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Abstract

Peer-feedback can be an effective way to improve pre-service teachers’ evidence-informed
reasoning skills (=EIR skills). However, because learners often struggle to provide high-
quality feedback or to make sense of the feedback they receive, they need scaffolding. In
this study, N=254 pre-service teachers analyzed an authentic classroom case from the per-
spective of two educational theories and related evidence, provided feedback to two peers,
and processed two feedback messages they received to revise their initial case analyses. In
a 2 x 2 factorial between-subjects design, we investigate the effects of a feedback provision
scaffold and a feedback integration scaffold, and their interaction on pre-service teachers’
feedback quality, their evidence-informed reasoning recognition skills (=EIR recognition
skills), and their evidence-informed reasoning application skills (=EIR application skills).
The results show that feedback quality was significantly improved by the feedback provi-
sion scaffold. For EIR recognition skills, we found a negative interaction effect of the two
scaffolds, indicating that they should rather be presented alone instead of in combination
with each other. For EIR application skills, we found no significant effects of the two scaf-
folds. Thus, the study shows that providing low threshold prompts and sample illustrations
of good feedback already is sufficient to raise feedback quality greatly. However, more
research is needed on how to optimally combine these two scaffolds.

Keywords Peer-feedback - Scaffolding - Evidence-informed reasoning - Higher
education - Pre-service teachers

P4 Julia Hornstein
julia.hornstein@uni-a.de

Martin Greisel
martin.greisel@uni-a.de

Ingo Kollar
ingo.kollar@uni-a.de

Department of Educational Psychology, Augsburg, GermanyUniversitétsstra3e 10, 86159

@ Springer


http://orcid.org/0009-0002-9173-5776
http://orcid.org/0000-0002-9586-5714
http://orcid.org/0000-0001-9257-5028
https://doi.org/10.1007/s11251-025-09745-4
http://crossmark.crossref.org/dialog/?doi=10.1007/s11251-025-09745-4&domain=pdf&date_stamp=2025-9-1

1430 J. Hornstein et al.

Background and Aims of the Study

Peer-feedback is an effective way of supporting student learning (e.g., Double et al., 2020),
particularly in written tasks (e.g., Huisman et al., 2019). In pre-service teacher education, such
written tasks may involve pre-service teachers analyzing classroom situations. We assume that
peer-feedback should also be effective to support pre-service teachers in this process, and more
specifically in written evidence-informed reasoning about such situations (e.g., Gorard, 2020).
Yet, research on this issue is scarce. In theory, evidence-informed reasoning skills (=EIR skills)
are required to analyze classroom situations in accordance with educational evidence instead of
based on gut feeling, conventional wisdom, or experiential knowledge. These should be devel-
oped during pre-service teacher education (e.g., Voss, 2022). Yet, studies have revealed that
pre-service teachers often struggle with evidence-informed reasoning when being confronted
with authentic teaching situations (e.g., Rousseau & Gunia, 2016). First, they often refer to non-
scientific knowledge, even when they are given access to scientific information (Menz et al.,
2021). Second, their reasoning seldom reflects a systematic, hypothesis-driven process (Csanadi
etal., 2021).

One possible way to support pre-service teachers’ in their evidence-informed reasoning about
classroom situations might be through peer-feedback (e.g., Panadero & Algassab, 2019): By pro-
viding feedback on their peers’ analyses of authentic teaching situations, and by implementing
the feedback they receive from their peers in their own analyses, pre-service teachers can be sup-
ported in constructing knowledge about educational theories and how to apply them to educa-
tional practice (e.g., Chi & Wylie, 2014; Double et al., 2020; Ion et al., 2018). However, studies
show that peer-feedback does not always work well: On the one hand, learners generally often
have difficulty formulating high-quality feedback messages (e.g., Alemdag & Yildirim, 2022).
On the other hand, once they have received feedback from their peers, learners often struggle
to implement the feedback they receive from their peers in their revision, especially when they
receive feedback from more than one peer. When receiving feedback from multiple peers, they
first need to integrate these messages with each other, especially when these messages differ in
their evaluations and suggested solutions (e.g., List & Alexander, 2019). Only after integration,
learners can readily implement multiple feedback messages to revise their initial case analyses
(e.g., Carless & Boud, 2018; Wichmann et al., 2018). Thus, learners and therefore also pre-
service teachers need scaffolding on both how to provide high-quality feedback messages and
how to integrate multiple feedback messages with each other to implement this feedback in their
own task solutions (e.g., Gielen & De Wever, 2015; Hornstein et al., 2025). The present study
therefore investigates the effects of a feedback provision scaffold (i.e., guidance on how to pro-
vide high-quality feedback messages to their peers’ analyses of an authentic classroom case), as
well as a feedback integration scaffold (i.e., guidance on how to integrate feedback they receive
from multiple peers) on (a) the quality of the feedback messages pre-service teachers provide to
their peers’ analyses of authentic classroom cases, as well as their acquisition of (b) evidence-
informed reasoning recognition skills (=EIR recognition skills), and of (c) evidence-informed
reasoning application skills (=EIR application skills).

Evidence-Informed Reasoning Skills of Pre-Service Teachers
Every day, teachers face a range of situations in their classrooms that require thoughtful and

goal-directed action (e.g., Slavin, 2020). Fortunately, educational research offers abundant evi-
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dence teachers can draw on to solve many of these situations. The process of applying related
knowledge has been termed “evidence-informed reasoning” (e.g., Kollar et al., 2023). In this
study, we focus primarily on problematic teaching situations that may—if teachers do not handle
them well—result in severe consequences for their pupils (e.g., not understanding important
learning material, collecting demotivating experiences of failure, etc.). When using the term
“evidence-informed reasoning”, we follow a rather broad concept of “educational evidence”
which includes both educational theories and empirical evidence, as theories are typically tested
and iteratively refined through empirical evidence (at least in psychologically oriented research;
see Kollar et al., 2023). Together with others (e.g., Gorard, 2020; Konig et al., 2020), we argue
that orienting one’s own teaching actions on available theoretical and empirical evidence from
educational research has a strong potential to cope with teaching situations in an effective and
professional way (e.g., Shavelson, 2020).

Based on research on teachers’ professional vision (e.g., Gegenfurtner et al., 2020; Seidel &
Stiirmer, 2014), Greisel et al. (2022) suggested a normative model of EIR skills: According to
them, optimal evidence-informed reasoning about classroom situations includes five steps: First,
teachers need to identify a problem that requires further attention (problem identification). In
the second step, the teacher describes what exactly the problem in the current situation is (prob-
lem description). This description paves the way for the third step, in which the teacher ideally
explains the problem in a systematic way, that is, they reconstruct the situation by describing
causal relationships under consideration of scientific evidence from educational research (prob-
lem explanation). In the fourth step, the teacher formulates a desired goal state (goal setting), and
in the last step, they decide which particular action is likely to reach that goal (select actions).

Clearly, pre-service teachers do not acquire these EIR skills automatically (e.g., Ferguson &
Bréten, 2022; Wilkes & Stark, 2023). For example, Csanadi et al. (2021) showed that pre-service
teachers rarely form hypotheses on what causes the problems they encounter in authentic class-
room cases (“problem explanation” in Greisel et al., 2022). Instead, they often generate solutions
for the problems without a systematic reasoning process. To avoid such problems, we argue
that pre-service teacher educators should design learning opportunities that take skill acquisition
theories and related empirical evidence into account (e.g., Anderson & Lebiere, 1998; Wecker
& Fischer, 2014).

