combination with another study strategy, such as rereading and
summarizing (e.g., “highlight the most important information
while rereading”; “make a summary using the highlighted text?).

In the second open question, when it was explicitly stated that
the test would only take place in 3 weeks and students had already
studied once, spacing of study moments was explicitly mentioned
by 53% of the teachers. Taking a practice test, however, was only
suggested by 15 teachers (8%). Note that teachers were only
allowed to provide one study-advice on the second open-ended
question. Less effective study strategies such as copying notes,
highlighting and cramming were hardly mentioned. Similar to
McCabe (2018), there was limited evidence for the use of terms
originating from cognitive or educational psychology in both
open questions; that is, there was no mention of concepts such as
testing effects

» «

“retrieval,” “metacognition,

»
>

etc.

Learning scenarios

Novice teachers in the current study made predictions about
learning outcomes for scenarios representing seven evidence-
based study strategies. In Table 5 the descriptive and inferential
statistics per scenario are presented. In all cases, the responses
ranged from the minimum (1) to the maximum (5). For five of the
seven scenarios, participants provided mean ratings indicating
their endorsement of the evidence-based strategy. Interleaved
practice and retrieval practice were not seen as being effective in
scenarios when compared with blocked practice and mind
mapping, respectively. Retrieval practice was judged as being
effective in comparison with restudying.

Study strategy list

Ratings of the strategy’s perceived effectiveness (rated on a
5-point scale with 5 indicating highest effectiveness) are found in
Table 6. The study strategies that are described in the literature as
the least effective (i.e., copying notes, cramming, rereading ...) are

10.3389/feduc.2022.996039

also rated the lowest by novice teachers. Novice teachers consider
study strategies that are based on spaced practice, retrieval
practice, elaboration, multimodal representations, and worked
examples to be effective. Generative study strategies such as
summarizing and mind mapping are also evaluated as being
effective. Items 6 “test yourself with practice tests” and 12 “use
flashcards to test yourself” which both rely on the underlying
mechanism of retrieval practice were not perceived equally
effective (#(179)=38,85, p<0.01). A similar pattern I for items
related to spacing (i.e., items 5 and 11; #(179) =3.10, p<0.01) and
interleaving (i.e., items X and X; #(179)=2.420, p<0.05) and
rereading (i.e., items 5 and 11; #(179)=3.10, p<0.01). Items
concerning elaboration (i.e., items 3 and 7; #(179) =0, p=1.00) and
marking (ie., items X and X; #(179)=0.533, p=0.594) were
perceived equally effective.

Discussion

This study explored novice teachers” knowledge of effective
study strategies. The results of a three-part survey in which
participants were asked to provide study advice for their students
(open-ended questions) and assess the effectiveness of given study
strategies (closed questions) were presented. The results showed
that some misconceptions about effective study strategies are
widespread within novice teachers albeit with a dissimilar pattern
compared to previous empirical research. The results were
consistent across demographic factors. For instance, why teachers
who have recently completed a master’s program do not tend to
have a broader knowledge of effective study strategies. This can
be explained by the curriculum used: a master’s program in
teacher education in Flanders does not encapsulate a more
in-depth package of, for instance, educational psychology, but
mainly expands subject-specific learning content. Overall,
we found two main results. First, there is considerable variability
in the perceived effectiveness of the most effective study strategies
when comparing answers from open questions (i.e., section 1 of
this survey) and closed questions (i.e., sections 2 and 3 in this
survey; learning scenarios and study strategy list). Second,

TABLE 5 Mean ratings (and standard deviations) for empirically validated learning strategies (EV) and non-empirically validated learning strategies

(non-EV) for the learning scenario questions.

Learning scenario EV Non-EV Comparison % EV
M1 SD M2 SD T Cohens d
Testing (EV) vs. restudying 4.07 0.68 2.27 0.83 20.60* 2.37 90
Spacing (EV) vs. Massing 4.44 0.87 2.54 0.87 18.73%* 2.18 87
Interleaving (EV) vs. blocking 3.51 1.10 3.39 0.91 0.97 0.12 44
Worked examples (EV) vs. problem solving 4.03 0.98 2.98 1.07 8.36* 1.02 65
Dual coding (EV) vs. single coding 4.67 0.56 2.46 0.89 26.99* 2.97 96
Elaborative interrogation (EV) vs. rereading 4.50 0.64 2.45 0.77 27.54%* 2.89 96
Testing (EV) vs. mindmapping 343 0.93 4.31 0.70 9.81% 1.07 13

M, Mean; SD, Standard Deviation; EV, empirically validated learning strategy (EV), Non-EV, non empirically validated learning strategy *p <0.05. Responses range from 1=very

ineffective to 5=very effective.
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TABLE 6 Perceived effectiveness of learning strategies as reported by novice teachers.

Mean Std. Deviation
1. Use concrete examples to explain difficult concepts. 4.39 0.610
2. Search for images to clarify difficult concepts. 4.35 0.672
3. Study by explaining the subject matter to others. 4.32 0.821
4. Make a summary, mind map or outline of the subject matter. 4.29 0.757
5. Study the same material several times spaced in time. 4.28 0.748
6. Test yourself through practice tests. 4.28 0.652
7. Ask yourself who-what-why-how.. questions. 4.18 0.654
8. Find similarities or differences in the subject matter. 4.18 0.719
9. Use mind maps, summaries or diagrams. 4.14 0.797
10. Practise by answering questions about the subject matter. 4.12 0.617
11. Try to study the same subject repeatedly spaced in time. 4.11 0.781
12. Use flash cards to test yourself. 3.98 0.756
13. Develop mnemonic devices (such as rhymes) while studying 3.97 0.869
14. Study by imagining the material as you study 3.87 0.756
15. Use examples that explain how to solve an exercise 3.69 0.749
16. Mix up exercises of different types 3.67 0.995
17. Vary the order in which you practice within one study session 3.49 0.952
18. Underline or highlight the most important elements of the course material 3.42 0.978
19. Revisit the parts you have underlined or marked 3.39 0.928
20. Read the course material out loud 3.10 1.023
21. Read the course material several times 2.73 0.960
22. Study the subject matter all at once for a longer period of time 2.09 0.777
23. Copy the course material verbatim. 1.72 0.825

Responses range from 1 =very ineffective to 5=very effective.

teachers often have incomplete knowledge about strategies that do
not tend to produce durable learning; they sometimes prefer
strategies in their study recommendations that have been shown
not to work. In what follows, we elaborate on these

two observations.

Perceived effectiveness of the most
effective strategies

This study contrasts with prior work in that respondents were
asked to answer open-ended questions on effective strategy-use
before assessing learning scenarios contrasting two commonly
used study strategies. There was considerable variation between
strategy recommendations of highly effective study strategies in
the open-ended questions (requiring recall from long-term
memory) and the endorsement of these strategies in closed
questions (possibly requiring only recognition). Results show that
the respondents very often - but not always - provided appropriate
judgments (i.e., preferring the strategy which is backed up by
evidence) when they had to weigh two study-strategies against
each other, but the same effective study-strategies were not
recommended spontaneously to their students in the open-ended
questions. Strong endorsements in learning scenarios does not
automatically turn into obvious recommendations. Spaced
practice, for instance, was mentioned as a strategy by less than half
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of the teachers after it was prompted in the second open-ended
question (i.e., that students had already studied for the test once
and that the test would take place within 3 weeks), while the
majority of the respondents identified spaced practice as a more
effective strategy than massed practice in a learning scenario. A
similar tendency was observed in the third section of the survey,
where items referring to the spacing effect (i.e., “study the same
materials several times spaced in time”) were considered highly
effective. Likewise, retrieval practice was assessed as effective when
contrasted with a rather passive study strategy (i.e., rereading) but
was suggested as a strategy by less than half of the teachers in the
first open-ended question. Interleaved practice, elaboration, using
worked examples, and using multi-modal representations were also
marginally recommended in the open-ended questions. However,
when they were presented in opposition to a less effective study
strategy in the learning scenarios, all except for interleaved
practice were appropriately and almost unanimously identified
as effective.

If novice teachers were presented forced-choice questions, in
many cases they will opt for the right answer, which paints an
relatively optimistic picture. That is, they remember or are capable
of discerning in a paired comparison what works (i.e., they might
possess the tacit knowledge) but cannot freely recall it when only
prompted to do so (i.e., they might not possess deep conceptual
propositional knowledge). This limits the chance that those not
freely recalling the strategy will use the strategy in their teaching
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repertoire is probably negligible. Possessing certain propositional
knowledge is known to precede competently handling the
pedagogical skills related to the knowledge areas in real classroom
situations (Munby et al., 2001). In optimal circumstances, they
should also spontaneously recommend the strategy to their
students, which is not entirely the case with strategies such as
spaced practice, retrieval practice, interleaved practice, using
multimodal representations, and using worked examples. This
also confirms the claim for the introduction of open-ended
questions as a methodological improvement for measuring
learners’ knowledge about study strategies: performing well on the
learning scenarios does not necessarily imply that teachers
spontaneously transfer their knowledge to more ecologically
valid settings.

Another noteworthy observation was that even within one
study single study strategy such as retrieval practice, there were
considerable differences in perceived effectiveness. For instance,
concept mapping, which is essentially a generative strategy, is
considered to be more effective than retrieval practice in a learning
scenario, while the memory benefits of retrieval practice (i.e.,
engaging immediately in trying to remember after a first reading)
are more profitable over time than merely generating concept
maps from open books (Karpicke and Blunt, 2011; Camerer et al.,
2018). Nevertheless, when contrasted with rereading, retrieval
practice yielded superior results. In the first open-ended question,
retrieval practice was advised by less than half of the teachers, but
we were unable to determine from the responses whether retrieval
practice was conceived as merely self-testing (a strategy for self-
evaluation at the very end of the study process) or as a study
strategy to strengthen one’s memory. This suggests that the
respondents might not be fully aware of the cognitive principles
supporting strategies such as retrieval practice (Rivers, 2021). This
limits novice teachers’ to generalize the strategies to novel
situations and instructional methods (Willingham, 2017).
Whether teachers’ and learners are aware of the full advantages of
retrieval practice and for explanations why retrieval practice is not
considered a study strategy but merely an self-evaluation strategy,
should be tackled by future research (see, e.g., Rivers, 2021).

When novice teachers had to assess the effectiveness from a list
of 36 study strategies, on the whole, the most effective strategies
were more often rated higher than those with a weaker evidence-
base. A notable exception — again - is interleaving, where both items
were rated low in effectivity (“Mix up exercises of different types”;
“Alternate the order in which you practice within one study
session”). The lower accuracy of the strategy endorsements related
to mixing up study sequence (i.e., interleaving) is consistent with
earlier research (McCabe, 2018; Firth et al., 2021). Some well
recognized study strategies such as interleaving are counterintuitive
to people as they pose difficulties during the initial learning process
(Bjork, 1994; Clark and Bjork, 2014). Metacognitive insight into
desirable difficulties may be different from that of other effective
strategies and require explicit instruction and practice as some of
the advantages do not appear to be obvious for learners and teachers
at first sight (Soderstrom and Bjork, 2015). Conditions of retrieval
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practice and interleaved practice that often facilitate long-term
retention may appear unhelpful in the short term as they appear to
impede current performance.

One might suspect that when the information on effective
strategies is presented clearly and in contrast to less effective
strategies, the former will appear obvious in hindsight. However,
this does not explain why Flemish novice teachers assess the study
scenarios using desirable difficulties (i.e., spaced practice, retrieval
practice, interleaved practice) differently than other populations.
Compared to earlier studies with similar scenarios, Flemish novice
teachers seem to be notably more accurate in identifying desirable
difficulties than their mostly Anglo-Saxon counterparts. Table 2
shows three study scenarios which were replicated for seven
different population groups in different countries. The explanation
for these differences may be grounded in the fact that novice
teachers recently graduated from teacher education and topics
regarding memory and cognition are still vivid in their minds. If,
however, that was the case, more-effective strategies should have
been spontaneously mentioned and more subject-specific terms
from cognitive psychology should have been generated in the
open questions. This is also at odds with the findings of Surma
et al. (2018) on the contents of teacher education textbooks and
their accompanying syllabi. This research therefore also identifies
possible geographical and curricular issues in surveys on
respondents’ knowledge: generalization about teachers’ mental
models of learning over countries and related teacher education
curricula do not seem to be self-evident.

Perceived effectiveness of the least
effective strategies

The respondents tended to suggest strategies that have been
shown not to work while avoiding strategies that do work. For
example, the vast majority of novice teachers recommend
summarizing as a principal study strategy while this strategy is
described by Dunlosky et al. (2013) as a low-utility strategy. In the
list of study strategies, however, while summarizing was also seen
as highly effective, highlighting and cramming were listed among
the least effective strategies. Copying notes was not often
spontaneously mentioned in the open questions, nor was it
strongly appreciated in the study strategies list.

The reasons for this dispersed perception of effectiveness for
summarizing versus copying/ highlighting/cramming may have
several explanations. First, Pressley et al. (1989, p.5) stated that
“summarizing is not one strategy but a family of strategies” When
a participant notes that summarizing is a robust strategy, it is not
known what the
be summarizing (i.e., declarative knowledge: for one student,

necessarily participant considers to
summarizing is perceived as schematizing single words while for
another it might be making a verbatim transcription of their
textbook) and the way in which summarizing proceeds (i.e.,
procedural knowledge: do I summarize with the textbook open or

closed? Do I summarize after I have already studied the material
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thoroughly? Do I use a summary to review afterwards or to test
myself? Do I summarize aloud or in writing?). For copying and
highlighting, the conceptual and procedural interpretation
appears to be more straightforward. In reality, the manifestations
of summarizing as a study strategy are probably more diverse and
prone to individual differences than the narrow definition that
researchers assign to the concept (Miyatsu et al., 2018). Despite
the fact that teachers do prefer summarizing over retrieval
practice, this choice is unlikely a symptom of their knowledge of
effective studying because learners appear, based on earlier
research, not always fully aware of the boundary conditions of
certain study strategies (Bjork et al., 2013).

A second explanation as to why the novice teachers
spontaneously suggest suboptimal strategies can be found in a
theory-practice gap. Study strategies are often studied in cognitive
science literature as “singletons,” that is as individual and generic
phenomena, whereas in ecologically valid situations, a given study
strategy is often sequentially linked within a series of other study
strategies and linked with specific type of learning content. For
instance, a student who first reads the learning material, rereads
the material while highlighting relevant information, summarizes,
and finishes by testing themselves, uses a number of strategies
labeled as less effective (i.e., rereading, highlighting, summarizing).
As noted earlier by Miyatsu et al. (2018), ineffective strategies,
under certain conditions, can be potent. For example, a strategy
labeled as ineffective such as massed or blocked practice will
sometimes result in a good performance on an immediate test
even though it does little for long-term retention and distracts the
learner by providing suboptimal judgments of future learning. So
far, research on learning strategies has been fairly myopic, focusing
on study strategies in isolation but not often tracing optimal
combinations or study arrangements in holistic ecologically valid
settings (Dirkx et al., 2019). Follow-up research should look at
how learners perceive effective study strategies from a semantic
point of view, which strategies they choose depending on the type
of learning content or subject area, how they combine study
strategies chronologically, and why they do so. A more qualitative
research design may be appropriate for this purpose.

Limitations

One must be careful when interpreting the results of this study,
because multiple factors could have contributed to the discrepancy
between the results of the open-ended and closed questions, and the
lack of consistency regarding the perceived effectiveness of the study
strategies. The limitations with respect to semantics (i.e., do all
respondents interpret the term summarizing identically?), the focus
on individual strategies (i.e., students are likely to use more than one
study strategy during the study process) and the geographical
differences (i.e., Flemish novice teachers score better on scenarios
that probe desirable difficulties than respondents from other
countries) were outlined earlier. The validity of a measurement
instrument is not established in one or two (sets of) studies. For
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example, in follow-up studies learning scenarios can be added that
contrast popular and frequently used strategies such as summarizing
with other generative strategies such as mind mapping to gain a
more fine grained image of novice teachers’ knowledge of study
strategies. A more qualitative approach can be used to determine
how teachers interpret certain (combinations of) study strategies.
Finally, and to state the obvious: Responses are self-reported and
may not reflect novice teachers true educational advice given in
real classrooms.

Conclusion

There remains a noticeable gap between the typical way
learners perceive study strategies and the empirical evidence
regarding their effect on learning, and novice teachers seem to
be no different than their peers elsewhere. The results from this
study add to the growing literature that not only students,
experienced teachers, university instructors, and pre-service
teachers can be suboptimal in their judgments (Morehead et al.,
2016; Halamish, 2018; McCabe, 2018; Firth et al., 2021). Overall,
our data suggests that Flemish novice teachers are consistent in
evaluating given study strategies (specifically: spaced practice,
multimodal representations, and elaboration), but are less able to
spontaneously formulate study-advices about the same study
strategies. Other aspects of the results are more complex. Novice
teachers appeared to be less consistent in their evaluation of study
strategies that rely on the desirable difficulties framework. Indeed,
strategies with the strongest evidence-base, such as spaced practice
and retrieval practice, were not often spontaneously recommended
in open-ended questions. Since there are large discrepancies
between spontaneously recommended study strategies and the
effectiveness scores of the same strategies in closed questions, it is
possible that that novice teachers do not yet exhibit a coherent
image of the learners cognitive architecture. Student teachers
knowledge of learning strategies has been previously described as
‘knowledge in pieces’ (Glogger-Frey et al,, 2018, p. 228), and the
same conundrums are found in novice-teachers study strategy
knowledge. Our indications of the lack of sophistication in novice
teachers’ knowledge highlights the need for teaching them about
and training them in the use of evidence-based strategies
(McCabe, 2018).

Teacher learning and their classroom skills should be seen as
and a dynamic process and a continuum rather than an judgment
of teachers’ knowledge at a fixed time (Blomeke et al., 2015). From
the perspective of translational research— the amalgam of
processes and activities associated with the use of findings from
empirical research to incorporate best-evidence guidelines into
everyday practice (see, e.g., Gorard, 2020) - the presented study
offers an opportunity to examine curricula in both teacher
education and continuing professional development whether they
disseminate the most consistent research results regarding
learning processes. Where best-evidence is used as part of initial
teacher education and continuing professional development
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curricula, teacher performance is found to be superior (Brown
and Zhang, 2016). Explicit strategy instruction in teacher
education and continuous professional development may thus
provide a tangible solution for this knowledge in pieces’ in novice
teachers. Explicit instruction about the concepts, use and
advantages of employing empirically supported learning strategies
thus might promote teachers’ understanding of the mental model
of the learner (Willingham, 2017). As argued by Lawson et al.
(2019), learning about learning and cognition should perhaps
be seen as a separate knowledge domain so that pre-service and
in-service teachers can transfer that propositional knowledge both
implicitly and explicitly to their students. It is important that all
teachers have deep conceptual knowledge of study strategies as
teachers might be considered as ‘memory workers’ who have the
responsibility of teaching their students how learning happens and
how to use effective study strategies to create lasting learning.
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Constructing multi-theory
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situations

Hendrik Lohse-Bossenz*, Christopher Bloss and Tobias
Dérfler

Institute for Psychology, University of Education Heidelberg, Heidelberg, Germany

Research on evidence-based argumentation shows that (pre-service)
teachers have difficulties in orienting their actions to existing theories and
empirical evidence. This article addresses the knowledge content needed
for this and presents a vignette-based procedure. Within each vignette, two
different theoretical perspectives are addressed. The behavior of a teacher
can be either suitable or unsuitable from both perspectives or more or less
suitable depending on the perspective. In study 1, the procedure is piloted
and in study 2, an intervention on a specific area of knowledge takes place.
The results show that participants differentiate the vignettes as expected.
The intervention leads to corresponding increases in knowledge, which likely
relates to a change in the evaluations. The presented approach is discussed
with regard to possible applications in the context of research on evidence-
based argumentation.

KEYWORDS

evidence-based argumentation, teacher education, vignettes, measurement
approach, theoretical knowledge

Introduction

The decisions involved in planning, delivering, and evaluating school lessons are
characterized by high levels of uncertainty (Floden and Buchmann, 1993). In the face
of this uncertainty, teachers may rely on a variety of sources to make their pedagogical
decisions: scientific theories, scientific evidence, subjective theories, beliefs,
anecdotes, recipes, or even gut feelings (Stark, 2017; Kiemer and Kollar, 2021). Given
that information linked to these specific sources is acquired via specific knowledge-
building processes, its epistemic status varies, for example, with respect to
trustworthiness and credibility (Fenstermacher, 1994). Although the idea that
scientific evidence might be valuable in solving practical problems is controversial
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(Brown and Rogers, 2015), the use of educational evidence to
explicate the reasons for pedagogical judgments seems to
be beneficial, at least in cases of classroom problems that
appear to occur repeatedly.

Several sets of findings indicate that (pre-service) teachers
encounter challenges on two levels of scientific reasoning (Csanadi
etal, 2021). On the process level, they may struggle to engage in
the inquiry process (Klahr and Dunbar, 1988) or to follow the
trajectory of epistemic processes suggested by Fischer et al. (2014).
This means that they might not collect enough evidence before
engaging in evaluation of that evidence; as a result, the process is
unsystematic and speculative. On the content level, they may not
be able to relate scientific knowledge from relevant domains to
actual classroom incidents, because they lack the requisite
knowledge that would enable them to make this transfer, or to do
so in a suitable manner (Brown and Rogers, 2015; Hetmanek et al.,
2015; Hartmann et al., 2016).

To date, research has seldom addressed situations in which
different lines of actions (in the sense of conflicting evidence)
are available. Consider, for example, a typical classroom
situation in which two students become angry with one other
and are arguing at a time when all the students have been asked
to work quietly on their worksheets. From a classroom
management perspective, the teacher should intervene
immediately to enforce the classroom rule that time on task
should be maximized (see Lenske et al., 2016 for evidence on
the influence of classroom management on students’ learning
gains). From the perspective of the development of a healthy
classroom climate and peer relationships, the teacher may
instead let the class stop working and use this situation to
explicitly address productive ways to solve peer conflicts
(Jennings and Greenberg, 2009). Here, two educational goals
with unique theoretical and empirical backgrounds come into
play and lead to divergence in the actions that the teacher could
potentially take. Such situations are highly prevalent in
educational settings, and teachers face the challenge of weighing
the benefits of possible actions against one another and coming
to a decision tailored to the specific situation.

Presumably, if teachers make decisions on the basis of the
knowledge that is accessible to them, they may not even perceive
certain cues in the situation that would have led to another
decision (a reflection of insufficient knowledge). In other cases, in
which the teacher does have access to knowledge from different
fields, the process by which they evaluate strands of evidence
which may lead to different decisions (fragmented knowledge) is
not well understood.

To address these issues, this article presents the
construction and validation of a vignette-based instrument,
involving items presenting scenarios in which decisions may
vary depending on the theoretical perspectives on which the
decision is based. After describing the theoretical background
and the process of constructing the instrument, we present two
validation studies indicating that convergent and divergent
theoretical perspectives lead to systematic differences in
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decision-making (Study 1) and that knowledge input
influences judgments in a manner that indicates deeper
evaluation of the cues corresponding to the newly-acquired
knowledge (Study 2).

Theoretical background and
research aims

There seems to be an increasing demand for teachers and
policymakers to orient their respective educational and political
decisions more towards evidence rather than relying on other
sources such as subjective theories or anecdotes (Davies, 1999;
Bromme et al, 2014). Following Stark (2017) and other
researchers, we consider evidence to broadly consist of both
theories and obtained empirical results that are valued by an
individual as being of high scientific quality. That means that
evidence does not have an independent existence in an objective
sense, outside the judgment of individuals who attribute to it the
specific property of meeting scientific standards (Bromme
etal., 2014).

Research in the domain of evidence-based education often
makes reference to the medical profession, where the parallel
term evidence-based medicine is employed (Sackett et al.,
1996). Although the feasibility of transferring theoretical
perspectives from the medical to the teaching profession is
under debate (Stark, 2017), the basic idea that teachers use
evidence in their argumentation for or against specific
decisions seems plausible. In their description of evidence-
based argumentation, Csanadi et al. (2021) differentiate
between content and process levels. The content level relates to
knowledge which is used for evidence-based argumentation.
On this level, strands of knowledge with variable epistemic
status (Fenstermacher, 1994) are brought to bear. In addition
to scientific theories and empirical results, subjective theories
or case knowledge can also be put to use as sources in the
argumentation process (Kiemer and Kollar, 2021). The process
level itself can be further subdivided into the selection and the
use of specific sources (Kiemer and Kollar, 2021). In turn, the
use of specific sources consists of further subprocesses,
including problem identification, hypothesis generation, and
drawing conclusions (Fischer et al., 2014).

Recent research on the process level has provided insight
into the ways in which (pre-service) teachers use or do not use
(2015) have
demonstrated that pre-service teachers - despite being

evidence. For instance, Hetmanek et al.
provided with the necessary information - do not use scientific
evidence in their case analysis. Concerning the content level,
recent studies have directly compared types of source to
explore their specific role in the argumentation process. For
example, Kiemer and Kollar (2021) have demonstrated that
scientific theories are used more often than anecdotes or

subjective theories in case analysis.
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Research gap

To date, there has been a paucity of research concerning the
comparison of sources with comparable epistemic status, such
as convergent or divergent scientific theories. In such
situations, heuristics like ‘scientific theories are more
trustworthy than subjective theories’ provide no value. Instead,
the evidence has to be evaluated with respect to the specific
situation at hand and different strands must potentially
be weighted differently in order to arrive at a decision. To this
end, relevant information in the scenario, typically referred to
as cues, must be observed and ultimately taken into account in
the argumentation process. Furthermore, research on evidence-
based argumentation in the domain of education has mainly
focused on generic issues in teaching, such as motivation or
general instruction. Subject-specific theories are seldomly
addressed as sources of evidence.

To address these gaps, we developed an approach using multi-
theory vignettes. The basic idea is to present situations that can
be perceived differently from different perspectives. By defining
two perspectives and their related core principles a priori in the
process of constructing the vignettes, we can explicitly model
participants’ decision-making processes and formulate hypotheses
concerning their reactions to the situations depicted.

Construction of multi-theory vignettes

Vignettes as a test format are becoming increasingly
popular in the field of teacher education (Brovelli et al., 2014).
Under this approach, each vignette consists of a scenario that
presents an authentic situation from a lesson in school
involving specific issues which necessitate the activation of
professional knowledge in order to address them, and they are
considered to be a suitable tool to assess situational knowledge
or the ability of participants to access their knowledge in
specific situations. In particular, research in the field of
professional vision regularly employs this approach (Santagata
and Angelici, 2010; Meschede et al., 2017).

Under our multi-theory vignette (MTV) approach,
we constructed a set of vignettes containing cues that would
be relevant from two different perspectives: the first falling
primarily under the scope of a specific model of teaching games
in Physical Education (PE), and the second falling primarily under
the scope of self-determination theory (SDT). The core principle
from the former perspective is that of complexity reduction: most
teaching approaches in the domain of PE agree that sporting
games need to be reduced in complexity when they are integrated
into a school’s curriculum (Kolb, 2005). Therefore, the teachers’
behaviors depicted in our vignettes can be considered suitable
from a PE teaching perspective if they involve a cue indicating
some kind of complexity reduction. The core principle from the
latter perspective is the fulfilment of basic psychological needs. If
students” basic psychological needs are fulfilled, this appears to
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enhance their sense that their actions are self-determined and to
increase their intrinsic motivation (Ryan and Deci, 2000).
Research indicates that satisfaction of basic psychological needs is
associated with self-determined motivation (Chen and Jang, 2010;
Goldman et al,, 2017; Hu and Zhang, 2017) and positive learning
outcomes (Baeten et al., 2013; McEown et al., 2014; Salmi and
Thuneberg, 2019). Therefore, teachers’ behaviors depicted in our
vignettes that address students’ psychological needs can
be considered suitable from the SDT perspective.

As complexity reduction and need satisfaction are
conceptually unrelated and are principles that arise from
different
perspectives with their core principles in our vignettes. A

theoretical perspectives, we combined both
convergent vignette would depict a pedagogical situation in
which the action of the fictitious teacher is either suitable (the
core principles are fulfilled) or unsuitable (the core principles
are not fulfilled) according to both perspectives. We adopted a
labelling scheme in which convergent vignettes depicting
suitable teacher behavior were labelled SS because they
suggested a suitable teacher action as seen from both
perspectives. In contrast, convergent vignettes depicting
unsuitable actions were labelled UU, as they suggested an
unsuitable teacher action from both perspectives. A divergent
vignette would depict a teacher action that is suitable from one
of the perspectives and unsuitable from the other. These
vignettes were labelled U,S,, if they depicted an action which
could be considered suitable or need-supporting from the
perspective of motivational psychology or SDT, but an
unsuitable action from the perspective of teaching games; or
S,U., if they depicted an action which could be regarded as
suitable from the perspective of teaching games but unsuitable
from the perspective of SDT or motivational psychology.

A total of 10 experts in the field of sports science with a focus
on teaching games and 11 experts in motivational psychology
were asked to evaluate our categorizations of 26 drafted vignettes
as illustrating suitable or unsuitable actions from their expert
perspective. To this end, they were informed beforehand of which
teacher actions we considered to be suitable or unsuitable in terms
of complexity reduction and need satisfaction. The sports science
experts were not informed of the SDT interpretation of the
vignettes, nor were they asked to rate the vignettes with this
perspective in mind, and vice versa. The experts were also asked
to name possible alternative actions for the teacher in each
vignette. In general, the experts considered the vignettes to
be authentic and suitable for our research purposes. However,
some disagreement emerged concerning the suitability of the
actions described, and experts from both fields suggested
alternative actions for the teacher in a number of cases. It became
clear that sports science experts with a focus on teaching games
weight motivational considerations more heavily than psychology
experts weight sports science considerations. After discussing all
the results, excluding 10 vignettes, and slightly reformulating
some vignettes, we arrived at a final set of 16 vignettes, four of
each type (UU, SS, U,S,,, and S,U,,).

frontiersin.org


https://doi.org/10.3389/feduc.2022.996029
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Lohse-Bossenz et al.

Example multi-theory vignette

There is not much activity happening on the field where 24
fifth-graders are playing dodgeball: only a few students are
actively taking part by running, dodging the ball, trying to
catch it and throwing it at their opponents. One of the less
active players, who has already had to leave the active zone of
the field, is now outside in the passive zone (from where it is
possible to return to the active zone by successfully throwing
the ball at an opponent). She is standing close to the teacher
and says to him: “This game is sooo boring...;” looking
expectantly at the teacher.

The teacher replies that it would not be so boring if she, the
girl, took part in it more actively. When the first round of the
game has finished and the second round is about to begin, the

teacher reduces the size of the field.

This vignette was constructed and used in our test as a
divergent vignette (S,U,,). From the perspective of teaching games,
the teacher reacts rather appropriately to the lack of activity
among his students by reducing the field size (complexity
reduction). This lack of activity is evident in the vignette through
the descriptions of the many passive players on the field and also
the girl’s claim of boredom. Although it cannot be assumed that
the teacher’s response here represents the ideal reaction, it is
certainly a possible solution to a lack of activity during a ball
game. However, from the SDT perspective, the teacher’s reaction
to the girl's complaint is inappropriate because he does not address
the basic psychological needs of the student in this situation (need
satisfaction). His answer makes it clear that he would prefer the
girl to eliminate her negative emotions as quickly as possible.
Additionally, he gives an unclear instruction by telling the girl that
she should take part more actively: it can be assumed that the girl
does not know what ‘taking part more actively’ means. Therefore,
the student’s psychological needs are not satisfied.

General hypotheses on multi-theory
vignette ratings

As described, each vignette contained a problem, a dilemma,
or a challenge to which a fictitious teacher’s reaction was depicted.
Each ended with a description of the teacher’s actions, which were
generally verbal, but sometimes non-verbal. As part of the
instrument, participants were then asked to rate the fictitious
teacher’s action in relation to the statement “The teacher’s action
is suitable, with higher ratings indicating greater perceived
suitability. Convergent vignettes (i.e., those in which the actions
are either suitable or unsuitable from both perspectives) are rather
clear, and we thus expected participants to provide polarized
ratings: UU vignettes should receive the lowest rating and SS
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vignettes the highest rating, indicating high unsuitability and high
suitability, respectively. In contrast, we expected ratings for
divergent vignettes (i.e., those in which the suitability of the
actions varied depending on the perspective adopted) to be close
to the middle of the scale, as participants should be undecided. An
example train of thought for the participant might be: “This is an
appropriate way of dealing with the issue [complexity reduction],
but the way he talks to his students does not seem right... [no
need satisfaction].” However, our objective was to establish a
method of identifying the type of knowledge brought to bear by
different participants in providing their ratings by investigating
individual differences in the ratings of divergent vignettes.
Specifically, if a participant judges the actions depicted in U,S,,
vignettes to be more suitable than those depicted in S,U,, vignettes,
it can be concluded that their knowledge of SDT seems to have
been of greater importance in their decision; conversely, if a
participant judges the actions depicted in S,U,, vignettes to
be more suitable than those depicted in U,S,, vignettes, it can
be concluded that cues relating to the perspective of PE teaching
seem to have been more salient to them. Furthermore, by
examining changes in these differences over time, we expected to
be able to measure the effects of knowledge-building
and application.

The present study

We conducted two studies to test the validity of the MTV
instrument described above (Borsboom et al., 2004). In Study
1, we aimed to pilot the instrument with a sample of student
teachers and a sample of sports science students. We expected
the vignette ratings to exhibit the distribution described above,
with SS vignettes receiving the highest ratings, UU vignettes the
lowest, and US and SU vignettes receiving intermediate ratings.
We also expected that the exact pattern would be dependent on
the sample: specifically, we hypothesized that US,, vignettes
would be associated with lower suitability judgments than S,U,,
vignettes by sports science students and vice versa for student
teachers. In Study 2, we tested the hypothesis that a knowledge
intervention providing information on SDT would elicit an
increase in the difference between participants’ U,S,, and
S¢U., ratings.

Study 1: Pilot
Methods

Student teachers (Sample 1)

Sample 1 consisted of 153 pre-service teachers (127 female)
from a university of specializing in education studies. The
mean age was 21.85years (SD=3.06); 78.5% were in semester
3 of their studies or below, and the remaining 22.5% were in
semesters 4 to 13. The vast majority (79.7%) were working
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towards a Bachelor of Arts in either primary or secondary
education; a smaller number (18.3%) were working towards a
master’s degree in education.

Sports science students (Sample 2)

Sample 2 consisted of 48 sports science students (27
female), with a mean age of 21.10 years (SD =2.15). Most were
working towards a Bachelor of Science (87.5%); the remainder
were working towards a Master of Science (12.5%).
Approximately, 77% were in either their first or their third
semester of study; only two (4.2%) had advanced beyond
semester five.

Instruments

Participants completed the MTV instrument, in which they
were presented with 16 MTVs (four in each condition, sample
item in section 2.4) and were asked to rate the statement “The
teacher’s reaction is suitable’ in relation to each vignette. Ratings
were given on a five-point Likert scale ranging from 1 (I completely
disagree) to 5 (I completely agree). The instrument was
administered online to both participant groups. Language
complexity of vignettes (measured by the LIX-index, Lenhard and
Lenhard, 2014-2022) seems comparable for all types of vignettes:
LIXyy=42.15 (SD=6.35); LIXys =49.49 (SD =3.20); LIX, =45.94
(SD=8.53), LIXs=47.60 (SD=6.48); Kruskal-Wallis-H=2.54,
df=3, p=047; Bayes factor for ANOVA with H;:
LIXyy = LIXys = LIXg, = LIXs compared to unconstraint model H,
indicates moderate evidence for equality assumption (BF;,=2.94).
Subsequently, each participant provided a self-assessment of their
knowledge of both SDT and the teaching of games in PE on a
four-point (sample 1) or five-point (sample 2) Likert scale. To
compare these ratings between scales, we transformed individual
ratings to scores on a scale ranging from 0 (no knowledge) to 1
(advanced knowledge).

Analyses

To explore whether participants’ ratings followed the
hypothesized patterns, mean ratings for each vignette were
calculated. Next, a mean score was computed for each set of
vignettes in the same condition (i.e., UU, SU, US, or SS); these
scores can be interpreted as representing the mean rating for
vignettes within each condition or cluster. Next, we conducted
Welch’s ¢-tests to compare the mean ratings given by participants
in samples 1 and 2 for each condition. We were particularly
interested in these comparisons for the conditions involving
divergent vignettes. Finally, we calculated a Baysian analysis of
variance with repeated measures (Gu et al., 2018; Hoijtink et al.,
2019): mean scores for conditions represented the within-subject
factor with four levels and sample was the between-subject factor
with two levels (sample 1 and sample 2) and the following
informed hypotheses:

HI: pyuy = Hust = Hsui = Mss: (all means are equal in sample 1).
H2: pyus = Hus: = Psuz = sz (all means are equal in sample 2).
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H3: pyui < Msui < Husi < Mss1 (means are ordered with SU being
lower than US in sample 1).
H4: pyu; < pusi <Hsui < Hssi (means are ordered with US being
lower than SU in sample 1).
HS5: pyua < Msua < Pusz < Hss: (means are ordered with SU being
lower than US in sample 2).
H6: pyus < Pusz < Hsuz < Hss; (means are ordered with US being
lower than SU in sample 2).
H7: pyui- Huva=Husi - Hus2=Hsur — Hsua=HMss1 — Hss2 (mean
differences for clusters are equal across samples indicating no

interaction effect).

For each hypothesis, we calculated Bayes factors compared to
the unconstrained hypotheses using the R-package bain (Hoijtink
etal., 2019).

Results

Our research objective in Study 1 was to collect evidence on
the validity of our proposed instrument by comparing participants’
ratings of the suitability of the behaviors depicted in the
convergent and divergent vignettes to our hypotheses regarding
the expected pattern of ratings.

Preliminary analysis: Comparison of groups

As access to relevant knowledge was expected to influence
evidence-based argumentation via its influence on the ability
to identify relevant cues, participants were asked to rate their
knowledge concerning the content of the vignettes; these
ratings are summarized in Table 1. With respect to knowledge
of SDT, both samples (i.e., both student teachers and sports
science students) gave rather low self-reports (with mean
ratings being 0.11 and 0.15, respectively); there was no
significant difference between the groups, #(82)=0.94,
p=0.35, Cohen’s d=0.15. However, as expected, sports
science students reported having significantly more knowledge
of teaching games (M =0.40, SD=0.25) than did student
teachers (M =0.06, SD=0.18), t(64) =8.77, p<0.001, Cohen’s
d=1.69.

Vignette ratings

Average ratings for each vignette are presented in Table 2. In
line with the hypotheses, convergent vignettes of the UU type
received the lowest ratings (sample 1: M =2.39, SD=0.70; sample
2: M=2.42, SD=0.67). In other words, both groups were in
agreement on their judgments of teacher behaviors which we had
constructed to represent unsuitable actions from both
perspectives. Participants from each group rated the individual
UU vignettes (UU1-UU4) slightly differently, but the groups were
approximately in agreement on the overall ordering, with vignette
UU3 receiving the lowest overall rating and vignettes UU1 and
UU2 receiving the highest ratings within this condition. A similar
pattern was observed for convergent vignettes of the SS type,
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TABLE 1 Self-reported knowledge of self-determination theory (SDT) and teaching games in physical education.

Type of Student teachers Sports science students Welch’s t-test and effect size
knowledge

N M SD N M SD t d.f. P Cohen’s d
SDT 150 0.11 021 48 0.15 021 0.94 82 0.35 0.15
Teaching games 152 0.06 0.18 48 0.40 0.25 8.77 64 <0.001 1.69

TABLE 2 Vignette ratings: descriptive statistics and group
comparisons.

Vignettes* Student Sports Welch’s t-test and
teachers science effect size
(N=153) students
(N=48)
M SD M SD t df p d
uul 295 110 285 1.5
uu2 291 119 313 105
uu3 156 077 177 107
UU4 212 115 191 101
239 070 242 067 027 81 079 0.04
US1 371 112 357 115
Us2 331 135 338 134
US3 168 094 142 074
US4 271 117 267 1.02
284 060 273 051 125 91 022 019
SU1 411 107 393 116
SU2 260 131 330 123
SU3 252 125 265 119
SU4 362 113 356 133
323 073 335 083 09 71 037 0.6
SS1 401 115 364 126
SS2 407 1.02 409  1.09
$S3 381 115 375 1.26
SS4 314 127 314 122
377 071 361 079 125 72 021 022

*U, unsuitable; S, suitable, first letter indicating sports science perspective, second letter
indicating psychological perspective.

which received the highest overall ratings (sample 1: M=3.77,
SD=0.71; sample 2: M=3.61, SD=0.79).

The conditions containing divergent vignettes (US and SU)
received intermediate ratings from participants in both groups, a
result that was also in line with the hypotheses. Additionally,
participants in both groups judged the actions in US vignettes
(M,;=2.84; M,=2.73) to be slightly less suitable than those in SU
vignettes (M, =3.23; M,=3.35). Within these conditions, the rank
order of the suitability of individual vignettes was constant across
both groups, although the mean ratings varied.

Repeated measures ANOVA indicated a significant main
effect for the within-subject factor “vignette condition” with
F(3)=119.334, p<0.001, partial n*=0.377. Post-hoc comparisons
with Bonferroni correction revealed significant differences
(p<0.001) between each condition (UU, US, SU, and SS).
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Comparison of ratings by student teachers and
sports science students

The results of an independent-samples Welch’s t-test indicated
that there was no significant difference between the two groups in
their ratings of UU vignettes. The corresponding effect size
(Cohen’s d=0.04) indicated that the difference was below the
threshold to be considered even a small effect. Similarly, both
groups gave comparable judgments in response to the SS vignettes,
representing items in which the teacher action was intended to
represent a suitable response from both perspectives. There was
no statistically significant difference between the ratings given by
each group on this condition, and the (statistically insignificant)
standardized mean difference (Cohen’s d=0.22) was just above the
threshold of what is considered to be a small effect.

Concerning the divergent vignette conditions, once again no
significant effect of group was observed. A comparison on the
descriptive level of the within-group difference between ratings of
the SU and US vignettes across groups indicated that there was a
larger difference in the case of sports science students, who self-
reported having greater knowledge of PE teaching (ASU-
US=0.61, SD=0.87), compared to pre-service teachers (ASU-
US=0.38, SD=0.88). However, this difference in differences was
not significant, #(79) =1.62, p=0.11, Cohen’s d=0.27.

In the repeated measures ANOVA results from the paired
Welch-tests could be replicated by a non-significant main effect
for sample [F(1)=0.158, p=0.692]. Further, a non-significant
interaction between condition and sample [F(3)=1.518, p=0.209]
leads to the assumption that judgments did not depend on the
sample. The results from the frequentist approach were supported
by bayesian evaluation of informed hypotheses: Bayes factors
indicated strong evidence for H4 (BF,,=20.98, means are ordered
with US being lower than SU in sample 1), H6 (BF;,=21.52, means
are ordered with US being lower than SU in sample 2), and H7
(BF,,=13.49, mean differences for clusters are equal across
samples indicating no interaction effect).

Overall, our results indicated that participants were able to
identify relevant cues in the vignettes in judging the suitability of
specific teacher actions, and this led to a pattern of ratings that
conformed to the hypotheses. However, differences between the
two groups in terms of the mean ratings they gave were observed
only on the level of individual vignettes, with no differences
observed in the groups’ average ratings over any of the aggregated
conditions (UU, US, SU, or SS). There was a tendency in the case
of the divergent vignette conditions towards a difference between
the groups, in the hypothesized direction, but this did not reach
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statistical significance. This lack of systematic differences between
the groups may be attributable to the fact that the participants had
not had enough opportunities to build a sufficient knowledge base
in their respective fields. To address this issue, we conducted Study
2, in which a specific knowledge intervention was implemented.

Study 2: Intervention

Methods

This study was carried out in the course of a unit of teaching
taken by students as part of their degrees in education studies.
We developed a short intervention and tested whether this
changes how participants perceive the suitability of teacher actions
in our MTVs.

Design and sample

To investigate whether knowledge input would change
participants’ judgments in relation to our MTVs, we employed a
pre—post intervention design. At the beginning of the unit, a
pre-test including a similar MTV instrument to the one used in
Study 1 was administered to participants. After participating in
the knowledge intervention, they also completed an identical
post-test. The entire procedure, consisting of the pre-test,
knowledge intervention, and post-test, took place during the
regular 90-min session for delivery of the unit in question.

The 46 participants (72% female) were recruited from a single
university specializing in education studies and had mean age of
24.59 years (SD=1.88). All participants had already obtained a
bachelor’s degree in the field of education, either at the primary
(65%) or the secondary (35%) level, and at the time of the study,
they were working towards a master’s degree in education. Most
(approximately 85%) were in the first year of their master’s studies;
36 had already completed an obligatory semester of practical
teacher training in a school, and 10 had yet to do so. Of the 48
potential participants who initiated participation by beginning the
pre-test, 46 (96%) completed the entire pre-test. Following the
knowledge intervention, 42 participants began the post-test.
Ultimately, full data (i.e., a linked pre-test and post-test) were
available for 38 participants.

Intervention

The intervention administered in Study 2 aimed to enhance
student teachers’ knowledge of SDT, and specifically their
understanding of the core principle of basic psychological needs
and the ways in which teachers might foster need satisfaction in
the classroom setting. The intervention was embedded in a
seminar on learning and motivation theories, in the form of a unit
which lasted approximately 60min. The unit began with an
overview of SDT, including presentations of cognitive evaluation
theory and organismic integration theory as sub-theories (Ryan
and Deci, 2000). Subsequently, the focus was on providing an
explanation of competence, autonomy, and social relatedness as
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basic psychological needs which foster self-determined forms of
motivation. The key overall message, therefore, was that teachers
design the motivational climate of their classrooms in such a way
as to fulfil certain basic needs to variable extents. Finally, based on
this theoretical perspective, various possible actions specifically
linked to the satisfaction of basic needs were presented.
Participants were free to ask questions during the unit and to
make comments based on their own ideas or understanding.
Questions and comments were handled discursively; nevertheless,
this intervention overall can be considered to have been rather
directive. The intervention was administered as an online course
via the platform Zoom.

Instrument

The pre-test and post-test included an online questionnaire
with several parts. In addition to collecting several demographic
variables (e.g., gender and age), we asked participants to self-rate
their knowledge of SDT on a scale from 1 (no knowledge) to 6
(advanced knowledge). Additionally, we constructed a knowledge
test on the topic of SDT, consisting of nine multiple-choice items
whose content was directly linked to the content of the knowledge
intervention. Participants’ responses to each item were coded as
0=incorrect or 1 =correct, and overall test scores were calculated
by summing these values, resulting in a range of possible test
scores from 0 to 9.

The central component of both tests was the MTV
instrument. Due to time restrictions, we divided the 16
vignettes into two comparable subsets, each containing eight
items consisting of two from each condition (UU, SU, US, and
SS).
assignment to breakout sessions in Zoom) to complete one of

Participants were randomly assigned (via random

the subsets of items for the pre-test and each completed the
same subset again in the post-test phase. In each case,
participants rated the teacher’s actions described in each
vignette on a six-point Likert scale ranging from 1 (7The
teacher’s action is unsuitable) to 6 (The teacher’s action is
suitable). The purpose of using a six-point scale, rather than a
five-point scale as in Study 1, was to avoid the possibility of
participants selecting the midpoint of the scale, thus
encouraging them to choose at least a specific direction for
their evaluation. We anticipated that this would allow us to
observe any changes in their decision-making more clearly.

