Original Article ﬁ»
Combining Retrieval Practice

and Generative Learning in
Educational Contexts

Promises and Challenges

Julian Roelle'®, Judith Schweppe?®, Tino Endres®®, Andreas Lachner‘®, Claudia von
Aufschnaiter®®, Alexander Renkl®®, Alexander Eitel®®, Detlev Leutner’®, Ralf Rummer®®,
Katharina Scheiter®®, and Andreas Vorholzer™

"Faculty of Philosophy and Educational Research, Ruhr University Bochum, Germany
ZFaculty of Arts and Humanities, University of Passau, Germany

®*Department of Psychology, University of Freiburg, Germany

“Faculty of Economics and Social Sciences, University of Tubingen, Germany
*Department of Physics, Justus Liebig University Giessen, Germany

®Department of Psychology, Justus Liebig University Giessen, Germany

’Faculty of Educational Sciences, University Duisburg-Essen, Germany

8Department of Psychology, University of Kassel, Germany

°Department of Educational Sciences, University of Potsdam, Germany

°School of Social Sciences and Technology, Technical University of Munich, Germany

Abstract: Engaging learners in practicing the retrieval of learned information fosters the consolidation of learners’ mental representations
and hence long-term retention. Retrieval practice research has enriched the instructional design literature by providing a wealth of evidence
for these benefits of retrieval-based learning and thus emphasizing the value of means to consolidate knowledge. The present article makes
the case that a fruitful next step could be to focus on the interplay between retrieval practice and generative activities. Rather than
consolidating mental representations, generative activities should have as their main function the construction of coherent mental
representations. Hence, from a theoretical perspective, generative activities and retrieval practice should functionally complement each
other; hence, combinations of both activities might be particularly suitable to promote lasting learning. Given the challenge to beneficially
combine these activities, we discuss open questions that could substantially advance both the retrieval practice and the generative learning
field.

Keywords: retrieval practice, generative learning, learning activities, lasting learning

Die Kombination von Abrufiibungen und generativem Lernen in Bildungskontexten. Chancen und Herausforderungen

Zusammenfassung: Das Uben des Abrufs von zuvor gelernten Informationen aus dem Gedéachtnis férdert die Konsolidierung mentaler Re-
prasentationen und damit das langfristige Behalten. Durch eine Fiille an Belegen fiir diese Vorteile des abrufbasierten Lernens und die
Betonung des Wertes von MaBnahmen zur Konsolidierung von Wissen, hat die Forschung zu Abrufiibungen die Instruktionsdesignforschung
deutlich bereichert. In dem vorliegenden Artikel argumentieren wir, dass ein sinnvoller nachster Schritt darin bestehen kénnte, das Zu-
sammenspiel zwischen Abruflibungen und generativen Lernaktivitaten zu untersuchen. Anstatt mentale Représentationen zu konsolidieren,
besteht die Hauptfunktion von generativen Lernaktivitdten im Aufbau koharenter mentaler Reprasentationen. Aus theoretischer Sicht soll-
ten sich also generative Aktivitaten und Abrufiibungen funktional ergdnzen, so dass Kombinationen beider Arten von Aktivitaten besonders
geeignet sein kénnten, um nachhaltiges Lernen zu férdern. Angesichts der Herausforderung, diese Aktivitaten sinnvoll zu kombinieren,
diskutieren wir offene Fragen, die sowohl die Forschung zu Abrufiibungen als auch das Feld des generativen Lernens wesentlich voran-
bringen kénnten.

Schliisselwarter: Abrufiibungen, generatives Lernen, Lernaktivitaten, nachhaltiges Lernen