According to this research, skills develop in a sequence of three phases: At first, pre-service
teachers need to acquire declarative knowledge about the to-be-learnt skill. This knowledge
should help them reproduce what is important during evidence-informed reasoning about teach-
ing situations and identify instances in which they or (pre- or in-service) teachers they observe
apply the skill appropriately (=EIR recognition skills). After that, this declarative knowledge
needs to be converted into procedural knowledge (=EIR application skills). For this, practic-
ing is important (Wecker & Fischer, 2014). Finally, the proceduralized knowledge is fine-tuned
through its extensive application in practice situations. Since this third step extends way beyond
pre-service teacher education, we only focus on the first two phases in this article.

These considerations bear three consequences for pre-service teacher education: First, pre-
service teachers should initially be explicitly taught about the steps of evidence-informed rea-
soning, for example based on the normative model suggested by Greisel et al. (2022). Second,
they should receive opportunities to practice the application of evidence-informed reasoning. For
this, having them analyze authentic classroom cases bears particular potential (e.g., Helleve et
al., 2023). Third, since applying a newly acquired skill to authentic classroom cases typically is
difficult (e.g., Bjorklund et al., 1997), pre-service teachers require additional scaffolding during
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this proceduralization phase. As indicated above, one way to provide such scaffolding might be
to have pre-service teachers provide feedback on each other’s case analyses and to integrate that
feedback into their analyses (peer-feedback; e.g., Panadero & Algassab, 2019). Thus, the follow-
ing section explores the potential benefits of peer-feedback for learning.

Benefits of Peer-Feedback to Support Reasoning and Learning

Feedback is one of the most powerful ways to enhance student learning (e.g., Hattie, 2009). It
refers to “all post-response information that is provided to a learner to inform the learner about
his or her actual state of learning or performance” (Narciss, 2008, p.127), with the aim to close
the gap between what was understood and what should have been understood. Peer-feedback, as
a specific form of feedback, is a reciprocal process in which learners evaluate each other’s per-
formance (e.g., Baker, 2016; Hattie & Timperley, 2007). It has been shown to be very effective
to support reasoning and learning (e.g., Li et al., 2020). According to Bauer et al. (2023), setting
up a peer-feedback process includes five steps: First, during the design phase, the teacher devel-
ops a peer-feedback scenario, which specifies the task and determines which learners provide
feedback to whom. In the context of evidence-informed reasoning, a task might be to analyze
an authentic classroom case that describes a problematic teaching situation. Second, the learners
complete the task (like analyzing a classroom case) during the so-called task performance phase.
Third, during the feedback provision phase, they evaluate the quality of their peers’ initial task
performance (e.g., their initial case analysis). Fourth, in the feedback reception phase, learners
process the feedback they received from their peers and revise their task solution (e.g., their case
analysis) based on the feedback they received. Fifth, in the evaluation phase, they evaluate the
peer-feedback process and the learning outcomes.

The potential of peer-feedback to support pre-service teachers’ evidence-informed reasoning
about authentic classroom cases lies in the active role that learners adopt during this process:
When providing feedback, learners first read their peers’ case analyses, which may provide them
with new ideas on how to approach the task and lead to compare them with their own analyses.
Also, evaluating their peers’ analyses involves evaluation processes, which represents a higher-
order cognitive process that includes applying criteria, diagnosing problems, and generating
solutions (e.g., Carless & Boud, 2018; van Popta et al., 2017). Furthermore, writing a feedback
message implies making one’s own knowledge explicit which requires learners to systematize
their knowledge to be able to produce a coherent text (e.g., Cho & Cho, 2011; Lundstrom &
Baker, 2009). Moreover, when peer-feedback is used to support evidence-informed reasoning,
learners practice reasoning based on educational evidence also while providing feedback, not
only while producing their initial case analysis (e.g., van Popta et al., 2017).

In turn, when receiving feedback, learners ideally learn about what they should have done,
how their solutions compare to these task fulfillment criteria, and how they can improve (e.g.,
Hattie & Timperley, 2007; Nicol et al., 2014). For this to be possible, learners need to actively
engage with the feedback they receive. In particular, they need to assess the extent to which the
feedback they receive is important and correct, and how they can revise their initial task solu-
tion on the basis of this feedback (e.g., Li & Grion, 2019; Strijbos et al., 2010). They do this by
comparing the feedback’s content with their own task solution, which can help them learn new
knowledge or broaden their current understanding (e.g., Nicol & McCallum, 2022).
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Finally, the revision phase requires that learners not only read the feedback they received,
but also engage with, elaborate on, and act on the feedback (Carless & Boud, 2018), which
should foster deep learning (e.g., Nicol & McCallum, 2022; Nicol et al., 2014).

Two recent meta-analyses confirm the beneficial effects of peer-feedback: First, Li et al.
(2020) examined the general effect of peer-feedback compared to no peer-feedback on perfor-
mance and showed that peer-feedback can improve performance by 0.291 standard deviations.
Second, Double et al. (2020) found a small to medium effect of peer-feedback compared to
teacher feedback and conditions without feedback on performance. While both meta-analyses
showed that peer-feedback can be effective across a wide range of educational contexts, none of
them included primary studies that investigated the effects of peer-feedback to foster evidence-
informed reasoning of (pre- or in-service) teachers. Therefore, the present study tries to fill this
gap by applying peer-feedback to support pre-service teachers’ EIR skills.

Low Feedback Quality and Low Uptake of Feedback as Challenges During Peer-
Feedback

Even though peer-feedback has a strong potential to support reasoning and learning, this poten-
tial does not always materialize (e.g., Double et al., 2020). On the one hand, learners may lack
individual prior experience with peer-feedback and therefore necessary skills and prior knowl-
edge of the subject matter at hand, on the other hand, if the task learners are supposed to work
on in a peer-feedback scenario is too complex, this might lead to high intrinsic cognitive load
(e.g., Algassab et al., 2018; Sweller, 1999; van Zundert, Sluijsmans et al., 2012). Both may lead
to (1) a low quality of the feedback messages that peers provide to each other (e.g., Alemdag &
Yildirim, 2022), and to (2) learners struggling in taking up feedback in a way that would benefit
their revisions and ultimately their learning (e.g., Carless & Boud, 2018).

Concerning (1), the literature offers several approaches to conceptualize peer-feedback qual-
ity. For Hattie and Timperley (2007), for example, high-quality feedback includes information
that reminds the feedback recipient of the criteria to fulfil the task (feed up), comments on their
performance (feed back), and offers suggestions for revision (feed forward). Other researchers
emphasize that the way the comments are written is another crucial component of high-quality
feedback. For example, comments should be specific, illustrative, and explicitly localize the
aspects in the case analyses that require the feedback receiver’s attention (e.g., Gielen & De
Wever, 2015; Patchan et al., 2016). Also, high-quality feedback includes giving reasons why
certain elements are right or wrong using examples or explanations (e.g., Gielen & De Wever,
2015). However, research indicates that learners rarely provide their peers with high-quality
feedback without guidance (Sluijsmans et al., 2002). One possible way of supporting them could
be scaffolds, which we examine in more detail in this study.

With respect to (2), even if peers manage to provide high-quality feedback, the receiver will
not automatically benefit from it (e.g., Lui & Andrade, 2022; Wu & Schunn, 2020, 2021). For
this, learners need to understand the feedback they receive, process it in a mindful way (e.g., Ber-
ndt et al., 2018), and revise their own work based on the feedback (e.g., van der Pol et al., 2008).
Walker (2015), however, showed that learners often have problems making use of the feedback
they receive: In her study, learners only used about half of the feedback they received from their
peers for revision. This may be due to several reasons, such as a low perceived appropriateness
of the feedback, negative affect caused by the feedback, or a low willingness to improve at all
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(Strijbos et al., 2010). Walker (2015) also found that especially feedback that was vague or gram-
matically incorrect was hardly taken up in learners’ revisions.