Analyses

To test our hypothesis that the knowledge intervention would
lead to changes in participants’ MTV ratings, we first examined
whether knowledge gains had occurred using a paired-samples
t-test to compare pre- and post-test scores on self-assessed
knowledge and knowledge test scores. Subsequently, we computed
mean scores for each condition of the vignette instrument (UU,
SU, US, and SS) and carried out paired-samples t-tests comparing
participants’ pre- and post-test judgments for each condition. To
quantify the effects, we also computed Cohen’s d as a measure of
effect size.
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Results

Our research objective for Study 2 was to investigate whether
an intervention involving knowledge input would alter

TABLE 3 Vignette ratings in the intervention study and results of
comparisons between pre- and post-test ratings.

Vignette* Pre-test Post-test  Paired t-test
N M SD M SD t df pee dru
sided  pooled
UUAL 19 184 083 174 099
UUA2 19 226 105 216 107
UUBI 19 284 126 242 117
UUB2 19 221 127 179 118
uu 38 229 089 203 096 302 37 001 -049
SUA1L 19 311 149 305 131
SUA2 19 242 102 258 107
SUBL 20 290 129 305 154
SUB2 19 432 116 411 129
Ny 39 322 098 318 113 025 38 040 —0.05
USAL 19 395 131 447 135
USA2 19 347 126 374 156
USBI 19 416 101 384 146
USB2 20 340 127 385 131
Us 39 376 076 399 098 -156 38 006 024
SSA1 19 505 103 489 115
SSA2 19 479 103 505 071
SSB1 19 458 135 463 138
SSB2 19 447 165 484 126
ss 38 472 100 48 098 -089 37 019 013

*U, unsuitable; S, suitable, first letter indicating sports science perspective, second letter
indicating psychological perspective, A and B indicate to which subset the respective
vignettes belonged.

10.3389/feduc.2022.996029

participants’ judgments of the suitability of teacher behaviors in
the MTVs.

Effect of the intervention on
self-determination theory knowledge

To test for an intervention effect independently of the MTV
instrument, we analyzed participants’ knowledge gains between the
pre- and post-tests on the basis of their self-assessments and the
more objective knowledge test. The results indicated that participants
made sizeable knowledge gains: average self-assessed knowledge
scores increased significantly from 2.31 (SD=0.80) to 3.87
(SD=0.89), #(38)=10.71, p<0.001, Cohen’s d=1.60; and average
scores on the SDT knowledge test increased from 5.26 (SD=1.41) to
6.46 (SD=1.07), 1(38) =5.45, p<0.001, Cohen's d=0.80.

Effect of the intervention on MTV ratings

The intervention aimed to increase participants’ knowledge of
SDT, and more specifically their understanding of the core
principle of the satisfaction of basic needs. Therefore, we expected
that, following the intervention, participants would be better able
to identify the SDT-related cues included in the MTVs, and thus
that they may judge the actions depicted in UU and S,U,, items to
be less suitable, whereas they may judge those depicted in U,S,,
and SS items to be more suitable. Descriptive statistics (Table 3)
indicated that participants’ ratings of items in all conditions
shifted in the expected directions; Figure 1 further illustrates the
changes in average ratings and dispersion values between the pre-
and post-test.

However, statistical comparisons of the mean differences
indicated that these did not reach the level of statistical
significance (p<0.05), with the exception of condition UU,
t(37)=2.30, p<0.05, Cohen’s d=-0.49, BF,,=1.98 [weak
evidence for H;: ppe > Hpog]- According to the standardized mean
differences (Cohen’s d), the changes in rating for the US and SS
conditions were rather small (d=0.24 and d=0.13, respectively),

time
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o
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o
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cluster
FIGURE 1
Comparisons of mean absolute ratings and mean difference in ratings for each condition between pre- and post-test.
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while the change in rating for the SU condition was close to zero
(d=-0.05). Figure 2 presents an illustration of Bayes factors for
HI: Ppre> Hpows H2: Hpre = Hposs and H3: pp. > Ppog against the
unconstraint model.

Discussion

In this study, we tested MTVs as a tool for the presentation, in
a measurement instrument, of authentic situations including
content cues linked to two different theoretical perspectives. In
particular, we constructed vignettes that could be evaluated from
the perspective of teaching games in PE and from the perspective
of self-determined motivation, which would involve application
of the core principles of complexity reduction and need
satisfaction, respectively. From each of these perspectives, the
specific teacher action depicted in each vignette could
be considered to be either suitable or unsuitable, producing four
types of vignettes, two convergent and two divergent. In two
studies, we demonstrated that participants’ judgments of the
suitability of the teacher’s behaviors varied as expected according
to vignette type. Furthermore, a brief knowledge intervention
elicited change in participants’ judgments between a pre-test and
a post-test.

Multi-theory vignettes as a research tool

Evidence-based education as a field of research has gained in
importance, with an increasing focus on the process level: that is,
on evidence-based argumentation (Csanadi et al., 2021). In this
domain, existing research indicates that (pre-service) teachers
vary in their approaches to the selection and use of different
sources of evidence (Kiemer and Kollar, 2021). Those sources can
be considered to vary in their epistemic status (Fenstermacher,

10.3389/feduc.2022.996029

1994) and utility value (Kiemer and Kollar, 2021). However, there
is little existing research addressing the selection and use of
competing strands of evidence that are of comparable
epistemic status.

From the perspective of evidence-based argumentation,
participants presented with our MTVs are confronted with a
rather weakly-defined scenario: although some contextual
information is provided, much other information has to
be inferred. Nevertheless, the available information may lead to
the generation of different hypotheses (step 3 in the process model
proposed by Fischer et al., 2014) and, in the case of divergent
MTVs, possible re-evaluation of ones thoughts (step 7). This
specific step, in which two closely comparable hypotheses must
be evaluated and weighed up to arrive at a decision or the solution
to a problem, allows for a deeper exploration of the extent to
which teachers make use of their knowledge of specific theories
and empirical evidence. Here, a discrepancy between formal logic
and participants’ response becomes obvious: Formal logic would
forecast that vignettes which contain at least one unsuitable action
should be rated equally low - irrespective of other likely suitable
actions. Instead, participants seem to apply a compensatory
approach where suitable actions may compensate for unsuitable
ones. In the present study, we further explored the influence of a
specific knowledge intervention: specifically, we provided
participants with information on a particular scientific theory as
a source of evidence. However, future research may use other
sources of evidence and explore the extent to which they can
influence participants’ judgments.

According to the perspective of professional vision as a
knowledge-based ability (van Es and Sherin, 2002), participants
presented with MT Vs notice specific cues in the scenario, which
then lead to a reasoning process. Both noticing and reasoning are
considered to be knowledge-based processes, which means —
drawing on process models of selective attention — that cues in the
scenarios can only be noticed if the corresponding knowledge is

uu us suU SS

Pre=Post

Pre=Post

Pre<Post

0 2 4 6 0 2 4 6 0 2 B 6 0 2 4 6
Bayes factors against the unconstraint model
FIGURE 2
Bayes factors for different hypotheses compared to unconstraint model depending on vignette clusters.
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represented in the cognitive system (see also Loibl et al., 2020). In
Study 1, sports science students had higher levels of self-reported
knowledge in the domain of teaching games and tended to orient
their decisions to the suitability of the teacher’s actions from that
perspective to a greater extent. Furthermore, in Study 2, the
intervention enhancing participants’ SDT knowledge elicited an
increase in their ratings of the suitability of the teacher’s actions in
divergent vignettes depicting behaviors which would be considered
suitable from an SDT perspective, and a decrease in their ratings of
the suitability of actions that would be considered unsuitable from
that perspective. However, it remains unclear whether these results
can be attributed to changes in their noticing or their reasoning
processes. Nevertheless, MTVs may represent a potential tool for
further differentiation between these processes, an issue which is
seldom addressed in research in the domain of professional vision
(Gold and Holodynski, 2017; Meschede et al., 2017).

Limitations

Despite the promising initial results, several limitations to the
present study warrant further consideration. First, the participant
samples recruited for the pilot (Study 1) were limited in scope. Both
groups consisted of university students who were rather inexperienced
in their fields of study. Therefore, the ratings they provided may have
had a tendency to represent ‘common sense’ ratings rather than the
results of systematic argumentation. Nevertheless, the mean ratings
followed the hypothesized pattern. Additionally, we did not explicitly
control for content, tone, and sentiments between and within vignette
clusters. Further studies are needed to explore the extent to which
specific knowledge may contribute to participants’ judgments and to
explore possible context factors.

Second, the MTVs that we constructed encompassed only two
theoretical perspectives, namely teaching games in PE and
SDT. Therefore, the results should be replicated across other
theoretical perspectives in different content domains. However,
we consider the instrument presented here to be a prototype, with
reference to which many other MTVs can be generated in
accordance with specific research questions. Additionally, the
integration of multiple theoretical perspectives allows for research
that crosses subject matter domains.

Third, in our analyses we theoretically assume that the
judgments with a specific combination are uni-dimensional. Due to
different knowledge domains (teaching ball games and self-
determination theory) as well as different aspects within each
vignette, this assumption could be questioned. However and as first
evidence, dimensionality analysis within the structural equation
modelling framework revealed that a four-dimensional model (UU,
SU, US, and SS) fits better to our data of sample 1 than a
(Ay2=28.051, Adf=6, p<0.001).
Nevertheless, testing the uni-dimensional assumption within each

one-dimensional model
vignette and more complex latent structures across vignettes warrant

further attention. Additionally, we calculated mean ratings within
each vignette cluster. With this approach, we possibly reduced
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heterogeneity on the level of vignette ratings. Future studies might
inspect sources for differences on the vignette level and may relate
them to knowledge differences, for instance.

Fourth, the results of the knowledge intervention study are
limited in scope due to a deficiency in the design: specifically,
we did not include a knowledge intervention focusing on
knowledge about teaching games in PE (with the core principle
of complexity reduction). Under the view we have presented here,
we would hypothesize that gaining knowledge in this area would
influence participants’ judgments in the opposite direction.
Furthermore, it would be of interest to investigate the outcome if
participants are exposed to both interventions. This approach
would allow for a deeper exploration of the processes involved in
weighing up multiple hypotheses.

Contributions

Despite the limitations mentioned above, this study
demonstrates that it is possible to construct vignettes that manipulate
participants’ judgments of the suitability of the actions of a teacher
which can be considered under a specific theoretical perspective.
Although this appears to be a rather research-oriented endeavor, the
situations presented in the vignettes are of substantial importance to
teachers” everyday experiences in the classroom, where it is very
common for them to be confronted with situations in which there
is no clearly correct or incorrect response, but rather competing
solutions with comparable value. It therefore seems that it would
be valuable to obtain further insight into the argumentation
processes involved in such situations.
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In recent years, the call for an evidence-based practice has become more
prevalent for educational professionals. However, educational professionals
are rarely prepared for evidence-based practice; for example, teachers are
not prepared to use and, thus, rarely do use scientific evidence in planning
lessons. The knowledge and skills in appraising scientific literature, the basis of
evidence-based practice, needs to be trained as early in professional education
as possible. An effective training might start in university education of future
educational professionals, engaging them in learning activities that foster
their understanding of criteria that are used in appraising scientific literature
and the skill to do so. However, we know little about the effect of different
learning activities such as constructive or interactive learning in this context.
Thus, this study investigated the influence of constructive versus interactive
learning activities in the context of an intervention facilitating knowledge and
skills in appraising scientific literature. This experimental study used a pre-
posttest between-subject design with 105 participants. The students learned
to evaluate scientific literature in an online learning environment. The results
show that the inclusion of interactive versus constructive learning activities did
not explain students’ learning in the intervention. The results implicate that the
learning activities might not play a major role with learning contents such as
evidence-based practice. However, the gain in skills and knowledge from pre-
to posttest shows promising achievements in preparing future educational
professionals in their evidence-based practice.

KEYWORDS

evidence-based education, ICAP, appraisal of scientific literature, evidence
evaluation, higher education
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Introduction

Reasoning with scientific evidence to solve practical problems
is one of the core competences in a knowledge society (Fischer
etal., 2014). Specifically, professionals are expected to understand
the development of knowledge in their field and to incorporate
new knowledge into their practice after a careful evaluation of its
origin. The so-called evidence-based practice is already established
in medicine (Sackett et al., 1996) and is considered one of its most
important milestones (Dickersin et al., 2007). Decisions in
medical care of individual or public health decisions are
commonly expected to be made with “conscientious, explicit and
judicious use of current best evidence” (Sackett, 1997, p. 3).

For the past 20 years, the call for education to follow
disciplines such as medicine and to place more importance on
scientific evidence in practical decisions has been growing (Slavin,
2008; Cook et al., 2012; Bromme et al., 2014; Brown and Zhang,
2016; Cain, 2016; Stark, 2017; Thomm et al., 2021). Educational
professionals, especially teachers, are increasingly expected to
identify relevant research, systematically evaluate their findings
and implement evidence-based practices in classrooms (Detrich
and Lewis, 2013).

One central aspect of evidence-based practice is the critical
appraisal of the validity and applicability of the evidence (Sackett,
1997). Consequently, there is an effort to facilitate appraisal of
scientific literature in, for example, instructional interventions. So
far, studies investigating such interventions are mainly conducted
in the field of medicine (e.g., Bradley et al., 2005; Kulier et al.,
2012; Reviriego et al., 2014; Molléri et al., 2018) while there is little
evidence for fostering appraisal of scientific literature in
educational professionals. Moreover, studies investigating one
group of educational professionals, teachers, found that they rarely
use scientific evidence in professional decisions (Hetmanek et al.,
2015a) but rather refer to anecdotal evidence (Menz et al., 2021).
Similarly, pre-service teachers rather choose anecdotal evidence
than scientific evidence as information source when giving advice
for teaching (Kiemer and Kollar, 2021).

Thus, in order to meet the call for more evidence-based
practice in education (e.g., Slavin, 2008; Cook et al., 2012; Bromme
et al,, 2014; Brown and Zhang, 2016; Cain, 2016; Stark, 2017;
Thomm et al., 2021), future professionals in education need to
be better prepared to use scientific evidence. This paper presents
an approach to target one central aspect of using scientific
evidence, the critical appraisal of scientific literature.

Critical appraisal of scientific literature

Based on the definition of evidence-based medicine as “the
conscientious, explicit, and judicious use of current best evidence
in making decisions about the care of individual patients” (Sackett
et al., 1996, p. 71), we conceptualize evidence-based practice,
independent from a specific discipline, as the conscientious,
explicit, and judicious use of current best evidence in making
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decisions about one’s field of expertise. Thus, educators’ evidence-
based practice will include the process of conscientiously,
explicitly, and judiciously using the current best evidence in
educational research in deciding, for example, on a teaching
method in planning a lesson. One central task in working as a
teacher is planning lessons. While experienced teachers do not
need to plan every lesson from scratch, new learning goals or
settings lead to teachers facing the decision on how to design a
new lesson. In an evidence-based approach, at least some of these
decisions would be made based on educational research that could
provide a helpful insight “to identify the practices most likely to
bring about positive student outcomes” (Cook et al., 2012, p. 498).
In order to make evidence-based decisions in lesson planning, the
educational professional starts by carefully analyzing the potential
influencing factors, such as the learning goal of the lesson and
characteristics of their pupils. The next steps include the search for
potential evidence, appraising and selecting relevant, high quality
evidence, and finally critically appraising the evidence and
developing a lesson plan based on the insights gained from the
evidence (see Trempler et al., 2015). While most educational
professionals, for example teachers, are not able to spend the time
needed to conduct a thorough search and evaluation of existing
educational evidence in planning all educational interventions,
these practices described above need to be integrated more often
into the everyday practice of educational professionals to meet the
call for more evidence-based practice in education.

A central aspect in this process is the critical appraisal of
scientific literature (Sackett, 1997). In critically appraising
scientific literature, the validity and usefulness of the evidence is
evaluated (Sackett, 1997). For educational research, critically
appraising the validity and usefulness of scientific literature can
be adapted to appraising the quality of the research (validity) and
the relevance (usefulness) of the research for a given problem
(Hetmanek, 2014). Critically appraising the validity and usefulness
of scientific literature requires (a) knowledge in criteria that are
used in the appraisal as well as the (b) skill to correctly appraise
the evidence. Research on sourcing and information integration
from multiple resources includes further information such as the
author of the text or the source of the evidence (e.g., Braten et al,,
2011; Thomm and Bromme, 2016). The evaluated information can
be differentiated into first- and second-hand evaluation; in first-
hand evaluation a claim is evaluated directly, while the second-
hand evaluation targets the source, for example whether a claim
or evidence is authored by a trustworthy expert (Bromme et al.,
2010). Since first-hand evaluation requires prior domain-specific
knowledge and skills, second-hand evaluation often is the
necessary approach for laypeople (Bromme et al., 2010). While
future educational professionals could also benefit from
instruction in second-hand evaluation, because second-hand
information such as trustworthiness of the source might also play
a relevant role in educational professionals’ evidence-based
practice, this paper will focus on first-hand evaluation.
Educational professionals possess knowledge and skills related to
education, learning, and teaching; thus, they are not laypersons
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with regard to content knowledge and skills in the field of
education. Furthermore they are, as for example defined by
standards for teachers and teacher education in many countries,
expected to know methods of educational research (KMK, 2019),
know basics in research, and exhibit research literacy (Révai,
2018). Future educational professionals need not only to develop
professional knowledge and skills in education, but also a basic
understanding of the scientific background of education and the
skill to appraise this evidence. It is therefore beneficial for future
educational professionals to learn how to directly evaluate
scientific evidence from their area of expertise: education.

There are several approaches that could help derive criteria to
evaluate scientific evidence, of which we will focus on two: the
QUESTS dimensions teaching practices in medicine (Harden
et al, 1999) and an instrument measuring the appraisal of
scientific literature in evidence-based practice (Hetmanek, 2014;
Trempler et al., 2015). QUESTS is an acronym that stands for the
six dimensions that play a role in evaluating evidence in medical
education: Quality, Utility, Extent, Strength, Target, and Setting.
Quality refers to the rigor of the study design, with randomized
controlled trials gaining more points than case studies or
professional experience. The utility refers to the extent to which
the object of investigation, for example an intervention, can
be transferred to a different setting. The extent of the available
evidence refers to the difference between multiple studies with
similar outcomes or meta-analyses in comparison to single
studies. The strength of a study refers to strength of the effect(s)
found in a study. Furthermore, the dimensions on target and
setting address the validity of a certain target or outcome and
setting (Harden et al., 1999). The instrument measuring the
appraisal of scientific literature in evidence-based practice
(Hetmanek, 2014; Trempler et al., 2015) also includes the
dimension of the validity of the target and the setting,
differentiated in the dimension of quality between the rigor in
conducting the study, and statistical rigor. The authors also added
the fit of the intervention, the applicability of the intervention,
appropriate measurement of the target, and fit of the participants
with a given educational decision (Hetmanek, 2014; Trempler
etal, 2015). In summary, these sets of criteria include relevance
criteria and quality criteria. Relevance criteria target the fit
between an educational decision and the evidence that is currently
evaluated with regards to the teaching method, the learning
objective, the participants, and the setting. Quality criteria target
(a) whether the reported learning outcome is measured with an
objective, reliable, and face valid test, (b) the statistical power, and
(c) the design of the study (Hetmanek, 2014; Trempler et al.,
2015). The criteria used to appraise scientific evidence might vary
substantially between domains (see for discussion, e.g., Fischer
etal., 2018); thus, these criteria are specific to critically appraising
scientific research literature in education.

The cognitive processing of critically appraising scientific
literature has not yet been specified in detail. Our conceptualization
of the skill to critically appraise scientific literature is based on the
model of information problem solving (e.g., Brand-Gruwel et al.,
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2005, 2009) that describes a process that is structurally similar to
critically appraising scientific literature. Information problem
solving describes skills needed to solve a problem by searching for
information (for example on the internet), scan and process the
information, and combine the information at the end of the
process to solve a problem. Most important for this research is the
fourth process of the information problem solving described as
process information, during which one gains a deeper
understanding of a piece of information and, as described in the
subskill selecting, uses criteria to judge the usefulness and quality
of the information (Brand-Gruwel et al., 2009). Selecting describes
a skill that is central to the process of appraising scientific
literature. Similarly to the selection of information on the internet,
it is important in the critical appraisal of scientific literature to
determine the usefulness of the evidence and the quality of
information by judging how relevant a study is and how well it was
conducted (Sackett, 1997; Hetmanek, 2014; Trempler et al., 2015).
Appraising scientific literature provides the additional challenge
that the information is given in the specific format of an empirical
research article. Furthermore, the set of criteria used to appraise
scientific evidence in terms of its relevance and quality is rather
complex: For example, the fit between learning objectives indicates
low relevance if one’s own educational decision aims at facilitating
a cognitive skill and if the evaluated study reports motivational
outcome measures. In this example, one needs to be able to
identify the learning objective in the educational decision as well
as the learning objective or measurement of the dependent
variable in the empirical research article, and come to the correct
inference that there is no overlap between them. As a second
example, the design of a study is considered to be of high quality
if the teaching method that is investigated in the study is varied
between conditions while there are no further confounding
variables that also vary between conditions. Here, one needs to
know what an unconfounded design is and be able to detect
whether the design described in an empirical research article only
varies the independent variable between conditions or if there are
confounding factors.

Evaluating information in an information problem solving
process on the internet is difficult for students of all ages and, thus,
rarely criteria-led (summarized by Brand-Gruwel et al., 2009). An
analysis of think-aloud data showed that secondary students rarely
appraise sources during information problem solving, and if they
did, they only used a small selection of criteria in only a small
percentage of cases (Walraven et al., 2009). Thus, it is not
surprising that higher education students exhibit difficulties when
asked to appraise empirical research articles in education
(Trempler et al., 2015). Research showed that support in form of
scaffolding (Raes et al., 2012), whole-task trainings (Frerejean
etal, 2019), or long-term intervention programs (Argelagos and
Pifarré, 2012) can support learners in their information problem
solving. Interventions in related fields showed the potential of
fostering scientific and evidence-based reasoning: For example, a
short intervention teaching evidence-based medicine showed to
improve medical students’ search for scientific literature (Gruppen
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etal., 2005), educational science students’ scientific argumentation
was improved by engaging them in activities around an
elaboration tool (Stark et al., 2009), and an intervention teaching
heuristics in appraising and using scientific evidence to pre-service
teachers fostered their evidence-based argumentation (Wenglein
etal., 2015).

While there is little research investigating interventions
teaching critical appraisal of scientific evidence in education,
we expect higher education students to lack knowledge of
appropriate criteria as well as the skill to apply these criteria in
appraising literature. In line with the findings of intervention
studies on information problem solving as well as studies in
interventions in scientific reasoning, we expect higher education
students to benefit from a training of their knowledge and skill in
appraising scientific research articles.

The role of different learning activities

In training critical appraisal of scientific literature, it might
be advantageous to facilitate high cognitive engagement in
learners. The so-called ICAP framework proposes that the way
learners engage with learning material or the instruction
influences their cognitive engagement and thereby their learning
outcomes (Chi, 2009; Chi and Wylie, 2014; Chi et al., 2018). The
hypothesis is based on a taxonomy of learning activities, ranging
from passive, to active, to constructive, to interactive learning
activities. Students learning passively receive information from
teachers or learning material without further engaging with the
information. Active learners engage with information to some
degree by, for example, repeating or rehearsing it, taking notes,
highlighting text, or stopping a video. Constructive learning
activities are those activities in which students generate learning
outputs, additional to the information given to them, for example
in the form of formulating self-explanations, generating
inferences, or drawing a concept map. Learning interactively
describes at least two participants that take turns in a constructive
learning process. In the ICAP framework, active learning activities
are hypothesized to exceed passive learning activities because they
require focused attention and, thus, more cognitive engagement
by the learners than passive learning. Constructive learning
activities are hypothesized to exceed active learning activities
because they prompt a more active construction of individual
knowledge. Interactive learning activities are hypothesized to
exceed constructive learning activities because they require
learners to frequently update their mental model because of the
ongoing change in the information discussed (Chi and Wylie,
2014). This framework links the learners’ activities to the cognitive
processes that they are engaged in during learning, it does not
directly focus on the cognitive activity of a learner (which is
distinct from other concepts using similar vocabulary such as the
“cognitive activity” describing a state of deep learning, see Klieme
and Rakoczy, 2008). There is some evidence about the hierarchy
of learning activities, suggested by Chi and colleagues, based on
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the analysis of prior research (Chi, 2009; Chi and Wylie, 2014; Chi
et al,, 2018). Based on the publications of Chi and colleagues,
some intervention studies investigated the effect of instructions
aiming at different learning activities and found new insights into
the effect of learning activities: Adding an instruction on how to
interact for short periods of time with peers during a physics
lecture was found to improve students’” conceptual knowledge
about Newtonian dynamics concepts, but constructive instruction
or a combination of constructive and interactive instructions were
not found to be more beneficial than passive instruction
(Henderson, 2019). An interactive learning activity also showed
to foster better conceptual understanding of material science and
engineering than a constructive learning activity (Menekse and
Chi, 2019).

The beneficial role of interactive learning in comparison to
constructive learning is called into question by meta-analyses that
investigated whether constructive or interactive activities could
be found in different instructional interventions: A meta-analysis
investigating the effect of socio-cognitive scaffolding on domain-
specific knowledge and collaboration skills included the presence
of interactive prompts in a moderator analysis and found no
significant difference for domain-specific knowledge nor
collaboration skills (Vogel et al., 2017). Similarly, a meta-analysis
on constructive and interactive instructions fostering scientific
reasoning found no significant difference between the
interventions on scientific reasoning outcome measures
(Engelmann et al,, 2016). Yet, a meta-analysis of interventions
studies fostering domain knowledge with a preparing-to-teach
and teaching intervention found that an interaction, and even the
expectation of an interaction, was associated with a higher effect
size than non-interactive teaching activities (Kobayashi, 2019). A
meta-analysis of learning with videos found interactivity to be a
significant moderator: There was no learning benefit found for
interventions in which the control condition included more
interactivity than the experimental condition and a particularly
high effect on learning found for videos with interactive context
(Noetel et al., 2021). Thus, while there is a body on literature
supporting the ICAP hypothesis, the meta-analytic evidence
found in different contexts indicates that the effect of learning
activities on different outcome measures needs to be investigated
more thoroughly.

Not only the outcome measures vary between studies, Chi and
Wrylie (2014) also found learning activities to be embedded in
different learning situations and instructional approaches, such as
individual or collaborative note taking, individual or collaborative
building of concept maps, explaining examples or explaining own
versus others answers. Beyond the investigation of learning
activities, self-explaining in learning with examples has been
shown to facilitate argumentation (Schworm and Renkl, 2007)
and learning from texts in higher education teaching (Lachner
etal, 2021), while there is also some research showing no benefit
of self-explanations, for example in teaching critical thinking skills
(van Peppen et al., 2018). However, a meta-analysis found a
medium effect size of self-explanation prompts on learning (Bisra

frontiersin.org


https://doi.org/10.3389/feduc.2022.977788
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Engelmann et al.

et al., 2018), providing evidence for the beneficial effect of
self-explanations.

Self-explanations are most commonly used in problem
solving, text comprehension tasks, or example-based learning
(Bisra et al., 2018). Since example-based learning has been found
to be beneficial in early skill acquisition (Renkl, 2014), we will
focus on self-explanations in example-based learning. Example-
based learning provides learners with the solution of a given
problem and commonly the steps that lead to the solution (Renkl,
2014). Learning from examples is more effective if the learners
self-explain the solution to a problem (summarized by Renkl,
2014). In the analysis of learning activities by Chi and Wylie
(2014), self-explanations were often found to be constructive
because they, for example, asked learners to explain steps in a
worked-example to themselves. Comparisons between learning
activities were mostly found between these constructive learning
activities and passive activities, such as self-explaining versus
rereading or explaining others” solution versus just watching the
solution. Alternatively, they were also found between constructive
learning activities and interactive learning activities, such as
explaining alone versus explaining with a partner (Chi and
Wylie, 2014).

The present study

In the present study, we aim at testing the effect of constructive
versus interactive learning activities in the context of an
intervention that facilitates critical appraisal of scientific literature.
Thus, the development of the intervention was guided by
instructional approaches in which learning activities (Chi and
Wrylie, 2014) were investigated: The effect of different learning
activities was found in intervention studies in which learning was
implemented with note taking, concept mapping, or self-
explaining (Chi and Wylie, 2014). Since we planned to integrate
the learning activities in our practice tasks that was mainly aimed
at early skill acquisition, we developed these tasks to ask the
participants to explain a model solution to themselves or a
learning partner; i.e. a version of example-based learning, (see
Renkl, 2014), that only provided the solution not the steps that led
to the solution. Thus, we embedded the learning activities in a
type of task that has shown to foster learning outcomes similar to
the ones in this study and provided a fruitful learning environment
to investigate the effect of different learning activities in prior
studies (Chi and Wylie, 2014). Furthermore, we designed this
intervention to be integrated into a scenario that models a realistic
situation in which educational professionals need to make
evidence-based decisions (Hetmanek, 2014; Trempler et al., 2015).

Research questions
There is evidence for the advantage of interactive learning
activities in comparison to constructive learning activities (Chi

and Wylie, 2014). However, the superiority of interactive activities
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over constructive activities has not yet been replicated in some
fields related to the field of this study: For example, Engelmann
etal. (2016) showed similar effect sizes in learning outcomes for
interventions with constructive versus interactive learning
activities. Similarly, Vogel et al. (2017) were not able to establish a
difference in domain knowledge between interventions that
prompted interactivity and those that did not. Thus, this study
investigates the role of interactive versus constructive learning
activities in supporting students in learning to appraise scientific
evidence. The content of the intervention in this study was chosen
since, in comparison to research in medicine (e.g., Bradley et al.,
2005; Kulier et al., 2012; Reviriego et al., 2014; Molléri et al., 2018),
there is little research on fostering evidence-based practice in
education, for example on teachers making decisions in lesson
planning based on scientific evidence. The existing literature
supports the claim that educational professionals need more
training in doing so: Prior research showed that teachers rarely use
scientific evidence in professional decisions (Hetmanek et al.,
2015a) and rather refer to anecdotal evidence (Kiemer and Kollar,
2021; Menz et al., 2021). Thus, this study also provides a first
insight into learning the critical appraisal of scientific literature.
Our research questions are as follows:

Research question 1: To what extent does an intervention with
interactive learning activities advance knowledge about scientific
criteria in comparison to an intervention with constructive
learning activities?

Research question 2: To what extent does an intervention with
interactive learning activities advance the skill in critical appraisal
of scientific literature in comparison to an intervention with

constructive learning activities?

We hypothesized that the interactive learning activities
facilitate a higher level of cognitive activities during the learning
process in comparison to constructive learning activities and,
therefore, lead to a higher gain in knowledge and skills (Chi and
Wylie, 2014).

Materials and methods
Sample

The sample size was calculated before data collection started,
using the software G*Power 3 (Faul et al., 2007). The calculation
was based on a target power of 80% and a medium effect size
(d=0.5) for the within-between interaction effect of an ANOVA
with repeated measures and between-factor design. The estimation
of the expected effect size was based on a medium effect (d=0.64)
found between an interactive and a constructive learning
condition in an intervention study (see Menekse et al., 2013). In
the condition with an interactive approach, the unit of analysis
was a pair of learners and in the condition with the constructive
approach, the unit of analysis was the individual learner. Thus,
we aimed at a minimal sample size of 102 participants.
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Participants were recruited via printed notices that were
posted around the university campus and received 20 Euro for
their participation. All participants met the following criteria:
They were students at a university in their bachelor’s or master’s
studies of educational sciences, psychology, teacher training, or an
equivalent subject, who have not yet received a master’s degree.
105 students participated in this study (M,,=24.50years,
SD=4.03; 84% female), 49 students in teacher training, 34
psychology students, 14 educational sciences students, and 8 other
students. The distribution of the participants’ study programs was
similar in both conditions; we found no indicator of a systematic
differences between knowledge or skills in participants from
different study programs. No participant needed to be excluded
from the data analysis.

Design

This experimental study was conducted in a between-subject
repeated measures design. The participants were randomly
assigned to one of the conditions and they learned interactively
(n=56) or constructively (n=49) during an intervention about
reading scientific literature. The random assignment was based on
a 2:1 ratio, since the unit of analysis in the interactive condition
was the pair of learners and the unit of analysis in the constructive
condition was the individual learner. However, participants were
assigned to the condition before the appointments for the data
collections were set (because only one condition could
be implemented for each appointment) and the attendance was
greater in the constructive condition; thus, the distribution of
participants was unequal in favor of the constructive condition.
The pre- and posttests were parallel tests. Which version
participants received as pretest and which as posttest was
counterbalanced. Due to organizational reasons, 43 participants
received one order, 62 participants the other order of tests. Data
indicated that the order of the tests was not relevant for
the outcome.

Setting, procedure, and manipulation of
the independent variable

The data collection took place at computer labs of a German
university. At each data collection, a maximum of eight
participants could take part in the session. The session took
approximately 114 min to complete. An overview of the procedure
of the experiment can be found in Figure 1.

The whole data collection was set in a fictional scenario in
which the participants were asked to imagine themselves to be an
educational professional who needs to make two educational
decisions in designing a lesson: (a) present some content
themselves or use the jigsaw technique and (b) use correct and
erroneous or only correct video examples. The participants were
asked to appraise a set of four pieces of scientific evidence from
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educational research in order to make each of the decisions. The
evidence from educational research was presented in the form of
structured briefs of scientific literature. The scenario was adapted
from a competence test measuring skills of information selection
and appraisal of scientific research articles (Hetmanek, 2014;
Trempler et al., 2015). The first decision constituted the pretest
and was referenced in the intervention. The second decision
constituted the posttest. With which decision (a or b) learners
worked with in the pretest and with which they worked with in
the posttest was counterbalanced (see above). For each decision
participants were given a short description of the learning content
of the lesson, characteristics of the students and the setting. In a
next step, they were asked to appraise a set of four pieces of
scientific literature and make a decision regarding the teaching
method based on this evidence. The intervention itself was nested
between the two decisions building upon the first decision to
create an authentic reference point for the participants.

The procedure was similar in both conditions: In a first phase,
the participants were introduced to the scenario, the first decision,
and filled out the pretest by evaluating the pieces of evidence
related to the first decision. The second phase included the
intervention. In the third phase, the participants were introduced
to the second decision and filled out the posttest by evaluating the
pieces of evidence related to the second decision.

The intervention started with a written four-page introduction
to the criteria used in appraising scientific evidence. The
introduction included the following criteria:

— evaluating the relevance of the evidence with respect to

a. the fit between the instructional methods that are part of the
decision to be made and the instructional methods
investigated in the piece of evidence,

b. the fit between the learning goal in the decision to be made
and the dependent variable in the piece of evidence,

c. the fit between the learners age or level of prior knowledge
specified in the decision to be made and the age or level of
prior knowledge of the participants in the piece of
evidence, and

d. the fit between the setting in the decision to be made and
the setting in the piece of evidence.

— evaluating the quality of the evidence was specified in

e. the quality of the measurement of the dependent variable,

f. the statistical robustness of the results, and

g. whether the effect found in the study could be attributed to
the instructional method investigated in the piece
of evidence.

For each criterion, the introduction provided a short
description on how to evaluate the degree to which a piece of
evidence is relevant and of high quality. Subsequently, the
participants were presented with model solution of the appraisal
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FIGURE 1
Procedure of the experimental study over 2 h.
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of the first piece of evidence from their pretest given by a fictional
character that was described as knowledgeable. All participants
were asked to compare the model solution of each criterion to the
description in the introduction text and explain to themselves or
their learning partner (depending on the condition) which
information in the piece of evidence led to the example appraisal
and why the knowledgeable person came to this result. Since each
pretest consisted of four pieces of evidence, the participants
moved through four model solutions. The learning phase was
limited to 50 minutes.

The whole experiment was conducted in an online learning
environment, except for the written introduction to the appraisal
criteria that was given to the participants on a sheet of paper at the
beginning of the second phase and was taken from the participants
at the end of the second phase, before the posttest was conducted.

The manipulation of the independent variable was realized
during the intervention phase: (a) Participants in the interactive
conditions were prompted to explain the model solutions to their
learning partner. In order to make sure that the pairs actually
learned interactively, they were alternately scaffolded to explain
the model solutions to their learning partner or to question the
solution provided by the partner. (b) Participants in the
constructive condition were prompted to explain the model
solution to themselves. All participants were asked to take notes.

Measurement of the dependent variables

Knowledge

The knowledge was measured with a test containing two open
questions asking the participants to recall criteria to appraise the
relevance and quality of scientific literature. The test was developed
for this study. The answers given by the participants were saved in
written form and were coded according to the following categories:
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For the first question regarding the relevance of a study, a point
was given for mentioning the independent variable (e.g., “jigsaw
technique,” “task,” “lesson”), the dependent variable (e.g.,
“measurement,” “learning goal”), the characteristic of the students
(e.g., “prior knowledge, “students”) and the setting (e.g.,
“situation;” “field of application”). During the coding process,
we added one additional category: mentioning the research
question or object of the investigation in the piece of evidence.
We did so, because many participants mentioned this category
instead of recalling the independent and dependent variable. One
of the initial categories, coding whether participants mentioned
the quality of a study as a criterion for the relevance of a study, was
dropped because it could not be coded reliably. For the second
question regarding the quality of a study, one point was given for
mentioning the quality of the measurement (e.g., “objectivity,”
“reliability”), the clear design (e.g., “randomizing participants,”

» o«
>

“execution of the experiment,” “validity”), and the statistical

significance and/or power (e.g., “number of participants,” “power,”
“statistical significance”). One point was given for each aspect
mentioned, creating a knowledge score ranging between zero and
nine points. The first author coded all data and the second author
coded 10% of the data after a coding training to test the objectivity
of the coding process. The agreement between coders showed to
be ranged from acceptable to very good for all included categories
(Cohen’s kappa ranging from 0.77 to 1.00). The same scale was

administered as pre- and posttest.

Skill

The skill in appraising scientific evidence was measured by
asking the participants to appraise four pieces of evidence, each by
evaluating the evidence on seven dimensions. Each dimension
consisted of a multiple-choice item with four response options each
(very high, somewhat high, somewhat low, and very low), one of
which was correct. The items asked the participants to appraise
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different aspects of the scientific text, for example (translated into
English) “The study described in the structured brief investigates an
educational intervention that matches the educational intervention
in my decision.” or “The study described in the structured brief uses
appropriate tests for its performance measures” The measured
dimensions matched the criteria taught during the intervention.
The test was adapted from a sub-scale of a test for evidence-based
practice in education, developed by Hetmanek (2014) and Trempler
etal. (2015). For each item, we saved the response that was selected
by the participants. The responses were aggregated into a scale in
which (a) a correct response option was counted as one point, (b) a
false response option leaning into the same direction as the correct
response option was counted as half a point, (c) a false response
option leaning into the other direction as the correct response
option was counted as zero points. Based on the 4 x 7 items, the
aggregation resulted in a score ranging from zero to 28 points. The
reliability of the scales was low to medium for the pretest
(@=0.53/0.54) and posttest (a=0.45/0.64) for both versions of the
test. However, we decided against selecting or discarding items to
achieve a more homogeneous measure. Each of the items covers a
different important aspect of critically appraising scientific
literature, discarding one or more aspects of the test could have
increased the Cronbach’s alpha of the scale but would have
decreased the validity of the test. Parallel scales were administered
as pre- and posttest containing the exact same phrasing, targeting
different sets of literature in pre- and posttest.

Statistical analysis

The analyses reported in this article were registered at the
Open Science Framework (Engelmann et al, 2018). The
registration was done after data collection but before any analysis
was conducted.

In analyzing the learning pairs of the interactive condition,
one person of each pair was randomly chosen and their data was
used for the analysis.

Bayesian repeated measures ANOVAs with a between-
subjects factor were used with priors kept at standard values,
examining the BF,,, compared to the null model and investigating
the effects across all models. The interpretation of the results was
based on van den Bergh et al. (2020) and Wagenmakers et al.
(2018a). The grouping variable (interactive condition versus
constructive condition) was the independent variable in analyzing
both research questions. The score in knowledge was the
dependent variable for the first analysis, the score in the skill
measurement was the dependent variable in the second analysis.
Q-Q plots for both variables did not indicate non-normality.
We decided to utilize a Bayesian approach in comparison to
classical null hypothesis statistical testing because it provides the
opportunity to quantify the evidence that the data provides for the
null as well as the alternative hypothesis: “In the Bayesian
framework, no special status is attached to either of the hypotheses
under test” (Wagenmakers et al., 2018b, p. 46). We would also like
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to draw conclusions about outcomes that do not support our
hypotheses. A Bayesian approach allows for that by providing
evidence in favor of the null hypothesis, in favor of the alternative
hypothesis, or neither (Wagenmakers et al., 2018b). The strength
of the evidence is also provided (e.g., moderate evidence, strong
evidence, very strong evidence) in comparison to an (arguably
arbitrary) level of significance.

The sequential analyses add evidential trajectories, showing
how the evidence for one of the hypotheses increases, decreases,
or remains the same with each additional datapoint (Marsman
and Wagenmakers, 2017). Thus, the sequential analyses also give
additional information about the number of data points that were
needed to reach a certain Bayes factor. Since the sequential
analysis could not be conducted in the repeated measures design,
the learning gain was calculated as the difference between pre- and
posttest score and the sequential analysis was conducted using a
Bayesian independent and paired sample ¢-test.

All tests were conducted using the software JASP, Version
0.13.1.0 (JASP Team, 2020). Additionally, Cohen’s d of all reported
mean differences were calculated (Cohen, 1988).

Results

Research question 1: To what extent does an intervention with
interactive learning activities advance knowledge about scientific
criteria in comparison to an intervention with constructive
learning activities?

The descriptive values of knowledge are displayed in Table 1.
The results of the Bayesian repeated measures analysis of variance
can be found in Table 2 for the comparison of each model to the
null model and Table 3 for the average across all models. The BF;,q
(the inclusion Bayes factors) in Table 3 are of particular interest
because they indicate the amount of evidence for the variable
averaged over all models; thus, the BF;,; can be interpreted as the
evidence found in the data supporting a certain variable (van den
Bergh et al, 2020). The results showed extreme evidence
(Schonbrodt and Wagenmakers, 2018) for an effect of the time on
knowledge (BF,,q=592595.75). However, the results regarding the
condition (BF;,4;=0.22) and the interaction between time and
condition (BF;,q=0.21) provided moderate evidence for the null
hypothesis (Schonbrodt and Wagenmakers, 2018). Thus, they
provided evidence for the conclusion that knowledge is not

TABLE 1 Descriptive values of knowledge and skills before (pretest)
and after (posttest) the intervention.

Knowledge Skill
Time Condition n
M SD M SD
Pretest Constructive 46 1.61 1.41 11.82 2.97
Interactive 28 1.43 1.00 10.73 3.27
Posttest Constructive 46 3.02 2.15 14.84 3.52
Interactive 28 2.89 2.03 14.25 3.44
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TABLE 2 Model comparison for the Bayesian repeated measures ANOVA on knowledge.

Models P(M) P(M|data) BFy BF,, Error %
Null model (incl. subject) 0.20 9.062¢-7 3.625e-6 1.00
Time (pretest versus posttest) 0.20 0.76 12.32 832,984.82 1.96
Time + Condition 0.20 0.20 0.97 216,096.74 2.23
Time + Condition + Time * Condition 0.20 0.05 0.21 54,384.09 4.24
Condition (constructive versus interactive) 0.20 2.188e-7 8.750e-7 0.24 2.82
TABLE 3 Analysis of effects for the Bayesian repeated measures ANOVA on knowledge.
Effects P(incl) P(incl|data) BF
Time (pretest versus posttest) 0.60 1.00 592,595.75
Condition (constructive versus interactive) 0.60 0.25 0.22
Time * Condition 0.20 0.05 0.21
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sample f-test regarding the learning gain in knowledge (see knowledge.
Figures 2, 3) are similar to the findings of the Bayesian repeated

measures analysis of variance. The trajectories of the Bayes factors
in the sequential analyses showed that these results were already
present after approximately 40 participants.

The difference between the mean knowledge score in pre- and
posttest would reflect a large effect size for constructive learners
(d=0.76) and a large effect size for interactive learners (d=0.91);
the difference between constructive and interactive learners in the
pretest (d=0.15) and posttest (d=0.06) not even a small effect (see
Cohen, 1988).

Research question 2: To what extent does an intervention with
interactive learning activities advance the skill in critical appraisal
of scientific literature in comparison to an intervention with
constructive learning activities?

The descriptive values of the skill are displayed in Table 1.
The Bayesian repeated measures analysis (see Table 4 for the
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comparison of each model to the null model and Table 5 for the
average across all models) of variance showed extreme evidence
(Schonbrodt and Wagenmalkers, 2018) for an effect of the time on
skill (BF,,q=3.020 x 107). However, the results regarding the
condition (BF,,q=0.42) and the interaction between time and
condition (BF;,,=0.36) provided anecdotal evidence for the null
hypothesis (Schonbrodt and Wagenmakers, 2018). Thus, the data
is not sufficiently informative to provide information on how
skill might be affected by the difference between the constructive
or interactive instruction. The results of the Bayesian
independent and paired sample ¢-test regarding the learning gain
in skill (see Figures 4, 5) are similar to the findings of the
Bayesian repeated measures analysis of variance. The trajectories
of the Bayes factors in the sequential analyses showed that these
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TABLE 4 Model comparison for the Bayesian repeated measures ANOVA on skill.

Models P(M) P(M|data) BF BF Error %
Null model (incl. subject) 0.20 1.572e-8 6.286¢-8 1.00

Time (pretest versus posttest) 0.20 0.61 6.34 3.900e +7 1.30
Time + Condition 0.20 0.31 1.76 1.944e+7 2.70
Time + Condition + Time * Condition 0.20 0.08 0.36 5.185e+6 2.24
Condition (constructive versus interactive) 0.20 6.362e-9 2.545e-8 0.41 1.10
TABLE 5 Analysis of effects for the Bayesian repeated measures ANOVA on skill.

Effects P(incl) P(incl|data) BF ;.a

Time (pretest versus posttest) 0.60 1.00 3.020e+7
Condition (constructive versus interactive) 0.60 0.39 0.42

Time * Condition 0.20 0.08 0.36
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FIGURE 4
Results of the sequential analysis for the effect of the condition
on skill.

results were already present after approximately 40 participants
regarding the effect of time, but stayed variate regarding the
effect of the condition.

The difference between the mean skill score in pre- and
posttest would reflect a large effect size for constructive learners
(d=0.93) and a large effect size for interactive learners (d=1.05);
the difference between constructive and interactive learners in the
pretest (d=0.35) and posttest (d=0.17) would reflect a small and
not even a small effect size, respectively (see Cohen, 1988).

Discussion

This study aimed at testing the effect of an interactive versus a
constructive approach in an intervention fostering knowledge and
skills in appraising scientific literature.