Practicing the retrieval of previously learned information = pared to learning activities that do not require learners to

from memory fosters retention of this information com-  recall information from memory, such as restudy or note-
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taking. The empirical foundation of this core notion of the
learning activity of retrieval practice was laid over 100
years ago (e.g., Abott, 1909; Kiihn, 1914; Witasek, 1907)
but did not receive much attention by educational psy-
chologists until Roediger and Karpicke’s (2006) seminal
study. In their study, the authors compared different
follow-up activities to reading short text passages and
found that retrieval practice (here: free recall) was inferior
to restudy in terms of learning outcomes 5 minutes after
the learning phase but superior to restudy 1 week later.
Regarding publications in journals listed in the Web of
Science, research on retrieval practice has since experi-
enced exponential growth (see Karpicke, 2017; Yang et al.,
2021). Although large parts of this research were conduct-
ed in the lab, the retrieval practice research wave has also
spilled over to applied settings. This research suggests
that retrieval practice can foster learning in authentic
educational contexts. A recent meta-analysis by Yang et
al. (2021) and a recent review by Agarwal and colleagues
(2021) indicate that (individual) retrieval practice can be
implemented to good effect in the classroom.

The extensive research on retrieval practice has high-
lighted the importance of comsolidation as part of the
learning process, which had only scarcely been con-
sidered in educational psychology-driven instructional-
design research. Rather, based on generative learning
theory (e.g., Craik & Lockhart, 1972; Fiorella & Mayer,
2016; Wittrock, 1974), the educational, psychology-driv-
en, instructional-design research had largely focused on
generative activities, which are crucial in constructing
coherent mental representations of new knowledge and
integrating them with learners’ prior knowledge. This line
of research yielded a wealth of well-established genera-
tive learning tasks that engage learners in the organiza-
tion, elaboration, and generation of inferences, which
contributes to quality mental representations and there-
fore to comprehension and transfer. For instance, tasks
that require learners to self-explain previously read texts
or provided examples (e.g., for recent overviews, see
Bisra et al., 2018; Renkl, 2014) or journal writing tasks in
which learners reflect on previously encountered content
(for a recent overview, see Niickles et al., 2020) have been
shown to contribute to quality mental representations.
Similar results were found for learning-by-teaching tasks,
in which learners explain previously studied content to a
(fictitious) audience (for a recent overview, see Lachner et
al., 2022), concept mapping tasks (for a recent overview,
see Schroeder et al.,, 2018), or generative drawing tasks,
which engage learners in constructing drawings that
depict concepts and relations explained in expository
texts (for recent overviews, see Leutner & Schmeck, 2021;
Wu & Rau, 2019).

© 2022 The Author(s). Distributed as a
Hogrefe OpenMind article under the license
CC BY-NC 4.0 (https://creativecommons.org/licenses/by-nc/4.0)

Regarding learning that goes beyond rote learning of
factual knowledge but aims at long-lasting comprehen-
sion and the ability to apply the respective knowledge in
new situations (in the following referred to as meaningfil
learning), it is reasonable to assume that both knowledge
construction, which generative tasks can foster, and
knowledge consolidation, which retrieval practice tasks
can foster, are crucial (for an overview and further
important future pathways in fostering lasting learning,
see Richter, Berger et al,, 2022, Ebersbach et al., 2022,
and Richter, Nemeth et al.,, 2022). At this point, it is
important to highlight that the different functions of
retrieval practice and generative activities (consolidation
vs. construction of mental representations) do not have
completely different effects on learning outcomes. For
example, the structural improvement of mental represen-
tations not only leads to deeper comprehension but can
also reduce forgetting rates (e.g., Kintsch et al., 1990).
Similarly, the consolidation of mental representations not
only leads to reduced forgetting rates but can also
increase the depth of understanding (Pan & Rickard,
2018; see also Heitmann et al., 2021). Crucially, however,
the two types of tasks are nonetheless substantially differ-
ent. For example, the literature indicates that retrieval
practice leads to lower forgetting rates than generative
tasks (e.g., Roelle & Berthold, 2017), and that generative
tasks can lead to a deeper understanding than retrieval
practice (e.g., Endres et al.,, 2017, domain: educational
psychology; Larsen et al., 2013, domain: medicine; Roelle
& Niickles, 2019, domain: educational psychology). Con-
sequently, despite partly overlapping effects, the two types
of learning tasks can be assumed to be distinctly different.