Such problems can even be intensified when multiple peer-feedback messages need to be
integrated with one another as a prerequisite for a successful implementation, that is when learn-
ers receive feedback on their initial task solutions (e.g., case analyses) from more than one peer
(e.g., Barzilai et al., 2018; Cho & MacArthur, 2011). When they receive multiple peer-feedback
messages, learners need to engage actively with these messages, compare and possibly com-
bine their content as a basis for revision (e.g., Barzilai et al., 2018; Boscolo et al., 2007; List &
Alexander, 2019). This integration is challenging, especially when the different peer-feedback
messages contain conflicting recommendations (e.g., Hsiao & Rajagopal, 2023). Integration
involves several cognitive processes, such as the selection, processing, analysis, and synthe-
sis of information from different sources (e.g., Cerdan & Vidal-Abarca, 2008; Rouet & Britt,
2011). During integration, learners may encounter various difficulties, such as not recognizing
inconsistencies between the peer-feedback messages or not having strategies to deal with them
effectively (e.g., Bréten et al., 2014; Stadtler et al., 2014). For example, in a study by Jurkowski
(2018), the learners wrote a term paper and received multiple peer-feedback comments on their
initial draft. Without guidance, learners turned out to implement less correct and more incorrect
peer comments—if they implemented the comments into their revision at all. Thus, scaffolding
on how to integrate multiple peer-feedback messages seems to be warranted.

Scaffolding Feedback Provision and Feedback Processing

Scaffolding may focus on different parts of the peer-feedback process suggested by Bauer et
al. (2023). In this article, we focus on (1) feedback provision and (2) feedback reception. With
respect to (1), several studies investigated how learners can be promoted in providing high-
quality peer-feedback. One effective scaffold in this respect is prompting. A study by Latifi et
al. (2021), for example, showed that learners who either received feed back or feed forward
prompts or a combination of both performed significantly better in argumentative peer learning
quality, quality of argumentative essay writing, and a domain-specific knowledge test than learn-
ers who were not scaffolded during feedback provision (for similar results, see Biirgermeister et
al., 2021). Additionally, Gyamfi et al. (2024) demonstrated that presenting learners with guide-
lines and examples on how to provide feedback, improved the length and level of detail of learn-
ers’ feedback messages and led to a more frequent occurrence of high-quality feedback features,
especially in terms of specificity and constructive suggestions. Yet, whether such prompts and
examples also work to help pre-service teachers acquire EIR skills is an open question.

With respect to (2) feedback reception, in the aforementioned study by Jurkowski (2018),
half of the learners received a question prompt that asked feedback recipients for content-related
arguments for and against implementing the comments they received from their peers, while the
other half did not. The results showed that the question prompt helped learners to better identify
which comments from the feedback message were correct and which comments were incorrect.
However, they still had problems incorporating these comments in their revisions. Interestingly
though, there has been little research on how best to promote the integration of multiple peer-
feedback messages. This integration could be a major barrier to the implementation of feedback,
especially in ill-structured tasks where conflicting feedback is likely (e.g., Hsiao & Rajagopal,
2023). Therefore, we take a closer look at how an effective scaffold to support the integration of
multiple peer-feedback messages in the context of evidence-informed reasoning might look like.
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Even though examining integration processes of multiple documents outside of a peer-feedback
context, results of a meta-analysis by Barzilai et al. (2018) indicate that explicit instruction on
how learners should integrate different documents with each other can have a positive influence
on integration. In addition, Maier and Richter (2014) showed that prompting metacognitive strat-
egies (e.g., asking learners explicitly to filter out congruent and contradictory aspects of the texts)
can have a positive impact on integration.

The Current Study

The literature shows that peer-feedback can support learning processes, especially in writ-
ten tasks (e.g., Huisman et al., 2019). For pre-service teachers to solve problematic teaching
situations, an important skill to acquire is evidence-informed reasoning about classroom
situations. This is often taught in teacher education having pre-service teachers analyze
authentic classroom cases in a written form (e.g., Helleve et al., 2023). However, research
shows that pre-service teachers often struggle with producing high-level case analyses (e.g.,
Wilkes & Stark, 2023). While peer-feedback has the potential to help in this context (e.g.,
Panadero & Algassab, 2019), learners often have difficulties in providing and processing
feedback at a high level, and therefore require scaffolding, both for feedback provision and
feedback integration (e.g., Alemdag & Yildirim, 2022; Carless & Boud, 2018; Hornstein et
al., 2025). Such scaffolding may take the form of prompts combined with sample solutions
to reduce high intrinsic cognitive load. However, research on the effects of such scaffolds in
the context of pre-service teachers’ evidence-informed reasoning about classroom situations
is lacking. Therefore, this study aims to answer the following research questions:

1. What is the effect of a feedback provision scaffold on the quality of the feedback mes-
sages pre-service teachers provide their peers with during evidence-informed reasoning
about classroom situations?

H1: We assume that pre-service teachers who are provided with a feedback provision
scaffold formulate higher quality feedback messages than pre-service teachers who
are not provided with a feedback provision scaffold.

2. What are the effects of (a) a feedback provision scaffold and (b) a feedback integration
scaffold on pre-service teachers’ EIR recognition skills?

H2a: We expect that pre-service teachers who are provided with a feedback provision
scaffold can distinguish high-quality analyses of teaching problems from low-quality
analyses better than pre-service teachers who do not receive a feedback provision
scaffold.

H2b: We expect that pre-service teachers who are provided with a feedback inte-
gration scaffold can distinguish high-quality analyses of teaching problems from
low-quality analyses better than pre-service teachers who do not receive a feedback
integration scaffold.
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3. What are the effects of (a) a feedback provision scaffold and (b) a feedback integration
scaffold on the acquisition of EIR application skills?

H3a: We anticipate that when asked to analyze classroom situations, pre-service teach-
ers who are provided with a feedback provision scaffold apply evidence-informed
reasoning at a higher level than pre-service teachers who are not provided with a
feedback provision scaffold.

H3b: We anticipate that when asked to analyze teaching problems, pre-service teach-
ers who are provided with a feedback integration scaffold apply evidence-informed
reasoning at a higher level than pre-service teachers who are not provided with a
feedback integration scaffold.

All hypotheses were pre-registered (https://osf.io/ndjxa)!. As we had no specific hyp
otheses regarding the interaction of the two scaffolds, we investigated these effects only
exploratively.

Method
Sample and Design

We ran an experimental study with N=254 pre-service teachers from a German university
with a mean age of M=22.56 (SD=4.30), and who were in their fourth semester on average
(M=4.61, SD=1.20). The percentage of female participants was 77.95%, which is typical
for cohorts of pre-service teachers in Germany. At this stage during their studies, the partici-
pants have little practical experience of teaching and little experience with peer-feedback.
The study was embedded in three parallel, regular courses with the same content, in which
participants worked in a web-based learning environment that presented them with authen-
tic case vignettes and with relevant educational evidence. We established a 2 x2 factorial
randomized between-subjects design with the independent variables “feedback provision
scaffold” (available vs. not available) and “feedback integration scaffold” (available vs. not
available). Across the three courses, participants were randomly assigned to one of the four
experimental conditions. Within each condition and thereby surpassing the original course
enrollment, participants were randomly assigned to peers to provide feedback to. For this
reason, peers received feedback from different peers than whom they provided feedback to.
This peer-feedback process was double-blind. Participation in the peer-feedback exercise
was mandatory for receiving course credit. Yet, participants had the opportunity to object
against using their data for research purposes, without consequences. In this case, their data
were removed from the data set. The study complies with the ethical criteria of the German
Psychology Association and European privacy protection regulations. The data are available
here: https://osf.io/vsbqd/?view_only=7657506b6a1244cb8e0d562e4e9ce8d0.