The interactive condition did not outperform the
constructive condition, contrasting our hypothesis. This is not
coherent with the research on learning activities comparing
passive, active, constructive, and interactive learning activities
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in interventions (Chi, 2009; Menekse et al., 2013; Chi and
Wylie, 2014; Chi et al., 2018; Menekse and Chi, 2019). However,
the Bayesian analysis only provided anecdotal to moderate
evidence for the similarity of the constructive and interactive
conditions. Based on these results, we conclude that the
difference in learning with constructive or interactive learning
activity alone is not sufficient to explain knowledge and skill
gain in this content area. We expected the learners in the
interactive conditions to benefit from frequently updating their
mental model because of the ongoing change in the information
discussed (Chi and Wylie, 2014) and we would expect that this
mechanism would also take place in the intervention of this
study. However, our operationalization of the learning
environment might have affected the mechanism that is
hypothesized to be caused by the interactive learning activities:
prompting participants to frequently update their mental model
because of the ongoing change in the information. The learners
had to explain a model solution of the task (in appraising
evidence) in both conditions. And while there was no other
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person in the constructive condition, there were written
statements of another person that the students were asked to
explain in both conditions. This factor could have caused
students in both conditions to update their mental model more
than once. In the ICAP framework it is hypothesized that there
is a systematic relationship between the learning activity
exhibited by the students and their cognitive process (Chi, 2009;
Chi and Wylie, 2014; Chi et al., 2018). However, based on our
results we would add that there might be other factors that also
strongly influence this cognitive process, such as aspects of the
learning task beyond the constructive versus interactive
distinction. The prompt to update one’s mental model more
frequently might also be given by learning material that asks
learners to explain new information.

Furthermore, we found students in both conditions to show
a rise of, approximately, one standard deviation in knowledge
and skills in appraising literature after an intervention that took
less than an hour, far beyond the scope of a mere retest effect
that could be expected in cognitive abilities (Scharfen et al.,
2018). Participating in an intervention that asked learners to
explain model solutions (thus, a short version of example-based
learning, Renkl, 2014) to themselves or to learning partner
(thus, self-explained the causal connection between the
overview of how to appraise scientific evidences and the model
solutions, cf. Bisra et al., 2018) seems to advance students’
knowledge and skills in appraising scientific evidence. The
results are consistent with prior research showing that scientific
reasoning in general can be facilitated by interventions
(Engelmann et al., 2016), more specifically, higher education
students’ scientific reasoning skills (e.g., Gruppen et al., 2005;
Stark et al., 2009; Wenglein et al., 2015). Whether there is a
causal relationship between this intervention and the learning
gain in knowledge and skills needs to be tested in a
future experiment.

One aspect for further research might be the domain
specificity of the task. In this intervention, we only used
educational research articles reporting experimental or quasi-
experimental intervention studies, investigating an effect of an
instruction or educational support. Also, we only included
participants who were familiar with the general topics of this
intervention: students in teacher education, educational sciences,
and psychology. We did so, because some degree of domain-
specific knowledge is necessary for the first-hand evaluation of
the evidence (Bromme et al., 2010). The intervention and the
measurement of knowledge and skills in appraising scientific
literature was kept narrow in range. The material of intervention
and tests were about learning with examples and the jigsaw
technique, all studies employed a quantitative approach, and the
structured briefs of scientific articles were structured similarly,
focusing on one main research question (Hetmanek et al., 2015b).
Thus, we did not examine to which extent the effect of the
intervention could be transferable to appraising scientific
literature in educational sciences that employ a different
methodological approach or scientific literature that was
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presented in a different format. A wider range of scientific
literature might benefit from a combined approach of first-hand
and second-hand evaluation skills. Moreover, teachers are
expected to read beyond educational sciences: this includes
literature about the subjects that they are teaching, e.g., biology,
mathematics, or history. The intervention presented in this paper
might not be completely dependent on the content of the
literature that is to be appraised, since we integrated two different
educational topics in the intervention. However, a change in the
methodological approach of the studies or in the format of the
presentation might change the effect of this intervention. Further
research in this type of intervention should systematically
broaden the types of scientific research articles that are used as
scientific evidence.

The study presented in this paper has several limitations. First,
the posttest was conducted right after the intervention. Thus,
we cannot make any generalization about long-term effects of
facilitating the appraisal of scientific literature.

Second, the reliability of the skill measurement was
relatively low. This can be explained by the conceptual breath of
the scale. Each item in the skill measure targets a different
aspect in which the scientific literature is evaluated. Each item
covered one aspect that was also targeted in the intervention.
The validity of the measure for the intervention would
be decreased by removing any of the items to gain a higher
reliability. Moreover, the measure was adapted from a validated
scale (Trempler et al., 2015) by only changing the response
options from a nine-point scale to four options. The wording of
some items was slightly changed. Furthermore, the pattern of
results is rather similar in knowledge and skills, showing a
relevant difference between pre- and posttest and very little
difference between the conditions. Thus, we do not expect the
rather low reliability of the skill measure to have significantly
impacted the results found in this study.

Third, while the intervention targeted a complex and large
area of knowledge and skills, this intervention took less than
2h. We designed the intervention to fit our scale in trying to
focus on core knowledge and skills in appraising central aspects
of scientific evidence. Still, the duration of the intervention
might have been insufficient to teach a more comprehensive
idea of appraising scientific literature. A longer intervention
could give participants more time to practice appraising the
evidence, which could have led to more knowledge gain (as has
been discussed for decades by, e.g., Anderson, 1981; Berliner,
1990; 2013).
interactively might need more time and instructional support

van Gog, Specifically, students working
in evidence-based argumentation (Csanadi et al., 2021).
However, the intervention was kept short in order to compare
the effect of this intervention to interventions of similar length:
The study that compared constructive and interactive learning
activities and found a higher learning gain for interactive
learning in comparison to constructive learning with an effect
size of d=0.64 gave the students 25-30 min in the learning

phase (Menekse et al., 2013).
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Conclusion

This study showed the limitations of the hypothesis that
interactive learning activities are accompanied with higher learning
gains (Chi and Wylie, 2014) in teaching critical appraisal of
scientific evidence. We suggest to expand the ICAP hypothesis to
include more dimensions that influence the underlying cognitive
processes, such as characteristics of a learning task in differentiating
constructive and interactive learning activities. Based on the results
of this study, we hypothesize that interactive learning might not
require a person to discuss with, interaction might also be achieved
with learning material that imitates an interaction or implements
other ways for the learners to frequently update their mental model
because of the ongoing change in the information discussed (cf.
Chi and Wylie, 2014). Future studies are necessary to (a) investigate
how the learning material must be designed and implemented to
reach interactive learning activities that initiate learning processes
similar to the learning process in interactive learning activities in
cooperative settings and (b) investigate the interactive components
in interventions, such as the constructive condition in this
intervention to understand which aspects of the material is actually
responsible for the beneficial learning process.

Evidence-based decisions are considered important for
educational professionals. In this study, we implemented an
intervention that facilitated future educational professionals to
appraise scientific evidence in order to make evidence-based
decisions in day-today practice. This study suggests that an
intervention implementing constructive or interactive learning
activities in studying sample solutions and self-explaining the
examples facilitated higher education students’ critical appraisal
of scientific evidence. So far, the effect of the intervention was
only observed in a measurement of appraising scientific literature.
It would be interesting for future research to investigate the effect
of this intervention on a broader measurement of scientific
reasoning.
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Teachers around the world are increasingly required by policy guidelines to
inform their teaching practices with scientific evidence. However, due to
the division of cognitive labor, teachers often cannot evaluate the veracity
of such evidence first-hand, since they lack specific methodological skills,
such as the ability to evaluate study designs. For this reason, second-hand
evaluations come into play, during which individuals assess the credibility
and trustworthiness of the person or other entity who conveys the evidence
instead of evaluating the information itself. In doing so, teachers’ belief systems
(e.g., beliefs about the trustworthiness of different sources, about science
in general, or about specific educational topics) can play a pivotal role. But
judging evidence based on beliefs may also lead to distortions which, in turn,
can result in barriers for evidence-informed school practice. One popular
example is the so-called confirmation bias, that is, preferring belief-consistent
and avoiding or questioning belief-inconsistent information. Therefore, we
experimentally investigated (1) whether teachers trust knowledge claims made
by other teachers and scientific studies differently, (2) whether there is an
interplay between teachers' trust in these specific knowledge claims, their trust
in educational science, and their global trust in science, and (3) whether their
prior topic-specific beliefs influence trust ratings in the sense of a confirmation
bias. In an incomplete rotated design with three preregistered hypotheses,
N = 414 randomly and representative sampled in-service teachers from
Germany indicated greater trust in scientific evidence (information provided by
a scientific journal) compared to anecdotal evidence (information provided by
another teacher on a teacher blog). In addition, we found a positive relationship
between trust in educational science and trust in specific knowledge claims
from educational science. Finally, participants also showed a substantial
confirmation bias, as they trusted educational science claims more when these
matched (rather than contradicted) their prior beliefs. Based on these results,
the interplay of trust, first-hand evaluation, and evidence-informed school
practice is discussed.

KEYWORDS

evidence-informed education, anecdotal evidence, confirmation bias, second-hand
evaluation, scientific evidence, trust in science, teacher education
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1. Introduction

Teachers can inform their professional practice using a
vast number of information sources. To name just a few, they
can refer to their own teaching experience, they can follow
the advice of their colleagues, or they may refer to evidence
obtained through educational science (Buehl and Fives, 2009).
Around the world, policymakers (e.g., European Commission,
2007; Kultusministerkonferenz, 2014) as well as scientists (e.g.,
Bauer and Prenzel, 2012) increasingly value the latter and often
consider it the most veracious body of knowledge because it is
obtained through systematic and verifiable means (e.g., Williams
and Coles, 2007; Bauer and Prenzel, 2012; Bauer et al., 2015;
Brown et al., 2017). Such so-called evidence-informed school
practice is considered to have large potential to improve school
and teaching quality as well as student learning, for example by
helping teachers to (a) make or change decisions pertaining to
their teaching practice, (b) develop new practices, (c) inform
leadership (Brown, 2020; Brown et al., 2022), or (d) effectively
deal with problems that repeatedly come up in practice (Stark,
2017; Kiemer and Kollar, 2021). Empirical studies provide initial
evidence for these considerations by showing that scientific
evidence can actually inform teachers” practical decisions and
actions (Cain, 2015), and that evidence-informed interventions,
at least in specific contexts like formative assessment (Black and
Wiliam, 2003) or mathematics learning (Doabler et al., 2014),
can positively affect student achievement.

However, transforming scientific evidence into educational
practice can be a challenging endeavor. Educational stakeholders
increasingly take the position that scientific evidence can only
enrich teachers’ practical experience and contextual knowledge
(Brown et al.,, 2017; Kiemer and Kollar, 2021). Thus, scientific
evidence may not provide teachers with action-guiding recipes
that can be directly used in everyday practice. Rather, it
can be used to stimulate, reflect, or revise professional
actions and decisions, which additionally makes them more
transparent and objective (e.g., Bauer et al., 2015; Brown et al.,
2017). In addition, considering evidence enables teachers to
rationally justify their decisions and actions and consequently
make them explicit—even to others, such as colleagues or
parents (Bauer et al., 2015). The complexity of this endeavor
is also reflected in the implementation steps of evidence-
informed school practice. Evidence-informed practices require
educational research literacy (e.g., Shank and Brown, 2007)
which not only includes (1) accessing, (2) comprehending, and
(3) critically reflecting the scientific evidence (e.g., its validity),
but also (4) combining this evidence with prior knowledge
before (5) using the evidence in practice (Shank and Brown,
2007; Brown et al., 2022).

This sophisticated theoretical view on teachers’ professional
use of scientific evidence contradicts reality: Even though policy
guidelines all over the world (e.g., Kultusministerkonferenz,
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2014 in Germany) emphasize the importance of evidence-
informed school practice, it becomes apparent that teachers
often do not follow such guidelines (e.g., Brown et al., 2017;
Hinzke et al., 2020). Hence, the question arises what barriers
teachers might face when it comes to realizing evidence-
informed practice.

Previous studies identified various barriers ranging from
lack of time to engage with evidence on top of other professional
tasks, belief systems that devalue the importance, practicality,
and usability of scientific evidence for teaching practice, as
well as a lack of skills or knowledge to evaluate scientific
evidence (see e.g., Gitlin et al., 1999; Williams and Coles,
2007; Thomm et al, 2021b). Thereby, different approaches
exist that attempt to systematize these different barriers by
using categorizations that range from rather broad distinctions
between knowledge- and motivation-related barriers (e.g.,
Kiemer and Kollar, 2021) to more nuanced ones (e.g., van
Schaik et al., 2018; Brown et al., 2022). While van Schaik et al.
(2018), for example, differentiate between research knowledge
level, individual teacher level, school organizational level, and
communication level to systematize barriers, Brown et al. (2022)
use the categories benefit, cost, and signification.

Specifically referring to knowledge-related barriers, we argue
that these are often associated with the structure of modern
societies, more precisely with the cognitive division of labor
(Bromme et al.,, 2015). In general, the cognitive division of labor
is defined as the uneven distribution and use of knowledge
due to training of highly specialized experts (Bromme et al.,
2010). This leads to the fact that teachers, in most countries,
are trained as experts in education and learning, but not as
educational scientists. Hence, student teachers, for example,
have lower abilities in science-related areas compared to other
students (Besa et al., 2020; Thiem et al., 2020) and are hardly
trained in informing practice with scientific evidence (Ostinelli,
2009). Consequently, they often lack educational research
literacy (Shank and Brown, 2007), making so-called first-hand
evaluation of scientific evidence (i.e., assessing the veracity of
scientific information by relying on objective criteria such as
evaluating the study design) challenging for them (e.g., Bromme
et al., 2010, 2015; Bromme and Goldman, 2014; Hendriks et al.,
2015; Brown et al., 2017).

As a result, teachers often rely on so-called second-hand
evaluations, which are defined as the assessment of the credibility
and trustworthiness of the information’s source (e.g., Bromme
et al., 2010; Bromme and Goldman, 2014; Merk and Rosman,
2019). Hence, instead of analyzing whether the information itself
is “true” or not, they evaluate if they can trust the information at
hand or the person or body who conveys it (e.g., the researcher
or specific science communication formats like clearing houses).
Consequently, teachers’ trust in educational science can be seen
as a central predictor to which extent teachers positively evaluate
and thus engage with scientific evidence (Hendriks et al., 2016;
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Bromme et al., 2022). Hence, in the following, we analyze what
factors influence teachers trust in educational science. More
specifically, we investigate whether teachers’ trust in educational
information is influenced by the source of information, their
trust in educational science and in science in general, as well as
by their prior topic-specific beliefs in the sense of a confirmation
bias. While the first research question aims at aligning the study
at hand with previous research on teachers’ trust in science,
the latter two extend existing research by transferring findings
on teachers’ beliefs from the domains of epistemic beliefs and
cognitive biases to research on trust in science. This is to find out
whether teachers’ beliefs influence teachers’ trust in educational
science which, in turn, could also influence teachers’ engagement
with scientific evidence.

2. Trust-related barriers to
evidence-informed practice

There are several definitions of trust (see Dietz and
Den Hartog, 2006 for an overview), which often share the
common overarching idea that there is a one-way dependency in
which one party (the so-called trustor) trusts another party (the
so-called trustee; Mayer et al., 1995; Dietz and Den Hartog, 20065
Blobaum, 2016). Thereby, according to the popular definition of
Mayer et al. (1995), the trustor agrees “to be vulnerable to the
actions of (...) [the other] party based on the expectation that the
other will perform a particular action important to the trustor,
irrespective of the ability to monitor or control that other party”
(p. 712).

Furthermore, there are different conceptualizations of trust
such as trust as a belief, trust as an action, or trust as a decision
(see again Dietz and Den Hartog, 2006 for an overview). In
the following, we primarily focus on trust as a belief, i.e., the
evaluation of trustworthiness of the potential trustee (Dietz and
Den Hartog, 2006), which is why the question arises as to what
causes trustworthiness in the first place. In this regard, three
dimensions of trust are typically mentioned: (1) expertise, (2)
integrity, and (3) benevolence. A party seems trustworthy if
he/she is having high and relevant knowledge on the topic of
interest (expertise), adheres to the rules, norms, and values of his
or her profession (integrity) without ignoring the interest in the
good of others (benevolence, e.g., Mayer et al., 1995; Dietz and
Den Hartog, 2006; Hendriks et al., 2016; Bromme et al., 2022).
These dimensions can be ascribed to characteristics of the trustee
(Mayer et al., 1995; Dietz and Den Hartog, 2006; Blobaum,
2016), whereby it depends on the trustors’ perception how strong
these characteristics are (Blobaum, 2016). Characteristics of the
trustor him- or herself, such as generalized trust in institutions
or other beliefs, can also influence the degree of trusting a party
(Mayer et al., 1995; Dietz and Den Hartog, 2006; Blobaum,
2016).

Based on this, we argue that evaluating trustworthiness is
accompanied by subjective and, therefore, less generalizable
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criteria, which could be prone to errors based on trustors’ belief
systems. Hence, we focus on three characteristics of teachers as
trustors—(1) trust in different sources, (2) trust in educational
science and science in general, as well as (3) prior individual
beliefs about specific educational topics. While the former
two are more directly related to second-hand evaluations, we
argue that the latter (prior beliefs) are also important in this
context since they might influence teachers’ trust in information
provided by educational science and therefore could act as
(rather indirect) barriers to evidence-informed practice.

2.1. Trust in different knowledge sources

As outlined in the introduction, teachers can use a variety
of sources to inform their practice. This ranges from anecdotal
evidence (also called experiential sources, Briten and Ferguson,
2015) that includes empirical information based on, for example,
own personal experiences or experiences from a colleague (Buehl
and Fives, 2009; Kiemer and Kollar, 2021) to more formalized
sources such as lectures and formalized bodies of knowledge
like scientific evidence (i.e., research findings, Buehl and Fives,
2009). The presentation or communication form of information
is independent of the source. For example, anecdotal but also
scientific evidence can be communicated both orally and in
writing. Previous studies show that (future) teachers name and
recognize the variety of information sources themselves (Buehl
and Fives, 2009), but when it comes to practical decisions, they
prefer anecdotal over scientific evidence (e.g., Gitlin et al., 1999;
Parr and Timperley, 2008; Buehl and Fives, 2009; Cramer, 2013;
Bréten and Ferguson, 2015; Zeuch and Souvignier, 2016; Menz
et al., 2021; Grof3 Ophoftf and Cramer, 2022). Furthermore,
the preference of anecdotal evidence does not only seem to be
associated with student teachers’ motivation to learn in teacher
training (Braten and Ferguson, 2015), but it was also identified
as the root of their beliefs and persistent misconceptions about
specific topics from educational psychology (Menz et al., 2021).

In addition, the predominance of anecdotal evidence
among (future) teachers is also evident in studies on trust
in different sources: For example, Landrum et al. (2002)
focused on an overall assessment of trust among student
teachers by comparing, among others, the sources “scientific
journals” vs. “teachers.” In this descriptive study, the participants
trusted information provided by other teachers more than
information provided by scientific journals. In a two-step—
first exploratory and then confirmatory—study by Merk
and Rosman (2019) the results were more differentiated as
student teachers deemed scientists in educational science as
“smart but evil” (p. 6). Accordingly, they attributed more
expertise but less benevolence and integrity to scientists than
to practicing teachers. In a follow-up study, Rosman and
Merk (2021) examined teachers’ reasons for (dis-)trusting
educational science vs. science in general. In line with
the “smart but evil” pattern outlined above, teachers more

frontiersin.org


https://doi.org/10.3389/feduc.2022.976556
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Schmidt et al.

strongly emphasized integrity and benevolence—compared to
expertise—as reasons for distrusting educational scientists.
Similarly, Hendriks et al. (2021) found differences in student
teachers’ reasons for (dis-)trusting information by educational
psychology scientists or teachers. In their descriptive study,
student teachers deemed educational psychology scientists not
only less benevolent but also as having less expertise than
teachers. When specifically looking for practical advice, student
teachers rated teachers as more trustworthy than scientists—
consistent across all three dimensions (expertise, integrity,
benevolence).

To sum up, these results suggest that different knowledge
sources influence (future) teachers’ second-hand evaluation in a
manner that anecdotal evidence provided by practicing teachers
is perceived as more trustworthy than scientific evidence, leading
to greater use of anecdotal evidence in practice. We argue
that this preference may not only be caused by differences in
the epistemological nature of anecdotal evidence (i.e., a non-
scientific and possibly more “user-friendly” body of knowledge)
compared to scientific evidence (which is often more abstract
and theoretical) but also by the fact that individuals from one’s
own in-group are often evaluated more positively compared
to individuals from out-groups since they share the same
profession-related experiences (e.g., Mullen et al., 1992). Hence,
educators who share anecdotal evidence from their day-to-day
practice might seem more trustworthy to teachers compared
to scientists. The preference for anecdotal evidence coming
from other teachers could then act as a barrier to evidence-
informed school practice, and, in the worst case, as Rosman
and Merk (2021) argue, lead to dysfunctional practices when
decisions are, for example, built on passed-on misconceptions
like the prominent so-called neuromyths that can appear at
an early career stage and are thus already common among
student teachers (Krammer et al, 2019, 2021). There are
many neuromyths with the learning style myth as a well-
known example that has been debunked years ago (e.g., Pashler
et al., 2008), but is still very popular among practitioners
(Krammer et al,, 2019, 2021). If (student) teachers do not
consult scientific evidence, in light of this myth “they may
waste time developing teaching materials tailored to individual
students’ learning styles” (Rosman and Merk, 2021, p. 1).
Hence, we will analyze whether teachers trust knowledge
claims by other teachers and scientific studies differently. To
test this research question, we formulate the following first
hypothesis:

H1: When teachers are confronted with knowledge claims
regarding specific topics from educational science, they show
more trust in claims if these are allegedly from another
teacher (anecdotal evidence) than from a scientific study
(scientific evidence).
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2.2. Trust in (educational) science

In the context of teachers’ evaluation of scientific
information, epistemic beliefs also play a pivotal role (Bendixen
and Feucht, 2010; Fives and Buehl, 2010). Epistemic beliefs are
defined as “individuals’ beliefs about the nature of knowledge
and the process of knowing” (Muis et al., 2016, p. 331).
These beliefs can be simultaneously domain-general and
domain-specific, whereby beliefs relating to different domains
can influence each other (e.g., Buehl and Alexander, 2001;
Muis, 2004). Hence, Muis et al. (2006) proposed the Theory
of Integrated Domains in Epistemology (TIDE) that refers to
the interplay of general epistemic beliefs, academic epistemic
beliefs as well as domain-specific epistemic beliefs, which,
in turn, are influenced by different contextual factors (i.e.,
the socio-cultural, academic, and instructional context). In
their framework, the authors define general epistemic beliefs
as “beliefs about knowledge and knowing that develop in
nonacademic contexts such as the home environment, in
interactions with peers, in work-related environments, and in
any other nonacademic environments” (Muis et al., 2006, p. 33).
Academic epistemic beliefs, on the other hand, encompass
“beliefs about knowledge and knowing that begin to develop
once individuals enter an educational system” (Muis et al,
2006, p. 35). Furthermore, these two belief dimensions can be
differentiated from domain-specific epistemic beliefs—“beliefs
about knowledge and knowing that can be articulated in
reference to any domain to which students have been exposed”
(Muis et al., 2006, p. 36). In 2018, Merk et al. (2018) extended
the framework by adding topic-specific beliefs, i.e., beliefs
regarding specific topics or theories, as a further dimension
of epistemic beliefs. By analyzing student teachers’ epistemic
beliefs according to different educational topics, they found
(at least on a correlational level) empirical support for the
predictions of their framework that (1) topic-specificity is a
feature of epistemic beliefs and that (2) domain-specific beliefs
and topic-specific beliefs influence each other reciprocally.

Transferring the predictions of the TIDE framework to
teachers’ evaluation of trustworthiness, we posit that low trust in
educational science and in science in general could be a barrier to
evidence-informed practice via its effects on topic-specific trust.
In fact, following the framework’s assumption of different levels
of beliefs reciprocally influencing each other, scientific findings
about specific educational topics would also be deemed as less
trustworthy and, therefore, less relevant for teaching practice in
teachers with low trust in educational science and in science
in general. In other words, we investigate whether there is an
interplay between teachers’ trust in specific knowledge claims
from educational science, their trust in educational science, and
their global trust in science. More specifically, we formulate the
following second hypothesis:
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H2: Trust in specific knowledge claims from educational
science can be predicted by (domain-specific) trust in
educational science and global trust in science.

2.3. Confirmation bias

The last factor considered in the present article involves
teachers’ prior beliefs about the corresponding knowledge
claims. An extensive body of studies has shown that individuals’
prior beliefs on a specific topic (e.g., on psychological or
political issues) influence the search for and interpretation of
information on this topic. In the literature, this phenomenon
is labeled with different terminologies such as prior attitude
effect (Druckman and McGrath, 2019), biased assimilation
(Lord et al, 1979; Lord et al, 1984), or congeniality bias
(Hart et al., 2009), but the most prominent one is confirmation
bias (e.g., Lord et al., 1979; Nickerson, 1998; Oswald and
Grosjean, 2004). Confirmation bias can be divided into two
subcomponents: selective exposure and selective judgment.
Selective exposure comes into play while seeking information
on the respective topic, and manifests itself in preferring belief-
consistent and ignoring belief-inconsistent information (Hart
et al., 2009; Stroud, 2017). Selective judgment, on the other
hand, is defined as the process of interpreting information in a
way that—irrespective of the veracity of that information—this
information is preferred if it is consistent with one’s prior belief.
By contrast, if this information is in conflict with one’s prior
belief, it is either quickly discounted or analyzed thoroughly to
identify errors in it (e.g., Lord et al., 1979; Nickerson, 1998; Jonas
etal., 2001; Oswald and Grosjean, 2004; Stroud, 2017). However,
these two subcomponents are not always clearly differentiated
and sometimes confirmation bias is referred to even when
only one of the two subcomponents is considered (e.g., Butzer,
2020).

If teachers are subject to confirmation bias, this can
act as a barrier to evidence-informed practice: On the one
hand, teachers may completely distrust scientific evidence on
a specific educational topic if the evidence is contradictory
to their previous beliefs, resulting in ignoring the scientific
evidence in their practical actions. On the other hand, they
may selectively trust scientific evidence that is in line with their
beliefs, and thus, selectively use scientific evidence. Even though
confirmation bias is already discussed as a barrier to evidence-
informed practice (e.g., Katz and Dack, 2014; Andersen, 2020),
it has been less systematically analyzed in this context so far.
While there are a few qualitative studies that draw attention
to the existence of confirmation bias among teachers in the
context of data-based decision making (e.g., Van Lommel
et al.,, 2017; Andersen, 2020), only Masnick and Zimmerman
(2009) have explicitly analyzed whether confirmation bias—or
more precisely selective judgment—influences, among others,
student teachers’ evaluation of scientific evidence. In line with
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selective judgment, participants perceived the arrangement
of the study as more appropriate as well as the results as
more important and interesting when the results were in
line with their beliefs compared to when they contradicted
them.

It should be noted that Masnick and Zimmerman
(2009)s dependent variables conformed to a first-hand
evaluation of the study in question (e.g., evaluating the
appropriateness of a studys design). However, despite
the importance of second-hand evaluation in teachers
dealing with scientific evidence (see section 1), the influence
of confirmation bias on such second-hand evaluations
has, to the best of our knowledge, not been investigated
so far. Consequently, we focus on the subcomponent
selective judgment by examining whether teachers’ prior
topic-specific beliefs influence trust ratings in the sense
of a confirmation bias. In doing so, we test the last

hypothesis:

H3: When teachers are confronted with evidence for specific
knowledge claims of educational science, they show more
trust in these claims if these are belief-consistent.

3. Materials and methods

3.1. Experimental design

All hypotheses were preregistered (Schmidt et al., 2022).
To test the hypotheses, we designed a 2 x 2 within-person
experiment with the two independent variables source of
evidence (scientific evidence from a published scientific study
vs. anecdotal evidence from another teacher on a teacher blog)
and belief-consistency of evidence (belief-consistent vs. belief-
inconsistent claims). We thereby constructed texts about four
topics from educational science (effects of retention, gender
differences in grades, text-picture integration, signaling) for
each source of evidence (i.e., scientific vs. anecdotal evidence),
and with two variations of the claims made in texts (e.g.,
integrating text into pictures positively affects learning vs. does
not positively affect learning) to allow us to manipulate belief-
consistency. This resulted in 4 * 2 * 2 = 16 texts in total. These
texts were mostly comparable in structure and wording and
included a specific knowledge claim regarding the respective
educational topic. For each topic, the only information that
varied in the texts were the source of evidence and the belief-
consistency of the presented knowledge claim (see Figure 1 for
epitomes). To prevent respondent fatigue (Lavrakas, 2008) and
unintentional unblinding, the participants, however, received
only two out of these 16 texts (see below for details). All texts and
all other study materials are publicly available (Schmidt et al.,
2022).
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Topic 1: Retention ("Repeating classes")

A subject of much debate among educational practitioners and scholars is, for example,
whether retention helps weak students catch up.

To what extent do the following statements apply to you?

don’t know /
not specified

rather agree  rather disagree

I think that class repetitions are actually beneficial o o [m]
for weak students.

f_ On this topic, for example, Quantz & Peters (2014) write in the “Journal
| of Effective Teaching”: In an educational science study with N = 1134

: students, we found that class repetition is found to be associated with
| smaller achievement gains (on average) for weak students than

| promoting these students.

——————a

Topic 2: Integration of figures and texts

A subject of much debate among educational practitioners and scholars is, for example,
whether it is beneficial to integrate explanatory texts in figures (rather than putting them in
separate legends).

To what extent do the following statements apply to you?

ratheragree  rather disagree  don’t know /

not specified

I think that class repetitions are actually beneficial o o o
to integrate y texts into figures.

| On this topic, for example, the user "MrMueller" writes on the Teacher-

| Blog "Hear ITeacher.org": A ding to my experience over

| many years, | found, that students learn more successfully from materials
: in which figures and explanatory texts are integrated (compared to
|

|

materials in which illustration and explanatory text are presented
separately).
!

FIGURE 1

Epitomes of the 16 texts. Italic: Same for all sources, beliefs, and
topics; Underscored: Same for both sources and beliefs within
each topic; Bold: Same for every topic and both beliefs within
both sources; Gray: Same for both sources within every topic
and belief combination.

3.2. Procedure and measurements

At the beginning of the experiment, trust in science and
trust in educational science (independent variable H2) were
measured by self-assessment using items from the science
barometer (Weiflkopf et al., 2019). This large trend study uses
the following item to assess trust in science: “How much do
you trust in science and research?” along with a five-point
Likert-scale (1 = trust completely to 5 = don’t trust; with
a don’t-know/not specified-option). Additionally, we used the
same item stem to assess trust in “educational science and
educational research” (independent variable H2). To ensure
that all participants conceptualize educational science and
educational research in a similar way, we provided a brief
explanation of educational science and educational research by
defining it as an area “[...] that deals with the theory and practice
of education.” We further provided examples of subdisciplines of
educational science and educational research, which “are, among
others, educational science, educational psychology, economics
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of education as well as sociology of education.” Subsequently,
participants were introduced to a first (randomly chosen) topic
(e.g., text-picture integration), and their belief toward this topic
(auxiliary variable to construct the independent variable for H3)
was assessed using a trichotomous item (e.g., “I think it is actually
beneficial to integrate text into pictures”; with the answer options
“rather agree,” “rather disagree,” and “don’t know/not specified”).
Thereafter, they were presented with the randomly chosen text
that included a knowledge claim referring to this topic using
evidence from a randomly chosen source (independent variable
HI; e.g., scientific evidence from a published scientific study)
and of randomly chosen belief-consistency (e.g., consistent;
independent variable H3). Referring to the latter, the knowledge
claim presented was dependent on the previously stated belief of
the participants and thus not per se an inconsistent or consistent
claim (e.g., if the participant believes that integrating text into
pictures is beneficial, the consistent knowledge claim informs
about the benefit of integrating text into pictures). Finally,
respondents were prompted to rate their trust in the respective
knowledge claim (dependent variable for all three hypotheses)
using an adapted item from the science barometer (Bromme
et al., 2022; e.g., “How much do you trust the claims of the
educational scientists Quantz ¢ Peters on the topic of text-picture
integration?”) on a five-point Likert-scale again ranging from
1 = trust completely to 5 = don’t trust with a don’t-know/not
specified-option. Subsequently, this procedure was repeated
for the second randomly chosen topic. Thereby, participants
were subjected to—compared to the first round—the opposite
condition of source and belief-consistency of evidence. For
example, if scientific evidence including a consistent knowledge
claim was presented in the first round (by random drawing,
see above), the second knowledge claim referred to anecdotal
evidence that was contradictory to the participants stated belief.

3.3. Sample

To achieve external validity, we commissioned a service
provider to recruit a representative sample of in-service teachers
in Germany. This was achieved using both random digit
dialing (Wolter et al., 2009) and post hoc inverse-probability
weighting (Mansournia and Altman, 2016). To avoid Type II
errors, we conducted power analyses assuming random intercept
regression models with level-1 dummy variables (H1 and H3)
or a continuous level-2 predictor (H2) and small to moderate
effect sizes (see Preregistration, Schmidt et al., 2022). Specifying
a sample size of N = 400 participants, this resulted in good
power estimates (>90%) for both model types. Correspondingly,
the field provider stopped sending invitations and reminders
after a sample size of N = 400 was reached, thus resulting in
N = 414 participants. The distribution of our weighted sample
and the corresponding population are given in Table 1.
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TABLE 1 Sample characteristics in the population [Statistisches
Bundesamt (Destatis), 2019] and the weighted sample in percentage.

Population Empirical
School type
Elementary School 29.3 29.3
(the German Grundschule)
Lower Secondary School 4.1 4.1
(the German Hauptschule)
Intermediate Secondary 8.0 8.0
School
(the German Realschule)
Upper Secondary School 25.8 25.8
(the German Gymnasium)
Comprehensive School 19.9 20.0
(the German Gesamtschule)
Special School 10.0 10.0
(the German Foérderschule)
Age
Age < 30 7.3 7.4
30 < Age <59 80.0 80.8
60 < Age 12.4 11.8
Gender
Men 26.9 26.9
Women 73.1 73.1

3.4. Statistical analysis

As preregistered, we used multi-level linear models
(Gelman and Hill, 2007) to investigate the effects of the two
experimentally manipulated independent variables (source of
evidence and the belief-consistency of evidence; see Schmidt
et al., 2022). As we did not preregister a detailed analysis plan,
we did not include information on how to handle missing
values. However, as our data contained a nontrivial amount of
missing data after recoding the answer options “don’t know/not
specified” as missings (Liidtke et al., 2007; 2% overall and 15%
in the dependent variable), we decided to multiply impute these
missing values using chained equations (van Buuren, 2018)
and handle the multi-level structure of the data within these
imputations using a dummy indicator approach (Liidtke et al.,
2017).

After carefully checking the imputation chains and the
distributions of the imputed values, we estimated Bayesian
random intercept models with flat priors for the regressions
weights using the R package brms (Biirkner, 2017), which is
based on the probabilistic programming language Stan (Stan
Development Team, 2017). This package allows to incorporate
survey weights by different contributions of data points to
the likelihood, and also has built-in capacity for dealing with
multiply imputed data: Distinct models are fitted for each
imputed data set, resulting in as many models as imputations.
While combining these models (model pooling) is a complex
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task in classical statistics (Rubin, 1976), it is straightforward
after Bayesian estimation: One has just to join the posterior
draws of the submodels (Zhou and Reiter, 2010). Furthermore,
for a better interpretation, we have standardized the dependent
variables and continuous predictors.

To evaluate not only the predictors but also the whole
regression models, we estimated Conditional R* (Gelman
et al,, 2019) and compared, in cases where highest density
intervals (HDIs) of the predictors indicate evidence for the
null-hypothesis or negligible to small effects, the predictive
performance of the models using Bayes factors based on bridge
sampling (Gronau et al., 2017).

4. Results

All detailed results can be retrieved from the publicly
available Reproducible Documentation of Analysis (Schmidt
et al, 2022). To gain first insights into the results of our
experiment, we plotted weighted means and standard deviations
of the dependent variable trust by source of evidence, belief-
consistency of evidence, and topic in Figure 2. These descriptive
statistics imply (descriptive) evidence against H1, namely that
teachers show more trust in claims regarding specific topics if
these are allegedly from another teacher (anecdotal evidence)
than from a scientific study (scientific evidence). In fact, all
means of the trust variables were higher for the scientific study
source, regardless of the respective topic and belief-consistency
combination. Overall, this effect showed a large Cohen’s d =
—0.81, which varied substantially over the topics (gender
differences in grades: d = —1.25, text-picture integration: d =
—1.04, effects on retention: d = —0.26, signaling: d = —0.86).

Hypothesis 2 can be evaluated descriptively using Figure 3.
As the bubble sizes in Figure 3 are proportional to the number
of observations for each plot, one can see that there are some
relations between trust in knowledge claims from educational
science and trust in educational science (domain specific trust)
as well as between the latter and trust in science (global
trust). In contrast, trust in science seems to be uncorrelated
with trust in knowledge claims from educational science.
When only educational knowledge claims stemming from
scientists, i.e., scientific evidence, are considered trust in science
seems to be correlated with trust in knowledge claims from
educational science, too. Furthermore, this visual impression is
also reflected by descriptive correlation measures (see Pearson’s
r and Kendall’s 7 in Figure 3).

Finally, Figure 2 points toward a verification of Hypothesis
3, which posits that teachers trust claims from educational
science more if these are belief-consistent. In fact, for each
topic and source combination, participants consistently reported
greater trust in the source if the respective claim was belief-

consistent (overall: d 0.40, gender differences in grades:

d = 0.43, text-picture integration: d = 0.28, effects on retention:
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d = 0.64, signaling: d = 0.25). Details on participants’ beliefs
about each topic can be found in Table 2.

To back up these descriptive results with inferential
statistics, we estimated a series of Bayesian random intercept
models. We started with a model including only the random
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FIGURE 2
Weighted means and standard deviations of trust by
belief-consistency of evidence, source of evidence, and topic.

10.3389/feduc.2022.976556

intercept and dummy variables indicating the topic of the
texts (see Table3). These two predictors resulted in a
Conditional R> = 0.23, whereas the addition of a dichotomous
coded variable indicating the source (Model 2; referring to
H1) resulted in an unstandardized coefficient of b 0.59
(95%HDI: [0.48; 0.70]) and an increase of Conditional R* to
0.38. In the next two models, we consecutively included the

continuous predictors trust in educational science and trust
in science to test H2. The HDI of the standardized slope of
trust in educational science did not contain zero (Model 3),
whereas the HDI of the standardized slope for trust in science
did so (Model 4). Both predictors explained comparatively little
additional variance (Conditional R*> = 0.39 for Model 3 and
Conditional R®* = 0.39 for Model 4). Exploratory (deviating
from the preregistration) computed Bayes factors comparing
Model 2 with Model 3 and Model 3 with Model 4 revealed
some further evidence for this interpretation (BF»3 0.001
and BF34 4.86). To test whether the findings in Model
4 on trust in science are potentially confounded by trust in

educational science, we specified an additional model (Model
3a) that only included trust in science as a predictor. This
exploratory (deviating from the preregistation) analysis revealed
that including only trust in science as a predictor again explained
comparatively little additional variance (Conditional R%? = 0.39).
The HDI of the standardized coefficient for trust in science
was narrow (95%HDI: [0.00; 0.16]), which can be interpreted
as evidence for a negligible effect. In Model 5, we included
the third experimentally varied dichotomous variable, belief-
consistency, as a dichotomous indicator (referring to H3). The
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corresponding unstandardized regression coefficient was b =
—0.35 (95%HDI: [—0.47; —0.23]) and Conditional R* increased
again to 0.41. In Model 5a, we analyzed the effect of belief-
consistency specifically on scientific evidence, which resulted
in an unstandardized regression coeflicient of b —0.38
(95%HDI: [—0.55; —0.21]) and an Conditional R*> of 0.91. To
further explore (a further deviation from the preregistration)

the influence of trust in educational science, trust in science,
and belief-consistency specifically on scientific evidence, we
estimated an interaction model (Model 6) to see whether the
source of evidence moderates the association between trust
in educational science, respectively, trust in science and trust
in knowledge claims from educational science. The HDI of
the standardized coeflicient of the interaction term of trust
in educational science and source (8 0.11; 95%HDI:
[—0.00; 0.22]) as well as the HDI of the standardized coefficient
for the interaction term of trust in science and source of evidence
(B = 0.11; 95%HDI: [0.00; 0.22]) were adjacent to zero which
can be interpreted as evidence for a small moderation effect

of the source. However, Bayes factors comparing Model 5 with
Model 6 revealed evidence in favor of Model 5 (BF5¢ = 0.33).

5. Discussion

In the present study, we focused on trust-related barriers
teachers might face when it comes to realizing evidence-
informed practice. As teachers often evaluate scientific evidence
from educational science by evaluating whether the person
or body who conveys the evidence appears trustworthy,
we analyzed factors that might influence such second-hand
evaluations. We thereby examined (1) whether teachers trust
knowledge claims by other teachers and scientists differently,
(2) whether there is an interplay between teachers’ trust in
specific knowledge claims from educational science, their trust
in educational science, and their global trust in science, as well as
(3) whether teachers’ prior topic-specific beliefs influence their
trust ratings in the sense of a confirmation bias.

5.1. Summary and discussion of main
results

A key finding of our study is that teachers consider
knowledge claims made by educational scientists (on average)
as more trustworthy than those made by other teachers. This
result is particularly surprising because it contradicts numerous
previous research results on the preference of anecdotal over
scientific evidence (e.g., Landrum et al., 2002; Merk and Rosman,
2019; Hendriks et al., 2021; Rosman and Merk, 2021). In the
following, we want to discuss possible reasons for this deviation:

One explanation could be attributed to the fact that previous
studies mainly used student teacher samples (Landrum et al.,
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2002; Merk and Rosman, 2019; Hendriks et al., 2021). As we have
surveyed in-service teachers, the deviation might be (partially)
due to the different samples’ characteristics such as differences
in working or practical experiences. By providing evidence
that college experiences influence student teachers’ beliefs about
knowledge sources, a study by Perry (1999) supports this idea.

Differences in the operationalizations of dependent and
independent variables between previous studies and our study
can offer further explanations. Referring to the dependent
variable “trust;” previous studies primarily measured dimensions
of trust (expertise, integrity, and benevolence) rather than an
overall assessment of (dis-)trust in science. In these studies, trust
ratings regarding science and scientists in general were lower
than those regarding teachers—especially in terms of integrity
and benevolence—but globally still rather high (Merk and
Rosman, 2019; Hendriks et al., 2021; Rosman and Merk, 2021).
The operationalization of the independent variable “source”
also deviates from previous operationalizations. While previous
studies focused on trust in the source itself without referring
to any content-related information (Landrum et al, 2002;
Hendriks et al., 2021; Rosman and Merk, 2021), we focused
on trust in specific claims made by a specific source. The
inconsistencies of our findings regarding prior research might
thus be caused by the fact that we kept all knowledge claims
mostly constant over the different sources, whereas, in other
studies, there is a potential confounding between source and
content. Asking participants about different sources without
referring to specific topics may introduce bias since certain
knowledge sources are usually associated with specific topics.
To give an example, if teachers are asked about their trust
in the expertise of teaching practitioners, they might think
of expertise in classroom teaching, whereas, when asked the
same question with reference to educational scientists, they
might consider researchers’ expertise in conducting empirical
studies (Merk and Rosman, 2019). In this case, there is thus
no consistent criterion for comparison. Hence, the ﬁnding, in
previous studies, that teachers are often reluctant to use scientific
knowledge for their day-to-day practice may not result from
the fact that they generally doubt that science is able to deliver
robust and trustworthy knowledge, but possibly due to the fact
that scientific evidence is often associated with more abstract and
theoretical information (e.g., Buehl and Fives, 2009; Braten and
Ferguson, 2015; Grof$ Ophoff and Cramer, 2022).

Furthermore, our results provide early evidence against
an influence of an in-group bias (e.g., Mullen et al, 1992)
on teachers’ trust. The knowledge claims provided by other
teachers, i.e., by an in-group member, were not perceived as
more trustworthy than those by scientists—out-group members.
However, this statement should be taken with caution. Although
we kept the knowledge claims and wording mostly constant,
the source “teacher” referred to some other (unknown) teacher
who published own experiences on a teacher blog and the
source “scientists” to scientists who published their findings
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TABLE 2 Beliefs per topic in absolute frequencies.

Topic: Statement

Gender differences in grades: “I think girls actually get better grades.”

Text-picture-integration: “I think it is actually beneficial to integrate text into pictures.”

Effects of retention: “I think class retention is actually beneficial for weak students.”

Signaling: “I think it is actually beneficial to signal central information in texts.”

in a scientific journal. Hence, the publication body (teacher
blog vs. scientific journal) might also have influenced teachers’
trust ratings. As Braten and Ferguson (2015) found that student
teachers believed least in knowledge stemming from social
and popular media compared to anecdotal and formalized
knowledge, blog posts, as a form of social media, could have
decreased teachers’ trust in the provided claims by other
teachers. One possible explanation for the lower trust in
anecdotal evidence on teacher blogs could be that anyone could
write such posts, which can reduce its seriousness and therefore
its trust in it. Another factor that might influence teachers’ trust
ratings in anecdotal evidence could be related to the familiarity
of the source. Teachers might perceive a claim from a trusted
colleague as more trustworthy compared to an anonymous blog-
poster. Given that most previous studies investigating (student)
teachers™ trust in different sources also did not explicitly take
source familiarity into account, but rather used generic terms
such as an “experienced teacher” (Landrum et al.,, 2002, p. 44),
a “practitioner” (Merk and Rosman, 2019, p. 4), or “a teacher
who has taught at a school for a number of years” (Hendriks
et al,, 2021, p. 170), source familiarity might be an interesting
independent variable for further research.

All in all, however, this finding is good news as a general
lack of trust in statements from educational science does not
seem to be a barrier to evidence-informed action in schools. But
at the same time, and in line with previous research, we found
strong support for a substantial confirmation bias in teachers’
trust ratings. Confirmation bias cannot only come into play
while evaluating scientific information first-hand (e.g., Masnick
and Zimmerman, 2009), but can also distort, as demonstrated
in the present study, teachers’ second-hand evaluations. Thus,
it can be assumed that teachers evaluate knowledge claims to
a large extent in such a way that they confirm their own prior
beliefs. Consequently, they might be highly selective in choosing
the evidence they refer to. The general finding that teachers
have traditionally been rather reluctant to turn to scientific
evidence and rely heavily on their professional autonomy in
making decisions (e.g., Landrum et al., 2002; Buehl and Fives,
2009; Braten and Ferguson, 2015; Grof8 Ophoff and Cramer,
2022) could, thus, be viewed in a differentiated way: It is not
a general lack of trust in claims from educational science that
might hinder teachers from engaging with scientific evidence,
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Frequencies
Rather agree Rather disagree Don’t know/Not specified
92 107 12
139 39 27
151 58 11
138 43 11

but the question of which filters come into play to evaluate
the evidence. The present study revealed that confirmation bias
might work as one such filter and, thus, as a potential barrier
for evidence-informed practice as teachers might not easily
change their practice in light of scientific evidence that does
not fit their beliefs. Given that many students already enter
teacher education with a specific set of misconceptions such
as neuromyths (Krammer et al,, 2019, 2021), our findings on
the existence of a confirmation bias are particularly worrying,
since confirmation bias may lead to a further strengthening of
such misconceptions. Furthermore, if teachers trust evidence
that is consistent with their beliefs more and rather distrust
evidence that is contradictory, they will continue to teach
as before. This seems rather unproblematic as long as the
teachers’ practice is tried and tested. In addition, it is quite
unrealistic to expect teachers to inform every practical decision
and action with evidence. However, it is, on the one hand,
problematic when it comes to concepts that are scientifically
untenable but continue to persist in practice, and, on the
other hand, when evidence is used to develop new approaches
or to overcome hitherto unsolved problems as this makes it
difficult to stimulate new avenues. Therefore, approaches must
be identified to specifically motivate teachers to change their
practice when scientific evidence contradicts their beliefs and
existing practice.