Except for a few studies that started exploring whether
and how retrieval practice and generative learning tasks
can be combined to good effects (e.g., Blunt & Karpicke,
2014; Endres et al., 2017; Larsen et al., 2013), to date the
interplay between these different types of learning activ-
ities has largely been ignored. From a theoretical point of
view, it can be assumed that the benefits of consolidating
mental representations via retrieval practice should in-
crease with increasing quality of the respective mental
representations, which can be fostered via generative
activities (see Roelle et al., 2022). Hence, exploring the
interplay between these two types of learning activities
might be promising in terms of optimizing meaningful
learning. Furthermore, combining retrieval practice with
generative learning might also be fruitful in terms of
optimizing the degree to which practitioners take up
retrieval-based learning activities. To date, retrieval prac-
tice tasks implemented in authentic contexts frequently
engage learners in practicing retrieval of facts via multi-
ple-choice quizzes (see Agarwal et al., 2021), which might
be viewed as contributing relatively little to meaningful
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learning in educational practice. By contrast, generative
learning tasks might appear to be better aligned to
promote meaningful learning, as they are closely linked
to comprehension and transfer (see Fiorella & Mayer,
2016). Consequently, it is reasonable to assume that,
when educators and educational researchers think about
optimizing cognitive activation, which is considered one of
three core dimensions of high-quality instruction (e.g.,
Praetorius et al., 2018), engaging learners in generative
activities would pop up in their minds more frequently
than engaging learners in practicing retrieval of facts.
Combining the more popular generative activities with
retrieval practice could thus offer the chance for retrieval-
based learning to be taken up in educational practice less
reluctantly. A sensible next step in both retrieval practice
and generative learning research could hence be design-
ing and investigating settings in which both the construc-
tion and the consolidation of quality mental representa-
tions are fostered.

Retrieval Practice Tasks That
Engage Learners in Generative
Activities

When pursuing the goal of combining generative learning
and retrieval practice, one first step could be providing
learners with retrieval practice tasks that require them to
engage in generative learning activities as well. The tasks
might engage learners in both constructing and consoli-
dating mental representations that contribute to compre-
hension. To date, many studies that investigated retrieval
practice have implemented the integration of retrieval
practice by providing learners with multiple-choice or
short-answer quiz questions that tapped relatively simple
factual knowledge but did not require learners to engage
in any generative activities (see Agarwal et al., 2021). This
retrieval practice appears to exert the greatest benefits
when the same questions in the same format are provided
in both the retrieval practice phase and the final test
(Agarwal et al., 2021). That is, practicing retrieval with
simple (mostly factual) multiple-choice or short-answer
questions mainly fosters performance on the same simple,
factual, multiple-choice or short-answer questions, which
appears to be of relatively limited utility when it comes to
meaningful learning. Hence, it could be a fruitful ap-
proach to provide learners with meaningful retrieval
practice tasks that require explanations, problem-solving,
or transfer of previously acquired knowledge to consoli-
date not only factual knowledge but also foster compre-
hension. However, one challenge in this endeavor could
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be that retrieval practice benefits might generally be
harder to achieve with complex, meaningful tasks that
require comprehension of the respective knowledge than
simple, factual-knowledge questions, because both direct
and indirect effects of retrieval practice are harder to
realize under these conditions.

Direct effects means that the act of engaging in retrieval
itself is beneficial (e.g., Karpicke, 2017). These benefits,
however, seem to consistently occur only when learner
performance on the respective retrieval practice tasks
exceeds approx. 75% (see Karpicke, 2017; Rowland,
2014). For several reasons, learners might show such high
performance less frequently on meaningful retrieval prac-
tice tasks that require comprehension than on simple
factual quiz questions. For instance, in meaningful tasks,
learners usually need not only retrieve certain idea units
or schemata but also apply the retrieved knowledge to
solve new problems or generate new explanations. In such
tasks, not only the retrieval of the respective knowledge
but also its application can be prone to errors, which
should reduce performance relative to factual knowledge
questions. Furthermore, failing to retrieve only one of
several crucial and related idea units in meaningful
learning tasks can hinder learners from solving the entire
task. Hence, compared to simple and often isolated
factual knowledge questions, the detriments of failed
retrieval are potentiated regarding performance on the
respective task. That is, a learner who could successfully
retrieve five of six idea units and hence correctly answer
approx. 83 % of factual knowledge questions concerning a
specific topic might score much lower on a task that
requires combining the six idea units, because the one
missing idea unit could hinder her from performing most
of the required solutions steps or explanations (see Roelle
& Berthold, 2017). For more complex retrieval practice
tasks to be beneficial, it might therefore be necessary to
implement means designed to improve initial retrieval
success.