!n this study, we only examine the hypotheses regarding the effects of the scaffolds for providing and receiv-
ing feedback, so the numbering here differs from the numbering in the pre-registration.
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Procedure

The complete peer-feedback scenario span over four weeks (see Fig. 1). Participants were
told that they could complete all these tasks from home, using the universities’ learning man-
agement system. The procedure followed the feedback process model proposed by Bauer
et al. (2023). After we had specified the task and that feedback pairings would be random
within conditions (design phase), participants were supposed to write an initial analysis
of the classroom vignette (fask performance phase). During this phase (Week 1), partici-
pants were provided with short summaries (795 and 772 words) of two educational theories,
namely (a) cognitive load theory (Sweller, 1999) and (b) the ICAP model (Chi & Wylie,
2014), which they were supposed to apply to the problems in the case vignette. Each of
these texts included the basic concepts and assumptions of the respective theories as well as
short descriptions of one empirical study that supports the specific theory. Participants’ task
was to individually analyze the written case vignette that described an authentic classroom
situation in which a teacher tries to explain the topic ‘fairy tales and fables’ to her pupils.
The case vignette describes that the pupils encounter several problems when working on
the topic. For example, they have difficulties understanding the texts, because they have
too little prior knowledge about the topic which the teacher does not address adequately
(high intrinsic load, CLT). Similarly, the group work the teacher employs mainly evokes
passive rather than interactive activities (ICAP). In total, the case vignette included six
problems (see Supplementary Information, Appendix A). Participants were asked to identify
and analyze each of these problems in an evidence-informed manner, using the five steps
“problem identification”, “problem description”, “problem explanation”, “goal setting”, and
“selecting actions” (Greisel et al., 2022). To illustrate this and to reduce cognitive load
regarding evidence-informed reasoning, we gave them an example of the five steps they
had access to throughout the peer-feedback process. During the feedback provision phase
(Week 2), participants subjectively evaluated the quality of the case analyses they received
from two randomly assigned peers. For each peer, they then provided feedback on the first
three of the six problem analyses (to reduce the workload), either being supported by the
feedback provision scaffold or not. During the feedback reception and revision phase (Week
3), participants first evaluated the quality of the feedback messages they received from their
peers in a questionnaire. Then, they were asked to integrate the two feedback messages and
implement their suggestions in the revision of the initial case analysis (either supported by
the feedback integration scaffold or not). During Week 4, participants completed a posttest
which measured their EIR recognition and application skills utilizing a second case vignette
(see below and Supplementary Information, Appendix B for the second case vignette).

Independent Variables

We experimentally varied whether or not participants received a feedback provision scaf-
fold (during Week 2) and/or a feedback integration scaffold (during Week 3). Regarding
feedback provision, half of the participants received three prompts, (a), “Recall the task and
describe it briefly in your own words” (feed up), (b) “Explain how well your peer completed
the task” (feed back), and (c) “Finally, make specific suggestions for how your peer can
improve his or her case analysis” (feed forward). These prompts were accompanied by a
sample solution illustrating how such feedback might look like (see Supplementary Infor-
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Scaffolds
illustrated for the S
Weeks Phase Pr ocessngggjzsgziz%cum ents experimental condition | Measures of variables
with both types of
scaffolds
StudentA StudentB  StudentC  StudentD  StudentE
task task task task task
ookt | L | 0o ) bocbord froctond frociocd broctacd
rocessing '
I . B
Initial Initial Initial Initial =y
task task task'::ﬁmon task
| luti

SOIL‘I\lIOn sol Létlon c solution Quality of initial
case analyses

IC produces| [D produces| |E produces Eoecbach

[feedback ] feedback ] [ feedback } prov s an,

scaffold
Feedback quality
C processes| Perceived adequacy

processes| Processes| | feedback of feedback
feedback J \feedback ) Feedback
Week 3 ............ B R I B I S integraﬁon ..........................
scaffold
Revision
Revised
task solution
C
EIR recognition skills
Week 4
task solution
(o] EIR application skills

Fig. 1 Presentation of the study procedure within the experimental condition with both types of scaffolds.
Note. Adapted from “Do students’ beliefs and orientations toward peer feedback predict peer feedback

quality and perceptions?” by M. Greisel, J., Hornstein, and 1. Kollar, 2025, Studies in Educational Evalu-
ation, 84, 101438. https://doi.org/10.1016/j.stueduc.2024.101438
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mation, Appendix C). Participants who did not receive these scaffolds were asked to provide
feedback without guidance, that is, they were only told to “please provide feedback on the
first three problems identified by your peers”. Later on, participants received feedback from
peers who were from the same condition, that is, participants who were scaffolded in how to
provide feedback also received feedback from peers who were scaffolded in the same way,
while participants who were not scaffolded in providing feedback received feedback from
peers who were also not scaffolded during feedback provision.

Regarding feedback reception and revision, participants received either prompts that
explicitly guided them in integrating the feedback they received from two peers (e.g.,
“Mark statements that contradict each other with a third color (red)”, see Table 1 for all
prompts), or a single non-specific prompt (“Please revise your case analyses based on the
feedback messages”). The prompts served as a step-by-step guide for integrating the peer-
feedback messages (e.g., List & Alexander, 2019): First, participants were instructed to read
both feedback messages. Second, they were asked to highlight instances in which the two
feedback messages concurred in green, complementary instances in yellow, and instances
in which they contradicted each other in red. Third, they were asked to revise their case
analysis based on the two feedback messages. Fourth, they should highlight the changes
in the same colors as in the second step and check whether they missed any criticism or
suggestion. In a sample solution, participants were shown how the prompts could be imple-
mented in practice when integrating the two peer-feedback messages (see Supplementary
Information, Appendix D). Participants who were not in the feedback integration condition,
in contrast, were asked to revise their initial case analyses without support.

Dependent Variables

Feedback quality. We coded feedback quality by aid of a category system with ten dimen-
sions we derived from the literature (e.g., Hattie & Timperley, 2007; Langer et al., 2019;
Nelson & Schunn, 2008; Patchan et al., 2016; Yu & Schunn, 2023). To end up with one
single quality indicator, we used the total feedback message including all three problem
analyses as the unit of analysis. This meant that the data was not segmented. This coding
scheme was applied to analyze each feedback message for all problem analyses together and
can be seen in the Supplementary Information (Appendix E).

First, each feedback message was coded with respect to eight structural criteria: In accor-
dance with Hattie and Timperley (2007), we coded (1) the degree to which the task crite-
ria were fulfilled (feed up); (2) whether feedback providers indicated when the solution

Table 1 Feedback integration 1. Read: “First read both feedback messages one after the other.”

prompts 2. Compare: “Mark similarities between the feedback messages with
one color (green). Mark complementary statements that are only
found in one of the feedback messages with a different color (yel-
low). Mark contradictory statements with a third color (red).”

3. Process: “Revise your own case analysis using the feedback
messages.”

4. Check: “In your own case analysis, mark the places where you
have adapted your case analysis. Use the color you used to mark the
corresponding statement in the feedback messages. Check whether
all the marked criticisms or suggestions for improvement from the
feedback messages are reflected in your case analysis and amend
your work if necessary.”