Furthermore, of course not all teachers trust claims from
educational science in general equally. This can be explained
partially by referring to some of the predictions of the TIDE
framework (Muis et al., 2006). Admittedly, we found evidence
for a negligible influence of global trust in science on topic-
specific trust, a finding that might be caused by different
associations between science and educational science. For
example, the former might be associated with the mixing of
different chemicals in a laboratory, whereas the latter might
be perceived more as a process of developing abstract theories.
Nevertheless, in line with the TIDE-framework, domain-specific
trust in educational science predicted teachers’ topic specific
trust. As a consequence, those teachers who perceive educational
science in general as less trustworthy also report less trust
in specific claims from educational science, and thus might
ignore scientific evidence as a source of information for their

practical actions. Therefore, when striving to foster teachers’
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Trust

Model 1 Model 2 Model 3 Model 3a Model 4 Model 5 Model 5a Model 6
Est. HDI(95%) Est. HDI(95%) Est. HDI(95%) Est. HDI(95%) Est. HDI(95%) Est. HDI(95%) Est. HDI(95%) Est. HDI (95%)
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[ocientificEvidence 0.59  048t00.70 059  0.49t00.70 0.59 048t00.70 059  048t0070  0.60  0.49t00.71 060  0.491t00.70
Trust in Educational 015  0.08t00.23 0.14  006t0022 015  0.07t00.22 0.21 0.12t0029  0.09  —0.00to0.19
Science

Trust in Science 0.08 0.00t00.16 005 —0.03to0.12 004 —004t00.12 009  —0.00t00.17 —0.02 —0.11to0.08
Tt ey —035 —047to—023 —038 —0.55t0—021 —0.35 —0.47to—0.22
Trust in Educational 0.11 —0.00 to 0.22
Science*IScientxﬁ:Evidence

Source

ScientificEvidence.,
Tsource Trust

0.11 0.00 to 0.22

in Science
Random effects

o? 0.78 0.62 0.62 0.62 0.62 0.60 0.64 0.59

oo 0.22 0.29 0.28 0.29 0.28 0.26 0.19 0.27
ICC 0.22 0.32 0.31 0.32 0.31 0.30 0.77 0.31
Clusters 412 412 411 412 411 411 411 411
Observations 824 824 822 824 822 822 411 822
Marginal RZ/ 0.01/0.23 0.10/0.38 0.12/0.39 0.10/0.39 0.13/0.39 0.16/0.41 0.14/0.91 0.16/0.42

Conditional R*

The dependent variables [Trust in Knowledge Claims From Educational Science (Model 1-Model 5 and Model 6) and Trust in Scientific Evidence (Model 5a)] and continuous predictors (Trust in Educational Science, Trust in Science) are standardized.
Est., estimate of the regression coefficient; HDI (95%), 95% highest density interval; o2, Level-1 residual variance; top, Level-2 residual variance; ICC, intraclass correlation coefficient; Marginal R?, variance that is explained by fixed factors; Conditional R?,
variance that is explained by fixed and random factors.
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evidence-informed practice, one promising way may either
focus on increasing trust in educational science as a whole,
or on increasing trust in specific knowledge claims from
that domain. However, so far little is know about how to
actually do this. But even if an effective way to increase
trust can be identified, we want to point out that trust
in science is only a predictor in the sense of a necessary
condition for acting in an evidence-informed manner, but it
does not automatically imply evidence-informed actions. The
same also applies to first-hand evaluation: Even a competent
first-hand evaluation of the veracity of scientific evidence
(e.g., enabled by comprehensive teacher training including a
fundamental training in methodology and well-designed science
communication) does not automatically imply engagement with
evidence. This is also illustrated by the implementation steps of
evidence-informed practice: after evaluating scientific evidence,
teachers still need to link the evidence to their own prior
knowledge and then need to find ways to concretely use the
evidence in their practice (Brown et al., 2022). Nevertheless, it
can be assumed that a successful first-hand evaluation supports
correct receptions of scientific evidence, which in turn is a
central basis for an adequate transfer of scientific evidence
into practice.

In addition, we want to highlight that processes in schools
and classrooms are complex, characterized by interpersonal
interaction, and exposed to uncertainty in the field of
educational action, which can be reduced but never completely
resolved by recourse to scientific evidence (Cochran-Smith
et al., 2014). Thus, even substantial engagement with evidence
does not grasp the action situation in its whole complexity.
In other words, the assumption of simple and fitting evidence
for certain or even all conceivable questions of school practice
is neither tenable nor scientifically justifiable (Renkl, 2022).
Evidence in itself can also be problematic if low-quality evidence
is referred to, such as findings that cannot be replicated
(e.g., Makel and Plucker, 2014; Gough, 2021). Even within
science, there are critical voices concerning the informativeness
of common research methods (e.g., randomized controlled
trials) for educational practice, which is, after all, highly
context-specific (e.g., Berliner, 2002). However, we argue that
understanding evidence-informed practice as an educational
practice where scientific evidence is reinterpreted against the
background of one’s own experience and the context at hand
(Brown et al., 2017) may counteract this criticism. Consequently,
teachers do not only need to be able to evaluate, understand,
and deal with scientific evidence, but also to reflect it in light
of other information sources, for example, their own practical
experiences, contextual knowledge, and local school data (e.g.,
Bauer et al., 2015; Brown et al., 2017). Only then can scientific
evidence unfold its potential to contribute to a broadening of
perspectives on the pedagogical field of action.
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5.2. Methodological limitations and
future research

Of course, our study is not without limitations. Some have
already been mentioned before. In the following, we will briefly
repeat these limitations and add further ones, as well as derive
some implications for future studies.

The results of the present study indicate—and this is
contrary to previous findings—that teachers perceive scientific
evidence as more trustworthy than anecdotal evidence from
other teachers. As mentioned in the section above, the
operationalization of trust either as a multi-dimensional
construct (with the dimensions expertise, integrity, and
benevolence) or as an overall rating (e.g., used in the
science barometer, Weillkopf et al., 2019) as well as the
operationalization of the source (with or without content-related
information) could explain the difference. With regard to the
latter, we used claims regarding specific topics from educational
science to increase internal validity. This approach avoids
that participants make different, and thus not comparable,
associations when thinking about the expertise of practicing
teachers or educational scientists (see section above). In contrast,
the external validity of our study might be curtailed through
this approach, which is why our results should not simply be
generalized to other educational science topics.

Furthermore, as outlined in the section above, the additional
information about the publication body (teacher blog vs.
scientific journal) may have confounded teachers’ trust ratings
in different sources. The same could also apply to the names of
the persons who provide the information (Quantz and Peters,
2014 vs. Mr. Mueller) as well as the name of the publisher
(Journal of Effective Teaching vs. HeartAndSoulTeacher.org),
given that textual features of “scientificness” have been shown
to affect the processing and evaluation of textual information
(Thomm and Bromme, 2012). However, to increase the external
validity of our material, we tried to create scenarios which are as
realistic as possible. As teachers often do not meet scientists in
person, we decided to use a written format of scientific evidence.
To increase internal validity, we kept our study materials as
parallel as possible across the two different sources (i.e., scientific
and anecdotal evidence), which is why we also chose a written
format for anecdotal evidence. In this context, blogs are typical
for informing others about personal experiences in a written
manner (e.g., Ray and Hocutt, 2006; Deng and Yuen, 2011).
However, our approach reflects the challenge of designing
internally valid study materials quite well: The more information
is given in study materials, the less abstract the information
appears and the more varying associations of the participants
can be prevented. At the same time, it cannot be ruled out that
one of these pieces of contextual information (e.g., publication
body) confounds the variables that are actually relevant for the
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study and introduces bias on the outcomes. Therefore, it might
be reasonable to systematically vary the publication bodies in
further studies.

Based on our findings, one might assume that teachers
indeed have a high general trust in claims from educational
science, which, however, might decrease when explicitly
referring to concrete teaching practice. In other words, teachers
might take the attitude that what scientists say is true and
trustworthy, but has not much to do with their own teaching
practice or with the issues they actually encounter in the
classroom (e.g., Gitlin et al., 1999). This is a limitation of our
study since we did not directly relate our study materials to
school practice (or other contexts). However, we argue that
these concerns are mitigated by the fact that our scientific
and anecdotal evidence indirectly referred to school practice
by presenting claims about an educational topic published in a
teacher journal respectively on a teacher blog. Nevertheless, in
future studies, the context in which the evidence is intended to
be used could also be explicitly considered because Hendriks
et al. (2021) found that this can lead to differences in trust
ratings. In fact, in their study, student teachers perceived
educational psychology researchers as more trustworthy than
teachers when searching for theoretical explanations, but, in
contrast, the source “teachers” was trusted more when it came
to practical recommendations.

As a final limitation regarding our results on Hypothesis
1, we cannot completely exclude a Hawthorne effect or social
desirability bias, meaning that trust in research could have been
rated higher because participants were asked by researchers.
Considering previous research, however, we see this influence
as rather minor, as previous research studies have found greater
trust in anecdotal evidence although their participants were
asked by researchers, too.

Our results also show that selective trust in evidence may
be fuelled by a confirmation bias. Recent studies illustrate that
prior beliefs can even lead to the conclusion that when one is
confronted with belief-inconsistent scientific evidence, certain
topics cannot be scientifically investigated at all (Rosman et al.,
2021; Thomm et al,, 2021a). In addition, previous studies on
confirmation bias indicate that the strength of prior beliefs
moderates the influence of confirmation bias on searching and
interpreting information (e.g., Taber and Lodge, 2006). Hence,
in future studies, it would be reasonable to additionally collect
data on the strength of teachers’ prior beliefs, given that our
results might underestimate the influence of confirmation bias
on trust in teachers with strong prior beliefs and overestimate
the influence in teachers with less entrenched prior beliefs.
In addition to prior beliefs, other individual characteristics
of teachers, but also characteristics of the scientific evidence
can activate or act as filters (Fives and Buehl, 2012). With
respect to our study, teachers’ varying degrees of trust in the
domain of educational science can be regarded as one such
individual characteristic. However, factors like the individual
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degree of educational research literacy or epistemic beliefs could
be influential as well. Referring to the former, teachers with
higher educational research literacy might generally indicate a
higher trust in educational science, and possibly show less of
a confirmation bias. With regard to epistemic beliefs, teachers
with high multiplistic epistemic beliefs (scientific knowledge
as subjective “opinions”) might rate educational science as less
trustworthy and be more inclined toward confirming their
prior beliefs (Hofer and Pintrich, 1997). Referring to the
characteristics of scientific evidence, future research should also
examine (1) whether teachers trust certain research paradigms
more than others (e.g., experimental vs. observational research),
(2) if they trust scientific evidence more if it is proximal to their
actual teaching practice, or (3) if they place higher trust into
evidence that is close to their teaching subjects (e.g., because it
is more familiar).

Finally, with regard to future research, we would like to
emphasize that we have not measured teachers’ engagement with
evidence or use of evidence. Even though trust is a necessary
(but not sufficient) predictor for engaging with evidence, it
would be reasonable to additionally focus on actions based on
trust (i.e., behavioral variables). In this regard, however, the
conceptualization of objective measures that are intended to
go beyond self-reporting (e.g., How likely is it that you will
incorporate the research findings into your own practice?) is
quite complex.

6. Conclusion

Taken together, our findings allow a more differentiated
view of teachers’ trust in educational science and, thus, of trust-
related barriers teachers face when realizing evidence-informed
practice: It is not a general lack of trust in science that might
hinder teachers from engaging with (educational) scientific
evidence, it is more about the filter function of beliefs that come
into play to evaluate evidence that is problematic for an adequate
realization of evidence-informed practice. Thereby, the present
study revealed teachers’” prior topic-specific beliefs as one such
filter since they trusted more in evidence consistent with their
prior beliefs than belief-inconsistent evidence (confirmation
bias). Such selective trust can be dangerous since teachers may—
if at all—inform their actions with empirical evidence, but just
one-sidedly and not in its full scope. Moreover, we argue that
second-hand evaluation as well as first-hand evaluation are
necessary conditions to engage with evidence, which is why both
needs to be fostered systematically. Nevertheless, a successful
first-hand combined with a positive second-hand evaluation is
an important foundation for evidence-informed practice but
does not automatically imply evidence-informed actions and
even if professional actions are informed by evidence, scientific
evidence can only unfold its potential when it is reflected in light
of information from other sources.
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Can the utility value of
educational sciences be induced
based on a reflection example or
empirical findings—Or just
somehow?

Michael Rochnia* and Cornelia Grasel

Institute of Educational Research in the School of Education, University of Wuppertal, Wuppertal,
Germany

Educational sciences are a major component of German teacher education.
However, student teachers often do not consider educational sciences
in university courses (a profession-specific combination of educational
psychology, pedagogy and sociology) as helpful for the practice of teaching. To
prepare future teachers for evidence-based practice, this is a disadvantageous
motivational starting point, because educational sciences offer a large amount
of current and relevant findings that can have a positive impact on educational
practice. Thus, it would be beneficial for student teachers to see the utility
value of educational sciences. The present study attempts to encourage
student teachers to perceive the utility value of educational sciences with
a utility value short intervention. Utility value interventions contribute to
connecting the learning content with one’s own life to foster the motivation
to use scientific knowledge. A 2X2 quasi-experiment was conducted. Two of
the four groups received a utility value short intervention about educational
sciences (Factor 1). In addition, a second factor was analyzed that takes up two
patterns of educational reasoning in teacher education (Factor 2): Reasoning
was either exemplified with an instruction to reflect on the usefulness of
educational sciences (like in reflection-oriented educational reasoning) or
with exemplary empirical findings from educational sciences (like in evidence-
based educational reasoning). These two kinds of reasoning are objectives
of teacher education and therefore could influence the effect of a utility
value short intervention. Since epistemic goals influence engagement with
educational sciences, they are also taken into account. The results showed
that all four variants of the treatment increased the students’ assessment of
the utility value of educational sciences; the utility value intervention had no
additional effect. This is discussed with recourse to motivational theories and
concepts of teacher education.

utility value, evidence, reflection, educational sciences, teacher education
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Introduction

In teacher education, there is a broad consensus that university

courses in educational sciences—a profession-specific
psychology, pedagogy and
sociology—are useful for evidence-based pedagogical practice
(Slavin, 2008; Ferguson, 2021; Fischer, 2021; Renkl, 2022). Our

understanding of evidence-based pedagogical practice follows

combination of educational

Stark’s (2017) broad conceptualization of evidence: Empirical
findings and theories are pedagogical knowledge from educational
sciences and contribute to ground pedagogical practice on a
scientific basis. Educational sciences can therefore be understood
as one source of evidence-based practice. This theoretical
approach also underpins the fact that there is no direct linear
application of evidence to practice. Bromme et al. (2014)
emphasized that applying educational sciences is not a linear
transfer of rules of action. Rather, applying educational sciences is
about using it as a resource to interpret and reflect practice (e.g.,
theoretical goggles at Neuweg, 2013, p. 305; Neuweg, 2022, p. 45).

The scientific consensus on the usefulness of educational
sciences is supported by findings regarding teachers’ pedagogical
knowledge. Teachers’ pedagogical knowledge acquired in
university courses of educational sciences is correlated positively
with teaching quality, self-efficacy and student learning outcomes
(Voss et al., 2011; Konig and Pflanzl, 2016). This means that when
teachers have more pedagogical knowledge about the theories and
empirical findings of educational sciences, they are more confident
in teaching successfully under critical conditions. Furthermore,
they realize better teaching and learning. This outlines the
usefulness of educational sciences from an evidence-based point
of view. However, evidence from educational sciences needs
interpretation and can be understood as a step toward applicable
knowledge (Grofy Ophoft and Cramer, 2022, Figure 1). Such
engagement with evidence from educational sciences is influenced
by affective-motivational variables (Grofs Ophoff and Cramer,
2022). Accordingly, these variables, such as usefulness, can
support evidence use. This is underpinned by the effect of teachers’
instrumental attitude on the use of data ($=0.25; Prenger and
Schildkamp, 2018). This finding suggests that when teachers
believe in the improvement potential of data and evidence, they
are more likely to engage with it. Prenger and Schildkamp (2018)
pointed out that it is necessary to demonstrate the importance of
research. Since evidence stems from educational sciences, the
need to demonstrate its importance also counts for
educational sciences.

German student teachers are prepared during teacher
education to acquire knowledge from educational sciences and to
learn how to apply it in teaching (Stark, 2017; Gogolin et al., 2020).
In this context, applying educational sciences means that
theoretical and empirical knowledge from educational sciences is
used to analyze and cope with situations and requirements of
classroom teaching (Bauer et al., 2015). An example with a focus
on theory: A student teacher wants to make her lessons in an
internship less disruptive. To achieve this, she draws on Kounin
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(2006) thoughts on disruption prevention and strives for teacher
wittiness to prevent classroom disruptions. This process of using
educational sciences when confronted with practical requirements
can be understood as evidence-based reflection on school practice,
which is a preparation for evidence-based pedagogical practice
(Cramer et al., 2019; Hartmann et al., 2021). For this process,
motivation to engage with educational sciences is required (Bauer
etal, 2017).

However, findings show that student teachers lack motivation
to engage in educational sciences. Diery et al. (2020) underpin
that student teachers are more skeptical about the benefits of
educational sciences for practice than teacher educators. A recent
study by Voss (2022) pointed in the same direction. This can
be interpreted as an indicator that student teachers are not fully
convinced of the usefulness of educational sciences. Braten and
Ferguson (2015) also showed that student teachers favor
knowledge from practitioners over scientific knowledge. This
means that student teachers rate the opinions of teachers as more
important for coping with school demands than scientific
knowledge of educational sciences. Some studies have shown that
the perceived usefulness of educational sciences depends on
epistemic aims (Merk et al., 2017; Hendriks et al., 2021; Kiemer
and Kollar, 2021). Student teachers generally find knowledge of
educational sciences trustworthy for explanations and use it for
academic requirements but consider it less relevant for practical
requirements or fail to transfer scientific knowledge when dealing
with practical educational tasks, such as preparing lessons (Merk
et al., 2017; Hendriks et al., 2021; Kiemer and Kollar, 2021). This
illustrates that the perceived usefulness of educational sciences
depends on what aims the user pursues with the knowledge.
Educational sciences might be rated as useful for one task and
useless for another. Thus, epistemic aims shape engagement in
educational sciences. In accordance, the current state of research
illustrates that student teachers have problems perceiving the
usefulness of educational sciences. This is an unfavorable
motivational disposition for evidence-based reflection on school
practice as preparation for evidence-based pedagogical practice.
However, utility value intervention is a way to address this
inappropriate motivational situation that is derived from
expectancy-value theory (Wigfield and Eccles, 2000). In utility
value interventions, learners perceive the usefulness of a learning
content (Hulleman and Harackiewicz, 2021). Meta-analyses of
utility value interventions show an effect size of d=0.24 (Hulleman
and Harackiewicz, 2021). According to expectancy-value theory
(Wigfield and Eccles, 2000), value has three sources: intrinsic
value, attainment value and utility value (Rosenzweig et al., 2019).
These sources can be understood as potential starting points for
interventions, with the goal of increasing motivation. The different
sources have in common that they are important for new ways of
seeing, doing, talking, knowing and thinking (Borg, 2010).
We chose perceived utility value for designing the intervention in
our study, because perceived utility value is more flexible than
other sources of value. This flexibility is substantiated by the
autonomy-supportive approach of utility value (Hulleman and
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Harackiewicz, 2021): Student teachers are free to make their own
connections between educational sciences and their lives but are
still tied to the goals of teacher education to some degree. Another
advantage of utility value interventions is the variability in
intervention duration and content. There are short interventions
that last about 5min (Rosenzweig et al., 2019), medium ones that
last 20 min (Kosovich et al., 2019), and long approaches that last
around 90 min (Gaspard et al., 2015). Similarly, utility value can
be fostered with different contents. Students can be asked to write
a short essay or letter about the connection between a certain
topic and their lives or to rate quotations for relevance and interest
(Hulleman and Harackiewicz, 2021).

Recently, some studies have tried to encourage students to
engage in educational sciences when dealing with practical
educational tasks. Zeeb et al. (2019) promoted the integration of
pedagogical knowledge and pedagogical content knowledge by
emphasizing the relevance of different knowledge sources
among student teachers. The researchers used examples that
illustrated the relevance of integrated knowledge. Even though
the
effectiveness of the relevance instruction can serve as a
This
interventions of usefulness and relevance work similarly
(Hulleman and Harackiewicz, 2021). The results show that
relevance instructions promote the use of evidence with a
medium effect size, n2=0.10 (Zeeb et al., 2019). A study by
Lorentzen et al. (2019) followed a similar path. In that study, the

relevance and wusefulness are different constructs,

theoretical orientation for usefulness. is because

authors successfully promoted the professional relevance of
subject-related study content. Participation in the intervention
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correlated with the perceived relevance of the course as a whole
(#=0.29; Lorentzen et al., 2019).

All of these approaches have in common that they instruct
student teachers on how to use educational sciences rather than
letting them perceive the usefulness of educational sciences for
themselves. From the perspective of utility value interventions,
such approaches are less motivating because messages from
external actors will not be internalized to the same degree as
personally perceived utility value (Hulleman and Harackiewicz,
2021). Instead, student teachers should be encouraged to perceive
the utility value of educational sciences by themselves. The authors
point out that inducting utility value needs to take personal
relations into account to trigger a mechanism of identification,
involvement and interest. This means student teachers need an
explanation for why educational sciences are useful but also need
to think about the perceived usefulness of educational sciences for
themselves and find opportunities to express the perceived
usefulness. The present study aims to develop and investigate such
an intervention according to the idea of utility value intervention.
Due to Covid-19, this is more challenging than before (e.g.,
Hasselhorn and Gogolin, 2021). Online teaching became the
status quo during the pandemic, and contact between student
teachers and academic staff was reduced. Therefore, we decided to
conduct an online utility value short intervention in educational
sciences to avoid further burdening the tense teaching situation.
This online short intervention can be implemented in teacher
education seminars and lectures in a time-saving way. In the
present study, we

empirically tested a utility value

short intervention.
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Utility value as a predictor of the
use of educational sciences

Increasing perceived utility value is about motivating
students. One main reason for the lack of motivation is that
students do not see why they should learn something about a
certain topic (Hulleman and Harackiewicz, 2021). This is an
adverse motivational disposition for the acquisition (and
transfer) of knowledge. University education is also affected by
this problem. For example, students find it difficult to see the
need for statistics and correlations and often show little
motivation to learn these contents (Jang, 2008; Hulleman and
Harackiewicz, 2021). In contrast, when students consider a
topic valuable, they expend more learning effort and achieve
better learning outcomes (Wigfield et al., 2017). This means that
when students ascribe value to a topic, they have a more
favorable motivational disposition. Increasing perceived value
can therefore be understood as promoting motivation to engage
in a particular topic.

Here, utility value interventions come into play: Utility
value interventions should enable learners to generate their
own personal connections between the learning content and
their lifeworld (Canning and Harackiewicz, 2015; Durik et al.,
2015). How utility value interventions work is shown in
Figure 1. To be effective, such connections should be (1)
personal, (2) specific, and (3) relevant to the content
(Hulleman and Harackiewicz, 2021). From the perspective of
utility value theory, this means that connections should
be made by the students themselves and should relate to the
content as precisely as possible. Perceived utility value means
stressing the benefits of certain knowledge, making it clear
that knowledge is useful now or in the future (Hulleman and
Harackiewicz, 2021). Interventions help clarify the utility and
relevance of (scientific) knowledge for students. The strength
of perceived utility value is that it connects knowledge
acquisition to people’s real lives. For example, students were
asked to collect statistics (results and graphics) in popular
magazines that seemed important to them. These were then
discussed in the seminar (Hulleman and Harackiewicz, 2021).
This helped the students see the relevance of statistics.

This state of research on utility value interventions can
also be applied to teacher education: A utility value short
intervention in educational sciences could foster student
teachers’ experience of the utility value of educational sciences.
Empirical findings show that teachers who rate educational
sciences as useful use them more often, with a medium effect
size, r=0.44 (Rochnia and Trempler, 2019). The situation is
similar for student teachers. The rating of the perceived utility
value of different sources of knowledge corresponds to the
intended processing goals (Viehauser, 2021; Figures 6, 7). This
means that the perceived utility value that student teachers
associate with educational sciences predicts their use of
educational sciences.
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A utility value intervention about
the use of educational sciences
for student teachers and
hypotheses

According to interventions on the theoretical basis of utility
value, student teachers should perceive the utility value of
educational sciences for themselves (Hulleman and Harackiewicz,
2021). Gaspard et al. (2021) proposed that this can be done via a
combination of two factors: a communication of utility value in an
essay-reading task and a short essay-writing task in which students
write about their perceived utility value. This shows that utility
value interventions consist of two steps: The interventions starts
with explaining the utility value of educational sciences to student
teachers using an example. This is rather passive and is followed
by a more active step—student teachers write about their
perceived utility value of educational sciences. This step is the
main part of the intervention. Gaspard et al. (2021) suggested that
student teachers should read about the utility value of educational
sciences to set the stage for thinking about the perceived utility
value of educational sciences for themselves in an essay task. The
aim of the essay-writing task is to create a link between educational
sciences and the student teachers’ everyday lives—this is the first
factor of our study. A similar approach can also be found in a
study by Nickl et al. (2022).

The second factor provides an example of educational
reasoning used in teacher education to the student teachers
(e.g., Csanadietal., 2021). Two classical methods of educational
reasoning are used. (1) Evidence-based educational reasoning:
The importance of educational sciences for teaching quality is
shown to students by empirical findings. These findings should
foster the perceived utility value of educational sciences. (2)
Reflection: This is a common type of educational reasoning in
German teacher education (Neuweg, 2021). Students are
encouraged to think about educational situations or tasks;
mostly, no evidence is provided or used (Hartung-Beck and
Schlag, 2020). Classical reflection tasks use a cycle of reflection
(e.g., Volmer, 2022, Table 1). Reflection is an established activity
in the teaching profession (Schon, 1983; Hargreaves, 2000) and
is currently frequently encouraged (Cramer et al., 2019). The
findings are perceived by student teachers as less relevant for
practice but trustworthy for explanations (Merk et al., 2017;

TABLE 1 Treatment of the present study.

Factor 1: Utility value EG 1, n=36 with utility CG 1, n=60 without

short intervention (with/  value intervention utility value intervention

without) empirical findings empirical findings

Factor 2: Educational . e .
EG 2, n=35 with utility CG 2, n=48 Without
reasoning (with empirical . . e . .
value intervention utility value intervention
findings/ or reflection . .
reflection example reflection example

example)
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Hendriks et al., 2021; Kiemer and Kollar, 2021). It is unclear
which option of educational reasoning would work best
together with a utility value intervention - evidence-based
educational reasoning or reflection. Both options can
be interpreted as a form of educational reasoning and as a
starting point for perceiving the utility value of educational
sciences. This means that we distinguish between two ways of
reasoning about educational phenomena: an evidence-oriented
way based on empirical findings and a reflexive way. The
distinction between the two forms of reasoning is rooted in
what Hinzke et al. (2020) call the habitus of the design of
teaching. The authors distinguish between scientific and
praxeological approaches to educational reasoning. The
scientific approach is more open to empirical findings than the
praxeological approach, which focusses on reflecting
educational matters right out from the situation.

Therefore, it is unclear whether student teachers are more likely
to draw their own references to the perceived utility value of
educational sciences based on empirical findings or reflection as an
example. With regard to Hargreaves (2000) and Schon (1983),
reflection might be more effective than empirical findings. On the
other hand, from the perspective of evidence-based education it is
desirable that, empirical findings can be the basis for professional
decision making and should encourage student teachers to value the
importance of educational sciences. Furthermore, findings show that
student teachers judge empirical findings as trustworthy. Thus, there
are different theoretical perspectives, and whether “encouraging
student teachers to reflect” or “presenting findings to student
teachers” has better effects in combination with the utility value short
intervention depends on viewpoint. Since no studies have been
conducted on this topic, we formulated the research question but no
specific hypothesis on the effect of factor 2.

Against this backdrop, we formulated our research questions
and tested the hypotheses under control of the epistemic aims,
persuasion and comprehensibility of the treatment:

Research question 1: To what extend does teacher students’
perceived utility value of educational sciences improve after
being engaged with the treatment? H1: The perceived utility
value of educational sciences is higher after the treatment for
all groups (effect of time, post-test vs. pre-test).

Research question 2: How does a utility value short
intervention affect the utility rating of evidence? H2: The two
experimental groups with the utility value short intervention
show higher perceived utility values for educational sciences
than the two control groups without the utility value short
intervention (main effect factor 1, utility value short
intervention vs. no utility value short intervention).

Research question 3: How does educational reasoning ()
influence utility value rating of evidence (main effect factor 2,
empirical findings vs. reflection)? Because no direction can

be derived from theory, we formulate no hypothesis here.
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Research question 4: How does educational reasoning (factor
2) interact with the utility value short intervention (factor 1)?
With regard to this research question, we do not formulate a
specific hypothesis, because it is a theoretically and empirically
open question.

Materials and methods
Participants and design

One hundred and seventy-nine student teachers from six
German universities participated in this study (77% female;
Mg =27.47, SD,,.=4.99). Recruitment took place via university
courses and social media. All student teachers were enrolled in a
Master of Education program. Participation in the survey was
voluntary and not part of a course. Participants were randomly
assigned to one of four groups in an experimental 2 x 2 factorial
between-subjects design (see Table 1).

Procedure

An overview of the procedure is presented in Figure 2. The
study was conducted online, with a link leading to the experiment.
The link was sent to the student teachers. In the first step,
participants agreed to participate in the study and then some
demographic information was collected. Next, the student
teachers rated the perceived utility value of educational sciences
(see “Measures”). Subsequently, student teachers were randomly
assigned to one of the four groups, as shown in Table 1. The
material used is shown in “Materials”. Experimental group 1
received the utility value intervention, and the usefulness of the
evidence was clarified with empirical results. Experimental
group 2 also received the utility value intervention, but the
usefulness of the evidence was exemplified by reflection. An
exemplary reflection cycle was outlined for this purpose. Control
group 1 received no utility intervention—only an explanation of
the usefulness of evidence backed by empirical results. Control
group 2 received only an example for reflection. Afterwards, the
participants again rated the perceived utility value of educational
sciences. At the end of the survey, the student teachers were
thanked for their participation.

In summary, EG 1 read a text about the usefulness of evidence
from educational sciences, justifying its usefulness with empirical
findings. After that, they were encouraged to write a short essay
about what makes evidence from educational sciences useful in
their opinion. This is the explicit utility value intervention. EG 2
engaged in the same short essay task, but before this, they read a
different text about the usefulness of evidence from educational
sciences. In this text, the usefulness of evidence from educational
sciences was backed up with a reflection example. CG 1 and CG 2
were not engaged in short essay writing; both groups just read
about the usefulness of evidence from educational sciences. CG 1
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TABLE 2 Scales used for the perceived utility value of educational
sciences tl and t2.

Johnson and atl/t2
Sinatra (2013)
1. What I learn in educational 0.93/0.95

sciences I can apply in the
classroom.

2. Educational sciences are
useful for teaching.

3. I think that studies from
educational sciences are
useful for teaching.

4. I can apply my knowledge
from educational sciences in
school situations.

5. Knowledge of theories from
educational sciences will
be helpful in school.

6. 1t is useful for teachers to
know what educational
science says about teaching.

7. Knowledge of empirical
results from educational
sciences will be helpful in

school.

Translated from German.

read the same text as EG 1. Likewise, CG 2 received the same text
as EG 2.

Materials

The study used four self-generated text materials to create the
four groups (see Table 1); all texts were in the German language.

For each text, we calculated the length, Flesch reading ease
score, and readability index LIX. All materials are very similar in
terms of these indicators of text comprehensibility. The material
for the experimental groups was longer because the utility value
short intervention was inserted. Materials 1 and 2 started and
ended with a utility value short intervention. The first section
recognized the role of the student teachers and concluded with an
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essay assignment in which personal connections were to be drawn
between the student teachers’ lifeworld and educational sciences.
The short essays produced had an average length of 87.75 words.
Exemplary statements about the usefulness of educational science
were as follows: (1) The theories taught within the educational
sciences provide a kind of framework or foundation for practice. (2)
Evidence-based findings from educational science are indispensable
at the macro level for teaching-learning processes. (3) I think that
many aspects of the educational sciences are useful for later work as
a teacher. Materials 1 and 3 used empirical findings as an example
of the utility value of educational sciences. In materials 2 and 4,
the example of the utility value of educational sciences was based
on reflection. The question about the central message of the text
for both control groups served as an implementation check so that
the study website was not skipped. All four materials are shown in
the Appendix.

Measures

The measures used in this study can be divided into four
categories: (1) demographics, (2) perceived utility value of
educational sciences, (3) epistemic aims and (4) persuasion and
comprehensibility of the treatment. The items in categories 2, 3
and 4 were presented in random order.

1. Demographics: Student teachers were asked for their
gender, age, course of study, number of semesters,
previously acquired credits and teaching experience.

2. Perceived utility value of educational sciences:
We administered a 7-point Likert scale developed by
Johnson and Sinatra (2013) before and after the treatment.
The measurement of perceived utility value of educational
sciences after the treatment (#2) was used as the dependent
variable. Items and Cronbach’s @ are shown in Table 2.
Johnson and Sinatra’s (2013) instrument highlights the use
of educational research in practice.

3. Epistemic aims: We used two scales with three items each
to measure the students” epistemic aims (see Table 3). The
7-point Likert scales were administered before and after the
treatment. This measure at 12 was used as a control variable.

4. Persuasion and comprehensibility of the treatment:
We used two items from Richter (2007) to measure how
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TABLE 3 Scales used for epistemic aims t1 and t2.

Hendriks et al. (2021) atl/t2

Epistemic aim: understanding 0.87/0.89

In educational sciences, my goal is ...

1. ... to achieve as much of a comprehensive
overview about the state of evidence
regarding the topics addressed as possible.

2. ... to understand the addressed topics as
thoroughly as possible.

3. ... to deal with as many current scientific
findings as possible.

Epistemic aim: practical knowledge 0.91/0.93

1. ... to achieve an overview of possible
applications of the topics addressed for
school contexts.

2. ... to internalize applications of the topics
addressed for the school context.

3. ... to deal with as many possible applications

for everyday school life as possible.

Translated from German.

TABLE 4 Items for persuasion and comprehensibility of the treatment.

Richter (2007)

L. How persuasive did you find the passage
you just read?
2. How comprehensible did you find the passage

you just read?

Translated from German.

convincing and understandable the treatment was (see
Table 4). Both items were administered with a 4-point
Likert scale after the treatment. This measure was used as
a control variable.

Data analyses

We analyzed the data according to the hypotheses. The alpha
error level was set at 0.05, and we used Cohen’s (1988) effect
size measures.

As the first step, we checked whether the experimental groups
and the control groups differed in their ratings of the perceived
utility value of educational sciences before the treatment. This was
not the case. The ANOVA results were calculated for the group
differences in the perceived utility value of educational sciences:
F(3,175)=0.635, p=0.593.

Next, we tested whether the results differed for persuasion and
comprehensibility. The ANOVA result for the group difference in
persuasion was F(3, 175) =0.599, p=0.616. For comprehensibility,
the ANOVA result was close to significance; therefore,
we conducted post hoc tests (F(3, 175) =2.356, p=0.074). The post
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hoc tests showed that EG 1 rated their material—material 1, as
more comprehensible than the other groups rated theirs.

We found no significant differences in epistemic aims
between the groups: F(3, 173)=0.289, p=0.834 for the
epistemic aim of understanding and F(3, 173)=0.435,
p=0.728 the of
practical knowledge.

As the next step, we tested the hypotheses with an ANCOVA
with repeated measures and the grouping variable as a between-

for epistemic  aim gathering

subject factor. As control variables, we used epistemic aims and
the persuasion and comprehensibility of the treatment. We report
the Greenhouse-Geisser of the ANOVAs
and ANCOVAs.

We also analyzed dropout data. We compared the subjects

correction

who dropped out of the study with those who completed the
study. Forty-seven student teachers (68% female; M, =27.47s,
8D, =4.53) finished the first two parts of the study (see Figure 2)
but did not complete the treatment and the post-measures. In EG
1, 17 participants dropped out and 20 student teachers did not
finish EG 2. Three subjects left CG 1 and 7 participants dropped
out of CG 2. However, t1 data about the perceived utility value of
educational sciences and epistemic aims is available for them. This
data can be used to investigate differences in important variables
of the study between the dropouts and subjects that stayed in the
study. We conducted t-tests on the utility value of educational
sciences and epistemic aims between the 47 student teachers who
dropped out and the 179 student teachers who stayed in the study.
There were no significant differences in the perceived utility value
of educational sciences and epistemic aims between both groups
(p>0.05). This can be interpreted as an indication that the
dropouts do not differ in key variables of the study from the
subjects who remained in the study.

Results

To test hypothesis 1, we checked whether the rating of the
perceived utility value of educational sciences after the treatment
was higher than before. The ANCOVA result showed a significant
effect of time: (F(1,169)=13.488, p<0.001, n2=0.074). All four
treatments had a positive impact on the rating of the perceived
utility value of educational sciences (after treatment: M=4.58,
SD=1.27; before treatment: M=4.39, SD=1.23), with a small
effect size (d=0.15; see Table 5). This result was held under the
control of the epistemic aims and the persuasion and
comprehensibility of the treatment as covariates. Therefore, the
results are in line with H1.

We tested hypothesis 2 to further investigate the differences
between the four treatment groups. There was no significant effect
of grouping (F(3,169) =0.451, p<0.717,y2=0.008) or interaction
with time (F(3,169) =0.586, p<0.625, 72 =0.010). Combining this
with the effect of time, it becomes clear that all variants of the
intervention were similarly effective. It was expected that the two
groups with utility value intervention would have a positive effect
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TABLE 5 Perceived utility value of educational sciences pre- and post-
differences.

Group n t1M (SD) t2M (SD)
EGI 36 4.30 (1.41) 4.57 (1.48)
EG2 35 4.38 (1.18) 4.56 (1.22)
CGl1 60 4.48 (1.27) 472 (1.32)
CG2 48 4.34 (1.08) 4.44 (1.10)
All 179 4.39 (1.23) 458 (1.27)

on the rating of the perceived utility value of educational sciences.
The results led to the rejection of this hypothesis 2 and have
relevance for research question 3 and 4. This result also means that
the kind of educational reasoning had no effect, neither a main
effect (RQ 3) nor an interaction effect (RQ 4), on the utility
value intervention.

However, we found a remarkable interaction between
treatment and the epistemic aim of understanding:
(F(3,169)=4.308, p=0.039, y2=0.025). Further analyses revealed
that student teachers with the epistemic aim of understanding
phenomena rated the perceived utility value of educational
sciences higher after the treatment. In general, student teachers
with the epistemic aim of understanding rated the perceived
utility value of educational sciences higher. The result was
supported by a main effect: F(3,169) =40.908, p<0.001, 72=0.195.

Discussion

The findings can be summarized as follows: (1) University
students in all treatment groups rated the perceived utility value
of educational sciences higher after the treatments. (2) The utility
value short intervention had no additional effect. There was no
significant difference between the experimental and control
groups. (3) Student teachers with the epistemic aim of
understanding rated the perceived utility value of educational
sciences higher. This means that our utility value short
intervention did not have an additional positive effect.

The utility value short intervention gave student teachers the
opportunity to make specific personal connections between
educational sciences and their lives. According to the literature
(Hulleman and Harackiewicz, 2021), the utility value short
intervention should have an additional effect next to both types of
educational reasoning on the perceived utility value of educational
sciences. However, in our study this expected effect did not occur.
This might indicate that the connections the student teachers
made were not internalized (Hulleman and Harackiewicz, 2021).
This means that the student teachers might not really identify with
their own connections, and thus, the connections did not change
the perceived utility value. Therefore, our study did not ensure that
student teachers want to be reflective in terms of educational
sciences (e.g., Brown et al., 2021). Furthermore, the connections
could be experienced as forced to a certain degree. This would
explain why the student teachers did not really identify with the
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connections they made (Hulleman and Harackiewicz, 2021).
However, the connections might not have been specific enough.
Perhaps student teachers need help drawing concrete connections
between theory and practice—the examples we provided might
not have been sufficient. Perhaps a concrete situation in which
scientific knowledge clarifies a problem or corrects a mistake
would have been better used in the intervention than our
explanation without educational content. Our experimental
situation did not offer a concrete problem to work on—probably
this was not concrete enough to make personal connections.
Neither the exemplary reflection nor the exemplary findings
(Factor 2) set the stage for an additional effect of the utility value
short intervention.

The student teachers rated the empirical findings and the
reflection examples as equally convincing. This is surprising, as
reflection is a central concern of German teacher education and
should therefore be more familiar to student teachers (e.g.,
Hartung-Beck and Schlag, 2020; Neuweg, 2021). However, the
finding that empirical findings are as effective as the reflection
example also means that student teachers rate educational sciences
as trustworthy (e.g., Hendriks et al., 2021; Kiemer and Kollar,
2021). Reflection may be a guiding principle of teacher education,
but student teachers can evidently be convinced by the value of
evidence, too, as, according to our results, reflection is not more
persuading than empirical findings.

In summary, all groups expressed higher perceived utility
values for educational sciences after the treatment. The effect size
was smaller than the average effect of utility value interventions
reported by Hulleman and Harackiewicz (2021) and smaller than
effects in the studies by Zeeb et al. (2019) and Lorentzen et al.
(2019). It is conceivable that a short intervention, such as this
study, cannot evoke larger effects. Accordingly, a utility value short
intervention would not provide any additional value in addition
to the examples. Likewise, examples of the usefulness of
educational sciences may have overwritten a potential effect of the
utility value intervention itself. Therefore, the short essay-writing
task had no additional effect because the exemplary texts already
worked well in inducing the perceived utility value of educational
sciences. Another explanation for the unspecific effects of our
intervention might lie in the nature of the short essay task we gave
to EG 1 and EG 2. This short essay task could be interpreted as
some kind of reflexive writing (e.g., Spalding and Wilson, 2002).
Therefore, maybe the short essay task triggered a reflection process
like the examples about the usefulness of educational sciences
already did—with no additional effect.

The relationship between the utility rating of educational
sciences and the epistemic aim of understanding shows that when
student teachers aim to understand pedagogical phenomena, they
tend to perceive educational sciences as more useful than with an
epistemic aim of gaining practical knowledge. This finding is in
line with the current state of the research and sheds light on a
problem in German teacher education: Student teachers might
be disappointed by educational sciences when they expect
practical knowledge (e.g., Hendriks et al., 2021; Kiemer and Kollar,
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2021). Student teachers who want to understand pedagogical
phenomena might find educational sciences more useful. Perhaps
they do not expect any practical advice from educational
sciences—understanding pedagogical matters is already a
sufficient gain for them. This points out a direction for further
studies: Epistemic aims might shape the perceived usefulness of
educational sciences. Thus, the perceived usefulness of educational
sciences depends on what one expects from educational sciences.
Our findings underline the fact that there might be epistemic aims
that foster (or hinder) engagement with educational sciences. This
is in line with conceptions of inquiry learning. If we apply
considerations of inquiry learning to engagement with educational
science, it becomes clear that the understanding of pedagogical
phenomena is in the foreground (e.g., Huber and Reinmann,
2019). Inquiry learning might therefore be an option to drive
student teachers’ epistemic aims toward understanding.

Therefore, two main directions for improving the
intervention are emerging: Should student teachers change
their epistemic aims or should educational sciences become
more practical? The former illustrates that there are more or
less favorable epistemic aims for the study of educational
sciences. Those who expect practical tips will probably
be chronically disappointed by abstract educational sciences.
Future directions to improve the intervention ought to actively
address epistemic aims. This means providing student teachers
with realistic epistemic aims, i.e., making it clear that
understanding a pedagogical issue is already a value that could
be useful in future practice. From this perspective, the
manipulation of epistemic aims may be a lever to foster the
perceived usefulness of educational sciences. On the other
hand, it is the task of educational sciences to generate
knowledge for solving educational problems. It would be best
to work on both possibilities.

Ferguson (2021) offers a useful guiding idea for this kind of
teacher education: evidence-informed teaching and practice-
informed research. Maybe students should have realistic
epistemic aims with regard to educational sciences, i.e. perhaps
they should not expect instructions on how to teach successfully.
As Neuweg (2013) and Cramer et al. (2019) point out,
theoretically permeating a pedagogical matter already brings a
profit for practice. Following the perspective of Brown (2017),
it could be that this is a challenge that is more likely to be met
in research learning communities. In these communities, a
group of experienced teachers engage with educational sciences
to enhance practice. These communities might be close to what
Hulleman and Harackiewicz (2021) understand as an
identification with the connection between educational sciences
and practice. Additionally, educational sciences should remain
open to practical formats of evidence communication (e.g.,
Seidel et al., 2017). This means that getting educational sciences
into practice is a task that can be approached from two sides:
fostering the perceived utility value side of the user of
educational sciences and providing the practical evidence side
of the producer of educational sciences.
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Limitations

This study has several limitations. The utility value measurement
was somewhat abstract. No case study or similar format was used in
which evidence was actually presented. Zeuch et al. (2017; Figure 1),
for example, developed vignettes for the assessment of data literacy.
Adapting such vignettes to illustrate the usefulness of educational
sciences would be a viable avenue for future studies. Instead, our
study was based on the intention to use educational sciences under
certain conditions and no real pedagogical behavior. This means that
our study is not about the usefulness of educational sciences’ findings
per se but about the perceived usefulness by student teachers.
Another limitation is the selection of participants. An attempt was
made to recruit students from several universities, but the majority
of the participants came from one university.

Another weakness of the study relates to the implementation
of the utility value intervention. Due to the Covid-19 pandemic, a
short online-based intervention was conducted. It is conceivable
that a longer face-to-face intervention would have been longer and
therefore more effective. We also expect that a face-to-face
intervention would suffer less from dropouts (Van Selm and
Jankowski, 2006), because poor online response rates are a
common issue (Nayak and Narayan, 2019).

Another limitation is the differences in dropouts among the four
groups. The participants were unequally distributed among the
survey groups, although the survey software randomly assigned the
participants to one of the four groups. This means that more
participants were not motivated to write down the personal
connections between educational sciences and their lifeworld in the
essay task of the utility value short intervention and thus finished
their participation in the study. This indicates that utility induction
itself was not motivating for the students. One could even speak of
demotivation, because the student teachers were willing to
participate in the study but dropped out in the essay task quite often.
The control group (CG 1), in which the utility value of educational
sciences was illustrated with empirical results, contained the largest
number of participants and therefore experienced the lowest number
of dropouts. This can be interpreted as an indication of the
motivational effect of this variant. This suggests that the exemplary
findings were most likely to be interpreted as interesting and
convincing. Furthermore, it could be possible that student teachers
have become a little weary of reflection and therefore dropped out.
Another limitation of the study is that reflection and empirical
findings are not combined. In a further study, the two factors of
educational reasoning could be connected. Perhaps an evidence-
based reflection might be even more convincing about the utility
value of educational science than our present attempts.