One way to ensure sufficient performance in meaning-
ful retrieval practice tasks may be to provide learners with
more extensive initial study phases and instructional
support than is typically assigned in retrieval practice
studies before learners are engaged in the respective
retrieval practice tasks (see Rummer & Schweppe, 2022).
Given sufficient time and instructional support before
retrieval practice, learners might reach the required level
of comprehension to perform sufficiently well even on
more complex retrieval practice tasks. An alternative
instructional means preventing learners from solving
retrieval practice tasks that tap comprehension largely
incorrectly could be providing the respective tasks in an
open-book format (see also Rummer, 2021; Rummer &
Schweppe, 2022). Other than in typical closed-book re-
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trieval practice tasks, an open-book format entails access
to the learning material (e.g., textbooks and notes) when
responding to the respective tasks. This access to the
learning material can help learners compensate for failed
retrieval and hence foster performance compared to
closed-book retrieval practice tasks (e.g., Agarwal et al.,
2008; Waldeyer et al., 2020; Wenzel et al., 2022). How-
ever, one could also argue that open-book retrieval prac-
tice benefits less from direct effects because learners are
likely to engage in less retrieval practice when they have
access to the learning materials (Rummer et al., 2019). To
date, however, the questions remain open whether pro-
longing as well as instructionally supporting the initial
study phase(s) and providing retrieval practice tasks (at
least partly) in an open-book format increase the direct
effects of meaningful retrieval practice tasks.

Indirect effects refers to the influences that retrieval
practice can have on metacognition, motivation, or the
activation of prior knowledge, which can affect remedial
learning activities (e.g., Arnold & McDermott, 2013;
Endres et al. 2020, Endres & Renkl, 2022). The most
prominent of those indirect effects likely is that retrieval
practice tasks help learners notice what they do not know
or cannot retrieve from memory and thus guide subse-
quent restudying. The combination of generative learning
and retrieval practice tasks may influence this metacog-
nitive monitoring effect. In contrast to retrieval practice
tasks that consist of relatively simple short-answer or
multiple-choice questions, it is unclear in which direction
the metacognitive effects of a combined task would
develop. On the one hand, combining retrieval practice
and generative learning could improve metacognitive
monitoring. As shown in text comprehension research
(Prinz et al. 2020), in judging one’s level of comprehen-
sion, the monitoring of comprehensive cues is important
when complex content is to be learned. When engaging in
a combined generative and retrieval practice task, learn-
ers could get metacognitive feedback not only about the
correct recall of the content but also about their level of
understanding. On the other hand, at the same time,
monitoring might get more complex as not only recall
performance but also performance on the generative part
of the task must be monitored. This, in turn, could
overwhelm learners. For instance, there is evidence that
learners have substantial difficulties in accurately self-
evaluating their performance in tasks that require not only
retrieval from memory but also the generation of own
examples (see Zamary et al., 2016, domain: cognitive
psychology). In pure retrieval practice tasks, providing
learners with standards (i. e., external representations of a
correct answer to a task assignment) can enhance moni-
toring accuracy (e.g., Lipko et al., 2009; Rawson &
Dunlosky, 2007). In tasks that require generative activi-
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ties as well, however, the effects of providing standards on
judgment accuracy are mixed (e.g., Zamary et al., 2016;
see also Froese & Roelle, 2022, Waldeyer & Roelle, 2021).
Hence, research on how learners could be supported to
accurately monitor their performance in tasks that require
both retrieval practice and generative activities might be
needed to pave the way for monitoring-driven indirect
benefits of such tasks.