Note. These prompts appeared
after participants in the
feedback integration scaffold
condition received the two
peer-feedback messages on their
initial case analysis
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met expectations (concordant feed back); (3) when it fell short of the goal (discrepant feed
back); and (4) whether it included recommendations for improvement (feed forward). Fur-
thermore, we coded whether the feedback message (5) included details about the case analy-
sis procedure (process level), and whether it (6) included further explanations or examples
(additional stimulation,; Langer et al., 2019) and (7) concepts from the associated theory
materials in line with the conclusion from the literature that detailed feedback is preferable
over simple verification (reference to theory; e.g., Nelson & Schunn, 2008). We further (8)
used the number of characters in the feedback as an indicator for the likelihood for feedback
elaboration, because we assume that the longer the feedback message is, the more likely
it is that the feedback features it contains, will be spelled out in detail (cf. Patchan et al.,
2016; Yu & Schunn, 2023). Second, we coded each feedback message with respect to its
content quality, thereby using two categories: (9) Relevance refers to whether the feedback
addressed all relevant points of the initial case analysis, and (10) accuracy of content refers
to whether the feedback message was generally correct in relation to the initial case analysis.

Two independent raters (blind to condition) applied this coding scheme—after finaliz-
ing it through multiple rounds of independent coding and subsequent discussion—to 10%
of the feedback messages, reaching satisfactory to excellent interrater agreement (Gwet’s
ACI1=0.66to0 0.94). For the 10% we randomly selected one of the coders’ coding. After that,
the remaining 90% of the data were equally distributed between the two raters. Next, we
ran an exploratory factor analysis with the eight structural criteria to see whether we could
differentiate between different facets of structural feedback quality. This analysis did not
suggest more than one primary factor (based on Kaiser-Guttman-Criterion, Scree Plot, and
Map-Test). To arrive at a single structural quality score that weighs the different indicators
in a non-arbitrary way, we used a one-factor confirmatory factor analysis to obtain the factor
scores using the regression method and saved them as a variable (see Table 2 for factor load-
ings and standard errors). Content aspects (relevance and accuracy) were not included in the
factor analysis, because these two categories are more dependent on subject-matter related
knowledge than on general peer-feedback skills and therefore represent completely differ-
ent constructs than the other categories. Therefore, in accordance with Nelson and Schunn

Table 2 Factor loadings and Quality of Feedback 1 Factor loading Standard error
standard errors of the One-Factor

confirmatory factor analysis to Feed Up Aims 0.479 0.070
determine the structural feedback  Feed Back Concordance 0.035 0.025
quality indicated by different Feed Back Discrepancy 0.357 0.048
structural criteria Feed Forward 0.459 0.043
Process 0.156 0.029
Additional Stimulation 0.168 0.050
Reference to Theory 0.362 0.050
Feedback Elaboration 0.687 0.081
Quality of Feedback 2
Feed Up Aims 0.463 0.069
Feed Back Concordance 0.055 0.025
Feed Back Discrepancy 0.356 0.045
Feed Forward 0.387 0.044
Process 0.177 0.027
Additional Stimulation 0.253 0.045
Reference to Theory 0.475 0.041
Feedback Elaboration 0.766 0.069
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(2008), we decided to give each of the two content criteria the same weight as the structural
factor score. To arrive at an overall feedback quality score, we averaged the relevance, the
accuracy, and the structural quality factor score.

EIR recognition skills. One week after participants had integrated and implemented the
feedback they received from their peers, we asked them to complete a posttest. To measure
participants’ EIR recognition skills, we developed a test that presented three short case
vignettes, each containing one instructional problem that could be solved by aid of cognitive
load theory (Sweller, 1999) and/or the ICAP model (Chi & Wylie, 2014). Alongside each
vignette, three different problem analyses were presented that differed in how well they
utilized the five steps of evidence-informed reasoning. Participants had to sort the analyses
from best to worst. In the best problem analysis, all five steps of evidence-informed reason-
ing were followed, whereas in the poorer problem analyses, steps were either merged or not
followed at all. Participants received two points for a completely correct rank order, one
point for an only slight deviation from the correct rank order, and zero points for a com-
pletely wrong rank order for each case vignette. We then calculated the mean score across
the three vignettes and used it as the overall score for EIR recognition skills which can theo-
retically range from 0 to 2. Reliability was satisfactory (Cronbach’s a=0.64). In addition,
we found a significant positive correlation of the test scores with the quality of the initial
case analysis (r=.23, p<.001) and with the quality of the revised case analysis (»=.20, p<
.01), which can cautiously be interpreted as an indicator for the validity of our test. The
correlations are very low, which is related to the fact that the two quality scores of the case
analyses are used to map EIR skills, but we only refer to one sub facet (EIR recognition
skills) in this test. This limits the maximum correlation that can be expected.

EIR application skills. To measure EIR application skills, we coded participants analyses
of a second case vignette which they worked on in the posttest one week after they com-
pleted the peer-feedback process, again by aid of cognitive load theory (Sweller, 1999) and
the ICAP model (Chi & Wylie, 2014), but without guidance. To assess these case analyses,
we performed high-inference coding, using a rubric that included four levels from 0=poor
quality to 3=high quality (for the coding scheme see Supplementary Information, Appen-
dix F). The quality of the analysis of each of the three problems from the case vignette was
coded separately, and we calculated an overall score from the three averages. Two indepen-
dent raters, who were blind to condition, coded 10% of the data, after we finalized the cod-
ing scheme with multiple rounds of independent coding and discussions. They reached good
interrater agreement (Gwet’s AC1=0.86). After that, we randomly select one of the coders’
coding, and the remaining 90% of the data were evenly distributed between the two coders.

Control Variables

With respect to RQ1, we included the quality of participants’ own initial case analysis and
the quality of the peers’ initial case analysis as covariates. With respect to RQ2 and RQ3,
we also used these variables as covariates, but also further variables related to the quality
and adequacy of the provided and received feedback. The goal of including these variables
as covariates was to reduce as much variance in these outcome variables as possible that
would be caused by other factors than the experimental manipulation itself (in particular
by processes that preceded the particular phase during which the dependent variable of
interest was measured). That way, the remaining variance on the dependent variable can be
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attributed to the experimental manipulation more clearly (for an exact description of which
covariates were used for which research question, see “Statistical Analyses”). The covari-
ates were measured as follows:

Quality of the initial case analyses. To assess the quality of the initial case analyses
(included as covariate in the analyses on RQ1-3), we used the same coding procedure
(Gwet’s AC1=0.99) as for the second case (see above).

Feedback quality received and provided. These variables were described in the section
“Dependent Variables” and were included as covariates in the analyses regarding RQ2 and
RQ3.

Perceived adequacy of feedback. For each of the two feedback messages they received,
participants answered nine items of the Feedback Perception Questionnaire (Strijbos et
al., 2021) on a Likert scale from 1=completely disagree to 9=completely agree. These
items capture three dimensions with three items each: fairness (e.g.: “I would consider this
feedback fair.”), usefulness (e.g.: “I would consider this feedback useful.”) and acceptance
(e.g.: “I would accept this feedback.”). These items were aggregated to measure perceived
adequacy (Peer 1: @=0.80, Peer 2: w=0.82). These covariates were included in the analyses
regarding RQ2 and RQ3.