Conclusion
This study highlights two points. (1) The utility value short

intervention did not have the expected effect. When student
teachers wrote about personal connections between their lives and
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educational sciences, they did not rate the perceived utility value
of educational sciences as higher than the other groups. (2)
However, the perceived utility value of educational sciences can
be fostered. All four intervention conditions raised the rating of
the perceived utility value of educational sciences to a small
degree. Student teachers with the epistemic aim of understanding
were most likely to benefit from all forms of intervention.
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Introduction: Across the globe, many national, state, and district level governments
are increasingly seeking to bring about school “self improvement” via the fostering
of change, which, at best, is based on or informed by research, evidence, and data.
According to the conceptualization of research-informed education as inquiry
cycle, itis reasoned that there is value in combining the approaches of data-based
decision-making and evidence-informed education. The originality of this paper lies
in challenging common claims that teachers’ engagement with research supports
development processes at schools and pupil performance.

Methods: To put this assumption to test, a data-set based on 1,457 staff
members from 73 English primary schools (school year 2014/2015) was
(re-)analyzed in this paper. Not only survey information about trust among
colleagues, organizational learning and the research use climate was used
(cf. Brown et al,, 2016), but also the results from the most recent school
inspections and the results from standardized assessment at the end of primary
school. Of particular interest was, as to whether the perceived research use
climate mediates the association between organizational learning and trust
at school on the one hand and the average pupil performance on the other,
and whether schools that were rated as “outstanding,” “good,” or “requires
improvement” in their most recent school inspection differ in that regard. Data
was analyzed based on multi-level structural equation modelling.

Results: Our findings indicate that schools with a higher average value of
trust among colleagues report more organizational and research informed
activities, but also demonstrate better results in the average pupil performance
assessment at the end of the school year. This was particularly true for schools
rated as "good” in previous school inspections. In contrast, both “outstanding”
schools and schools that “require improvement” appeared to engage more
with research evidence, even though the former seemed not to profit from it.

Discussion: The conclusion is drawn that a comprehensive model of research-
informed education can contribute to more conceptual clarity in future
research, and based on that, to theoretical development.

KEYWORDS
research-informed practice, evidence-informed teacher education, data-based

decision-making, organisational learning, trust, school inspection, english education
system, pupil performance assessment
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Introduction

Across the globe, many national, state, and district level
governments are increasingly seeking to bring about school “self
improvement,” via the fostering of so-called “bottom-up” change
(Brown et al.,, 2017; Brown, 2020; Malin et al., 2020): change
undertaken by school staff to address their needs and which,
when optimal, is based on, or informed by research, evidence, and
data (Brown and Malin, 2022). The focus of this paper is on the
English education system: one that previously has been
characterized as hierachist (Coldwell, 2022), where rather
autonomous local authorities, schools and professionals are
seeking to “self-improve” while simultaneously situated within a
system of strong central regulation and marketisation of state
schooling which serves to influence behaviour (Helgoy et al.,
2007). For example, the results in regularly administered
standardized national tests or school inspection ratings are
publicly accessible, and can be used by parents for their choice of
school which, in turn affecting levels of school funding (cf.,
Coldwell, 2022).

Against this backdrop, this paper aims at investigating the link
between the use of data feedback (e.g., school inspection results),
the research-use climate at schools, which is framed by
organizational conditions like trust among colleagues, or
organizational learning in general. This is in turn expected to
promote pupil performance in standardized assessments. In the
following, research-informed education is introduced as umbrella
term for the conceptual link between data-based decision-making
and evidence-informed educational practice. As the data set
analyzed here is based on a sample of educators at several English
primary schools, the specific contextual conditions of the English
education system are then introduced. This is followed by an
overview of the state of research about the use of research by
educational practitioners and schools, and of the specific effects of
school inspections. Based on this, the research questions are
specified, the methods are explained, and, in conclusion, the
results are discussed with reference to the theoretical background
of this paper.

Theoretical framework:
Research-informed educational
practice at English primary
schools

As noted above, school “self improvement” is ideally achieved
through teachers’ engagement with research, evidence, and data
(Brown and Malin, 2022). Of course, how this engagement occurs,
is as important as that it actually occurs in the first place. This is
described in conceptual models of data-based decision-making
and evidence-informed education. Even though the two
approaches differ in their focus, they share the same assumptions
about the sequence of phases nonetheless. The sequence is
comparable to the steps of a research process (e.g., Teddlie and
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Tashalklkori, 2006), but also to conceptions of learning as discovery
or inquiry process (e.g., Bruner, 1961).

Conceptual models of data-based
decision-making and evidence-informed
education

Many commentators suggest that an “ideal sequence” of
teachers’” and schools’ engagement with research, evidence or data
is that described in conceptual frameworks, which model the
process of evidence and data use as a complex, cognitive,
knowledge-based problem-solving or inquiry cycle with
consecutive phases, that are not ensued in a linear, but rather
iterative fashion (Mark and Henry, 2004; Mandinach et al., 2008;
Schildkamp and Kuiper, 2010; Coburn and Turner, 2011; Marsh,
2012; Schildkamp and Poortman, 2015; Schratz et al., 2018; Grof3
Ophoff and Cramer, 2022). This is outlined in Figure 1: In the
course of the (1) conceptual phase, a question or problem is
identified or a specific goal is set. Subsequently, data is collected
and analyzed as part of the empirical phase (2). One point worthy
of note here is, that only by way of systematic organization,
processing, and analysis under consideration of theories, methods
and context knowledge, can evidence evolve from (raw) data
(Bromme et al., 2014; Grofs Ophoff and Cramer, 2022). During the
inferential phase (3), the available evidence allows focussing
attention, provides new insights, challenges beliefs or reframes
thinking, without immediate effect on decision-making. This was
identified as conceptual research use by Weiss (1998). But
evidence can also be used to identify or develop concrete measures
to be taken (instrumental use), or even as justification or support
of existing positions or established procedures (symbolic use).
Based on the inferences drawn, possible change measures are
identified, put to practice (4) and at best evaluated (5), too.

This inquiry cycle can be addressed on different levels of the
educational system, that is, with regard to the characteristics of
data or evidence (inner layer in Figure 1; e.g., graph types, cf. Merk
et al, in press), of the users (middle layer in Figure 1; e.g,,
perceived usefulness, cf. Prenger and Schildkamp, 2018), or of the
context (outer layer in Figure 1, e.g., trust among colleagues, cf.
Brown et al., 2022). The current study mainly focusses on the
latter, namely the schools’ culture of trust and organizational
learning that can support (or hinder), how open to research
schools are perceived by its staff.

Furthermore, the research process phases apply to both an
engagement in research and an engagement with research (Borg,
2010). The former corresponds with being able to independently
pass through the full research process, which requires advanced
research-methodological competencies (Brown et al., 2017; Voss
et al., 2020). The latter refers to the reflection on evidence for
professionalization or development purposes, without the
necessity to gather forms of evidence, such as research. The
engagement with research is conceptually related to notions of data
use and data-based decision-making, where approaches in this field
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FIGURE 1

Conceptual framework of research informed-educational practice (adapted, a.o. Mark and Henry, 2004; Mandinach et al., 2008; Marsh, 2012;
Schildkamp and Poortman, 2015; Schratz et al., 2018; GroR Ophoff and Cramer, 2022).

increasingly take different kinds of data (e.g., from surveys,
observations or conversations) into consideration that can be used
for educational decisions and development processes (cf.
Schildkamp et al,, 2013; Mandinach and Gummer, 2016;
Mandinach and Schildkamp, 2021; Grof3 Ophoff and Cramer,
2022). Accordingly, data available to schools can be further
subdivided into internal school data (e.g., student feedback,
collegial observations) and external sources (e.g., school
inspection, regular mandatory pupil performance assessment,
central exams), from more “generic” scientific research evidence
(academic and professional literature, cf. Demski, 2017). Wiesner
and Schreiner (2019) conceptualize the term “evidence” as a
continuum that spans from evidence in the wider sense (e.g.,
school-internal data) to evidence in the stricter, that is, more
scientific sense. The latter is derived as part of an engagement in
research and serves as the foundation of theory development
(Kiemer and Kollar, 2021; Renkl, 2022), but is usually viewed as
rather abstract, impractical information by teachers (Harper et al.,
2003; Hammersley, 2004; Zeuch et al., 2017). Less conclusive is the
characterization of so-called referential data, e.g., from centrally
purported school inspections or pupil performance assessments,
as it can be characterized both as a) data and as b) evidence
according to the above introduced problem-solving cycle (Grof3
Ophoffand Cramer, 2022). This ambiguity is used in the following
to highlight two different lines of research in this field:

On the one hand (a), data feedback from school inspections
or performance assessment might be perceived as “raw” data
because it still requires sense-making (2: empirical phase) to being
able to develop and implement of concrete instructional or school
development measures. This perspective is typical for approaches
in the field of data-based decision-making (Schildkamp and
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Kuiper, 2010; Mandinach, 2012; Schildkamp, 2019). Accordingly,
Mandinach and Schildkamp (2021) describe the underlying
conceptual models of data use as “theories of action” that
conceptualize informed educational decision-making as a process
of collecting and analysing different forms of data.

On the other hand (b), referential data shows features of
research evidence in the stricter sense, as data collection, analysis,
and result processing are based on research-methodological and
conceptual scientific knowledge. Therefore, data feedback itself
can provide teachers and school with scientific knowledge that
might be useful in supporting or even supplementing processes
during the inferential phase (3), and even might indicate that there
is a need for more knowledge (in the sense of informal learning,
e.g., Evers et al., 2016; Mandinach and Gummer, 2016; ¢f. Brown
etal, 2017). So departing from (a), the (3) inferential phase of the
problem-solving cycle is more paramount in this case - even
though research evidence can be, of course, useful throughout the
whole process (Huguet et al., 2014). Whether the need for more
information or a deeper understanding is recognized at all, and
which information sources are chosen is meaningful for the depth,
scope and direction of subsequent use processes (Brown and
Rogers, 2015; Vanlommel et al., 2017; Dunn et al., 2019; Kiemer
and Kollar, 2021). Such an engagement with research evidence
requires some basic understanding of the underlying scientific
concepts or, if necessary, the willingness to acquire the germane
knowledge (Rickinson et al., 2020). However, conceptual models
of data-based decision-making stay rather vague in that regard: For
example Schildkamp et al. (2018), describe as late as for the
application phase (4) of the Data Team Procedure (a school
intervention based on the approach of data-based decision-
making), that in order to gather ideas about possible measures,
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different sources can be used like “the knowledge of team
members and colleagues in the school, networks such as the
teacher’s union, practitioner journals, scientific literature, the
internet and the experiences of other schools” (p. 38). In contrast,
approaches in the field of evidence-informed teacher education
(with focus on pre-service teachers, e.g., Kiemer and Kollar, 2021;
Greisel et al., 2022) or research-informed educational practice (with
focus on in-service teachers, e.g., Cain, 2015; Brown et al., 2016,
2017) concentrate on the process of an engagement with evidence
(in the sense of acquiring scientific knowledge) and can therefore
be described as taking in the perspective of a “theory of learning””
Accordingly, Kiemer and Kollar (2021) identify as grounds for
evidence-informed education, that in case certain “educational
problems come up repeatedly, [...] teachers should be able to seek
out, obtain and potentially apply what scientific research on
teaching and learning has to offer to pave the way for competent
action (p. 128), which is why it is “a core task for preservice teacher
education to equip future teachers with the skills and abilities
necessary to engage in competent, evidence informed teaching”
(p. 129). With focus on practicing teachers, but still in the same
line of reasoning, Brown et al. (2017) describe the process of
research-informed educational practice as the use of “existing
research evidence for designing and implementing actions to
achieve change” (p. 158).

Despite the different foci of these approaches to data, evidence,
or research use in education, Brown et al. (2017) point out that
there is value in a comprehensive approach “to educational
decision-making that critically appraises different forms of
evidence before key improvement decisions are made” (Brown
etal,, 2017, p. 154) by combining “the best of two worlds” (Brown
etal., 2017). Take this example: A certain school is rated “requires
improvement” during school inspection particularly in the key
judgment category quality of education (a.o. based on lesson
observations, c¢f. Office for Standards in Education, 2022).
According to the inspection report, progress in mathematics is
inconsistent because there are missed opportunities for pupils to
extend their mathematical knowledge and skills in other subjects.
Based on the available recommendations, the school staff aims at
providing more challenging and motivating learning activities in
mathematics lessons (= data-based decision making). This is why
the teachers involved search deliberately for relevant evidence
(here for example: cognitive activation in mathematics, e.g.,
Neubrand et al., 2013), appraise and discuss the available
information with their colleagues, but might also obtain advice by
a school-based coordinator. The transition between the empirical
(2) and the inferential phase (3) (= research-informed educational
practice) is probably particularly sensitive to organizational
conditions: If organizational learning is a matter of course and
staff members trust each other, improvement measures are more
easily implemented than in a school climate that is distrustful and
adverse to change. Provided that supportive contextual conditions
are given, staff at the exemplary school might not only draw the
conclusion that there is a need to revise, extend or swap learning
materials, but actually decide to put these changes into practice as
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conclusion of the (3) inferential phase. After the implementation
of measures considered suitable (4, application phase), the school
staff is interested in evaluating the impact of the concrete change
measures (5), for example, based on the pupils’ performance in
central assessment tests and exams or their learning progress in
lessons. Another possibility here is to investigate, whether the
collaboration between staft has considerably improved. If the
results are not satisfactory or new questions emerge, this in turn
can represent the starting point for another cycle of inquiry.

So as the meaning “research” envelopes the full inquiry cycle,
and both data and evidence are part of that process (Grofs Ophoff
and Cramer, 2022), we propose to use the umbrella term
“research-informed education,” where data-based decision-
making (a) and evidence-informed teacher education/educational
practice (b) are conceptualized as part of the same comprehensive
process. To put this theoretical assumption to test, a data-set based
on 1,457 staff members from 73 English primary schools
(2014/2015) is (re-)analyzed in this paper. For this sample, not
only survey information about trust among colleagues,
organizational learning and the research use climate was available
(originally used in Brown et al., 2016), but also the results from
the most recent school inspections (before the school staff survey)
and the results from standardized assessment at the end of
primary school (after the survey). As such, the English educational
system and its highly regulated, “hierachist” accountability regime
(Coldwell, 2022) is explained in more detail below. It serves as the
contextual framework of this study (see outer layer of conceptual
model, Figure 1), where schools and teachers operate under
so-called high-stakes conditions - even though rather the
performance of pupils than organizational (learning) processes are
affected by such conditions (e.g., Lorenz et al., 2016).

Characteristics of the English educational
(accountability) system

The education system in England could, in modern times,
be most accurately described as “self-improving” (Greany, 2017).
Here accountability systems “combine quasi-market pressures —
such as parental choice of school coupled with funding following
the learner — with central regulation and control” (Greany and
Earley, 2018). A key aspect of this system is the regular school
inspections process undertaken by Ofsted (England’s school
inspection agency). Ofsted inspections are highlighted by many
school leaders as a key driver of their behaviour (Chapman, 2001;
Greany, 2017). As a result of an inspection, for which there is
typically less than 24 I’ notice, schools are placed into one of four
hierarchical categories of grades. The top grade: “outstanding,”
typically results in the school becoming more attractive for
parents: thus more students apply, and more funding is directed
toward the school. Conversely, schools with lower ratings like
“requires improvement” find it more challenging to attract families
and the funding attached to student applications. In addition, up
until 2019, schools rated “outstanding” were exempt for immediate
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subsequent inspections, meaning that the pressures of
accountability are subsequently considerably lessened (with the
converse applying to those which require improvement). Given
this, it is possible to suggest a theory of action for why inspections
might drive school improvement, with school inspection serving
the function of (i) gaining and reporting information about
school’s educational quality, (ii) ensuring accountability with
regard to educational standards, (iii) contributing to school
development and improvement, and (iv) enforcing an adherence
to educational standards and criteria (Landwehr, 2011; Hofer
et al., 2020; Ali et al., 2021).

Another characteristic of the “rigorous system of quality
control” (Baxter and Clarke, 2013, p. 714) in English education is
the regular implementation of standardized assessment tests
(SAT). For example, at the end of key stage 2 (KS2: sixth and final
year in primary education) statutory external tests in English
(reading, writing) and mathematics have to be carried out
alongside regular teacher assessment (cf., Isaacs, 2010). The
average student at the end of key stage 2 is expected to reach level
4. By way of context, in 2014, 78% of pupils, and in 2015, 80
percent achieved level 4 or above in reading, writing and
mathematics combined (Department for Education, 2015). In a
recent white paper, the UK Government (2022) announced the
ambition (as one of the “levelling up missions”) for 90 percent of
KS2 pupils to reach the expected standards by 2030. Overall, a
number of different variables, student outcomes (e.g., KS2 SAT
results), and inspection ratings are publicly available as
government produced annual “league tables” of schools under
https://www.compare-school-performance.service.gov.uk/, which
enables schools to be ranked according to a number of different
variables and student outcomes. As a result, it is acknowledged
that England’s accountability framework both focuses the minds
of — and places pressure — on educators to focus on very specific
forms of school improvement. More specifically such improvement
tends, in the main, on ensuring pupils achieve well in progress
tests in key subject areas (e.g., English literacy and mathematics,
Ehren, 2018).

Thus, at the centre of this contribution is the research-informed
educational practice (RIEP) of a sample of primary schools, which
is framed by two vital aspects of accountability. In order to being
able to hypothesize possible effects, the next chapter gives an
overview of the state of research on verifiable effects of research-
informed education on teachers, schools and pupil learning.

Research use and school
improvement - Is there a link?

Connected with the concept of research-informed education
is the expectation that up-to-date (= evidence-informed), hence
professional teachers are able to engage with the multitude of data
available to them and maybe identify the results as occasion for
(more) professional development or instructional and school
development. This in turn is expected to improve the quality of
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teaching, and mediated by that support pupil performance (e.g.,
Davies, 1999; Slavin, 2002). In other words, research-informed
education is about “making the study and improvement of
teaching more systematic and “less happen-stance” and relying on
evidence to solve local problems of practice” (Ermeling, 2010,
p- 378). So, the question is whether this claim is valid. Below an
overview of the current state of research is given.

Effects on schools and teachers

On school and teacher level (Outcomes, see Figure 1), the
benefits thought to accrue from RIEP include improvements in
pedagogic knowledge and skills, greater job satisfaction and
greater teacher retention, and evidently support a changed
perspective on problems, greater teacher confidence or self-
efficacy and improved critical faculties, as well as the ability to
make autonomous professional decisions (e.g., Lankshear and
Knobel, 2004; Boelhauve, 2005; Bell et al., 2010; Mincu, 2014;
Godfrey, 2016; Konig and Pflanzl, 2016). But instead of using data
or evidence, research findings indicate that school leaders and
practitioners reportedly prefer to rely on intuition during data-
based decision-making (Vanlommel et al., 2017), which is prone
to confirmation bias and mistakes (Fullan, 2007; Dunn et al.,
2019). Moreover, even though teachers and school leaders report
to read professional literature regularly (VanLeirsburg and Johns,
1994; Lankshear and Knobel, 2004; Broemmel et al., 2019), there
appears to be a strong preference for practical or guidance journals
with no or only limited evidence orientation (Hetmanek et al.,
2015; Rochnia and Grisel, submitted), This inclination appears to
be rather stable, as it is already observed in initial teacher
education (Muiioz and Valenzuela, 2020; Kiemer and Kollar,
2021). Furthermore, Coldwell (2022) draws the conclusion that
research use among English teachers is rather low; a result that is
comparable to reports from educational systems all over the world
(Malin et al., 2020). Regarding the effects of school inspections,
“the evidence base [...] is scattered” (Malin et al., 2020, p. 4), but
has increased in recent years (a.o., de Wolf and Janssens, 2007;
Gartner and Pant, 2011; Husfeldt, 2011; Penninckx and Vanhoof,
2015). In their recent systematic review, Hofer et al. (2020) identify
positive inspections effects on school evaluation activities,
probably due to the goal to prepare for future inspections. For
example, English schools rated as “requires improvement” are
faced with shorter inspection cycles (c¢f. Chapman, 2002). By
contrast, negative and non-significant inspection effects were
found in general for school or instructional processes (e.g.,
Girtner et al., 2014; Ehren et al., 2016).

Effects on pupils
When it comes to pupils (Outcomes, see Figure 1), there is

nascent, but still inconclusive evidence linking the use of data or
evidence to learning or performance (see Figure 1; e.g., Mincu,
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2014; Cain, 2015; Cordingley, 2015; Godfrey, 2016; Rose et al.,
2017; Crain-Dorough and Elder, 2021). Extant studies have tended
to be small scale and qualitative, so providing limited causal
pathways linking research use by teachers and improved pupil
performance. A similar picture emerges for data-based classroom
and school development measures with findings suggesting their
effect on pupil performance in the medium and long term is
ambiguous (e.g., Hellrung and Hartig, 2013; Richter et al., 2014;
Kemethofer et al., 2015; Lai and McNaughton, 2016; Van Geel
etal, 2016). A different picture emerges for the effects of school
inspections, as a specific example of quality control in education
and the ensuing data feedback: According to Hofer et al. (2020),
school inspections appear mainly to accomplish the enforcement
of policy in schools. Even though they report twice as much
non-significant effects identified compared to positive inspection
effects, the latter most consistently emerged for pupil performance
in standardized achievement tests — which critical voices might
trace back to a narrowing of the curriculum and unwarranted
teaching to the test (Au, 2007; Collins et al., 2010; Ehren and
Shackleton, 2014).

Research questions

Overall, a causal link between inspections and school
improvement cannot be clearly supported from the literature.
Moreover, whether the available information about the scientific
foundation of data feedback, or scientific evidence are considered
by educational practitioners, is influenced by data or individual
characteristics (a.0., Prenger and Schildkamp, 2018), In particular,
the feeling of being controlled is reported to have detrimental
effects on the development processes based on data (Kuper and
Hartung, 2007; Maier, 2010; Grofd Ophoff, 2013). But the focus of
this paper lies particularly on the contextual conditions of research
informed education. In that regard, innovative and data-based
school culture, evidence-oriented leadership, communication, and
collaboration (as indicators of trusting relationships, cf. Datnow
and Hubbard, 2016), but also professional development measures
are deemed supportive (Diemer and Kuper, 2011; Grof$ Ophoff,
2013; Vanhoof et al., 2014; Van Gasse et al., 2016; Van Geel et al.,
2016; Wurster, 2016; Brown and Malin, 2017; Keuning et al., 2017;
Schildkamp et al., 2018).

As stated above, there is — on one hand - a push by
governments toward school and teacher engagement with
research, evidence, and data in order to drive school “self
improvement”; on the other hand, a lack of evidence suggesting
that this actually has any materially positive outcomes for students.
Given the hierarchist context within which particularly the
English school system operates, and the role of inspection in
reporting information about school’s educational quality by
“signposting” which and how educational standards are to
be achieved, in this paper we seek to ascertain a link between both
data-based and evidence-informed school “self improvement” and
student outcomes. For that purpose, data from a survey study of
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teachers and school leaders at English primary schools (Brown
et al, 2016) is re-analyzed in combination with the schools
previous Ofsted school inspection ratings and the KS 2 SAT
results of pupils in the school year 2014/2015 (in both cases
referential data, ¢f. Wiesner and Schreiner, 2019). In the survey
study, school staff provided information about the research use
climate (as an indicator of Evidence, see Figure 2) at their
respective schools, which corresponds with the transition from
the empirical to the inferential phase. In the study presented,
characteristics like the perceived trust among colleagues and the
organizational learning (both Context, see Figure 2) are
particularly taken into consideration, because they are expected
to support the research use climate at school (Evidence, see
Figure 2). Mediated by ensuing change measures this is supposed
to support pupil performance in standardized assessment tests like
the KS2 SAT (Outcomes, see Figure 2). Furthermore, schools with
other than “outstanding” inspection ratings might particularly
perceive pressure to self-improve, for example based on or
informed by research. And in that respect, the annual results in
centralized assessment tests, but also the implementation of school
inspection ratings (Data, see Figure 2) are both feedback sources
that are strongly shaped by the specific conditions of the
educational system. So, in the case of this study, the English system
of quality control in education serves as an example of the more
general contextual conditions, under which schools are supposed
to improve based on, or informed by data, evidence, or research.

Beyond providing insights into the links between data
feedback (school inspection ratings and report) and evidence use
at English schools, the specific contribution therefore lies in
operationalizing the research use climate at schools as a possible
mediating mechanism to support pupil performance on school
organizational level. This points to the following research
questions, that are ordered according to the steps of our analysis
(see Chapter 4):

First of all, we assume that pupil performance (Outcome, see
Figure 2) on the school level is positively influenced by the extent
of research use at the same school (Evidence):

RQI: What effect do teachers’ perceptions of the research use
climate of their school have on the overall pupil performance
in KS2 SATs?

Secondly, the research use climate (Evidence) is itself
dependent on the trust and organizational climate within the
school (Context, see Figure 2). Therefore, we investigate:

RQ2: What effect do teachers’ perceptions of the presence of
in-school organizational learning and collegial trust have on
the perceived research use climate at school, but also on the
overall pupil performance in KS2 SATs?

Because of that, the research use climate (Evidence) represents

a variable that supposedly mediates the relationship between
trust/organizational climate (Context) and pupil performance
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FIGURE 2
Conceptual framework of research informed-educational practice with the constructs included in the study presented in this paper.

(Outcomes). Such an effect should be reflected in statistically
significant, indirect effects of trust/organizational climate on
student achievement:

RQ3: Does the perceived research use climate actually mediate
the association between organizational learning and trust at
school and the overall school performance?

The feedback of school inspection ratings (Data) is expected
to shape development activities on school level (Context,
Evidence), both regarding their extent, but also the paths between
the variables considered in RQ1-RQ3:

RQ4: Is there a difference in the research use climate between
schools that were rated differently in school inspection? And
how does this affect the association between trust among
colleagues, organizational learning, research use, and
performance in KS2 SAT?

Materials and methods
Sample

The sample for this study was gathered within a project
that sought to investigate how schools can be supported in
applying existing research findings to improve outcomes and
narrow the gap in pupil outcomes. Funding for the project was
granted by the Education Endowment Foundation in 2014.
Schools were recruited by Brown and colleagues through use
of Twitter, the direct contacts of the project team and via
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direct mail (e)mailing lists held by the UCL Institute of
Education’s London Centre for Leadership in Learning.
Schools were invited to sign up to the project straight away, to
discuss the project and any queries directly with the project
team or to attend one of two recruitment events held in June
2014. For the analysis presented below, a sample of 1,457 staff
members from 73 primary schools was available.
Approximately 20 teachers per school answered the survey. In
terms of their characteristics, 70 percent of the study
participants had, at that time, less than four years of experience
working in their current position. Further, 81 percent were
female; approximately 48 percent were serving as a subject
leader (e.g., math lead or coordinator); and 18 percent held a
formal and senior leadership position (e.g., headteacher). The
majority of participating schools were judged as “good” in
their most recent school inspection (67.1%), and a smaller
amount were graded as “outstanding” (26.0%) or as
“requir[ing] improvement” (4.1%), while for 2.7 percent no

such information was available.

Data collection and operational variables

The survey data was collected during autumn of 2014 and
included self-assessment scales (see below) and demographic
background variables. Furthermore, social network data was
collected, for which the results have been published elsewhere
(Brown et al., 2016). In this paper, additional information on
school inspection ratings and pupil performance in KS2 SATs for
each participating school have been included in the analysis
presented below.
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School inspection rating (grouping variable)
School inspection results were documented for each of the
schools investigated and were available before the study was
carried out. However, it should be noted that the inspections were
not carried out within the same time frame, but within a four-year
interval for each school. The inspection results were used as
control (grouping) variable in the analysis below. Schools are
classified on a four-point grading scale used for inspection
judgments as outstanding (grade 1), good (grade 2), requires
improvement (grade 3), and inadequate (grade 4). To be judged,
for example, as “outstanding,” schools must “must meet each and
every good criterion” of overall school effectiveness (Office for
Standards in Education, 2022), that is, with regard to the (former)
four key judgment categories (i) achievement of pupils, (ii) the
quality of teaching, (iii) the behaviour and safety of pupils, and (iv)
leadership and management (Office for Standards in Education,
2022). None of the participating schools were rated as inadequate.

Trust among colleagues (predictor)

Instruments operationalizing trust in colleagues (Hoy and
Tschannen-Moran, 2003; Finnigan and Daly, 2012) were adapted
to the study sample and context. The final trust (TR) scale
consisted of six items, on a five-point Likert type scale, which
ranged from 1 (strongly disagree) to 5 (strongly agree), measuring
teachers’ perceptions as to the levels of trust within their school.
For example, by asking respondents to indicate the extent to which
they were in agreement with statements such as “Staff in this
school trust each other” (TR1, see Table 1). For this scale, Brown
etal. (2016) identified a single factor solution on individual level,
explaining 52.9 percent of the variance with Cronbach’s & of 0.82.

Organizational learning (predictor)

The organizational learning (OL) scale was drawn from a
previously validated instrument (Garvin et al., 2008; Finnigan and
Daly, 2012) and was again adapted to fit the study context. The OL
scale is composed of six items on the same five-point Likert type
scale, and measures schools’ capacity, cultures, learning
environments as well as their structures, systems, and resources.
A sample item is: “This school experiments with new ways of
working” (OL1, see Table 1). Based on exploratory factor analysis
(EFA), on individual level a one-dimensional solution was
identified (Brown et al., 2016) explaining 62.2 percent of the
variance with Cronbach’s a of 0.88.

Research use climate (predictor, mediator)

The research use (RU) climate scale was adapted from a
previous study (see Finnigan and Daly, 2012) and is composed of
seven items on the same five-point Likert type scale. The construct
measures participants’ perceptions as to whether school cultures
are geared toward research use, both in terms of whether teachers
felt encouraged to use research and evidence, and whether they
perceived the improvement strategies of their schools to
be grounded in research and evidence. For example, a sample item
from the scale is “My school encourages me to use research
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findings to improve my practice” (RU3, see Table 1). Based on
EFA with only three of seven items, a single factor solution was
identified by Brown et al. (2016) explaining 63.3 percent of the
variance with Cronbach’s @ of 0.71. In the current (re-)analysis, all
seven items were included in the identification of the measurement
model on both individual and school level.

Pupil performance (criterion)

The outcome variable in the path model analyzed below is
average pupil performance operationalized by the percentage of
students, who reached level 4 (L4, see Table 1) in the Key Stage 2
(KS2) Standard Assessment Test (SAT), i.e., the expected level to
be achieved by the average 11year old. This high-stakes test is
carried out in the core subjects of English and Mathematics (since
2010 not anymore in Science, cf. Isaacs, 2010) in English state
schools at the end of primary education (year 6) prior to the move
to senior school (e.g., Tennent, 2021). The KS2 SAT results are
published on school level for accountability and comparative
purposes.' The data set analyzed here contains KS2 SAT-results for
the school year 2014/2015.

Analysis

In the present study, the specific characteristics of the school
environment and its effects on a schools’ average pupil
performance are of interest, which is why the appropriate level of
analysis is the group level or school level. Hence, to investigate
effects of the school context, the analytical approach of choice is a
multilevel (or two-level) model. Accordingly, multilevel structural
equation modelling was applied. All analyses were conducted in
R (R Core Team, 2021) in combination with Mplus 8 (Muthén and
Muthén, 2017).

As the available sample “only” comprises of 73 schools (of which
only 3 schools with overall 25 teachers were judged as “requires
improvement”), full multilevel latent covariate models (controlling
for the measurement and sampling error =latent-latent) may not
perform best. Instead, latent-manifest or manifest-latent models are
superior with regard to estimation bias (Liidtke et al., 2011; McNeish
and Stapleton, 2016). This is why a sequence of different models [i.e.,
single level model, multilevel model (latent-latent), multilevel model
(latent-manifest)] was performed to gain an understanding, whether
different analytical approaches lead to differences in the coefficients
of interest (i.e., the effects of trust and research use on school-average
performance, see Supplementary Appendix A1l). To account for the
multilevel structure of the data (teachers clustered in schools; ICC of
the items, see Table 1) we used TYPE=COMPLEX in all single level
analyses and TYPE=TWOLEVEL in all multilevel analyses. The
models were estimated by a robust maximum likelihood estimation
(MLR). To determine the model fit, common cut-off criteria were
used (Hu and Bentler, 1999) — Bentler’s comparative fit index
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TABLE 1 Overview of the items in the self-assessment scales used.

10.3389/feduc.2022.1011241

Mean Standard ICC
deviation
Trust scale (TR)
TRI: Staff in this school trust each other. 4.59 0.83 0.111
TR2: When senior leadership in this school tell you something you can believe it. 4.66 0.78 0.086
TR3: People in this school are eager to share information about what does and does not work. 4.76 0.66 0.062
TR4: When middle leadership in this school tell you something you can believe it. 4.69 0.74 0.105
TR5: Staff in this school respect each other. 4.74 0.68 0.109
TR6: When teachers in this school tell you something you can believe it. 4.71 0.69 0.107
Organizational learning (OL) scale
OLI: This school experiments with new ways of working. 449 1.11 0.032
OL2: This school has a formal process for evaluating programs or practices. 4.30 1.12 0.006
OL3: This school frequently discusses underlying assumptions that might affect key decisions. 4.08 1.14 0.015
OL4: In this school time is made available for education/training activities for school staff. 4.55 1.06 0.010
OLS5: This school has forums for sharing information among staff. 422 1.18 0.016
OL6: In this school, people value new ideas. 4.38 1.14 0.031
Research Use (RU) Climate scale
RU1: In the last year, I have discussed relevant research findings with my colleagues. 4.49 0.98 0.101
RU2: Staff at my school use research and evidence to stimulate conversation/dialogue around an issue. 4.39 0.97 0.179
RU3: My school encourages me to use research findings to improve my practice. 4.46 0.95 0.131
RU4: I have found information from research useful in applying new approaches in the classroom. 4.55 1.03 0.054
RU5: Information from research plays an important role in informing my teaching practice. 4.37 1.14 0.049
RUE6: I support implementing a school-wide change without research to support it. 4.04 1.09 0.025
RU7: Research and evidence is used to inform staff here about potential improvement strategies. 4.53 0.90 0.090

(CFI>0.90), the Tucker-Lewis index (TLI>0.90), the root mean
square error of approximation (RMSEA <0.08), and the standardized
root mean square residual — at both the teacher and school levels
(SRMR <0.08).

All of the variables used have missing values. Most of the
items assessed contained between 9.6% (L4) and 53.2% (OL)
missing values. To account for missing information, the Full
Information Maximum Likelihood (FIML) method was used as
implemented in Mplus.

Results

In the following, descriptive statistics and the model fit
evaluation are reported. Subsequently, results related to the four
research questions are presented.

Descriptive statistics

Table 2 contains the descriptive statistics, i.e., mean values,
standard deviations, as well as reliability information and
bivariate correlations. The mean values of the three scales all
exceed the value of 4 and are thus quite high for a five-point
Likert-scale, indicating ceiling effects. In line with the high
mean scale values, the standard deviations are low, i.e., which
means that there is high agreement among the teachers in
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TABLE 2 Descriptive statistics, reliability, and latent correlations
between the study variables.

M SD 11 TR OL RU L4
Trust (TR) 469 053 081 1 0.825 0.436  0.341
Organizational 434 089 088 0.171 1 0.733 0.659
learning (OL)
Research use 4.47 0.54 0.74 0.385 0.176 1 0.262
(RU)
Level 4 (L4) 0.83 0.09 - 0.158 0.066 0.168 1

Significant correlation coefficients (a=0.05, two-tailed testing) are indicated in bold.
Lower diagonal triangle =latent correlations based on single level analysis (model fit:
CFI 0.940, TLL.939, RMSEA 0.031, SRMR 0.043). Upper diagonal triangle=level 2
correlations based on manifest-latent variable modelling (model fit: CFI 1.000, TLI
1.000, RMSEA.000, SRMR L2.044).

general. Internal consistency (i.e., Cronbach’s alpha) is
acceptable to good. The Level 4-value of 0.83 indicates further,
that at the school investigated here, 83 percent of the students
reached level 4 at the KS2 SAT on average.

On the right side of Table 2, correlation coefficients are
reported (lower triangle=single level correlations, upper
triangle =level 2 correlations). Depending on the analysis
level, the associations between the study variables vary in size:
In case of single-level analysis, the latent variables correlate
only weakly compared to multilevel analysis, where the
variables correlate moderately to strongly. In particular, RU
and OL show a high correlation (r=0.733). In order to avoid
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problems related to multicollinearity, in the final multigroup
models (model 3-5, see Table 3) a joint factor representing RU
and OL was specified, while in single level analyses (model 1
and 2), the originally assumed factor structure is kept
(Supplementary Appendix A2 provides a test of the factor
structure of RU and OL). The differences between the
single-and multilevel model are illustrated in Figures 3, 4.

Model fit evaluation

In Table 4, the fit indices of the final analyses are reported. In
Models 1 and 2, data is analysed on level-1 (teachers), while in
Models 3 to 5 multilevel analysis was applied (Table 3, second row
from left). Furthermore, Models 1, 3 and 4 analyze the full sample,
whereas Models 2 and 5 distinguish between schools that were
judged as “good” vs. “outstanding” in school inspection (third row
from left, multigroup analysis).

According to Table 4, models 1 to 3 show acceptable to
good fit, indicating that the proposed measurement models
account reasonably for the observed data. In these cases, both
measurement and sampling error are controlled. Deviating

10.3389/feduc.2022.1011241

from this, in Models 4 and 5, residuals were modeled latent-
manifest, which means that only sampling error is controlled.
Because of that, both models are saturated and no model fit
indices are provided.

Results for the research questions

RQ1: What effect do teachers’ perceptions of
the research use climate of their school have
on the overall pupil performance in KS2
SATs?

Teachers’ perception of the research use climate of their
school is only significantly related to overall pupil performance
in KS2 SATs at the school when the data is modeled at teacher
level (single level analysis). However, the corresponding effect
size is low (fry_14=0.130), but statistically significant
(p=0.05). That is, teacher’s individual perception of the
research use climate is higher at schools with higher pupil
performance. If the data is modeled at school level (multilevel
analysis), the effect size is large (foiru-14=0.507) but
statistically insignificant (p =0.965).

TABLE 3 Path coefficients (fully standardized) for structural models 1-5.

Model Groups TR—RU OL—-RU TR—14 OL-14 RU-14

Single level analyses

1 Total 0.290 0.137 0.107 0.029 0.130

20 Good 0.291 0.201 0.036 —0.065 0.146
Outstanding —0.007 —0.041 0.010 0.067 —0.161

Model Groups TR—OLRU TR—L4 OLRU—L4

Multilevel analyses

3 Total 0.457 0.331 0.028

4 Total 0.651 0.013 0.507

5 Good 0.741 —0.181 0.517
Outstanding 0.528 0.202 —0.089

TR, trust scale [see section “School inspection rating (grouping variable)”]; OL, Organizational learning scale (see section “Organizational learning (predictor)”]; RU, Research use
climate scale [see section “Research use climate (predictor, mediator)”]. Significant path coefficients (a=0.05, two-tailed testing) are indicated in bold. “The number of schools rated as

“requires improvement” was too small to be included in a multi-level group comparison of the path models.

Organiza-
tional
Learning

FIGURE 3
Path model on level-1 (1457 school staff members).

Research
Use

Level 4
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FIGURE 4
Path model on level-2 (73 schools)

Mean
Research Use/
Organizational
Learning

Level 4

TABLE 4 Model fit indices for the structural models on single-level and multilevel for both single group and multigroup analysis and variants of

error modelling.

Model Levels  #groups Error Path #par Chi* df Chi%df CFI TLI RMSEA SRMR
modelling

1 SLA 1 Latent TROL-RU—L4 68 40152 162 25 0932 0920 0.032 0.046

2 SLA 2 Latent TROL—-RU—14 98 70644 362 2.0 0901  0.896 0.038 0.186

3 MLA 1 Latent-latent ~ TR—OLRU—L4 229 30876 151 2.0 0967  0.929 0.027 0.291

4 MLA 1 Latent-manifest TR—OLRU — L4 12 0 0 0 1000 1.000 0.000 0.001

5 MLA 2 Latent-manifest TR —OLRU — L4 24 0 0 0 1.000  1.000 0.000 0.003

SLA, Single-level analysis; MLA, Multilevel analysis; # groups, number of groups (2, multigroup analysis: good vs. outstanding schools); TR, trust scale [see section “Trust among

colleagues (predictor)”]; OL, Organizational learning scale [see section “Organizational learning (predictor)”; RU, Research use climate scale [see section “Research use climate (predictor,

mediator)”]; # par, number of parameters.

RQ2: What effect do teachers’ perceptions of the
presence of in-school organizational learning
and collegial trust have on the perceived
research use climate at school, but also on the
overall pupil performance in KS2 SATs?

As expected, teachers perceptions of the presence of in-school
organizational learning and collegial trust significantly predict the
perceived research use climate at school. The effect size of in-school
organisational learning is fig . ry =0.137 (p=0.006) when modeled
at teacher level. The effect size of trust is frg gy =0.290 (p <0.001)
when modeled at teacher level; and even higher when modeled at
school level (latent-manifest: frr_. ryor =0.457, p=0.060; latent-
latent: g~ ruoL=0.651, p=0.001). Contrary to our assumptions,
neither teachers’ perceptions of the presence of in-school
organizational learning nor collegial trust is significantly positively
related to pupil performance in the five estimated models. Effect
sizes range from fo;_14=—0.181 to.517. However, they do not
reach statistical significance.

RQ3: Does the perceived research use climate
actually mediate the association between
organizational learning and trust at school and
the school performance?

When modeled at teacher level, the indirect effects of
organizational learning and trust at school on school
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performance via research use climate at school (= mediation)
are weak (Por ina=0.018, frp na=0.038) but statistically
significant (95%-Cloy gt [0.006, 0.038], 95%-Clyg me: [0.014,
0.079]). When modeled at the school level, the indirect effect of
trust at school on school performance via the newly formed
joint factor “research use climate and organizational learning at
school” (= mediation) is comparably high in effect size (fr_
ind = 0.330), but - due to the small sample on school level - does
not reach statistical significance.

RQ4: Is there a difference in the research use
climate between schools that were rated
differently in school inspection? And how does
this affect the association between trust
among colleagues, organizational learning,
research use, and performance in KS2 SAT?

In preparation of the analyses related to RQ4, measurement
invariance analyses were conducted to examine whether the
instruments used to capture the study variables performed equally
well in the three groups with different school inspection ratings
(i.e., requires improvement, good, outstanding schools). The
results show that only partial measurement invariance could
be established (cf. Supplementary Appendix A3 for details).

Group comparison results (see Table 5) indicate that
particularly schools, who received an school inspection rating as
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TABLE 5 Mean differences for trust, organizational learning, research use (individual level) and Level 4-results (school level).

Scales “Requires “Good” “Outstanding” F df (within/  p n
improvement” between)
M (SD) TR 4.81(0.28) 4.67(0.55) 4.83 (0.41) 6391 2/710 <0.05  0.018 (small effect)
oL 4.61(0.43) 431 (0.86) 4.49 (0.93) 3.185 2/709 <0.05  0.009 (no effect)
RU 478 (0.33) 437(0.77) 4.72(0.63) 17.942 2/785 <0.05  0.044 (small effect)
L4 80.0% (2.8%) 81.4% (8.1%) 90.8% (7.1%) 8.989 2/62 <0.05  0.225 (large effect)
95%-CI TR (4.66; 4.96) (4.62;4.72) (4.77; 4.89)
oL (4.38;4.83) (4.24; 4.38) (4.35; 4.63)
RU (4.61; 4.94) (4.31;4.43) (4.63; 4.81)
L4 (78.0%; 82.0%) (80.2%; 82.6%) (89.0%; 92.6%)

TR, trust scale [see section “School inspection rating (grouping variable)”]; OL, Organizational learning scale [see section “Organizational learning (predictor)”]; RU, Research use

climate scale [see section “Research use climate (predictor, mediator)”]. M, mean; SD, standard deviation.

“good” (meaning that one key area was identified as “requires
improvement,” ¢f. Office for Standards in Education, 2022) report
a significantly lower mean value for research use climate at school
(M= 4.37) compared to schools rated as “requires improvement”
(M=4.78) and “outstanding” (M = 4.72). The same is true for the
other study variables trust and organisational learning. In other
words, staff at “good” schools report slightly lower trust among
colleagues and are a little less active in organizational learning and
research use. Furthermore, there is also a considerable difference
of 10 % between pupils’ performance in KS2 SATS in schools that
were rated as “good” or as “requires improvement” and
“outstanding” schools.

Regarding the association of the study variables, the
multigroup comparison further shows, that only for schools rated
as “good,” the research use climate is significantly predicted by
trust (frr_ru=0.291, p<0.001) and organisational learning
(PoL—ru=0.201, p=0.008), while this is not true for schools rated
“outstanding” (see Table 3).

Discussion

Even though it is unusual to start the discussion of a paper
with its limitations, we would like to point out some, because
they are of importance for the conclusions that can be drawn
from this study: First of all, the data originates from the school
year 2014/2015, and is therefore of some “age” Between 2022
and 2014, certainly a lot of changes have taken place. The
United Kingdom’s departure from the European Union in 2020
or the world-wide COVID-19-pandemic and the ensuing
school closures are two examples that come to mind. English
schools were affected by school closures during the pandemic,
too, and - among others - the ramifications of cancelling
traditional, centralised exams highlighted that the English
market-and accountability oriented educational system is
prone to crisis (Ziauddeen et al., 2020; McCluskey et al., 2021).
But despite the continuing voices of criticism (Jones and
Tymms, 2014; Perryman et al., 2018; Grayson, 2019; Coldwell,
2022), the overall educational governance strategy has
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remained the same (e.g., Office for Standards in Education,
2022; UK Government, 2022). Still, a new framework for
school inspection has been introduced in 2019 and was
updated just recently (major changes are, a.o., new school
inspection labels, end of transition period for updating school
curricula, new grade descriptors, etc., ¢f. Office for Standards
in Education, 2022). Another limitation of the study presented
here is, that even though the school inspection ratings existed
before the study was carried out, the research design is not
longitudinal, but correlational. In other words, causal
interpretations are not eligible here. However, part of the
re-analyzed data was originally used in the article by Brown
etal. (2016), but particularly the school inspection ratings and
the average pupil performance in the Key Stage 2 (KS2)
Standard Assessment Test (SAT) were not included then.
Therefore, the correlation with school organisational
characteristics has not been analyzed until now. Another
limitation is that even though the research use climate reported
by school staff was included as a theoretically sound mediating
variable (Vanhoof et al., 2014; Van Gasse et al., 2016; Keuning
etal., 2017; van Geel et al., 2017; Schildkamp, 2019), we cannot
know to what extent the schools in this sample engaged with
the school inspection results, or more general, what kind of
research was actually used, what (if any) improvement
measures were implemented, and what other influencing
factors were involved. Nor do we know how apt the teachers
and school leaders in the current sample were in evidence-
informed reasoning, or how they could have been scaffolded in
that regard. This rather requires - at best-controlled before-
after studies. Some examples for such study designs can
be found in the field of evidence-informed initial teacher
education, of which some are represented in this special issue
(e.g., Futterleib et al., 2022; Grimminger-Seidensticker and
Seyda, 2022; Lohse-Bossenz et al., 2022; Voss, 2022). Further
limitations of this study are, that the sample size at level 2, i.e.,
the school level, was too low to estimate complex models like
the multilevel latent covariate model and multilevel multiple
group models. Furthermore, the schools included in this study
might be more predisposed to research engagement than the
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majority of England’s primary schools, as they voluntarily
applied for participation in a project that sought to investigate
how schools can be supported RIEP.