Control or regulation activities informed by learners’
metacognitive monitoring might get more difficult as well.
In pure retrieval practice tasks that merely tap certain
vocabulary or isolated facts, simply presenting the correct
answer is sufficient to elicit beneficial regulation activities
on the part of the learners. By contrast, in meaningful
learning tasks, simply showing the correct answer is not
beneficial (see Pan & Rickard 2018). To achieve beneficial
regulation effects in meaningful tasks, one must provide
more extensive elaborative relearning opportunities. In
generative drawing, an activity that is mainly elicited in
STEM domains, for instance, providing learners with
instructor-generated drawings after learners have con-
structed their own drawings and providing them with
prompts that are designed to elicit the crucial comparison
processes seems to be a promising feedback procedure
(e.g., Van Meter, 2001; Van Meter et al., 2006). However,
in self-explanation tasks, a similar procedure was found to
yield even detrimental effects because it seduces learners
to reduce the effort they invest into generating accurate
task solutions on their own (see Schworm & Renkl, 2006,
domain: educational psychology; see also Roelle, Rahim-
khani-Sagvand et al., 2017, domain: chemistry). Hence,
the underlying mechanisms and boundary conditions of
the outlined procedure are not yet fully understood.

Sequences and Switches Between
Generative Learning and Retrieval
Practice

In a certain sense, the outlined difficulties regarding
retrieval practice tasks which also require learners to
engage in generative activities all go back to the notion
that learners need to have reached a certain level of
comprehension before they perform the respective tasks
(for similar arguments, see Roelle & Niickles, 2019;
Rummer & Schweppe, 2022). From this perspective,
consolidation via retrieval practice should be elicited only
after learners have formed the respective quality mental
representations (e.g., through engagement in generative
learning tasks). However, this construction-before-consoli-
dation or generative-learning-before-retrieval-practice as-
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sumption, reflected in part in the above-mentioned idea
of extending the initial study phase before learners en-
gage in retrieval, does not seem to apply in each setting. A
recent study by Roelle et al. (2022) suggests that, in
acquiring new concepts (here: from the domain of cogni-
tive psychology), it can be more beneficial to engage
learners in practicing the retrieval of the concepts before
engaging them in elaborating on the respective concepts
by generating own illustrative examples. Although this
study arguably raises more questions than it can answer
because it is one of the first studies on this topic, it
indicates that retrieval practice can also play an important
role in the early phases of knowledge acquisition and
mental representation formation.

The basic idea why early retrieval practice that consol-
idates factual knowledge might be helpful is that learners
can build on this consolidated factual knowledge in
subsequent (generative) learning activities (see Rawson
et al., 2015). However, this notion does not entail any
specific predictions on how and why the consolidated
knowledge facilitates subsequent learning. One specific
mechanism through which early retrieval practice could
contribute to forming quality mental representations is
that it facilitates subsequent generative activities (see
Roelle et al., 2022). Generative learning tasks are often
implemented in an open-book format in which learners
are not required to retrieve the idea units needed to
perform the respective generative task from memory.
Nevertheless, consolidating basic factual knowledge be-
fore engaging in generative learning tasks could reduce
cognitive load because it frees learners from effortful
rereading and holding the respective idea units in working
memory while performing the generative activities. This
effect, in turn, could foster the quality of the performed
generative activities and ultimately enhance the quality of
learners’ mental representations. In addition, it could
increase the probability that learners (try to) retrieve the
information from memory even when they can look up
the respective information (i.e., during open-book gener-
ative tasks) and thus result in even more retrieval practice.
An alternative explanation for the superiority of engaging
in retrieval practice first in the study by Roelle and
colleagues (2022) could be that the generative tasks were
too difficult and hence learners’ performance on the
generative tasks when performed first was too low (for
findings that partly point to a similar argument, see O’Day
& Karpicke, 2021). Future research needs to address these
potential moderating factors to understand the role of
early retrieval practice in forming quality mental repre-
sentations.