Statistical Analyses

All statistical analyses were performed in R [4.2.2]. We used the ‘tidyverse’ package [2.0.0]
(Wickham et al., 2019) for data preparation and the ‘psych’ package [2.3.9] (Revelle, 2017)
to calculate Cronbach alpha, McDonald’s omega hierarchical, and an exploratory factor
analysis. To answer our research questions, we calculated linear mixed models® with the
scaffolds (regarding RQ1: feedback provision scaffold; regarding RQ2 and RQ3: feedback
provision scaffold and feedback integration scaffold) as predictors, the dependent vari-
able of interest as criterion variable, and the covariates described above. In these analyses,
we utilized the REML-estimator using ‘lme4’ package [1.1-35.1] (Bates et al., 2015) and
‘ImerTest’ package [3.1-3] (Kuznetsova et al., 2017) to account for the two-level data struc-
ture (two feedback messages per participant). In addition, we used the ‘lavaan’ package
[0.6-16] (Rosseel, 2012) to calculate the factor scores of the structural feedback quality
(with WLSMYV as estimator). We used the two existing scores based on the two feedback
messages for the quality of the two case analyses a participant received to provide feedback
on to create a mean score on which to base the analyses. We did the same for the quality of
the feedback messages on the one hand and the adequacy of the feedback messages on the
other.

Even though we had no hypotheses regarding the interaction effects (feedback provision
scaffold*feedback integration scaffold), we included them as exploratory analyses, as sig-
nificant interaction effects may affect how potential main effects should be interpreted. We
set the alpha level at 5% for all calculations.

2Instead of ANCOVAs as described in the pre-registration, we used linear mixed models for the analyses
because they are more flexible, provide more accurate results, and handle missing data better than ANCOVAs
(cf. Brown, 2021).
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Results
Preliminary Analyses

Table 3 shows the means, standard deviations, skewness, kurtosis, and correlations of the
dependent and control variables. The quality of the feedback that participants provided cor-
related positively with EIR recognition skills and EIR application skills. In addition, as
expected, the quality of one’s own initial performance, which can be described as prior
performance of EIR skills, correlates positively with EIR recognition skills and EIR appli-
cation skills. Furthermore, the significant and positive correlation between EIR recognition
skills and EIR application skills can cautiously be interpreted in a way that the two variables
represent separate, but related components of the overarching construct “EIR skills”.
Before computing linear mixed models to answer our research questions, we checked
the assumptions for multiple regressions (linearity, normality, homoskedasticity, multicol-

Table 3 Means, standard deviations, skewness, kurtosis, and correlations
Variable M SD  Skewness Kurtosis 1 2 3 4 5 6 7

Dependent

Variables

1. Feedback 0.33 0.32 —0.01 -0.25

quality

provided

2. EIR 0.65 0.47 0.33 —-0.70 0.17**

recognition

skills

3.EIR 1.12 0.88 0.42 —0.89 0.24%*  (0.21**

application

skills

Control

Variables

4. Coded 1.49 0.77 -0.03 —0.81 0.24%* 0.24**%  (0.47**
qual-

ity of own

initial case

analyses

5. Coded 1.51 0.60 —0.14 —-0.39 0.14* 0.04  0.13* 0.08
qual-

ity of peers’

initial case

analyses

6. Feedback 0.36 0.34 0.21 0.40 0.10  —0.00 0.04 0.05 —0.06
quality

received

7. Perceived 7.29 125 —0.82 0.08 —0.00 0.03 -0.04 0.05 0.06 0.11
adequacy

of feedback

provided

8. Perceived 7.44 123 -1.27 2.37 0.15*  —0.00 0.01 0.06 -0.00 0.02 0.17*
adequacy

of feedback

received

Note. M and SD are used to represent mean and standard deviation, respectively
*p<.05 **p<.01
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linearity, outliers) for all three research questions. Preliminary scatter plots showed that
all relationships were linear. The residuals had a normal distribution and demonstrated
homoscedasticity. Variance inflation factors for all predictors were close to one, the lowest
feasible value, and far from larger than ten, which would suggest multicollinearity. We used
Cook’s distance, hat values, and studentized residuals to identify potential outliers, which
we then displayed in influence plots. We then calculated the analyses both with and without
the potential outliers. Since all potential outliers reflect valid values and their exclusion did
not affect the significance of any of the effects we investigated, we decided not to exclude
them from the analyses (see https://osf.io/vsbqd/?view_only=7657506b6al244cb8e0d562
e4e9ce8d0 https://osf.io/vsbqd/?view_only=3889d5bb4c274c0387bel135a0b3306fT for the
exact results of these analyses).

Research Question 1: Effects on Feedback Quality Provided

In this RQ, we refer only to the difference between the conditions with and without feedback
provision scaffold because the feedback integration scaffold was not yet available at this
time. Descriptively, for the quality of the feedback that participants provided, the condition
with the feedback provision scaffold reached higher scores, than the condition without the
feedback provision scaffold (see Table 4).

To test H1, we fitted a linear mixed model to predict the quality of the feedback that
participants provided with the feedback provision scaffold (present vs. absent) as predictor,
and the quality of participants’ own and their peers’ initial case analyses as covariates (see
Table 5). The model explained a statistically significant and substantial proportion of vari-
ance. The effect of the feedback provision scaffold was statistically significant and positive.
Thus, Hypothesis 1 was confirmed.

Research Question 2: Effects on EIR Recognition Skills

Descriptively, we found the highest mean score for EIR recognition skills in the feedback
integration scaffold only condition (see Table 6), followed by the feedback provision scaf-
fold only condition. Next were participants who received no scaffolds, followed by partici-
pants who received both scaffolds. However, these differences were only marginal, and all
scores were rather low.

To test H2a and H2b, we fitted a linear mixed model to predict participants’ EIR recog-
nition skills as measured in the posttest with the feedback provision scaffold and the feed-
back integration scaffold as predictors. Feedback quality provided and received, perceived
adequacy of the feedback received, quality of participants’ own case analyses, and quality
of their peers’ case analyses were included as covariates. The model explained a statistically
significant, but small proportion of variance (see Table 7). Neither the main effect of the
feedback provision scaffold, nor of the feedback integration scaffold were significant. Thus,
H2a and H2b were not supported by our results. Instead, the statistically significant negative

'gab!el'l Mian?anéibsta;dari. Feedback provision scaffold
eviations for feedback quality - — - —
Without (n=128)  With (n=126)

per condition
M SD M SD
Feedback quality provided 0.24 0.29 0.44 0.31
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Table 5 Results of the lincar Variable Estimates CI P std.  Std. CI
mixed model for the feedback Beta
quality provided (Intercept) ~ —1.20 —1.61,  <0.001 —0.33 —0.50,—0.17
-0.79
Predictor
Feedback 0.68 0.45,0.91 <0.001 0.78 0.45,0.91
provision
scaffold
Control
variables
Coded qual-  0.24 0.05,0.44 0.014 0.15 0.03,0.26
ity of own
initial case
analysis
Coded qual-  0.33 0.17,0.48 <0.001 0.25 0.13,0.36
ity of peers’
initial case
analyses
Observations 239
RY/ 0.188/0.178
R? adjusted
Table 6 Means and standard deviations for EIR recognition skills per condition
Feedback provision scaffold
Without With
Feedback integration scaffold
Without (n=66) With (n=62) Without (n=64) With (n=62)
M SD M SD M SD M SD
EIR recognition skills 0.62 0.49 0.70 0.47 0.68 0.43 0.59 0.51
Table 7 Results of the linear mixed model for EIR recognition skills
Variable Estimates CI p std. Std. CI
Beta
(Intercept) 0.60 0.14, 1.05 0.010 -0.09 -0.35,0.18
Predictor
Feedback provision scaffold 0.12 -0.07,0.32 0.206 026 —0.15,0.68
Feedback integration scaffold 0.13 -0.04,0.30 0.144 0.27 -0.09, 0.64
Interaction
Feedback provision scaffold*feedback integra- —0.35 -0.61,-0.09 0.009 -0.75 -1.31,-0.19
tion scaffold
Control variables
Feedback quality provided 0.30 0.08, 0.52 0.007 0.21  0.06, 0.36
Feedback quality received —-0.06 -0.28,0.17 0.622 -0.04 -0.20,0.12
Perceived adequacy of the feedback received ~ —0.03 —-0.08,0.03 0355 -0.07 -0.20,0.07
Coded quality of own case analyses 0.11 0.02, 0.20 0.014 0.18 0.04,0.32
Coded quality of peers’ case analyses —0.03 —0.14,0.08 0597 —-0.04 -0.18,0.10
Observations 208
R%/R? adjusted 0.101/0.065
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interaction effect indicates that the feedback provision scaffold only had a favorable impact
when no additional integration scaffold was presented, and vice versa.