We are aware, of course, that the average pupil performance
in KS2-assessments is comparatively distal to collaborative
research use processes among school staff, and the findings
need to be interpreted with due caution because of that.
Nonetheless, we insist that is an important contribution to this
field to validate common claims, like for example, that
teachers’ engagement with research (including centrally
administered data and research evidence) facilitates
professional and school development, and mediated by that,
pupil performance (e.g., Davies, 1999; Slavin, 2002). Therein
lies the originality of this paper. As this study was carried out
in the field of educational practice, this corroborates the
external validity of the findings presented here, too. Another
strength is theoretical foundation of our approach (c¢f. Chapter
2) that combines the perspective of data-based decision
making (as theory of action, ¢f. Mandinach and Schildkamp,
2021) and of evidence-informed education (as theory of
learning, cf. Grof8 Ophoff and Cramer, 2022) — which was
already proposed by Brown et al. (2017). For example, in this
study the two forms of data feedback on school level were
treated as (referential) data (in the tradition of data-based
decision-making). According to the phases of the inquiry
cycle, the school inspection results stand for evaluatory data at
the conceptual phase (2), during which school staff ought to
appraise the feedback (aka inspection report) under
consideration of local school data with the medium-to long-
term goal of “self-improvement” (see Figure 1). In turn, pupils’
performance in the KS2 assessments are located at the end of
the inquiry cycle and therefore represent data that schools can
use to evaluate (phase 5) the impact of hypothetical
improvement measures. Both trust among colleagues and
organisational learning were treated as school-contextual
factors, that have been repeatedly identified as important for
educational change in general (Louis, 2007; Ehren et al., 2020)
and for the use of data or evidence in particular (Schildkamp
et al., 2017; Gaussel et al., 2021; Brown et al., 2022). School
staff’s reported research use climate was then modeled as an
indicator of evidence-informed educational practice and was
included in the analysis as mediator between the school
organisational context and pupil performance at the end of the
school year 2014/2015. So what is to be learned from
the results?

According to the first research question (RQ1), an effect
of teachers’ perceptions of the research use climate on the
overall pupil performance in KS2 SATs was expected. But
only a small effect, and only on teacher level could
be identified. In other words, school staff who reported a
higher research use climate worked at schools with higher
pupil performance.

The second question (RQ2) aimed at investigating the
effect of teachers’ perceptions of the presence of in-school
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organizational learning and collegial trust on the perceived
research use climate at school, but also on the overall pupil
performance. In line with the current state of research (see
above), our findings indicate that both the perception of
in-school organizational learning and collegial trust
significantly predict the perceived research use climate at
school, but not the pupil performance in central assessments.
It should be noted, that on school level the latent constructs
of research use and organizational learning could not
be separated psychometrically as originally proposed by
Brown et al. (2016). In deviation from the original analysis,
we used a larger (available) school staff sample and all seven
items assigned to research use, and we evaluated the
measurement models not only on teacher, but on school level,
too. Notwithstanding, this finding is theoretically plausible,
as both constructs refer to collaborative learning processes
required for the identification, application, and evaluation of
school and instructional development measures (Brown
et al., 2021).

The third research question (RQ3) pursued as to whether
the perceived research use climate mediates the association
between organizational learning and trust at school on the
one hand and the average pupil performance on the other.
This could be demonstrated both on teacher and school level,
with the higher effect for the latter. This means that schools
with a higher average value of trust among colleagues report
more organizational and research informed activities and,
mediated by that, demonstrated better results in the average
pupil performance assessment at the end of the school year
2014/2015.

The fourth research question (RQ4) finally asked whether
there is a difference between schools that were rated as
“outstanding,” “good,” or “requires improvement” in the
means of central variables like trust, organizational learning,
research use climate, and average pupil performance, and the
path model (see RQ3). And in fact, differences emerged
here, too:

e “Good” schools demonstrated a significant lower percentage
of students, who reached level 4 in the Key Stage 2 (KS2)
Standard Assessment Test (SAT) compared to “outstanding”
schools, and its staff reported slightly lower trust among
colleagues, and to be slightly less active in organizational
learning and research use.

“Outstanding” schools showed considerably better results in
KS2 SATs, that could not be predicted by the research-
informed organizational learning processes at school or the
trust among colleagues. Nonetheless, school staff reported a
slightly more pronounced research use climate and trust
among colleagues.

e School rated as “requires improvement” showed
school organisational results comparable to outstanding
schools, but were less successful in pupil performance

assessment.
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In particular, the more staff at “good” schools reported of
organizational and research informed activities, the better was the
average pupil performance in centralized assessments. In contrast,
both outstanding schools and schools that require improvement
appeared to engage more with research evidence, even though the
former seemed not to profit (or need?) it. However, no conclusion
can be made about schools that required improvement because of
their too small proportion (3.9%) in this sample. In comparison,
in the school year 2014/2015 19 percent of British primary schools
received the same rating (Office for Standards in Education, 2015).

In sum, we could replicate the findings by Brown et al. (2016),
according to which trust among colleagues is of vital importance
in initiating research-informed educational practice. But our
analysis goes beyond, as we could show that assumptions derived
from the conceptual model of research-informed educational
practice stood the test. School organizational conditions like trust
among colleagues and organizational learning proved to
be supportive for the research use climate on teacher level, and
mediated by that, for the performance of pupils in assessment
tests. Particularly interesting is, that on school level, organizational
learning and research use climate could not be separated
psychometrically, which supports the notion of research-informed
education as a learning process that can (and should) take place
on school level, too (¢f: Argyris and Schon, 1978). Furthermore, it
could be substantiated, that schools differ in the extent of research-
informed organizational learning and in their “paths” to pupils’
performance depending on their school inspection ratings. This
was particularly true for schools rated as “good” in school
inspections. These schools are required to improve at least one key
area of educational quality, but reported the lowest research use
climate in this study. In our view, this finding is cause for
optimism, as particularly such schools seem to benefit from an
engagement with evidence and might be convinced to use it more,
for example because of by professional development. In line with
that, there is ample evidence on the importance that practitioners
need to be convinced about the usefulness of data and evidence to
engage with it in a meaningful way (e.g., Hellrung and Hartig,
2013; Prenger and Schildkamp, 2018; Rickinson et al., 2020).

So, what are the further implications of this study? First of all, our
findings support the notion that the inquiry cycle of research-
informed education (see Chapter 2) can and should combine the
approaches to data-based decision-making and evidence-informed
education (Brown et al., 2017). This is supported by the notion that
“the strengths of each appear to mirror and compensate for the
weaknesses of the other” (Brown et al., 2017, p. 156). For example, the
authors identify as strength of data-based decision-making, that the
school-specific vision and goals are considered for the problem
identification (conceptual phase). Weaknesses are in turn, that ample
data literacy is required for meaningful and in-depth data use
processes. Data cannot provide educators with solutions that “work
best” Instead, a substantive content expertise is needed to be able to
identify potential causes and solutions of a problem. In turn, the
strength of evidence-informed educational practice lies in enabling
schools to identify and understand the underlying mechanisms of
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effective approaches to improving teaching and learning, and
provides (at best) instructions how research-informed approaches
might be implemented to address a given problem. The pitfalls of this
approach are, that it is challenging to recognize the (re-)sources that
are adequate and relevant to the problem at hand. This particularly
requires research literate teachers and school leaders. Continuing
Brown et al’s (2017) line of reasoning, the field of evidence-informed
teacher education is another promising asset to the conceptualization
of research-informed education. Research in this field focusses on the
necessary learning processes and effective teaching strategies in
higher education (error-based learning, e.g., Klein et al., 2017; case-
based learning, e.g., Syring et al., 2015; inquiry learning, e.g., Wessels
etal, 2019). Even though the strong focus on intervention studies in
this field is a strength from a research-methodological perspective
(internal validity), it is yet unresolved, whether the resulting insights
can be applied to professional development and educational practice
(external and consequential validity).

A promising approach that somewhat combines the theories
of action and learning, is Beck and Nunnaley’s (2021) continuum
of data literacy for teaching: Based on the works of Shulman
(1987), Beck and Nunnaley distinguish four levels of expertise
(novice users, developing users, developing expert users, expert
users) for the use of data and apply them to the different phases
of the inquiry cycle. For example, novice users may recognize
that a problem exists, but are unable to identify relevant and
appropriate data sources, and face difficulties in establishing
connections between data and one’s own teaching methods or
even in deriving improvement measures. With increasing
expertise, for example developing users are already able to
recognize the connection between a question and different data
and evidence sources, but the effects of changes measures can
still only be monitored superficially, etc. Even though the
authors remain quite vague as to how particular levels of
expertise can be reached, they see potential in practical training
that is supported by (academic) mentors for pre-service
teachers. For in-service teachers, they propose coaching (e.g.,
Huguet et al,, 2014) or establishing professional learning
communities (a.0. Brown, 2017; Brown et al., 2021) based on
long-term and goal-oriented engagement with research. But
obviously, the current conditions in the English educational-
political context are not favorable in that regard: According to
Coldwell (2022), educational governance “militates against
widespread research evidence use” (Coldwell, 2022, p. 63) due
to budget cuts, high accountability pressures, and the
(unwarranted) politicization of research use. Related to that,
unintended responses and side effects of school inspection and
other data-based accountability measures have been a constant,
still unresolved issue in this research field (a.o., Ehren and
Visscher, 2006; Bellmann et al., 2016). This illustrates further,
why it is instructive to take a closer look at educational systems
that, in the case of England, represent a high-stakes quality
control system, particularly as educational governance tends in
general to oscillate between control and autonomy (e.g.,
Higham and Earley, 2013; Altrichter, 2019).
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For future research, a comprehensive model of research-
informed education is certainly useful, but necessitates the
clarification, which kind of research (data, evidence, or a
combination like in the current study) is of interest in the respective
study, and related to that, which inquiry phases are to
be investigated, what the target group of research users is
(pre-service teachers, in-service teachers, or a combination), and
on which level (school, staff like teachers or school leaders, pupils,
etc.) development processes are expected. In future studies, both
schools that “require improvement,” but also schools judged as
“inadequate” need to be explicitly included, and at best
oversampled, in order to gain more in-depth insights into the
particular challenges for these schools (e.g., Keuning et al., 2017).
But also schools rated as “good” are of interest, and so-called
design-based approaches are auspicious in identifying enablers and
barriers of self-improvement processes at schools (e.g., Mintrop
et al., 2018; Mintrop and Zumpe, 2019). Another question for
future research could be in particular, how trust as a crucial
contextual condition of research-informed education can
be fostered, for example by local educational leaders (e.g., meta-
analysis for the economic sector: Legood et al., 2021), but also by
central authorities (for the English educational system, e.g.,
Taysum, 2020). With regard to specifics of the study design
presented here, further implications emerge: In particular, the lack
of full measurement invariance for all three self-assessment scales
(trust, organizational learning, and research use climate, see Data
collection and operational variables and
Supplementary Appendix A3) indicates that the items have
different meanings across schools groups with different Ofsted
ratings. This is an interesting finding, that calls for further in-depth
inquiry. As mentioned above, the investigated path model relies on
theoretically established (causal) assumptions, that cannot
be conclusively tested based on the current cross-sectional data, but
should be investigated in longitudinal studies. Furthermore, the
path from organizational learning and communication processes
is a long one, and other plausible mediators are not covered in our

dataset, which is another mandate for future research.
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Classroom videos are a viable means to implement evidence-informed reasoning
in teacher education in order to establish an evidence-informed teaching practice.
Although learning with videos relieves pre-service teachers from acting in parallel
and might reduce complexity, the material still poses higher cognitive load than
written text vignettes or other traditionally used static material. In particular, the
information they deliver is transient and can, therefore, easily be missed. Signaling
can guide learners’ attention to central aspects of a video, thereby reducing cognitive
load and enhancing learning outcomes. In the current project, pre-service teachers
acquired scientific knowledge about learning strategies and their promotion in
a computer-based learning environment. We explored the effect of different
arrangements of signaling in classroom video-examples on conceptual knowledge
and the reasoning-component of professional vision. Therefore, we conducted a set
of two studies with 100 student teachers including two signal arrangements in order
to investigate how signaling can help learning to reason about classroom videos.
In addition, we varied if participants received information on the use of signals in
advance (informed) or not (uninformed). We measured conceptual knowledge by
asking participants what they knew about self-regulation strategies. Additionally,
we assessed reasoning by asking participants to notice sequences in a video where
teachers induced learning strategies, and to reason in what respect the observed
behavior was useful to induce the strategy. Uninformed signaling did not affect
the acquisition of conceptual knowledge and reasoning. Informed signaling led to
significantly better conceptual knowledge than uninformed signaling. It is argued
that the signal-induced extraneous load exceeded the load reduction due to the
signal’s selection advantage in the uninformed conditions. In a third, exploratory
study, nine participants were interviewed on the perception of different signals and
indicated that spotlight and zoom-in signals foster processing of classroom videos.

KEYWORDS

signaling, multi-media design, self-regulated learning, cognitive load, evidence based
teaching, evidence-oriented practice, evidence-informed teaching

1. Introduction

Evidence-informed practice becomes more and more a standard not only for good medicine
(Sackett et al., 1996; Slavin, 2002; Diery et al., 2020, 2021; Knogler et al., 2022) but also for good
teaching (Hammersley, 2005; Dagenais et al., 2012; Yeh and Santagata, 2015). This approach implies
basing actions on theoretically or empirically founded evidence instead of relying on tradition or
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habit. Following a flexible view of evidence-informed practice (Biesta
et al., 2011; Biesta, 2017), teaching should result from a diagnostic
process that evaluates different possible interventions based on empirical
evidence on the one hand side and situational or personal conditions on
the other hand side. In this view, evidence-informed practice does not
mean teaching from a cookbook in the sense of simple and unconditional
application of a “scientific rule” like it is proposed by Slavin (2008).
Rather, empirical evidence and the resulting pedagogical knowledge
needs to become a foundation for an adaptive teaching that takes
individual situations and case-specificities well into account. This flexible
behavior needs to be based on a good diagnostic competence of teachers
in the sense of professional vision (Sherin and van Es, 2009). Therefore,
it is important to let pre-service teachers practice their professional
vision in real classroom situations. In this regard, learning from
authentic video material has become an important part of teacher
education (Ball, 2000; Santagata et al., 2005; Spiro et al., 2007; Ball and
Forzani, 2009; Blomberg et al., 2013). Video examples give insight into
actual classroom situations, thereby enabling pre-service teachers to
integrate theoretical knowledge with real-life teaching problems.
However, even in small sequences, video material can be too complex
and overwhelming, especially for non-expert viewers (Betrancourt and
Tversky, 2000; Ayres and Paas, 2007). The resulting cognitive load, that
is, the amount of working memory resources (Sweller, 1988) required to
process the material, then tends to exceed the available capacity and to
impair learning.

The present series of studies explores the potential of an instructional
method that has been shown to reduce cognitive load: signaling.
Signaling has hardly been researched in the context of dynamic material
such as classroom video examples. First results, however, seem
promising (Alpizar et al., 2020). In the present investigation the signaling
method is utilized to facilitate processing of classroom video examples
within a learning environment that teaches pre-service teachers how to
induce learning strategies.

1.1. Reasoning

Teaching is a rather complex process that requires teachers to
integrate theoretical knowledge with actual situations in order to
diagnose ongoing processes and find appropriate actions to foster the
learning of the students. Therefore, teachers need to choose the
theoretically relevant situational information to guide their attention
at (noticing) and make sense of the ongoing processes by relating the
events to their theoretical knowledge (reasoning). The combined
ability of noticing the relevant aspects and reasoning is called
professional vision (van Es and Sherin, 2008; Stiirmer et al., 2013). It is
important to note that both processes are top-down in that they
require theoretical (pedagogical) knowledge to be successfully
performed (Grossman and McDonald, 2008), that is, both processes
are evidence-informed. In the present article, the concept of
professional vision is not used to understand student behavior but
rather to relate teacher behavior that is their attempts to foster self-
regulation in students to the theoretical concept of self-regulated
learning strategies. Studies that aim at fostering professional vision
typically require evidence informed noticing as a first step (van Es and
Sherin, 2002, 2008; Sherin and Han, 2004; Sherin, 2007; Kersting et al.,
2010; Santagata and Guarino, 2011; Stiirmer et al., 2013). However,
this might be rather demanding and deplete cognitive resources before
reasoning can happen. There have been little attempts so far to relieve
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(pre-service) teachers from the cognitive load associated with noticing
in order to give them the opportunity to focus on evidence-informed
reasoning. Therefore, the present study aims at establishing this second
component of professional vision by supporting the noticing process
with content knowledge that is knowledge on learning strategy
induction and signaling.

1.2. Classroom videos as a training tool

Classroom videos are a viable means to contextualize theoretical
pedagogical knowledge in order to build up and practice reasoning.
Additionally, they offer some advantages compared to acting in real
classrooms. First, pre-service teachers can focus on diagnostic processes
without having to act in parallel (Sherin, 2014). Second, whole teaching
situations can be broken down into smaller, easily manageable sequences
(Le Fevre, 2003) in order to reflect on them in an evidence-informed
manner. Third, the material can be repeated to really work out the gist
(Spiro et al., 2007). Thus, classroom videos seem promising for
supporting reasoning abilities and thereby evidence-informed reasoning
in teachers. However, the processing of videos might induce high
cognitive load, especially in novices (Betrancourt and Tversky, 2000;
Ayres and Paas, 2007). To make the high educational potential of
classroom videos even more usable, overcoming these processing
difficulties by a reduction of extraneous cognitive load is the aim of the
present study.

1.3. Cognitive load

Cognitive load theory (Sweller, 1988) has proposed three types of
cognitive load, namely intrinsic, extraneous and germane cognitive load
that compete for the cognitive resources. While germane load is rather
desirable and intrinsic load is immanent in matters (complexity of
content), extraneous cognitive load is elicited by redundant or irrelevant
information, additional stimuli, perceptually overwhelming learning
environments or material and any kind of disturbances. Thus, it is this
last component that needs our attention when trying to reduce the
overload of (pre-service) teachers while working with classroom videos.

Those videos are known to offer options for illustrating complex
issues with a high element interactivity while at the same time inducing
a high amount of extraneous load (Betrancourt and Tversky, 2000; Ayres
and Paas, 2007). Additionally, they are not effective in themselves.
Rather, they need to be embedded in an instructional context (Blomberg
et al., 2013; Seidel et al., 2013).

The cognitive theory of multimedia learning (CTML; Mayer,
2014) makes three assumptions when learning with multimedia
materials, such as videos. First, multimedia material is processed via
two separate channels for visual and auditory information, respectively
(Baddeley, 1992). Second, each of the channels has its own limited
capacity (Baddeley, 1992) and third, learning form multimedia
material is effective, when learners actively engage in selection,
organization and integration of the material. However, these processes
are hampered when extraneous cognitive load binds too many
cognitive resources (Mayer and Fiorella, 2014). Thus, the reduction of
extraneous cognitive load is necessary, due to the limited capacity of
the cognitive system (Chandler and Sweller, 1991, 1992; Paas, 1992;
Paas and Van Merriénboer, 1994). Additionally, according to the third
assumption, it might be beneficial to support selection of the

frontiersin.org


https://doi.org/10.3389/feduc.2023.974696
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Tannert et al.

important content for further processing (De Koning and
Jarodzka, 2017).

1.4. Signaling

One promising way to deal with extraneous cognitive load is
signaling, that is, the use of cues to help learners selecting and organizing
the relevant content (Mayer, 2014). A growing literature shows advantages
in learning with signaled in comparison to non-signaled static (Tversky
et al,, 2008; Schneider et al., 2018) and dynamic (De Koning et al., 2007;
Moreno, 2007; Alpizar et al., 2020) materials. In static materials, signals,
such as bold words, arrows, or different colors, point to relevant
information or connect graphics and text (Mautone and Mayer, 2001;
Richter et al., 2016). Furthermore, headlines and paragraphs structure the
learning material. Mautone and Mayer (2001), for example, used headings,
a summary, connecting words, boldface and italic for important words in
their static material. So far, signaling in dynamic material has been
relatively similar to that in static material. Analogously to accentuating
important words or adding connecting words, Wang et al. (2020) used
visual accentuation of certain areas in their animation videos as well as
textual marking. Boucheix and Guignard (2005) showed a green dot on
gearing wheels and arrows pointing at the relevant places on the screen.
Additionally, they showed short sentences saying things like: Look at the
two wheels A and B and compare their speeds. De Koning et al. (2007)
visually enhanced the heart valves in an animation on heart function by
blurring the surrounding heart and coloring the valves in red and blue.

However, most studies focus on material that has an instructional
rather than exemplary character (e.g., Mautone and Mayer, 2001;
overview: Alpizar et al., 2020). Thus, oftentimes signaling has been
implemented into animations or other instructional visual material.
There is little evidence so far on the advantages of signaling in material
that exemplifies theoretical concepts or principles, such as authentic
classroom videos. In addition, this type of material is different from the
ones described above in that the to-be-learned content is not written or
otherwise drawn onto the screen. Rather, observers are asked to infer,
for example, reasons for a certain behavior from a certain situation.
Thus, the relevant information is not visually printed onto the screen
and therefore cannot simply be stressed by bold type letters underlining
relevant words or paagraphs as a signal. Rather, signals in classroom
videos might cue a certain timespan containing relevant information
and or point out where in the classroom relevant behavior takes place.
More complex events might additionally require verbal signals like for
example “interpretation” to stress that a teacher in the video does not
simply refer to a perceived behavior but already interpreted the reasons.

Although signaling has been shown to be advantageous in some
studies, it is important to note that signals need to be appropriate and easy
to process, because each new information within a scene might induce
additional cognitive load (Sweller, 1988; Mayer, 2014). However, signaling
might still be advantageous in authentic classroom videos because this
kind of material is cognitively very demanding due to the complexity of
real classroom situations. Martin et al. (2022) already gained positive
effects of segmenting and self-explanation prompts, that is, methods
aiming at a reduction of cognitive load, during professional-vision training.

While signaling mainly addresses the reduction of extraneous
cognitive load, variables associated with other types of cognitive load may
still influence the effect of signaling. In this regard, it is important to
consider prior knowledge as it relates to the intrinsic load the material
poses on a learner. Learners with higher prior knowledge may profit less
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from signaling than those with lower prior knowledge because their
intrinsic cognitive load is lower and they might be less in danger of being
overloaded (Van Merrienboer and Sweller, 2005; Mayer and Fiorella, 2014;
Richter et al,, 2016, 2018; Alpizar et al., 2020). For those learners, the
threshold for positive effects of signaling is supposedly higher compared
to learners, who are already heavily challenged by the high intrinsic load.
When signals are presented to those high prior knowledge learners, they
might not profit from them and may even feel disturbed or irritated.
Additionally, it is argued that processing external cues that point at the
relevance of certain information (signals) while processing relevance
indicators that are derived from prior knowledge (existing knowledge
structure) imposes an additional load on working memory. This effect has
already been demonstrated in several studies on signaling in static material.
It is a case of an expertise reversal effect (Kalyuga, 2007, 2008, 2014).

1.5. Research questions and overview of the
present studies

The current work focuses on the impact of different arrangements of
signaling in classroom videos on extraneous cognitive load, conceptual
knowledge and reasoning. We conducted three small studies using three
approaches to signaling in order to reduce the perceived extraneous
cognitive load, and to improve conceptual knowledge and reasoning.
Following the above argumentation on the expertise reversal effect
(Kalyuga, 2007, 2008, 2014); we also investigated whether prior knowledge
moderates the possible effects of the different signaling methods.
Participants worked with an environment on self-regulated learning with
a focus on cognitive as well as metacognitive learning strategies. The
learning goal was to enable pre-service teachers to reason about how
certain learning strategies are induced during class. The learning
environment used authentic classroom videos presented with versus
without signaling. The studies built on each other, that is, each study
focused on an open question or resulting idea of the previous one. For the
most part, materials were the same across all studies. Studies only differed
in the respective experimental variation, the approach to signaling. Study
1 investigated the effect of a keyphrase signaling procedure, which was
supposed to stress the relevant information in the instructions of the
teacher. Study 2 built on the results of Study 1 and therefore contained a
less demanding combination of a short tone and a red frame as signals.
Based on the finding that learning is better when material and task are
known in advance (Paas and Van Merriénboer, 1994; Kirschner et al.,
2006; Sweller et al., 2007; Schwonke et al., 2013), Study 2b introduced an
information on the utility and use of signals. The different experimental
variations are reported in the respective methods section. Finally,
we conducted a third exploratory survey study where participants should
indicate how they experienced different signals within classroom video
examples embedded in the same learning environment as in the other
studies. The signals focused on information selection.

2. Study 1 — Key phrase signaling

The first study compared the conceptual knowledge and reasoning of
participants who learned with simple unsignaled authentic classroom
videos, with learning outcomes of participants who learned with classroom
videos including a key phrase signaling. That is, we asked whether making
key contents of the video permanent in the form of written text would
relieve participants from extraneous cognitive load and lead to enhanced
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conceptual knowledge and reasoning compared to no signals. We chose
key phrases as our first signal in order to stress the time as well as the
content, that is, the spoken instructions of the teacher, that needed to
be attended. Prior studies have found that presenting a whole transcript
results in worse learning due to redundancy (Sweller, 1988; Kalyuga et al.,
1999; Mayer, 2014). However, there are studies yielding good learning
outcomes with key phrases instead of paraphrases (Moreno and Mayer,
2002; Mayer and Johnson, 2008). So, we decided to do the same.
We expected our signals to help participants focusing on the relevant
content, thereby being less distracted by irrelevant stimuli. This should
result in a lower extraneous cognitive load and a better learning outcome.

2.1. Hypotheses
HI: Key phrase signaling reduces extraneous cognitive load.
(Cognitive load hypothesis)
H2: Key phrase signaling fosters conceptual knowledge while working

with
hypothesis)

authentic classroom videos. (Signaling knowledge

H3: Key phrase signaling fosters reasoning while working with
authentic classroom videos. (Signaling reasoning hypothesis)

H4: Prior conceptual knowledge moderates key phrase signaling
effects, that is signaling reduces extraneous cognitive load to a greater
extent when prior knowledge is low compared to when prior
knowledge is high. (Prior knowledge hypothesis)

Hb5: Prior reasoning moderates key phrase signaling effects, that is
signaling reduces extraneous cognitive load to a greater extent when
prior reasoning is low compared to when prior reasoning is high.

(Prior reasoning hypothesis)

2.2. Method

The experiment was done with videos within a learning environment.
An overview of the procedure can be found in Appendix A.

2.2.1. Sample and design

Fifty-seven student teachers (M,,=22.72years, SD= 2.52years,
semester: M =4.28 SD=2.97) took part in this study. Participants were
randomly assigned to either the key phrase signaling group (N=30) or
the no signaling group (N=27).

2.2.2. Material

The participants worked on a computer. The materials were very
similar across the present studies and will be described in detail in the
following sections.

2.2.2.1. Learning environment

The study was conducted using an example-based learning
environment (Renkl, 2014) with the following structure: The topic of
the learning environment was strategies of self-regulated learning
(Weinstein and Mayer, 1986). The learning phase included a
theoretical and an applied part. First, participants received general
theoretical knowledge on learning strategies and a tree diagram on the
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distinction between metacognitive and cognitive strategies of self-
regulated learning (Glogger et al, 2013). This diagram could
be accessed at any time within the environment by clicking the help
button (see Appendix B). A description of each of the learning
strategies was shown after the first presentation of the diagram. In the
applied part of the learning phase, the participants watched an
example video with a focus on the learning-strategy induction and
were presented with the same questions that were used to assess
reasoning in the pretest and posttest. In contrast to the test phases,
learners received an example solution, that is, answers to the questions
of the practice video (Appendix E).

2.2.2.2. Videos and experimental variation (signaling)

The presented videos were authentic sequences from school lessons
with a duration of 30 to 90s. They showed a teacher prompting
cognitive or metacognitive learning strategies in students (Appendix D).

Depending on the experimental condition, the videos in the learning
phase were presented without or with key phrase signaling. MOOC-
courses of universities with high reputation often print the spoken text next
to the respective video. The text appears as soon as it is spoken.
Analogously, the signaling group in this study saw key phrases of the text,
spoken by the teacher, as written text on screen next to the classroom
scene, whenever the sequence was relevant to the task. That is, key phrases
popped up as soon as the teacher said this phrase and the text remained on
the screen until replaced by the next key phrases (e.g., Six pictures...each
representing one of these rights ...assign the terms to the civil rights...make
a list that contains the picture on the one side and the respective text on the
other). This procedure was intended to make the transient information
more permanent. As redundant information is known to impair learning
in certain applications (redundancy effect, Kalyuga et al., 1999), we only
used key phrases. Such phrases have been shown to foster knowledge
acquisition in short instructions (Moreno and Mayer, 2002; Mayer and
Johnson, 2008).

2.2.3. Instruments

2.2.3.1. Prior knowledge

Conceptual prior knowledge was assessed by the following self-rated
item and an open question: “In my lectures, cognitive learning strategies
were addressed” (1- not at all to 5-very detailed). “Which cognitive
learning strategies do you know? Please describe concisely.” The answer to
this question was rated on a five-point scale as in Glogger-Frey et al.,
2015 (see Coding scheme 1, Appendix F). The prior level of reasoning
related to self-regulated learning was assessed by presenting participants
with a short video of a classroom situation and asking them to indicate,
whether a learning strategy was induced by the teacher and, if yes, which
one and how (Appendix D). Answers were rated on a five-point scale
using Coding scheme 3 (Appendix F). The answers of 12 participants
(21.05%) were rated by two independent coders in order to determine
inter-coder reliability (prior conceptual knowledge: ICC(2,2)=0.95;
prior reasoning: ICC(2,2)=0.91).

2.2.3.2. Learning outcomes

We assessed learning outcomes after the learning phase by
theoretical questions (conceptual knowledge) and a video task
(reasoning). An example question for conceptual knowledge was:
“Please describe shortly, which cognitive learning strategies you got to
know in this learning environment.” Again, answers were rated by
independent raters on a five-point scale following Coding scheme 2
(Appendix F). For reasoning participants had to watch a short
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classroom video. We asked participants to connect the teacher behavior
in that video with their theoretical knowledge on learning strategies.
Therefore they were asked to, first, fill in a gap text (Appendix D,
Coding scheme 1), and second, indicate the used learning strategy and
give reasons for their choice (self-description, Hilbert et al., 2008,
Appendix D, Coding scheme 2), that is name the concrete behavior of
the teacher that induces the respective learning strategy in the students.
We rated participants’ conceptual knowledge and their reasoning
(Coding schemes 2 and 3, Appendix F) based on the SOLO-taxonomy
(Biggs and Collis, 1982). Answers for conceptual knowledge were rated
on a 5-point scale ranging from 1 (no conceptual knowledge) to 5 (very
clear conceptual knowledge; Biggs and Collis, 1982). Conceptual
knowledge was high, when participants not only named the respective
learning strategy but also proved to know the nature of this strategy
and to be able to relate certain behaviors and tasks to this strategy.
Reasoning was rated on a 5-point-scale ranging from 1 (no evidence-
informed reasoning) to 5 (very good evidence-informed reasoning). A
good performance indicated that the participants had successfully
used their theoretical knowledge to select, categorize and interpret
relevant information within the videos and thus had demonstrated
good reasoning. Again, the answers of 12 participants were coded by
two independent coders in order to determine inter-coder reliability
(conceptual knowledge: ICC(2,2) =0.94; reasoning: ICC(2,2) =0.89).

2.2.3.3. Cognitive load questionnaire

Cognitive load was assessed by eight items on an 11-point Likert scale
(Leppink et al., 2013, 2014) ranging from 0 (no cognitive load) to 10 (very
high cognitive load). The cognitive load questions referred to the three
different load types, that is germane load (three items, e.g., The learning
environment has really improved my understanding of learning strategy
induction.), intrinsic load (two items, e.g., The content of the learning
environment was very complex.), and extraneous load (three items, e.g.,
The instructions and explanations were full of unclear language.). Leppink
etal. (2013) report a high internal consistency (intrinsic load: «=0.893,
extraneous load: a=0.785, germane load: @=0.947) of the cognitive load
scales. Our own consistencies are a bit lower: intrinsic load: a=0.82,
extraneous load: a=0.61, germane load: «=0.86. For the present study
only extraneous cognitive load was considered.

2.2.4. Procedure

After a demographic questionnaire, prior knowledge was assessed.
Then, the learning phase started, where participants worked on the
learning environment including the practice videos with example
solutions. These solutions (Appendix E) were given to the participants
after they had tried to answer the questions on self-regulation strategy
induction on their own. The example solutions served as feedback. This
helped participants learning to notice and to reason. After this, the test
phase began where participants received the instructions for the posttest
and the test videos, watched the videos and answered the test questions
for conceptual knowledge and reasoning. Finally, participants answered
the cognitive load questionnaire (Appendix A).

2.2.5. Analysis

Significance level in all analyses was a=0.05. All variables were
z-standardized so that regression-coefficients are standardized
B-coeflicients that can be interpreted as effect sizes (small: <0.2;
medium: <0.5; large: >0.5; Acock, 2014). Descriptive data of all
experiments can be found in Tables 1-3. There were no statistically
significant differences between the signaling and no signaling group
regarding conceptual prior knowledge, f=—-0.05, F(1, 56)=0.034,

Frontiers in Education

10.3389/feduc.2023.974696

p=0.86, and reasoning, f=0.07, F(1, 56) =0.072, p=0.79. To test hypothesis

1, we did a regression of extraneous cognitive load on signaling. For
hypothesis 2 we conducted a regression analysis, regressing from
conceptual knowledge on signaling. The same was done for hypothesis 3
with reasoning as dependent variable. In order to test hypothesis 4 we did
the same regressions as for H2 and H3 with the additional factor prior
knowledge and the interaction term of prior knowledge and signaling.

2.3. Results

HI: Cognitive load hypothesis. We hypothesized that signaling
reduces extraneous cognitive load. There were no significant
differences in extraneous cognitive load between the signaling group
and the no signaling group, f=0.14, F(1, 56) =0.263, p=0.61.

H2: Signaling knowledge hypothesis. The mean posttest score for
conceptual knowledge was M=3.74, SD=0.87, meaning a medium
to clear conceptual understanding.

H3: Signaling reasoning hypothesis. The posttest score for
reasoning was M =3.72, SD=0.72. The regression weight of signaling
was not significant for reasoning, f=—0.45, F(1, 56) =3.101, p=0.09.

H4: Prior knowledge hypothesis. Mean prior conceptual knowledge
was M=1.97, SD=1.32, The interaction of prior conceptual
knowledge and signaling did not show a significant effect on
conceptual knowledge =—0.16, F(2, 55)=0.366, p=0.55. Thus, the
effect of key phrase signals on the learning outcome was not
influenced by prior conceptual knowledge of the participants.

H5: Prior reasoning hypothesis. Mean prior reasoning was M =2.34,
SD=1.28. There was no interaction effect of signaling-group by prior
reasoning on posttest reasoning, f=—0.15, F(2, 55) =0.345, p=0.56.
Thus, the relationship of signaling type and posttest reasoning was
not moderated by prior reasoning.

2.4. Discussion

The first study showed no significant effects of signaling on
conceptual knowledge, reasoning, or extraneous cognitive load. This
result indicates that signaling in form of key phrases next to classroom
videos neither fostered nor impaired video processing and learning. In
order to understand this effect, we will have a closer look at the used
signals. Important video sequences were accompanied by a written
copy of the spoken content (key phrases), which was presented side to
side to the video. Even if we kept the key phrases short, we assume that
we have found a redundancy effect. That is, the redundant information
of the key phrases in auditory and visual (written) form was suboptimal
for learning, because it created cognitive load in addition to offering
additional relevant information (Chandler and Sweller, 1991; Van Gog
et al,, 2008). Although the text in our studies was still informative for
selection of information, the actual content just reflected the spoken
text. Due to this redundancy, it might have created extraneous load.
Because the videos were rather short, signals might not have had the
chance to considerably reduce cognitive load. In sum, the amount of
load induced by processing the key phrase signals might have been
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TABLE 1 Means (standard deviations) of conceptual prior knowledge (range: 1-5) and prior reasoning (range: 1-5)
in all studies in total and separately for the signaling conditions.

10.3389/feduc.2023.974696

Total No signaling Signaling Informed signaling
Conceptual Reasoning Conceptual Reasoning Conceptual Reasoning Conceptual Reasoning
Study 1 1.97 (1.32) 2.34 (1.28) 2.00 (1.18) 230 (1.33) 1.94 (1.46) 239 (1.33)
Study 2a 1.76 (1.03) 1.09 (0.29) 1.80 (1.45) 2.91(0.61) 1.72 (0.96) 1.17 (0.38)
Study 2b 1.61 (0.95) 1.14 (0.35) 1.80 (1.45) 2.91(0.61) 1.72 (0.96) 1.17 (0.38) 1.18 (0.40) 1.27 (0.47)

TABLE 2 Means (standard deviations) of cognitive load (range 0—10) in all
studies in total and separately for the signaling conditions.

[\ [e}

Signaling

Informed

H3: Frame-tone signaling fosters reasoning while working with
authentic classroom videos. (Signaling reasoning hypothesis)

signaling signaling H4: Prior conceptual knowledge moderates frame-tone signaling
1 1.49 (1.46) 1.38 (1.43) 1.58 (1.50) effects, that is signaling reduces extraneous cognitive load to a greater
extent when prior knowledge is low compared to when prior
S2a 2.11(1.33) 221 (1.47) 2.03 (1.23) L . .
knowledge is high. (Prior knowledge hypothesis)
S2b 2.19(1.39) 2.21(1.47) 2.03(1.23) 2.4 (1.60)
Total 1.88 (0.94) 1.89 (0.99) 2.44 (1.60) Hb5: Prior reasoning moderates frame-tone signaling effects, that is

signaling reduces extraneous cognitive load to a greater extent when
equal to the amount of load that was reduced due to the selection prior conceptual knowledge is low compared to when prior conceptual

support. The analyses, conducted on extraneous cognitive load, show knowledge is high. (Prior reasoning hypothesis)

no significant differences. This does not necessarily mean that there was
no modulation of extraneous load by the signaling procedure. Rather,
we assume, that the key phrase signaling took some extraneous load ~ 3.2. Method
away by focusing participants on the relevant sequences but at the same
3.2.1. Sample and design

Thirty-three M=22.5Yyears,

SD=3.0years) participated for the chance to win a voucher for a

time added some extraneous load by adding redundant information.

However, it seems reasonable to further investigate the relation of student teachers (mean age:
cognitive load and learning outcomes with a more fine-grained measure
that captures the material-induced load separately from the signal-  bookstore. Seventy percent had previously completed an internship in a
induced load. pedagogical setting. Eighteen participants were randomly assigned to
To actively reduce signal-induced load in a first step, we chose a  the signaling group and 15 participants were randomly assigned to the
different approach to signaling in the subsequent study. Study 2a  no signaling group. The independent variables were prior knowledge
introduced a combination of two signals that contained less redundant  and signaling (signaling, no signaling). The dependent variables were
information and was more subtle, and therefore prone to reduce  again conceptual knowledge, reasoning and cognitive load.
extraneous cognitive load.
3.2.2. Material

The material was identical to the first study with the following
3. StUdy 2a — Beep and frame differences: Instead of printing the spoken text on the screen during
relevant sequences, signaling consisted of a short tone (frequency:
1kHz, duration: 250 ms) that ended 300 ms before the start of the

relevant sequences and was followed by a red frame around the scene

In order to relieve working memory by supporting the selection of
relevant information, while not straining working memory by
redundancy, this study was conducted with a combination of two very  for the whole duration of the relevant sequences (Appendix C).
subtle signals. The signals were not related to the spoken content.

3.2.3. Instruments

We used the same instruments that were used in the first study. The

We used a tone, indicating the start of a relevant scene, and a red frame
around the screen for the whole duration of the relevant scene.
We expected the signals to be subtle enough now to help participants  internal consistency of the cognitive load scales was: intrinsic load:
selecting the relevant content without adding extraneous load. a=0.91, extraneous load: a=0.71, germane load: a=0.92. Again,

we only used the extraneous cognitive load scale.

3.2.4. Procedure

The procedure was identical to that of study one. Twenty percent of

3.1. Hypotheses

the open answers were double-coded, ICC=0.971.
HI: Frame-tone signaling reduces extraneous cognitive load.

(Cognitive load hypothesis)
H2: Frame-tone signaling fosters conceptual knowledge while

working with authentic classroom videos. (Signaling knowledge
hypothesis)
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3.2.5. Analysis

Significance level in all analyses was a=0.05. All variables were
z-standardized so that regression-coefficients are standardized
B-coeflicients that can be interpreted as effect sizes (small: <0.2;
medium: <0.5; large: >0.5; Acock, 2014). Descriptive data of all
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TABLE 3 Means (standard deviations) of conceptual knowledge (range: 1-5) and reasoning (range: 1-5)
in all studies in total and separately for the signaling conditions.

Total No signaling Signaling Informed signaling
Conceptual Reasoning Conceptual Reasoning Conceptual Reasoning Conceptual Reasoning
El 3.74 (0.87) 3.72(0.72) 3.85(0.87) 3.89 (0.62) 3.63 (0.87) 3.56 (0.78)
E2a 2.84 (0.85) 2.91(0.61) 2.89 (0.87) 2.88 (0.65) 2.80 (0.86) 293 (0.59)
E2b 2.98 (0.72) 2.90 (0.56) 2.89 (0.87) 2.88 (0.65) 2.80 (0.86) 2.93(0.59) 3.42(0.84) 2.86 (0.44)

experiments can be found in Tables 1-3. Prior conceptual knowledge,
$=0.09, F(1, 32)=0.045 p=0.81 and prior reasoning, f=0.57, F(1,
32)=2.819, p=0.10. To test hypothesis 1, we did a regression of
extraneous cognitive load on signaling. For hypothesis 2, we conducted
a regression from conceptual knowledge on signaling. In order to test
hypothesis 3, we regressed reasoning on signaling and for hypothesis
4 and 5 we did the same two regressions with the additional factor
prior knowledge and the interaction term of prior knowledge
and signaling.

3.3. Results

HI: Cognitive load hypothesis. Extraneous cognitive load was
descriptively higher in the no signaling, M=2.21, SD=1.47,
compared to the signaling condition, M=2.03, SD=1.23. Signaling
and no signaling group did not significantly differ in extraneous
cognitive load, #=-0.14, F(1, 32)=0.152, p=0.70.

H2: Signaling knowledge hypothesis. The main effect of frame-tone
signaling on conceptual knowledge did not reach significance,
p=-0.11, F(1, 32)=0.093, p=0.76.

H3: Signaling reasoning hypothesis. The main effect of signaling
on reasoning did not reach significance, =0.08, F(1, 32)=0.048,
p=0.83.

H4: Prior knowledge hypothesis. The interaction of frame-tone
signaling and prior conceptual knowledge was not significant for
conceptual knowledge, f=—0.18, F(2,31)=0.223, p=0.64.

Hb5: Prior reasoning hypothesis. The interaction of signaling and
prior reasoning could not be estimated for reasoning due to a lack
of variance.

3.4. Discussion

There was no significant effect of signaling with tone and red
frame on extraneous cognitive load, conceptual knowledge, or
reasoning. Thus, frame-tone signaling was still not beneficial as a
design principle to foster learning. To further support the usability of
the signals, we opted at expanding this setting by an additional
condition, where participants received information on how to use the
signals. Previous studies suggest, that extraneous cognitive load during
tasks is reduced, when information on the task can be processed in
advance (Paas and Van Merriénboer, 1994; Kirschner et al., 2006;
Sweller et al., 2007; Schwonke et al., 2013). Thus, signal-induced
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extraneous cognitive load might be smaller, when learners get to know
how to work with the signals before the actual video task.
Consequently, Study 2b included an additional condition, which
contained the same learning environment that was used in the
signaling condition of Study 2a with the same signals. However, the
participants received not only the tone and frame to point out relevant
sequences but also an additional information on why and how to use
signals in advance (informed signaling).

4. Study 2b - Informed beep and
frame

For Study 2b, we collected data of one additional experimental
group to compare with the groups of Study 2a. It focused on the effect
of giving participants instructional information on the signaling method
in order to prepare participants for proper use and thereby reduce
extraneous cognitive load (informed signaling). Therefore, the setting of
Study 2b was the same as the one in Study 2a, except for an additional
information on signaling. To further investigate the idea that extraneous
load is induced by irritation in uninformed signaling, we also compared
extraneous load in informed and uninformed participants. We expected
a reduced extraneous load in the informed participants because their
resources would not be strained by a signal-induced irritation.

4.1. Hypotheses

HI: Extraneous cognitive load is higher in the uninformed frame-
tone signaling group than in the informed frame-tone signaling
group. (Informed cognitive load hypothesis)

H2: Informed frame-tone signaling leads to better conceptual
knowledge while working with authentic classroom videos than
uninformed frame-tone signaling. (Informed signaling knowledge
hypothesis)

H3: Informed frame-tone signaling leads to better reasoning while
working with authentic classroom videos than uninformed frame-
tone signaling. (Informed signaling reasoning hypothesis)

201

4.2. Method

In addition to the signaling group (N=18) and the no signaling
group (N=15) of Study 2a, we included an informed signaling group
(N=11). Twenty percent of the open answers were double coded,
ICC=0.962.
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4.2.1. Sample and design

Eleven additional student teachers took part in this study. All
additional students were assigned the informed signaling condition.
This led to a total sample of 44 students (77% female, age, M=22.73 years,
SD=3.29years). Seventy-three percent reported to have completed a
pedagogical internship.

4.2.2. Material

The material was the same as in Study 2a. Additionally, participants
received the following information in advance of the signaled videos:
“In the following, you will see some example videos with teachers
inducing learning strategies and students who implement them. The
sequences, where the induction or implementation becomes especially
salient, are particularly emphasized. How? You will hear a signal-tone
and directly afterwards you will see a relevant sequence that is framed
in red”

4.2.3. Instruments

The instruments were the same as in Study 2a. The cognitive load
scale yielded slightly different internal consistencies due to the 11
additional participants (intrinsic load: @=0.89, extraneous load: @=0.72,
germane load: =0.91).

4.2.4. Procedure

The procedure was the same as in Study 2a except for one change:
participants received the aforementioned instruction on the use of
signals in advance of the video-presentation.

4.2.5. Analysis

Significance level in all analyses was @=0.05. All variables were
z-standardized so that regression-coefficients are standardized
fB-coeflicients that can be interpreted as effect sizes. Descriptive data of
all experiments can be found in Tables 1-3. There was no difference
between the informed and uninformed signaling groups concerning prior
conceptual knowledge, p=—0.61, F(1,43) =3.218, p=0.08., or reasoning,
F(1,43)=2.335, p=0.13,

For hypothesis 1 we modeled a regression from extraneous cognitive
load on instruction (informed, non-informed). The data of the
uninformed group was taken from Study 2a.