At first glance, the question of which sequence of
retrieval practice and generative activities is more effec-
tive may appear like the questions asked in preparation
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for future learning research. In these approaches, learners
are required to retrieve knowledge from memory (e.g., in
the context of solving new types of problems) before
engaging in generative learning activities as well. Howev-
er, at second glance, there is an important difference
between these approaches and the above-mentioned se-
quences of generative and retrieval practice tasks. The
above-mentioned line of argumentation refers to the case
that both learning tasks are used as follow-up tasks to an
initial study phase in which learners studied new content.
By contrast, in preparation for future learning approaches
such as productive failure (e.g., Kapur, 2016), problem-
solving before instruction (e.g., Weaver et al., 2018), or
inventing to prepare future learning (e.g., Schwartz et al.,
2011), the tasks that require learners to retrieve prior
knowledge while solving new problems are provided
before learners receive initial instruction on the respective
to-be-learned principles and concepts. In these settings,
the retrieval does not mainly serve the function of consol-
idating existing knowledge but of making learners aware
of errors and knowledge gaps to focus them on the main
learning content and increase their curiosity in the subse-
quent learning phase, in which they are to engage in
generative learning activities.

A further interesting and open question that relates to
forming and consolidating comprehension through retrie-
val practice concerns the effects of mixtures of open- and
closed-book formats of generative learning tasks (see
Roelle & Niickles, 2022). When a generative learning task
designed to help learners construct quality mental repre-
sentations and hence reach a deep understanding of a
certain topic is implemented in a closed-book format, it
can be argued that - in theory - it should serve a
consolidation function as well, because learners need to
retrieve the respective idea units that are needed to
perform the respective generative task from memory. As
outlined above, when learners still need to form quality
mental representations, a pure closed-book format of
generative tasks likely would not be very effective be-
cause the direct effects of retrieval practice (because of
low performance/low retrieval success) would be hard to
realize and because the generative part of the task would
likely suffer from the consequences of failed retrieval as
well. However, compared to a purely open-book format,
which is the established format for many generative
learning tasks such as generative drawing, self-explana-
tion, or journal writing tasks, a mixture of closed- and
open-book formats might entail certain benefits. For
instance, when learners are instructed to first perform a
generative task as well as they can in a closed-book
format and then correct and extend their generated
products in a subsequent open-book format, at least the
factual knowledge that learners retrieve to perform sub-
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sequent generative activities would be consolidated si-
multaneously to the construction of quality mental repre-
sentations without the risk of failed construction. In the
subsequent open-book phase, learners likely could realize
the same quality of the generative part of the task as in a
pure open-book format. When learners would be prompt-
ed to engage in this sequence twice (e.g., in generative
drawing, learners could be prompted to generate the
respective drawings in two consecutive cycles), in the
second closed-book phase (i.e., the closed-book phase of
the second cycle), the retrieval practice might even
contribute to consolidating the level of comprehension
reached in the first cycle. By this means, a repeated
closed-then-open-book format might potentially con-
tribute to both forming and consolidating quality mental
representations and hence to lasting comprehension.

To prevent low retrieval rates and hence low direct
effects of retrieval practice in the first closed-book phase
of such (repeated) closed-then-open-book generative
learning tasks, it might be useful to engage learners in
deep processing the crucial idea units in the initial study
phase. For instance, in the domain of chemistry, Hiller
and colleagues (2020) found that prompts requiring
learners to explain crucial idea units before they engaged
in a closed-book generative task (here: a self-explanation
task) resulted in generative activities of similar quality in
comparison to a pure open-book format. Furthermore, it
might be useful to inform learners about the purpose of
the closed- and open-book phases in advance. Research
on informed training, which basically entails that learners
are informed about the reasons why certain procedures
and activities would be beneficial, shows that learners’
engagement in the respective activities and compliance
with the respective instructions can be effectively in-
creased through the provision of such metastrategic
knowledge (e.g., Paris et al., 1982; Simon et al., 1987; see
also Hiibner et al., 2010). In closed-open-book formats of
generative tasks, such informed training could help learn-
ers see the rationale behind making the task more difficult
initially by performing it from memory (i.e., closed-book
format), which could convince them to invest the required
effort and hence overcome the difficulty.