Research Question 3: Effects on EIR Application Skills

Descriptively, we observed that the participants from the condition with both scaffolds (see
Table 8) reached the highest scores for EIR application skills. This is followed by the condi-
tion with feedback integration scaffold only and the condition without scaffolds. We found
the lowest value for the condition with feedback provision scaffold only.

To test H3a and H3b, we fitted a linear mixed model to predict participants’ EIR appli-
cation skills as criterion variable with the feedback provision scaffold and the integration
scaffold as predictors. As covariates, we included feedback quality provided and received,
perceived adequacy of the feedback received, as well as the coded quality of own and peers’
case analyses. The model explained a statistically significant and moderate proportion of
variance (see Table 9). The effects of the feedback provision scaffold and the feedback
integration scaffold were both statistically insignificant. Furthermore, the interaction effect
was negative, but statistically not significant either. Thus, H3a and H3b were not confirmed.

Discussion

In this study, we applied peer-feedback to help pre-service teachers acquire EIR skills,
which is an important goal in pre-service teacher education (e.g., Kollar et al., 2023). We
therefore had pre-service teachers analyze authentic classroom cases using educational evi-
dence, and asked them to provide feedback to their peers’ analyses, receive and process
feedback from their peers on their own analyses, and to use this feedback when revising
their initial analyses. In this context, our goal was to investigate the effects of a feedback
provision scaffold and a feedback integration scaffold on pre-service teachers’ (a) feedback
quality, (b) EIR recognition skills, and (c) EIR application skills.

Research Question 1: Effects on Feedback Quality Provided

With respect to feedback quality, the results indicated that, as expected, the feedback provi-
sion scaffold had large, significant, and positive effects on feedback quality. Thus, it seems
that feedback provision scaffolds as the one we designed are powerful tools that enable
pre-service teachers to formulate feedback messages that have a strong potential to support
their peers’ learning processes. These findings are consistent with previous literature, indi-
cating that structuring feedback provision with prompts and related sample solutions that
help learners formulate feedback that includes information on feed up, feed back, and feed

Table 8 Means and standard deviations for EIR application skills per condition

Feedback provision scaffold

Without With

Feedback integration scaffold

Without (n=66) With (n=62) Without (n=64) With (n=62)
M SD M SD M SD M SD

EIR application skills 1.04 0.80 1.15 0.91 1.01 0.88 1.31 0.90
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Table 9 Results of the linear Variable Esti- CI P std.  Std. CI

mixed model for the EIR ap- mates Beta

plication skills (Intercept) 026 —048,1.00 0492 —0.08 —0.33,0.16
Predictor

Feedback provi-  0.04 —0.29,0.36 0.826 0.04 —0.33,0.42
sion scaffold

Feedback integra- 0.14 —0.16,0.44 0.352 0.16 —0.18,0.50
tion scaffold

Interaction

Feedback -0.05 —0.49,0.40 0.832 —0.06 —0.57,0.46
provision

scaffold*feedback

integration

scaffold

Control

variables

Feedback quality 0.37 —0.00,0.75 0.053 0.14 —0.00,0.28
provided

Feedback quality —0.02 —0.41,0.37 0.917 —-0.01 —0.15,0.14
received

Perceived -0.01 -0.11,0.08 0.785 —0.02 —0.15,0.11
adequacy of the

feedback received

Coded qual- 0.33 0.10,0.56  0.006 0.28 0.08, 0.47
ity of own case

analyses

Coded qual- 0.20 —0.04,0.44 0.096 0.17 -0.03,0.36
ity of peers’ case

analyses

Observations 206

R%*R? adjusted  0.231/0.200

forward can have positive effects on feedback quality (e.g., Gan & Hattie, 2014; Gyamfi
et al., 2024; Latifi et al., 2021). That it is possible to increase the quality of feedback mes-
sages by aid of scaffolding is of great importance for the further peer-feedback process, as
high-quality feedback provides more useful information to feedback receivers to help them
revise their initial solutions and that way expand on their knowledge (e.g., Hattie & Timper-
ley, 2007). However, providing high-quality feedback may also be helpful for the feedback
providers themselves, as they need to deeply process their peers’ initial solutions and relate
them to educational evidence (e.g., Carless & Boud, 2018; Cho & Cho, 2011). Also, the
scaffolding we used is rather easy to implement in practice, especially when comparing
it to training interventions that precede the actual peer-feedback process (see Man et al.,
2024). Our results indicate that well-designed scaffolds that are integrated into the learning
environment at the right place can also have large positive effects. Further, the prompts we
used strongly focused on the structural rather than content-related aspects of feedback. This
is another advantage because they can easily be used in other domains and contexts without
having to make major adjustments (e.g., Hornstein et al., 2025).
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Research Question 2: Effects on EIR Recognition Skills

RQ2 focused on the effects of the two scaffolds on pre-service teachers’ EIR recognition
skills, which—based on skill acquisition theories (e.g., Anderson & Lebiere, 1998) and
research on professional vision (e.g., Gegenfurtner et al., 2020)—can be regarded as a first,
early indicator of EIR skills. Our results showed neither a significant main effect of the feed-
back provision scaffold nor a significant main effect of the feedback integration scaffold. In
contrast, we observed a significant negative interaction effect, which indicates that the two
scaffolds worked better alone than when they were combined.

At least two explanations for this result are possible: First, from a utilization deficiency
perspective (e.g., Bjorklund et al., 1997), participants might not have internalized the strate-
gies well enough to handle peer-feedback processes effectively yet. In other words, applying
the new strategies that the two scaffolds prompted may take up too many cognitive resources
to convert their potential usefulness into beneficial effects when it comes to recognizing evi-
dence-informed reasoning. This might in particular be problematic if the task is too complex
for learners, especially when they have insufficient prior domain knowledge (e.g., Alqassab
et al., 2018; van Zundert, Sluijsmans et al., 2012), which might have been the case with our
participants. This means, that learning from peer-feedback might take time and practice
until it really pays off, which, in turn, would be an argument in favor of an implementation
of extensive training interventions, as mentioned above (e.g., Li et al., 2020; van Zundert et
al., 2010). However, training interventions are often time-consuming, both with respect to
their development and their implementation in practice (cf. Man et al., 2024).

A second explanation for the negative interaction effect could be that the two scaffolds
might have triggered cognitive processes that might have interfered with each other (see
Tabak, 2004): While the feedback provision scaffold led participants to focus on the struc-
tural components of feedback, the integration scaffold directed their attention to content-
specific similarities and dissimilarities between peer-feedback messages, regardless of the
structure of the feedback. As a result, the feedback integration scaffold might have diverted
participants’ attention away from the required analysis method. Future research might there-
fore investigate if interference processes can be avoided if feedback integration scaffolds
are designed in a way that they also focus on structural (instead of content-related) feedback
elements. This is also related to the orientation of the two scaffolds: If we look at them more
closely, we see that they do not explicitly refer to evidence-informed reasoning, but rather
to how to provide structurally good feedback and how to integrate multiple peer-feedback
messages received. This focus of the scaffolds may have resulted in insufficient support for
EIR recognition skills.