To test hypothesis 2, we built a regression of conceptual knowledge
on instruction (informed, uninformed).

Hypothesis 3 was tested analogously to H2, but with reasoning as the
dependent variable.

4.3. Results

HI: Informed cognitive load hypothesis. Study 2b showed no
significant difference between extraneous cognitive load in the
uninformed, M =2.03, SD=1.23, and informed, M =2.44, SD=1.60,
signaling group, #=0.30, F(1,43)=0.61, p=0.44.

H?2: Informed signaling knowledge hypothesis. For the post-test
results the effect of instruction (uninformed signaling, informed
signaling) reached one-sided significance for conceptual knowledge,
$=0.72, F(1, 43) =3.650, p <0.03 (one sided). Conceptual post-test
knowledge was significantly better in the informed signaling

condition compared to the uninformed signaling condition.
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H3: Informed signaling reasoning hypothesis. Instruction
(informed, uninformed) was not significantly related to reasoning,
p=-0.12, F(1,43)=0.092, p=0.75.

4.4. Discussion

The results of Study 2b show an influence of prior instructional
information, that is, participants that were introduced to the method of
signaling in advance, yielded better results in conceptual knowledge
than those who were naive. Thus, Study 2b shows that informed
signaling is a more promising method to improve learning, reflecting
and reasoning with authentic classroom videos than the uninformed
signaling. Recent findings suggest that signal-induced load reduction
might have excelled the signal-induced increase in extraneous load in
our experiments. The information on signaling prohibited or reduced
the induction of additional extraneous load by the signals. In line with
this, cognitive load has been shown to be reduced, when information on
the method and the task can be processed in advance (Paas and Van
Merriénboer, 1994; Kirschner et al., 2006; Sweller et al., 2007; Schwonke
et al., 2013). However, we could not directly demonstrate that the
improvement in our studies was due to a reduction in extraneous
cognitive load. This result might be attributed to certain weaknesses of
our extraneous-cognitive-load scale. Some items (e.g., “The explanations
and hints in the learning environment were very ineffective with respect to
learning”) strongly suggest focusing the answers in this scale on
processing aspects of the environment, like instructions, rather than on
the video material itself.

To gain more information about potentially low-cost signals,
we conducted an exploratory study, where we presented participants
with different signals and asked questions about the usability of
the signals.

5. Study 3 - Signal evaluation
5.1. Theory

Previous studies have shown different learning outcomes with
different signals (De Koning et al., 2007; Alpizar et al., 2020). However,
the signals were implemented into varying learning environments and
used with very different types of content. In order to find out which
signals are most appropriate to reduce extraneous cognitive load in our
learning environment, we conducted an exploratory interview study. In
this study, all signals were presented within the learning environment
with the same material and tasks. Only video-signal combinations were
varied as described below. This guaranteed a high comparability.

5.2. Method

5.2.1. Sample and design

Nine university students (three male, five female, one diverse, age:
M=21.89,8D=2.51) took part in this exploratory study. All participants
were presented with five different signals, each one in a separate video.
In order to not confound signal type with video content we made up two
groups of participants receiving either one of two signal-content
combinations (Appendix G). Assignment to the groups was random.
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5.2.2. Material

We used the same videos as in the experiments before. The videos
were presented with five different signals. (1) Based on the finding, that
a reduction of the image section cues relevant locations (Glaser et al.,
2017) and is effective in stressing relevant information in dynamic
learning material (Amadieu et al., 2011), we decided to test the zoom-in
effect. Therefore, the whole scene was scaled up beginning 300 ms before
start of the relevant sequence, reaching its maximum after 4s and lasting
for the whole duration of the relevant sequence with the relevant image
section being the center of attention. (2) The spotlight effect has already
been shown to be effective in signaling (De Koning et al., 2007),
Therefore, it was worth being implemented in this study. This was done
by lighting up a circle around the relevant image section starting 300 ms
before start of the relevant sequence and lasting for its whole duration.
(3) The countdown effect was inspired by studies in general psychology
that found, that information is processed better, when the time of its
appearance is known in advance (Rolke, 2008). The countdown effect
consisted of a visual presentation of numbers (font size: 100 pt., duration:
1's per number) in the right lower corner of the screen in reversed order
from 3 to 1, whereby the end of presentation marked the point in time,
when the relevant sequence started. (4) The beep was an acoustic signal,
that is, a tone with a frequency of 1 kHz that was presented for a duration
of 250ms and ended 300 ms before the relevant scene started. (5) The
increased volume is naturally used by people to stress the importance of
certain verbally transferred contents (Xie et al,, 2019). Therefore,
we included an increase in sound volume by 20dB for the whole
duration of relevant scenes. As said, in order to unconfound the signaling
type and the concrete video content, participants were assigned to one
of two groups with different combinations of content and signal type
(Appendix C).

5.2.3. Instruments

After each video, participants were interviewed. They were asked to
indicate the used signal-type and to describe, how the respective signal
would support them if they were actually learning with the material.
Additionally, they had to answer questions on the usability of the signals,
including disruption by the signal (Appendix I).

5.2.4. Procedure

After going through the same theoretical learning phase as
participants in Studies 1-2b, each participant received an instruction for
the signal judgment. Then, participants initially watched all videos to get
an impression on all signals. After watching the videos, participants
received task instructions for the second phase of video presentation.
They were told to attend the signals, to find out, what was used as signal
in each video, and to imagine, how the signals would support them if
they were learning with the material. They were informed that they

TABLE 4 Intercorrelations of relevant variables in Study 1.

Prior conceptual

knowledge Prior reasoning

10.3389/feduc.2023.974696

would be interviewed after each video (Appendix H). Then, all videos
were presented again with the same signals. After each video,
participants were interviewed and had to answer questions on the
usability of the signals and on different effects they had (Appendix H).

5.2.5. Analysis

Participants’ answers to each of the questions were counted. Table 4
shows the percentages of participants that reported the respective
perceptions/evaluations.

5.3. Results

Zoom-in, countdown, and beep were correctly identified as signals
by 100% of the participants. Only 44.4% of the participants correctly
identified an increased volume as signal. The countdown and beep were
perceived as rather distracting and even elicited startle in two of the
participants. However, most of the participants, who rated the zoom-in
as distracting and irritating had watched the video on “human rights”
and stressed that in this video the signaling was perceived as misplaced
and that they were irritated by a cut in the scene directly after the signal.
Less than half of the participants judged the beep or the increased volume
as helpful to identify relevant information or to learn in general. The
interviews indicated that the auditive signals were not associated with
relevance and even misinterpreted as technical issues. When asked to
identify the best signal, a majority of participants indicated to prefer the
spotlight. Importantly, a majority of participants mentioned that
signaling was not necessary in the present videos because the videos
were short and easy to process (Tables 5-7).

5.4. Discussion

The exploratory investigation of usability of different signals
revealed some interesting aspects. First, auditory signals seem to
be associated with technical problems and were not helpful as relevance
cues. Second, not only the nature of the used signals is important but
also the adequate placement within the sequences. Third, the zoom-in
and spotlight-effect are promising signals for future studies. Fourth,
participants agree, that signaling might be less useful in short and simple
material. Especially the last point is in accordance with the results of
Studies 1 - 2b and with previous findings in cognitive load research
(Sweller, 1988; Paas, 1992; Van Merrienboer and Sweller, 2005). An
explanation could be that cognitive capacity is not completely occupied
by the material and thus, recipients do not need help with selection of
relevant sequences. This is supported by the rather low reported
extraneous cognitive load in Studies 1-2b.

Post conceptual

knowledge Extraneous load

Post reasoning

Prior conceptual knowledge

Prior reasoning 0.36*

Post conceptual knowledge 0.25 0.22

Post reasoning 0.23 0.13 0.48%*

Extraneous load —0.06 —-0.07 —0.04 —-0.01

*Significant correlation, p <0.05.
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TABLE 5 Intercorrelations of relevant variables in Study 2a.

Prior conceptual

Prior reasoning

10.3389/feduc.2023.974696

Post conceptual

Post reasoning Extraneous load

knowledge knowledge
Prior conceptual knowledge
Prior reasoning —0.13
Post conceptual knowledge —0.03 0.35%
Post reasoning —0.27 0.23 0.36%*
Extraneous load —0.07 0.23 0.20 —0.25

*Significant correlation, p <0.05.

TABLE 6 Intercorrelations of relevant variables in Study 2b.

Prior conceptual
knowledge

Prior reasoning

Post conceptual

knowledge Extraneous load

Post reasoning

Prior conceptual

knowledge

Prior reasoning —0.12

Post conceptual knowledge —0.11 0.21

Post reasoning -0.22 0.28 0.29

Extraneous load —0.06 —-0.02 0.11 —0.32*

*Significant correlation, p <0.05.

TABLE 7 Results of the exploratory interviews in Study 3.

Category of judgment Zoom-in Spotlight Countdown Beep sound Increased volume
Correctly perceived as a cue 100.00% 88.90% 100.00% 100.00% 44.40%
Misperceived as a cue 2 times / / / 2 times

Startled 11.10% 11.10% 22.20% 22.20% 11.10%

Irritated 44.40% 66.70% 66.00% 55.60% 22.20%
Distracted 55.60% 33.30% 88,90% 66.70% 33.30%
Facilitates identification of 77.80% 88.90% 77.80% 44.40% 22.20%

relevant information

Facilitates learning 44.40% 88.90% 66.60% 44.40% 22.20%

Overall rated best cue 3 votes 4 votes 0 votes 1 vote 1 vote

Percentage of participants, who indicated the aspects in the left column.

6. General discussion

In two experimental studies and an exploratory study,
we investigated if and under what circumstances the signaling principle
is suited to support learning from authentic classroom videos in the
scope of evidence-informed reasoning in student teachers. Against the
hypotheses, uninformed signaling did not result in better overall,
conceptual knowledge or reasoning compared to unsignaled authentic
classroom videos. This finding is surprising with respect to former
studies on signaling (Schneider et al., 2018; Alpizar et al., 2020). To
understand this unexpected finding, we need to find out what
distinguishes the present from former studies.

As already pointed out in the introduction, signaling has not typically
been investigated in classroom examples for learning, but rather during
expository instruction. In classroom videos, signals can help guiding
attention to certain points in time, and thus, for instance, to an utterance
of a teacher. However, in expository instruction videos, where signaling
has been investigated in the past, signals do more than just focusing
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attention to a certain point in time. Typically, signals such as arrows,
frames, or labels are used to explicitly stress certain contents that are
shown in a graph or animation (Wang et al., 2020). In contrast to this, tone
and frame signaling in our videos has been rather unfocused and left
open, what exactly needs to be processed during the relevant sequences.
Thus, signaling in classroom video examples most likely needs to
be different from what has been done so far. Signals that are aimed at
supporting information selection in classroom videos need to point at
relevant situations but can only to a limited degree spatially locate the
center of attention or even stress the most central information. Signals that
are aimed at information organization refer to abstract concepts (e.g.,
inducing cognitive strategies), typically presented auditorily as words, in
classroom videos rather than concrete, visible items (e.g., heart valve) like
it is typical for instructional videos. Therefore, they might need to be either
well-prepared (introduction of color codes for different abstract categories
before video presentation) or contain verbal information (metacognition
is written above all behaviors associated with metacognition). However,
both procedures might induce additional extraneous cognitive load.
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Additionally, in contrast to other studies, participants acquired
theoretical knowledge on learning strategies before watching the
example videos. In contrast to instructional videos, where the knowledge
is typically exclusively presented in the video, the prior presentation of
conceptual knowledge in our examples makes it somehow more difficult
to find differences between the experimental conditions. However, the
fact, that there were effects in Study 2b within this kind of material and
procedure shows that there is a considerable amount of learning during
the classroom videos although knowledge was presented beforehand.
Furthermore, it also demonstrates that the signals help processing the
relevant information although their reference is not as clear as in
expository instruction videos.

But why did we find just this one effect of informed signaling? One
typical approach to explain effects of multimedia-design principles is a
reduction of extraneous cognitive load. Technically speaking, signaling
is supposed to reduce extraneous cognitive load by reducing the
processed information to the gist (Mayer and Fiorella, 2014; Schneider
etal, 2018; Alpizar et al., 2020). However, adding information, which is
not directly related to the content, even if it is a signal, adds extraneous
cognitive load (Sweller, 1988; Paas, 1992). As already discussed in the
context of Study 1, the amount of added extraneous load depends on the
actual nature of the used signal (Sweller et al., 1998) and needs to
be outperformed by the load reduction that comes along with the
selection advantage. Future studies need to find signals that reach this
goal in order to validate signaling as a suitable design principle for
example-based learning in classroom videos. Two aspects can prevent
the success of signals: either the reduction of load is too small or the
signal-induced additional load is too high.

(a) The reduction of load is too small

Concerning (a), signals reduce a considerable amount of load if
there is rather overloaded material with only a small amount of relevant
information. In contrast, if a higher amount of information in the video
is relevant and the scene is simple, signals are not capable of
substantially reducing extraneous load, because they are not really
needed. The videos in our studies were rather short (duration: M=50s)
and the relevant scenes made up around 20% of the whole video.
Reported extraneous cognitive load was low (<3 on a scale ranging
from 0 to 10) in all studies. Additionally, information was always
provided verbally by the teacher. There was marginal, if any, uncertainty
of the spatial location of relevant information, as the information was
auditory. It might help to look at the person who talks, but the auditory
information does not have to be searched for in the video (as can be the
case for visual information). Typically, a spatial uncertainty induces
additional extraneous load (Kalyuga et al., 1999). As spatial uncertainty
was marginal in the present studies, the processing advantage due to
easier selection of relevant sequences might not have exceeded the load
induced by signal processing.

That is, in the present studies the range of possible processing
facilitation was rather small due to rather simple and short authentic
classroom videos. This interpretation was confirmed by the participants
in Study 3, who mentioned that the videos were simple and short
enough to be processed without signaling. Also consistent with this
interpretation is the finding that there were no differences in reported
extraneous cognitive load between the uninformed signaling and no
signaling group. One might argue that still there was no ceiling effect
in the conceptual knowledge and reasoning. However, this generally
imperfect result might not necessarily be attributed to processing
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difficulties but might rather be due to a general inexperience with this
type of task or some weaknesses of the videos itself as indicated in the
case of the video on human rights in Study 3. To further explore this, it
could be helpful to have a closer look at the development of knowledge
over time, for example by using two or more video examples that are
well balanced across the sample and measuring learning outcome after
each. Additionally, signaling effects might be boosted by giving
additional organizational signals instead of just selection support (De
Koning et al., 2009).

(b)  The signal-induced additional load is too high

Because our approach of using signaling to foster selection of
relevant aspects in authentic classroom videos is innovative,
participants are not at all used to finding signals in this kind of
material. Therefore, the signals might have caused an initial irritation
and led to processing costs. This irritation was smaller in size when
using a tone and a frame compared to the written text but might still
have corroded the intended selection benefit and learning advantage.
In Study 2b only those participants, who had been informed about the
reason and use of signals, were able to derive advantage from them.
This supports the idea that there is a tradeoft between load reduction
due to a selection advantage and load induction due to the processing
of the signal itself. Thus, within our rather short classroom videos,
there were no positive effects of signaling on knowledge acquisition.
However, some evidence, namely better learning outcomes with
informed signaling compared to uninformed signaling, an overall very
low reported extraneous cognitive load as well as exploratory results
of Study 3 support the idea that signaling can be profitable in more
complex material with less irritating signals and an instruction to the
signaling method in advance.

6.1. Limitations and outlook

To verify this interpretation, future studies should implement
zoom-in or spotlight signals in longer, more demanding videos as well
as vary and assess cognitive load. This should be done with a greater
sample, especially to find reliable results on informed signaling.
Additionally, the items measuring extraneous cognitive load did not
explicitly refer to the video material. Thus, participants could have
focused on the video or other learning material when answering the
questions. For example, answering the item: “The explanations and
advises in the learning environment were very ineffective with respect
to learning, with a high agreement could either refer to some
explanations of teachers in videos or to explanations in the
environment that framed the work with the videos. Therefore, the
extraneous cognitive load scale should be modified in order to
measure extraneous cognitive load induced by the video material.
Furthermore, the aforementioned item refers to effectiveness, which is
highly correlated to the subjective perception of successful processing.
Likewise, there might be a general item-independent tendency of
participants to ascribe a higher load to videos, where they could not
successfully extract the relevant information, independently of the
actual reason (e.g., lack of knowledge, low general ability). To tackle
this confound of individually perceived extraneous cognitive load and
learning results, one might use eye-tracking techniques like Gaze
Transition Entropy (GTE; Krejtz et al., 2015; Eckstein et al., 2017), or
implement an environment with two different learning contents in
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order to vary signaling within participants. Additionally, it is worth
considering finding items that differentiate between video-induced
load and signal-induced load. This is because a medium load can
either be due to medium load of both sources, or high load due to
signals with low load due to videos, or low load due to signals but still
high load due to videos.

To compare signaling effects in the classroom examples with those
that have been discovered in instructional material, it might be wise to
not only cue which information should be selected, but also how this
can be organized, that is, what information belongs to which This
support of organization has been suggested by the CTML (Mayer, 2014)
and has already been done in textual and dynamic material (Ozcelik
etal,, 2010; Richter and Scheiter, 2019). Thereby, it could be possible to
push the learning advantages of signaled compared to not signaled
material. In videos on learning strategies, this can be done by not only
telling participants, which information to select, but also, to which
concrete strategy the sequence refers. Adding organization cues,
however, is only indicated in more complex material, where processing
needs to be supported or in participants with rather low prior knowledge
(Richter and Scheiter, 2019).

7. Conclusion

All in all, the present studies give rise to the hypothesis that the
use of signaling in classroom videos is advantageous under certain
but not all circumstances, namely, when signaling is properly
introduced and the material is sufficiently complex. That is, it could
be advantageous when signaling costs are low and potential signaling
advantages are high. Thus, signaling remains a promising design
principle, in particular for example-based learning occasions, because
example videos, especially in the context of evidence-informed
practice, require processing of complex interactions of a high number
of acting people (e.g., students in the classroom), while also
considering plenty of contextual information and theoretical and
empirical knowledge. The basis for learning to reason about theory or
evidence-informed concepts and rules with videos is to select the
information illustrating the concept or rule (e.g., one or two teacher’s
statements). After finding the relevant information, learners can
attempt connecting it with the concept or rule and explain how the
information exemplifies the concept or rule (professional vision,
Seidel and Stiirmer, 2014). Thus, signaling as support to notice
relevant information can be highly advantageous in educational
actions targeting the incorporation of evidence and knowledge in
teacher professional vision and behavior. However, it is important to
keep in mind that signaling can also be disadvantageous. Therefore,
besides trying to minimize load induction by the signals itself, an
implementation of signaling must be carefully evaluated in light of
the complexity of the material.

Our studies offer first impressions on the effectiveness of different
versions of signaling in classroom video examples. We find signaling
effects under very limited conditions. This can be a starting point to find
out more about the interplay of different processes of extraneous load
induction by multi-media design attempts on the one hand side and
load relieve that is induced by processing facilitation due to the design
principle on the other hand side. Thus, our work stresses the importance
to always have in mind both, the signal-induced load and the potential
load reduction. To make signaling a safe option for educators, it is not
only important to stress that signals always need to be properly
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introduced but it is also vital to find signals with a generally low potential
to induce additional load. Therefore, we offered a first exploratory study
attempting to find appropriate signals in the context of classroom videos.
Interview data suggests the zoom-in and spotlight effect as most
promising signals. By and large, the present work explored the potential
of several approaches to signaling in learning to reason about classroom
videos. Using key phrases to signal key auditory information in a
classroom video is not recommendable. Using a tone and a frame to
highlight key sequences has potential when learners are informed about
the signal and its function. From the learners’ point of view, the zoom-in
and spotlight effect are promising signals that should be investigated in
future research.
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Pre-service teachers face difficulties when dealing with problem situations in the
classroom if their evidence-informed reasoning script (EIRS) is not adequately
developed. An EIRS might be promoted by demonstrating how to implement
evidence-informed reasoning after a problem-solving activity on an authentic
case. However, it is unclear what form of instruction is appropriate to promote
pre-service teachers in the development of an EIRS. The present 2x3-factorial
experimental intervention study investigated how different forms of instruction
on functional procedures (example-free vs. example-based) and on dysfunctional
procedures (without vs. example-free vs. example-based) affect the development
of an EIRS. N=384 pre-service teachers worked on a written case vignette of a
problem situationin a problem-solving phase, in which the crucial steps of the EIRS
were prompted externally. In the subsequent instruction phase, the participants
compared their own solution with an example-free or example-based instruction
on functional procedures, which was either supplemented by an example-free or
example-based instruction on typical dysfunctional procedures or not at all. The
participants’ learning success (declarative EIRS; near and far transfer problem-
solving performance) and error awareness were assessed. The results revealed
that the example-based instruction on functional procedures led to a higher
learning success than the example-free instruction. Both forms of instruction
on dysfunctional procedures improved learning success compared to learning
without one. During learning, error awareness was higher for learners who
worked with an example-free instruction on dysfunctional procedures. In order
to promote the development of an EIRS in pre-service teachers, it is promising
to provide instruction after problem-solving that presents a functional example
of evidence-informed reasoning for the given problem and that also points out
typical dysfunctional approaches to solving the problem. The results highlight the
importance of selecting appropriate scaffolds in case-based learning approaches
that aim to develop cognitive schemata. The mechanisms that explain when and
why instructions on dysfunctional procedures work need to be further explored.

teacher education, evidence-informed reasoning, problem-solving prior to instruction,
script theory, example-based learning, error-based learning
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1. Introduction
1.1. Background and relevance

For teachers it is part of their daily teaching practice to
be confronted with various problem situations in the classroom, for
example, when students have difficulties in grasping the learning
material or are unmotivated. Against the background of the constant
demand for evidence-informed teaching practice, teachers are
increasingly asked to base their decisions not (only) on subjective
theories or experiential knowledge, but especially on educational
theories and empirical findings (Joyce and Cartwright, 2020;
Ferguson, 2021; Slavin et al., 2021). For example, when confronted
with a student who is frustrated because of a poor grade, it might
be appropriate to frame the feedback in terms of Weiner’s (1986)
attribution theory of motivation and emotion by attributing the
performance to variable characteristics (e.g., the student’s learning
effort). Teachers must be able to understand theories and/or empirical
findings, and to apply them in an appropriate and meaningful way. In
particular, when reflecting on problem situations, the cognitive
processes during problem-solving should be well selected and
systematically carried out to avoid hasty and possibly dysfunctional
decisions (Brown, 1987; Chen and Bradshaw, 2007; Jonassen, 2011;
Csanadi et al., 2021). Therefore, this paper is concerned with how
pre-service teachers can be supported in reflecting on problem
situations through a systematic, coherent, and evidence-informed
reasoning process.

1.2. Evidence-informed reasoning

Problem situations that teachers face in their daily practice can
be distinguished into (a) problems that require immediate
judgments and routines of action under time pressure, and (b)
problems that allow for retrospective analysis and reflection; this
latter type of problems provides an opportunity for evidence-
informed reasoning (Renkl, 2022; Leuders et al., in press). In the
educational context, evidence-informed reasoning can be defined
as a process of thinking about a problem and forming an argument
in a systematic and coherent way, underpinning the argument with
educational theories and/or empirical findings (Csanadi et al., 2021;
Wilkes and Stark, 2022). Evidence-informed reasoning tends not
only to require knowledge of theories and empirical findings, but
also knowledge of what actions or steps to take and how to take
them to solve the problem at hand (van Gog et al., 2019). Research
on teachers’ reasoning skills (e.g., Seidel and Stiirmer, 2014; Kiemer
and Kollar, 2018; Kramer et al., 2021) suggests a sequence of four
key activities that are useful in retrospectively reflecting on problem
situations: Having identified a problem, the teacher must (1)
reconstruct the problem by developing an understanding of which
particular aspect of the given complex situation is actually the core
of the problem (problem description). (2) The teacher must explain
the problem by developing a causal model that represents relevant
cause-and-effect relations (problem explanation). (3) The teacher
must derive student-related consequences or target states by
deducing from the previous step which alternative state should
be aimed (goal setting). (4) The teacher must derive self-related
consequences, i.e., concrete options for action that are suitable for
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achieving the goals set in the previous step (setting options
for action).

From a script-theoretical perspective (Schank and Abelson, 1977;
Schank, 1999; Fischer et al., 2013), knowledge about what actions to
perform and how to perform them is mentally organized in so-called
scripts, which are a particular form of cognitive schemata. Teachers’
knowledge about how to solve problem situations in the classroom can
be conceptualized as a dynamic knowledge structure that guides
teachers in solving a problem - an evidence-informed reasoning
script (EIRS).

Several studies indicated that pre-service teachers and in-service
teachers rarely display systematic, coherent, and evidence-informed
reasoning: they show deficits in applying the crucial cognitive
processes and/or evidence to the problem situation (e.g., Hetmanek
etal, 2015; Lysenko et al., 2015; Yeh and Santagata, 2015; Kiemer and
Kollar, 2018, 2021; Csanadi et al,, 2021). These deficits could
be explained not only by a lack of educational knowledge or affective
barriers, such as negative beliefs regarding the usefulness of
educational evidence (e.g., Dagenais et al., 2012; Lysenko et al., 2014;
Kiemer and Kollar, 2021; Thomm et al., 2021), but also by an
insufficiently developed EIRS (e.g., Kiemer and Kollar, 2018; Csanadi
etal., 2021). Therefore, it is the responsibility of teacher education to
find ways to support future teachers in developing an EIRS.

1.3. Fostering the development of an EIRS
through authentic cases

When it comes to solving new, unfamiliar problem situations,
teachers must be able to identify a problem, apply acquired knowledge
and solve the problem systematically. To enable future teachers to
tackle different problems based on a stable, well-developed EIRS, an
important goal of teacher education is to teach for knowledge transfer.
Previous research has extensively addressed the cognitive and
situational aspects of learning and transfer, considering what is to
be learned (e.g., abstract concepts, procedures), to which situation or
task it is to be transferred (e.g., near transfer within a domain, far
transfer beyond a domain), and which instructional approach is
effective (e.g., problem-solving, metacognitive prompts; van Gog et al.,
2019; Jacobson et al., 2020).

In terms of fostering transferable, evidence-informed reasoning
skills in pre-service teachers, reflection on authentic and problematic
case scenarios from pedagogical practice has proven valuable (e.g.,
Piwowar et al., 2018; Thiel et al., 2020; Helleve et al., 2021). From a
cognitive perspective, case-based reasoning is beneficial for learning
as it encourages learners to solve new problem situations by
remembering previous situations and adapting their solutions
(Kolodner, 1993). Despite the widespread use of case-based
approaches, simply exposing pre-service teachers to complex
problems from educational practice without further instructional
guidance may not be sufficient to foster the development of an EIRS:
Complex problems, such as classroom situations, place high demands
on cognitive and metacognitive abilities, so that learners may perceive
the difficulty of the problem situation as quite high; the capacity of
working memory is likely to be overloaded, which may lead to
cognitive overload (Ge and Land, 2003, 2004; van Merriénboer et al.,
2003; Ge et al., 2005; Kirschner et al., 2006; van Merriénboer and
Sweller, 2010; Jonassen, 2011). Therefore, learning with authentic
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cases needs to be carefully instructed in teacher education to
be beneficial for learning.

1.3.1. Supporting student learning

In terms of supporting student learning in problem-solving or
reasoning tasks, instructional means that monitor cognitive processes
and direct attention to critical aspects, such as external prompts, show
promise (Ge and Land, 2003; Ge et al., 2005; Chen and Bradshaw,
2007; Wilkes et al., 2022). However, learners are not able to judge
whether they have performed the requested activities in an appropriate
way if they are only guided to solve the problem by external prompts
(Spensberger et al., 2021). This means learners only know which
actions they are supposed to perform in a templated manner, but they
do not become aware of whether the way they performed the activities
was functional (i.e., more likely to be correct) or dysfunctional (i.e.,
more likely to be incorrect). Therefore, it seems promising to help
pre-service teachers not only to follow the sequence of the four
reasoning steps mentioned above (i.e., problem description, problem
explanation, goal setting, setting options for action) in problem-solving,
but also to teach them how to perform these steps.

1.3.2. Instruction after problem-solving

One approach that could help to promote the acquisition and
transfer of an EIRS is the instruction after problem-solving approach
(PS-I; also referred to as problem-solving prior to instruction), which
includes both an initial problem-solving phase and a subsequent
instruction phase. In the initial problem-solving phase, learners
attempt to solve a problem that requires the application of yet to-be-
learned principles, concepts, or strategies, and often fail to solve the
problem successfully; in the subsequent instruction phase, learners are
explicitly taught the content to be learned (e.g., principles, concepts or
strategies that should be applied to the given problem; e.g., Loibl et al.,
2017; Sinha et al., 2020; Sinha and Kapur, 2021a).

Research on instruction after problem-solving in STEM fields.
The benefits of PS-I have been empirically demonstrated and replicated
in a variety of contexts, especially in comparison to approaches with
direct instruction or instruction prior to problem-solving; PS-I has
become particularly popular in STEM domains, with the goal of
promoting conceptual learning and transfer (for an overview cf. Loibl
et al., 2017; Sinha and Kapur, 2019, 2021b). For example, a typical
problem-solving task used in PS-I for learning mathematical concepts
is that students are given data of different athletes and asked to identify
the most consistent athlete based on a mathematical calculation (e.g.,
Kapur, 2012, 2014). In the instruction phase, students are taught the
canonical solution based on the mathematical concept.

Key mechanisms of PS-I. Three recent reviews have addressed
the possible reasons of when and why PS-I is effective — or is not
effective (Loibl et al., 2017; Sinha and Kapur, 2019, 2021b). These
reviews indicate that the effectiveness of PS-I does not seem to
be rooted in its individual components (i.e., problem-solving and
instruction), but in the way they are combined and the sequencing of
the phases. From these reviews, at least three key mechanisms can
be derived as to why PS-I is conducive to learning, namely (1) that
prior knowledge is activated and differentiated during problem-
solving, (2) that learners’ attention is directed to the principles,
concepts or strategies to be learned in the instruction phase, and (3)
that learners become aware of their dysfunctional procedures (i.e.,
errors) by questioning their own solutions (error awareness;
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Loibl et al., 2017; Sinha and Kapur, 2019, 2021b). It should be noted
that the implementation of both the problem-solving phase and the
instruction phase differs across PS-I studies (Loibl et al., 2017; Sinha
and Kapur, 2019, 2021b; Nachtigall et al., 2020). The popular
productive failure approach, for which Sinha and Kapur (2021b) have
formulated several fidelity criteria (e.g., providing problems that afford
multiple representations, instruction building on students’ solution),
can be considered as a subtype of PS-1, but not all PS-I designs are
examples of productive failure (for all fidelity criteria cf. Sinha and
Kapur, 2021b). Overall, while the PS-I approach is very specifically
characterized by its two phases, there is no single design of the two
phases per se within the PS-I research; this is especially true for PS-I
designs in non-STEM domains.

Instruction after problem-solving in fields beyond STEM. Given
the large number of studies on PS-1in STEM fields, it is striking that
the evidence on the impact of PS-I in less structured domains such as
teacher education appears to be insufficient and inconsistent: Only a
few studies investigated the effects of PS-I in less structured domains
and these studies did not consistently indicate positive effects on
learning (for an overview cf. Nachtigall et al., 2020). As different
learning goals require different means of instruction, the inconsistent
evidence could be explained by divergent learning goals (e.g.,
conceptual vs. procedural knowledge) and/or divergent design
features (Loibl et al., 2017; Sinha and Kapur, 2019, 2021b; Nachtigall
et al., 2020). For example, Schwartz and Bransford (1998) showed
beneficial effects of PS-I with college students in the context of
psychology, compared with instruction after reading or summarizing
a text or with problem-solving without instruction. In the problem-
solving phase of their PS-I condition, students had to analyze
contrasting cases of data from simplified classical psychology
experiments before engaging with a text or lecture on the relevant
psychological phenomena. In a study by Glogger-Frey et al. (2015),
who used PS-I in the domain of educational psychology with
pre-service teachers to promote their abilities to assess learning
strategies in learning journals, the PS-I condition was outperformed
by a condition in which students studied a worked-out solution for the
same problem-solving task before instruction. In the PS-I condition,
participants were first given samples of learning journals written by
(high-school) students and asked to develop criteria in order to assess
the application of learning strategies. In the subsequent instruction
phase, they were taught the evaluation criteria to be learned. However,
the studies by Schwartz and Bransford (1998) and Glogger-Frey et al.
(2015) differ from rather traditional PS-I studies (such as in STEM
domains; Loibl et al., 2017; Sinha and Kapur, 2019, 2021b) regarding
the control condition, which is that PS-I was not compared to
instruction prior to problem-solving or direct instruction. Overall, it
is difficult to draw conclusions about whether, when and why PS-1 is
also effective in domains that are rather less structured than STEM
domains (such as teacher education).

Implications for the design of the problem-solving phase in less
structured domains: Implementing structuring scaffolds. One
design feature that is particularly different across PS-I studies (both in
rather well- and less-structured domains) is the form of scaffolding in
the problem-solving phase. In more traditional PS-studies, students
received little or no support in solving a particular problem (e.g.,
Kapur, 2012, 2014). An advantage of unguided problem-solving is
seen primarily in the fact that learners are given the opportunity to
explore the problem, considering their own intuitive ideas (e.g., Sinha
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et al., 2020). To specifically promote comprehensive exploration
processes, Sinha et al. (2020) and Sinha and Kapur (2021a) offered
so-called failure-driven scaffolds that explicitly encourage learners to
explore the problem with suboptimal representations and solution
paths. Other studies offered rather success-driven scaffolds that guide
students, structure their problem-solving process, and thereby help
them to perform better - at the expense of less opportunity to explore
the problem. Examples of more success-driven scaffolds include
contrasting cases (e.g., Schwartz and Bransford, 1998; Loibl and
Rummel, 2014a; Glogger-Frey et al., 2015; Chase and Klahr, 2017),
self-explanation prompts (e.g., Roll et al., 2012; Fyfe et al., 2014),
interaction support (e.g., Roll et al., 2012; Westermann and Rummel,
2012) and accuracy feedback (e.g., Fyfe et al., 2014; for an overview
see Loibl et al., 2017; Sinha and Kapur, 2019, 2021b; Nachtigall et al.,
2020). The above-mentioned study by Sinha et al. (2020) indicated
that failure-driven scaffolding is more effective in learning with the
PS-T approach than success-driven scaffolding with high specificity
(i.e., definite advice for the optimal solution), but similar to success-
driven scaffolding with low specificity (i.e., external prompts or hints
that structure the problem-solving process into subtasks, or tell
students what to do, but not how to do it). Based on the extensive
research on scaffolding, albeit mainly in STEM fields, it could
be postulated that especially for complex problems in rather less
structured domains, it might be promising to structure the problem-
solving process using success-driven scaffolds in the form of
low-specific problem-solving prompts (Jonassen, 1997, 2000, 2011;
Chen and Bradshaw, 2007). In the learning environment of the present
study, which aims to encourage pre-service teachers to apply a
functional EIRS on problem situations in the classroom, learners were
supported by the means of more success-driven prompts that
structured their problem-solving process along the EIRS with low
specificity, i.e., without suggesting precise procedures or instructing
how to perform them.

Implications for the design of the instruction phase in less
structured domains: The form of instruction deserves more
attention. However, compared to the state of research on the
implementation of guidance in the problem-solving phase of PS-1, only
little research has addressed the design features of the instruction phase
(Loibl et al., 2017; Sinha and Kapur, 2019, 2021b). In line with Sinha
and Kapur (2021b), encouraging learners to compare their own
solutions with a sample solution and its critical features in the
instruction phase can be seen as a central part of the PS-I approach.
Working through these critical features and becoming aware of specific
knowledge gaps can encourage learners to rethink their mental models,
trigger active processing of the content to be learned, and promote
knowledge acquisition (Chi, 2000; Loibl and Rummel, 2014b; Sinha
and Kapur, 2021b). In contrast to more well-structured STEM
problems, there is rarely one single canonical, i.e., “correct” solution for
problems teachers face in the classroom. There are usually several
functional options for action and even more dysfunctional options.
Against this background, we argue that the form of instruction deserves
special attention when it comes to helping pre-service teachers to
develop an EIRS. It seems important to consider not only the potential
benefits of guidance in the problem-solving phase, but also to explore
the question of what features of the instruction phase make learning
with the PS-I approach beneficial, especially in rather less structured
domains such as teacher education. We argue that pre-service teachers
should not be taught (only) a single canonical solution for a problem

Frontiers in Education

10.3389/feduc.2023.1001523

in the instruction phase, but especially how to apply a systematic,
coherent, and evidence-informed problem-solving approach. This
raises the question of how the instruction phase in PS-I can be designed
to foster pre-service teachers” EIRS.

1.4. Designing instruction after
problem-solving

1.4.1. Form of instruction on functional
procedures

When there are several potentially “correct” options to solve a
problem, as it is the case with most classroom problems, it is crucial
to understand the rationale behind the problem and to apply powerful
strategies or heuristics to tackle it (van Gog et al., 2004). If learners are
presented with (only) an exemplary, worked-out solution to
functionally deal with a given complex problem, there is a risk that
learning will be hindered; learners might focus their attention on
non-essential parts of the exemplary, worked-out solution (e.g., the
specific wording) rather than on the underlying concepts, principles,
or strategies (Renkl, 2002, 2017). It would be particularly precarious
if learners misunderstand the meaning behind the exemplary,
worked-out solution and do not become aware of their own
dysfunctional procedures. In the worst case, not recognizing
dysfunctional approaches could lead to learners internalizing and
applying these approaches to problem situations in practice
(Metcalfe, 2017).

Lange et al. (2021) therefore hypothesized that instructional
explanations that do not include worked-out solutions (which they
call example-free instruction) might be more effective for learning with
complex problems than exemplary, functional worked-out solutions
without instructional explanations. In their study, they examined the
effects of such worked-out solutions without instructional
explanations vs. example-free instruction on university students’
critical thinking skills. While the worked-out solution only illustrated
an exemplary, functional solution without instructional explanations,
the example-free instruction provided extensive explanations for
solving critical thinking problems. The example-free instruction has
been proven to be superior to the worked-out solution without
instructional explanations in promoting skill acquisition. Transferring
Lange et al’ (2021) findings to teacher education, one could argue that
it could be more appropriate to provide pre-service teachers with an
example-free instruction after a problem-solving activity, explaining
how to functionally manage the situation according to a normative
EIRS in an abstract, general form.

On the other hand, research on example-based learning has
revealed that examples are particularly promising to promote learning
and transfer (van Gog and Rummel, 2010, 2018). Illustrating the
content to be learned, such as abstract concepts, principles, or
strategies by an example, can encourage learners to encode and
interconnect both these abstract concepts, principles, or strategies and
specific application possibilities; in this way, examples foster learners’
ability to transfer acquired knowledge to new problem situations, and
prevent them from acquiring so-called inert knowledge (i.e., knowledge
that can be expressed but not applied to solve problems; Renkl et al.,
1996; van Gog and Rummel, 2010, 2018; Renkl, 2017; Mayer, 2020).
In example-based learning, examples are usually implemented in a
way that concretely illustrates the application of the abstract concepts,
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principles, or strategies that are to be explained to the learners; to this
end, a written step-by-step sample solution is provided of how a
particular problem can be solved in a functional way (commonly
known as worked example; e.g., Atkinson et al., 2000; van Gog and
Rummel, 2010, 2018). In terms of promoting the acquisition and
transfer of the EIRS, pre-service teachers might benefit from an
example-based instruction after problem-solving that combines both an
abstract, general description of the normative EIRS with a worked
example that illustrates a functional problem-solving approach
according to the EIRS (not to be mistaken with the approach of using
worked examples as preparatory activity prior to instruction; cf.
Glogger-Frey et al,, 2015). Providing students with both a description
of the EIRS and an example of how to apply it would allow students to
better understand the rationale of the EIRS; moreover, they may
become more easily aware of their own dysfunctional procedures
(Loibl et al., 2017).

Thus, the question arises whether instruction after problem-
solving should describe the functional operations of the above four
reasoning steps in a still abstract, general form (i.e., example-free
instruction on functional procedures), or in a worked-out form, in
which it is - in addition to a general description of the normative EIRS
- concretely illustrated how to solve the given problem by applying the
operations of the EIRS (ie., example-based instruction on
functional procedures).

1.4.2. Form of instruction on dysfunctional
procedures

Providing instruction on functional procedures helps to build
knowledge about what to do best when faced with a particular problem
or task (Oser et al., 2012; Renkl, 2017). Learners could benefit not only
from instruction that focuses on best practice, but also from instruction
that focuses on dysfunctional practice (e.g., Loibl and Rummel, 2014b;
Loibl and Leuders, 2018, 2019). In terms of reflecting on problem
situations in the classroom, a typical example of dysfunctional practice
is that the third step of the EIRS goal setting is skipped. In other words,
when a teacher has analyzed the problem (i.e., EIRS step 1: problem
description) and its possible reasons or consequences (i.e., EIRS step 2:
problem explanation) in a functional way, the teacher already
formulates concrete options for action (i.e., EIRS step 4: setting options
for action). It would have been important to first consider target states
for the student to be achieved from the perspective of theory or
empirical findings (i.e., EIRS step 3: goal setting) in order to avoid
jumping to conclusions. Another typical dysfunctional practice is that
the EIRS step goal setting is implemented in an inappropriate way: For
example, even if a student-related target state is formulated before
concrete options for action are determined (i.e., EIRS step 4), the
target state is not coherent with the previous explanation of the
problem and, therefore, may not contribute to solving the problem.

Tracing how a dysfunctional procedure differs from a functional
one and understanding why a procedure is dysfunctional could help
learners to correctly update schemata of functional procedures and to
create schemata of dysfunctional procedures (i.e., negative knowledge;
Oser et al., 2012). When learners thoroughly elaborate the features of
dysfunctional procedures, they are more likely to address their own
knowledge gaps (e.g., Grofie and Renkl, 2007; Durkin and Rittle-
Johnson, 2012; Barbieri and Booth, 2020).

Error-based learning is criticized because it risks learners
internalizing dysfunctional procedures (Metcalfe, 2017). It is
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important that learners are enabled to reflect on dysfunctional
procedures in comparison to corresponding functional procedures
(Durkin and Rittle-Johnson, 2012; Oser et al., 2012). In several PS-I
studies demonstrating the benefits of presenting dysfunctional
procedures learners were guided to compare both functional and
dysfunctional solution attempts in whole-class discussions, i.e., only
the teacher/instructor built upon learners’ typical dysfunctional
procedures and contrasted their features with those of functional
procedures (e.g., Kapur, 2012, 2014; Kapur and Bielaczyc, 2012; Loibl
and Rummel, 2014b). Loibl and Leuders (2018, 2019), therefore,
investigated learners’ individual cognitive processes during
instruction. Both studies underline the advantages of providing both
a solution of a functional procedure and typical dysfunctional solution
attempts, supplemented by comparison prompts, as opposed to
providing a solution of a functional procedure and typical
dysfunctional solution attempts without comparisons prompts or only
solutions of a functional procedure. Moreover, the study by Loibl and
Leuders (2019) indicated that the elaboration of the dysfunctional
procedures seemed to mediate this effect.

Looking at the PS-I approach from a conceptual change
perspective (e.g., Vosniadou, 2013, 2019), one could argue that it
might be promising for students’ error awareness not to prompt the
comparison of the functional procedure and typical dysfunctional
procedures with each other, but of their own procedure with both a
functional procedure and typical dysfunctional procedures. By
comparing their own solution approach with both a solution of a
functional procedure and of typical dysfunctional procedures,
students might become more aware of the appropriateness of their
own approach. When learners are explicitly encouraged to recognize
dysfunctional procedures in their own solution, they can reorganize
their mental schemata (Posner et al, 1982), and, as a result,
be prevented from internalizing dysfunctional solution approaches
(Metcalfe, 2017). A study by Heemsoth and Heinze (2016), for
example, indicated the benefits of prompted reflection on the rationale
behind one’s own dysfunctional procedures (i.e., error-centered
reflection) over the reflection on the correct solution corresponding
to one’s own dysfunctional procedures (ie., solution-centered
reflection) after problem-solving on knowledge acquisition. The
authors explained the effect by suggesting that error-centered
reflection would lead to more elaborated learning. Through error-
centered reflection, students might have become more aware of the
extent to which the procedures they used fostered or hindered the
problem-solving process (Heemsoth and Heinze, 2016).

It remains unclear what form of instruction on dysfunctional
procedures as a complement to instruction on functional procedures
is appropriate to promote error awareness and the development of an
EIRS in pre-service teachers. On the one hand, specific exemplification
of how not to do something using dysfunctional (or erroneous) examples
might encourage learners to identify, comprehend, explain, and/or
remedy own dysfunctional procedures by referring to underlying
concepts, principles, or strategies (e.g., Grofie and Renkl, 2007; Durkin
and Rittle-Johnson, 2012; Barbieri and Booth, 2020). On the other
hand, students might not benefit from exemplifications, if their own
solution approach does not resemble the dysfunctional procedures
presented; specific exemplifications of other students” dysfunctional
procedures that have not been used by the learners themselves might
even distract them from becoming aware of the correctness of their
own approach (Loibl and Leuders, 2019).
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Overall, it is unclear whether pre-service teachers learning with
instruction on functional procedures after problem-solving would
benefit from supplementary instruction on typical dysfunctional
procedures of other pre-service teachers — be it in the form of an
abstract, general description of typical dysfunctional procedures (i.e.,
example-free instruction on dysfunctional procedures) or in a
worked-out form that - in addition to such an abstract, general
description - also presents a specific exemplification of the described
procedures for the given problem (i.e., example-based instruction on
dysfunctional procedures).

1.5. Research questions and hypotheses

In the present experimental intervention study, pre-service
teachers learned how to analyze educational problems in a systematic,
coherent, and evidence-informed way, based on the PS-I approach.
The study focused on the effects of different forms of instruction: On
the one hand, we investigated which form of instruction on functional
procedures (i.e., example-free instruction on functional procedures vs.
example-based instruction on functional procedures) would be more
suitable for pre-service teachers’ ability to deal with problem situations
according to the EIRS. Secondly, we aimed to find out whether and in
what should
be complemented by instruction on typical dysfunctional procedures

form instruction on functional procedures
(i.e., without any instruction on dysfunctional procedures vs. example-
free instruction on dysfunctional procedures vs. example-based
instruction on dysfunctional procedures). We formulated the following
research questions and hypotheses:

Research Question 1. To what extent do different forms of
instruction on functional procedures (i.e., example-free vs. example-
based) and on dysfunctional procedures (i.e., without vs. example-free
vs. example-based) affect pre-service teachers’ learning success, i.e., the
development of an EIRS (i.e., the declarative EIRS) and its application
in similar and unfamiliar problem situations (i.e., near and far transfer
problem-solving performance)?

Hypothesis 1: Against the background of the benefits of examples
(e.g., van Gog and Rummel, 2010, 2018), we expected that the
example-based instruction on functional procedures would lead
to a higher learning success than learning with the example-free
instruction on functional procedures. We further expected that
learning with the example-based instruction on dysfunctional
procedures would be superior to learning with the example-free
instruction and without any instruction on dysfunctional
procedures. Yet, the example-free instruction on dysfunctional
procedures should still work better than no instruction on
dysfunctional procedures. We further hypothesized that a
combination of the example-based instruction on functional
procedures and dysfunctional procedures would lead to the

highest learning success.