Informing learners about the rationale of both closed-
and open-book phases could also pave the way for a
format in which learners can flexibly switch between
closed- and open-book phases. Waldeyer and colleagues
(2020, Exp. 2, domain: social psychology) showed that, in
comparison to both a pure closed-book and a pure open-
book format, providing learners with the opportunity to
flexibly switch between both formats (starting with a
closed-book format) fostered learning outcomes 1 week
later. However, whether such a flexible-closed-open-
switch format would be superior to a static closed-then-
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open-book format is an open question. For the flexible
format to be effective, it is likely crucial to inform
learners, not only about the rationale behind the closed-
book phases, but also about the rationale behind the open-
book phases. Recently, Roelle and Renkl (2020, domain:
chemistry) found that, when learners were simply told to
perform as much as possible of a task in a closed-book
format and switch to the open-book format only when
they could not retrieve a required idea unit or wanted to
check their generated products (here: self-explanations),
the flexible-closed-open-switch format was superior to a
closed-book format only for learners with relatively low
academic self-concepts - and even detrimental for learn-
ers with relatively high academic self-concepts. Although
the underlying mechanisms of this moderation effect still
need to be illuminated, Roelle and Renkl’s (2020) find-
ings suggest that a flexible-closed-open-switch format
entails certain risks. In comparison to a static closed-then-
open-book format, the flexible format might have the
advantage that learners could potentially perform more
parts of the respective generative tasks in a retrieval mode
because, when only single idea units are missing, they can
quickly look them up and switch back to working in a
retrieval mode. By contrast, in the static format, learners
would be forced to complete the respective task in an
open-book format once they needed to look up idea units
they could not retrieve. An advantage of the static format,
however, could be that it potentially poses lower demands
on learners’ self-regulation skills. Furthermore, when
retrieval success is already high because of extensive and
instructionally supported initial study phases (see above),
the need to proceed (too) early to an open-book phase
might be relatively low, making the option to flexibly
switch between open- and closed-book formats redun-
dant.

Conclusion

Because not only consolidating mental representations
but also constructing quality mental representations mat-
ters when it comes to meaningful learning, exploring the
interplay between retrieval practice and generative learn-
ing might be a fruitful endeavor. Specifically, it is reason-
able to assume that analyzing and optimizing the interplay
of generative learning activities and retrieval practice
could yield important implications regarding how to
effectively support the consolidation of previously formed
quality mental representations as well as regarding how to
foster the formation of such representations. Concerning
consolidating and forming quality mental representations,
it is crucial to ensure that learners perform well on the
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tasks. Concerning consolidating comprehension, our
main hypotheses that need to be tested in future research
are that increasing instructional support in the initial
learning phases or increasing the share of open-book
retrieval practice are effective measures to improve per-
formance during retrieval and hence optimize consolida-
tion. In forming quality mental representations, our main
predictions are that early practice of retrieval of factual
knowledge and, compared with the established open-
book format of generative learning tasks, a higher share of
closed-book generative tasks and switches between
closed- and open-book formats could be helpful.

At first glance, we seem to propose opposing hypothe-
ses in arguing that both decreasing and increasing the
share of a closed-book format could be beneficial. These
hypotheses, however, differ in the baseline to which they
refer. In consolidating (quality) mental representations,
the established format provides learners with closed-book
retrieval practice tasks. To enhance learner performance
on these tasks and hence the direct effects of retrieval
practice, including open-book phases or providing learn-
ers with the opportunity to switch to open-book phases on
demand could be useful, at least in the initial phases of
comprehension consolidation. In forming quality repre-
sentations via generative learning activities, the estab-
lished format is open-book. We argue that incorporating
closed-book phases could potentially contribute to a
certain degree of consolidation of the respective knowl-
edge without interfering with the targeted knowledge
construction.

Finally, it is important to highlight that our paper is not
the first to call for research on the crossroads of retrieval
practice and generative learning. For example, in his
recent comprehensive review of the retrieval practice
literature, Karpicke (2017, p. 23) declared “[...] a pressing
need to integrate retrieval practice into existing educa-
tional activities [...].” Likewise, in their recent review of
the generative drawing literature, Fiorella and Zhang
(2018) called for research investigating the benefits of
drawing as a retrieval activity. It will, however, likely be
not trivial to combine the two types of tasks and activities
in a way that ensures positive effects. Overcoming this
difficulty, however, would be highly desirable and subs-
tantially advance both the retrieval practice and the
generative learning field.
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