At a more general level, the negative interaction effect of the two scaffolds reflects the
challenges that are associated with an optimal coordination of multiple scaffolds (see Quin-
tana et al., 2004). Future research should thus continue to find ways how to optimally com-
bine different scaffolds to yield the best possible effects of peer-feedback.

Interestingly, we found a significant effect of the covariate feedback quality provided
on EIR recognition skills. This could mean that providing better feedback leads to stronger
EIR processing, which may be helpful for EIR recognition (e.g., van Popta et al., 2017).
However, it should be noted that this effect is correlative and not causal, so it could also be
a spurious correlation. That is, more proficient participants write better feedback and at the
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same time recognize better evidence-informed reasoning case analyses. This correlation
should be further explored in future research.

Research Question 3: Effects on EIR Application Skills

Research Question 3, finally, addressed the effects of the feedback provision scaffold and
the feedback integration scaffold on pre-service teachers’ EIR application skills. Contrary to
our expectations, we found no such effects, neither for the feedback provision scaffold nor
for the feedback integration scaffold, nor for their interaction. Thus, it seems to be difficult
to produce effects on EIR application skills by aid of the scaffolding we used. A straightfor-
ward interpretation of this finding is that skill acquisition—as suggested by related theories
such as ACT-R (Anderson & Leibiere, 1998)—usually first requires the development of a
declarative representation of the to-be-learnt skill, before this declarative knowledge can
be proceduralized through practice. Applied to our study, since we found no significant
effects of the scaffolds on EIR recognition skills, it is not surprising that the scaffolds also
do not have a significant effect on EIR application skills. However, to actually perform
evidence-informed reasoning on a new case vignette might require more proceduralized
knowledge, and: more opportunities for practice. Along these lines, as expected, Table 3
shows a significant correlation between the initial quality of participants’ own case analyses
(i.e., participants prior performance of EIR skills) and their EIR application skills. This
means that participants who already had a high level of performance in EIR application
skills from the outset also show better performance afterwards when analyzing the second
case. For the design of scaffolds for peer-feedback in the context of pre-service teachers’
evidence-informed reasoning, this may indicate that it is important to first help pre-service
teachers build up a declarative representation of EIR skills, and only then have them engage
in evidence-informed analyses of case vignettes by aid of peer-feedback (e.g., van Zundert,
Konings et al., 2012). If pre-service teachers are asked to apply the newly learned skills, this
may take up too many cognitive resources and thus produce the aforementioned utilization
deficit (e.g., Bjorklund et al., 1997). It might well be that even though our scaffolds were
intended to reduce task complexity, this reduction was not enough to help participants use
EIR application skills at a high level (e.g., van Zundert, Sluijsmans et al., 2012). Along these
lines, and supported by findings by van Zundert, Konings et al. (2012), it might be more
helpful to first provide opportunities to acquire domain-specific knowledge (in our case:
knowledge about educational theories and related empirical evidence), before having them
engage in peer-feedback processes in which this knowledge is needed.

We also should take into account that the feedback scaffolds we used did not directly
address the correctness of the comments and suggestions provided by the peers. Instead,
they focused more on the structural components of feedback (see e.g., Hattie & Timperley,
2007), and the integration of multiple peer-feedback messages. Thus, it might well be that
some participants incorporated incorrect feedback into their revisions, which might have
harmed their acquisition of EIR application skills. Future studies might therefore develop
and evaluate the effects of more content-related peer-feedback scaffolds (e.g., scaffolds that
provide guidance on how to distinguish correct from incorrect feedback).
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Limitations

Our study is certainly not without limitations. First, we do not know how participants dealt
with the two peer-feedback messages and which parts of the feedback they used for the revi-
sion of their initial case analyses. In other words, it is unclear how exactly the integration
went about. Yet, feedback integration can be very complex if learners receive more than one
peer-feedback message and these peer-feedback messages contradict each other (cf., Wu &
Schunn, 2021). It would certainly be interesting to investigate the effects of the feedback
integration scaffold further, possibly using qualitative methods.

Second, as our scaffolds combined different instructional aides to maximize learning
benefits based on best practices and empirical evidence from research on prompting and
sample solutions (e.g., Gyamfi et al., 2024), we cannot tax the isolated contribution of the
prompts and the sample solutions on the dependent variables we investigated. Future studies
might try to disentangle these effects.

Third, our study focused on instructional methods that support evidence-informed rea-
soning by pre-service teachers. However, also other, and in particular learner-related fac-
tors, such as pre-service teachers’ motivation, may play a crucial role. As described above,
these factors might also explain why the combination of feedback provision scaffold and
feedback integration scaffold did not work ideally. Thus, even though research has already
been conducted that investigates the influence of individual learner characteristics during
peer-feedback (e.g., Aben et al., 2019; Greisel et al., 2025), future research might further
expand on this, especially with respect to uncovering possible interactions between learner
prerequisites and instructional variables.

Conclusions

Without downplaying these limitations, our study demonstrates that enhancing feedback
provision with a scaffold that helps pre-service teachers formulate high-quality feedback
can be an effective way to improve the quality of peer-feedback messages (e.g., Gyamfi et
al., 2024; Hornstein et al., 2025). We also found a negative interaction effect of the feedback
provision scaffold and the feedback integration scaffold with respect to EIR recognition
skills. This is a surprising and interesting finding, as our study is among the first to even
tackle the question how learners can be instructionally supported during feedback provision
as well as during feedback integration. Though, more research is needed to identify power-
ful ways to support learners during feedback provision as well as feedback integration.

In addition, we saw that to produce effects also on pre-service teachers’ EIR application
skills, further and/or alternative scaffolds seem to be necessary, possibly especially ones that
help pre-service teachers build up prior domain-specific knowledge before actually engag-
ing in peer-feedback (e.g., van Zundert, Konings et al., 2012). Also, further learner-related
factors (e.g., understanding of received peer-feedback messages, agreement with received
peer-feedback messages, perceptions about peer-feedback) may influence whether or not
pre-service teachers benefit from peer-feedback on their EIR skills (e.g., Aben et al., 2019;
Strijbos & Miiller, 2014; Wu & Schunn, 2020), and more research on this topic is needed.
The same is true regarding how to best combine feedback provision scaffolds with feedback
integration scaffolds. Here, our results indicate that it is important that the targeted processes
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do not interfere with each other. It might thus be promising to investigate how feedback
provision scaffolds on the one hand and feedback integration scaffolds on the other should
best be synchronized to achieve synergistic scaffolding effects (Tabak, 2004). Additionally,
the context in which peer-feedback occurs plays a crucial role in determining its effective-
ness: Learners need enough prior knowledge to be able to provide correct feedback and
to be able to decide whether the feedback they receive is correct in terms of content (e.g.,
Alqassab et al., 2018). Moreover, the complexity of the task should be appropriate for the
use of peer-feedback to facilitate meaningful engagement (e.g., van Zundert, Konings et al.,
2012). Ensuring both optimal scaffold synchronization and a suitable peer-feedback context
may therefore be key to enhancing learning outcomes.

Even though these questions have to remain open, our study provides important evidence
for the usefulness and applicability and design of peer-feedback in pre-service teacher edu-
cation when the goal is to help pre-service teachers become more competent in evidence-
informed reasoning.
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