Research Question 2: To what extent do different forms of
instruction on functional procedures (i.e., example-free vs. example-
based) and on dysfunctional procedures (i.e., without vs. example-free
vs. example-based) affect pre-service teachers’ error awareness, with
special emphasis on the written comparison of the students’ solution
and the instruction during learning?
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Hypothesis 2: We assumed that learning with the example-based
instruction on functional procedures would have a greater
potential to help learners to become aware of the correctness of
their own approach than learning with the example-free
instruction on functional procedures. We postulated that the
example-based instruction on dysfunctional procedures would
promote learners’ error awareness more than the example-free
instruction or no instruction on dysfunctional procedures.
Learning with the example-free instruction on dysfunctional
procedures should still be superior to learning without any
instruction on dysfunctional procedures to promote students’
error awareness. The combination of example-based instruction
on functional and dysfunctional procedures was expected to
be superior to all the other conditions in terms of promoting
error awareness.

Research Question 3. To what extent is the postulated effect of the
form of instruction on functional procedures on near and far transfer
problem-solving performance serially mediated by pre-service
teachers’ error awareness and the declarative EIRS, moderated by the
different forms of instruction on dysfunctional procedures (i.e.,
without, example-free, and example-based)?

Hypothesis 3: Following Loibl and Leuders (2019), we expected
that the hypothesized effect of the form of instruction on
functional procedures on near and far transfer problem-solving
performance would be serially mediated by the participants’
error awareness and the declarative EIRS for the three different
forms of instruction on dysfunctional procedures. The
instruction on dysfunctional procedures is viewed as
complementary to the instruction on functional procedures, and
thus is conceptualized as a moderator. We assumed that (a) the
form of instruction on functional procedures would influence
the participants’ error awareness. Subsequently (b), the higher
the participants’ error awareness, the more pronounced their
declarative EIRS should be. Finally (c), the better the
participants’ declarative EIRS would be developed, the better the
students should be able to solve near and far transfer problems.
Further, we postulated that (d) these associations would
be moderated by the form of instruction on dysfunctional
procedures, respectively (for the postulated moderated serial

mediation, see Figure 1).

2. Method
2.1. Participants and design

N =384 pre-service teachers (M, =27.72, SD = 3.54; 76% female)
participated as part of their regular university courses. On average,
students were in their third semester (Ms,,,=3.43, SD=1.64). It was
mandatory to take part in the training elements of the study, but it was
voluntary to participate in the data collection. As no one opted out,
the full sample was included in the analyses.

In a randomized 2x3-factorial between-subjects design, the
factors form of instruction on functional procedures and form of
instruction on dysfunctional procedures were varied, resulting in six

frontiersin.org


https://doi.org/10.3389/feduc.2023.1001523
https://www.frontiersin.org/journals/education

Krause-Wichmann et al.

10.3389/feduc.2023.1001523

Error awareness

Form of instruction on functional

Declarative EIRS

procedures
(example-free vs. example-based)
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FIGURE 1
Conceptual regression model (Hypothesis 3).

TABLE 1 2x3-factorial, experimental design.

Factor 2: Form of instruction on dysfunctional procedures

Factor 1: Form of instruction Without [0] Example-free [D7] Example-based [D*]
on functional procedures

Example-free [F~] F0(n=64) F D (n=64) FD* (n=64)
Example-based [F'] F'0(n=64) F'D™ (n=64) F*D* (n=64)

experimental conditions with =64 participants each (Table 1). With
respect to the form of instruction on functional procedures, we varied
whether students received either an example-free [F~] or an example-
based [F'] instruction. Regarding the form of instruction on
dysfunctional procedures, the participants were either not provided
with any instruction on dysfunctional procedures [0], with an
example-free [D7], or with an example-based instruction [D*]. A
power analysis for 2x3-ANOVA with «=0.05, 1-f=0.80 indicated that
the sample size of N=384 would be sufficient to identify small- to
medium-sized effects.

2.2. Procedure and material

The study comprised two online sessions that were conducted
independently and individually on a private computer with no time
limit. An overview of the entire procedure is presented in Figure 2. In
the first session, 2 weeks before the start of the training, participants
answered a pre-questionnaire on socio-demographic data and a
pre-test. The second session consisted of two parts: (1) the training
with the actual intervention (i.e., problem-solving phase and
instruction phase) and (2) a post-test.

The training followed the PS-I approach: in the initial problem-
solving phase, participants worked through a written problematic
classroom case scenario of 200 words using a written summary of
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corresponding educational theories and empirical findings. The case
scenario involves a student who is angry at her mathematics teacher
because, in her opinion, a test she failed had been too difficult. As a
result, she declares that she does not want to study for the subject
anymore. The summary of educational theories and findings focused
on the attribution theory of motivation and emotion (Weiner, 1986),
control-value theory of achievement emotions (Pekrun, 2006),
achievement goal theory (Wigfield et al., 2016), and corresponding
empirical findings. To reduce the complexity of the case analysis, all
participants received success-driven prompts that structured the
problem-solving process along the EIRS with low specificity (cf.
Instruction after Problem-Solving): Per prompt, learners were
instructed to perform one of the four EIRS steps (i.e., problem
description, problem explanation, goal setting, setting options for
action). In doing so, the participants were not instructed how to
perform the steps, i.e., no precise procedures or operations were
suggested (e.g., for goal setting: “Please set general goals to improve
the situation”). In the subsequent instruction phase, participants were
asked to compare their own solution with the provided instruction,
to explain what they did the same or similar, and what they did
differently or incorrectly. The instructions explained how to perform
the operations of the EIRS in different ways that varied depending on
condition (cf. Participants and Design and Operationalization of the
Independent Variables). After the training phase, the post-test
was administered.
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Session 1 Session 2, part 1 Session 2, part 2
Pre- Problem-solving phase:
questionnaire Problem-solving task guided by structuring prompts
Post-test
Instruction phase:
Pre-test . , . . .
Comparing one's own solution to the instruction

FIGURE 2
Procedure.

2.3. Operationalization of the independent
variables

After the problem-solving phase, the participants with the
example-free instruction on functional procedures received an
instruction that described the crucial operations of a normative
EIRS (i.e., how to ideally solve problem situations in a functional
evidence-informed manner) in an abstract, general form, without
any detailed elaboration of the EIRS for the given problem. For
example, regarding the third step of the EIRS goal setting, the
instruction focused on the two crucial operations of deriving
student-related target states, and of connecting these relations
with evidence (cf. Table 2).

The participants with the example-based instruction on functional
procedures learned with an instruction that comprised the above-
mentioned abstract description of the crucial operations of a
functional EIRS, and a detailed “good practice” elaboration of these
operations for the previous problem-solving task. For the step goal
setting, for instance, it was concretely worked out which student-
related goals could be derived coherently from the previously
determined cause-and-effect relations, taking into account the
evidence presented in the summary (cf. Table 2).

In the conditions that combined the instruction on functional
procedures with an example-free instruction on dysfunctional
procedures, the participants were also presented with several typical
dysfunctional problem-solving procedures of pre-service teachers in
an abstract form. Yet, this description did not include a precise
elaboration of these typical dysfunctional procedures that might
be applied to the problem in the previous training task. Regarding the
step goal setting, for instance, students were told that pre-service
teachers often select target states that do not fit to the cause-and-
effect relations established before (cf. Table 2).

In the conditions that combined the instruction on functional
procedures with an example-based instruction on dysfunctional
procedures, participants also received the above-mentioned abstract,
general description of typical dysfunctional procedures, along with a
detailed elaboration of these dysfunctional procedures for the
problem situation of the previous training task. In the step goal
setting, for example, a typical student solution was illustrated that did
not address the actual cause-effect-relations of the problem (cf.
Table 2).

In the two conditions without any instruction on dysfunctional
procedures, participants received only the assigned instruction on
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functional procedures (either in an example-free or an example-based
version, depending on condition).

2.4. Measures

2.4.1. Dependent measures

In the post-test, three indicators of knowledge acquisition were
measured: (a) declarative EIRS, (b) near-transfer problem-solving
performance, and (c) far-transfer problem-solving performance.

Declarative EIRS. To measure the participants’ declarative EIRS,
they were asked to indicate how they would proceed when analyzing
problematic classroom situations by describing in an open-ended
format how they would implement the individual steps in detail. Two
coders, who were blind to condition, were trained to code the
participants’ answers. The answers were coded with respect to whether
they included the operations that define the EIRS (i.e., problem
description, problem explanation, goal setting, setting options for
action). To calculate inter-rater reliability, 10 % of the sample were
double-coded by the two independent coders, with satisfactory inter-
rater reliability (Cohen’s k>0.80). Students were able to reach a
maximum of five points for the definition of the four EIRS steps (two
of the four EIRS steps, i.e., problem explanation and goal setting, also
include an appropriate reference to evidence, for which 0,5 points each
were awarded; cf. Table 3).

Near transfer problem-solving performance. Near transfer problem-
solving performance was measured by an analysis of the participants’
written analyses of a case vignette that described a problem similar to
the training scenario in 200 words. Essentially, the problem was that a
student is dissatisfied with the grade in the test and while rethinking the
main reasons for the grade (i.e., lack of talent), he finally concludes that
future learning would be a waste of time. The students were asked to
analyze the situation along the EIRS with the aid of educational
evidence, while the summary of corresponding educational theories and
empirical findings was not provided anymore. Since there is more than
one possible “correct” option to handle a complex problem situation, the
answers were coded with respect to whether the participants had
appropriately applied the operations that define the EIRS (i.e., problem
description, problem explanation, goal setting, setting options for action).
In other words, two coders assessed how the students reflected on the
problem and whether it was done in a systematic, coherent, and
evidence-informed manner, based on the operations of the EIRS taught
in the training, or not. The right column of Table 3 presents a coding
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TABLE 2 Exemplary illustration of the different forms of instruction for the step goal setting (translated and abbreviated).

Condition

Instruction on functional procedures

Example-free

Concluding from the
previous analysis and
based on the evidence
(theories and findings)
you received, you need to
derive student-related
consequences, ie., target
states. In other words,

you need to consider what
alternative state should

be targeted for the
situation by starting at the
adjusting screws of the
previously identified
negative cause-effect
relations, so that positive
cause-effect relations are
established. Thereby,
theoretical terms/evidence

must be assigned

Example-based

[Text of respective example-
free instruction, cf. left
column.] In line with
Weiner’s (1986) attribution
theory and Pekrun’s (2006)
control-value theory, Mr.
Schuster must ensure that
Sarah develops an internally
variable attribution pattern
and a higher control
appraisal. Sarah further
needs to realize that she can
improve through focused
learning (learning goal
orientation; Wigfield et al.,
2016). In order to do so,
however, she needs to feel a
sense of control so that she
does not become frustrated.

Moreover, Sarah should

Without

Example-free

Typical errors of other
students: (1) Immediately
after the analysis, concrete
options for teacher action
are already formulated
without deriving student-
related target states that
should be achieved from
the perspective of the
theory or empirical
findings. (2) The derived
target state does not fit the
previously explained

cause-effect relation.

10.3389/feduc.2023.1001523

Instruction on dysfunctional procedures

Example-based

[Text of respective
example-free instruction,
cf. left column.] (1) The
teacher might encourage
Sarah that she can get a
better grade next time and
give her individual
exercises to do at home. (2)
In order for Sarah to stop
being frustrated, her

grades need to improve.

appropriately. view poor grades less as a
failure and more as an
opportunity to close the
identified gaps.
F0 X X
F D~ X X
F-D* X X
F 0 X X
F'D- X *
F*D* X X

example for the near transfer problem-solving performance. The coders,
who were again blind to condition, reached satisfactory inter-rater
reliability in 10 % of the sample (Cohen’s k> 0.80). Participants were able
to score up to five points for correctly applying each operation of the
EIRS to the problem situation.

Far transfer problem-solving performance. A second scenario
measuring far transfer presented a completely novel situation, which
had to be analyzed along the EIRS with the help of a summary of
corresponding theories and empirical findings that was different from
the training (self-determination theory; Ryan and Deci, 2000). In the
120-words-scenario, a science teacher fails to motivate his students to
actively participate in his lesson. Two coders (blind to condition)
estimated with satisfactory inter-rater reliability (in 10 % of the
sample; Cohen’s k>0.80) whether the four reasoning steps were
correctly implemented or not. As with the near transfer problem-
solving performance, participants could receive a maximum of five
points (cf. Table 3).

To measure the participants’ error awareness as a process variable
in the instruction phase, we asked the participants to compare their
own solution to the provided instruction, and to state what they did
differently or what similarly when they were working on the problem.
Two independent coders rated whether the participants had assessed
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their approach correctly, i.e., whether the students identified their
functional (i.e., rather correct) and dysfunctional (i.e., rather
incorrect) solution steps in terms of the EIRS (max. 5 points; cf.
Table 3). Again, 10 % of the sample were double-coded. Inter-rater
reliability was satisfying (Cohen’s k> 0.80).

2.4.2. Control measures

Prior problem-solving performance. To capture the participants’
prior problem-solving performance, the pre-test presented a
200-words-scenario, which resembled the scenario measuring near
transfer problem-solving performance. Participants were asked to
analyze the scenario using educational theories and/or empirical
findings, if possible, but they were not given a summary of
corresponding evidence at this point. As with the post-test, learners
could score up to max. 5 points (cf. Table 3). Ten percent of the sample
were double-coded with satisfactory inter-rater reliability (Cohen’s
k>0.80). Reliability was sufficient (Cronbach’s a=0.70).

Beliefs regarding the usefulness of educational evidence. In addition,
participants had to rate five items measuring their beliefs regarding
the usefulness of educational evidence (adapted from Wagner et al.,
2016; e.g., “Educational knowledge is helpful to make good teaching
decisions”; 1 =not at all true, 5=very much true; Cronbach’s a=0.78).
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TABLE 3 Coding scheme and coding example (translated).

Max.
Points

EIRS operations

(declarative EIRS)

Coding example for the application of the EIRS
operations

10.3389/feduc.2023.1001523

Coding
(Points)

(near transfer problem-solving performance)

(1) Problem description: 1

The core of the problem must be described.

The core of the problem is the lack of motivation to deal with the learning 1

content. The student perceives help as annoying and rejects it.

(2) Problem explanation: 1
a) A correct model of cause-and effect relations of the

problem situation must be formulated. ..

According to Weiner and Pekrun, the student attributes his failures internally 1
and stably, i.e., he attributes his failures to a lack of talent. Consequently,

he does not see any sense in trying harder and dealing intensively with the

a) Student-related target states must be derived
immediately logical from the result in cause-and-

effect relations of the problem...

b) ...and theoretical terms/evidence must be assigned 0,5 contents, because he sees himself as not gifted. In the course of this, 0,5
appropriately. resignation sets in and the help of others is rejected. Here possibly a work
avoidance goal orientation (goal orientation theory) threatens, in order to
escape the shame that the student feels. The student does not see the everyday
relevance of the topic, which affects additionally negatively his motivation.
(3) Goal setting: 1 In line with the provided evidence on the benefits of reattribution, 1

reattribution should take place on the part of the student in order to improve
his self-concept. He should learn that through stronger effort, he will achieve

better grades (attribution: internal and variable). The goal orientation should

Concrete options for action must be directly derived

from the target states.

b) ...and theoretical terms/evidence must be assigned 0,5 also change, towards a learning goal orientation. 0,5
appropriately.
(4) Setting options for action: 1 The teacher could conduct partner dictations, which are corrected by the 0,5

partner. In this way, the students give a positive value to the task and have a
high level of control, since they can control each other’s tasks. Consequently,

they might feel pleasure in solving the task.

2.5. Analytic strategy

As level of significance, a=0.05 was applied for all global tests of
significance. To answer Research Question 1, 2x3-factorial
multivariate analyses of variance (MANOVAs) with the experimental
factors form of instruction on functional procedures and form of
instruction on dysfunctional procedures were calculated for the three
interrelated learning success measures. To check effects on error
awareness (Research Question 2), 2x3-factorial analyses of variance
(ANOVAs) were computed. Planned contrast tests were performed
(Research Question 1 and 2) to examine the presumed differences
between the single conditions for significant main effects of the factor
form of instruction on dysfunctional procedures and for significant
interaction effects. If the ANOVA had revealed a significant main
effect of the form of instruction on dysfunctional procedures, six
contrasts tests were calculated that analyzed the postulated between-
group differences in dependence of the three individual factor levels
(i.e., without [0], example-free [D~] example-based [D*])." In case of
a significant interaction effect, the postulated superiority of the
combination of the example-based instruction on functional
procedures and the example-based instruction on dysfunctional
procedures was checked by comparing this condition with all other

1 Incase of a significant main effect of the form of instruction on dysfunctional
procedures, the following conditions were compared with each other: (1) F*
D*vs. F* D7, (2) F* D*vs. F* 0, (3) F* D~ vs. F* 0, (4) F- D* vs. F~ D=, (5), F~ D* vs.
F~0,(6) F D vs.F 0).
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conditions.” To account for potential alpha error inflation, the
Bonferroni-Holm correction was applied.

Hayes’ (2021) PROCESS macro for SPSS version 4.0 was used
to examine the postulated mediation effect of the form of
instruction on functional procedures on the near and far transfer
problem-solving performance, moderated by the different forms of
instruction on dysfunctional procedures (Research Question 3;
Figure 1). Two moderated serial mediation models were computed
with two mediators in a row (mediator 1: error awareness, mediator
2: declarative EIRS; Figure 1). The form of instruction on
dysfunctional procedures was conceptualized as moderator. As
dependent measure, the near transfer problem-solving performance
was used in Model 1, and the far transfer problem-solving
performance in Model 2. For mediation analyses, all mediating and
dependent variables were z-standardized. To test the significance of
10,000 bootstrapped
We interpreted the indirect effect size as significant if its

indirect effects, we used samples.

95%-confidence interval did not include zero.

3. Results
3.1. Preliminary analyses

There were no a-priori differences between the experimental
conditions regarding the control measures prior problem-solving

2 In case of a significant interaction effect, the condition F* D* was compared
to (1) F D, (2) F0, (3) F~ D, (4) F~ D*, (5) F~ 0.
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performance, F(5, 378)=0.99, p=0.424, and beliefs regarding the
usefulness of educational evidence, F(5, 378)=0.737, p=0.595 (for
means and standard deviations cf. Table 4).

3.2. Learning success (Research Question 1)

The means and standard deviations of the three learning success
measures (i.e., declarative EIRS, near transfer problem-solving
performance, far transfer problem-solving performance) for the six
experimental conditions are displayed in Table 4. Overall, it is
remarkable that all values were rather far away from the theoretical
maximum to be reached in the post-test. The correlations between the
three learning success measures (i.e., declarative EIRS, near transfer
problem-solving performance, far transfer problem-solving
performance) are presented in Table 5. The correlations were small to
moderate and positive (Table 5). The results of the MANOVAs, the
subsequent ANOVAs and the planned contrasts are reported below.
The results of the planned contrast tests for a significant main effect of
the form of instruction on dysfunctional procedures are presented in
Table 6, those for a significant interaction effect in Table 7.

The 2x3-factorial MANOVA, using the form of instruction on
functional procedures as well as the form of instruction on dysfunctional
procedures as between-subject factors, and the three learning success
measures as dependent measures revealed no significant interaction
effect, A=0.98, F(6, 752) =1.60, p=0.144. There was a significant main
effect with moderate effect size for the form of instruction on
functional procedures, A=0.93, F(3, 376) =9.22, p<0.001, npz =0.07.
There was also a significant main effect with small effect size for the
form of instruction on dysfunctional procedures, A=0.94, F(6,
752)=3.69, p<0.001, n,>=0.03.

Concerning the declarative EIRS, in line with the MANOVA, the
subsequent 2x3-factorial ANOVA showed no interaction effect, F(2,
378)=1.50, p=0.225. The results showed a small significant main
effect of the form of instruction on functional procedures, F(1,
378)=5.25, p=0.023, 1,>=0.014, indicating that participants working
with the example-based instruction reproduced more operations of
the EIRS than those participants working with the example-free
instruction (Table 4). Further, there was a small significant main effect
of the form of instruction on dysfunctional procedures, F(2,
378)=8.09, p<0.001, npz =0.041. The planned contrasts showed that
participants who were provided with any kind of instruction on
dysfunctional procedures (i.e., example-free or example-based)
outperformed those who were not, but these differences were only
significant in the conditions with the example-based instruction on
functional procedures (Tables 4, 6: Contrasts 2 and 3). For participants
who learned with the example-free instruction on functional
procedures the superiority of the two forms of instruction on
dysfunctional procedures could only be observed at a descriptive level
(Tables 4, 6: Contrasts 5 and 6). There were no significant differences
between the conditions with the example-based instruction on
dysfunctional procedures and the respective conditions with the
example-free instruction on dysfunctional procedures with regard to
influencing the acquisition of the EIRS (Table 6: Contrasts 1 and 4).

A similar picture emerged regarding the near transfer problem-
solving performance. Consistent with the MANOVA, the interaction
between both factors failed to reach significance, F(2, 378)=0.94,
Pp=0.392. There was a small significant main effect of the form of
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instruction on functional procedures, F(1, 378)=7.04, p=0.008,
n,°=0.018, indicating that the example-based instruction was superior
to the example-free instruction in terms of fostering learning success
(Table 4). Results further revealed a small significant main effect of the
form of instruction on dysfunctional procedures, F(2, 378)=6.51,
p=0.002, npz =0.033. Contrast tests showed that students who worked
with the example-free instruction on dysfunctional procedures
outperformed those students who worked without any instruction on
dysfunctional procedures, but only in the condition with the example-
based instruction on functional procedures (Tables 4, 6: Contrast 3).
Although the other calculated contrasts were not significant, it should
be noted that for the participants in the condition with the example-
free instruction on functional procedures, the latter finding could
be observed at a descriptive level (Tables 4, 6: Contrast 6). The
superiority of learning with the example-based instruction on
dysfunctional procedures over learning without any instruction on
dysfunctional procedures could be revealed only on a descriptive level,
for both the conditions with the example-free and example-based
instruction on functional procedures (Tables 4, 6: Contrasts 2 and 5).
Although the interaction effect of the MANOVA was not
significant, the ANOVA for the far transfer problem-solving
performance revealed a small significant interaction effect; it indicated
that the example-based instruction on functional procedures was only
superior, if it was combined with one of the instructions on
dysfunctional procedures, F(2, 378)=3.27, p=0.039, nPZ:O.017
(Figure 3; Table 4). The planned contrast tests revealed that
participants who learned with the example-based instruction on
functional procedures in combination with the example-based
instruction on dysfunctional procedures showed a better performance
than participants in all the other conditions (Tables 4, 7: Contrasts
2-5) - except for the condition that combined the example-based
instruction on functional procedures with an example-free instruction
on dysfunctional procedures; here, the result was on a descriptive level
(Table 7: Contrast 1). Since the interaction was ordinal, main effects
can be interpreted (Figure 3). The main effect of the form of
instruction on functional procedures was significant with moderate
effect size, F(1, 378)=24.54, p<0.001, npz =0.061. Participants who
received the example-based instruction showed a higher learning
success than those who received the example-free instruction
(Table 4). However, there was no significant main effect of the form of
instruction on dysfunctional procedures, F(2, 378)=1.06, p=0.347.

3.3. Error awareness (Research Question 2)

Regarding error awareness, neither the interaction effect, F(2,
378)=1.68, p=0.188, nor the main effect of the instruction on
functional procedures, F(1, 378)=2.07, p=0.151 reached the level of
statistical significance in the 2x3 ANOVA. Yet, there was a small
significant main effect of the form of instruction on dysfunctional
procedures, F(2, 378)=7.36, p<0.001, npz =0.038. The contrast tests
revealed that the participants who learned with the example-free
instruction on dysfunctional procedures as a supplement for the
example-based instruction on functional procedures had a higher
error awareness than those who received the example-based
instruction on dysfunctional procedures as a supplement (Tables 4, 6:
Contrast 1). All other contrasts (Table 6) did not reach statistical
significance. However, it should be noted, that on a descriptive level,
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TABLE 4 Means and standard deviations for all variables depending on the experimental condition.

Variable Condition

Example-based instruction on functional Example-free instruction on functional

procedures procedures
Example- Example-free Without Example- Example-free Without
based instruction on | instruction on based instruction on  instruction on
instruction on = dysfunctional = dysfunctional instruction on dysfunctional dysfunctional
dysfunctional procedures procedures dysfunctional procedures procedures
procedures procedures

(F* D*) (F* D) (F*0) (F D*) (F D) (F 0)

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Control variables
Prior problem- 1.30 (1.14) 1.63 (1.32) 1.60 (1.16) 1.53 (1.31) 1.72 (1.26) 1.41(1.21)
solving
performance
Beliefs regarding 3.74(0.58) 3.76 (0.61) 3.85 (0.54) 3.85 (0.65) 3.74(0.66) 3.89(0.57)
the usefulness of
educational
evidence
Learning success
Declarative EIRS 1.69 (1.14) 1.66 (1.19) 1.03 (0.93) 1.30 (1.12) 1.31(0.91) 1.05 (0.91)
Near transfer 2.33 (1.03) 2.55(0.97) 2.01(0.85) 2.10 (0.96) 2.16 (0.69) 1.91 (0.81)
problem-solving
performance
Far transfer 2.86 (1.02) 2.73 (1.10) 2.40 (1.00) 2.06 (0.96) 221(0.92) 2.23(0.92)
problem-solving
performance
Learning process
Error awareness 1.72 (0.60) 2.06 (0.50) 1.88 (0.48) 1.94 (0.55) 2.08 (0.54) 1.88 (0.51)

learning with the example-free instruction on dysfunctional
procedures turned out to be more helpful in terms of estimating the
own approach compared to learning without any instruction on
dysfunctional procedures, with both forms of instruction on
functional procedures (Tables 4, 6: Contrasts 3 and 6). The correlation
analyses revealed significant positive correlations between error
awareness and the three learning success variables with small to
moderate effect sizes (Table 5).

3.4. Serial mediation (Research Question 3)

Two moderated serial mediation analyses were computed to
examine to what extent the effect of the form of instruction on
functional procedures (i.e., example-free vs. example-based) on near
transfer problem-solving performance (Model 1) and far transfer
problem-solving performance (Model 2) was serially mediated by
error awareness as first stage mediator, and the declarative EIRS as
second stage mediator for all three forms of instruction on
dysfunctional procedures (Hypothesis 3; Figure 1). The indirect
pathways are displayed in Table 8.

The participants’ error awareness and declarative EIRS turned out
to mediate the effect of the form of instruction on functional
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procedures on the students’ near and far problem-solving performance
(Model 1 and 2). In both models, this indirect effect was only
significant for the conditions with the example-free instruction on
dysfunctional procedures and without any instruction on
dysfunctional procedures: when the instruction on functional
procedures was supplemented by an example-free instruction on
dysfunctional procedures or was not supplemented, the example-
based instruction on functional procedures increased the students’
error awareness. Consequently, the more the students were aware of
the correctness of their own approach, the more developed was their
declarative EIRS. The more developed the students’ declarative EIRS
was, the better they were able to solve near and far transfer problems.

It should be noted that the aforementioned effect of the form of
instruction on functional procedures on near transfer problem-
solving performance (Model 1) was completely mediated by error
awareness and the declarative EIRS, as the direct effect did not reach
the level of statistical significance (Table 8). The aforementioned effect
of the form of instruction on functional procedures on far transfer
problem-solving performance (Model 2) was also completely
mediated in the condition without any instruction on dysfunctional
procedures, and partially in the condition with the example-free
instruction on dysfunctional procedures, as the direct effect was
significant (Table 8).

frontiersin.org


https://doi.org/10.3389/feduc.2023.1001523
https://www.frontiersin.org/journals/education

Krause-Wichmann et al.

TABLE 5 Bivariate Pearson correlations of control and dependent variables.

10.3389/feduc.2023.1001523

1 2 3 4 ) ()
1 Prior problem-solving performance -
2 Beliefs regarding the usefulness of educational evidence 0.04 -
3 Declarative EIRS 0.07 0.13* -
4 | Near transfer problem-solving performance 0.12% 0.14%%* 0.40%%* -
5 Far transfer problem-solving performance —-0.08 0.10* 0.20%* 0.29%%* -
6 Error awareness 0.12% 0.15%%* 0.22%%* 0.34%%* 0.18** -

##p <0.01; *p <0.05 (two-tailed).

TABLE 6 Results of planned contrast tests for dependent variables with significant main effect of the form of instruction on dysfunctional procedures.

Contrast 1 2 3 4 5
Dependent

P F* D*vs. F* D~ F* D*vs. F* 0 F*D vs.F* 0 F D*vs.F D~ F D*vs.F 0
variable

P P P P P

Declarative EIRS 0.11° 0.455 3.58° <0.001 3.37° <0.001 —0.09° 0.465 1.39° 0.083 1.66° 0.050
Near transfer
problem-solving —1.25° 0.107 1.97° 0.026 3.40° <0.001 —0.40° 0.344 1.18*° 0.121 1.84° 0.034°
performance
Error awareness —-3.65 <0.001 —-1.70 0.045° 1.95 0.026 —-1.49 0.068 0.62 0.267 2.12 0.017°

p one-tailed. Adjusted level of significance by Bonferroni-Holm correction. Significant results are printed in bold letters.

*Corrected degrees of freedom due to violating homoscedasticity.
"Not significant due to Bonferroni-Holm correction.

Regarding the example-based instruction on dysfunctional
procedures, none of the indirect paths reached statistical significance
- neither in Model 1 nor in Model 2. Only the direct path from the
form of instruction on functional procedures to far transfer problem-
solving performance (Model 2) turned out to be significant (Table 8).
The example-based instruction on functional procedures yielded
better problem-solving performance without increasing error
awareness and the declarative EIRS as long as an example-based
instruction on dysfunctional procedures was also present.

4. Discussion

The aim of the present study was to examine the effects of a PS-I-
based learning environment on pre-service teachers’ ability to deal
with problem situations in the classroom. The study focused on the
effects of different forms of instruction after problem-solving in the
domain of teacher education, with the aim of fostering a systematic,
coherent, and evidence-informed reasoning approach. The study
addressed evidence-informed reasoning not only from a perspective
focusing on the use of scientific knowledge in practical situations, but
especially from a perspective focusing on the cognitive processes of
evidence-informed reasoning (Kiemer and Kollar, 2018; Csanadi et al.,
2021). The internal validity of the study can be regarded as secured, as
the six experimental conditions did not differ significantly with
respect to possible confounding variables.

Regarding the students’ learning success, the study focused on
both basic declarative knowledge dimensions (i.e., declarative EIRS)
and more complex procedural knowledge dimensions (i.e., near and
far transfer problem-solving performance). Hypothesis 1 was partly
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confirmed. As expected, the acquisition of the declarative EIRS as well
as its application in the near and far transfer was supported by the
example-based instruction on functional procedures. The findings
suggest that comparing one’s own solution approach with a specific
exemplification of how to deal with a problem following the EIRS in
a functional way contributes to the memorization of the script and
helps to deal with problem situations in a more systematic, coherent,
and evidence-informed way. The specific exemplification of the EIRS
seems to promote pre-service teachers’ ability to apply the EIRS not
only to familiar, but even to new, unfamiliar situations. The results
contribute to the extensive literature pointing to the benefits of
example-based learning, and especially of worked examples (e.g.,
Renkl, 2017; van Gog and Rummel, 2018; Mayer, 2020).

However, the postulated superiority of providing an example-
based instruction on dysfunctional procedures over providing an
example-free instruction in terms of fostering pre-service teachers’
learning success could not be confirmed. Regarding the development
of a declarative EIRS and its application to a familiar problem situation
(i.e., near transfer problem-solving performance), it was important for
the students to learn with any kind of instruction on dysfunctional
procedures. The analysis of typical dysfunctional procedures obviously
helps students to internalize the EIRS and to apply it to a situation that
is comparable to the training situation - regardless the specific form
of instruction. The specific form of instruction on dysfunctional
procedures does not seem to be relevant for the internalization of the
EIRS, but particularly the fact that dysfunctional strategies of solving
a problem situation are presented at all. Apparently, underlining
typical dysfunctional solution approaches of other pre-service teachers
leads attention to the principles to be learned (Grofe and Renkl, 2007;
Oser et al., 2012). Surprisingly, when it came to applying the EIRS to
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TABLE 7 Results of contrast tests for dependent variables with significant interaction effects.

Contrast 1 2

Dependent

F* D* vs. F* D~ F*D*vs. F* 0

variable

Far transfer problem- 0.74 0.230 2.67 0.004

solving performance

F* D*vs. F- D*

4.59

K 4 )

F* D*vs. F- D~ F*D*vs.F 0

p
<0.001

p one-tailed. Adjusted level of significance by Bonferroni-Holm correction. Significant results are printed in bold letters.

—a—cxample-free
instruction on
functional procedures

without instruction on
dysfunctional procedures

FIGURE 3
Interaction plot regarding the far transfer problem-solving performance.
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a novel, unfamiliar problem situation (i.e., far transfer problem-
solving performance), instructing students on typical dysfunctional
procedures did not directly foster their ability to solve the problem,
but the specific combination of any kind of instruction on
dysfunctional procedures with the example-based instruction on
functional procedures did. The exemplification of a functional
approach seems to play out its potential when it is complemented by
typical dysfunctional approaches.

Error-based learning approaches are often criticized for the risk
of learners internalizing dysfunctional procedures (Metcalfe, 2017).
This critique cannot be supported by the findings of the present study.
The contrary is true: the presentation of dysfunctional approaches
seems to be crucial to promote pre-service teachers’ problem-solving
performance. Looking at the present findings on the benefits of
instructions on dysfunctional procedures as a whole, acquiring
knowledge about what not to do in principle when dealing with
problem situations (i.e., negative knowledge; Oser et al., 2012) seems
to help learners to apply the EIRS to other situations. It even seems
necessary to provide both a specific illustration of a “good practice”
approach and at least a description or illustration of a dysfunctional
approach in the instruction phase of PS-I to enable the transfer of the
EIRS to unfamiliar situations. In sum, the benefits of error-based
learning (e.g., Grof3e and Renkl, 2007; Loibl and Leuders, 2018, 2019)
can be replicated by the present study.

The expectations set under Hypothesis 2 regarding error awareness
was also partially confirmed. Surprisingly, although the ANOVA
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results indicated that the form of instruction on functional procedures
(i.e., example-free vs. example-based) had no impact on the quality of
the student’s assessments of their own approach, it must be noted that
the mediation analyses hinted at this factor to be decisive for error
awareness (Hypothesis 3). Considering the mediation results, it can
be cautiously stated that pre-service teachers especially seem to benefit
from instruction containing a specific illustration of a functional
approach, in order to assess the correctness of their own approach.

Both the correlation analyses and the mediation analyses indicated
that error awareness seems to be decisive for learning (Hypothesis 3),
which is in line with the considerations on the key mechanisms of PS-I
(Loibl et al., 2017; Nachtigall et al., 2020): Comparing one’s own
approach with an exemplification of a functional approach helps
learners to become aware of their own errors, which then helps to
further develop a mental schema of how to solve problems in
principle. When dealing with problem situations, it seems important
for pre-service teachers to have internalized the principle and
operations behind the EIRS at a declarative level (Fischer et al., 2013),
which in turn is promoted by comparing one’s own approach with
approaches of others. Therefore, the findings highlight the importance
of estimating one’s own approach in instruction after problem-solving
for learning and correspond with findings on the benefits of
comparisons for learning and transfer in general (e.g., Durkin and
Rittle-Johnson, 2012; Loibl and Leuders, 2018, 2019).

However, the mechanism described above seems to apply particularly
to instruction on functional procedures that is not supplemented by any
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TABLE 8 Conditional direct and indirect effects for the moderated serial mediation models regarding near and far transfer problem-solving
performance.

Model 1: Near transfer problem-solving

Model 2: Far transfer problem-solving

performance performance
Without Example-free Example-based Without Example-free Example-based
instruction on  instruction on instruction on instruction on  instruction on instruction on
dysfunctional  dysfunctional dysfunctional dysfunctional = dysfunctional dysfunctional
procedures procedures procedures procedures procedures procedures
B Cl B Cl B Cl B Cl B Cl B Cl
[LL; [LL; [LL; [LL; [LL; [LL;
UL] ULI UL] UL] UL] UL]
pv-ov —0.038 | [-0.264; 0257 | [—0.046; 0.118 [-0.244; 0112 [-0.216; | 0.410%  [0.057; 0.720% [0.387;
0.339] 0.559] 0.479] 0.439] 0.764] 1.053]
pv-ml-ov  0.068*  [0.010;  0.064*  [0.009; 0.014 [-0.027; = 0.059 | [-0.006;  0.055  [-0.006; 0.012 [-0.025;
0.144] 0.135] 0.064] 0.151] 0.146] 0.062]
pv-m2-ov | —0.035 | [-0.148 & —0.087 | [-0.033; 0.122 [-0.003; = —0.014 | [-0.066;  0.035 | [-0.013; 0.049 [~0.003;
0.071] 0.229] 0.262] 0.033] —0.104] 0.125]
pv-ml- 0.030* | [0.007;  0.028*  [0.005; 0.006 [-0.012; = 0.012* | [0.002; | 0.011* | [0.001; 0.002 [~0.005;
m2-ov 0.063] 0.063] 0.027] 0.028] 0.028] 0.013]

pv=predictor variable (factor: form of instruction on functional procedures); m1 =error awareness; m2 = declarative EIRS; ov=outcome variable (problem-solving performance). Mediating
and dependent variables were z-standardized. Significance of regression coefficients (B) was interpreted referring to 95% confidence intervals (CI) not including zero. Significant results are

printed in bold letters. *Significant result.

instructions on dysfunctional procedures or complemented only by
example-free instructions on dysfunctional procedures. If there are no
specific examples of typical dysfunctional procedures presented, it is
important to have recognized one’s own dysfunctional procedures, to
build knowledge on how to solve and how not to solve problem situations
in principle (i.e., negative knowledge; Oser et al., 2012). In contrast, when
instruction on functional procedures is combined with a specific
exemplification of dysfunctional procedures for a given problem, this
knowledge seems to be acquired without the need to having recognized
one’s own errors before. This finding underlines the benefits of erroneous
examples for learning success (e.g., Grofie and Renkl, 2007; Durkin and
Rittle-Johnson, 2012; Barbieri and Booth, 2020). However, when it comes
to estimating one’s own approach, it might be more beneficial if the
specific exemplifications of dysfunctional procedures match exactly with
the dysfunctional procedures applied by the learners themselves (Loibl
and Leuders, 2019); non-matching exemplifications might rather distract
learners from recognizing own errors, which does not necessarily interfere
with learning from the example itself.

4.1. Limitations and future directions

The present study is not without limitations. Concerning the
methodology of the study, the sample size was too small to apply more
refined statistical procedures such as structural equation modeling.
The regression-based approach applied in the present study did not
account for potential variable reciprocity or autoregressive effects.
Since the study was considered as a short-term intervention, no claims
can be made about long-term effects.

It is striking that even though all groups seem to have benefited
from the PS-I approach, learning success was clearly below
expectations; the mean values of the learning success variables proved
to be far from the achievable maximum. The entire procedure, with
the exception of the pre-test, was completed in one session to avoid
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sample failures, forgetting effects and between-group communication.
However, working on three scenarios in one session was perhaps too
strenuous for some of the participants, which might have influenced
their learning success negatively. The internalization of an EIRS might
require more time and practice (Anderson, 1996). However, the
collected log data does not provide any information about time-on-
task and whether work was done on the tasks during the time the
computer window was open or not. It should be noted that the benefits
of the PS-T approach have been mainly shown for conceptual learning
and transfer, but less for learning complex problem-solving skills and
procedural knowledge facets (Loibl et al., 2017; Sinha and Kapur,
2019, 2021b). Since, in contrast to many other PS-I studies, the
approach was not compared with another approach, such as direct
instruction or instruction prior to problem-solving (Loibl et al., 2017;
Sinha and Kapur, 2019, 2021b; Nachtigall et al., 2020), no conclusion
can be drawn as to whether another approach would have been more
appropriate to promote the acquisition and transfer of an EIRS.
Furthermore, the PS-I approach was not implemented in a
“traditional” way (e.g., traditional productive failure; e.g., Kapur, 2012,
2014). In contrast to the fidelity criteria formulated by Sinha and
Kapur (2021b) for PS-I and productive failure in particular, the
students in the present study worked individually and online and had
no social surround that might have influenced their learning process
- partly for COVID-19-pandemic reasons and partly for testing
reasons. Thus, students were neither able to work collaboratively nor
were they advised and supported by a teacher during the instruction
phase. An opportunity to work in groups and a social surround
facilitation in both PS-I phases might have fostered the identification,
elaboration, and organization of the critical features of the EIRS (Sinha
and Kapur, 2021b). One further difference from traditional PS-I
studies is that in the problem-solving phase of the present study the
students did not generate totally intuitive solution ideas to the given
problem (e.g., Kapur and Bielaczyc, 2012). They were provided with
educational evidence and external guidance to use the steps of

frontiersin.org


https://doi.org/10.3389/feduc.2023.1001523
https://www.frontiersin.org/journals/education

Krause-Wichmann et al.

evidence-informed reasoning, in order to reduce complexity.
Therefore, the crucial mechanism of activating prior knowledge may
have been mitigated in the training. However, the pre-test might have
been more comparable to the traditional kind of problem-solving
phase of the PS-I approach, which leads to another limitation of the
study: the students might have also reflected on their procedure in the
pre-test (on the influence of the presence and nature of pre-testing in
PS-I see Sinha and Kapur, 2021b). But it should be noted that the
pre-test was administered in a separate session 2weeks before the
training and that the problem scenario used in the pre-test was
different from the problem scenario used in the intervention.

Another methodological limitation is that negative knowledge
was not explicitly assessed. As one key goal of the present error-based
approach is to make students aware of how not to do something, it
would have been enlightening if statements could have been made
about whether the students also remembered typical dysfunctional
procedures or not (Loibl and Leuders, 2018).

Further, in previous PS-I studies, error awareness was usually
measured at a subjective level using questionnaire items (e.g., Loibl
and Rummel, 2014b; Glogger-Frey et al,, 2015). In the present study,
error awareness was operationalized by an objective measure to
account for self-report biases (i.e., the task of comparing one’s own
solution to the given instruction). The instrument was conceptualized
as a genuine part of the instruction phase of the implemented learning
approach. Therefore, we are only able to draw conclusions about a
rather specific form of error awareness that arises from the form of
instruction depending on the experimental condition; no conclusions
can be drawn about a rather global awareness of knowledge gaps that
might have been triggered by cognitive processes in the problem-
solving phase, without clarity about which specific component of the
EIRS was lacking (Loibl and Rummel, 2014b). Since the written
comparisons were at a rather superficial, principled level, it was not
possible to analyze which specific errors the students became aware
of. We cannot draw any inferences on the students’ reflection quality,
and whether they have really reflected on the rationale behind their
dysfunctional procedures (Heemsoth and Heinze, 2016). Future
studies should incorporate measures that allow precise conclusions on
both global and specific awareness of knowledge gaps as well as the
quality of reflections, in order to understand the key mechanisms of
learning from instruction on functional and dysfunctional procedures
after problem-solving.

The external validity might be another limitation of the present
study. As the participants were already further advanced in their
teacher studies, it is unclear whether novices would benefit in a similar
way from both the treated topic and the learning approach or not (e.g.,
Kalyuga et al., 2001). In general, it needs to be clarified how much
prior knowledge is needed to learn effectively from the PS-I approach
incorporating typical dysfunctional procedures, and if rather adaptive
forms of feedback are more efficient.

In addition to that, when there is a problem situation that a
teacher needs to react immediately (such as a classroom disruption),
the teacher has no time to work through the problem based on the
EIRS. In time-pressured situations, teachers cannot search for
appropriate evidence and reflect on the problem systematically (Renkl,
2022; Leuders et al., in press). Systematic, coherent, and evidence-
informed reasoning based on the EIRS is more suitable for reflecting
retrospectively on problem situations after teaching, and for making
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considerations for further lessons in a scientific way. However, as the
EIRS could become automated with time and experience, it might
serve as heuristic to make short-term decisions in the classroom (such
as giving immediate feedback in terms of Weiner’s (1986) attribution
theory). If teachers acquire additionally a “toolbox” (Renkl, 2022) of
theories and empirical findings with time, they can solve problems in
an evidence-informed manner, even if the time is limited.

A further limitation results from the fact that the summary of
educational theories and findings that was provided in the training
(and in the post-test) was precisely aligned with the problems
described in the written case vignettes. In pedagogical practice,
teachers are confronted with a multitude of information that they can
apply in problematic situations. Therefore, ecological validity may
be limited to that end, too. Future studies should consider addressing
ecologically more valid problem-solving tasks (e.g., by means of
authentic classroom videos) and providing multiple resources of
information, containing for example also irrelevant, less suitable, and/
or contradicting information.

In this context, it must be noted that the setting of the present
study - at least implicitly - suggests that reasoning processes in which
teachers apply educational knowledge are of higher quality than
reasoning processes that are based on experiential knowledge. This
position can be criticized as being too distant from practice (Wilkes
and Stark, 2022). Preliminary confirmation of this critique can
be found in empirical findings by Gegenfurtner et al. (2020) indicating
that in-service teachers and school principals not only use evidence-
based bodies of knowledge in their reasoning, but also episodic that is
experience-based knowledge. Overall, research should broaden the
theoretical perspective on evidence-informed reasoning in a way that
is in line with assumptions on the development of (adaptive) expertise
(Tsui, 2009; Bohle Carbonell et al., 2014) and focuses on the reflexive
integration of both evidence-based and experience-based information.

4.2. Conclusion

The findings of the present study have strong implications not
only for future research, but especially for teacher education practice,
as they provide valuable indications for the design of learning
environments that target the evidence-informed reasoning skills of
pre-service teachers. Against the background of the calls for evidence-
informed teaching practice, the study reveals that case-based learning
approaches can support pre-service teachers in developing
competences that might help in dealing with future problem situations
in a systematic, coherent, and evidence-informed way. Although the
present implementation of the PS-I approach differs from “traditional”
PS-I studies conducted in STEM domains, it can be cautiously stated
that the present case- and error-based approach with the sequence
instruction after problem-solving works in the rather unstructured
domain of teacher education - especially when examples of functional
and dysfunctional procedures are included. In this context, the script
perspective as outlined by Fischer et al. (2013), as well as Kiemer and
Kollar (2018), has proven to be beneficial. The internalization of the
EIRS and its transfer seem to particularly require concretization by
illustrating how to proceed and how not to proceed when being
confronted with various problem situations in the classroom.
However, further research on the mechanisms of why and when
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instruction on typical dysfunctional procedures works is needed.
Motivational and attitudinal conditions should also be considered.

Opverall, the findings underline the relevance of supporting future
teachers in reflecting on problem situations by implementing learning
opportunities in teacher education that not only focus on the
acquisition of scientific knowledge (e.g., pedagogical-psychological
theories and empirical findings), but also incorporate scaffolds for
developing systematic evidence-informed problem-solving schemata.
Future research should investigate how such problem-solving
schemata can be further developed and consolidated, in order to
be applied in everyday practice. Thus, research should also focus on
the transition from learning with fictitious cases to learning with real-
world situations in practice.
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